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5.1 INTRODUCTION

❑ Actually, “concentrated” forces do not exist in the exact sense, since every external

force applied mechanically to a body is distributed over a finite contact area, however

small.
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5.1 INTRODUCTION

❑ When forces are applied over a region whose dimensions are not negligible compared

with other pertinent dimensions, then we must account for the actual manner in which

the force is distributed.

❑ We do this by summing the effects of the distributed force over the entire region using

mathematical integration.

❑ This requires that we know the intensity of the force at any location.
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5.1 INTRODUCTION

❑ There are three categories:

❖ (1) Line Distribution

❖ (2) Area Distribution

❖ (3) Volume Distribution
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5.1 INTRODUCTION

❑ Section A: CENTERS OF MASS AND CENTROIDS

❖Center of Mass

❖Centroids of Lines, Areas, and Volumes

❖Composite Bodies and Figures; Approximations

❖ Theorems of Pappus

❑ Section B: SPECIAL TOPICS

❖Beams—External Effects

❖Beams—Internal Effects

❖ Flexible Cables

❖ Fluid Statics
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5.2 CENTER OF MASS

❖ If we suspend the body from any point the body will be in equilibrium under the action of the

cord tension and the resultant W of the gravitational forces acting on all particles of the body.

❖ If we repeat for other points, the center of gravity (CG) will be determined by intersection of

these lines.
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5.2 CENTER OF MASS

❑ Determining the Center of Gravity

❖The moment of the resultant gravitational force W about any axis equals the sum of the

moments about the same axis of the gravitational forces dW acting on all particles.
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5.2 CENTER OF MASS

❑ Determining the Center of Gravity

❖Vector form

❖ If ρ is not constant:
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5.2 CENTER OF MASS

❑ Using symmetry in CG determination

10



Chapter 5 - Distributed Forces

5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (1) Lines
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (2) Areas
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ (3) Volumes
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ Integration guidelines:

❖ (1) Order of Element.

✓Whenever possible, a first-order differential element 

should be selected.

❖ (2) Continuity.

✓Whenever possible, we choose an element which can be 

integrated in one continuous operation to cover the figure.
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ Integration guidelines:

❖ (3) Discarding Higher-Order Terms.

✓Higher-order terms may always be dropped compared with 

lower-order terms.

❖ (4) Choice of Coordinates.

✓We choose the coordinate system which best matches the 

boundaries of the figure.
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5.3 CENTROIDS OF LINES, AREAS, AND VOLUMES

❑ Integration guidelines:

❖ (5) Centroidal Coordinate of Element

✓ it is essential to use the coordinate of the centroid of the element for the moment arm in expressing

the moment of the differential element.
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5.5 COMPOSITE BODIES AND FIGURES; APPROXIMATIONS

❑ When a body or figure can be conveniently divided into several parts whose mass

centers are easily determined, we use the principle of moments and treat each part as a

finite element of the whole.
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5.5 THEOREMS OF PAPPUS

❑ Calculating the surface area generated by revolving a plane curve about a nonintersecting axis

❖ If a line is revolved through an angle θ less than 2π: (θ in radians)
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5.5 THEOREMS OF PAPPUS

❑ Calculating the volume generated by revolving an area about a nonintersecting line in its plane

❖ If an area is revolved through an angle θ less than 2π: (θ in radians)
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Beams are structural members which offer resistance to bending due to applied loads.

❑ Beams are undoubtedly the most important of all structural members, so it is important

to understand the basic theory underlying their design.

❑ We must:

❖First, establish the equilibrium requirements of the beam as a whole and any portion of it

considered separately.

❖Second, we must establish the relations between the resulting forces and the accompanying

internal resistance of the beam to support these forces.
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Types of Beams:

❖Statically determinate beams

✓External support reactions can be calculated by the

methods of statics alone are called.

❖Statically indeterminate beams

✓Has more supports than needed to provide equilibrium

✓Load-deformation properties should be considered to

calculate external support reactions
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Distributed Loads

❖Broking to simple cases

✓Constant

✓Rectangular

✓Triangular
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5.6 BEAMS - EXTERNAL EFFECTS

❑ Distributed Loads

❖General distribution
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5.7 BEAMS - INTERNAL EFFECTS

❑ In addition to supporting tension or compression, 

a beam can resist:

❖Shear

❖Bending

❖Torsion

✓These effects represent the vector components of the

resultant of the forces acting on a transverse section of

the beam.
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5.7 BEAMS - INTERNAL EFFECTS

❖The conventions for positive values of shear V and bending moment M :

❖Physical interpretation of the bending couple M :
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5.7 BEAMS - INTERNAL EFFECTS

❑ General Loading, Shear, and Moment Relationships

❖Sum of the vertical forces = 0
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5.7 BEAMS - INTERNAL EFFECTS

❑ General Loading, Shear, and Moment Relationships

❖Sum of the moments about left side = 0
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5.8 FLEXIBLE CABLES

❑ One important type of structural member is the flexible cable which is used in suspension

bridges, transmission lines, …

❑ Flexible cables may support a series of distinct concentrated loads, or they may support loads

continuously distributed over the length of the cable.

❑ In some instances the weight of the cable is negligible compared with the loads it supports. In

other cases the weight of the cable may be an appreciable load or the sole load and cannot be

neglected.
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5.8 FLEXIBLE CABLES

❑ General Relationships

❖Resultant (R) of the variable and continuous load
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5.8 FLEXIBLE CABLES

❑ The equilibrium condition of the cable is satisfied if each infinitesimal element of the

cable is in equilibrium.

❑ The trigonometric expansion for the sine and cosine
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5.8 FLEXIBLE CABLES

❑ Dropping the second-order terms and simplifying
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5.8 FLEXIBLE CABLES

❑ The differential equation for the flexible cable

❖The solution to the equation is that functional relation y=ƒ(x) which satisfies the equation

and also satisfies the conditions at the fixed ends of the cable, called boundary conditions
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5.8 FLEXIBLE CABLES

❑ Parabolic Cable

❖When w is constant

❖Origin at the lowest point of the cable:
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5.8 FLEXIBLE CABLES

❑ Inserting boundary condition

❑ From the Pythagorean theorem

❑ The maximum tension:
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5.8 FLEXIBLE CABLES

❑ We obtain the length sA of the cable from the origin to point A

❖Using the binomial expansion
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5.8 FLEXIBLE CABLES

❑ For a suspension bridge
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5.8 FLEXIBLE CABLES

❑ Catenary Cable

❖A uniform cable, suspended from two points A and B and hanging under the action of its

own weight only
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5.8 FLEXIBLE CABLES

❑ Catenary Cable

56



Chapter 5 - Distributed Forces

57



Chapter 5 - Distributed Forces

58



Chapter 5 - Distributed Forces

5.9 FLUID STATICS

❑ A fluid:

❖Any continuous substance which, when at rest, is unable to support shear force.

❖Thus, a fluid at rest can exert only normal forces on a bounding surface.

❖Fluids may be either gaseous or liquid.

❖The statics of fluids:

✓“Hydrostatics” when the fluid is a liquid

✓“Aerostatics” when the fluid is a gas
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5.9 FLUID STATICS

❑ Fluid Pressure

❖Pascal’s law :

✓Pressure at any given point in a fluid is same in all directions
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5.9 FLUID STATICS

❑ Fluid Pressure

❖ In all fluids at rest, the pressure is a function of the vertical dimension

✓The common unit for pressure in SI units is the kilopascal (kPa)
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Submerged Rectangular Surfaces

❖The resultant force acts at some point P called the center of pressure.
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Submerged Rectangular Surfaces

❖R may therefore be written in terms of the average pressure pav
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Submerged Rectangular Surfaces

❖Obtaining the line of action from the principle of moments

❖R passes through the centroid C of the trapezoidal area

defined by the pressure distribution in the vertical section
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Submerged Rectangular Surfaces

❖We may simplify the calculation by dividing the trapezoid into a rectangle and a triangle
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Cylindrical Surfaces

❖Find R by a direct integration
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5.9 FLUID STATICS

❑ Hydrostatic Pressure on Cylindrical Surfaces

❖A simpler method: Equilibrium of the block of liquid

✓The equilibrant R is then determined completely from the equilibrium equations which we apply to the 

free-body diagram of the fluid block.
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APPENDIX D
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