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Dead Load of chair

Reaction due to DL of 
chair

Live Load due to 
somebody sitting

Reaction due to LL

While Forces are acting on the chair the NET FORCE on the Chair is ZERO

Thus it is clear that as soon as a Load ( Dead Load and Live Load) is applied on the chair an equal 
and opposite reaction develops. This is essentially the application of Newton’s Third Law
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•A 200 kg platform is suspended off an oil rig.
•How does one determine reactions at the joints and the forces in cables?
•How are the idealized model and the free body diagram used to do this?

davoudi.110mb.com,  davoudi@gmail.com



2

http://davoudi.110mb.com           davoudi@gmail.com و مقاومت مصالح استاتيک 5

•A steel beam is used to support roof joists.
•How can we determine the support reactions at A & B?

•Again, how can we make use of an idealized model and a free body
diagram to answer this question?
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Introduction

• The necessary and sufficient condition for the static equilibrium of a 
body are that the resultant force and couple from all external forces 
form a system equivalent to zero,
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• Resolving each force and moment into its rectangular components 
leads to 6 scalar equations which also express the conditions for static 
equilibrium,

• For a rigid body in static equilibrium, the external forces and 
moments are balanced and will impart no translational or rotational 
motion to the body.
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تعادل در دو بعد 
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Reactions at Supports and Connections for a 
Two-Dimensional Structure

• Reactions equivalent to a 
force with known line of 
action.
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Reactions at Supports and Connections for a 
Two-Dimensional Structure

• Reactions equivalent to a 
force of unknown direction 
and magnitude.

• Reactions equivalent to a 
force of unknown 
direction and magnitude 
and a couple.of unknown 
magnitude
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Free-Body Diagram
First step in the static equilibrium analysis of a rigid 
body is identification of all forces acting on the 
body with a free-body diagram.

• Select the extent of the free-body and detach it 
from the ground and all other bodies.

• Include the dimensions necessary to compute 
the moments of the forces.

• Indicate point of application and assumed 
direction of unknown applied forces.  These 
usually consist of reactions through which the 
ground and other bodies oppose the possible 
motion of the rigid body.

• Indicate point of application, magnitude, and 
direction of external forces, including the rigid 
body weight.
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x

y

If F 0
& F 0
Σ =
Σ =

Do we achieve equilibrium?

Yes
Now let us move 
the Forces.

Now the 
problem is 
changed from a 
Concurrent 
Force System 
to a Coplanar 
Non-concurrent 
System

Now the System is not in Equilibrium anymore
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Coplanar but not  a Concurrent Force System – General Rigid Body Systems

0=Σ iM
Now

And the body is in 
Equilibrium

a

a

a

a

F

F

F

F i
Taking Moment 
about i:

Fxa=Fxa

The consequence of shifting the Forces is 
as shown when you click the mouse

The System is not in 
Rotational Equilibrium
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The above three Equations have always to be satisfied for a Rigid Body to be in 
Equilibrium.

These three equations represent the most important equations in Statics
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Equilibrium of a Rigid Body in Two Dimensions
• For all forces and moments acting on a two-

dimensional structure,

Ozyxz MMMMF ==== 00

• Equations of equilibrium become

∑ ∑ ∑ === 000 Ayx MFF

where A is any point in the plane of the 
structure.

• The 3 equations can be solved for no more 
than 3 unknowns.

• The 3 equations can not be augmented with 
additional equations, but they can be replaced
∑ ∑ ∑ === 000 BAx MMF
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Statically Indeterminate Reactions

• More unknowns than 
equations

• Fewer unknowns than 
equations, partially 
constrained

• Equal number unknowns 
and equations but 
improperly constrained
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Sample Problem 4.1

A fixed crane has a mass of 1000 kg 
and is used to lift a 2400 kg crate.  It 
is held in place by a pin at A and a 
rocker at B.  The center of gravity of 
the crane is located at G.  

Determine the components of the 
reactions at A and B.

SOLUTION:

• Create a free-body diagram for the crane.

• Determine B by solving the equation for 
the sum of the moments of all forces 
about A.  Note there will be no 
contribution from the unknown 
reactions at A.

• Determine the reactions at A by 
solving the equations for the sum of 
all horizontal force components and 
all vertical force components.

• Check the values obtained for the 
reactions by verifying that the sum of 
the moments about B of all forces is 
zero.
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Sample Problem 4.1

• Create the free-body diagram.

• Check the values obtained.

• Determine B by solving the equation for the 
sum of the moments of all forces about A.  

( ) ( )
( ) 0m6kN5.23

m2kN81.9m5.1:0

=−

−∑ += BM A

kN1.107+=B

• Determine the reactions at A by solving the 
equations for the sum of all horizontal forces 
and all vertical forces.

0:0 =+=∑ BAF xx

kN1.107−=xA

0kN5.23kN81.9:0 =−−=∑ yy AF

kN 3.33+=yA
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Sample Problem 4.3

A loading car is at rest on an inclined 
track.  The gross weight of the car and 
its load is 5500 lb, and it is applied at 
at G.  The cart is held in position by 
the cable.  

Determine the tension in the cable and 
the reaction at each pair of wheels.

SOLUTION:

• Create a free-body diagram for the car 
with the coordinate system aligned 
with the track.

• Determine the reactions at the wheels 
by solving equations for the sum of 
moments about points above each axle.

• Determine the cable tension by 
solving the equation for the sum of 
force components parallel to the track.

• Check the values obtained by verifying 
that the sum of force components 
perpendicular to the track are zero.
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Sample Problem 4.3

• Create a free-body diagram

( )

( )

lb2320

25sinlb 5500

lb 4980

25coslb 5500
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• Determine the reactions at the wheels.

( ) ( )
( ) 00in.5                          

in.6lb9804in.25lb2320:0

2 =+

−−=∑

R

M A

lb 17582 =R
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( ) 00in.5                          
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−+=∑

R

M B

lb 5621 =R

• Determine the cable tension.

0Tlb 4980:0 =−+=∑ xF

lb4980+=T
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Sample Problem 4.4

The frame supports part of the roof of 
a small building.  The tension in the 
cable is 150 kN.

Determine the reaction at the fixed 
end E.

SOLUTION:

• Create a free-body diagram for the 
frame and cable.

• Solve 3 equilibrium equations for the 
reaction force components and 
couple at E.
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Sample Problem 4.4

• Create a free-body diagram for 
the frame and cable.

• Solve 3 equilibrium equations for the 
reaction force components and couple.

( ) 0kN150
5.7
5.4:0 =+=∑ xx EF

kN 0.90−=xE

( ) ( ) 0kN150
5.7
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Two-Force Body (Members)
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Equilibrium of a Two-Force Body
• Consider a plate subjected to two forces F1 and F2

• For static equilibrium, the sum of moments about A
must be zero.  The moment of F2 must be zero.  It 
follows that the line of action of F2 must pass 
through A.

• Similarly, the line of action of F1 must pass 
through B for the sum of moments about B to be 
zero.

• Requiring that the sum of forces in any direction be 
zero leads to the conclusion that F1 and F2 must 
have equal magnitude but opposite sense.
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Three-Force Body
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Equilibrium of a Three-Force Body
• Consider a rigid body subjected to forces acting at 

only 3 points.

• Assuming that their lines of action intersect, the 
moment of  F1 and F2 about the point of intersection 
represented by D is zero.

• Since the rigid body is in equilibrium, the sum of the 
moments of F1, F2, and F3 about any axis must be 
zero. It follows that the moment of F3 about D must 
be zero as well and that the line of action of F3 must 
pass through D.

• The lines of action of the three forces must be 
concurrent or parallel.
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Sample Problem 4.6

A man raises a 10 kg joist, of 
length 4 m, by pulling on a rope.

Find the tension in the rope and 
the reaction at A.

SOLUTION:

• Create a free-body diagram of the joist.  
Note that the joist is a 3 force body acted 
upon by the rope, its weight, and the 
reaction at A.

• The three forces must be concurrent for 
static equilibrium.  Therefore, the reaction 
R must pass through the intersection of the 
lines of action of the weight and rope 
forces.  Determine the direction of the 
reaction force R.

• Utilize a force triangle to determine the 
magnitude of the reaction force R.
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Sample Problem 4.6
• Create a free-body diagram of the joist.  

• Determine the direction of the reaction 
force R.

( )

( )
( )

636.1
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313.2tan

m 2.313m 515.0828.2

m 515.020tanm 414.1)2045cot(

m 414.1
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===

=−=−=

==+=

===
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BDBFCE
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AFAECD
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α

6.58=α
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Sample Problem 4.6

• Determine the magnitude of the reaction 
force R.

38.6sin
N1.98

110sin4.31sin
==

RT

N8.147

N9.81

=

=

R

T
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Ans.: 250 lb, 250 lb

Calculate the tension T in the cable which supports the 1000-Ib load with 
the pulley arrangement shown. Each pulley is free to rotate about its 
bearing, and the weights of all parts are small compared with the load. 
Find the magnitude of the total force on the bearing of pulley C.
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Ans.: 19.61 kN, 18.88 kN

Determine the magnitude 
T of the tension in the 
supporting cable and the 
magnitude of the force on 
the pin at A for the jib 
crane shown, The beam 
AB is a standard 0.5 m I-
beam with a mass of 95 
kg per meter of length,
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The concrete hopper and its load 
have a combined mass of 4 metric 
tons (1 metric ton equals 1000 kg) 
with mass center at G and is being 
elevated at constant velocity along 
its vertical guide by the cable 
tension T. The design calls for two 
sets of guide rollers at A, one on 
each side or the hopper, and two sets 
at B. Determine the force supported 
by each of the two pins at A and by 
each of the two pins at B.
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A carpenter holds a 12 lb 2-in. by 4-in. board as shown. If he exerts vertical forces on 
the board, determine the forces at A and B.

Ans. NA = 12 lb down,  NB = 24 lb up
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The 450-kg uniform I-beam supports the load shown. 
Determine the reactions at the supports.
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تعادل در سه بعد 
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Reactions at Supports and Connections for a Three-
Dimensional Structure
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Reactions at Supports and Connections for a Three-
Dimensional Structure
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Equilibrium of a Rigid Body in Three Dimensions

• Six scalar equations are required to express the 
conditions for the equilibrium of a rigid body in the 
general three dimensional case.

∑ =∑ =∑ =
∑ =∑ =∑ =

000
000

zyx

zyx
MMM
FFF

• These equations can be solved for no more than 6 
unknowns which generally represent reactions at supports 
or connections.

• The scalar equations are conveniently obtained by applying the 
vector forms of the conditions for equilibrium,

( )∑ ∑ =∑ ×== 00 FrMF O
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تعادل در سه بعد
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Sample Problem 4.8

A sign of uniform density weighs 270 
lb and is supported by a ball-and-
socket joint at A and by two cables.

Determine the tension in each cable 
and the reaction at A.

SOLUTION:

• Create a free-body diagram for the sign.

• Apply the conditions for static 
equilibrium to develop equations for 
the unknown reactions.
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Sample Problem 4.8

• Create a free-body diagram for the 
sign.

Since there are only 5 unknowns, 
the sign is partially constrain.  It is 
free to rotate about the x axis.  It is, 
however, in equilibrium for the 
given loading.
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Sample Problem 4.8

• Apply the conditions for 
static equilibrium to 
develop equations for the 
unknown reactions.
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Solve the 5 equations for the 5 unknowns,
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Ans.: Bx=654 N,  By=1962 N, A=2850 N

The uniform 7-m steel shaft has a mass of 200 kg and is supported by a ball-and-socket joint at A 
in the horizontal floor. The ball end B rests against the smooth vertical walls as shown. Compute 
the forces exerted by the walls and the floor on the ends of the shaft.
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Ans.: m=44.1 kg,  Ar=93.5 N, B=521 N

A 200-N force is applied to the handle of the hoist in the direction shown. The bearing A supports 
the thrust (force in the direction of the shaft axis), while bearing B supports only radial load (load 
normal to the shaft axis). Determine the mass m which can be supported and the total radial force 
exerted on the shaft by each bearing. Assume neither bearing to be capable of supporting a 
moment about a line normal to the shaft axis.
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Ans.: T=2.83kN, Bx=0.417 kN, Bz=4.06 kN,

Ax=-1.250kN, Ay=-3.04kN, Az=-1.556 kN

The welded tubular frame b secured to the horizontal x-y plane by a ball-and-socket joint at A 
and receives support from the loose-fitting ring at B. Under the action of the 2-kN load, rotation 
about a line from A to B is prevented by the cable CD, and the frame is stable in the position 
shown. Neglect the weight of the frame compared with the applied load and determine the 
tension T in the cable, the reaction at the ring, and the reaction components at A.
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A force of magnitude P = 40 lb is applied to the stationary machine 
handle as shown. Write the force and moment reactions at 0 as vectors. 
Neglect the weight of the handle assembly.

Ans, R = -38.6i - 10.35k lb
M = -103.5i - 193.2j + 386k lb-in.
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The three-wheel truck is used to carry the 100-kg box as shown. Calculate the changes 
in the normal force reactions at the three wheels due to the weight of the box. 

Ans. ΔNA = 66.1 N, Δ NB = 393 N , ΔNc = 522 N
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A vertical force P on the foot pedal of the bell crank is required to produce a tension T of 400 N 
in the vertical control rod. Determine the corresponding bearing reactions at A and B.

Ans. A = 183.9 N up, B = 424 N up
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