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Members ACE and BCD are 

connected by a pin at C and by the 

link DE.  For the loading shown, 

determine the force in link DE and the 

components of the force exerted at C 

on member BCD. 

SOLUTION: 

• Create a free-body diagram for the 

complete frame and solve for the support 

reactions. 

• Define a free-body diagram for member 

BCD.  The force exerted by the link DE 

has a known line of action but unknown 

magnitude.  It is determined by summing 

moments about C. 

• With the force on the link DE known, the 

sum of forces in the x and y directions 

may be used to find the force  

components at C. 

• With member ACE as a free-body, 

check the solution by summing 

moments about A. 
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Sample Problem 6.4 

SOLUTION: 

• Create a free-body diagram for the complete frame 

and solve for the support reactions. 

N 4800 −==∑ yy AF ↑=   N 480yA

( )( ) ( )mm 160mm 100N 4800 BM A +−==∑
→=   N 300B

xx ABF +==∑ 0 ←−=   N 300xA

°== − 07.28tan
150
801α

Note: 
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Sample Problem 6.4 

• Define a free-body diagram for member 

BCD.  The force exerted by the link DE has a 

known line of action but unknown 

magnitude.  It is determined by summing 

moments about C. 

( )( ) ( )( ) ( )( )
N 561

mm 100N 480mm 06N 300mm 250sin0

−=

++==∑
DE

DEC

F

FM α

CFDE   N 561=

• Sum of forces in the x and y directions may be used to find the force  

components at C. 

( ) N 300cosN 561 0

 N 300cos0

+−−=

+−==∑
α

α

x

DExx

C

FCF

N 795−=xC

( ) N 480sinN 5610

N 480sin0

−−−=

−−==∑
α

α

y

DEyy

C

FCF

N 216=yC
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Sample Problem 6.4 

• With member ACE as a free-body, check 

the solution by summing moments about A. 

( )( ) ( )( ) ( )
( )( ) ( )( ) ( )( ) 0mm 220795mm 100sin561mm 300cos561

mm 220mm 100sinmm 300cos

=−−−+−=

−+=∑
αα

αα xDEDEA CFFM

(checks) 

6 – ٢٠/68 

����� � ������� :���� !"#! ��$%&'
�  



12/1/2025 

11 

A 

B 

C 

D 

E 

F 

8 in 8 in 

6 in 

6 in 

6 in W 

Example 1: All members are pin-connected.  Determine 

the force acting on each member in terms of W. 

3 in 
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D E 

400 lbs 

8 ft 

6 ft 

4 ft 

4 ft 

Example 2: Determine the forces on member BCD. 
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A 

B 

C 

D 

400 mm 400 mm 

300 mm 

300 mm 

C�c� 3: ���� �)� �! 0� "89 0B �� D 0# �� �4<� &*! �&� ��1�� �&� +�!. 
������* �89! !� 0# +�� &)���. 

300 N 

240 N 

180 N 

120 N 
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!&;#! ��� !� 0# �� OM# 
��$5� ���B :�. 

 
0# "89 AD �K�� 0� ���* 
�@! &�B :�. 

 
A, Dx , Dy  0# +�� 

&�)� :�. 

A 120 N 

B D 

300 N 

180 N 

C 240 N 

A 

Bx 

By 

Dx 

Dy 

Cx 

Cy 

Dy 

Dx 
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6"�B! "89 BD !� �� 
��* �)��� :�. 

 
 By� Ey 0# +�� 

&�)� :�.   
 

6"�B! �K�� 0� ����* 
C"K/� 0# "89 CD �@! 
&�B :�.   

 
 6"�B! 0# "89 BD 

�)��� :��# �  Bx!� 0# 
+�� �)��� :�.   

 

B 

D 300 N 

180 N 

C 240 N 

Bx 

By 

Dx 

Dy 

Cx 

Cy 

Dy 

Dx 

B 

D 
300 N 

180 N 
Bx 

By 

Ex 
Ey 

C 240 N 
Cy 

Cx 

Ex 

Ey 

D 
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Example 4:  A manufacturer is having trouble with the bolt 

cutters they produce.  Specifically, link AD has a short life 

span.  Rather than design by trial and error, the manufacturer 

would like to know what force is transmitted by the link. 

P

P

1 in 3 in 10 in

1 in

1/2 in

A
B

D

C

E

A:  FAD = 80 P 
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Analysis and Design 
• What is the force P ? 

• We should probably pick the maximum force that 

a person could possibly apply to the bolt cutter. 

• A force of about P=100 lb is a reasonable choice. 

• Even if 100 lb is far more than is needed to 

generate satisfactory cutting action at the bolt, 

when designing products, we need to anticipate 

how the product will be used (and miss-used!). 

• Assuming P=100 lb, draw FBDs and apply 

equations of equilibrium to find internal forces in 

members. 

• Once internal forces are known, more detailed 

design of member geometry can be carried out. 
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Problem 6.146 (Bedford & Fowler, 4th eds.) 

Determine the force exerted on the bolt by the bolt cutters and 

the magnitude of the force the members exert on each other at 

the pin connection A. 
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Example 5:  The 600-lb weight of the scoop acts at a point 

1.5 ft to the right of the vertical line CE.  The line ADE is 

horizontal.  The hydraulic actuator AB can be treated as a 

two-force member.  Determine the axial force in the 

hydraulic actuator AB and the forces exerted on the scoop at  

C and E. 

2.5 ft 5 ft 

2 ft 

1 ft 

B 
C 

A D E 

1.5 ft 
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Solution: The free body diagrams are shown 

at the right. Place the coordinate origin at A 

with the x axis horizontal. The coordinates (in 

ft) of the points necessary to write the needed 

unit vectors are A (0,0), B (6, 2), C (8.5, 1.5), 

and D (5, 0). The unit vectors needed for this 

problem are 

uBA = - 0.949i -0.316j, 

uBC = 0.981i - 0.196j, 

and uBD = - 0.447i - 0.894j. 
6 – ٣١/68 

The scoop: The equilibrium equations for the scoop are 

∑FX =-TCBuBCX + EX = 0, 
 ∑ FY =-TCBuBCY +EY  - 600 = 0, 
and ∑ MC = 1.5EX - 1.5(600 lb) = 0. 
Solving, we get 
EX = 600 lb, 
EY = 480 lb, 
and TCB = 611.9 lb. 
Joint B: The equilibrium equations for the scoop are 

∑ FX = TBAuBAX+ TBDuBDX +TCBuBCX = 0, 
and ∑ FY = TBAuBAY + TBDuBDY + TCBuBCY = 0. 
Solving, we get 
TBA = 835 lb, 
and TBD = -429 lb. 
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example:  Draw FBDs for all of the parts of the machine 

press shown.  All members are pin-connected. 

P 

A 

B 

D 

F 

H 

C 

E 

6 – ٣٣/68 
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A

B

C

D

E

F

x

y

Draw FBDs for AEC, 
AB, BFD, and EF
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drill press 
table

A

B

C D

E

F

x

y

Draw FBDs for A, B, 
CDE, and DEF
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The cable and pulleys are used to lift the 600-lb stone. Determine the force 

that must be exerted on the cable at A and the magnitude of the resultant 

force the pulley at C must exert on the pin B when the cables are in the 

position shown. 

 Given:  cable and pulleys, W 

Find: P, reactions at B 

Solution: 
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600 

Τ Τ 

Τ Τ 

Βx 

Βy 

Τ 
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600 

T T 

T T 

Βx 

Βy 

T 

6 – ٣٩/68 

600 

T T 

1. Break assembly into parts B and D 

2. Solve equilibrium equations for both parts 

lb 300

06002

0

=

=−

=∑

T

T

Fx

( )Pulley DPart 

lb 150

030300

0

=

=−

=∑

x

o

x

x

B

sinB

F

( )ReactionsSupport  BPart 

lb 8559

030300300

0

.B

cosB

F

y

o

y

y

=

=−−

=∑

( ) ( ) lb 5808559150
2222 =+=+= .BBF yxB

T T 

Β
x 

Βy 

T 

6 – ٤٠/68 
����� � ������� :���� !"#! ��$%&'
�  



12/1/2025 

21 

Determine the horizontal and vertical components of force at pins A,B,C, 

and the reactions of the fixed support D of the three-member frame. 

Given:  three member frame and 

loading 

Find: forces on A,B,C and 

reactions at D. 

Solution: 
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Sample Problems 
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The hoist supports the 125-kg engine. Determine the force the load creates 

in member DB and in member FB, which contains the hydraulic cylinder H. 

Given:  hoist, m 

Find: load in members DB and 

FB 

Solution: 
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Determine the horizontal and vertical components of reaction at A and B. 

The pin at C is fixed to member AE and fits through a smooth slot in 

member BD. 

Given:  two member device and load 

Find: reactions at A and B 

Solution: 
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The two disks each have a mass of 20 kg and are attached at their centers by 

an elastic cord that has a stiffness of k=2 kN/m. Determine the stretch of the 

cord when the system is in equilibrium, and the angle θ of the cord. 

Given:  two disk system, m, k 

Find: s, θ for equilibrium 

Solution: 
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Determine the horizontal and vertical components of force which the pins 

exert on member EDC of the frame. 

Given:  frame and load 

Find: forces on EDC 

Solution: 
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Pin D 
FBD 

Dx 

Dy 

FDA 
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Determine the force in each member of the truss and state if the members 

are in tension or compression. 

Given:  truss and load 

Find: force in members 

Solution: 
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