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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]. 

)n 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 
". e suspension, stressing, tension cables and rational step of the suspension and stressing cables are 
equal to 0,41; 0,193; 0,057 from the length of one side of the structure, accordingly. However, the 
'I'esults are valid for the square in plane roof with it size in the plan 20 x 20 m. So, the object of the 

per is to estimate of the main rational geometrical characteristics of the square in plane saddle 
ape cable roof, which is supported by the tension cables, with several sizes in the plan. The 
aracteristics are the initial deflections of the stressing, suspension and tension cables, as well as 
e 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 fonn of nonlinear equation by the method of experiment 
)ming. 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, 
','00 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 ofcable cross sections and the volume ofcable net material. 
cross sections of the ca,bles are determined in accordance with the recommendations of [2]. The 

.. , net (Fig. I) which is loaded by prestressing and loads, which are applied to the cable nets 
, is considered as a scheme of analysis. . 

eral experiment is conducted by using the program "ANSYSIED 5.3" for WINDOWS. 
the analysis of the cable net the program is based on the Newton-Rapson iterative method. 

~able net is modeled by a finite element mesh. The finite element type is LINK 10, which has 
, tlegrees of freedom in each node. All the nodes of the siIpport of the cable net are completely 

101 



columns; 
initial 

fixed. The cable net has two planes of symmetry. It enables to consider only a quarter of the cab· 
net. 

Fig.l Scheme of Cable Net 
1 - suspension cables; 2 - stressing cables; 3 . tension cables; 4 . anchor supports; 5 ­
fn - initial deflection of suspension cable; fs• initial deflection of stressing cable; fk ­
deflection of tension cable; a - length of one side of the structure; a' - step of stressing arid 
suspension cables 

Rational values of the main geometrical characteristics of the structure are determined by the 
system of equations 

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

bi; bij; bijk - coefficients of nonlinear equation (ij,k= 1, 2, 3)
 
Xl . initial deflection of suspension and stressing cables;
 
X2 . initial deflection of tension cable;
 

. Xj - 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 Len h ofone 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 
stressin 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* 

1,414 1,414 
*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 1,3.105 mPa is considered as cable net material. 
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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 ofplywood sheets; 7 - stressing cable 

The initial deflection of the suspension and stressing cables exerts the most significant influence on 
-the expenditure of cable net material. The dependence of Fig.3 was obtained when the initial 
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 m2 of the covered area; fk - means the same as in Fig.l ; 
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 
of the structure 

Initial deflections of suspension and 
stressing cables, m 
Initial deflections of tension cables, m 

Length of one side of the structure m 
10 20 30 40 50 
4,2 8,2 12 16 20 

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 geometrical characteristics of the structure 
were adapted from Table 2. 
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Fig.4 Dependence of expenditure of cable net materials on the length of one side of the structure 
a - as in Fig.1; P - as in Fig.3. 

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., Pakrastilif, L. Kompo1.lta konstrukcija sedlveida vansu piirsegumam.
 
Raksta tiek apskatlts sedlveida vansu parsegums. kas veidots no divam ortogonaIu vansu grupam. un padevfgo
 
ar atbalsta kontiiru. Parseguma kinematiskii nemainlba. kas sasniegta izmantojot iepriekS saspriegtas vantis.
 
jtiver iespeju atteikties parseguma konstrukcijiis no smagajam dzeltsbetona pltitnem aizstajot tas ar vieglakiem
 
kompozftiim materialiem.
 
Ar skaitlisko eksperimentu noskaidroti galvenie racionalie raksturojumi vanSu parsegumam. 1)emot vera vanSu
 
piirseguma svara attiecfbu pret piirsedzamo laukumu.
 

Serdjuks D., Rocens K., Pakrastinsh L. Composite structure ofsaddle 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 ofthe roofobtained by prestressing ofthe cables, enables to refUse from
 
the hardferroconcrete slabs in the construction ofthe cable roofand 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.
 

CepOlOK 4, Pou.eHC K., IIaKpacmuHblU JI. KOMn03UmHtlR KOHcmpyKu.UR ceiJRo8uiJHOZO 6aHm060ZO 
nOKpwmUJJ. 
B cmambe paCCMampu6aemcn CeOJlO6UOHOe 6aHm060e nOKpblmue. 06pas06aHHoe o6)lMJl opmOZOHaJlbHblMU zpynnaMU 
6aHm, u nOOamJlU6bl.M onopHblM KOHmypOM. KUHeMamUlleCKaR HeU3MeHJleMOCmb nOKpblmUR. oocmuzHymaR 
npe06apUmeJlbHbl.M HamR:JICeHUeM 6aHm, oaem 603Mo:JtCHocmb OmKa3ambCR om mJDICeJlblX :JtCeJu!306emOHHblX Mum 6 
KOHcmpY/alUu nOKpblmUR u UCnOJlb306amb JleZKUe KOMn03umHble MamepUaJlbl. 
JIymiiM llUCJleHHOZO 3Kcnepw.teHma ycmaH06JleHbl OCH06Hble zeoMempullecKUe xapaKmepucmuKU CeOJl06UOHOZO 
6aHm060Z0 nOKpblmUR c nOOamJlU6bIM OnOpHblM KOHmypOM 6Uoe 6aHm, UCXOOJl U3 6eca 6aHm060u cemu. omHeceHHozo 
KnepeKpbl6aeMOU nJlorqaou. 
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