Method of Joints — Step by Step Examples

Engineering Statics

Last revision on August 11, 2025



4.00 m - 4.00 m > 4.00 m >

B c
I QN @
265 m
l A F E D
©

— '

Method of Joints: Example 1

2.00 kN 35°
Y
4.00kN

The truss is supported by a pinned connection at A and a
roller, inclined at 35° to the horizontal, at D.

Determine the internal force in each truss member due
to the applied loads at E and F.

MoJ Example 1



4.00 m 4.00 m 4.00 m

4.00kN

Find the reaction at D ~

Take moments of the external forces acting on the truss, about A:

MoJ Example 1



4.00 m < 4.00 m > 4.00 m

B C
Rp
35°
F E D
T2.00 kN 35°
4.00kN
1
Take moments of the external forces acting on the truss, about A:
ZMA = Rp c0s35° x12.0m — 2.00 kN x4.00 m — 4.00 kN x8.00 m = 0
MoJ

Example 1



4.00 m < 4.00 m > 4.00 m

4.0692 kN

35

4.00kN

Find the reaction at D

Take moments of the external forces acting on the truss, about A:

ZMA = Rp c0s35° x12.0m — 2.00 kN x4.00m — 4.00 kNx8.00 m = 0

~ 40.0kN-m
"~ 12.0mx cos 35°
= 4.0692 kN

= Rp

35°

MoJ

Example 1



4.00 m 4.00 m 4.00 m

14,0692 kN
R
A
265 m Y 35°

Rpx _L_ T
2.00 kN

4.00kN

Find the reaction at A

Note: We could proceed to find all the forces in the truss members,
working from D back to A, without finding the reaction at A. But the
reaction at A is useful for a check — at the end of the problem — to
make sure that we haven't made any errors along the way.

MoJ Example 1



2.3340 k

4.00 m 4.00 m

4.00 m

4.0692 kN

Find the reaction at A

4.00kN

Y Fx = Ryy —4.06925in35° kN = 0
= Ry, = 2.3340kN

35°

MoJ

Example 1



4.00 m 4.00 m 4.00 m

4.0692 kN

265 m 26667KN 35°

A F E D

2.3340 k_j__ T
2.00 kN

35°
4.00kN

Find the reaction at A ~

Y Fx = Ryy —4.06925in35° kN = 0
= Ry, = 2.3340kN

EFy =Rpy + 4.0692 cos 35° kN — 2.00 kN — 4.00kN = 0
= Ryy = 2.6667 kN

MoJ Example 1



4.00 m 4.00 m 4.00 m

4.0692 kN

265 m 2.6667 kN

A

23340k T
2.00 kN

35°

4.00kN

Find the truss angle

/CDE = tan™! {%]

2.65m
— -1
=fan [4.00 m ]

=33.524°

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

B C

Q)
265 m 2.6667 kN
A E

F L
2.3340 k_L * -

2.00 kN 35°
4.00kN

4.0692 kN

First, the free body
diagram:

4.0692 kN
35°
Fcp

33.524°
FpE

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

B
905 4.0692kN
235 ) 06
265 m  26667KN
A F E L
@
23340k

e T

Y
4.00kN

First, the free body
diagram:

Y Fy = 4.0692 cos 35° kN + Fcp sin 33.524° = 0
4.0692kN

= Fcp = —6.0354kN
o D
Fcp
33.524°
I£
DE =

MoJ Example 1



400 m - 400 m > 400 m >

B C
N °
50,
0’55(4/[;1.()592 kN
265 m 26667kN
_l_é =!
2.3340k_L 2.6974kN (T)

4.00kN

First, the free body
diagram: Y Fy = 4.0692c0s35° kN + Fcp sin 33.524° = 0

4.0692 kN - = Fcp = —6.0354kN

Fcp
EFX = —4.06925in35° kN — Fcp c0s33.524° — Fpg =0

33.524° — —2.3340kN — (—6.0354kN) c0s 33.524° — Fpp = 0
= Fpg = 2.6974kN

FpE

MoJ Example 1



4.00 m < 4.00 m > 4.00 m >

X35, 40692kN
4
265m 20667kN v

J—é -
23340 k_L T
2.00 kN

6.0354 kN

2.6974kN (T)

4.00kN

33.524°
Fpc

MoJ Example 1



4.00 m < 4.00 m > 4.00 m >

265 m 2.6667 kN

J—é -
23340 k_L T
2.00 kN

6.0354 kN

2.6974kN (T)

4.00kN

Y Fy = 6.03545in33.524° kN — Fcp = 0

33.524° = Fcp = 3.3333kN
Fpc

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

B 5.0314kN (C) c

265 m 2.6667 kN
A F

2.3340 k_L

* 2.6974kN (T) 7
2.00 kN 35°
4.00kN
6.0354 kN
Y F, = 6.03545in33.524° kN — Fcp =0
33.524° = Fcp = 3.3333kN
Fpc
C
Y F: = —6.0354¢0533.524° kN — Fpc = 0
= Fpc = —5.0314 kN
Fce BC

MoJ Example 1



4.00 m < 4.00 m > 4.00 m >

B 5.0314kN (C) c

265 m 2.6667 kN

l A
2.3340 k_L T
2.00 kN

Fpe  3.3333kN

2.6974kN (T)

4.00kN

33.524°

Fer E| 2.6974kN

4.00 kN

MoJ Example 1



4.00 m 4.00 m 400 m

B 5.0314 kN (C) Cc

265 m 2.6667 kN

l A
2.3340 k_L T
2.00 kN

Fpr  3.3333kN

2.6974kN (T)

4.00kN

Y Fy = 3.3333 kN -+ Fp sin 33.524° kN — 4.00kN = 0
33.524° = Fpg = 1.2072kN

Fep E] 2.6974kN

4.00 kN

MoJ Example 1



4.00 m 4.00 m 400 m

B 5.0314 kN (C) Cc

6'035 , 0692kN
4,
265 m 26667kN ”

l A
2.3340 k_L

Fpr  3.3333kN

1.6910kN (T)
2.00 kN

2.6974kN (T)

4.00kN

Y Fy = 3.3333 kN -+ Fp sin 33.524° kN — 4.00kN = 0
33.524° = Fpg = 1.2072kN

Fep E] 2.6974kN

Y Fx = 2.6974kN — 1.2072 05 33.524° kN — Fgp = 0
4.00kN = Fpr = 1.6910kN

MoJ Example 1



4.00 m 4.00 m 4.00 m

B 50314 kN (C) c

3035 4.0692kN
%,

265 m 2.6667 kN

2.3340 k

1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

1.6910 kN

MoJ Example 1



4.00 m 4.00 m 4.00 m

B 50314 kN (C) c

265 m 2.6667 kN

2.3340 k

1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

F
L1 Y Fy = Fgr —2.00kN
= Fgp = 2.00kN
1.6910 kN
Fap =
2.00kN

MoJ Example 1



4.00 m 4.00 m 4.00 m

B 5.0314kN (C) c

265 m 2.6667 kN

A

2.3340 k

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

F
L1 Y Fy = Fgr —2.00kN
= Fpp = 2.00kN
E 1.6910 kN
AF
F
Y Fx = 1.6910kN — Fyp = 0
2.00kN = Fap = 1.6910kN

MoJ Example 1



4.00 m 4.00 m 4.00 m

B 5.0314kN (C) c

3035 4.0692kN
%,

265 m 2.6667 kN

A

2.3340 k

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

B 5.0314 kN

F 1.2072kN
s 2.00kN

MoJ Example 1



400 m 400 m 400 m
B 5.0314 kN (C) c
v

)
2.6667 kN >
265m b‘_q,’b
A LEX

6'035 4.0692 kN
“,

23340k 1.6910kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

B SEEALY Y Fx = —5.0314kN + 12072 c0s 33.524° kN

— Fyp c0s33.524° = 0
= Fap = —4.8282kN

F 1.2072 kN
AB 2.00kN

MoJ Example 1



400 m 400 m 400 m
B 5.0314kN (C) c
v

)
2.6667 kN >
265m = K
A LEX

3035 4.0692kN
%,

23340 1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

B SIETAL Y Fy = —5.0314 kN + 1.2072 cos 33.524° kN

— Fyp c0s33.524° = 0
= Fup = —4.8282kN

F 1.2072 kN
s 2.00kN

All the truss member forces are now found.

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

50314 kN (C) c

J05  4.0692kN
4,

265 m 2.6667 kN

A
2.3340 k

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

Check for equilibrium at A

This is to verify that we haven't made an error in our member force calculations.

2.6667 kN
4.8282 kN

33.524°

2.3340kN 1.6910 kN

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

50314 kN (C) c

J05  4.0692kN
4,

265 m 2.6667 kN

A
2.3340 k

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

Check for equilibrium at A

This is to verify that we haven't made an error in our member force calculations.

EF" = 2.3340 kN + 1.6910 kN — 4.8282 cos 33.524° kN

2.6667 kN
4.8282 kN = —0.000050918 kN ~ 0 \/

33.524°

2.3340kN 1.6910 kN

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

50314 kN (C) c

J05  4.0692kN
4,

265 m 2.6667 kN

A
23340 kN,

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

Check for equilibrium at A

This is to verify that we haven't made an error in our member force calculations.

EF" = 2.3340 kN + 1.6910 kN — 4.8282 cos 33.524° kN

2.6667 kN
4.8282 kN = —0.000050918 kN ~ 0 \/

EFy = 2.6667 kN — 4.8282 sin 33.524° kN
= 0.00015160 kN ~ 0 \/

33.524°

2.3340kN 1.6910 kN

MoJ Example 1



4.00 m - 4.00 m > 4.00 m >

50314 kN (C) c

J05  4.0692kN
4,

265 m 2.6667 kN

A
23340 kN,

1.6910 kN (T) 1.6910kN (T) 2.6974kN (T)

2.00 kN

4.00kN

Check for equilibrium at A

This is to verify that we haven't made an error in our member force calculations.

EF" = 2.3340 kN + 1.6910 kN — 4.8282 cos 33.524° kN

2.6667 kN
4.8282 kN = —0.000050918 kN ~ 0 \/

EFy = 2.6667 kN — 4.8282 sin 33.524° kN
= 0.00015160 kN ~ 0 \/

33.524°

2.3340 kN 1.6910 kN
It only remains to convert the results back to the
precision given by the input values.

MoJ Example 1



(1) N®00C

AB = 4.83kN
AF = 1.69 kN
BC = 5.03kN
BE =1.21kN
BF = 2.00 kN
CD = 6.04kN
CE =3.33kN
DE = 2.70kN
EF = 1.69kN

(Compression)
(Tension)
(Compression)
(Tension)
(Tension)
(Compression)
(Tension)
(Tension)
(Tension)

MoJ

Example 1



Method of Joints: Example 2

Solve for the internal forces in each of the
truss members. Specify whether they are in
tension or in compression. Then use the
reactions at C and D to verify your results.

225 m

3.75 m

+— 300 m —><+—— 300 m —»

1650 N

MoJ

Example 2



_ the angles

/BAE = tan~! [

225
3.00

]

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ

Example 2



Find the angles

/BAE = tan~! [

= 36.870°

225
3.00

]

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ Example 2



«—300m —><4+——300 m —»>

225 m

Find the angles
3.75 m

2755
— =1l
ZBAE = tan [300]
= 36.870° \
BY5
— =1
ZDAE = tan [3—'00]

MoJ Example 2



Find the angles

/BAE = tan~! [

= 36.870°

/DAE = tan™ ! {

= 51.340°

225
3.00

375
3.00

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ Example 2



Find the angles

/BAE = tan~! [

= 36.870°

/DAE = tan™ ! {

= 51.340°

/BCD = tan~! [6‘0

225
3.00

3.00

3.75]

200
3.00

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ Example 2



Find the angles

/BAE = tan~! [

= 36.870°

/DAE = tan™ ! {

= 51.340°

/BCD = tan~! [

= 63.435°

225
3.00

375
3.00

600
3.00

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ Example 2



Draw the unknown forces in tension, pointing away from
the joint they are acting upon. Then a positive result
means the member is in tension and a negative result

implies compression.

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ

Example 2



Draw the unknown forces in tension, pointing away from
the joint they are acting upon. Then a positive result
means the member is in tension and a negative result

implies compression.

Fap
36.870°
A
51.340°
1650 N Fap

225 m

3.75 m

«—300m —><4+——300 m —»>

MoJ

Example 2



Draw the unknown forces in tension, pointing away from

the joint they are acting upon. Then a positive result
means the member is in tension and a negative result
implies compression.
225 m
Fap
Y
A
36.870°
A
51.340° 375m
1650 N Fap
Y

Y Fx = Fopc0s36.870° + F4p cos51.430° = 0

MoJ  Example 2



Draw the unknown forces in tension, pointing away from

the joint they are acting upon. Then a positive result
means the member is in tension and a negative result
implies compression.
225 m
Fap
Y
A
36.870°
A
51.340° 375m
1650 N Fap
Y

Y Fx = Fopc0s36.870° + F4p cos51.430° = 0
Y Fy = Fapsin36.870° — F,p sin51.340° — 1650N = 0

MoJ  Example 2



Draw the unknown forces in tension, pointing away from

the joint they are acting upon. Then a positive result
means the member is in tension and a negative result
implies compression.
225 m
Fap
Y
A
36.870°
A
51.340° 375m
1650 N Fap
Y

Y Fx = Fopc0s36.870° + F4p cos51.430° = 0
Y Fy = Fapsin36.870° — F,p sin51.340° — 1650N = 0

Now, use the system-solver on your calculator to solve
these two equations for F4p and Fyp.

MoJ  Example 2



Draw the unknown forces in tension, pointing away from

the joint they are acting upon. Then a positive result
means the member is in tension and a negative result
implies compression.
225 m
Fap
Y
A
36.870°
A
51.340° 375m
1650 N Fap
Y

Y Fx = Fopc0s36.870° + F4p cos51.430° = 0
Y Fy = Fapsin36.870° — F,p sin51.340° — 1650N = 0

Now, use the system-solver on your calculator to solve
these two equations for F4p and Fyp.

Fap = 1031.3N and F4p) = —1320.6N.

MoJ  Example 2



Draw the unknown forces in tension, pointing away from B C

the joint they are acting upon. Then a positive result
means the member is in tension and a negative result
implies compression.
225 m
Fap
Y
A
36.870°
A
51.340° 375m
1650 N Fap
Y

Y Fx = Fopc0s36.870° + F4p cos51.430° = 0
Y Fy = Fopsin36.870° — Fp sin51.340° — 1650N = 0

Now, use the system-solver on your calculator to solve
these two equations for F4p and Fyp.

Fap = 1031.3N and F4p) = —1320.6N.

F4p is positive, so member AB is in tension. Fyp is
negative, so AD is in compression.

MoJ  Example 2



«—300m —><4+——300 m —»>

B C

m B

36.870°

1031.3N
Fgp

MoJ Example 2



«—300m —><4+——300 m —»>

B 82504N (T) (C

m B

36.870°

1031.3N
Fgp

Y Fx = Fpc — 1031.3¢0536.870° N = 0
= Fpc = 825.04N

MoJ Example 2



36.870°

1031.3N
Fgp

Y Fx = Fpc — 1031.3¢0536.870° N = 0
= Fpc = 825.04N

Y Fy = —Fpp —1031.3sin36.870° N = 0
= Fpp = —618.78N

«—300m —><4+——300 m —»>

B 825.04N (T)

C

(D) N8L819

MoJ Example 2



«—300m —><4+——300 m —»>

Note that we have to include the reaction from the
rocker at D in the free body diagram since
it also acts on the joint.

618.78 N
1320.6N Fep
51.340° 63.435°
D
Rpy

B

825.04N (T)

(D) N8L819

MoJ

C

Example 2



«—300m —><4+——300 m —»>

B 825.04N (T)

~

Note that we have to include the reaction from the A
rocker at D in the free body diagram since
it also acts on the joint.

(D) N8L819

618.78N
F, 3.75
1320.6 N cp ™ 1650N
51.340° 63.435° J
D
Rpy

Y Fx = Fcp c0s63.435° +1320.6 c0s 51.340° N =0
_ 1320.6cos 51.340° N

cos 63.435°
= Fcp = —18447N

= Fep =

MoJ Example 2



«—300m —><4+——300 m —»>

Note that we have to include the reaction from the
rocker at D in the free body diagram since
it also acts on the joint.

618.78 N
1320.6N Fep
51.340° 63.435°
D
Rpy

Y Fx = Fcp c0s63.435° +1320.6 c0s 51.340° N =0
_ 1320.6cos 51.340° N

cos 63.435°
= Fcp = —18447N

= Fep =

All the internal forces in the truss have now been found.

B

(D) N8L819

825.04N (T)

MoJ

Example 2



a calculation check! +—— 300 m —><+—— 300 m —>

There are some checks we can make to ensure there are B 825.04N (T)

no errors in our calculations. We use moments and the

summing of the reactions.
First, determine RDy, the y-component of the reaction at 225 m
D (D is supported by a rocker and has no x-component):
A
618.78N ] -
1844.7 N ;
1320.6 N z
a
51.340° 63.435° =
375 m
1650 N
D
Rpy
Y

MoJ Example 2



Do a calculation check!

There are some checks we can make to ensure there are
no errors in our calculations. We use moments and the
summing of the reactions.

First, determine RDy, the y-component of the reaction at
D (D is supported by a rocker and has no x-component):

618.78 N
1844.7N
1320.6 N
51.340° 63.435°
D
Rpy

Y Py = Rp, — 1320.65in51.340° N — 618.78 N

— 1844.75in63.435° N = 0
= Rpy = 3299.9N

225 m

3.75 m

«—300m —><4+——300 m —»>

B

825.04N (T)

(D) N8L819

MoJ

Example 2



Do a calculation check! +—— 300 m —><+—— 300 m —>

B 825.04N (T)

There are some checks we can make to ensure there are
no errors in our calculations. We use moments and the

summing of the reactions.
First, determine RDy, the y-component of the reaction at 225 m
D (D is supported by a rocker and has no x-component):
A
618.78N ] -
1844.7 N 3
1320.6 N z
a
51.340° 63.435° =
375 m
1650 N
D
Rpy
Y

Y Py = Rp, — 1320.65in51.340° N — 618.78 N

— 1844.75in63.435° N = 0
= Rpy = 3299.9N

If we calculate RDy by taking moments about C of the
external forces acting the truss, we get:

Y Mc = (1650N) - (6.00 m) — Rpy, - (3.00 m) = 0
= Rp, = 3300N

MoJ Example 2



Do a calculation check!

There are some checks we can make to ensure there are
no errors in our calculations. We use moments and the
summing of the reactions.

First, determine RDy, the y-component of the reaction at
D (D is supported by a rocker and has no x-component):

618.78 N
1844.7N
1320.6 N
51.340° 63.435°
D
Rpy

Y Py = Rp, — 1320.65in51.340° N — 618.78 N

— 1844.75in63.435° N = 0
= Rpy = 3299.9N

If we calculate RDy by taking moments about C of the
external forces acting the truss, we get:

Y Mc = (1650N) - (6.00 m) — Rpy, - (3.00 m) = 0
= Rp, = 3300N

Note: This is as expected from our previous calculation
— apart from some rounding error in the fifth digit.

225 m

3.75 m

«—300m —><4+——300 m —»>

B

(D) N8L819

825.04N (T)

MoJ

Example 2



Check cont’d

Notice that results from members AC, AB, BD and CD

were incorporated into this check (since AB was used in

the calculation of BD) so it is safe to assume that these
results are correct.

But we have not checked member BC.
We do that by summing all the external forces,
and then investigating joint C.

225 m

3.75 m

«—300m —><4+——300 m —»>

B

825.04N (T)

(D) N8L819

MoJ

Example 2



Check cont’d

Notice that results from members AC, AB, BD and CD

were incorporated into this check (since AB was used in

the calculation of BD) so it is safe to assume that these
results are correct.

But we have not checked member BC.
We do that by summing all the external forces,
and then investigating joint C.

Y Fx=Rcy =0
Y Fy = Ry +3299.9N — 1650N
= Rgy = —16499N

225 m

3.75 m

«—300m —><4+——300 m —»>

B

(D) N8L819

825.04N (T)

MoJ

Example 2



Check cont’d

Notice that results from members AC, AB, BD and CD

were incorporated into this check (since AB was used in

the calculation of BD) so it is safe to assume that these
results are correct.

But we have not checked member BC.
We do that by summing all the external forces,
and then investigating joint C.

Y Fx=Rcy =0

ZFy = Rcy +3299.9N —1650N
= Rey = ~16499N
Now, examine joint C for equilibrium:

825.04N o

63.435°

16499 N
1844.7N

225 m

3.75 m

«—300m —><4+——300 m —»>

B 825.04N (T)

(D) N8L819

MoJ

Example 2



Check cont’d +«——300m —><+——300 m —»

Notice that results from members AC, AB, BD and CD B 825.04N (T)

were incorporated into this check (since AB was used in

the calculation of BD) so it is safe to assume that these
results are correct.

225 m
But we have not checked member BC.

We do that by summing all the external forces, A
and then investigating joint C. Y

Y Fx=Rcy =0
Y Fy = Ry +3299.9N — 1650N

(D) N8L819

3.75
= Rey = ~16499N ™ 150N

Now, examine joint C for equilibrium:

825.04N

C Y
63.435°

16499 N
1844.7N

ZF’C = 1844.7 c0s 63.435° N — 825.04 N
= —0.066554 N ~ 0 \/
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Check cont’d

Notice that results from members AC, AB, BD and CD

were incorporated into this check (since AB was used in

the calculation of BD) so it is safe to assume that these
results are correct.

But we have not checked member BC.
We do that by summing all the external forces,
and then investigating joint C.

Y Fx=Rcy =0

ZFy = Rcy +3299.9N —1650N
= Rey = ~16499N
Now, examine joint C for equilibrium:

825.04N o

63.435°

16499 N
1844.7N

ZF’C = 1844.7 c0s 63.435° N — 825.04 N
= —0.066554 N ~ 0 \/

ZFy = 1844.75in 63.435° — 1649.9N
= 0.05057 N ~ 0 \/

«—300m —><4+——300 m —»>

B

825.04N (T)

225 m

(D) N8L819

3.75 m

MoJ Example 2



AB =1030 N (Tension)

AC =1320 N (Compression)
BC =825 N (Tension)

BD =619 N (Compression)
CD =1840 N (Compression)

MoJ

Example 2



©
f
]53 m
C
O
f
1.50 m
D
(9
2.50 m
9, © © Q L
A G

s

F
3.00 m —+7 3.00 m —»

3.50 kN

Method of Joints: Example 3

Analyze the truss above to determine the internal forces in
each truss member. All connections are pinned.

MoJ

Example 3



B
- f
s 1.50 m
C
! > *
1.50 m
D
0)
2.50 m
o, © © ~ Q —L
A G F
}47 3.00 m —+7 3.00 m —+7 3.00 m —»

Find the angles

/DEF = tan™ ! [

250
3.00

]

MoJ

Example 3




B Find the angles
©

1.50 m 2.50
/DEF = tan™ ! | 22—
¢ c | tan [300]
Q)
t = 39.806°
150 m
D
Q)
2.50 m
39.806°
i
O, Q, Q, " Q
A G F
%— 3.00 m —+— 3.00 m —+— 3.00 m —>]

3.50 kN

MoJ Example 3



B Find the angles
9

1.50 m 2.50
/DEF = tan™ ! | 22—
C | fan [300]
Q)
t = 39.806°
150 m
D
1.50
@ = | =22
J=tm [3.00]
2.50 m
39.806°
i
O, Q, Q, " Q
A G F
%— 3.00 m —+— 3.00 m —+— 3.00 m —>]

3.50 kN

MoJ Example 3



Find the angles

1.50 m 1250
c L /DEF = tan [&OO]
t = 39.806°
1.50 m
D
1.50
o) _ a1 [ 190
0 = tan [3'00]
= 26.565°
250 m
39.806°
© — Q
F
}47 3.00 m —+7 3.00 m —+7 3.00 m —>»

MoJ Example 3



Find the angles

150 m 250
/DEF = tan™ ! | 22—
C | fan [300]
t = 39.806°
1.50 m
D
1.50
@ — | 222
0 = tan [3'00]
— 26.565°
250 m
39.806°
| /CAG = tan™! [@]
o i > 3.00
F
%— 3.00 m —+— 3.00 m —+— 3.00 m —>»

MoJ Example 3



Find the angles

150 m 250
/DEF = tan™ ! | 22—
C | fan [300]
t = 39.806°
1.50 m
D
1.50
@ — | 222
0 = tan [3'00]
— 26.565°
250 m
39.806°
| /CAG = tan™! [@]
o i > 3.00
F =53.130°
%— 3.00 m —+— 3.00 m —+— 3.00 m —>»

MoJ Example 3



2,50
— =1 || =2
/DEF = tan [SAOO]
= 39.806°
D
1.50
& _ a1 [ 199
0 = tan [3'00]
= 26.565°
39.806°
| /CAG = tan™! [@]
o A 9)5 3.00
F = 53.130°
3.50 kN

1. By inspection, truss member DF is a zero-force member. (Consider the y-components acting at F.)

MoJ  Example 3



2.50
—tan—1 220
/DEF = tan [SAOO]
= 39.806°
D
1.50
Q —tan-1 [ 1PV
0 = tan [3'00]
= 26.565°
0
39.806°
| /CAG = tan™! [@]
Lo ¥ 9, 3.00
F = 53.130°
3.50 kN

1. By inspection, truss member DF is a zero-force member. (Consider the y-components acting at F.)

MoJ  Example 3



2.50
— tan-1 [ 220
/DEF = tan [SAOO]
= 39.806°
D
1.50
Q) —tan~1 [ 2=
0 = tan [3'00]
= 26.565°
0
39.806°
| /CAG = tan™! [@]
o v D, 3.00
F = 53.130°
3.50 kN

1. By inspection, truss member DF is a zero-force member. (Consider the y-components acting at F.)

2. We can start at joint E and analyze the truss joints E — F — D — G — C, without calculating the
reactions at A and B.

MoJ  Example 3



Find the angles

2.50
— tan-1 [ 220
/DEF = tan [SAOO]
= 39.806°
D
1.50
Q) —tan~1 [ 2=
0 = tan [3'00]
= 26.565°
0
39.806°
| /CAG = tan™! [@]
o v D, 3.00
F = 53.130°
3.50 kN

1. By inspection, truss member DF is a zero-force member. (Consider the y-components acting at F.)
2. We can start at joint E and analyze the truss joints E — F — D — G — C, without calculating the
reactions at A and B.

3. Finding the reactions at A and B is useful, however, to verify our results; if we have not made
mistakes, then the sum of all forces acting at A (including the reaction) will equal 0. Similarly, the
sum of all forces acting at B will equal 0.

MoJ  Example 3



FpE
39.806°
e E

D

Q
3.50 kN
0
39.806°
L
\o,
F
3.50 kN
\

Considerations:

1. Draw a free body diagram (FBD) — for each joint!

2. Draw all unknown FBD forces (Fpg and Fpg in this case) in tension, pointing away from the
joint. Then, a positive result indicates tension and a negative result indicates compression.

MoJ  Example 3



FpE
39.806°
e E

D

Q
3.50 kN
0 Y_Fy = FpE sin39.806° — 350 kN = 0
3918060 = Fpp = 54671 kN
\o,
F
3.50 kN
\

Considerations:

1. Draw a free body diagram (FBD) — for each joint!

2. Draw all unknown FBD forces (Fpg and Fpg in this case) in tension, pointing away from the
joint. Then, a positive result indicates tension and a negative result indicates compression.

3. Sum the y-components first, so that we have only one variable (Fpg) and can find it directly.

MoJ  Example 3



FpE
39.806°
e E

D

Q
3.50 kN
0 Y_Fy = FpE sin39.806° — 350 kN = 0
3918060 = Fpp = 54671 kN

\o,
F

ZFX = —Fpg c0s39.806° — Fgp = 0
= Fpr = —5.4671c0s 39.806° kN
3.50 kN = —4.1999 kN

Considerations:

1. Draw a free body diagram (FBD) — for each joint!

2. Draw all unknown FBD forces (Fpg and Fpg in this case) in tension, pointing away from the
joint. Then, a positive result indicates tension and a negative result indicates compression.

3. Sum the y-components first, so that we have only one variable (Fpg) and can find it directly.

MoJ  Example 3



3.50 kN

Y Fy = Fpg sin39.806° — 350 kN = 0
= Fpg = 54671 kN

4.1999kN (C)

ZFX = —Fpg c0s39.806° — Fgp = 0
= Fpr = —5.4671c0s 39.806° kN
3.50 kN = —4.1999 kN

Considerations:

Draw a free body diagram (FBD) — for each joint!

Draw all unknown FBD forces (Fpg and Fpg in this case) in tension, pointing away from the
joint. Then, a positive result indicates tension and a negative result indicates compression.

. Sum the y-components first, so that we have only one variable (Fpg) and can find it directly.

Maintain all 5 working significant digits (or more) for now to reduce the accumulation of
rounding errors.

MoJ  Example 3



=

This one is easy!

0

Frg F 4.1999kN

F

41999 kN (C)

3.50 kN

MoJ Example 3



2 =

This one is easy!
C

0

Frg F 4.1999kN

Y Fx = —Fpg —4.1999kN =0
= Frg = —41999 kN

. o —>
A G 41999kN (C) F 41999kN (C)

3.50 kN

MoJ Example 3



5.4671 kN

2

M oy e— —>
A G 4199kN (C) F  4.1999kN (C) E

3.50 kN

MoJ Example 3



2

@

5.4671 kN

Fpg

pr = 5.4671 cos 39.806° kN
— Fep c0s26.565°
— Fpg cos 39.806°
=0

MoJ Example 3



5.4671 kN

Fpg

2

ZFx = 5.4671 cos 39.806° kN

M oy e— —>
A G 4199kN (C) F  4.1999kN (C) E — Fcp €08 26.565°

— Fpg cos 39.806°
=0
3.50 kN
Y F, = Fep sin26.565°
— Fpg sin39.806°
— 5.4671sin 39.806° kN
=0

MoJ Example 3



2

@

5.4671 kN

Fpg

pr = 5.4671 cos 39.806° kN
— Fep €0s26.565°
— Fpg cos 39.806°
=0

Y F, = Fep sin26.565°
— Fpg sin 39.806°
— 5.4671sin 39.806° kN
=0

Now, use the system-solver on your
calculator to solve these two equations for
Fep and Fpg.

MoJ Example 3



2

@

5.4671 kN

Fpg

pr = 5.4671 cos 39.806° kN
— Fep €0s26.565°
— Fpg cos 39.806°
=0

Y F, = Fep sin26.565°
— Fpg sin 39.806°
— 5.4671sin 39.806° kN
=0

Now, use the system-solver on your
calculator to solve these two equations for
Fep and Fpg.

Fep = 5.8696 kN, Fpg = —1.3668kN

MoJ Example 3



A G 41999kN (C)

F

41999 kN (C)

3.50 kN

Fep

26.565°
v

5.4671 kN

Fpg

ZF" = 5.4671 cos 39.806° kN
— Fep c0s26.565°
— Fpg cos 39.806°
=0

Y F, = Fep sin26.565°
— Fpg sin39.806°
— 5.4671sin 39.806° kN
=0

Now, use the system-solver on your
calculator to solve these two equations for
Fep and Fpg.

Fep = 5.8696 kN, Fpg = —1.3668kN

MoJ Example 3



e ———

Fce
1.3668 kN
39.806°
Fac G 41999 kN

41999 kN (C)

F

41999 kN (C)

3.50 kN

MoJ Example 3



e ———

Fce
1.3668 kN
39.806°
Fac G 41999 kN

Y Fy = Fog — 1.36685in39.806° kN
=0
= Fcg = 0.87501 kN

4199kN (C)  F  4.1999kN (C)

3.50 kN

MoJ Example 3



41999 kN (C)

F

41999 kN (C)

3.50 kN

e ———

Fce
1.3668 kN
39.806°
Fac G 41999 kN

Y Fy = Fog — 1.36685in39.806° kN
=0
= Fcg = 0.87501 kN

Y Fx = —41999kN
—1.3668 05 39.806° kN — F¢
=0
= Fug = —5.2499kN

MoJ Example 3



0.87501 kN (T)

5.2499 kN (C)

4.1999kN (C)

F

41999 kN (C)

3.50 kN

e ———

Fce
1.3668 kN
39.806°
Fac G 41999 kN

Y Fy = Fog — 1.36685in39.806° kN
=0
= Fcg = 0.87501 kN

Y Fx = —41999kN
—1.3668 05 39.806° kN — F¢
=0
= Fug = —5.2499kN

MoJ Example 3



53.130°

0.87501 kN (T)

52499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

I
26.565°

5.8696 kN
0.87501 kN

MoJ Example 3



53.130°

0.87501 kN (T)

5.2499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

I
26.565°

5.8696 kN
Fac ™ 087501 kN

ZF’C = 5.8696 c0s 26.565° kN
— Fpc c0826.565°
— Fyc c0s 53.130°
=0

MoJ Example 3



53.130°

0.87501 kN (T)

5.2499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

Fac

0.87501 kN

I
26.565°

5.8696 kN

ZF’C = 5.8696 c0s 26.565° kN

— Fpc c0826.565°
— Fyc c0s 53.130°

=0

ZFy = Fpc sin26.565°

— Fyc sin53.130°
— 5.86965in 26.565° kN

—0.87501 kN
=0

MoJ Example 3



53.130°

0.87501 kN (T)

5.2499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

I
26.565°

5.8696 kN
Fac ™ 087501 kN

EF’C = 5.8696 c0s 26.565° kN
— Fpc c0826.565°
— Fyc c0s 53.130°
=0
ZFy = Fpc sin26.565°
— Fyc sin53.130°
— 5.86965in 26.565° kN
—0.87501 kN
=0
Now, use the system-solver on your

calculator to solve these two equations for
Fyc and Fpe.
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53.130°

0.87501 kN (T)

5.2499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

I
26.565°

5.8696 kN
Fac ™ 087501 kN

EF’C = 5.8696 c0s 26.565° kN
— Fpc c0826.565°
— Fyc c0s 53.130°
=0
ZFy = Fpc sin26.565°
— Fyc sin53.130°
— 5.86965in 26.565° kN
—0.87501 kN
=0
Now, use the system-solver on your

calculator to solve these two equations for
Fyc and Fpe.

Fpc = —0.79546 kN, Fpc = 6.4032 kN
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5.2499 kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Fpc

26.565°
A4

I
26.565°

5.8696 kN
Fac ™ 087501 kN

EF’C = 5.8696 c0s 26.565° kN
— Fpc c0826.565°
— Fyc c0s 53.130°
=0
ZFy = Fpc sin26.565°
— Fyc sin53.130°
— 5.86965in 26.565° kN
—0.87501 kN
=0
Now, use the system-solver on your

calculator to solve these two equations for
Fyc and Fpe.

Fpc = —0.79546 kN, Fpc = 6.4032 kN

MoJ Example 3



B Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

0.87501 kN (T)

5.2499kN (C) F

4.1999kN (C) 4.1999kN (C)

3.50 kN

MoJ Example 3



B Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

0.87501 kN (T)

4199kN (C)  F  4.1999kN (C)

3.50 kN

MoJ Example 3



B Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

'E DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

But are these correct?

We could easily have made an error in a
truss member calculation, causing most or
all subsequent results to be incorrect.

0.87501 kN (T)

A 52499kN (C) 4199kN (C)  F  4.1999kN (C)

3.50 kN

Let’s do a check. We can calculate the
reactions at A and B, then check that all
external forces acting on the truss do
actually sum to zero in the x and y
directions.
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B Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

'E DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

But are these correct?

We could easily have made an error in a
truss member calculation, causing most or
all subsequent results to be incorrect.

0.87501 kN (T)

A 52499kN (C) 4199kN (C)  F  4.1999kN (C)

3.50 kN

Let’s do a check. We can calculate the
reactions at A and B, then check that all
external forces acting on the truss do
actually sum to zero in the x and y
directions.
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Rpy

0.87501 kN (T)

57272 KN 52499kN (C) G 4199kN (C) F

Reaction at A

41999 kN (C)

3.50 kN

Y Fx = Ryy — 079546 05 53.130° kN — 5.2499 kN = 0
= Ry = 5.7272kN

Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

MoJ Example 3



Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

'E DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

0.63637

0.87501 kN (T)

57272 kKNZ ~ 52499kN (C) G 41999kN (C) F  41999kN (C)

3.50 kN

Reaction at A

Y Fx = Ryy — 079546 05 53.130° kN — 5.2499 kN = 0
= Ry = 5.7272kN

Y Fy = Ry — 0.795465in53.130° kN = 0
= Ryy = 0.63637 kN

MoJ Example 3



5.7272 K B Finished ... almost
: ..

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)

AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

0.87501 kN (T)

0.63637

F 41999kN (C)

57272 KA 52499 kN (C) 4.1999kN (C)

3.50 kN

Reaction at B

Reaction at A

Y Fx = Ryy — 079546 05 53.130° kN — 5.2499 kN = 0 Y Fx = Rp, + 6.40320526.565° kN = 0
= Ry = 5.7272kN = Rpy = —5.7272kN

Y Fy = Ry — 0.795465in53.130° kN = 0

= Ry = 0.63637 kN

MoJ Example 3



5.7272 K B Finished ... almost
: ..

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our

2.8636 results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

0.87501 kN (T)

0.63637

F

57272 KN 52499 kN (C) 4.1999kN (C) 4.1999kN (C)

3.50 kN
Reaction at A Reaction at B
ZF’C = Ry — 0.79546 cos 53.130° kN — 5.2499 kN = 0 ZFX = Rpy + 6.4032 c0s 26.565° kN = 0
= Ry = 5.7272kN = Rpy = —5.7272kN
ZFV = Ryy — 079546 sin53.130° kN = 0 ZF!f = Rpy — 6.40325in 26.565 kN = 0
= Ray = 0.63637kN = Rpy =2.8636 kN
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2.8636

0.63637

5.7272 K

0.87501 kN (T)

5.2499kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)

AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

The final check!

Y Fx = Ryy + Rpy = 5.7272kN — 5.7272kN = 0 \/
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2.8636

0.63637

5.7272 K

0.87501 kN (T)

5.2499kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)

AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

The final check!

Y Fx = Ryy + Rpy = 5.7272kN — 5.7272kN = 0 \/

ZFy = Ryy + Rpy —3.50kN = 0.63637 kN — 2.8636 kN — 3.50 kN = —0.00003 kN \/
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2.8636

0.63637

5.7272 K

0.87501 kN (T)

5.2499kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

The final check!

errors in Rpy or Ryy.)

Y Fx = Ryy + Rpy = 5.7272kN — 5.7272kN = 0 \/

ZE,, = Ryy + Rpy —3.50kN = 0.63637 kN — 2.8636 kN — 3.50 kN = —0.00003 kN \/

Note: We could also check by taking moments about C or D. (Taking moments about
E,F,G or A would not pick up any errors in R4,. Moments about A or B would not pick up
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2.8636

0.63637

5.7272 K

0.87501 kN (T)

5.2499kN (C)

41999 kN (C)

F

41999 kN (C)

3.50 kN

Finished ... almost

Inputs (lengths and the load at E) were
accurate to 3 significant digits so our
results can be no more accurate than this:

AB = 0.795 kN (Compression)
AG = 5.25kN (Compression)
BC = 6.40 kN (Tension)

CD = 5.87kN (Tension)

CG = 0.875kN (Tension)

DE = 547kN (Tension)

DF =0

DG = 1.37kN (Compression)
EF = 420kN (Compression)
FG = 4.20kN (Compression)

The final check!

errors in Rpy or Ryy.)

Y Fx = Ryy + Rpy = 5.7272kN — 5.7272kN = 0 \/

ZE,, = Ryy + Rpy —3.50kN = 0.63637 kN — 2.8636 kN — 3.50 kN = —0.00003 kN \/

Note: We could also check by taking moments about C or D. (Taking moments about
E,F,G or A would not pick up any errors in R4,. Moments about A or B would not pick up
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0.875kN (T)

Ao

AB = 0.795kN (Compression)
AG = 5.25kN (Compression)

BC = 6.40kN (Tension)

CD = 5.87 kN (Tension)

CG = 0.875kN (Tension)

DE = 5.47 kN (Tension)

DF =0

DG = 1.37kN (Compression)

EF = 420kN (Compression)

FG = 4.20kN (Compression)
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