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Abstract In this paper the static analysis of the truss is investigated. The analytical and computational method of
the roof structures are presented. At the beginning, the analytical method is used for determination of values of
external supports, axial forces and principal stresses in truss. Then the computational method is used for the solution
of the same problems. The roof structure is modeled by the finite element method, where the bar members are
represented by the truss elements. The finite element model loaded by external forces, without and with self-weight
of structure is computed. At the end, the analytical and computational buckling analysis for the trusses with maximal
compressive axial force is performed. The comparison of results of analytical and computational method shows that
all methods are accurate enough, but of course computational method is faster and more adaptive for any subsequent
changes.
Keywords: static analysis, truss, analytical method, finite element method, buckling analysis
Cite This Article: Pavol Lengvarský, and Jozef Bocko, “The Static Analysis of the Truss.” American Journal
of Mechanical Engineering, vol. 4, no. 7 (2016): 440-444. doi: 10.12691/ajme-4-7-38.

1. Introduction
A truss consists of straight members (links) connected
at joints (pins) [1,2,3]. Cross-section area of members can
be different, but it is constant along a member. In case, the
joints are represented by pin connections without friction,
the members are loaded by pure axial loading. Such
assumption is applicable if the length of member is
significantly bigger than its cross-section area. In such
case, the real connection of members (bolt connection,
welded connection, rivet connection, and so on) can be
considered to be ideal joint. Typical example of a truss is a
bridge structure given in Figure 1 or roof structure given
in Figure 2 [1,2,3].

Figure 1. The truss bridge structure

The forces are assumed to be applied to the joints.
Accordingly, distributed loading acting to truss (weights
of members of the truss, effect of wind and so on) has to
be transformed into joints, too [1,2,3].
The members of truss represent internal constraints
between two mass point – joints. These constraints
remove the joint one degree of freedom in the axis of a bar.
If we remove internal constraints between mass points, we
have to replace them by internal reactions in bars. They
are assigned by letters 𝑁𝑁𝑖𝑖, where i is a number of bars in
the truss [1,2,3].
An individual member can be loaded by axial force in
tension or compression. Their magnitude and orientation
depends on geometry of truss, external loading and
support of whole truss [1,2,3].
Positive axial force (tension) is oriented outside of
cutted bar (or joint). Negative axial force (compression) is
oriented inside of cutted bar (or joint). In computations we
will presupposed to have positive forces in all members.
By removing truss members and by their replacement
with axial forces as well as by removing external
constraints and their replacement by reactions we get a
system of mass points in a plane. Such system is in static
equilibrium if it is in equilibrium every point of system,
i.e. there are fulfilled static equilibrium conditions [1,2,3].
Some applications of trusses and their assemblies can
be seen in [4,5,6,7].

2. Static Analysis of Trusses
2.1. Methods of Static Analysis of Trusses
Figure 2. The truss roof structure

The methods of statics allow to solve only statically
determinate trusses. These methods allow to solve external
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reactions and internal forces in members. If we want to
compute deformations or statically indeterminate structures,
we have to use relations from the theory of elasticity. In
the next, we will solve statically determinate trusses by
means of statics. We will determine static determinacy,
external reactions and internal forces in members [1,2,3].
The methods of solutions of trusses are divided into
three basic groups [1,2,3]:
- analytical,
- graphical,
- computational.
Every group of method consist of several steps of
solution. Application of computers significantly enhanced
computational procedures. Computer based methods, e.g.
the finite element method (FEM) pushed back using of
graphical methods (e.g. Cremona method, Wiliott method
and so on). In order to explain physical principles of
problem solution we explain in the next two most
important analytic methods: the method of joints and the
method of sections (Ritter) [1,2,3].

Figure 3. The model of the roof structure

2.1.1. Method of Joints
Principle of method is based on conditions of equilibrium
of the systems of mass points. In this case, the mass point
is represented by released joint in which act known
external and unknown internal forces (in members) [1,2,3].
Procedure of computation in case of plane truss [1,2,3].
We release truss system from external supports and
from the equilibrium conditions for whole truss we
compute external reactions and from equilibrium
conditions for released joints we compute unknown axial
forces in members. We start with the joint in which we
know external forces (or reactions) and where are
maximum two unknown axial forces.
The members in which are zero forces we called zero
members. Even if those forces are not loaded, they are
necessary for ensuring the stability of truss.
2.1.2. Method of Sections (Ritter)
The principle of method comes out from equilibrium
conditions of a part of truss which is separated by thought
cut by maximal three members whose acting line do not
cross one point. The axial forces in sectioned members
and external forces that act on separated part of structure
have to create an equilibrium system. Moment-static
equilibrium conditions of separated part of structure has to
be written with respect to points that are cross sections of
two sectioned members. In some structures such a
possibility does not exist and in such case we have to use
static force equilibrium conditions [3].

2.2. Roof Model
The symmetric roof construction (Figure 3) with pitch
α=14.036° is consisted from two types of trusses with
steel angle section (Figure 4). The trusses are made of
steel S235 with yield strength 235 MPa and Young’s
modulus 200 000 MPa. The circuit trusses consist of
angles L 100x100x10 with section area equal
A = 1920mm2 and internal trusses are angles L 50x50x6
with section area equal A = 569 mm2. The basic
dimensions of the angle section (Figure 4) are given in
Table 1.

Figure 4. Angle section of bar
Table 1. The parameters of steel angles
Nr.

b [mm]

t [mm]

r1 [mm]

r2 [mm]

yT = zT [mm]

1.

100

10

12

6

28.2

2.

50

6

7

3.5

14.4

The construction is loaded by force in joints equal
F = 2 kN, which is the maximal load computed according
to STN EN 1991-1-3.
2.2.1. Analytical Solution of Trusses
In the analytical solution we use the method of joints
for computation of the axial forces in bars. At the
beginning, we determine the static determinancy (external
and internal) of truss

iext = vext − uext = 3 − 2 − 1,

(1)

i = 2 j − t − uext = 2 ⋅ 24 − 45 − 2 − 1 = 0,

(2)

where vext is number of degrees of freedom of the whole
construction, uext is number of degrees of freedom taken
away by external support, j is number of joints and t is
number of bar members.
Finally, we determine the value of external supports
(Figure 5) from equilibrium equations

=
Ax 0,
∑ Fix 0;=
Fiy
∑=

0;

∑ M iA =0;

(3)

Ay − 15 F +
=
B 0,

(4)

− 120 a F + 16 a B =
0.

(5)

From these equations we get reaction forces Ax = 0 kN
and Ay = B = 15 kN, the resulting reaction A is equal to Ay.

Figure 5. The release of the truss system
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Now we compute unknown internal forces in individual
members of roof construction. We show this procedure of
computation only for one joint (Figure 6) because of a
large number of equations. We write equilibrium
conditions for joint A

α 0,
∑ F=
ix 0; Ax + N1 − N 2 cos=
∑ Fiy =0; Ay − N 2 sin α =0.

(6)
(7)

From these conditions we get axial forces equal
N1 = 60 kN and N2 = 61,85 kN.
The stresses in the bars we can be compute by
following equation

σi =

Ni
,
Ai

(8)

where Ni is the axial force in the bar and Ai is its section
area.
The all computed axial forces and stresses of the trusses
are given in Table 2.

Figure 6. Forces in joint A
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Table 2. The computed values of the axial forces and the principal
stresses in trusses
Nr.

Axial force [kN]

Stress [MPa]

1. = 43.

60

31.25

2. = 44.

-61.85

-32.21

3. = 45.

-4.12

-7.25

4. = 42.

-57.72

-30.06

5. = 39.

-57.72

-30.06

6. = 41.

-2.06

-3.62

7. = 40.

5.09

8.9

8. = 38.

51.93

27.05

9. = 36.

-49.48

-25.77

10. = 37.

-5.09

-8.9

11. = 33.

-49.48

-25.77

12. = 35.

-2.06

-3.62

13. = 34.

6.4

11.25

14. = 32.

44.01

22.92

15. = 30.

-41.22

-21.47

16. = 31.

-6.4

-11.25

17. = 27.

-41.22

-21.47

18. = 29.

-2.06

-3.62

19. = 28.

8.06

14.17

20. = 26.

36

18.75

21. = 23.

-32.99

-17.18

22. = 25.

-8.06

-14.17

24.

14

24.6

Figure 7. The model of roof structure with load and boundary conditions

Figure 8. The principal stresses of the roof construction in MPa

Figure 9. The maximal displacement of the roof construction in meters

Figure 10. The principal stresses of the roof construction in MPa
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Figure 11. The maximal desplacement of the roof construction in meters

2.2.2. Computational Solution of Trusses
The roof construction is computed using finite element
method. The model is created from bar elements and from
the boundary conditions and forces applied on the model
(Figure 7). The stresses, deformations, axial forces in truss
members and reaction forces in supports are obtained from
computation. In this solution we do not consider the selfweight of the roof construction.
The reaction forces Ax = 0 kN and Ay = B = 15 kN are
computed by the finite element method and they are the
same as value of reactions computed by analytical method.
The computed principal stresses are shown in Figure 8.
The maximal principal stress is 32.21 MPa in the bar
number 2.
The maximal nodal displacement (Figure 9) in vertical
direction is equal 8.65 mm.
Now, we perform the same computation considering the
self-weight of the roof construction. The reaction forces in
supports are Ax = 0 kN and Ay = B =18.03 kN. The
computed principal stresses of the loaded roof construction
and with the self-weight are shown in Figure 10.
The maximal deformation (Figure 11) in vertical
direction for loaded model and with its self-weight is
equal 10.33 mm.
The comparison of computed axial forces and stresses
of the trusses are given in Table 3.
Table 3. The obtained values of the axial forces and the principal
stresses in trusses
Nr.
1. = 43.
2. = 44.
3. = 45.
4. = 42.
5. = 39.
6. = 41.
7. = 40.
8. = 38.
9. = 36.
10. = 37.
11. = 33.
12. = 35.
13. = 34.
14. = 32.
15. = 30.
16. = 31.
17. = 27.
18. = 29.
19. = 28.
20. = 26.
21. = 23.
22. = 25.
24.

Without self-weight
Axial force
Stress
[kN]
[MPa]
60
31.25
-61.84
-32.21
-4.12
-7.25
-57.72
-30.06
-57.72
-30.06
-2
-3.52
5
8.79
51.99
27.08
-49.48
-25.77
-5
-8.79
-49.48
-25.77
-2
-3.52
6.4
11.25
44.01
22.92
-41.22
-21.47
-6.4
-11.25
-41.22
-21.47
-2
-3.52
8.06
14.17
36
18.75
-32.99
-17.18
-8.06
-14.17
13.99
24.6

With self-weight
Axial force
Stress
[kN]
[MPa]
71.23
37.1
-73.42
-38.24
-4.48
-7.88
-68.94
-35.91
-68.94
-35.91
-2.16
-3.8
6.01
10.56
62.08
32.33
-59.24
-30.85
-5.76
-10.12
-59.24
-30.85
-2.17
-3.82
7.69
13.52
52.66
27.43
-49.45
-25.77
-7.5
-13.18
-49.45
-25.76
-2.18
-3.84
9.73
17.09
43.15
22.47
-39.59
-20.62
-9.55
-16.79
17.01
29.9

The magnitudes of axial forces and stresses from
analytical and computational methods are in good
agreement.

3. Buckling Analysis of Trusses
Because the maximal compressive stresses are in bars
with numbers 2 and 22, the buckling analysis for bar 2 and
22 is performed by the analytical (Euler’s column) as well
as computational (FEM) method. The trusses can buckle
when the critical buckling force is reached. The maximal
axial force in truss 2 is F = 73.42 kN and in truss 22 is
F = 9.55 kN. The simply-simply support (Figure 12) is
considered for the buckling analysis.

3.1. Euler’s Column Buckling
The critical buckling force of bar is computed by
Euler’s column formula

Fcr =

π 2 EI

( nL )2

(9)

,

where Fcr, E, I, n and L is the critical buckling force, the
Young’s modulus, the moment of inertia, the coefficient
that depends on the boundary conditions and the length of
bar, respectively [8].
For the bar 2 is the critical buckling force computed as

=
Fcr

π 2 EI

=
( nL )2

π 2 ⋅ 2 × 105 ⋅177 × 104

(1 ⋅1031)2

= 3287 kN (10)

and for the bar 22 is the critical buckling force computed
as

=
Fcr

π 2 EI

=
( nL )2

π 2 ⋅ 2 × 105 ⋅129 × 103

(1 ⋅ 2016 )2

= 62.66 kN. (11)

Figure 12. Boundary conditions applied to the member
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3.2. Computational Buckling
The computational buckling was accomplished by the finite
element method. The boundary conditions (simply-simply
supported) were assigned and the buckling analysis was
performed by the finite element method. The computed
critical buckling load is Fcr = 3251.36 kN for truss 2 and
Fcr = 62.98 kN for truss 22. The shape of buckling mode
of truss number 2 is shown on Figure 13.
Both, analytically and computational computed values
of critical buckling force are higher as the axial
compressive forces in these bars, so the bars cannot buckle.
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element model of the roof construction without and with
self-weight was computed. The analytical and computational
linear buckling analysis for the trusses with maximal
compressive axial force was performed, too. The
computed stresses were smaller than yield stress of
material, so it is possible use steel trusses with smaller
angle section. The computed critical buckling forces for
bars were higher than the computed compressive axial
force in trusses. The comparison of the results shows that
the methods for analytical and computational solution of
the trusses are accurate enough.
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