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Abstract: The paper presents the principles of a method, which in two simple stages makes possible to carry out the statically
calculation of values of forces acting in the flat static indeterminate trusses. In each stage, it is considered the static determinate truss,
scheme of which is obtained after remove the suitable number of members from the basic static indeterminate truss. The both
intermediate statically determinate trusses are of the same clear span and they are loaded by forces of half values applied to the
corresponding truss nodes. The method applies one of the typical procedures of calculation of the statically determinate trusses and
then it is applied in an appropriate way the rule of superposition for obtaining the final values of forces acting in particular members
of the basic truss. The values of forces calculated in this way are of a very close approximation to the force values determined in the
special and complex ways being considered as the exact calculation methods. The proposed method can be useful mostly but not
only for the initial structural design of such systems. The simplicity of the two-stage method justifies an assumption that it can be
relatively easy and worthy to adjust to the requirements of the computer aided technology of statically calculation of the complex
forms of trusses.
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1. Introduction methods, taking into account different stiffness of

. components creating these systems. Numerous
The structural systems of various trusses among ) ) ]
. . . specific methods, which are considered the elementary
others are very frequently applied as the main bearing . . .
; i displacements, forces or the units of suitable energy
systems of various types of roofs. They consist of . .
) o . are for the long time used for calculation of these
straight members, which in the concentric way are .
. . . o structural systems. They are of quite complex
connected together in theoretically articulated joints. .
. structure and moreover they need the multiple
Because the forces are transmitted along axes of struts, o ) o
) ] . . . repetitions of elementary calculations as it is presented
the truss system is relatively lightweight and it .
) . in works [5-10]. In the last decades, there were
constitutes the effective support structure even for a . .
. ) developed a series of methods of calculations
large span cover. Simple trusses are usually statically . .
. necessary for the structural design, which have been
determinate systems and for the needs of the
) L . recently enormously accelerated by means of the
calculation of the force values acting in their members . ) ]
. ) appropriate software and suitable computer techniques.
one can apply an equally simple method like, e.g., the .
, o R The proposed method makes possible to calculate the
Cremona’s method or the Ritter’s method described in ) ) . ) .
statically indeterminate truss in two simple stages by
works [1-4]. More complex forms of the flat trusses . .
i . . . means of methods applied for calculations of the
are statically indeterminate systems, and in order to ] ] ) ]
. statically determinate trusses. It gives in result values
define the forces values, one should apply specific . .
of forces being very close to results obtained by
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2. Concept of Proposed Method

The presented method was invented during the
initial statically analysis of a certain group of the
tension-strut spatial structures meant to be the support
structural systems for various types of the roof covers
as presented in paper [11]. The external layers and
vertical members of these structures are composed of
the very slender steel elements while the cross braces
are designed as struts, as shown in Fig. 1.

The simplified schemes of the typical vertical
cross-sections of this group of structures, which have
to be suitably pre-stressed, are shown in Fig. 2a.

The truss system of the assumed basic structural

9

configuration is created by a number of nodes “w

[T T}

which equals 17 and the number of members “p” is

Fig. 1
structure.

Structural concept of a space tension-strut

Fig. 2 Simplified schemes of vertical cross-sections.

equal to 36. A statically determinate truss built by the
same number of nodes w = 17 has to consist of exactly
p = 31 members, what is defined by the condition of
the inner statically determinacy of a truss

p=2%xw-=-3 (1)
what gives in the result an above mentioned figure
31 =2 x 17 -3 2)

It means that the basic scheme represents the
fivefold statically indeterminate plane truss. After
applying the force values F, bigger than it is allowed,
to the nodes of the upper chord one can notice that
several tension members are excluded from the force
transmission process to the supports A and B of this
truss, as shown in Fig. 2b. It implies that the scheme
in this drawing represents now a statically determinate
truss, which implies further that under the same load
the force wvalues in particular members can be
calculated by means of, for instance, the Cremona’s
method. This conclusion arises the following question:
in what way could the statically indeterminate truss be
calculated by means of a method used only for the
statically determinate trusses? A suggestion for
answering this question can be given after
consideration of the arrangement of the active
components of the truss shown in Fig. 2b. Pattern of
the underwent deformation of the basic truss was the
inspiration for invention of the two-stage method of
calculation of the statically indeterminate trusses,
which took place during the initial calculations of the
selected type of the tension-strut structures and is
demonstrated in the following works [12, 13]. From
the general conditions of equilibrium follows that the
sought after the required calculation procedure has to
be done in two separated stages, schemes of which are
presented in Fig. 3. The considered truss consists only
of struts and it is loaded by forces F applied to each
node of the upper chord. In the first stage, it is
proposed to remove all these members, which are
situated in position of components that in the
tension-strut structure were excluded from the force

transmission process, compared with Fig. 2b.
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Fig. 3 Scheme of stages of the proposed method.

The number of removed members has to be, and in
fact really is, equal to the degree of statically
indeterminacy of this basic truss. The truss of the
reduced number of members has to be loaded by
forces of half the value of force F applied to suitable
nodes. In the second stage, one should reject the same
number of members but this time, positioned
oppositely and symmetrically towards the longitudinal
axis of the basic truss and like previously to apply
load forces of half the value of F' to the corresponding
nodes. In each stage, the clear spans of the calculated
trusses are the same. The final force values will be
obtained as results of a suitable application of the rule
of superposition. It means that the final value of the
force acting in a particular member of the basic
statically indeterminate truss will be the resultant of
the force vectors calculated for the corresponding
member in each stage. This remark refers also to
members, which counterparts were rejected in each of
the two stages. The proposed calculation method can
be made in several different ways or in various
procedures. Schemes of another simple procedure are
presented on the right side of Fig. 4.

In this case, during the first stage, are removed the
appropriate number of members from the upper chord.
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Fig. 4 Another scheme of proposed calculation procedure.

In the second stage, the same number of members is
removed from the lower chord of the basic truss. The
details of the all particular steps of the calculation
procedure remain the same, like it was described
above.

3. Comparison of Force Values Obtained by
Two Different Methods of Calculations

In order to verify the correctness of the taken
assumptions, the static calculations were carried out
by means of the proposed two-stage method and by
the application of one of the appropriate methods used
by the computer software ICES-STRUDL, which is
presented in Refs. [13-15]. Both of the calculations
were made for the same plane truss of the static
scheme presented in Fig. 5. All the structural features,
including the boundary conditions and way of support
together with the localization of nodes, to which are
applied equal forces, are assumed as the same.

F F F F F F F F F F F F=10kN
TR TR R B B B R R
i
8
? 100m f
LR” 1000m LRZ’

1 1
Fig. 5 Shape of a plane statically indeterminate truss
being calculated in the both compared methods.
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The investigated truss has parallel chords, its
construction depth equals 1.00 m, the clean span is
equal to 10.00 m and the whole structure consists of
steel members of the same Young’s module (£) and
an equal area of the principal cross-sections and the
same value of the moment of inertia (/). The truss
scheme and the polygon of forces together with the
force values obtained in the first stage of these
calculations are presented in Fig. 6.

Because the truss is symmetrical and it is loaded in
a symmetric way that is why the results of the all
calculations are presented only for its half. The truss is
built by a total number of nodes w = 35 and number of
members p = 78. In this case, the condition of the
inner statically determinacy of a truss in criteria of
Eq. (1) takes the following form:

S,,=-0500kN S, =-4242kN  S.=-6.363 kN
S.,= 0000kN  S,=-1414kN S, =-7.778 kN
S, =+0707kN  S,,=+5500kN S, =-7.778 kN
S,=-1414kN  S,=-4242kN  S,=-6.363 kN
S,=+2121kN  S,.=-6363 kN S,,=+10500 kN
S,=+1500 kN  S.,=-6.363kN  S_,=-7.778 kN
S,,=-1414 kN S, =-4242kN S, =-8.485 kN

S,,=-4242 kN S,,=+8.500 kN S.=-8.485 kN

S,,=-0500 kN
S,,=+11.500 kN
S,,,=+10.000 kN
S,,=+12.000 kN

S,,=+4.000 kN
S,=-7.778 kN

S.,=+7500 kN
S,,=+11500 kN
S,,=-8.485 kN
S, =-8.485 kN

Fig. 6 Results of the first stage of calculations.

67 =2 x35-3 3)

This value indicates that it is an eleven-fold
statically indeterminate truss. In the presented
example of the two-stage method, the Cremona’s
method is used. In the first stage eleven members of
the upper chord are removed, while in the second
stage the same numbers of members are removed
from the lower chord, as shown in Fig. 7. In both
stages, the load forces are applied only to nodes of the
upper chord.

In the first stage, the force value defined for a
selected member, placed for instance between areas D
and M (Spy), equals to -1.414 kN, as shown in Fig. 6,
which means that in this structural configuration it is a
compression member. In the second stage, a member
of the same position, as shown in Fig. 7, is subjected

2, £, | B=05kN

S, =+0707kN  S,,=-6.000kN S,,=-11.000kN
S,= 0000 kN  S,,=+6363kN  §,=+7.778 kN
S,=-2121 kN S, =+4242kN S, =+7.778 kN
Su=+1414 kN S,,=+4242kN S, =+8.485kN
S.=-2000 kN  S,=+6363kN S, ,=-12000kN
S, =+4242kN S, =-9000kN  S,=+8485kN
S,=+1414 kN S, =+7.778kN S, =+8485kN
S, =+1414kN  S,=+6363kN  S,=-4000 kN
S,,=+6363kN S, =+7.778kN  S,=-7.500 kN
S, =+4.242 kN S,=+0.500 kN
S, =+8485kN S.,=-10.000kN

S, = 0.000 kN

S,,=-12.000kN

X
Fig. 7 Results of the second stage of calculations.
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to act of the tension force (Sy;), which value is equal
to +4.242 kN. The value of the force acting in the
corresponding member in the basic structure,
comparing with Fig. 8, is obtained as a resultant of
both these vector values and it equals ca. +2.83 kN.

The simple rule of superposition is applied for all
members of the calculated truss. For example, the
value of the force vector acting in the central member
of the lower chord calculated in the first stage (Si)
equals +12.00 kN, as shown in Fig. 6. In the second
stage, the member being a counterpart to the
considered one is removed, so in this case the force
has a zero value. It is obvious that after application the
simple rule of superposition, the resultant force value
in the central member of the lower chord is equal to
+12.00 kN. The sizes of forces acting in the members
of this part of the basic truss are presented in Fig. 8b
visually. The results obtained in the method suitable
for calculation of the statically indeterminate trusses
and carried out by the application of the computer
software ICES-STRUDL for the same part of the truss
are shown in Fig. 9. Force values defined in these
computer aided calculations are considered as the
exact forces acting in the truss members [13]. It is
easy to notice some differences between the force
values calculated in both methods for the same truss
member.

For example in this exact method, the force value
calculated for the considered cross brace equals
+2.708 kN while in the two-stage method the
calculated value is equal to +2.83 kN. The proposed
two-stage method uses procedures appropriate for the
calculation of the statically determinate trusses which
implies that in its procedures we do not take into
consideration the differences between stiftness of
components jointed in each of the common nodes.
Therefore, the two-stage method can give only an
approximation of the force values calculated for each
particular member. From the analysis of both groups
of results follows that the differences are relatively
small in comparison to the total force value acting in

F=1.00 F=1.00 F=1.00 F=1.00 F=1.00 F=1.00 F=1.00
v

¥ 1150 ¥ -
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R, (b) '
Fig. 8 |(a}1) Final values of forces calculated in the p]roposed
two-stage method for each member of the half truss; (b)
visual presentation of force sizes acting in this part of the
calculated truss.
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Fig. 9 Values of forces obtained for the same part of truss
by application of one of the standard methods with the help
of computer aided technology.

‘ (kN)

the particular member. The small differentiation can
be to some degree explained by the relatively small
variety of lengths of members creating the truss.
Nevertheless, one can recognize that the two-stage
method gives in result quite good approximate values
of forces acting in the plane statically indeterminate
trusses.

4. Conclusions

The proposed two-stage method of calculation of
the statically indeterminate trusses gives results that
closely approximate the real values of forces acting in
their members. Therefore, it can be applied for the
preliminary structural design of such systems. These
results are obtained by applications of much easier
and simpler calculation procedures than those used in
the exact methods. The accuracy of the results
obtained in this way can be in the future enhanced by
taking into consideration the differences of stiffness of

members connected in the nodes through application
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of suitably defined individual coefficients and
iteration procedures. One should expect that the
two-stage method can be easily adapted to the
requirements of computer aided techniques of the
structural design. This is why the next anticipation
may be justified that in the future it could be to some
degree competitive to the methods usually applied for

calculation of the statically indeterminate trusses.
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