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The influence of the rigid connection of the rodghe truss joints on the parameters of its tense a
strained state has been studied. We consider thaigin scheme of the truss loading. The criteribthe rele-
vancy of the replacement of the rigid joints of thal truss for the flexible ones has been gengfaltmulated.
The application of the formulated criterion has bélustrated by the specific example.

The real truss represents a geometrically unchaleead construction with the rigid connection bgt
rectilinear rods in the joints. The system receibgdhe replacing of the rigid connections witk ftexible joints is
the design scheme of the truss, and the classethloais of the calculation of the truss formulatethe first half of
the XIX century in works of Cremona, Maxwell, Ritt&Shvedlera, D. I. Zhuravsky are based on it. @lassical
methods are applied to the calculation of the traasle of various constructional materials - recddr concrete,
metal, wood.

The question of the relevancy of the use of theilile joint design scheme at the strength calontatf
the truss was raised for the first time at the ehthe XIX century — the beginning of the XX centun the
connection with the emergence of the methods ofrties calculation taking into account the rigishigection of
rods in joints. The names of Mora, Manderla, EngessMuller-Breslau, E. O. Patton, G. P. Perederiya
N. V. Nekrasov, M. P. Danilovsky are connected wlith development of these methods.

The conducted pilot studies [1, 2] confirmed a puobty of the use of the swivel design scheme when
calculating trusses for the nodal scheme of loadimgj certain combinations of the rigid parametérsusses.
However in the same researches it has been shawintsome cases there can be essential additianalal
tension which reason is a rigid connection of nodeints of trusses.

Recently, the task of the calculation of trusseth whe rigid joints has acquired relevance againan-
nection with the application of polymeric compositaterials as constructional material. The workd8yoted
to the research of the deformation (VAT) of theserand strained bridge fiberglass trusses poinis &he
given results [3] confirm an essential divergentéhe normal tension numbers when defined accortbnipe
flexible joint design scheme and taking into acadbe rigidity of the joints.

One of tendencies of the modern development ottmstruction mechanics is the enhancement of the
calculation models of the constructions for thepmse of a more effective use of durability anddityi of the
real constructions. That is why there is a neetth®fformulation of the criterion of the applicatyjilbf the swivel
design scheme when calculating the real trussésthét nodal scheme of loading.

Strictly speaking, the real trusses representcstitiindefinable not free frame designs. The pieciy
of such frame designs is that they remain geonadlyicnchangeable at the conditional replacemehefrigid
joints with the flexible joints. The acquired flbke joint - rod system can be considered as the system of a
method of forces when calculating the trusses.

The canonical equations of a method of forces mgmea system of the linear nonuniform algebraic
equations and generally have an appearance

8, X, +.. 48, X, +A, =0,
........................................ 1)
5, X, +.. 48 X +A ,=0.

where X ,...,X - reactions of the connections removed at formatibthe main system which are the main

unknown. In this case when calculating trusseshieynhethod of forces on action of nodal loading witle of
the main system as a flexible joint — rod systeenrttain unknown will be joint points.

The coefficients included in (1) and free membees single and load movements and are determined by
Maxwell-Mora's formula. When determining the movetsan flat frame designs this formula looks aofek [4]

v (MMp NN
Ay Ekjlj ds+Y | EA ds. (2)
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The composed elements (2) in the right part refleetinfluence on the movement size, and respéytive
the flexural and longitudinal deformations arisinglesign cores at various schemes of loading.

Taking into account (2) the structure of coeffi¢genf the initial equations (1) for real truss des will
look like

& =g +§", 3

mm N i
where 8 = ds, 8N =
PR e, Y T e
flexural and longitudinal deformations in singlenddtions of the main system.
The free members of the initial equations will hav&milar structure (1)

ds — are shares of the coefficients considering érflee, respectively,

where Ay =3[ m Mp ds, AN = zj%ds — are the shares of the free members considerihgice, respec-
k| z k1
tively, flexural and longitudinal deformations ircargo condition of the main system.

As the main system of a method of forces at calimgahe trusses is a pivotally - rod system whk t
nodal scheme of loading, the bending moments ioca#ts are identically equal to zero in a cargtestnd aris-
ing in them longitudinal forces, are constant om léngth of each core. Therefore, the structurieeaf members
of the initial equations for the trusses (1) changed takes a form of

Dip =y ®)

In its turn, the bending moments, as well as tmgitodinal forces arise in the single conditionstlo#
main system, which are formed by the applicatiothefsingle moments instead of focal points ofiadr There-
fore, the structure of coefficients of the initegjuations (1) doesn't change for the trusses &ed the form (3).

Therefore, if when calculating trusses the inflieo€ the longitudinal deformations is not to be sidn
ered, then the coefficients of the initial equasi¢h) are equal to

9 =§JM , (6)
and all free members are identically equal to zero
Ap =0. (7

Then taking into account (6), (7) the initial eqaas (1) turn into the system of the linear unifoaige-
braic equations

M X, +..+3% X, =0,
.................................. (8)
O Xy +..+ 30 X = 0.

As the initial equations of a method of forces lamearly independent, the determinant of the sysiem
not equal to zero, and its decisions (the focahisadf a truss) have a form of

X, =0,...X, = 0.

Therefore, in case of not accounting the longitatiseformations, the real farm with the rigid knis
equivalent to the pivotal rod system that happerectur when replacing the rigid joints for thexflde ones.
In case of the accounting of the longitudinal defations, the initial equations have a form

(51Ml +6?1)X1+...+(6'f1 +5’1‘1) X +A% =0,
................................................................. ©)

(6,’§"1 + 6?1) X, +..+ (6?]",1 + 6'?,”) X ,+AN=0.
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and in this case the focal points of a truss aegpial to zero. The emergence of the focal poiiltdead to the

change of the longitudinal forces in the truss sofighe longitudinal force in this case will be elguaany core
of a truss

n
Ny = 2 X + N«
i=1

The change of the internal efforts in the coretheftruss will cause the emergence of the additiooi
mal tension, the reason of which is the rigid catioa of the cores in the knots of the truss.

Thus, the consideration of the longitudinal defaiiores when calculating trusses with rigid knotsde#o
change of parameters of the intense deformed 8t&€&). Therefore, criterion of legitimacy of repkament of
rigid knots of real trusses at their calculationamtion of nodal loadings hinged is the possibitifynot account-
ing of longitudinal deformations of cores of theds when determining its VAT parameters.

We will carry out the numerical assessment of ttiliénce of the longitudinal deformations on the VA

parameters of a truss on a private example. Letisider a two-rod truss with the rigid connectiarthe knot
under the influence of any nodal loadirg( 1)

h

Fig. 1. The two-rod truss

The constructional material is considered unifosmtriopic linearly elastic body which behavior is de
scribed by the module of elasticity of E identiadktretching and compression.

The calculation of the truss is performed by a métbf forces. As the main system, the truss wittyéd
connection of cores in the knot undertakésg.2)

as Fas

Fig. 2. The main system of a method of forces

The initial equation of a method of forces shows as
O X1 +Ap =0. (10)

The main unknown in the equation (10) is the begadimoment arising in the knot owing to the rigid €on
nection of the cores of the truss.

The entering (10) coefficient and the free membercalculated on Maxwell-Mora's formula which takes
into account the influence of the flexural and libmdinal deformations as shown

_«/MM n N
A = ds+> (-1 —ds.
e, e
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The internal efforts of a single state connectetth wie calculation of the coefficient and the freember
in a dimensionless form are shown as:
— the bending moments

m(x)=0-T) m(x )= @)
— longitudinal forces
N, () =cosa; 5, ()= cosr,
whereny, =n,h (k=1,2).

The longitudinal forces of a cargo state conneetitd calculation of the free member in a dimenséssl
form can be shown as

, co t cog ,t

Njp (a1, B) = ~0.5°°% 1+ 9‘3) Ngp 6 B)= 0508 (8 _
sina sino tgn

where N;jp —%, sz—%

The bending moments in both cores are identicajliakin a cargo state to zero.
Taking into account the calculation of the coeéfitiand the free member, the bending moment arising
the rigid knot of a truss in a dimensionless fosnsliown as

cos
co< o (3+)\2 tgzcx ),

X;(@,B,A)=1.5

where X; = % ;

A :l_—c — the parameter of the flexibility of a core dffass depending on its lendthand radius of iner-

[
tia of cross section

The dependence of the size of the bending poimtived focal on truss parametersp, A it is presented
on scheduleBigure 3.
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Fig. 3. The schedules of the dependence of theo§itrtee focal bending point on the truss parameters

As follows from the schedules submittedFigure 3, a the size of the focal bending point increases with
reduction of a cornem and decreases with increase in a coppdhat is at emergence in the knot of a horizon-
tal component of nodal loading. In a limit whenued a, B - 0, the focal bending point comes to the value of
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the frame the bending momeszLI arising in a beam with the size of flight and seheme of loading identical

with the considered truss. As it follows from tlehedules submitted iRigure 3, b the size of the focal bending
point increases with the reduction of the flexilyilbf the cores of a truss.

The dimensionless increments of longitudinal foricethe cores of a truss arising owing to emergerice
the focal bending point are described by formulas

AN, (0,BA) =1~k (a,BA);
AN, (a,B,0) =1~k (a,B,\),

tga .
(3+A*tg”a)(tgB—tga )’

_ - tga
(BN = S G T o) g tow)
the coefficients of the influence of the rigidityaknot on the longitudinal forces in the trusseso
The dependence of the increments of the longitlidaraes on the parameters of the tras$, A is pre-
sented on the schedules of Figure 4.

wherek, (a,B,A) =1-1.5
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Fig. 4. The schedules of the dependence of tleeasithe increment

of longitudinal forces on the truss parameters

Q

As it follows from the schedules submitted in plcthe size of the increments of the longitudimatés
increases with reduction of a correerflexibility of cores of a trusd and decreases at emergence in knot of a
horizontal component of nodal loading. At the madterse combination of parameters of a truss #edfian
increment of longitudinal forces doesn't exceed %alues of the longitudinal forces accordingte hinged

scheme of the truss.
The dimensionless increments of the normal tenisidine cores of a truss arising due to the emegehc

the focal bending point and the changes of theilodinal forces as described by the formulas

Aoy (a,B,A) = 1=k @ ,BA);
Acy(a,BA)=1-ky @B A)

where ki (o, B,A) = ky (@,B,A)+A Cosa%
X1(a,B,A
koo (@,B,A) = ko (0, B,A )+ A com%
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coefficients of the influence of the rigidity ofkaot on the normal tension in the truss cores. démendence of
the size of the increments of normal tension omupaters of the trugs, (3, A is presented on schedules (Fig. 5).
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Fig. 5. The schedules of the dependence of theo$iae increment
of normal tension on the truss parameters

As it follows from the submitted schedules, theeif the increment of normal tension increases thiéh
reduction of a corneu, flexibility of coresi and decreases at emergence in the knot of a ideizcomponent

of nodal loading. In general it is possible to drawonclusion at valuea <g and A <100 the increment of

normal tension makes more than 5% of normal tenisidhe truss cores according to the hinged schemdeat
certain combinations and can reach the commensuvahles.
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