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One of the ways to reduce the material consumption of steel trussesisthe use
of initial systems with a minimum number of elements, the concentration of
material in the main bearing elements, the use of highly efficient profiles. The
resear ched trussin theform of a sprengel system, which consistsof atwo-soped
upper belt, a lower broken belt and two risers connecting the belts, can
correspond to such design directions. The upper belt in the areas between the
support and ridge nodesisarigid, inseparablerod that receives all three types
of internal forces: bending moment M, longitudinal force N and transverse
force Q. The main role here is played by the bending moment, the value of
which along the belt varies from zero values to certain extreme values. The
possibility of using perforated I-beams of constant and variable stiffnessin the
upper belt has been studied. The characteristic curves of the bending moment
in the upper belt and the structural solutions of the rods for each of the given
stiffness change schemes are considered. The final proposed constructive
solution of the upper belt of the trusswith a span of 18 metersin theform of a
perforated |-beam of variable height. The per missible range of changesin the
values of the bending moment is obtained. A geometric interpretation of the
ar ea of possible moment valuesis established.
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Hagenenwnii anaJiis podoTn ManoeaeMeHTHOI cTajeBoi ¢epMu MPoJIbOTOM 18 M
nmiaq HaBaHTaeHHsiM. OOrpyHToBaHMii BUOIp mepepidy BepXHbLOro MOsICY Yy
BULJIsA1 nep¢opoBaHOro ABOTaBpa 3MiHHOI BUCOTH IO A0BKHHI MOsICY.
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Introduction. One of the directions of reducing the materialstonption of steel
trusses is the use of initial systems with a mimimmumber of elements,
concentration of material in the main load-beagtgments, use of highly efficient
profiles. The truss studied in [1, 2, 3] in therfoof a truss system, which consists
of a gabled upper belt, a lower broken belt and iaers connecting the belts (Fig.
1), can correspond to such directions in design.

Fig. 1. The initial truss system

The upper chord in the sections between the stigpdrridge nodes is a rigid
continuous rod that perceives all three types t&frival forces: bending moment M,
longitudinal force N and transverse force Q. Theénnmale here is played by the
bending moment, the magnitude of which varies altvegchord from zero values
to certain extreme values. The possibility of ugiegforated I-beams of constant
and variable stiffness in the upper chord is ingased. The characteristic diagrams
of the bending moment in the upper chord and thettral solutions of the rods for
each of the given stiffness change schemes arédeved. The structural solution
of the upper chord of the truss with a span of Eems in the form of a perforated
I-beam of variable height is finally proposed. Termissible range of bending
moment values is obtained. The geometric interpogtaf the region of possible
moment values is established.
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Purpose and objectives of the research. In the adopted distribution of the
bending moment and the constructive solution ofugwger chord of the truss, there
is one important feature that should be investthate order to prove the
effectiveness of using perforated I-beams of véeifieight in the above-mentioned
initial truss system. Its essence is as followss ffenerally accepted to consider the
statics of the initial system as primary and, sigrfrom it, to look for constructive
solutions for the elements. With this approachdlviag the problem, the optimal
distribution of the bending moment in the upper rdhés an equal-moment
distribution. This is fully justified, since in thicase the extreme values of the
bending moment will be simultaneously the minimuihalb possible. Accordingly,
the most expedient would be to use a perforatedwtida constant cross-sectional
height in the upper chord. However, highly effeettypes of profiles, which are
perforated I-beams with a variable cross-sectibeajht along the length, forced to
solve the issues of the constructive nature anttilnliion of internal forces
simultaneously.

Let us analyze the geometric characteristics oftntions of perforated I-beams
with a constant (type A2, Fig. 2) and a variabj@é¢tB2, Fig. 3) [2] section height
along the length. The maximum possible sectionhidiy them will be the same.
At the same time, in B2 it smoothly decreases atbedength of the rod. The most
important for us are the geometric characteristicections with extreme values of
the bending moment (points 1, 2, 3 and 4 of thevggnc diagram, Fig. 4).

In Table. 1 and in the graphs of Fig. 5, their cangon is given for the maximum
possible development of the section for the iniliddeam 23B1. The cutting
parameters are equal: for a rod with a constatioseleight hi = 4 cngij = 15 cm;
for a rod with a variable section height hi = 4 ¢ijp= 4 cm. The maximum possible
section height in both cases is 38 cm. The valfiflseocross-sectional area (A), the
moment of inertia of the entire section (1), théghe of the T-beam in the weakened
section (h) are compared, as well as the moments of ineftiaeoT -beams (), the
maximum (W, max) and minimum (W min) moments of resistance of the T-
beams. The characteristics of the rod with a comstaction height are taken as
100%.

Analysis of the calculation results shows thatgeemetric characteristics of the
section with the largest height of the rod type B2 exceed the similar
characteristics of the rod type A2. At points 1 &¢see Fig. 4), the moment of
inertia | of the rod B2 is somewhat smaller, bu# tieometric characteristics of
individual T-sections remain incomparably largeamely they are decisive in the
calculations of perforated elements. The heighthef T-sections for a given wall
section in the rod A2 is equal to 4 cm along théreength, and in the rod B2 it
varies from 4 cm in the smallest section to 15 erthe largest. With an increase in
the height of the T-sections of the rod A2, theghebf the section of the entire rod
decreases. Table 2 and Fig. 6 give a comparistimeojeometric characteristics of
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the sections with the height of the T-section efribd A2 equal to the average height
of the T-section of the rod B2 described abovehéight is 9.5 cm, and the height
of the entire rod is 27 cm. With such a sectioe, ¢haracteristics of the T-sections
have increased significantly, and the value of ¢ kiacreased. However, in all
sections with extreme values of the bending monteetgeometric characteristics
of the rod with a variable cross-section heighteextthe characteristics of the rod
with a constant height.

Research results. Conclusion. Thus, for the same initial I-beam, the bearing
capacity of a perforated rod with a length-variabéetion height in places with
extreme values of bending moment is significantlyager than that of a perforated
rod of constant height. The efficiency of usingsieods in the upper chord of the
truss necessitated the redistribution of the bendioment values in proportion to
the values of the geometric characteristics oktwions (see Fig. 4).
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Fig. 2. Scheme of the formation of a perforate@#n of constant stiffness type A2: a)
initial I-beam; b) resulting perforated I-beam
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Fig. 3. Scheme of the formation of a perforate@din of variable stiffness type B2: a)
initial I-beam; b) resulting perforated I-beam
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Fig. 4. Scheme of the change in stiffness of thgenphord and sections with extreme

values of the bending moment

Table 1

Comparison of geometric characteristics of sectamaximum
development of I-beam 23B1

Cross-
A2 type | Maximum crosst s;;:itrl]?g ft Minimum
rod crosst section of type crosssection o
Parameters section B2 rod yp and 3 of g a type B2 rod
rod of type
B2
1 2 3 4 5
he e 400 1500 1133 400
' 10C% 375% 28%% 10C%
A v 2451 3683 32,72 2451
10C% 15(% 134% 10C%
I et 816069 9396,79 573380 129845
10C% 115% 70% 16%
L en® 929 38356 17383 929
100% 412% 18724 100%
Wa i, o3 288 3392 1969 288
' 10C% 11784 684% 10C%
Wi . M3 12,00 10387 6943 12,00
' 10C% 86€% 57%% 10C%
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Fig. 5.. Graphs of changes in the values of geaonetiaracteristics of
weakened sections of the upper chord in the sefribom the supporting
(or ridge) node to the riser junction node (to Eaby:

1 - rods of constant height; 2 - rods of variataeght
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Table 2
Comparison of geometric characteristics of sectadrte height of the mark of the
rod of type A2, which is equal to the average heddtihe mark of the rod of type
B2 (for the original I-beam 23B1)

Cross-
A2 type | Maximum crosst S;;E}?Q 1at Minimum
rod crosst section of type crosssection 0
Parameters section B2 rod yp and 3 of g a type B2 rod
rod of type
B2
1 2 3 4 5
h. em 950 1500 1133 400
' 10C% 15€% 11% 42%
A o 3067 3683 32,72 2451
10(% 12(% 107% 8%
I et 428433 9396,79 573380 129845
10C% 21<% 134% 31%
L. ea 10496 38356 17383 9,29
10C% 365% 16€% 9%
Wa i, o3 1395 3392 19,69 288
' 10(% 24%% 141% 21%
Wa e, o063 5317 10387 6943 1200
' 10C% 195% 131% 23%

It should be noted that the value of the bending emirivi4 in the upper chord
of variable stiffness exceeds the value of the muimg this point in the uniform
moment scheme. As numerical studies have showsjnbiease is approximately
35%. However, the geometric characteristics of f@istion during the transition
from a rod of constant stiffness to a rod of vdeadtiffness increase in the range
from 2 to 12 times (depending on the values oktwtion parameters of the original
I-beam). The value of the bending moment M1 dutirggtransition from a uniform
moment upper chord to a belt of variable stiffndssreases on average by 1.35
times, and the geometric characteristics of thé@ecrease in the range from 1.3
to 5 times. Thus, when transitioning from the uniidoending moment distribution
scheme and the corresponding use of perforatedwibllgonstant section height to
the scheme under which the condition |M4|>|M1jiilied and which corresponds
to the structural solution of the upper chord ia tbrm of a perforated I-beam with
a section height variable along the length, theeslof both the bending moment
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M4 and the geometric characteristics of the sestairpoints 4 and 1 increase (the
value of M1 decreases). However, the increasedngdometric characteristics of

the sections at several times exceeds the incieasgtreme values of bending

moments in critical sections. From this it follotit the use of perforated elements
of variable stiffness in such structures is moreaive compared to perforated

elements of constant stiffness along the length.
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Fig. 6. Graphs of changes in the values of geomelraracteristics of weakened sections of
the upper belt in the area from the supportingiftre) node to the riser junction node (to
Table 2): 1 - rods of constant height; 2 - rodsariable height
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several times exceeds the increase in extremesrafugending moments in critical

sections. From this it follows that the use of peafed elements of variable stiffness
in such structures is more effective compared tdopsted elements of constant
stiffness along the length.
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Fig. 7. Before determining the distance on the lgsap
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