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This article deals with the influence of the heteromodularity of the material on the parameters of the ten-
sity and deformity state (TDS) of truss constructions with a rigid connection of the rods in the joints with a nodal 
scheme of loading. For the heteromodularity of the material to be taking into account one should use a bilinear 
diagram of the dependence between tensions and deformations of the material in truss rods. The calculation of 
trusses is carried out with the help of the force method. The determination of the coefficients and free terms of 
canonical equations is fulfilled according to Maxwell-More’s generalized formula, which takes into account the 
heteromodularity of the material. The influence of the heteromodularity of the construction material on the pa-
rameters of the TDS of a truss is illustrated with a representative example. 

 
In the linear theory of calculating pivoted constructions, the construction material is, as a rule, considered 

a homogeneous isotropic elastic body the behavior of which is described with the modulus of elasticity E which 
is the same in case of tensility and pressure. However, as the experimental investigations [1, 2] show, the moduli 
of elasticity at tension E+  and pressure E−  are different for a number of modern construction materials. They 
differ essentially.  

More than that, the phenomenon of heteromodularity, to this or that extent, is inherent practically in all 
traditional construction materials. Thus, according to [3], heteromodularity is established for numerous steels 
and alloys. The coefficient of heteromodularity () for them is less than 1 and varies from 0.75 to 0.97.  

An essentially heteromodular material is concrete [4]. Thus, the coefficient of the heteromodularity of 
different types of heavy concrete is more than 1 and varies from 1.07 to 1.82.  At the same time, the coefficient 
of heteromodularity of light concrete can be either more or less than 1. 

Based on the experimental data obtained f E E+ − or various materials which differently resist tension 
and pressure, a phenomenological theory [5] was built. It describes the behaviour of a heteromodular material 
and proposes general methods of solving problems of the theory of elasticity in case of such a material. Accord-
ing to this theory, the diagram of tension-deformation for the materials with different moduli of elasticity, in 
case of tension and pressure, is represented in the form of a bilinear diagram with a gap in the value of the incli-
nation angle of the tangent in point 0 (Fig. 1). 

 

 
 

Fig. 1. The diagram of tension-deformation 
 

The heteromodularity of construction material in this case is characterized by the moduli of elasticity ratio 
 

−

+µ =
E
E

. 

 
This article deals with the influence of the heteromodularity of material on the parameters of the TDS 

of a truss with a rigid connection of the rods in joints with a nodal scheme of loading. For the parameters to be 
determined one should apply a force method and use, as a basic system, a hinge and rod system obtained when 
notionally replacing rigid joints with hinges. The basic unknown quantities in this case are nodal moments.  
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The coefficients and free terms forming part of the canonical equations of the force method are calcu-
lated according to Maxwell-More’s formula which for a heteromodular material, in case of taking into account 
the flexural and longitudinal deformation, looks like [6] 

− +∆ = + +∑ ∑ ∑∫ ∫ ∫i P i P
i

k m jl l l

n Nm M n NPids ds ds
D E A E A

,                                                       (1) 

where D  is the flexural rigidity of the cross-section for a heteromodular material or the reduced flexural rigidity. 
For the symmetrical cross-section of arbitrary form, the reduced flexural rigidity is determined by the 

formula  
 

− − + += +D E I E I ,                                                                               (2) 
 

where the quantities I − and I +  characterize respectively the moments of inertia in the compressed and 
stretched parts of the cross-section regarding the neutral axis. 

The position of the neutral axis is determined with the help of the equation   
 

− − + +=E S E S ,                                                                                  (3) 
 

where S − is the static moment of the compressed part of the cross-section; S + is the static moment of the 
stretched part of the cross-section. 

Using the obtained formulas (2), (3), it is possible to determine the position of the neutral line and the re-
duced flexural rigidity for any of the cross-sections found when making calculations of pivoted constructions. 
Thus, for example, the position of the neutral line for the rectangular cross-section is described with the correla-
tions  

 

( ) ( )1
1 1

− + µ
µ = µ =

+ µ + µ
;  ,h h h h  

 
where ,  h h− +  are, the height of the compressed and stretched part of the cross-section respectively. Then the 
reduced rigidity of the rectangular cross-section is described with the a formula of the following kind 

 

( ) ( )( )3 3

3
− − + += +

b
D E h E h . 

 
Thus, when making calculations of trusses with the force method, considering the heteromodularity   of 

a material, the formula for calculating the coefficients of canonic equations according to (1) will look like 
 

− +δ = + +∑ ∑ ∑∫ ∫ ∫
i j i j i j

ij
k m jl l l

m m n n n n
ds ds ds

D E A E A
,                                                        (4) 

 
and for calculating the free terms of the equation according to (1), considering the used variant of the basic sys-
tem of the force method, the formula will look like  
 

− +∆ = +∑ ∑∫ ∫i P i P
iP

m jl l

n N n N
ds ds

E A E A
.                                                                  (5) 

 
For the numerical evaluation of the influence of the material heteromodularity on the values of the parts 

of the coefficients of the canonical equations which take into account the influence of the flexural deformations, 
it is possible to introduce the coefficient of the influence of the material modularity 

 

ζ =
z

D
EI

.                                                                                      (6) 
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In the case of the rectangular cross-section, this coefficient looks like  

( )2
11

4
+ µ

ζ =
µ

 

 
In Fig. 2 the graph shows the dependence of this coefficient on the quantity μ  

 

 
 

Fig. 2. The dependence of the influence coefficient on μ 
 

Let’s give the numerical evaluation of the influence of heteromodularity on the parameters of the TDS of 
a truss with rigid joints, using a particular example. Let’s consider a two-pivoted truss with rigid connection in 
the joint under the influence of arbitrary nodal loading. (Fig. 3) 

 

 
 

Fig. 3. Two-pivoted truss 
 

The calculation of the truss is carried out with the force method. In the capacity of a basic system one 
should take a truss with a hinged connection of the rods in the joint (Fig. 4) 

 

 
 

Fig. 4. Basic system of the force method 
 

The canonical equation of the force method looks like 
 

11 1 1 0δ + ∆ =PX  
 

The unknown quantity in the equation (1) is the nodal bending moment. 
The inner efforts of the solitary state, which are connected with the calculation of the coefficient and free 

term of the equation, in the dimensionless form, look like this: 
– the bending moments 
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– the longitudinal forces 
 

1 2
′ ′α α= α = α( ) ( )  cos ; cosn n  

 
The longitudinal forces of the loading state, which are connected with the calculation of the free term, in 

the dimensionless form, look like this 
 

1 2 10 5 0 5α β α β
β β β β

−
α α α α

′ ′= − =( , ) ( , )
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and the bending moments in the loading state, don’t appear. 

If we take into account the calculation of the coefficient by the formula (4) and the free term by the for-
mula (5) the nodal bending moment looks like: 

 
- in case β ≤ α 

 

2 2 21 3
1 5µ
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- in case β ≥ α 
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The dependence of the quantity of the obtained nodal bending moment on the parameters of the truss 

α, β, λ, μ is represented in the graphs in Fig. 5 
 

 
 

Fig. 5. The graphs showing the dependence of the quantity  
of the nodal bending moment on the parameters of the truss 

 
It follows from the graphs in Fig. 5.a that the quantity of the nodal bending moment increases with the 

decrease of angle α and decreases with the increase of angle β that is with the appearance of the horizontal 
component of the nodal loading in the joint. From the graphs in Fig. 5.b it follows that the quantity of the nodal 
bending moment increases with the decrease of the flexibility in the truss rods. Besides, the quantity of the nod-
al bending moment in the truss essentially depends on the coefficient of the heteromodularity of the material μ. 
At values 1µ <  the nodal moment increases, and at values 1µ >  it decreases in comparison with the quantity of 
this moment disregarding the heteromodularity of the material. 
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The dimensionless increases in the longitudinal forces in the truss rods, which appear as a result of the 
nodal bending moment, for a heteromodular material described with the formulas 
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are the coefficients of the influence of the rigidity of the joint on longitudinal forces in the truss rods, the heter-
omodularity of the material taken into account. 

The dependence of the increases of the longitudinal forces on the parameters of the truss α,β,λ,µ is 
presented in the graphs in Fig. 6 

 

 
 

Fig. 6. The graphs showing the dependence of the quantity  
of the longitudinal forces increase on the parameters of the truss. 

 
From the above graphs it follows that in case of the most unfavourable combination of the parameters of 

the truss, the quantity of the increase of the longitudinal forces doesn’t exceed 10% of the values of the longitu-
dinal forces according to the hinged scheme of the truss. However, at the values 1µ <  this increase grows and 
at the values 1µ >  it falls in comparison with the quantity of the increase of the longitudinal forces disregarding 
the heteromodularity of the material. 

The dimensionless increases of the normal tensions in the truss rods which appear as a result of the nodal 
bending moment, for the heteromodular material are described with the formulas 
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are the coefficient of the influence of the rigidity of the joint on the normal tensions in the truss rods. The de-
pendence of the increases of the normal tensions on the parameters of the truss α, β, λ, μ is presented in the 
graphs in Fig. 7 

 

 
 

Fig. 7. The graphs showing the dependence of the increase  
of the normal tensions on the parameters of the truss 

 
From the presented graphs it is possible to draw the following conclusions. Firstly, when taken into ac-

count the heteromodularity of the construction material of the truss rods may have a noticeable influence on 
the growth of the increases of the normal tensions as a result of the appearance of the nodal bending moment. 
Secondly, a significant influence on the manifestation of the heteromodularity effect is caused by the parame-
ters of the calculation scheme of the truss.  
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