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 ){
 Date:
 Week 1:
 CIY 215 - Structures 1
 September 04,2010.'i.
 I
 Sunlmary
 fypeo,offorces, stuctural forms, joints and supports, Equilibrium, equ4tions of
 Hquil&rium, Statical delergninacy, conditions for statical determinacy, Stability andFree'Body. Diagrams.
 Biblioeraohv:
 1. Understanding Struetures, Analysis, Materials, Design. 3'd Edition. Derek.Spward.
 2. ReiRforeed Concrete Design. 6fr Edition, Bill Mosley, John Bungey & Ray Hulse.
 Chapter 3.
 3, Civil Erryineering Reference Manual, 6b Edition. Michael R. Lindenburg
 Qhapter 11
 4, SmlpturfllAnplysiq.Chepter 1
 5, $truetural Mechanic. Frank Durka.
 Chaptsr 1 &2.
 5. Celgulus a$d Analytie Geometry. 8'h Edition. Thomas/ Finney
 ChEBter ?'I
 7. Lectur* Nqtes
 Newton three (3) laws of motion. Sir Isaas Newton,1643-1727.
 1. Every objecl in a state of uniform motion tends to remain in that state ofrnotion unless an
 external foree is applied to it.
 2. The rqsultant external force appliod to a body of mass m causes a rate of change in the
 body's momontum, mv, that is proportional to and in the same direction as the force.
 P=d(pv)/dt*m(dv/dt)+v(dr/dQ,l
 3. For every action there is an equal and oppositp reaotion.
 Forces are vegtor quantities.
 They have masnitude, direction and a location in 3-dimensional space.
 --
 L Magnitudi: The basic unit cf force is Newton (trl). From Newton 2od law of motiou,force = mass x acceleration (if rnass'is constant), 1 Newton is the force to accelerate 1 kgat 1m/s2.
 Z. DirEction: The direction of a force is given by its direction cosines, which are coiines ofthe true angles made by the force vector with the x, y and z eris.
 3. Looation: The point of application of the force.
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 Classifi cation of forces :
 In engineering the term force is often used interchangeably2with loads or actions.
 Classification by Direction '
 1. Normal force: Force perpendicular to the main a:<is,of an element
 2. Axiat force: Force parallet to the main axis of an eldment. 3. Inclined: Force thai makes and angle, 0.g.g0", *itr, trr. *i, of the element." 4. Bending Moment, torque or couple: Product of a force and perpendicular distance
 Classification by Magnitude1. Concentrated
 2. Distibuteda. Variable diskibutedb. Uniformlydistributed
 Classilication by duration of application
 1. Permanent/l)ead
 2. Variableiimposed/live
 Definition of a Structure:1. A system for transferring roads from one prace to another.2. A series ofconnected parts used to support a load.
 Structural Elements:
 The basic elements composing a sffucture.1. Beams
 2. Columns
 3. Slabs
 4. Cables
 Forces whose magnitude, direction & location Loads that can vary in Magnitude, direction
 1. Self weieht of structural members
 4. The weight of snow, retained;arth or
 5, Forces caused Uyt*rffii expansionE
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 \Types/tr'orms of Structures
 ] Trusses: slender elements,arronged in a triangular fashion and supported at nodes.2. cables:{le.xi!le, carry loads in iension. Loaiis not applied uronjlxr.
 - -
 3. Arches; Rigid, curved and in compression.' 4. F'rames: System of beams *O.otumns5. surface structures: smalr thickness compaxed to other dimensions
 Joints and supportsStructural eloments ai"e interconnected by joints/supports which resist the forces imposed bythem.
 o Joints qgnnest stru_ctural elements/members to each other,
 ' suppor.ts,osnnect structural erements/mernbers to the earth.
 Typep of SuB.port4lotnts for StructuresJoints and euppqrts provide reactions or reactive forpes to counter the forces applied to thestructure
 1. Fixedl Rpeist/provides 3 reactive forces,
 ?. finned: R*sist/provides 2 reactive forces,3, Rollpn Besist/provides 1 reactive force.
 3
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 Defi nition Equilibrium:1. Equilibrium is the condition of a system in which competing influences are
 balanced.
 2. Equilibrium is the condition of a structure in which forces acting are balanced withreactive forces.
 Equations of equilibriumStructures are required to satisfu all three equationg of eguilibrium (Horizontal, Vertical
 and Moment).
 Conditions of equilibrium: The resultant force and moment vectors equals to zero.
 HorizontalSign conrrention (+, -;Fr*: Fr cosine O
 IF* = Ft* tFz* *F:* * Fa*-l-' . . . ,...*F*: 0
 VerticalSign convention (+, -)Fry = Fr sine o
 IFv = Fr, *Fzv+Fsy * F+y*,.......+Fny =
 MomentsSign Convention (clockwise (+), counterclockwise (_))
 Mzr=Fd=x;F1r*yiF;*
 IMz = I (x,Fir+.... + xoFny*.,... *y1Fi**... .... +y,F*) =0
 Determinacy:The state of being resolved.
 Statical determinacy.A structure is statically determinate when all the forces in it can be determined by the three
 equations of equilibrium.
 Statical indeterminacy.
 Structures huuin! *o.t unknown forces than available equations are statically indeterminate.
 Conditions for statical determinacyo Statical determinacy can be determilgd
 !V drawing free-body diagrams and comparingthe nurnber of unknown reactions with the numbeiof equatils.-
 o Statical determinacy can be determined by comparing the number of reactions with the
 number of members using the following equations.
 r = 3n, statically determinate
 r ) 3n, statically indeterminate
 Where:
 r = number of reactions
 n = number of elements
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 stabiliry:In order f:er a ntr-ueture to be stable it must satisf,y the equations of equilibrium and also the
 members must be:nufflelently and properly qonstrainsd by their supports.,
 Partial constreiqtrThe strusfiI.re ha,fl fowEr reaotive forces than equations of equilibrium.
 Improper conptrnints-Thireare fiuffteiqlrt.reaptive forces but they are irnproperly constrained by the supports. This
 ooours if all t-he,suPport reaetions are qonpuff€nt or parallel.
 r 3n, qnsta_ble
 r ) 3n, unstable if member reactions are concurrent or parallel or some of the
 components form a collapsible mechanism.
 Definition of a Fpge,body diagrams1. A free body diagran is a representation of an object in equilibrium, showing all external
 forces, moments and support reaetions.
 2. A FroE Body Diagram is a chosen body or part of a structure isolatei from all contacts
 with the sutside world and the replacement of these contacts with all the possfble actions(force or moment) that could be acting through these contacts that have been broken.
 Example 1: Forepof GravityWhat is force exer,ted by a mass of 10kg. The acceleration due to gravtty is 9.8nrr/s2
 1, F + rna (assume mass is eonstant)
 F = 10 kg * 9.89.8m/s2
 F = 98.9 kg * m/s2
 F=98.9N
 5
 Response: Force exerted by a mass of 1Okg is 98.9 N.

Page 6
                        

7/28/2019 CIV 2105 Handout
 http://slidepdf.com/reader/full/civ-2105-handout 6/7
 Example 2: Resolve the inclined force F which has a magnitudp of 100N and is inclined at anangle of 30"
 'i'.t 2.
 1. Replace inclined forqe by horizontal and vertical components.
 Fx = F cosO = 100N cos 30 = 86.6NFy = F sin 0 = 100N sin 30 = 50N
 Response:.
 b
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 Exanrple 3: Dtowthe Froq Body Diagram of the Figure Below.
 Respon$e: Free Body Diagram
 e"-*: lrn
 LI
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