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6.2 The method of sections

Perhaps the most central concept in mechanics, and thus for truss anal-

ysis, is the free-body diagram. For truss analysis we have already found

it fruitful to draw free-body diagrams of the whole structure, of the bars

(to see that they are two-force bodies), and of the individual joints. But

you can draw a free-body diagramof anything, for example of any part of a

system you are studying. Assuming static equilibrium, force andmoment

balance apply to that subsystem.

In themethod of sections you�nd bar tensions by drawing a free-body

diagram of a part of the truss that includes more than one joint and

less than the whole structure.

The place where the truss is cut is called the section.

What's wrong with the method of joints?

Themethod of joints can solve any solvable truss. Sowhy learn a di�erent

method? There are two basic reasons.

1. Sometimes one only wants to know a little and the method of joints

is cumbersome.

Example: Di�culty in �nding just one bar tension.

Say you are interested only in TKM in the truss of �g. 6.7 on page 320.

With the method of joints we could �nd TKM by working through the

joints one at a time. To get to joint K we would have to draw free-body

diagrams of at least 8 other joints �rst. And for each we would have to

solve two simultaneous equations.

2. Sometimes the method of joints doesn't best reveal basic structural

ideas.

Example: Di�culty in understanding trends.

Again look at the truss of �g. 6.7. With the method of joints we would

�nd, after all the algebra, that all the bars on the bottom (AC, CE, EH,

HJ, JL, LN, NP, PR) have compression (negative tension) and that each

bar has more compression than the one to its right. Similarly the top is

all tension with the tension increasing with the bars more to the left. Are

these trends just a consequence of lots of algebra?

The method of sections provides a shortcut, particularly for elementary

textbook-like problems. And the method of sections can explain some

structural trends.

The basic method of sections recipe

Say you are just trying to �nd one bar tension, for example TKM in the

truss of �g. 6.7. For simplicity we limit our attention to 2D structures.
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Figure 6.30: Free-body diagram of a

`section' of the structure.

� Find a way to cut the structure into two parts, using a section

cut that

� cuts the bar of interest and

� cuts at most 3 bars in total and

� where one of the two parts of the truss has all loads known

because

*
all loads are given applied loads, or

*
the loads are reactions that have been found using a

free-body diagram of the whole structure.

� Write and solve the equations of moment balance for one side

of the structure. This should be 3 equations in 3 unknowns.

� Either use any three independent equations (say force bal-

ance (2) and moment balance (1)), or

� Look for a shortcut. Try to �nd one equation that contains

the unknown of interest and no other unknowns using

*
moment balance about the point of intersection of the

lines of action of the two unknown forces that are not

of interest, or

*
if the two uninteresting unknown forces are parallel,

use force balance in a direction orthogonal to them.

For a given truss and given bar tension of interest there is no guarantee

that the recipe applies. You can always �nd a section cut through the

bar of interest, but there may be too-many unknowns in the free-body

diagrams of both of the resulting sub-structures.

Because 2D statics of �nite objects gives three scalar equations we can

generally �nd all three unknown bar tensions from a section cut that goes

through 3 bars.

Example: Three bar-forces from one FBD.

Look at the free-body diagram from a section cut in �g. 6.30. Moment balance

about point J (about an axis through J in the z direction) gives:

�³ Ç

M
J
=
Ç

0


�

�k Ù T
KM

= 4FAy :

Using the FBD with this same section cut we can also �nd:

�³ Ç

M
M
=
Ç

0


�

�k Ù T
JL

= *5FAy + FAx ; and
�³ Ç

F
i
=
Ç

0


� �| Ù T

JM
=

ù
2FAy :

Note that in the free-body diagram of �g. 6.30, moment balance about point J

eliminates T
JM

and T
JL
and gives one equation for T

KM
. And force balance in

the �| direction eliminates T
KM

and T
JL
, giving one equation for T

JM
.
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Using sections to gain insight

In themethod of joints, as youworked yourway along the structure �g. 6.7

from right to left you would have found the tensions getting bigger and

bigger on the top bars and the compressions (negative tensions) getting

bigger and bigger on the bottom bars. With the method of sections you

can see that this comes from the lever arm of the load F being bigger and

bigger for longer and longer sections of truss. The moment caused by the

vertical load FAy is carried by the tension in the top bars and compression

in the bottom bars.

Awarning

Because of positive experiences with the method of sections for textbook-

like problems and very simple structures, many people are left with the

impression that themethod of sections is more powerful than themethod

of joints. It isn't. The method of sections is of less general utility than the

method of joints. And, unlike for the method of joints, there is no simple

systematic way to �nd all of the bar tensions in all statically-determinate

trusses (See �g. 6.31).

J

J

J

K KF

F

F

a)

b)

c)

K

Figure 6.31: The method of sections is great when it works, but it doesn't always work.

Like for the trusses here. For each of these trusses, there is no single section cut that

leads to a free-body diagram from which you can �nd TJK . Yet, these are all statically

determinate trusses. For all of these trusses, to �nd TJK one has to write the equilibrium

equations formany joints and then solve these equations simultaneously. [In the truss (c),

joints are marked by dots, there are no joints where the bars cross. This slightly unusual

truss has no closed triangles).]
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SAMPLE 6.7 The tower truss shown in the �gure is fabricated with 19

rods. All the horizontal and vertical rods are one meter long. Joint J is

halfway between joints K and H. The horizontal force applied at joint K

is 1 kN. Find the tensions in

1. rod GJ, and

2. rod CE.

Solution To�nd the tension in rodGJ, numbered 15, let usmake a cut through the truss as

shown in �g. 6.33. The section taken here cuts rods 14, 15, and 16. The free-body diagram

has only three unknown tensions acting on the part of the truss under consideration.

From the force balance in the x direction, we see at once,

F * T15 cos � = 0

Ù T15 =
F

cos �

=
1kN

cos 26:56ý

= 1:12 kN:

TGJ � T15 = 1:12 kN

To determine the tension in rod CE, we consider a section that cuts rods CE, CF, and DF.

The free-body diagram of the truss above this section is shown in �g. 6.34. Once again,

we have only three unknown forces on the body under consideration (note that we will

have six unknown forces that include three support reactions if we considered the lower

part of the truss, below the selected section).

To �nd T6, we write the scalar moment-balance equation in the z-direction about

point F:

aT6 * 2aF = 0

Ù T6 = 2F

= 2kN:

TCE � T6 = 2kN
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SAMPLE 6.8 A 2-D truss: The box truss shown in the �gure is loaded by

three vertical forces acting at joints A, B, and E. All horizontal and vertical

bars in the truss are of length 2m. Find the forces in members AB, AC,

and DC.

Solution First, we need to �nd the support reactions at points O and F. We do this by

drawing the free-body diagram of the whole truss and writing the equilibrium equations

for it. Referring to Fig. 6.36, the force equilibrium,
³ Ç

F =
Ç

0 implies,

Ox �{ + .Oy + Fy * P
1
* P

2
* P

3
/ �| =

Ç

0: (6.11)

Dotting eqn. (6.11) with �{ and �|, respectively, we get

Ox = 0

Oy + Fy = P
1
+ P

2
+ P

3
: (6.12)

The moment equilibrium about point O,
Ç

M
O
=
Ç

0, gives

.*P
1
l * P

2
2l * P

3
3l + Fy 4l/

�k =
Ç

0 (6.13)

or Fy =
1

4
.P

1
+ 2P

2
+ 3P

3
/: (6.14)

Solving eqns. (6.12) and (6.14), we get

Fy = 45 kN; and Oy = 45kN:

In fact, from the symmetry of the structure and the loads, we could have guessed that

the two vertical reactions must be equal, i.e., Oy = Fy . Then, from eqn. (6.12) it follows

that Oy = Fy = .P
1
+ P

2
+ P

3
/_2 = 45 kN.

Now, we proceed to �nd the forces in themembers AB, AC, and DC. For this purpose,

we make a cut in the truss such that it cuts members AD, AC, and DC, just to the right of

joints A and D. Next, we draw the free-body diagram of the left (or right) portion of the

truss and use the equilibrium equations to �nd the required forces. Referring to Fig. 6.37,

the force equilibrium requires that

.F
AB

+ F
DC

+ F
AC

cos �/�{ + .Oy * P
1
+ F

AC
sin �/ �| =

Ç

0: (6.15)

Dotting eqn. (6.15) with �{ and �|, respectively, we get

F
AB

+ F
DC

+ F
AC

cos � = 0 (6.16)

Oy * P
1
+ F

AC
sin � = 0: (6.17)

So far, we have two equations in three unknowns (F
AB
; F

DC
; FAC ). We need onemore

independent equation to be able to solve for the unknown forces. We now write moment

equilibrium equation about point A, i.e.,
³ Ç

M
A
=
Ç

0,

.*Oyl * F
DC

l/ �k =
Ç

0

Ù Oy + F
DC

= 0: (6.18)

We can now solve eqns. (6.16�6.18) any waywe like, e.g., using elimination or a computer.

The solution we get (see next page for details) is:

F
AC

= *25
ù
2 kN; F

DC
= *45 kN; and F

AB
= 70 kN:

F
AC

= *25
ù
2 kN; F

DC
= *45 kN; F

AB
= 70 kN:
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1 Pseudocode:

A = [1 1 cos(pi/4)
0 0 sin(pi/4)
0 1 0]

b = [0 -25 -45]
solve A*x = b for x

Comments:

� Note that the values ofF
AC

and F
DC

are negativewhichmeans that barsAC

andDC are in compression, not tension, as we initially assumed. Thus the solution

takes care of our incorrect assumptions about the directionality of the forces.

� Short-cuts: In the solution above, we have not used any tricks or any special points

for moment equilibrium. However, with just a little bit of mechanics intuition we

can solve for the required forces in �ve short steps as shown below.

(i) No external force in �{ direction implies Ox = 0.

(ii) Symmetry about the middle point B implies Oy = Fy . But,

Oy + Fy =
É

Pi = 90 kN Ù Oy = Fy = 45 kN:

(iii) .
³ Ç

M
A
=
Ç

0/ � �k gives

Oyl + F
DC

l = 0 Ù F
DC

= *Oy = *45 kN:

(iv) .
³ Ç

M
C
=
Ç

0/ � �k gives

*Oy 2l + P
1
l + F

AB
l = 0 Ù F

AB
= 2Oy * P

1
= 70 kN:

(v) .
³ Ç

F =
Ç

0/ � �| gives

Oy * P
1
+ F

AC
sin � = 0 Ù F

AC
= .P

1
* Oy/_ sin � = *25

ù
2 kN:

� Solving equations: On the previous page, we found FAB, FDC , and FAC by solv-

ing eqns. (6.15�6.17) simultaneously. Here, we show you two ways to solve those

equations.

1. By elimination: From eqn. (6.17), we have

F
AC

=
Oy * P

1

sin �
=

20 kN * 45 kN

1_
ù
2

= *25
ù
2 kN:

From eqn. (6.18), we get

F
DC

= *Oy = *45 kN;

and �nally, substituting the values found in eqn. (6.15), we get

F
AB

= *F
DC

* F
AC

cos � = 45 kN + 25
ù
2 �

1ù
2
= 70 kN:

2. On a computer: We can write the three equations in the matrix form:

bffd
1 1 cos �

0 0 sin �

0 1 0

cgge
«­­­­¯­­­­¬

A

h
lj
F
AB

F
DC

F
AC

i
mk

«­¯­¬
x

=

h
lj

0

P
1
* Oy

*Oy

i
mk
=

h
lj

0

*25

*45

i
mk

«­¯­¬
b

kN:

We can now solve this matrix equation on a computer by keying in matrix A
(with � speci�ed as �_4) and vector b as input and solving for x. 1

Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap



4 Chapter 6.
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SAMPLE 6.9 Consider the truss shown in the �gure. Rods AB, BC, EC,

EF, BD, and DE are each 2m long, and Ú ABD = ÚDEF = �_2. Find the

tensions in rods DE and CD.

Solution We do not need any analysis to �nd the tension in rod DE. Since DE is normal

to CF, DE has to be a zero-forcemember for equilibrium of joint E. 2 However, let us �nd

out the same result using the method of sections. Let us take a section just to the left of

joint E that cuts through rods CE, DE and DF. The free-body diagram of the truss to the

right of the section is shown in �g. 6.39.

The scalar moment-balance equation,
³
Mz = 0, about point F gives at once,

aT
7
= 0 Ù T

7
= 0:

Thus rod CE is tension free. Now, we make another cut, taking the section shown in

�g. 6.40 to determine the tension in rodCD. SinceT
7
= 0, we canwrite the scalarmoment-

balance equation in the z-direction about point A to give

lT
5
* lF = 0

Ù T
5

= F = 10 kN:

T
7
= 0; T

5
= 10 kN

Introduction to Mechanics for Engineers � © 2026 Andy Ruina & Rudra Pratap



Introduction to Mechanics for Engineers � Ruina & Pratap Ch 6 Section 6.2

6.2 Method of sections

Preparatory Problems

6.2.1 What is the method of sections?

6.2.2 When is the method of sections
most useful?

6.2.3 With the free-body diagram associ-
ated with one section cut how many bar
tensions can you hope to �nd?

6.2.4 Given a truss and a particular bar
in that truss

a) Can you always �nd one section
cut with which you can �nd the
desired bar tension?

b) If so, how do you �nd that cut? If
not, why not?

c) Whichever your answer above,
give an example of a bar in a truss
that illustrates your point.

6.2.5 This problem is exactly the same
as Sample 6.3 where it was solved using
method of joints. The truss is made up of
�ve horizontal and six inclined rods. All
inclined rods are 1m long and at right an-
gles to each other. The truss carries two
vertical loads, F1 = 4kN and F2 = 1kN
as shown. Find the tensions in rods CE,
DE, and DF.

B

A

C

D

E

F

G

F1 F2

Problem 6.2.5

6.2.6 For the truss shown in the �gure,
�nd the tensions in rods BC and FH, as-
suming F = 10 kN.

30°

F

F F F

H

G
E

C DB
A

1 m 1 m 1 m 1 m

Problem 6.2.6

6.2.7 A force F = 3kN acts at 45
ý

with the horizontal at joint D of the truss
shown in the �gure. Find the tension in
rod BE.

 

C D

 F

 B E

A F

�

�

�

�

�3

60 o

Problem 6.2.7

More-Involved
Problems

6.2.8 For the 2m high truss shown, �nd
the forces in bars FH, FB, and BC. Use
F = 10 kN. Now pretend that bars FC
and CG are removed and two new bars
BH and HD are put in. Find the forces
in bars FH, FB, and BC again. Are the
forces di�erent now? Why?

1m 1m 1m 1mF F F

A

H

GF

B C D
E

Problem 6.2.8

6.2.9 Find the forces in bars BC and BD
in the truss shown in the �gure. How
does the force change in each of these
bars if the load is moved to joint B from
joint E?

A

B 50KN

2m2m

2m2m

2m

C D

E
F

Problem 6.2.9

6.2.10 For the truss shown in the
�gure, assume that AC=CE=1m, and
AB=BD=2m. The rest of the bays are

identical to bay ABDE. For the given
loads, �nd the tensions in rods GH, GI,
and GJ. [Hint: you can use information
about zero-force members.]

A

DB G J M

N

5 KN 5 KN 5 KN 5 KN

I LFC E H K

Problem 6.2.10

6.2.11 Consider the truss shown in Prob-
lem 6.2.6. Find the tension in rod CH.
[Hint: you may have to use multiple sec-
tions or solve Problem 6.2.6 �rst.]

6.2.12 The truss shown in the �gure con-
sists of 8 `N' bays. In each bay, the verti-
cal rod is 2m long and the horizontal rod
is 1m long. For the given loads, �nd the
tensions in rods HJ, HI, and GH.

B

A
C E G I K M O

Q

D F H J L N RP

10 KN 10 KN

Problem 6.2.12

6.2.13 A complex symmetric truss span-
ning a length of 16m is shown in the �g-
ure. The outermost inclined rods make
an angle of 30

ý

with the horizontal. Find
the tension in rod BD. [Note: you may
have to use more than one section to get
the answer.]

G H
A

B

C

D E

F
I J

5kN 5kN
Problem 6.2.13

6.2.14 The 2D truss shown consists of
12 diagonally braced rectangles (each a

high and b wide). Thus the slope of the
diagonal elements is a_b. The whole
structure is supported by 4 bars (with
lengths c, d, and e as marked). The load-
ing is idealized as 11 identical loads F

shown. Give your answers in terms of
some or all of a, b, c, d, e and F.
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a) On a sketch of the �gure be-
low clearly mark all the zero-force
members (put a `0' on the middle
of each bar that has a `bar force' of
zero).

b) Find the `bar-force' in bar EB. <

c) Find the `bar-force' in bar HI. <

d) Find the `bar-force' in bar JK.
[Hint: Use the method of sections
and, to reduce calculations, re-
place a group of the F forces with
a single equivalent force.] <

H I KJ
a a

12b

d d
M N PL

F F F F F F F F F F F

A D

B C

E G ec

b b b b b b b b b b b b

Problem 6.2.14
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