
Introduction to pin reactions in frames 1/3 
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This Chapter Is abOut frames. oamoty pin·jOlntoc.J 
frames. 

The analysis of frames brtng> together our kllowledge 
of free bodf <ltagrams.. as well as equiUbJ1um of bOth 
concurrent and non-concutrent bodiQ:S.. 

.•• 01------

Introduction to pin reactions in frames 2/3 

Frames are structures made from individual members joined together with 
hinge-like joints, known as 'pin joints'. A single bolt forms a convenient pin-joint. 

This definition is not as restrictive as is sounds. While many frames are likely to 
be rigidly bolted or even welded togther. the calculation of forces in members 
requires pin-joint connections to simplify analysis. 

GIVE FEEDBACK CONTINUE > 



Introduction to pin reactions in frames 

If individual members are relatively slender, there is little difference between pin-jointed 
and rigid-jointed behaviour. Even when there is a difference, the rigid joint will usually 
improve performance, so the pin-joint assumption will err on the safe side. However, 
critical structures (like bridges) often deliberately include pin-type joints to avoid 
introducing unnecessary stresses. 

Once the force at each pin joint is known, the entire f rame is fully solved. This requires 
the use of free body diagrams as well as concurrent equilibrium {joints) and non­
concurrent equilibrium (members). 

CIVE FEEDBACK 
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A frame Is an assembly of parts that forms 
some sort of structure. In this section we will 
limit our frames to two dimensions - planar 
frames. The components are joined with hinges 
too, called pin joints. So we are looking at Hpln 
jointed planar frames". 

What is a frame? 

A frame is an assembly of bodies. It 
can be a static structure, like a roof 
truss or machine structure. 

If the frame is designed to move we 
call it a mechanism, but while it 
remains stationary it acts like a frame. 

Each structural beam component is 
called a member, and they are all 
connected by pin joints. This is known 
as a pin-jointed structure. 

In this section we will only work in two 
dimensions, so we are dealing wlth 
pin-jointed planar structures. 

GIVE FEE.DBACK 



I 

(n) (b) 

Match the following descriptions for each structure shown above. 

f Drag statements on tbe right to match tbe left 

Fig (a) a:~ Frame 

Fig (b) r!-::J Not In equilibrium 

Fig (a) a:::-D In equilibrium 

Fig (b) Pin jointed 

Both Fig (a) and Fig (b) c:-:::1 Mechanism 

Do you know the answer? 
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Which of the following are true regarding a pin-jointed planar structure? 

Check all that apply. 

0 It is connected by frictionless hinge joints 

0 It is stationary 

0 All the parts lie in the same 20 plane 

0 The members are all of equal length 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



j:el the members and joints In this free body diagram. 

Joints Members 

/ / 1 

' 8 ! \ -~/ 
0.9m 
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A pin jOint in a rrema Qllows sman movement LO 
ensure fmoes are transmitted, but not moments. 

•• • 01-------

W11at is a pin joint willlin a frame? l/2 

For a planar f rame, a pin joint acts like a hinge. It will f reely rotate but it cannot 
be pulled apart . 

For a 3 d imensional frame this requires a ball joint, but in 2D we only need one 
axis of rotation. This can be achieved with a hinge or a single bolt. 

Another joint that behaves like a pin joint is a contact point with high friction 
(like t he foot of a ladder on a clean concrete floor). 
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What is a pin joint within a frame? 

When members are welded together or joined with multiple bolts this is regarded as a 
rigid joint, not a pin joint. 

Rigid bolted joints A large pin joint 

CIVE FEEDBACK 
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Which of the following connections act like a pin joint in a planar frame? 

Check all that apply. 

0 A joint between 2 members with a single bolt 

0 A hinge fitted between 2 members 

0 A welded joint between 2 members 

0 A joint between 3 members with a single bolt 

0 A joint between 2 members with multiple bolts 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The foot of a ladder rests on a concrete floor. 

B 
The floor is rough (not slippery). 

The feet have high friction rubber. 

This Is an example of which type of Jotnt? 

Click the correct answer. 

rigid joint 

pin joint 

roller joint 

it is not regarded as a joint 

Do you know the answer? 

' 

I KNOW IT lHINK SO UNSURE NO IDEA 



Not tN~JJty fron'le can bt 101voa usll"\\ u-.. oq\llllbftum 
eqi.Mitianl ol!itB'tkla. h-caMOf btt 0'\lfW COI'IIlnltnftd Df 

underoonstniiN!d. 

..... 0-------

What is a statically determinate fraone? 

Under-constrained means the frame can move as soon as 
loads are applied at certain angles. This makes It a 
mechanism, not a static structure. 

Solvable frames (statically determinate) have exactly the 
right number of joints and members to remain rigid without 
being over-constrained. 

An over-constrained (or statically 
indeterminate) frame will be rigid even 
if a member or joint Is removed. 
These are difficult to analyse because 
internal forces can exist If one 
member is shortened. Solving this 
type of frame requires elasticity to be 
accounted for. 
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Match the following definitions for whether a frame can be solved. 

j Drag statements on the right to match the letl 

Statically lndeterm i nate c-:::1 A frame with excess members 

Statically Determinate C-:::1 Simply supported frame 

Statically Indeterminate C-:::1 
A frame with inadequate members that 
allow movement 

Statically Determinate C-:::1 
An rigid framework that will move if one 
member is removed 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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Match the following types of pin-jointed planar structures to their diagrams. 

Statically 
indeterminate 
mechanism 

Statically 
determinate frame 

Statically 
indeterminate 
structure 

C:-:::1 

I Drag statements on tbe right to match tbe left. 

I 

I 

I 
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GIVE FEEDBACK 

The s:uppons ot a frame also need to 
be oorrectJy arranged to allow a 
sofutkln. In practtoe a statically 
determinate support arrangement 
gtves more predktable bellavlour. 

•4 .. 0 ----

Solvable frame support arrangements 

The frame supports must allow solution (statically determinate). In practice a statically determinate 

support arrangement gives more predictable behaviour, especially in allowing for changes such as 

thermal expansion or shrinkage. 

• If motion is possible (3}, even for a short range (2.8), then this is not statically determinate (i.e. 

cannot be solved using equilbrium equations). 

• 

• 

Supports that are excessive are also unsolvable because the supports can be pushing or pulling 

against each other. (5,6). 

A common solvable setup has one roller joint and one pin joint (simply supported) (1., 7,4) 

Frame Supports 



Match the following diagrams to their definitions of solvability. 

I 

2 3 

' ' 5 l ' (1 7 R 
' ' .... 

I' I' I' 

i' Drag sta1ements on tbe right to match the left 

Statically determinate 

Statically indeterminate due to 
inadequate constraint 

~:-n Diagrams 1 and 7 

o-::1 Diagrams 5 and 6 

•• 

Statically indeterminate due to excess 
constraint 

Diagrams 2,3 and 8 

Do you know the answer? 
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Which frames are simply supported? 

0 Diagram 5 

0 Diagram 6 

O Diagram 3 

O Diagram 8 

O Diagram 7 

0 Diagram 1 
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Check all tbat apply. 



Designing a frame (and its supports) to be statical ly determinate has the advantages of being 

Check all that apply. 

0 easier to analyse 

0 less sensitive to thermal expansion and contract ion 

0 more predictable under load 

0 cheaper t o make 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



These are the rules for the types of frames we 
can anaJyse using the Jaws of static 
equilibrium. Frames that disobey these rules 
will probably need to be analysed by computer 

methods. 

The assumptions for a pin-jointed frame 

To make calculations simpler there are a few assumptions to be made: 

• The weight of each member is ignored (applied loads are re latively 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- it is a 

stationary structure during the calculation). 
• There are a correct number of joints and supports for static equilibrium, 

preventing either mobility or collapse as a mechanism like fig (a}, or excessive 

bracing as a statically indeterminate structure like fig (c). 
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One of the assumptions forthe analysis of a pin-jointed planar frame is: 

The weight of each member is ignored. 

Which of the following situations is this most suited to? 

Check all that apply. 

0 A small frame structure 

0 Large bridges and building structures 

0 A moving structure in high-speed machinery 

0 A heavily loaded frame 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



When dealing with f rames, the assumptions we make are: 

The weight of each member is .~.~(P:..:Ie;;.;a:.:s:.:e;.:s:.:e;;.:le:.:cc:J.t) __________ _.,[!).;...,,. • 

If there is an insufficient number of joints and supports for static equilibrium, the 

f rame is unstable and could collapse, which is known as a 

(please select) :!J. 

The opposite problem is when the frame has excessive bracing , which is known as a 

(please select) "'!). 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Each membotOf a f'romt ltllktOO aa. • non 
concuiTII<1t body, t>oOd t...,u>or by f,..lon_ ~Mn 
]oitrls. 

..... 0-------

The assumptiottS for ealculatloo of static eQuilibrium of eaeb member 

For a non-<:Oncurrent body, there are three equations of equilibrium. 

(!!'LML=O 
•tt Fl'=O 
..t.t Fx=O 

Every pin joint is assumed to have zero frtctlon, which means It can transmit 
forces but not moments. This allows the assumption that the forces on each 
member do not produce a moment. and that a moment cannot be transmitted 
through any joint. 

GIVE FEEDBACK 



0.9m 

For our study of frames, every pin joint between members is assumed to have zero 
friction. This means each joint Is able to transmit Select... '"'!]from 

one frame member to the other. 

What each pin joint cannot transmit is Select ... -----•...,. 

Submit 



Match the meaning of these three equations of equilibrium. 

8'LML=O 
+tLFy=O 
-±.I:Fx=O 

i' Drag statements on the rigbt to match tfte left 

Taking clockwise as positive, the sum of all moments around point L fs 
zero 

Taking upwards as positive, the sum of all forces in they direction is zero 

Taking positive as to the right, the sum of all forces fn the x direction Is 
zero 

Do you know tfte answer? 

I KNOW IT I 'tHINK-SO 
------------

!NO IDEA 

:.. . ... ••••• ••••• •••• ... 

.... •••• ••••• ..... 
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••••• ••• • ••••• -··· ..... ... . 



For a non-concurrent body, there are three equations of equilibrium. 

8'LML=O 
•t'LFr=O 
.±.'f. Fx=O 

Why do we need the first one if a pin joint cannot transmit a moment? 

Click the correct answer_ 

This is used to find reaction forces for the whole frame 

It is always zero 

Some a pin joints can transmit a moment through them 

It is not used in frame analysis; it is just included for completeness 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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Pln· rtactloa IorcH 

In a stationary ptn·jotnted frame that Is designed to support a load. forces 

produced by ltte load are 118nsmrttod through members to the pms at the 

joints. and then by the ptns to other connected members. 

These forces at the joints are referred to as pin reactions . 
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The forces applied between connected members of a frame are cal led __ . 

pin reactions 

support reactions 

roller joints 

pin joints 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Match the pin react1ons to their forces. 

A 

F 

f Drag statements on the right to match the left 

Horizontal component of the force of 
member BD onto member ABC 

Vertical component of the force of 
member ABC onto member BD 

Vertical component of the force of 
member BD onto member ABC 

Horizontal component of the force of 
member ABC onto member BD 

t:-:::1 p BX @ Qo 

t:-:::1 p BX @ 180° 

F • 
B 

c 

••••• ••••• ••••• ..... ., ... 
••••• 

••••• ••••• •• ••• • • ••• ••••• • •••• 

••••• ...... ...... 
• • ••• ••••• ••••• 

••••• ••••• ••••• • • ••• ••••• ••••• 



Why are pin joints used in a frame? 

Click the correct answer. 

To transmit forces but not moments 

To transmit moments but not forces 

To transmit forces and moments 

To transmit no forces or moments 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Ove~iew of solving equilibrium for different parts of a simple frame 

A frame is shown in blue. 

There are a number of ways to analyse this frame using the FBD (free 

body diagram) technique. 

The problem 

GIVE FEEDBACK 

FBD of whole 
frame 

r r 

FBD of link 80 

L L 

289.8mm 

FBD for body 
ABC 



Ove~iew of solving equilibrium for different parts of a simple frame 

This is the FBD of the whOle frame. 

We can use this to solve the reaction forces at supports A and D. 

r 

l 

GIVE FEEDBACK 

The problem 
FBD of whole 

frame 

r 

FBD of link BD 

L 

FBD for body 
ABC 

392.4 N 

lc 



Ove~iew of solving equilibrium for different parts of a simple frame 

This is a FBD of link BD. 

This is in equilibrium, which means F R = F v 

r 

l 

GIVE FEEDBACK 
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FBD of whole 
The problem 

_Lframe 
FBD of link BD 

FBD for body 
ABC 



Ove~iew of solving equilibrium for different parts of a simple frame 

There are three forces on body ABC, and they are in equilibrium: 

8'£ML=O 
•t'£ F r=O 

.±.'£Fx=O 

GIVE FEEDBACK 
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FBD of whole 
The problem 

_Lframe 
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FBD for body 
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In solving a pin-jointed frame, sort the following steps into order. 

1' + Place these in the proper order. 

Free body diagram of whole frame 

Find 2-force members 

Solve equilibrium for the first frame member 

Keep solving equilibrium for adjacent frame member 

Check eq uili bri um at selected joints 

Do you know the answer? 

I KNOW IT THINii SO UN SUR£ NO IDEA 

..... ····· ..... ..... 

····· ..... ..... ...... 
..... ····· ····· ..... ..... 



j:el the members and joints In this free body diagram. 

Joint A Joint 8 

Joint D 

Submit 

Joint C 

Member 
BD 

:399.4 N 

~ c 



Which members are In equilibrium? 

0 The beam (member CEF) 

0 The brace (member BE) 

0 The post (member ABCD) 

0 The rope (member GO) 

c 

D 

E Beam 
• • 

c 7 -c 
.:;.,"$ 

B • ~ 6 
\\' 

'po~t L .. J 

A • 

Check all that apply. 

0 None of the members are In equilibrium because a rope is used 



Use equilibrium to solve a simple frame 

A frame is shown in blue. 

The frame will be solved using the equations of static equilibrium. 

8-r.M~~.=o 
+f "f. Fr=O 
.±."f-1~'(=0 

The problem 

GIVE FEEDBACK 

Geometry 

I 
~ 

Use X, Y 
FBD of whole 

components to 
frame 

1 

_l_ solve 

FBD for Components 
memberBD for member BD 

~ 

392.4 N 

~c 

r T 

FBD for FBD for body 
member ABC ABC 
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Use equilibrium to solve a simple frame 

Use geometry to determine necessary dimensions. 

ABx = 150 ·cos 15 = 144.9 mm 
AB r = 150 · sin 15 = 38.82 nun 

ADx = 2 · ABx = 289.8 nun 

The problem Geometry 
FBD of whole 

150mm 

r: 

~ 

Use X, Y 
FBD for 

components to 
frame memberBD 

I_ 
_l_ solve 

~ 

GIVE FEEDBACK 
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Use equilibrium to solve a simple frame 

This is the FBD of the whole frame. We are treating member ABC and 

member BD as a single entity (free body). 

We can use this to solve the reactions forces at supports A and D. 

The problem 

I_ --' 

GIVE FEEDBACK 

Geometry 
FBD of whole 

frame 

Use X, Y 
components to 

solve 

FBD for 
memberBD 

392.4N 

~c 

r T 

Components FBD for FBD for body 

for member BD L member~ ABC 



Use X and Y components for the FBO of the freme. 

Solving equilibrium of moments at A; 

G:'E.M.\"'0 
1-t.lE F H~H UI'J.8o- ;FDT • 2119.8) 

.+~FJW. N 

SoMng horiZontal equiDbrlum; 

(!:'EJJ.~,.o 
I~t»F;--oF. 

Use equilibrium to solve a simple frame 

F 
.-\ 2S9.8 mm 

~f.~ F ,, yel. but there Is a Simple way to work it out .. 

The problem Geomotry 

CIVE fEEDBACK 
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FBO for body 
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Use equilibrium to solve a simple frame 

Member BD is a 2-force body. The only way to keep this In 

equilibrium is by ensuring the two forces are equal and opposite. 

This means force P D must be In line with the link, which is at 15 

degrees. 

Using the 360° format, the angle ofF D Is 165° and the angle ofF D is 

345° 

r I 
~ 

Use X, Y 
The problem Geomet ry 

FBD of whole 
components to 

frame 

II_ --' 1 

_l_ solve 
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Use equilibrium to solve a simple frame 

Resolving these forces Into X and Y components: 

From trigonometry: 

F 
Foy 

DX = tan 15 
D 

but F DY = 392.4 N , so; 

F DX = 392.4 - 1,464 N 
tan I 5 

By equilibrium of the 2-force member BD; 
I' M = Fox= 1,464 N 
FRY =For = 392.4 N 

The problem 

I_ --' 

I ~UseX,Y 
FBDf of whole components to 

rame _l_ solve 
Geometry 

1 

GIVE FEEDBACK 

FBD for 
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FBD for FBD for body 
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Use equilibrium to solve a simple frame 

There are three forces on body ABC, and they are in equilibrium: 

8'£ML=O 
•t'£ F r=O 

.±.'£Fx=O 

The problem 

GIVE FEEDBACK 
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Use equilibrium to solve a simple frame 

When we solved 80 we showed the forces applied at 8 by link ABC. 

This time we have the exact opposite, forces applied by BD to ABC. 

F 11X = 1,464 N 

FJIY = 392.4N 

By equilibrium in X direction: 

'E F X = p A - p BX = FA - 1,464 = 0 

:.pA = 1,464 N 

We have now solved all forces In t his frame. 

I 
~ 

Use X, Y 
The problem Geometry 

FBD of whole 
components to 

frame _l_ solve 

I_ --' 1 
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150mm \ -----\J-"'1 
·--- ~ c 

\..--- B ~\ 0 

~ e Q ~ 

Load M = 70 kg and angle Q = 20 degrees. Calculate the 
horizontal support reaction at point 0. ("+' =to the right, •.• = 
to the left) 

(Minimum 0 decimal places. Include units) 

Iii! 

_:j_:j _ill'_±j ~_:j ~ ~_:j 
~_:j n ]_::_I ~_:j 0 .j_ tau 0 j II 
~ 

Click and type your answer here 

Clear 

Cle.u line 

Undo 

CHALLENGE SUBMIT SflOW ~NSY..[R 

< 

INSTRUCTIONS 

No 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'. 

H111t 



150mm \ -----\J-"'1 
·--- ~ c 

\..--- B ~\ 0 

~ e Q ~ 

Load M = 70 kg and angle Q = 20 degrees. Calculate the 
vertical support reaction at point 0. f'+' = upwards, 111·"= 
downwards) 

(Minimum l decimal place. Type symbol for Newtons) 

Iii! 
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Click and type your answer llere 

C!e.ar 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

No Intermediate steps are required 
If you choose to show steps, write one on each line. 
Write your final answer on the 1ast line. 
The computer will check all your work In detail when you click 'Submit". 



During the solution of this frame problem, a 
FBD is constructed as shown. 

The purpose of this FBD is------

:3!1:2. I :'\ 

150nun--\ I 
t.somm---\. \tc 

t: J 

---~··~15• 
F..., 

/) , .. 
I 

Click the correct answer. 

to find reaction forces at A and D 

to find pin reactions at joint B 

to find the angle between member ABC and member BD 

to work out the length of member BD 

Do you know the answer? 



150mm-
_,J]I.f 

_._. ... r---- ~ c 

-~ 
Load M = 70 kg and angle Q = 20 degrees. Calculate the 
magnitude of the total reaction force at point 0. 

(Minimum 0 decimal places. Type symbol for Newtons) 

Iii 

_!j~ ~ l~j roj~j 
~~ '-n j N J~~ On sin 0 D .... _) 

~ 

Click and type your answer here 

Cle;:sr 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

( I 

INSTRUCTIONS 

• No intermediate ateps 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•. 
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SoMn&• fnlmo I>V_ ... ,_ ClonoiJI' 
IIIIUN ~ ontstotfM.XAndY...._ 

Two ways to set UD • coordinate IJiltms on each notmbet 

Two ways to set up a coordinate system on a frame member. 

Global coordinate system. {X/Y) ,_ 

Set up coordinates parallel to the X ax15 and Y 
axis. In this case. all components In the X 
direction will be horizontal resBrdless of the 
inclination of the member. 

We wr11 use !his method most often 

local coordinate system. (Axial/Transverse) 

Set up coordinates parallel to the axis of the 
member. In this case, there tS an 8XIal 
coordinate axis and a transverse coordmate 
axis. 

This can be quicker for a simple frame. 

GIVE FEEDBACK 



Match the following coordinate systems used for frame analysis. 

j Drag statements on the right to match the left 

Every force throughout the frame has 
X and Y components 

Each member has axial and transverse 
components 

c-:::1 Global 

c-:::1 Local 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

..... ..... ..... ..... 



Two fOrte m : t .., .,.. &peCiiiL l'bl!l)· CWI oNJ trt .,. 
PI""' ,. 1lRs. a:s:5lr.liE!5 .,.,. ...._. 

~ --oealhnlh>n:e. 
•• .. 0, _____ _ 

Pr.,.nies of 1 -lerce _.,.wilD a ,_ 

EvelY member in a frame must have 
two or more forces appl1ed . 

Members with exactly two forces have 
special properties: 

• They can only be In tension or 
compression. 

• The two forces have exactly 
oppos1te dlfectlons. 

• The two forces are In line with each 
other. 
The is no benchng occurlng 1n the 
member. 

GIVE FEEDBACK 
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Which of the following are true for a strong, lightweight member with only two pin joints? 

Check all that apply. 

0 It can only undergo tension or compression 

0 It cannot be in equilibrium 

0 It must have all forces in the same line of action 

0 It must have forces in opposite directions 

0 It is the only type of member in a pin-jointed frame 

0 It must have two forces 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



The direction of forces can be determined from the geometry of which types of joints and 
members? 

0 Two-force member 

0 Three-force member 

0 Roller joint 

0 PinJoint 

I KNOW IT 

Check all that apply. 

Do you know the answer? 

THINii SO UN SURf NO IDEA 



1\' c •·I~ m '4' 

lUI tiiiH·I' 

(o ) 

Which two-force member IS in tension. and which is in compression? 

1 Drag statements on the rigbt to matcb the left. 

This member is 10 tension IMI Fig (a) 

This member is in compression IMI Fig (b) 

Do you know the answer? 

I KNOW IT 'fHINK SO 

1 .... ::u 

NO IDEA 



Which type of frame member Is a lightweight cable? 

u 

c 

Two-force member 

Three-force member 

It cannot be a frame member 

It depends on the angle 

E Beam 

c·- ;6F 
....... 

v.<· 
B ~ ' 

A • 

Click the correct answer. 

nn vnu ltnnw tho ::anewor? 



Here Is a procedure for solving any frame. The 
procedure Is called the method of members. 

.... 01------

The mathematical metbod used for detennining pin reactions in a frame 

The mathematical method for determining pin reactions in a frame is 
sometimes called the method of members, since it consists of examining the 
conditions of static equilibrium of each member individually. 

0 Analyse the whole frame as one body to find support reactions in X andY 
components. 

0 ldentifytwo·force members in the frame, with both forces in line and 
opposed. 

0 Draw a FBD for each frame member. 

0 Select a solvable member, with maximum of three unknowns plus at least 
one known force. 

0 Solve an adjacent member 

0 Repeat steps 4 and 5 until all members have been determined. 

0 Check equilibrium of pin-reaction forces at selected joints. 

GIVE FEEDBACK 



Procedure for solving a frame 

Step 1: Analyse the whole frame as one body to find support reactions in X andY components. 

Step 2: Identify two-force members in the frame, with both forces in line and opposed. 

Step 3: Draw a FBD for each frame member. 

Step 4: Select a solvable member, wtth maximum of three unknowns plus at least one known force. 
Step 5: Solve an adjacent member 

Step 6: Repeat steps 4 and 5 until all members have been determined. 

Step 7: Check equilibrium of pin-reaction forces at selected joints. 
Match the summary of this procedure: 

1 Drag statements on the right to matcb the lefl 

Step 1 Do£J Solve the frame supports 

Steps 2 and 3 Do£J Rough the FBD for every member 

Steps 4, 5 and 6 Do£J Solve each member 

Step 7 Do£J Check results 

Do you know the answer? 

1 
.. 
iii! 



Procedure for solving forces In every member of a pin-jointed frame: 
Sort the steps Into order. 

1'-" Place these in the proper order. 

Analyse the whole frame as one body to find support reactions in X and Y components 

Identify two-force members in the frame. with both forces in line and opposed 

Draw a FBD for each frame member 

Select a solvable member, wrth maximum of three unknowns plus at least one known 
force 

Solve adjacent members until all members have been determined 

Check equilibrium of pin reaction forces at selected joints 

Do you know the answer? 



-· ·~--tJon <llii<IMIC."""'" ,_ n-.o..-9 _ ..... ,__ 2 ...... 

---•'""'' "''"' toroenrcuolftO ,, .. llodyO. 

.... 0 = 

Sumariu •olutlon proudure for tolvina a frame 

Solving a simple frame with two members uses the same technique as solving 
a frame with many members. 

O..fuo<' Fr.trn<: 

Look for 2 force member> 

I. 
~·~ • 

Transfer to oext member 

GIVE FEEDBACK 

t'Rf) " l•.lo·lr"""' 

l 
• ,..... 

llooJ()r 1'110 all 

•• 
• t-
~ 

Soh'l' nf'(l mrmhrr 

-

I'RI> fr;ll1lC X&Y 

, 
---&' 

Chock jolnl equilihrinm 



r 
The procedure for solving any frame 

This is a series of seven steps that can be used to solve any frame 
problem. 

Using this procedure according to the order given will solve every 
force throughout the whole frame structure. 

Of course, the first thing is to Identify the frame-blue in this case. 

Solving frames 

GIVE FEEDBACK 

Step 1.: FBD of 
whole frame 

f'::p 2: Find Step 3: 
two-force Member FBDs 
membe~ 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

392.4 N 

~c 

r T 

Step 6: Repeat Step 7: Check 

l. steps 4 an~uilibrium 



The procedure for solving any frame 

This is the FBD of the whole frame. We are treating member ABC and 
member BD as a single entity (free body). 

We can use this to solve the reaction forces at supports A and D. 

Solving frames 

I_ 

GIVE FEEDBACK 

Step 1: FBO of 
whole frame 

Step 2: Find Step 3: 
two-force Member FBDs 
membe~ 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

392.4N 

~c 

r T 

Step 6: Repeat Step 7: Check 

._ steps 4 an~uilibrium 



r 

The procedure for solving any frame 

Identify any two-force members in the frame. It is important to 

recognise these as having two equal and opposite forces applied 

through the pins and acting along the axis of such members. This 

helps to recognise the lines of action of forces acting on other 

connected members. 

Solving frames 

I_ --' 

GIVE FEEDBACK 

Step 1.: FBD of 
whole frame 

Step 2: And 
two-force 
members 

Step 3: 
Member FBDs 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

r T 

Step 6: Repeat Step 7: Check 

._ steps 4 an~uilibrium 



The procedure for solving any frame 

Isolate each separate member of the frame and draw it as a free 

body, showing all known and unknown forces acting on the member. 

As usual, t he sense of an unknown force may be assumed, and then 

revised in the light of subsequent calculations. 

Solving frames 

I_ 

GIVE FEEDBACK 

Step 1.: FBD of 
whole frame 

r-::p 2: Find 
two-force 
members 

Step 3: 
Member FBDs 

}!' 
.I 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

392.4 N 

~c 

p or 

r T 

Step 6: Repeat Step 7: Check 

'- steps 4 an~uilibrium 



The procedure for solving any frame 

Select a member, with at least one known force, which contains no 
more than three unknowns. Use the three equations of statics to 
calculate the unknown pin·reaction forces acting on the member. 

3 unlmowns: Moment equation 
2 unknowns: (kFx ,kFr) or force polygon 

r 

Solving frames 

II_ --' 

GIVE FEEDBACK 

Step 1.: FBD of 
whole frame 

r-::p 2: Find Step 3: 
two-force Member FBDs 
membe~ 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

FD.~ 

r T 

Step 6: Repeat Step 7: Check 

l. steps 4 an~uilibrium 



The procedure for solving any frame 

r 
With the knowledge gained from the previous step, select another 
member and solve for more unknowns. 

Remember that a reaction force acting on any given member at a 
joint IS the pulling or pushing action from another member 
transmitted through the joint 

Between any two members connected through a pin: action and 
reaction forces are always equal and opposite. 

r 

Solving frames 
Step 1.: FBD of 

whole frame 

f'::p 2: Find Step 3: 
two-force Member FBDs 

II_ --' 

membe~ 

GIVE FEEDBACK 

F 
A 

Step 4: Solve 
appropriate 

member 

3H2.4 N 

~c 

T 

Step 5: Go to Step 6: Repeat Step 7: Check 

_ "_e_xt_m- em- be_r____._ steps 4 an~uilibrium 



The procedure for solving any frame 

r 

Repeat steps 4 and 5 until all components of pin-reaction forces have 
been determined. 

r 

Solving frames 
Step 1.: FBD of 

whole frame 

f'::p 2: Find Step 3: 
two-force Member FBDs 

II_ --' 

membe~ 

GIVE FEEDBACK 

F ·' 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

:392.4 N 

~c 

Step 6: Repeat 
steps4 and 5 

Step 7: Check 
equilibrium 



The procedure for solving any frame 

r 
As a 'final step: if desired, combine horizontal and vertical components 
of pin-reaction forces at each (or any) joint Into their resultant in 
order to determine t he total magnitude of the reaction force at the 
joint 

At every joint, the forces should add up to zero, of course. 

r 

Solving frames 
Step 1.: FBD of 

whole frame 

r-::p 2: Find Step 3: 
two-force Member FBDs 

II_ --' 

membe~ 

GIVE FEEDBACK 

F 
A 

Step 4: Solve 
appropriate 

member 

Step 5: Go to 
next member 

r 

l. 

Step 6: Repeat 
steps 4 and 5 

392.4 I\ 

l~ 

Step 7: Check 
equilibrium 



Deline Frame FBD whole frame FBD frame X&Y 

I 

Look for ? forcP member~ Hrmgb Fl30 all Sotve fi rst member 

' \l 

(.. 

u r 

Transfer to next member Solve next member C heck joint equilibrium 

Select the correct statements about some of these steps. 

Check aU that apply. 

O The ru les for 'Solve first member are exactly the same as the rules for 'Solve next 
member' 

O 'Look for 2-force members' provides the directJon of those forces in the 1Rough FBD aJI' 

O 'Solve first member' is always a two-force member 

O 'Check j oint equlllbrlum1 can be done at any time after a joint is solved 



Prooedura for solving tha first mombor In a slmpla framo. 
Sort the steps Into order. 

"'+ Plact 11ttn il the pnper oritr. 

,. ·_d 

-r J ,;- -r-:"7 --~·--
F&ll i=n. .X..V 



step 1 of the procedure for solving any frame: 
Flnd the support reactions. 

Oe1ermine tbe support reactions for a whole frame. 

There is a pin support with reactions 

FAHand FAv. and a roller support Fsv. 

Taking moments about the hinged 
support A: 

I.M = 32kNX 11.2Sm- FavX 10m 

:.FBv :;;;; 36lcN 

Hence reaction at B is 36 kN 
upwards. 

Summation of forces: 

L.Fn = 32kN- FAH 

.'.p m = 32 kNto the left 

I.Fv = FBv- FAv 

= 32kN- FAv 

:.pAv = 36kNdownwards 

F 

2.5 m 
, ... J 

1
2m 3 m 3m 2m [ 
~ .............. 

3.75 m 

4.5 m 

3 m 



In the process of solving a FBD for the Boom, match 
the appropriate pins for each of the four steps below. 

5m Note: Here we must assume the platform stays 
vertical somehow. In reality, this is accomplished by 
another link or cable that maintains the verocal 
orientation of the bucket) 

~ · e .......... ~~-=-- ':) 2 _4 m 

Boom/ 8 ................ 

Litt Cvliuder . 

t--1 0.5 rn 

I' Drag statements on the right to match tile lett 

The weight force is applied at ... c:-::1 pin C. 

Take moments around ... pin A. 

Use moments to find the force at ... ~::-::::~ pin B. 

Ignore forces at places like ... ~:-:J pin D. 

0.9m 

••••• ••••• • •••• ••••• • • • ...... 
•• ••• ••••• • •••• ••••• ••••• ••••• 

••••• ••••• • •••• ••••• •• ••• ••••• 

• ••• ••••• • •••• •••• ••••• ••••• 



Assume the tractor body as the ground. 

Take the frame as the hydraulic arm assembly, 
which is everything that is supported on pins G 
and H, except the load itself (soil in the bucket). 

In the process of solving the support forces for 
the frame, match the following steps with the 
appropriate pins. 

Buc~cl Link 

A / R / Buckel Ann 
"i\ / 

E 

• 
Bn<"k<'t Cylinclc'r c 

\faill Arm / . H 

Arm Cylind~r 
~ 

I Drag statements on the right to match the left 

The weight force is applied at ... rr::~ pin K. 

Take moments around ... c:-::J pin F 

Use moments to find t he force at ... c:-:::J pin B 

Ignore forces at places like ... c:-::J pin G. 

••••• ••••• • •••• •••• ••••• ••••• 

•••• •• ••• ·:::= ••••• ••••• 

•••• ••••• •••• ••••• •••• •••• 

••••• ••••• • •••• ...... 
••••• •••• 



Assume the frame Is the wooden structure only. 

In setting up a FBD for the frame (wooden structure), match 
each of the following steps with the appropriate joint 
involved. 

c 

-1 Drag statements on the right to match the left 

The weight force is applied at ... IMI pin F. 

Take moments around pin ... IMI pin A. 

Use moments to f ind the force at ... IMI pin D. 

Ignore forces at places like pin ... IMI pin B. 

/) 

• 

• 

£ I ,, 
• F 

¢ 6 ~(I' 

I'm! 
\\' 

l.l>td 

I:C:. 
l!i'l ••. I . 

. 



GIVE FEEDBACK 

Identify twO·· force members within a frame 

Step 2 of the prooedure tor soMng any Step 2 
trome: lderrtJfyany~•Morce membeB Look for any members with only two forces (or two joints). These can only be in pure tension or 

.. .. 0 ---- compression, but without bending. The X andY components of a force are counted as one force . 

Here, we identify member CD as a two-force member in the frame, so it must have equal and 
opposite forces applied through the pins and acting along the axis CD. Therefore, these forces 
acting through joints C and D , and their interaction with members ACE and BDEF. must all be 
horizontal. The directional sense of these forces is just a guess for now, but calculations will soon 
tell us exacUy. 

F 

Two-force 
members 



Identify two-force members. 

Member BD 

Member AC 

Member AD 

MemberC 

0.9 m 

1-t o .. ; m 

Click the corr~ct answer. 



Identify two-force members: 

0 Bucket 

O Bucket link 

0 Bucketarm 

0 Bucket cylinder 

II"' k< I U11k 

8 

• 1:: 

flu Lot ( ) tnolt r 

\ liliJl \nn 

\rm (\ln~tkr/ 

Check all that apply. 



Identify two-force members. 

ABC 

EB 

EC 

AE 

T.oad 

Click tbe correct answer. 

Do you know the answer? 



Identify two-force members. 

0 Malnarm 

0 Support arm 

0 CylinderX 

0 CylinderY 

J50 mm 

·.ICWI """j-;;~~~~~~=600="='="'~;:-:-: -f:&S:~""7, 
' C) 

" '.lam \ rm 

c 

'>upport \ m1 

r- -- Cylinder:\ 

w.!fl luHn
1-

fl0 nun 

Check '"II that apply. 

n .... ........ a. ............................. ft ... -? 



Identify two-force members. 

0 Beam 

0 Brace 

0 Post 

0 Rope 

0 Load 

c 

u 

E Beam •- ;6F 
....... 

v.<· 
B ~ ' 

A • 

Check all tbat apply. 



step 3: Draw a Free Body Diagram for each 
member as an exploded view of the frame. 

Draw a FBD for all members of a frame 

Step3 

Isolate each separate member of the 
frame and draw it as a free body, 
showing all known and unknown 

forces acting on the member 

We guess t he directional sense of the 
unknown forces, subject to revision in 
subsequent calculations. 

With each pair of action-and-reaction 
forces interacting at the same j oint, 
the arrowheads will always oppose 
each other in the two images of each 
'separated' joint. This can be seen in 
joint C,jointD and especially jointB. 

GIVE FEEDBACK 

8 



'Step 3 of solving a frame. 

Isolate each separate member of the frame and draw it as 
a free body, showing all known and unknown forces acting 
on every member. 

We take a guess at the directional sense of the unknown 
forces ... '. 

Why is guessing allowed here? 

Click the correct answer. 

36kN 

The line of action is known, but the tension/compression of each pin reaction does not 
matter. It has no effect on the rest of the frame 

Every joint has an equal and oppostte force, so both pulling or pushing forces can be 
safely applied to both members 

The line of action is known, but the tension/compression of each pin reaction will be 
found by equilibrium at the joint 

The joints cannot be solved, but guessing is good enough for most engineering problems 



Constructing the approximate FBD for every member of a frame 

Isolate each separate member of the frame and draw it as a free body, showing 

Select... '"'!) acting on the member. 

We Select ... '}) the directional sense of the unknown forces, subject to revision 

in subsequent calculations. 

With each pair of action-and-reaction forces interact ing at the same joint. the 

arrowheads from each member will always 'Select... "'!). 

Submit 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



,..,. ...... _""~...,.--· 
mel -~. frlln"'L 

·• ... o~-------

Step4 
look for a member, wrth at least one known force. which contains no more 
than three unknowns. We could choose members ACE or BDEF. Solving 
equilibrium for ACI : 

Taking moments about pointE: I. M ~ = 0 

I. Me = +(32 kN X 7.5 mi- (36 leN X Sm)- (Fat X 4.5 m) 

:. Fen • 13.3 kl\ 

Summation of forces: 
I. F u = F w t 13.3.1 kN - 32 kN = 0 
:.Fm = 18.67 kNlo the right 

I. Pv • ff\·- 'l>kN 0 

:. F £\ = 36 k..'\ upwards 

GIVE FEEOUACII 

3m 



Solving any member in this frame: 

Which of the following statements are true? 

• Assume the reaction forces are given as shown 
• Assume all dimensions are known 

Check al that apply. 

0 We can solve member ACE by taking moments atE 

0 We can solve member FEDB by taking moments atE 

0 We can solve member CD by taking moments at C 

0 We can solve member ACE by taking moments at C 

0 We can solve member FEDB by taking moments at c 

nn vnn lcnnw th .. """'"r? 



To solve the first member in a frame, which of the following conditions must be met? 

Check all that apply. 

0 The member has at least one known force 

0 The member has no more than three unknowns 

0 The member has at least two knowns 

0 The member has no more than four unknowns 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Step 5 of the process for solving any frame: 
Solve an adjacent member 

Solve a frame member using data from an adjacent member 

Step 5 
Once a member has been solved (e.g. 

ACE), an adjacent member (CD) can be 
analysed through the action/reaction 

of connecting joint (C). 

If we already know from ACE that 

Fe = 13.3 kN, it is easy to see that 

force Po must be equal and opposite 

to Pe. 

: . FvH = 13.3 kN 

This completes another member and 
we can move on to the next one. 

GIVE FEEDBACK 



We have just solved member ACE and know all the forces 
applied to It 

Which member/s can we do next? 

Remember, the rules for a solvable member are: 
• Maximum three unknowns (forces or angles) 
• At least one known forces 

0 MemberCD 

0 Member FEDB 

0 MemberACE 

Check al that apply. 

0 We need more Information to continue 

Do you know the answer? 



step 6 of the process to solve any frame: Keep 
wotklng on the next available member untll all 
are solved 

Solve a frame member using data from an adjacent member 

Step6 

After solving of members ACE and CD, 
we can now move on to solve member 
BDEF. 

Looking at forces at joint Bon 
member ACE: 

Fe.H = 18.67kN to the right, and 

Fe.v;;;;;; 36kN upwards. 

This is reversed onto BDEF: 

Fm = 18.67k:Ntothe left, and 

Fe.v = 36 kN downwards. 

This completes member BDEF and all 
forces are now known for the entire 
frame. 

GIVE FEEDBACK 



Assuming we have just solved member ACE, 

Fe= l3.3kN@()O ,Fl!V 36kN@9QO ,FEH: 18. 
and member CD 

Fo = 13.3kN@QO 

Match the three unknown forces on member FEDB. 

-i Drag statements on the right to match the lefl 

Fm !KI 18.67 kN@ 1800 

!KI 36kN@27QO 

Fo !KI 13.3 kN @ 180 0 

Do you know the answer? 



We have just solved member ACE and know all the forces 
applied to It 

Which member/ s can we do next? 

Remember, the rules for a solvable member are: 
• Maximum three unknown forces 
• At least one known forces 

0 MemberCD 

0 Member FEDB 

0 MemberACE 

Check al that apply. 

0 We need more Information to continue 

Do you know the answer? 



St9p 7 or tho prooess tor solvl ng any rrzune: CI)QCk 
equilibt'ium of any joint. member or assembly to see 
If equi11brlum is correct. 

.• • 0•------

Cl1ed< equilibrium of joints inside a solved frame 

Step 7 

As a final step, we can combine horizontal and vertical components of the pin· 

reaction force at joint 8 in order to determine its total magnitude . 

FE = JF~1 + F~v = ..jl 8.672 + 362 = 40.6kN 

Similarly, the total magnitude of reaction force at A is: 

FA = J F;111 + F~1 v = ..j322 + 362 = 48.2kN 

Summarising the answers for the total pin-reaction force at each joint 

Joint A: Pin reaction 48.2 kN (F AH = 32 kN, F AV = 36 kN) 

Joint C: Pin reaction 13.3 kN (F cH = 13.3 kN, F cv = 0) 

Joint D: Pin reaction 13.3 kN (F DJJ = 13.3 kN ,F vv = 0) 

Joint B: Pin reaction 40.6 kN (F EH = 18.67 kN, P ev = 36 kN) 

GIVE FEEDBACK 



After completing the frame analysis, we can check if forces are correct by-----

0 adding up all forces at any joint 

3\J2. 4 :'II 
\1 

Check al that apply. 

0 checking that opposing members have equal and opposite forces 

0 adding up all forces on any member 

0 understalng that no forces should be higher than the applied load 

Do you know the answer? 




