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” COMPOSITE STRUCTURE OF SADDLE SHAPE CABLE ROOF

D.Serdjuks, K.Rocens, L.Pakrastinsh

Key words: steel cables; cable net; saddle shape cable roof, main rational geometrical
characteristics

1. Introduction

Saddle shape cable roofs are formed by two orthogonal groups of cables and a supporting contour.
The most widely used constructions of the supporting contour are inclined or vertical arches,
contour beams of different shapes and tension cables, which may be fixed at the anchors [1]. The
main rational geometrical characteristics of the saddle shape cable roofs, which are supported by
the arches and beams, are generally known. The rational values of the initial deflections of
suspension cables of the structure are equal to 0,067 - 0,125 from their span. The rational values of
the initial deflections of the stressing cables are equal to 0,04 - 0,1 from their span. Rational step of
. the suspension and stressing cables varies from 1 to 4 m [2-4].
accordance with the data published in [5], the rational geometrical characteristics of the saddle
hape cable roof, which is supported by tension cables, are the following: the initial deflections of
he suspension, stressing, tension cables and rational step of the suspension and stressing cables are
qual to 0,41; 0,193; 0,057 from the length of one side of the structure, accordingly. However, the
esults are valid for the square in plane roof with it size in the plan 20 x 20 m. So, the object of the
paper is to estimate of the main rational geometrical characteristics of the square in plane saddle
b shape cable roof, which is supported by the tension cables, with several sizes in the plan. The

characteristics are the initial deflections of the stressing, suspension and tension cables, as well as
he step of the stressing and suspension cables.

Solution of the problem

e correlation between the main geometrical characteristics of the structure and the expenditure of
> cable net material is determined in the form of nonlinear equation by the method of experiment
ing. Coefficients of the equation are defined by using the results of numeral experiment. The
riment was conducted with such values of the main geometrical characteristics of the structure,
¢h were chosen according to the rules of experiment planning, The numeral experiment is
ected with calculation of forces in the cables of the net. The forces are necessary for
lations of cable cross sections and the volume of cable net material.
cross sections of the cables are determined in accordance with the recommendations of [2]. The
¢ net (Fig.1) which is loaded by prestressing and loads, which are applied to the cable nets
s, is considered as a scheme of analysis.
umcral experiment is conducted by using the program “ANSYS/ED 5.3” for WINDOWS.
the analysis of the cable net the program is based on the Newton-Rapson iterative method.
ble net is modeled by a finite element mesh. The finite element type is LINK 10, which has
Edegrees of freedom in each node. All the nodes of the support of the cable net are completely
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Fig.1 Scheme of Cable Net
1 - suspension cables; 2 - stressing cables; 3 - tension cables; 4 - anchor supports; 5 - columns;
f, - initial deflection of suspension cable; f.- initial deflection of stressing cable; fi - initial
deflection of tension cable; a - length of one side of the structure; a’ - step of stressing and

suspension cables

Rational values of the main geometriéal characteristics of the structure are determined by the

system of equations

D b b X b X b XX 420X =0
9X,— 1 12 2+ 13 3+ 123<*2 3+ 1 1~

| b X b Xotb X X.+2b. X, =0
aXz‘ 2 12<*1 2313 12344 14% 3 2y =

P _peb b.X.+b XX, +2b.X.=0
aX_3+l3Xl+23 3+123 1 2+ 33<43 T

.~ 3

where: y - correlation between the main geometrical characteristics of the structure and the
expenditure of cable net material;

bi; by b - coefficients of nonlinear equation (i,j,k'=1, 2, 3)

X - initial deflection of suspension and stressing cables;
X2 - inifial deflection of tension cable;
- X3 - step of suspension and stressing cables.
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3. Numeral result

Values of the main geometrical characteristics of the structure vary in the way, shown in
Table 1.

Values of the main geometrical characteristics of the structure

Table 1

Geometrical characteristics Length of one side of the structure, m
of the structure 10 20 30 40 50

Initial deflections of suspension and| 2-5 4-10 6-15 8-20 10-25
stressing cables, m

Initial deflections of tension cables, m 1,5 - 3-5 3-6 6-10 |7,5-12,5
2,5

Step of suspension and stressing cables, m | 0,707 - | 0,707 - 1,414*% | 1,414* | 1,414%*
1414 | 1414

*The step of suspension and stressing cables is limited by the plywood sheet size

The structure is analyzed to the action of the main load combination [6]. The main load
combination is dead weight of the structure and snow. The calculated value of dead weight is 0,27
kPa. The calculated value of load is 1,39 kPa. Thickness of layers of the roof cross section is shown
in Fig.2. Wire rope with modulus of elasticity in 1,3.10° mPa is considered as cable net material.

T
|
/ 7777 R N\

6 mm,

6

-~
e

- Fig.2 Cross section of the roof
1 - glass fabric which is covered by polymer resin; 2 - foamplastic; 3 - glass net; 4 - saddle shape

| ‘plywood sheets; 5 - suspension cable; 6 - a detail of tension and distancing of strengthening

elements of plywood sheets; 7 - stressing cable

“The initial deflection of the suspension and stressing cables exerts the most significant influence on
i the expenditure of cable net material. The dependence of Fig.3 was obtained when the initial
L deflection of the suspension and stressing cables was constant and equal to 4,2; 8,2; 12; 16; 20 m
_ for sizes in plane 10; 20; 30; 40; 50 m, accordingly.
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Fig.3 Dependences of the expenditure of cable net material on the initial deflections of tension

cables.

P- expenditure of the cable net materials per m? of the covered area; f; - means the same as in Fig.1;
1, 2, 3, 4, 5 dependences, which are obtained for lengths of one side of the structure 10, 20, 30, 40,

50 m, accordingly.

The main rational geometrical characteristics of the structure are shown in the Table 2 by taking
into account the weight of cable net per the covered area.

The main rational geometrical characteristics of the structure

Table 2
Geometrical characteristics Length of one side of the structure, m
of the structure 10 20 30 40 50
Initial deflections of suspension and 4,2 8,2 12 16 20
stressing cables, m '
Initial deflections of tension cables, m 2.2 4 5,7 7,52 9
Step of suspension and stressing cables, m 0,8 1,15 1,414 1,414 1,414
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The dependence of Fig.4 was obtained when the main geométrical characteristics of the structure
were adapted from Table 2.

‘ P, kg/m?
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4 Fig.4 Dependence of expenditure of cable net materials on the length of one side of the structure
. a-asinFig.l; P-asinFig3. :

4. Conclusions

The main rational geometrical characteristics of square in plane saddle shape cable roof, which is
supported by tension cables, are estimated by the numeral experiment by taking into account the
weight of cable net per the covered area. It is shown, that rational initial deflections of the
suspension, stressing, tension cables and rational step of the suspension and stressing cables are
equal to 0,42 - 0,4; 0,22 - 0,18; 0,08 - 0,028 from the length of one side of the structure,
accordingly. .
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Serdjuks, D., Rocens, K., Pakrastin§, L. Kompozita kenstrukcija sedlveida vanu parsegumam.

Raksta tiek apskatits sedlveida vansu parsegums, kas veidots no divam ortogonalu vansu grupam, un padevigo
ar atbalsta kontiru. Parseguma kinematiska nemainiba, kas sasniegta izmantojot ieprieks saspriegtas vantis,
Javer lespéju atteikties parseguma konstrukcijds no smagajim dzelzsbetona platmem aizstajot tas ar viegldkiem
kompozitam materialiem.

Ar skaitlisko eksperimentu noskaidroti galvenie raciondlie raksturojumi vansu parsegumam, pemot véra vaniu
parseguma svara attiecibu pret parsedzamo lavkumu.

Serdjuks D., Rocens K., Pakrastinsh L. Composite structure of saddle shape cable roof.

The paper considers the saddle shape cable roof, which is formed by two orthogonal groups of cables, joined with
tensioned cables. The kinematic invariability of the roof obtained by presiressing of the cables, enables to refuse from
the hard ferroconcrete slabs in the construction of the cable roof and use light composite materials.

The main rational geometrical characteristics were ascertained by a numeral experiment for a square in plane saddle
shape cable roof, which is supported by the tensioned cables by taking into account the weight of cable net per the
covered area.

Cepowx [, Pouenc K., Haxpacmuunvw JI. Komnosumnas KOHCIMDYKUHA CeONOGUONO20 6aHMO8020
ROKpBIMUA. '

B cmamve paccmampueaemcen ceonosudnoe 8aHmMogoe nokpvimue, 06paz08anHoe 06YMA OpMOZORANBHbIMU ZpYRNamy
6anm, u noOaAMAUGHIM ONOPHLIM KOHMypoM. KuHeMamuueckas HeusMeHAeMOCmb nokpblmus, OOCMUZHYMAA
npedsapumensHbiM HAMANCEHUEM BaHM, OAEM B8O3IMOICHOCMb OMKAZAMBCSL OM MANCENBIX HCENE306EMOHHBIX UM 6
KOHCMPYKYUU NOKPHIMUA U UCNOAbI08AMb NEZKUE KOMNOIUMHbBIE MAMEPUATHL.

ITymém wucnennozo dKcnepuMenma YCMaHOSNEeHbl OCHOGHLIE ZEOMEMPUNECKUE XAPaKMePUCMUKU CeOn0eUOHO020
8aHMOB020 NOKPHIMUA € NOOAMIUEHIM ONOPHBIM KOHMYPOM 8Ude 6aHM, UCXOO5 U3 8ECA BAHMOBOU CEMU, OMHECEHHO20
K Nepexpuleaemoil Roujaou.
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