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Introduction to truss analysis 2/2

Trusses are a special type of frame and can be solved in exactly the same way. What
makes something a truss is whether it can be simplified to where each member has only
two forces. This is a good approximation where the members in a structure are lightweight

and slender, which is typical for a truss. It also allows for rapid calculation of complex
frameworks.

In this chapter we look at two of these truss analysis methods:
* Method of joints, which solves from one joint to the next
* Method of sections, which can jump to the centre of a truss to determine member forces
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The need for truss analysis

This chapter is about trusses. They are essentially
the same as frames but we will focus on specialisad A truss is 8 ][ghtWElght structure with
methods for solving 8 |large number of members, . . . .

many engineenng ap p|IEEtICI-I"]S,
{:ﬂmmonly as steel frameworks.

WO

In this chapter we use the methods of
static equilibrium to solve the internal
forces in truss members. The methods
are similar to frame analysis but are
guicker to solve and can be much more
convenient for complex trusses having a
large number of members.

Although they may do the same job,
trusses are distinguished from beams
(which are one piece) and frames dﬂ!
(which contain bending members). )

Tower crane. Photo by Tim Lovett 2015
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Frame analysis versus truss analysis

Compared to the frame analysis methods, truss analysis techniques are

(please select) ().

Truss methods are more suitable for /(please select) | ¥).

Submit

Do you know the answer?




Applications of truss principles

Befors wa gat into the technicalites, keep In mind Trusses are not confined to roofs and bridges.

that the principles behind a truss also apply to many Video ohject isn't supported in o+ version
designs. A truss-like structure ks often used to save . i

welght and stiffen an object. Truss-like elements can be found in many

designs, like the internal ribs in this plastic
injection-moulded component (video).

O

i

Truss-like zig-zag webbing is a common
technique to stiffen an object. These internal
diagonal members are called webs.

Even a bicycle frame is a truss-like structure.

Trusses are a lightweight solution for beams in
bending and 3D shapes in torsion.

GIVE FEEDBACK “



Select the correct statements about trusses.

Check all that apply.
A truss can be made lighter than a comparable beam
A truss will usually have less height than a comparable beam

Many trusses have pin joints but calculations assume rigid joints

JLILIL

A 3D truss can also resist torsion

Do you know the answer?




A truss is made up of mambens joined
together by pin joints,

The assumptions that define a truss

Members Joints

= All members are slender and * Every connection Is a frictionless
cannot support side loads pin joint, with only one pin per
anywhere along their length joint, making all forces at that joint

= Loads are applied only at the joints concurrent

= Each member of a truss has only * No moments are applied at any
two forces, so can only be joint
stretched or compressed, no bent

= The weight of each member is
ignored

= All members lie in the same plane
(planar or two-dimensional truss),

- — ]

There are only two forces per member but
any number of forces at a joint.
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When dealing with trusses, the assumptions we make are:

The weight of each member is (please select) vl

If there is an insufficient number of joints and supports for static equilibrium, the
frame is unstable and could collapse, which is known as a

(please s:aleci} .

The opposite problem is when the frame has excessive bracing, which is known as a
(please select) |¥).

Submit

Do you know the answer?




One of the assumptions for the analysis of a pin-jointed planar frame is that the weight of each
member is ignored.

Which of the following situations is this most suited to?

Check all that apply.
A small frame structure
Large bridges and building structures

A moving structure in high-speed machinery

AjRIEn

A heavily loaded frame

Do you know the answer?




Match the following types of pinjointed planar structures to their diagrams.

W Drag statements on the right to match the left.

D

Statically B
indeterminate o0
mechanism

A «

(.
Staticall /T A
s / ]
el = v\ it
determinate frame X
=" B
A D
E | B
lly iiiii
indeterminate &2
structure 1 .




Which of the following are true regarding a pin-jointed planar truss?

Check all that apply.
It is connected by frictionless hinge joints
The weight of each member must be equal
All the parts lie in the same two-dimensional plane

The members are all of equal length

ajeaiaima

Members cannot have more than two forces applied

Do you know the answer?




Thase arg the noles for the types of Lnesses we can
anahlyse using the laws of static equilibrium,

They must be: lightwelght, pin-folnted, stationary
structures that are not over-constralned. Trusses that
do nat abey thase rules will probably need to ba
analysed by computer methods.

WO

Compare the assumptions for a pin-jointed truss and a pin-jointed frame

To make calculations simpler, these are the assumptions of a pin-jointed
frame:

* The weight of each member is ignored (applied loads are relatively high)

= Each member is pin-jointed to the others (can transfer forces but not
moments)

The frame is stationary (even if it is designed as a moving mechanism, itis a
stationary structure during the calculation)

There are a correct number of joints

and supports for static equilibrium, l S /A
preventing either mobility or collapse / p)\ , / \'{
=T wooa b =

| N

as a mechanism like Figure (a), or T - i
excessive bracing as a statically
indeterminate structure like Figure (c)
opposite.

In addition, we make one more assumption to define a pin-jointed truss:
 Every member has only two forces (pure tension or compression only, no
bending loads)
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The forces applied between connected members of a frame are called:

Click the correct answer.
Pin reactions
Support reactions
Roller joints

Pin joints

Do you know the answer?




Buclet Link
Backet Armi

Hoa ket € vlinneder

Masn Arn

Arm Cudimader

Which of the above members are two-force members (ignore the weight of each member)?

Check all that apply.
Bucket link
Bucket cylinder
Arm cylinder
Main arm

Bucket arm

SO000




Why are pin joints used in a truss from one member to another?

Click the correct answer.
To transmit forces but not moments
To transmit moments but not forces
To transmit forces and moments

To transmit neither forces nor moments

Do you know the answer?




Match the components to their forces.

392.4 N

2

W Drag statements on the right to match the left.

Horizontal component of the force of

member BD onto member ABC e Ly 2707
s i oo s Fyr@30°
itk
Horizontal component of the force of B0 Fpr@0°

member ABC onto member BD



Identity zero-force members in a truss 1/2

Some trusses comtain members that carmy no koed st Iem-fomamembamammumbemm&tdnnommg.mnwhm?melmdsam
Bll, L the loading s chinged of courss. increased. These members cannot carry any load under the given loading
<> 0 . arrangement. It saves time to identify these first. They occur whenever there is

a T-joint without external force, where the leg of the T-joint carries no force. For
example, in the truss below, member BC cannot have any force.

25 kN F 50 kN

25 kN




Identify zero-force members in a truss 2/2

To explain how this occurs, we can look at the force polygon for Joint C. Here, Force F, .
must be equal and opposite to F.., which means Force F., does nothing.

CE
The same occurs at Joint K, where member JK must be zero in exactly the same way as

occured at Joint C. Now that JK is zero we are left with a T-type joint at J, so member UJ
must also be zero.

According to the above loading, these three members could be removed with no effect on
the truss. However, additional loads at these points would put loads into these members.
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Click on the members of this truss that are carrying no load (zero-force members).

25 kN

Submit

Do you know the answer?




Click on the members of this truss that are carrying no load (zero-force members).

25 kN F 50 kN

| AR
RN/

. f ¢C E C I K f‘
20 kN

Submit

Do you know the answer?




Tensile force in any member

Forces directed away from the joint are tensile.

The membars of § uss con only Do In tmmon of
oompression, This s what o lenSeon membor Dok
e nrTrws how the member is pusing on the joints

on sech end .

“ » O =

This makes better sense when we appreciate that this diagram is showing the
free body diagrams as the Joints. The key consideration Is what the member AB
does to joints A and B.

If the member is in tenslon, it is pulling Joint A to the right and Joint B to the
left. Being in tension there is no risk of buckling under load, so these members
can be very slender or even replaced with a cable of sufficient strength.

In the method of joints, forces are shown within the truss using the free body
diagrams of each joint.
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This member is in tension:

B

This free body diagram shows the body as:

Click the correct answer.
Joints A and B
Joint A
Joint B
Member AB
Joint A, Joint B and Member AB
Do you know the answer?




During the method of joints, the truss diagram shows forces acting on:

Click the correct answer.




If the free body diagrams are the joints, what state of loading is this member in?

A

Click the correct answer.
Tension
Compression
There is no loading—the forces cancel each other out

Bending

Do you know the answer?




This member is in tension:

The free body diagram has the body defined as:

Click the correct answer.
Joint A and joint B
Joint A
Joint B
Member AB
Joint A, Joint B and Member AB
Do you know the answer?




Compressive force in any member

T Since forces are based on joint free body diagrams, any forces directed
prrows show the member is pushing on the joints on towards the jﬂil’]t describe com PI"ESSi\I'E member loads.
each end.

WO

4'-4

B
“— Compression

The consideration is what the member AB does to joints A and B.

If the member is in compression, it is pushing Joint A to the left and Joint B to
the right. Compression members are at risk of buckling under heavy loads, so
these need to be thick enough to resist the bending caused by buckling.

A B
C i )
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A truss member is assumed to handle which types of loading?

Check all that apply.
] Tensile
| | Compressive
[_| Bending
[ | Torsion
Do you know the answer?




If the free body diagrams are the joints, what state of loading is this member in?

A

Click the correct answer.
Tension
Compression
There is no loading—the forces cancel each other out.

Bending

Do you know the answer?




This member is in compression:

A B
@m0

The free body diagram is:

Joints A and B

Joint A

Joint B

Member AB

Joint A, Joint B and Member AB

Do you know the answer?




This member is in compression:

B

The free body diagram is:

Joints A and B

Joint A

Joint B

Member AB

Joint A, Joint B and Member AB

Do you know the answer?




Definitions of eqguilibrium

To solve forces on the body we will assume o .
the body Is In equilibrium. Equilibrium of planar forces can be defined many ways, e.g.:

~ | 4> O - The sum of all forces is zero
* The net force is zero
* The body is at rest (static equilibrium)
* The body is not accelerating (Newton's second law, £F = m a, where g = ()
* The forces are balanced
« M =0andEZF, = 0andXF, =0
* Aforce polygon can be constructed
» The resultant = 0
* The eqguilibrant is applied
+ Constant velocity (Newton's first law of motion)
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For two-dimensional (planar) concurrent forces, constructing a force polygon is the same as
solving:
Click the correct answer.
ZFy =0 and ZFy =0
EMa =0
F cos 6 = Fsin 6

Fsinf =0

Do you know the answer?




Which of the following bodies are in equilibrium?

Check all that apply.
Body at rest
Body moving at constant velocity
Body accelerating

Body where sum of all forces is zero

ajeaiaima

Body with negligible weight

Do you know the answer?




Classes of equilibrium

Equilibrium is ensured by setting unknown forces to make resultant zero:

Forces | Free body Force polygon | Description |Unknowns (mag =
diagram magnitude(s))
2 - Equal » 1 force

_ : Fi
By gl ‘X and opposite:

2 _F] :—_Fg

3or @IM,=0 |° 2 mag

more H¥F, =0 |"* 2 angles (rare)
4% Fy=o0 |° 1 mag, 1 angle

4 or @ZM,=0 | ° 3 mag (reactions)

more

LT F,.=0 |° 2 mag, 1 angle
HZF, =0 |* 1 mag, 2 angles
= 3 angles (rare)
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Match the equilibrium conditions for each set of forces acting on a bady:

,ﬂ- Drag statements on the right to match the left.

Fi=-F: 0 P
E s
CENN v
HEF, =0 ” \ : i
+TE F}- =1 'Lj
GjEMﬁ: n LLELL)
=2F =0 =
HEZF; =0
Do you know the answer?




Match the following classifications of forces acting on a body:

 Drag statements on the right to match the left.




A typical graphical solution by method of joints

The method of joints solves equilibrium at each joint, starting from the first solvable joint,
then moves to adjacent joints until the truss is completed. It works like this:

Motice how the force polygon is solved for Joint A, which  Video object Isn't supported in c++ version
gives information for adjacent joints B and C.

Then Joint B is chosen, equilibrium is solved and then we
move on to the next, and so on.

This is an overview, so we will go through this in more
detail in later slides.
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Which type of truss analysis is demonstrated here?
Video object isn't supported In c++ version
Click the correct answer.
Method of joints (graphical)
Method of sections
Non-concurrent forces

Method of joints (mathematical)

Do you know the answer?




Procedure of method of joints for any truss (graphically)

The method of joints is a simple procedurs of three

steps, This procedure is repeated from one joint to Dﬂil‘lg method ﬂ‘f]ﬂll’ltﬁ (gm pthE"}"} involves:
the next untll the truss ks compieted.
L I c = 1. ChDGSIr’IE a8 BGEVEEFEEJDEHT {maximum two IJI'IHHGWI’IS} and dl'EiWiI'hg a freas

body diagram of that joint*

2. Solving equilibrium of that joint and finding unknown forces (by a force
polygon)

3. Transferring these forces to adjacent joints with balancing forces on each
member**

4. Repeating these steps until all joints are solved

Motes:

* Forces in two-joint members are in-line with the members, but where
tension/compression is a mystery, we can simply guess tension (pulling on
joint). The correct sense will be obtained in the force polygon.

** Dnece a foree is known on one end of the member, the same foree is then
opposite on the other end (rotated by 180 degrees). This is equilibrium applied
to these members (compression = pushing both ends; tension = pulling both
ends).
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For the overall procedure of the method of joints, match the task within the truss to the class of equilibrium analysis.

W Drag statements on the right to match the left.

Solve that joint and find unknown forces using a oo Equilibrium of concurrent forces

force polygon T T e

Transfer these forces to adjacent joints with R R T
balancing forces on each member ws  Equilibrium of co-linear forces i

Solve reactions at the truss supports =2 Equilibrium of non-concurrent forces ]

Do you know the answer?




For the overall procedure of the method of joints, match the type of equilibrium analysis to its description of

solution.
W Drag statements on the right to match the left.
Equilibrium of concurrent forces za Ensure ZFx = 0andXFy =0
Equilibrium of co-linear forces =a  Forces are equal and opposite
Equilibrium of non-concurrent forces = SolvebyZM = 0andZFy = 0andZFy, =0
Equilibrium of concurrent forces =2 Construct a force polygon

Do you know the answer?

-----
-----
qqqqq
-----
-----
.....




Sort the steps into order for the procedure for method of joints (graphical).

44 Place these in the proper order.

Choose a solvable joint with a maximum of two unknowns, then draw a free body
diagram of that joint

Solve that joint and find unknown forces using a force polygon (equilibrium of
concurrent forces at the joint)

Transfer these forces to adjacent joints with balancing forces on each member
(equilibrium of co-linear forces in the member)

Repeat this process from the first step until the truss is completed

Do you know the answer?




Overview a simple truss by method of joints [graphically)

C

A D | B
f Yr

R, Ry

Fig (a) FBD of whole Truss

The following overview shows how the method of joints would apply to a simple truss with five members and four joints (Figure (a)). The reaction
forces at the supports must first be solved before truss analysis can begin. So far we know three forces: the applied load P, and reactions R,

and R,

Member and
Raa:‘;t::tnsd joint free body Joint A Joint D Joint C Joint B
Lt i diagrams

GIVE FEEDEACK




Overview a simple truss by method of joints [graphically)

The truss can be broken into component parts and a free body diagram

constructed for each joint and member as shown in Figure (b). ¢

The method of joints starts from the first solvable joint, which can have no /i\

more than two unknowns.

Since the geometry of a truss is usually provided, the angles will be known AC CB
{or easily determined). So it is the force magnitudes that are the unknowns. cD

Currently we have four joints, where the known and unknown forces are:

A D B
Knowns | Unknowns | Solvable? < - R
; P B
Joint A HA AC, AD Yes R, AD
Joint B Rg CB, DB Yes DB

‘ig (b) FBD of Memb :
Joint C AC, CD, CB No Fig (h) FBD of Members and Joints

Joint D P AD, DB, CD Mo

Reactions Member and
el joint free body Joint A Joint D Joint C Joint B
P diagrams
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Overview a simple truss by method of joints (graphically)

In this case we will start with Joint A, where there are two unknowns,

F e @nd F,,,. Completing a force triangle for Joint A gives these Free Body Diagram Force Polygon
unknown member forces. Ky 2
From this triangle, we can see that F . is pushing Joint A, therefore Joint A 3 E '* ",

member AC Is in compression; and that F, Is pulling Joint A, f """"" F
therefore member AD is in tension,

A member in tension will pull on both of its joints and a member in
compression will push on both ends. So member AC pulls on Joint C [
and member AD pushes on Joint D. We can transfer this information

Knowns | Unknowns | Solvable?

to adjacent joints C and D. Joint A |R,, AC, AD Complete
Jaint B Ry CB.DB Yes
Joimt C AC cD.cB Yes

Joint D P, AD DB, CD Yes

I 1

Member and ‘ ] |
joint free body Joint A Joint D Joint C Joint B
‘ diagrams I

Reactions
completed




Overview a simple truss by method of joints [graphically)

In this case we could move to Joint C or D, where there are two Free Bodv Di F Pol
unknowns. We choose D, where unknowns are F, and F.. s f B i 2

Completing a force polygon for Joint D gives these unknown member Fom

[}

|

forces. From this polygon, we can see that both F . and F. are "
pulling Joint D, therefare both are in tension. Joint D .

Fiin il — i

13N ‘—I”
A member in tension will pull on both of its joints, so Member DC pulls i
on Joint € and Member DB pulls on Joint B. We can transfer this r —F
information to adjacent joints C and B.

Knowns Unknowns | Solvable?

JointA| R,,AC,AD Complete
Joint B R CB, DB Yes
Joint C AC, CD CB Yes
Joint D | P, AD, DB, CD Complete

Readlons Member and

; joint free body Joint A Joint D Joint C Joint B
completed
diagrams
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Overview a simple truss by method of joints (graphically)

In this case we could move to Joint € or B. We choose C, where there
is only one unknown F .

Completing a force polygon for Joint C gives this unknown member
farce.

From this polygon, we can see that F , is pushing on Joint C, so this

member is in compression. Therefore it also pushes with the same
force on Joint B.

We can transfer this information to adiacent Joint B.

Member and
joint free body Joint A
diagrams

Reactions
completed

CIVE FEEDBACK

Free Body Diagram

Force Polygon

Joiot €
[ Knowns | Unknowns | Solvable?
JointA| R,.AC,AD Complete
Joimt B Rg, CB DB Yes
JointC| AC,CD,CB Complete
lj-::ﬂnt D|P AD, DB, CD Complete
|
Joint D Joint € Joint B




Overview a simple truss by method of joints (graphically)

Joint B is fully solved since all forces are known.

Free Body Diagram

Force Polygon

If these forces form a correct free body diagram, we know that our
truss analysis has been correct.

I-'-.':.

Joinn B Fars L
LT
Knowns Unknowns | Solvable?
JointA| R,,AC,AD Complete
JointB| R CB, DB Complete
Joint C'| AC,CD,CB Complete
Joint D | F, AD, DB, CD Complete
Readlons Member and
Sy II e joint free body Joint A Joint D Joint C Joint B
i diagrams
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Match the number of unknowns for each joint.

?

R, Ry

Fig (a) FBD of whole Truss

Drag each item into appropriate category.
Click on an item to send it to the back of the stack.

Joint B g

Two unknowns Three unknowns



This truss has a load P applied at Joint D. |
The reactions at supports A and B have been calculated.

5 | Matoh the force polygons for the joints A, B, Cand D.

3 Drag statements on the right to match the left.




This truss has a load P applied at Joint D.
The reactions at supports A and B have been calculated.

If the method of joints is used, which of the following are a valid
sequence for the solving of all joints in this truss?

Check all that apply.
] A.C.D,B
] B,C,DA
(] ¢ADB
| DA BC
Do you know the answer?




Which joints can be solved immediately by method joints (i.e. not requiring another joint to be solved
first)?

R, Ry

Fig (a) FBD of whole Truss
Check all that apply.
Joint A
JointD
| JointB
| JointC
Do you know the answer?




Solve for first two joints in a truss by method of joints (graphically)

3
Ay | |
ll.n.w‘-i-ll'\-

1.03923m

= 50 | ]

Truss analysis begins once the reactions are known. These reaction forces can be used to double-check the solution at the end by testing
equilibrium at joints E and F.

Begin with Step 1 (A): Fl.nl:l Step 2 (A): Step 3 (A Step 1 (B): ‘Flnd Step 2 (B): Step 2 (B):
a solvable joint g Equilibrium for | a solvable joint EE Equilibrium for
kKnown Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC
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Solve for first two joints in a truss by method of joints (graphically)

Step 1: Look for a joint with a maximum of two unknowns. Draw a free body diagram of Joint A. Note: We might have chosen joints A or E. We
chose A to work from left to right.

Begin with Step 1 (A): Find Step 2 (A): Step 3 (A) Step 1(B): IFInd Step 2 (B): Step 3 (B):
a solvable joint g Equilibrium for | a solvable joint e Equilibrium for
known Equilibrium for Equilibrium for
seactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC
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Step 2: Solve equilibrium for Joint A. There are two unknowns -F,. and F

Solve for first two joints in a truss by method of joints (graphically)

AB’

We must interpret the force triangle as showing the forces acting to the joint, which is Joint A:

Fac = 11.547 kN @0°
Fap = 23.094kN @120°

Begin with
Known
reactions

Pulling the joint, Member AC in tension

Pushing, AB in compression, direction reversed

Step 1 (A): Find Step 3(A): | Step 1 (B): Find Step 3 (B):

a solvable joint Step 2 (A): Equilibrium for = a solvable joint Ste:p 2 (B): Equilibrium for
Equilibrium for Equilibrium for
and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC

which are solvable in a force triangle since all angles are known.

=



Solve for first two joints in a truss by method of joints (graphically)

B A ¥ y h: 5
L) () | g
Il‘- II 1 !
= 80 K20kN

Step 3: Transfer these forces from Joint A to adjacent joints B and C. (This is really equilibrium of members AC and AB). Members in
compression push both joints while members in tension pull both joints.

11.547 kN @ 0° (Tension); Joint C becomes: F 4 = 11.547 kN @ 180°
23.004 EN @ 120° (Compression); Joint B becomes: F 4z = 11.547 kN @ 300°

Far
F sn

Step 1 (A): Find : Step 3 (A) Step 1 (B): Find i Step 3 (B)
Beginwith | _ covablejoint | _ StBP2(A: | e aibriumtor | a solvablejoint | _ S©P 2B | poniibrium for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC
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Solve for first two joints in a truss by method of joints (graphically)

Step 1: Back to Step 1 again. Looking for a joint with @ maximum of two unknowns, we choose Joint B. Draw a free body diagram of Joint B. (We
cannot choose Joint C because it has three unknowns.)

Begin with Step 1 (A): Fi_nd Step 2 (A): Step 3 (A) Step 1 (B): Find Step 2 (B): Step 3 (B):
a solvable joint g Equilibrium for | a solvable joint e Equilibrium for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC
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Solve for first two joints in a truss by method of joints (graphically)

Step 2: Solve equilibrium for Joint B. There are two unknowns, -F_. and F,, which are solvable in a force triangle since all angles are known.

BD*

We must interpret the force triangle as showing the forces acting to the joint, which is Joint B:

Fap = 23.094 kN @ 180°
Fre = 23.094 KN @ 60°

Begin with
known
reactions

Pushing the joint, Member BD in compression

Pulling the joint, Member BC in tension

Step 1 (A): Find Step 3 (A):  Step 1 (B): Find Step 3 (B):

a solvable joint Step 2 (A): Equilibrium for a solvable joint Step 2 (B): Equilibrium for
Equilibrium for Equilibrium for
and draw free Joint A members AC, and draw free Joint B members BD,

body diagram AB body diagram BC

-




Solve for first two joints in a truss by method of joints (graphically)

AN fs N\ O
}'.- . / \
%N \ i / - .
@}1—. L —- Y | a
B [ OB EN ;v ] “'V)\

Bk S

Step 3: Transfer these forces from Joint B to adjacent joints € and D. (This is really equilibrium of members BC and BD). Members in
compression push both joints while members in tension pull both joints.

Fup = 23.094 kKN@0° {Compression); Joint D becomes: Fgp = 23.094 kN@0°
Fae = 23.094 KN @ 60° (Tension); Joint B becomes: Fpe = 11.547 kN @ 240°

; Step 1 (A): Find : Step 3 (A) Step 1 (B): Find i Step 3 (B):
Beginwith | . covablejoint | - S¥P2A: | b0 iibrium for | a solvable joint | _ S©P2B): L ibdum for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC
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Interpreting from the force polygon for Joint A:

Member AB is in (please select)| ¥] and Member AC is in (please select) ¥].

Do you know the answer?



Interpreting the force polygon for Joint B:

Member BD is in (please select) ¥l and Member BC is in (please select)| ¥.

Do you know the answer?




Select all joints that can be solved immediately by method of joints (i.e. not requiring another joint to
be solved first):

R“-b\l] 529 kN

1.03923m

Check all that apply.

Joint C

Joint A

| JointE

Joint D

Joint B

.| JointF



Complete the last few joints in a truss by method of joints (graphically)

Step 1: Looking for a joint with a8 maximum of two unknowns, we choose Joint C. Draw a free body diagram of Joint C. (We cannot choose Joint D
because it has three unknowns.)

Step 1 (C): Find Step 2 (C): St_ep 3 (C) Step 1 (D): Find Step 2 (D): Step 3 (DY)
a solvable joint AT Equilibrium for | a solvable joint LA Equilibrium for :
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
body diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (graphically)

Step 2: Solve equilibrium for Joint C. There are two unknowns, -F, and F.., which are solvable in a five-sided force polygon where all angles are

known.

We must interpret the force polygon as showing the forces acting to the joint, which is Joint C:
Fop = 87735 kN @ 120° Pushing the joint, Member CD in compression

Fer = 51,962 kN@0° Pulling the joint, Member CE in tension

Step 1 (Ck .FIII'Il:'-I Step 2 (C): St.e'.p 3 (C)k Step 1 (D}:1F|Ind Step 2 (D): Etletp,‘..% (DY)
a solvable joint Equilibrium for Equilibrium for | a solvable joint Equilibrium for Equilibrium for
and draw free . members CD, and draw free . members DE,

Joint Joint D
body diagram e CE body diagram DF

Chechk Joint E

GIVE FEEDBACK [ ok




Complete the last few joints in a truss by method of joints [graphically)

L l

AT +——-|'j"—F _:_".L:;:"_ p—

'."I.'--ﬂl" ]

'-‘4

-Il‘ll:

Step 3: Transfer these forces from Joint C to adjacent joints D and E. (This is really equilibrium of members CD and CE). Members in
compression push both joints while members in tension pull both joints.

Fep = 57.735 KN @120° (Compression); Joint D becomes: Fpp = 57.735 KN @ 300°
Fep = 51962 kKN@0* (Tension); Joint E becomes: Fep = 51.962 kKN @ 180°

Step 1 (C): Find Step 3 (C): Step 1 (D): Find

asolvablejoint | . >t®P2(CF | e linium for | a sotvable joint | _ S0P 2Pk | £ iirium for
Equilibrium for Equilibrium for
and draw free Joint C members CD, and draw free Joint D members DE,

hody diagram CE body diagram DF

Step 3 (D):
Chechk Joint E

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (graphically)

£

. .

& L L
iy

Fo D Foa

Step 1: Looking for a joint with a8 maximum of two unknowns, we choose Joint 0. Draw a free body diagram of Joint D. (We can also choose Joint
E, with two unknowns.)

Step 1 (C): Find Step 2 (C): St_ep 3 (C) Step 1 (D): Find Step 2 (D): Step 3 (DY)
a solvable joint R Equilibrium for | a solvable joint L Equilibrium for :
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (graphically)

Step 2: Solve equilibrium for Joint D. There are two unknowns, F. and F_., which are solvable in this force polygon since all angles are known.

We must interpret the polygon as showing the forces acting to the joint, which is Joint D:
Fpr = 80.829 kN @ 180° Pushing the joint, Member DF in compression

Fpr = 57.735kN @60° Pulling the joint, Member DE in tension

Step 1 (C): Find _ Step 3 (C): Step 1 (D): Find ) Step 3 (D):
a solvable joint Stfp 2 (C): Equilibrium for a solvable joint Step 2 (D): Equilibrium for .
Equilibrium for Equilibrium for Check Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
body diagram CE body diagram DF




Complete the last few joints in a truss by method of joints (graphically)

£ 0 by y E
g o B B \ 4
A w % : ; l"\. -~
. \ . \ & \
P = J
] b s
. k_ﬂ-—‘—* TR t.* ‘—.-\-?_ Ll -—h-&_\/)'
Wkl kN D | b
i HLE2ERN

Step 3: Transfer these forces from Jloint D to adjacent joints E and F. (This is really equilibrium of members DE and DF.) Members in
compression push both joints while members in tension pull both joints.

21
]

80,829 kKN @ 180° (Compression); Joint F becomes: Fpp = 80,829 KN @0°
57.735 kN @ 60* {Tension); Joint E becomes: Fpg = 57.735 kKN @ 240°

H
=
1

Step 1 (C): Find : Step 3 (Ch: Step 1 (D): Find g Step 3 (D)

asolvablejoint | _ 2P 2(CF | £ iibrium for | a sotvable joint |  SteP2 Pk F e i for .
Equilibrium for Equilibrium for Chechk Joint E

and draw free Joint C members CD, and draw free Joint D members DE,

body diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (graphically)

We have completed the truss. Joint F is obviously correct. We can also check equilibrium at Joint E since all forces are known. The force polygon is
correct.

Note the small discrepency with Rex. According to the reaction calculations we should have 80.829 kN, but according to this force polygon we get

80.830 KkN. This is a rounding off error accumulated through the process. Always use a few extra significant figures during calculations and drop
them in the final answer. Our answer is correct to four significant figures (i.e. 80.30 kN).

Step 1 (C): Find _ Step 3 (C): Step 1 (D): Find _ Step 3 (D):
a solvable joint Step 2 (C): Equilibrium for a solvable joint St.Ep < (D) Equilibrium for
Equilibrium for Equilibrium for Check Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
body diagram CE body diagram DF




Beginning from the support Joint E, sort the alternative order of solving joints by the method of joints:

¥ Place these in the proper order.




R "\
\ Y/ §

Interpreting the force polygon for Joint D:

Member DE is in (please select) w] and Member DF is in (please select) ¥].

Do you know the answer?




b (P e

. H ‘f/—
L) —

Interpreting the force polygon for Joint C:

Member CE is in |(please select)|'w] and Member CD is in (please select)| ¥i.

Do you know the answer?



» O

Summarise the result of method of joints on a truss 1/2

Six force I:!D|\f__ti_'}r"- for all joints in the truss are usad 1o solve every member.

L1
%\
P — - Py = -‘p-_:.—-
% A /
\ / \ y
Fo .\ f
) 1 \ o
! ) L
'V
1/ \/
3 = ——in ) - i ) s
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Summarise the result of method of joints on a truss

Member Force Type
AR 23.094 kN | Compression
AC 11.547 kN | Tension
BC 23.094 kN | Tension
BD 23.094 kN | Compression
CD 57.735 kN | Compression
CE 51.962 KN | Tension
DE 57.735 KN | Tension
DF 80.829 kN | Compression

2/2



Select all correct statements about the truss shown below.

1.03923m

R, = SDA2 kN

Check all that apply.

The top chords (AC, CE) are in tension, the bottom chords (BD, DF) in compression, and
the webs (AB, BC, CD, DE) have a mixture of tension and compression

The forces in members increase nearer the supports

Every joint is in equilibrium except Joint F

Members AC, CE, BC and DE could be replaced with cables rated to handle 60 kN with
safety factor

Do you know the answer?




If every member is the same, and the loads keep increasing, which internal member (web) will fail
first?

103923m

SpX S 1.2m _
) M i —

F = 80 S20kN F

Click the correct answer.
Web members do not normally fail. It is usually the upper or lower chords.
Member BC

Member CD
Member DE

Do you know the answer?




CGompare the mathematical and graphical technigues for the method of joints

As an alternative to the graphical technigue, the : ; . . ,
methad of joints can alss be carred out using the The alternative to drawing force polygons is to consider each free body diagram

mathematical technigque. and solve for the unknown forces mathematically, in terms of their horizontal
TR N & and vertical components,

Those who are mathematically minded may prefer this alternative, which lends
itself more readily to computer-assisted methods of analysis and design.

Others will probably choose the graphical method, which gives a better visual
representation of the actual relationship between forces.

Of course with computer-aided design you get the best of both worlds: the
precision of mathematical method and the ease of the graphical method.

GIVE FEEDBACK “



Illa Lt

Solving a truss by the using the horizontal and vertical components of each force is
called the |(please select) ¥] method.

A better visual representation of the actual relationship between forces is usually
achieved using the (please salacl'jil. method.

Submit

Do you know the answer?

| KNOW IT THINK SO m NO IDEA




The mathematical method uses summation of X and Y components to analyse a truss. Compared

to the graphical method, the mathematical components method has the following advantages:
Check all that apply.

More readily adapted to computer programming

Does not require accurate manual drafting or a computer-aided design program

Is easier to do by hand

AjRIEn

Is more intuitive and easier to follow for beginners

Do you know the answer?




Tha mathamatical technigue ok eoulibrium

through the uss of foroe componsnia

1+ O

Outline the mathematical definition of equilibrium at any joint

For a general two-dimensional body there are three equilibrium equations (
M .£Fx .LFy). This is the case for non-concurrent forces on a body, such as
when finding reactions.

However, when investigating the joints within a truss, there is no moment
applied to any joint, and all forces at any joint are concurrent. So equilibrium
can be established at any joint by summation of forces only. The sum of all
forces at any joint must be zero.

The mathematical method utilises force components to determine equilibrium.
The sum of all component forces at any joint must be zero, in both X
{horizontal) and Y (vertical) directions.

Equilibrium
HYFx=0
""Tz Fy =0

GIVE FEEDBACK “




When solving a planar truss by the method of joints, the majority of joints are of which type?

Click the correct answer.
Concurrent
Non-concurrent
Co-linear

Non-coplanar

Do you know the answer?




Outline the technigue of taking components of a foree

e vectors, They are added graphically because they have both
and angle. W 1 nly ada | 85 MUmi MY (K | IErs) I They
il Palc 5'"‘ Ly onmverting aal h force 1o C L - Aandy
d » O direction. we can add each axis numerica
i the angle is BN WE W t nents for any force
- - - |
Example
A Frrrn b Aofirnedd B [
b TS 1D L= " LY L] W
Faven 40 ¥ s e e
= Mooz 12 ) I
- = 30 = 3 g M
|

Note that the X component s automatically negative

using 360" angle format—the cosine of an angle In

the second guadram

GIVE FEEDBACK




Force Fx is 48 kN and Fy is 85 kN; find F in kN.

(Include units, use at least two decimal places.)

i

B
2o e ] e

il 2! | (=]
3 o]+ a] o

sin 7] |j i

CHALLENGE

Click and type vour answer here

INSTRUCTIONS

No intermeadiate steps are required

If you choose to show steps, write one on each line.

Write your final answer on the last line.

The computer will check all your work in detail when you click "Submit®.

Each hint will reduce the credit recaived for this guestion



Force F is 73 KN at angle 8 of 60 degrees. Find Fx in kN.

(Include units, use at least two decimal places.)

CHALLENGE

v n cos [ :
J ) ﬂ Undao

Click and type your answer hera

INSTRUCTIONS

Mo intermediate steps are required

If you choose to show steps, write one on each line.

Write your final answer on the last line.

The computer will check all your work in detail when you click
"Submit”.

Eech hint will reduce the credit recelved for this guestion



Do you know the answer?



INSTRUCTIONS

Mo intermediate steps are required
If you choose to show steps, write one on each line.
*  Write your final answer on the last line.

The computer will check all your work in detail when you click "Submit",

m Eaoh hird will reduce thie onedit reseived for this quastion

Force F is 73 kN at angle 8 of 135 degrees. Find Fy in kM.

(Include units, use at least two decimal places.)

sin

Click and type your answer here

CHALLENGE



The matharmaticnl tochnique LT out & be simost
BaacTly the wamer a8 the graphicsl method, The oy
gference is in the second stegr solving equilibriam.

The graphicel method uses = force pofvgon: e

matrnaticnl mwthod uses summetion of
COMpOenn

MmrQ

Summarise the procedure of method of joints for any truss (mathematically)

The method of joints (mathematically) is exactly the same as the graphical
method, except we use components in place of the force polygon.

These three steps get repeated until all joints are solved:

1. Choose a solvable joint (maximum two unknowns) and draw a free body
diagram of that joint (we can guess the sense of the unknown forces to be
finalised by equilibrium)

2. Solve equilibrium in X and Y directions (EF x = 0,XF x = 0) of that joint
and find unknown forces (by components where F, = F cos 0 and
Fy = Fsin 8)

3. Mirror these forces to adjacent joints with balancing forces on each member
{once a force component is known on one end of the member, the same
force is then opposite on the other end, rotated by 180 degrees)

GIVE FEEDBACK “




For method of joints (mathematically), sort these steps into order for the solution of each joint:

44 Place these in the proper order.

Choose a solvable joint with a maximum of two unknowns, then draw a free body
diagram of that joint

Solve equilibrium in X and Y directions (£F x = 0,ZF x = 0) of that joint and find
unknown forces (by components where Fx = F cos 8 and Fy = F sin 8)

Mirror these forces to adjacent joints as balancing forces on each member

Repeat this process from the first step until the truss is completed

Do you know the answer?




What happens if we guess the wrong direction for an unknown force (such as F.5 OrF¢) applied to a
joint?

Check all that apply.

| The line of action is still correct and the sense is found from the force polygon

The force polygon cannot add up to zero unless one unknown force is reversed (or both
are reversed)

The force polygon is solved but we will find out later that this joint was wrong

The member will end up in tension instead of compression (and vice versa)

Do you know the answer?




Solve a simple truss by method of joints (mathematically)

Left figure: This simple structure is a truss because
every member has two forces. We will use the RAyA
mathematical method of joints (components). e— (.7 m —

A

Right figure: We normally calculate reactions first, then +
start truss analysis. To begin solving reactions, take
moments at Pin joint A:

IM, = (32kNX0.7) - (Rg - 143 =10
1.4

Now equilibrium of forces: 3.9 kN
ZFx =R + Rax =16+ Rux =10

L Rax = - 1.6 kN (to the left)

SRy w38 bl —'—*:
RO C

SRy y = 3.2 kN (upwards)

1.4 m 1.4 m

SRe = = 1.6 kN (to the right)

1,

Completed

Find reactions Solve Joint C Solve Joint A
truss

Difficult joints

GIVE FEEDEACK




Solve a simple truss by method of joints (mathematically)

Left: According to equilibrium, we can solve any joint

RAyA with a maximum of two unknowns. In this truss we can RAyA
- (.7 11— solve any joint A, B or C (all have two unknown forces). - (.7 1 —=
RAx A HAx A
* ﬁ This is where it is wise to pick the easiest way forward, F :
Joint C. Equilibrium of X and ¥ component forces at Joint
{-':--

EF}{ ﬂﬂc+ﬂm=l.ﬁ+ﬂm!u

SRz = — 1.6 KN (to the left)
1.4 m

Whoops, we guessed the wrong direction (see figure at
right)—we know Member CB has rise of 1 over 0.7 run:

Fepy = Feax - LI R T {to left)

EFy=Fga + Foax = Fpa - 2286 =0
S Feoy = 2.286 kN (upwards)

Completed

Difficult joints
truss

Find reactions Solve Joint C Solve Joint A

GIVE FEEDEACK




Solve a simple truss by method of joints (mathematically)

Left: From the last joint, solve Joint A (because the
unknown forces are simpler than B (on right).

Equilibrium of X components at Joint A:
2Fy =Rax + Fagx =10

S Fapy = 1.6 KN (to the right)

Equilibrium of Y components at Joint A

by equilibrium of Member AC:
Fac = - Fea = - 2286 kN (downwards)

Solve Y:

2eFy=Ray + Fac + Fagr =10
S03.2 - 2286+ Fapy =0

S Foany = = 0.914 EN (downwards)

Completed

Find reactions Solve Joint C Solve Joint A
truss

Difficult joints

GIVE FEEDEACK




Solve a simple truss by method of joints (mathematically)

Joint B is instantly solved. We simply mirror the forces on members AB and CB. Checking Joint B:
EFy = Fpax + Faex =-1.6 + 1.6 = O{correct)
EZFy = Fpay + Fpoy = 09143 - 0.9143 = 0O(correct)

Finally, to obtain the total compressive and tensile loadings, get resultants of X and Y, e.g. resultant
for Member AB:

Fap = JFlgy + Fagy =+/162 + 091437 = 1843 kN

Member X Y Component | Resultant | Loading
Component

Member AB 1.6 kN 09143 kKN |1.843 kN | Tension
Member BC 1.6 kN 22857 kN |2.790 kN | Compression
Member AC 0 2.2857 kN | 2.2857 kN | Tension

Completed

Find reaction Solve Joint C Solve Joint A
ind reactions olve Join ve Join

Difficult joints

GIVE FEEDEACK




Solve a simple truss by method of joints (mathematically)

It would have been more difficult to start this | Solve these simultaneous equations
analysis at Joint B. This gives two equilibrium
equations (X and Y) but with four unknowns: | ey, (1) Frex = Faux
Fpax - Feax = 0 L RAx
E + F a5 S0 (2) becomes: -5
BB TS e 05714 - Faax + 1.4286 - Fyay = - 32
- (05714 + 1.4286) - Fpax = -3.2
To solve this we need to use the angle 2. F -
information to reduce to two unknowns: i A
0.4 LFpax = =16 kN
F.BAY = {}r? * FM = D.S?l‘i Y Fm 1‘1' I
1 Substitute back into (1):
Fpoy = —— - Faex = 14286 - F ey
WE g e s Fyay = 0.5714 Fgax = 0.5714 - 1.6 = 0.9143 kN
So re-writing the equilibrium equations: And the last component, F gey
Fpax - Fpex =0 (1) Fpay + Fpoy = 3.2 _"_%
0.5714 - Fpax + 1.4286 - Fpex =32 (2) i B = 3.2 = 09153 RC
= 2.2857 kN
Find reactions = Solve Joint C = Solve Joint A G"’E?E"" Difficult joints

GIVE FEEDEACK




Choosing the first joint to analyse
using the method of joints
by components (mathematical):

Match the statements about the suitability
of the joints A, B and C as the first joint to solve,

Joint

Joint

Joint

W Drag statements on the right to match the left.

This Is the simplest because there are only three forces and one of them is vertical (it

has no X component) T

Although there are four forces, this is fairly straightforward because three of them are  ::::

lllll

horizontal or vertical i

This Is the most difficult because we must solve this either using the sine rule or with

simultaneous equations HHE

Do you know the answer?




Solve for first two joints in a truss by method of joints (mathematically)

3
Ay | |
ll.n.w‘-i-ll'\-

1.03923m

= 50 | ]

Truss analysis begins once the reactions are known. These reaction forces can be used to double-check the solution at the end by testing
equilibrium at joints E and F.

Begin with Step 1 (A): Fl.nl:l Step 2 (A): Step 3 (A Step 1 (B): ‘Flnd Step 2 (B): Step 2 (B):
a solvable joint g Equilibrium for | a solvable joint EE Equilibrium for
kKnown Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC

CIVE FEEDBACK “




Solve for first two joints in a truss by method of joints (mathematically)

Step 1: Look for a joint with a8 maximum of two unknowns. Draw a free body diagram of Joint A.

Note: We might have chosen joints A or E. We chose A to work from left to right.

Begin with Step 1 (A): Find Step 2 (A): Step 3 (A) Step 1(B): IFInd Step 2 (B): Step 3 (B):
a solvable joint g Equilibrium for | a solvable joint e Equilibrium for
known Equilibrium for Equilibrium for
seactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC

CIVE FEEDBACK “




Solve for first two joints in a truss by method of joints (mathematically)

Step 2:

Solve equilibrium for Joint A using X and Y components. Consider Y axis (up is positive):
EF, =0=Fupy =20  ~Fapy =20

Consider X axis (right is positive). We know that Member AC is at 60 degrees, so:

B %
4y _ 20 a7

F = =
AB® = Tan 60 1.73205

But since this is going to the left, F 5 » = - 11.547 kN

ZFy =0=Fic - 11547 kN S Fae = 11,547 kN
Step 1 (A): Find : Step 3 (A) Step 1 (B): Find , Step 3 (B):
Beginwith | ivablejoint [T 8 =R o bium for | asolvablejoint | . S8 2BE | Lo inium for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC

GIVE FEEDEACK
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Solve for first two joints in a truss by method of joints (mathematically)

il (r
un_w 529 kN

1.03923m

. = S0.820kN
Step 3: Transfer these forces from Joint A to adjacent joints B and C (all component forces must balance):

Fac = 11.547 kN so Joint C becomes: Foy = — 11547 kN
Fagi: = —=11.547 kN s0 Joint B becomes: F s » = 11.547 N
Fapy = 20kN so Joint B becomes: Fpy , = - 20kN

Step 1 (A): Find : Step 3 (A): Step 1 (B): Find , Step 3 (B):
Eﬁ:z:::th a solvable joint Eqitiﬁg rizu{ri}%n . | Equilibrium for  a solvable joint qu;f;g rfu'[r:};m Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC




Solve for first two joints in a truss by method of joints (mathematically)

'i B &%
¢
B i

Step 1: Back to Step 1 again, looking for a joint with a maximum of two unknowns, we choose Joint B, Draw a free body diagram of Joint B (we
cannot choose Joint C because it has three unknowns).

Begin with Step 1 (A): Fi_nd Step 2 (A): Step 3 (A) Step 1 (B): Find Step 2 (B): Step 3 (B):
a solvable joint g Equilibrium for | a solvable joint e Equilibrium for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, and draw free Joint B members BD,
body diagram AB body diagram BC

CIVE FEEDBACK “




Solve for first two joints in a truss by method of joints (mathematically)

Step 2:
Solve equilibrium for Joint B by components.

Y axis (up is positive);
EF}* == Fﬂc)- + FB.J.;,- = I"'Ecl:,- =20
S Fpoy = 20kN

X axis (right is positive)—we know that member BC is at 60°, so:

Facy 20
tan 60  1.73205
EF_,- = [F:Fﬂnx +-FBL'.T =+ Pﬂp

TFe =0=11547 kN + 11.547 kN + Fpp
S Fap = - 23.094 kN

= 11.547 kN

Fpos =

Begin with
known
reactions

GIVE FEEDEACK

Step 1 (A): Find
a solvable joint
and draw free
body diagram

Step 2 (A):

Equilibrium for

Joint A

Step 3 (A) Step 1 (B): Find Step 2 (B): Step 2 (B):
Equilibrium for | a solvable joint Equilibrium %ur Equilibrium for
members AC, and draw free Joint B members BD,

AB body diagram BC




Solve for first two joints in a truss by method of joints (mathematically)

P
R &2
Ry =50 5204 kN

103923m

Ry= fid 530k N

Step 3: Transfer these forces from Joint B to adjacent joints C and D (component forces on members BC and BD must balance):

Fgn = —23.084 kN so Joint D becomes: Fpg = 23.094 kN
Feoe = 11547 kN so Joint B becomes: Fg . = - 11.547 kN
Fpcy = 20kN so Joint B becomes: Fep, = - 20kN

Begin with Step 1 (A): FI_nl:l Step 2 (A): Step 3 (A) Step 1 (B): Find Step 2 (B): Step 3 (B):
a solvable joint e Equilibrium for = a solvable joint el Equilibrium for
known Equilibrium for Equilibrium for
reactions and draw free Joint A members AC, | and draw free Joint B members BD,
body diagram AB body diagram BC

CIVE FEEDBACK “




. +  Nointermediate steps are reguired

+ i you choose D show Seps. write one on sach ine.
= Wiite your finel arewes on the isst Bne.
»  The computer will check all pour work in detall when you click, *Subemit’.

_ Tk i =l cmliew e Cedl Gireml e D dessile

Foroe F, = 73 kN and ange 6= 60 degrees.

What i the angle of foroe £ oy in 3580 degree formar? (Thia s
the foroe appied by Mermber AB to the Joint A.)

WARNING! You must scive equilibrium for this joim (o checs
the cormect dirsction of foroe Fay .

' (Do not type units, use at least one decimal place.)

& - |
2|2 H o) o) e—

<o) 7 | o] oo o] |

-n-rg 'E!a-

Click mnd type your answer hers

_“



INSTRUCTIONS
3
. = Nointermediate steps are required

= [ you choose to show steps, write one on each line.
*  Write your final answer on the last line,
»  The computer will check all your work in detail when you click "Submit®,

O viviiviwoniaisiisaiain

Force F, = 73 kN and angle 8= 60 degrees,

Calculate the tenslon In Member AB {nclude a minus slgn if
the member Is in compresslon).

{Include units, use at least two decimal places.) '(

i
EAN IR RN -
BlGEENER - o

[em Jie ]

Click and type your answer hare




INSTRUCTIONS
" ;
. * Nointermediste steps are required

= If you choose to show steps, write one on each line.
= Write your final answer an the last line.

= The computer will check all your work in detail when you click
"Submit’.

m E=xch hint will redupe the orecdit reosheed tor this guestion

Force F, = 73 kN and angle 8= 60 degrees,

Calculate the tension In Member AC where 2 negative slgn (=115
uzad for compresshon.

{Include units, use at least two decimal places.) { '{ )

- |
) 5 o] ]| e—

B GBS

[

Click amd type your answer hera




Assume 0 = 60° "

The Force Polygon for Joint A is shown below;

Fac

FaB

Match the correct angles (in 360° format) for each force described below:

W Drag statements on the right to match the left.

300° e lge force applied by Joint A to Member
180° = The force applied by Member AC to

Joint A e

The force applied by Member AB to aees
Joint A EHHE

120° e The force applied by Member AC to
JoitCc ==



INSTRUCTIONS

= Nointermediate steps are required

= If you choose to show steps, write one on each line.

+  Write vour flnal answer on the last line.

+  The computer will check all your workl in detail when vou cllck "Submit”.

Hirit Easch hiri il nachucs this credit recshd for this question

c

Force Fy = 73 kN and angle 8 = 60 degrees.
Force Fga Is the force In Member AB on the Joint B end.

Find the angle of Fy, in 260 degree format. (The force
applled by Member AB to Jolnt B.)

(Do ot type units, round off to nearest integer.) {
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Complete the last few joints in a truss by method of joints (mathematically)

Continuing the Method of Joints, assuming Joints A and B have been solved.

Step 1: Looking for a joint with a maximum of two unknowns, we choose Joint C. Draw a free body diagram of Joint C.
(We cannot choose Joint D because it has three unknowns.)

Currently known data for Joint C; Fcp » = - 11.547kN, Fepy = - 20kN, Fgy = - 11.547 kN
Step 1 (C): Find Step 2 (C): St_ep 3 (C) Step 1 (D): Find Step 2 (D): Step 3 (DY)
a solvable joint AL Equilibrium for | a solvable joint i Equilibrium for ;
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
body diagram CE body diagram DF
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Complete the last few joints in a truss by method of joints (mathematically)

Step 2: Apply equilibrium using components at Joint C to find two unknowns, members CD and CE.

FF.=30kN
C Equilibrium of ¥ components (positive is upwards):
Fx (1 I,* = EFJ"':[:I:F'ITTJ}+FCH}I+-F{Z=FITD}-'2‘]"30
CA . = CE '.'Flﬂ!’)_}l = 50 kN

X axis (right is positive)—we know that Member CD is at 80°, so:

Fen.y 50
. = —28.867 kN to the left
O = tan 60  1.73205 '[ )
I CBx k CDx Equilibrium of X components (positive Is to the right):

EFx =ﬂ=Fm; +Fc_|3_t +F.{;£+Fm
EF, =0=-28867 kN - 11547 kN 4 Fp - 11.547 kN
Vi Fer = 51.962 kN (to the right)

Step 1 (C): Find = Step 3 (C): Step 1 (D): Find g Step 3 (D)
a solvable joint S (v Equilibrium for | a solvable joint St_e!p 2 (D): Equilibrium for :
Equilibrium for Equilibrium for Check Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF
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Complete the last few joints in a truss by method of joints (mathematically)

¥
“rf"” B kN

1.03923m

I, = 80 829kN
Step 3: Transfer these forces from Joint C to adjacent joints D and E (component forces on members CD and CE must balance):

Fepy = -28867 kN s0 Joint D becomes: Fpe » = 28.867 kN
Fepy = 50kN s0 Joint D becomes: Fpe , = - 50kN
Frg = 51962 kN s0 Joint B becomes: Fye = - 51.962 kN

Step 1 (C): Find : Step 3 (C): Step 1 (D): Find g Step 3 (D)
a solvable joint | . S0P 2 (C):  EEREREEEN RN o solvablejoint |  SPP2 0F | b iibrium for .
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (mathematically)

Step 1: Looking for a joint with a maximum of two unknowns, we choose Joint D, Draw a free body diagram of Joint D (we can also choose Joint
E, with two unknowns).

Step 1 (C): Find Step 2 (C): St_ep 3 (C) Step 1 (D): Find Step 2 (D): Step 3 (DY)
a solvable joint R Equilibrium for | a solvable joint L Equilibrium for :
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (mathematically)

Step 2: Apply equilibrium using components at Joint D to find two unknowns, members DE and DF.

Y axis (up is positive):
EFL =U=Fﬂ£}- + Fp{,}. =F_|'_;Iﬁ}- - 350

S e y = 50 kN

X axis (right is positive)—we know that member CD is at 60", so:
Fpey _ 50
tan 60 1.73205
ZFe =0=Fppx + Fpcx + Fpe + Fpp
SE, = 0= 23094 + 28.867 + 28.867 + Fpr
e _FDF = = HU.EEQ kN {tD th'E EEft:l'

Fppy = = 28.867 kN (to the right)

Step 1 (C): Find : Step 3 (C): Step 1 (D): Find : Step 3 (D)
asolvablejoint | . 2P 2(CF | £ iibrium for | a sotvable joint | oo eP=OF 1 £ librium for .
Equilibrium for Equilibrium for Check Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (mathematically)

Ii:__1| = kN

Step 3: Transfer these forces from Joint D to adjacent joints £ and F (component forces on members DE and DF must balance):

Fpey = 28.867 kIN so Joint D becomes: Fep » = — 28,867 kN
Fpgy = 50kN s0 Joint D becomes: Fgp , = - 50 kN
Fpp = - B0.829 kN so Joint B becomes: Fup = 80.829 kN

Step 1 (C): Find : Step 3 (C): Step 1 (D): Find g Step 3 (D)
asohvable joint | . SOP2(Ck | Eovinbrum for | asolvablejoint | . S1eP2 D) I for .
Equilibrium for Equilibrium for Chechk Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF

CIVE FEEDBACK “




Complete the last few joints in a truss by method of joints (mathematically)

I kN k.= il "[.:\ =50 kN
B
.I t‘l.l 1.3 Il [ - { I'l ¥ 1 35 F'. ‘
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We have completed the truss. Checking is simple because reactions are shown in X and Y components. From the previous step:
Figp s = —28.867 kN, Fup y = - 50N, Fyp = 80.829 kN (Joint F is obviously correct).

Check equilibrium at Joint E:
EFx = Fgc + Rgx + Fppx = —51.962 - 28.867 + 80.829 = 0 kN (Correct)

EF}-‘ = Ray + F;_-'p}- =50 - 50 = DkaCDFEf;:ﬂL}

Step 1 (C): Find : Step 3 (C): Step 1 (D): Find g Step 3 (D)
asohaviejot |2 Ok | eoinbaum tor | .asovablefolit: | . SRR ME | oo iibriam for
Equilibrium for Equilibrium for Check Joint E
and draw free Joint C members CD, and draw free Joint D members DE,
bhody diagram CE body diagram DF
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Which method(s) were most likely used to solve this truss?

1.03923m

Check all that apply.
Method of joints by components (mathematical)
Method of joints by force polygons (graphical)
Method of sections by components (mathematical)
Method of sections by force polygons (graphical)

oo




Some of the forces aligned with the members are shown in a faded (faint red) colour.
What does this mean?

1.03923m

Click the correct answer.

Nothing, those forces still apply but are simply shown faded to make it easier to read the
diagram

They are showing forces acting on the members rather than the joints
Those forces have been replaced by their X and Y components

Those members do not have forces in them

Do you know the answer?




The method of sections

Thar method of sections s gquite different. Instead of

eohing soncuiTant foreae of jolnts, the truss i6 The method of sections is based on the principle that if the entire truss is in
divided In two and one haf is solved. equilibrium, any part of the truss must also be in equilibrium.
WO =

So far we have seen three ways to define a free body diagram in a truss:

* The whole truss in eguilibrium (when finding the reactions)

* Asingle joint in equilibrium (during the method of joints)

* A single member in equilibrium (the mirror-forces step in the method of
joints)

The fourth way is to section the truss into two and take one side as the free
body diagram. This method is called the method of sections.

GIVE FEEDBACK “



Which of the following free body diagrams is only used in the method of sections?

Click the correct answer.
The whole truss in equilibrium
A single joint in equilibrium
A single member in equilibrium

Half of the truss in equilibrium

Do you know the answer?




Advantages of using the method of sections

The imethod of sectons allows the designer 1o skip
Eiraight to the middie of the trues mstead of working
foint o jobet from one end.

1 » O

i

The method of sections:

1. Is ideal for situations where the forces at the centre of a truss are needed,
without working through many joints to get there

2. Can be used as an alternative method which provides a way to double-
check at any point during the method

3. Allows the designer to focus on a particular member while testing the effect
of design variations (like changing the loads}—the force in a member
anywhere in the truss can usually be isolated as a single equation

GIVE FEEDBACK “



Match the features of the following three methods of truss analysis.

.ﬂt Drag statements on the right to match the left.

. Forces at the centre of a truss are needed, without working 12i33

(=] : RN S R I N R e e R e I (1T

WAt o sections through many joints to get there o
Method of joints (graphical) ea  Simple application of concurrent forces and force polygons
Method of joints (mathematical components) =a A process suited to computer analysis
; Allows the designer to focus on a particular member while o

PatNC OB sione “%  testing the effect of design variations L

Do you know the answer?




Apply the method of sections to find the force in a truss member

Find the force in Member BD,

This is the same truss we analysed using the method of joints, only
this time we will use the method of sections.

As usual, we have the reactions solved before lauching into analysis of
the members. However, in this particular case (cantilevered), it is
possible to solve the truss without knowing the reactions first.

But reactions are still a good idea because it makes it easy to double-
check our answers.

M=ol kN

—3
R =052 kM

1.03923m

Divide truss in

Select member tAnget orea

GIVE FEEDEACK

Apply force
AOPIOMEIE |t T
at smart
location anbooy
diagram




Apply the method of sections to find the force in a truss member

Cut the truss in two.

The method of sections cuts the truss into two parts. This sectioning
must divide the target member in the process. Here, we place the cut
to separate members CE, CD and BD (the target member).

Apply unknown forces,

The left half will be our target free body diagram. This body is exactly
three members with five forces applied. Three of these forces are the
unknowns that we sectioned (members CE, CD and BD). We could
attempt to guess the direction of these forces, but if unsure we simply
assume these are all tensile, at least for now.

=80 529 kN

1.03923m

R = S0.829kN

Divide truss in

Select member
et membe target area

GIVE FEEDEACK

Apply force
AOPIOMEIE |t T
at smart
location anbooy
diagram




Apply the method of sections to find the force in a truss member

Discard the rest of the truss, reactions and all. Now we have a non-concurrent force
problem with three unknowns. We must use moment equilibrium to tackle this.

We are free to take moments wherever we like, but to be solvable we must choose a
pivot point that eliminates two out of the three forces.
We can eliminate the moment effect of a force by having it coincide with the pivot

point. Since we want to find the force F gp, we look for a place where CE and CD E
intersect—Point C. Taking moments at Point C (kN x m): g
(=]
EMe==-020X12)+ 30X 0 + (Feg X0+ (Fep X001 = (Fpp X 1.0392] = 0 .
EMc=-i20X12) - {Fpp X1.0392: = 0
Fijgi s = 120 X 1.27 i
1.0392
SFyp = - 23.094 kN

Taking moments at C to find Fep
The minus sign means we guessed the wrong direction. F gp is to the left.

Apply force
f Apply moment
Salact innribes Divide truss in sk equilibrium to
target area location free body
diagram

GIVE FEEDEACK




Apply the method of sections to find the force in a truss member

If we want, we can quite easily solve the other cut members. Left with
two unknowns, they can be solved with a force polygon, giving:
Feon

= 57.735 kN@120%and Fcg = 51.962 kN @0°

LO2823m

Alternatively we could find F op and F cg mathematically by
compaonents:

EFy =-20-30 + Fepsin 60 =0
S0

= 57.735 kN
sin 60

TF, = Fep — 23.0947 — Fep cos 60 = 0
Fep = 23.0947 + 28.867 = 51.962 kN

MNote that this method is not effected by the number of members.
Most planar trusses can be sectioned with three to four members, and
a suitable moment location will exist due to triangulation in trusses.

In this example, we could not find F o directly in one moment
equation because Fgp and F ¢ do not intersect anywhere.

Divide truss in
target area

Select member

GIVE FEEDEACK

Apply force
Apply moment  Fl i iibum to
at smart
location free body
diagram




Member BD is being investigated.
We have cut this truss in two and have taken the left side as a free body diagram. What do we do
next?

I =20kN I, .=30kN

1.03923m

Click the correct answer.
Solve a force polygon for Body ABC
Solve X and Y components for Body ABC
Take moments at C for Body ABC

Take moments at D for Body ABC



Member CE is being investigated.

We have cut this truss in two and have taken the left side as a free body diagram. What do we do
next?

K, =20kN ¥ =30kN

A

1.03923m

Click the correct answer.
Take moments at D for Body ABC

Solve X and Y components for Body ABC
Solve a force polygon for Body ABC

Take moments at C for Body ABC



Member CD is being investigated.

We have cut this truss in two and have taken the left side as a free body diagram. What options do
we have for the next thing to do?

Fa 20N I'{ - 30kN\

A

1.03923m

Check all that apply.

Take moments at C for Body ABC then solve equilibrium for Body ABC

L1 [

Take moments at D for Body ABC

Take moments at A for Body ABC

L]

|

Take moments at D for Body ABC then solve equilibrium for Body ABC






