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Decreasing of Displacements of Prestressed
Cable Truss

V. Goremiking, K. Rocen, andD. Serdjuk:

Abstract—Suspended cable structures are most preferable for
large spans covering due to rational use of strattmaterials, but
the problem of suspended cable structures is lirstimpe change
under the action of non-symmetrical load. The probtan be solved
by increasing of relation of dead weight and impokrad, but this
methods cause increasing of materials consumptiestiiessed cable
truss usage is another way how the problem of skbhpage under
the action of non-symmetrical load can be fixede Hetter results
can be achieved if we replace top chord with cahiss with cross
web.

Rational structure of the cable truss for presagssble truss top
chord was developed using optimization realized=#M program
ANSYS 12 environment. Single cable and cable tmsslel work
was discovered.Analytical and model testing resirticate, that
usage of cable truss with the cross web as a toplabf prestressed
cable truss instead of single cable allows to reduotal
displacements by 13-16% in the case of non-symoa¢ioad.

In case of uniformly distributed load single caisl@referable.
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Fig. 1 Suspended cable structure
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models, Vertical displacements Fig. 2 Initial shape change under the action of-symmetrical load

I. INTRODUCTION

HE main advantage of suspended cable structurgsljFi

is possibility to use in full scale high strengttaterials,
for example steel ropes with tensile strength ofewil960
MPa, because tensile elements can't lose its #takihd
stresses are uniformly distributed by cross-secfgn[7] —
[10], [14], [25]. But the problem of suspended easiructures
is increased deformability or initial shape charegpecially in
case of non-symmetrical load (Fig.2). The problem i
especially important for suspension bridges, whieisecase of
loading is possible [11], [18], [21], [28] and [2Bhe problem
can be solved by increasing of relation of deadghteand
imposed load, which is realized by adding of calgke (Fig.3)
[15], [22]. But this methods cause increasing ofteral
consumption. The prestressed cable truss usagetkex way
how the problem of shape change under the action of
unsymmetrical load can be fixed (Fig.4) [13], [1E6], [27],
[30].The better results can be achieved if we mplsingle
cable top chord with cable truss with cross wely.&Ji[6]. SO ST

W

Fig. 3 Suspended cable structure stabilizationreggdantledge
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Fig. 4 Suspended cable structure stabilizationgusiestression

cable truss
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The aim of this study is to develop rational stuwuet of
cable truss for top chord of prestressed cablestarsd to
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compare single cable and cable truss as top chdrd o A.Definition of finite element type and material
prestressed cable truss. Achieved results shouttheeked on  Caple truss is modeled using finite element (FEety

the physical models. LINK10 with options of small stiffness assignedstack cable

for both longitudinal and perpendicular motions dedsion-

II. INPUT PARAMETERS FORCABLE TRUSS OPTIMIZATION only (cable) option.The material of elements igéinisotropic
Design scheme of investigation object is shown ba t with modulus of elasticity 167 Gpa and Poissorti® i&.3.

Fig.6. The structural material is pretensioned Istepe [2], The analysis type is static with including largeieetion

[3]. The dead load, applied to the structure is1EM/m, effects, because suspension cable structures aractérized
imposed load is 82.2 kN/m [1], and can be appleetull span  with large deflections before stabilization.
or to a half of span. The load is applied to thekdevhich is

B.Input parameters
placed between chords of the prestressed cabk trus putp

The main input parameters of cable truss are sgap, of
1 1 1 ] d suspensions (load application points), bottom chzachber,
top chord camber, stabilization cable camber, rater
consumption of cable truss, material consumptiorbatom
chord of truss, material consumption of top chofdtrass,
material consumption of the web of truss, material
consumption of stabilization cable, material conptiom of
suspensions.

C.Geometry construction

As the model of cable truss is not simple, an@kes a lot
Fig. 6 Design scheme of cable trgss imposed loady — dead load; of time separately input point, they are inputtgdftrmula

f, — bottom chord cambeft,— top chord cambexk; andx, — distance  using cycles. Coordinates for deck points can Heutated
from the pylon to the connection of web element tapdcord;x; and by (1).
x3 — distance from the pylon to the connection of wkiment and
bottom cord

200000

{x: aD’ )

Constants for optimization are bottom chord camber, y=0
material consumption of cable trugs material consumption

of stabilization cable, level of prestressing, peessed cable \yherex — horizontal coordinate:

truss height, span and suspension step. . y — vertical coordinate;

Variable factors for optimization are relation @ptand j _ point number, changes from Olta;
bottom chord camber, position of web elements, Wh& 5 _ step of suspensions:
expressed by distance from the pylon to the comrecf web | _ gpan of cable truss.

element with the top chord for each web elemeneddimg

on the distance from the pylon to the connectiothefsame  The program should know to what part of structuetbgs
inclined to the center of cable truss, distributinmaterial number for each structure is stored.Coordinatesdbte truss

consumption among bottom cord, top chord and Wekhttom chord points can be calculated by (2).
elements.Responses  for  optimization are  vertical

displacementsy, and objective of optimization is to minimize x=al
vertical displacements for the non-symmetrical load
P y yo 4B )

[Il.  CALCULATION OF RATION PARAMETERS OFCABLE TRUSS I

Optimization was realized by enumeration of possibl
variants [4], [12], using cycles in the FEM prograhSYS
12 environment [20]. Enumeration was realized ie¢hsteps,
at each step finding optimal field, then increagimgcision by
10 times and finding new optimal field. The maiinpiples of
preprocessor imputing are described.

wheref, — bottom chord camber;
hp — pylon height.

Coordinates of point for stabilization cable canfdaend by
the same principle, as for bottom chord.The powiftsop
chord are defined by the position of web elemer.pbsition
of each web element is expressed by the distaooe frylon
to the connection of the web element with top chord
depending on the distance from the pylon to theneotion of
the same web element with bottom chord (Fig.8) #&d
expressed by polynomial equation.

Fig. 7 Design scheme of cable truss
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Fig. 8 Position of web elements

The position of web elements, inclined to the edgfesable
truss can be expressed by (3), the position of alelments,
inclined to the edges of cable truss can be expddsg (4).

X, = X — (rootl’ + roo2[lx+ rooB), (3)

X, = X + (rootd [’ + roo6x+ roob), (4)

wherex, andx, — distance from the pylon to the connection of

web element and top cord;

X; andxs — distance from the pylon to the connection of wep

element and bottom cord,;
rootl...root6 — roots of the system of equation.

rootl=A, /A;
root2=A, /A;
root3=A, /A.

(10)

whereA — determinant.

The roots of the polynomial equation for web eletaen
inclined to the center of cable truss can be fodndg the
same method.

Top chord point coordinates for one half of spanvi@b
elements inclined to the edges of cable truss |Bessed by
(12).

X, = X — (rootl[X* + roo(x+ rooB)

- , 11

y:_4D‘[D<2[QI x2)+ (11)
|2

hy

were x, = ali;
i changes from 1 td/&)/2;
f, — top chord camber;

The roots of the polynomial equation for web eletaen

inclined to the edges of cable truss were foundvisgl
system (5).

s, = rootL[H + root20al+ root3
s, = rootl[82* + roo200a2+ roots,
s, = rootl(B3 + root2a3+ root3

©)

wheres;— distancex, for x; = a;;

s, — distance, for x; = ay;

s; — distance, for x; = as.

a; — distance from the pylon to the connection o$tfiweb
element with bottom chord,;

a, — distance from the pylon to the connection of dfedveb
element with bottom chord,;

a; — distance from the pylon to the connection ot lasb
element with bottom chord, counting for the middfespan.

Distancess,, s, ands; were found by optimization.

The system of equations is solved by Ansys, usiagyim
method (6) - (10).

A=a’ls,-a’(a—-alla’+ glg + g0a— g14§. (6)
A =sB—-s0a—a0s+ alsr sla al. (7)

A =a’5-a° 05— 508+ 1+ g0 s § £ (8)

Ay =a’ (B, (5 g°OsUg— glg gt

9
+a, [5, (8’ + s08° Og— s g0 §.
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Top chord point coordinates for one half of spanvi@b
elements inclined to the center of cable trussxwessed by
(12).

X, = X, + (root4 [’ + roo6Lx + roob)

y:—mm(‘;—z[ql—x“).,.hp ’

(12)

were X, = all;
i changes from 1 td/&)/2.

Top chord point coordinates for other half of sgam be
founded by the same method.

As the points are not sorted, it is not possibledonect
them. Grouping of points of top chord, so the pewith first
number has the smallest horizontal coordinate,thetpoint
with last point has the largest horizontal coorténahould be
done. To order array on point numbers and cooreindty
coordinate, bubble sort is used (Fig.9). Bubble sarks by
repeatedly stepping through the list to be sorteparing
each pair of adjacent items and swapping themey @re in
the wrong order. The pass through the list is reggeantil no
swaps are needed, which indicates that the Istrited [31].

230 scholar.waset.org/1307-6892/10927


http://waset.org/publication/Decreasing-of-Displacements-of-Prestressed-Cable-Truss/10927
http://scholar.waset.org/1307-6892/10927

International Science Index, Civil and Environmental Engineering VVol:6, No:3, 2012 waset.org/Publication/10927

World Academy of Science, Engineering and Technology
International Journal of Civil and Environmental Engineering
Vol:6, No:3, 2012

Fig. 9A visual representation of how bubble sort wi[31]

When the sorting is done, points can be connectitd
lines.

D.Definition of crosssection paramete

For LINK10 elements we need to define c-section area
and initial strain.

In this work the whole mass of structure is givéime
distribution of material consumption for each eleinef the
truss wasfound by optimization. The aterial consumption
for all elements is expressed, as a part of whalkestmateria
consumption.

The prestressing of structure dgsganized in stabilizatio
cable by applying initial strain.

When the preprocessor operatiomae done, calculatior
can be launched [17], [19], [23].

IV. RATIONAL PARAMETERS OFCABLE TRUSS

Rational parameters of cable truss were four

Rational relation of top chord camber and bottonordl
camberf/f,=0.71.

Rational relation of bottom chord material consuop
and material casumption of whole trusg,/g=0.6

Rational relation of web elements material consimng
and material consumption of whole trug,/g=0.05

Rational number of web elements inclined to thetereaf
cable trusgs achieved removing element from 5 to lom
both sides.

Rational position of web elements inclined to tliges of
cable truss is expressed by rational valudistancex, of each
web element on distancg from the pylon in the form ¢
polynomial equation (13).

x, =% — (6.783-10 x*+ 0181% + 2J0@3)

where x;, — distance from the pylon to the bottom chot
node,
X, —distance from the pylon to the top chord’'s r

International Scholarly and Scientific Research & Innovation 6(3) 2012

Position of web elements inclined to the center able
trusswas founded by mirroring elements inclined to thges
of cable truss.

V.COMPARISON OFSINGLE CABLE AND CABLE TRUSS FORTOP
CHORD OFPRESTRESSELCABLE TRUSS

Cable truss top chord of prestressed truss was a@d
with single cable top chord of cable trusShape of
displacements in nosymmetrical loading case is shown
theFig.10. Loaded part of structure displace to thereards
direction, but unloaded pa— to the upper direction. Total
displacements are calculated as sum of upwards
downwards displacements. Tlresults of displacements in
symmetrical and nosymmetrcal loading case are shown in
Table I. The difference between single cable and cable
displacements upwards is 34%, the difference betvgaegle
cable and cable truss displacements wards is 8% and
difference between single cable and cable truotal
displacements is 16%.

lﬂmmﬁ ==annll

Fig. 10Shape of displacements in I-symmetrical loading case

TABLE |
DISPLACEMENTS OFPRESTRESSELCABLE TRUSS WITHSINGLE CABLE AND
CABLE TRUSSTOP CHORD
Single cabl Cable truss
Displacement ~ ~
direction Symmetrical Non . Symmetrical Non ical
load symmetrical load symmetrical
load load
Deck
displacements 0.4965 m 0.668¢m 0.5498 m 0.6157 m
downwards, mm
Deck
displacements 0.303¢m 0.1995 m
upwards, mm
Deck
displacements 0.4965 m 09723 m 0.5498 m 0.8152 m
total , mm

231

VI. EXPERIMENTAL MODEL TESTING

Two models were constructeto compare behaviors of
single cable and cable truss top chord of prestressed cable
truss. (Fig.11 and Fig.12).

Fig. 11Model of singe cabltop chord
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e®
Fig. 14 Cable types: (a)6x7+WSC, (b) — 6x19+WSC
TABLE Il
DIAMETERS OFELEMENTS OFMODELS
s Elements Cable type Diameter Breaking force
| — . Single cabletop chord
Fig. 12 Model of cable trugep chort Main cable 6x19+WSC 10.0 mm 63.0 kN
. Stabilzation — g194wsc 8.0 mm 40.3 kN
The span of the models of cable trissequal to 2.1 m. To Cable trustop chort
chord camber is equal to 22 centimeters. The dex ..~ . . 6x19+WSC P 8.0 mm 40.3 kN
connected to maifoad caring structure | suspensions in 15 145 chord 6X19+WSC 5.5 mm 17.8 kN
points (Fig.13). Web elemets BX7+WSC 2.0mn 2.7 kN
Staﬁ’:‘élae“on 6x19+WSC 8.0 mm 40.3 kN
(a 2100 .
h 5‘ __,% The prestressing isrganized in stabilization cable anc
= 3 -1 developed by rotating acrew and movin@ bar. To allow
-+ . .
\[ \|{ \|{ \|{ \L \L \L \l \|{ \[ \|{ \|{ \L \L cable to move, it is supported by the bl (Fig.15).
T E B B B [ FF B P pop1r p2 3 P4 15
[}
(=) fapupmrr I
< e —]
o BT
I, 2350 L
rJ A
(b) 2100 ,
)J g __\‘ ’|
y - o) —h
2
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i
2 il —
-t " ———
s o
T =
L 2250 |,

Fig. 13 Scheme of the cable truss models.(@heme of the model
with single cable; (b) scheme of the model with cable tr

A.Elements of the Models

The elements of the cable truss and single top chord
for prestressed cable truswodels are made from steel cab
Two types of cables are used: 6x7+W@®@re steel core) and
6x19+WSC (Fig.1% Both cables have ordinary left hand
(Zs). Tensile strength of wires for both cablesl’&0 MPe
The modulus of elasticity was experimentally ob¢girand is
60000 MPa. The diameters of elements are showmltell.
With sdected diameters of elements was achieved thae
truss has the same cable material consumptiomgke siable
what is important for comparison of mod

Fig. 15Prestressing mechani

The deck of the models is made from wociented strand
board(OSB). Due to OSB good deformability, it does rake
load, but only distribute it among suspensions. déek is no
connected tguspensions in horizontal pla

To connect a deck to load bearing ce adjustable
suspensionsare used, that allc leveling the deck.
Suspensions are connected to the cables us-bolt clips to
prevent moving them along the ce (Fig.16).
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U-bolt clips

e ——— S

Fig. 16Deck connection to the cable usirf suspensions

Web elementsf cable truss are connectto the chords by

contact connection (Fig.1,7\vhere web elemes are pressed

to the chord. This type of connectishowed enoug strength
and itwas possible to make small elements of the web
this type of connection.

contact connection

Fig. 17Cable truss web element connec

B.Measurement Instruments

The tensile forcen stabilization cable was measured
electronic dynamometer Scaime IPB50 (F8) and self-made
mechanical dynamometer (Fig.1%lectronic dynmometer
work principle is based on changes of electricaldde
resistance. The precision of measurements for reldct
dynamometer is 0.25 kg. Mechanical dynamometer \
principle is based on measurements of spriisplacements
and converting them to forcessing dependences. T
precision of measurementsrfonechanical dynamometer
0.5 kg.

Displacements were measured in 8 p¢ by Aistov
deflectometerswhich allow to measure displacements in w
range (Fig.20). Bck displacements were measu

International Scholarly and Scientific Research & Innovation 6(3) 2012

233

Fig. 19Mechanical dynamomet

&

Fg. 20Displacements measuri

C.Process of model testi

To remove free displacements and to stabilize madafi
elasticity, initialextension should be done for cable structt
The models wermitially extensioned k the load, which is by
20% larger than designed lc.

The model was at first prestressed by load 100fbkgach
side. Two types of loading were applied to mo
symmetrical and nosymmetrical. The load was applied te
deck by placing ironweight 20 kg each. In symmetric
loading case, both models were loaded up to lodsb &g
with step 285 kg (Fig.21In nor-symmetrical loading case the
models were loaded up to load 1495 kg with step k$
(Fig.22).
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shown on the Fig.24. Results of displacements im-no
symmetrical loading case are shown on the Fig.25wads
shown that displacements in non-symmetrical loadege are
large, than in symmetrical loading case for loathwhe same
intensity. The displacements from symmetrical lasgl almost
the same for single cable and cable truss modals, b
displacements from non-symmetrical load are smaiter
cable truss model.

3000

/ o
2500 =
2000
® —&—Single
< 1500 cable
2 / —&—Cable
. / truss
1000
500
a

0 2 4 (] B 10 1z 14 16
Displacements, mm

Fig. 24 Model testing results in symmetrical loafaase

WTER ﬂ aEvd
0 Seesa e s
\ // —— Single

Rife e o
il ol

= Z
e

-20 -15 -10 -5 0 5 10 15 20 25 30
Upwards Downwards

Load, kg
o
i
G

J e e =
Fig. 22 Applying non-symmetrical load to the model

Displacements, mm

Fig. 25 Model testing results in non-symmetricalding case

D.Models testing results

The models were tested under the action of symoaétand ~ The displacements were calculated analytically MF
non-symmetrical loads. In non-symmetrical loadingse Program Lira 9.6 [24] and were compared with experital
loaded part moves downwards, but unloaded part movéesults. Scheme of deformation of cable truss mizdshown
upwards (Fig.23). Therefore in non-symmetrical logdcase On the Fig.26.
displacements upwards and downwards are decisigtal T
displacements were calculates as sum of upward af

T T T ]
1 20 6 2 01 01 o048 =3 w0 ]

1
sacementsong the 7.4 i lobal system)

downward displacements. In symmetrical loading cas == __
maximum vertical displacements downwards are degisi WFF
/I//l

/

Fig. 26 Scheme of cable truss deformation

The maximum vertical displacements are generalired
Table Ill. Difference between displacements of ntodé
prestressed cable truss with single cable top chamd
Fig. 23 Displacements in non-symmetrical loadingeca prestressed cable truss model with cable trusschapd or
cable truss advantage for experimental and analytasults
are shown in Table IV.

The results of displacements in symmetrical loadiage
for single cable and cable truss suspension bnidgéels are
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TABLE Il
EXPERIMENTAL AND ANALYTICAL (IN BRACKETS) RESULTS OF DISPLACEMENTS OF THNIODELS
Single cable Cable truss
Loading ) . Deck ) . Deck
scheme Deck displacements Deck displacements . Deck displacements Deck displacements .
displacements total displacements total
downwards, mm upwards, mm mm downwards, mm upwards, mm mm
Sy"?metr'ca' 14.71 (14.09) 15.06 (14.15)
oad
Non-
symmetrical 23.81 (22.41) 13.83 (12.43) 37.64 (34.84) 21.04 (19.33) 11.61 (8.95) 32.65 (28.28)
load
TABLE IV REFERENCES

DIFFERENCEBETWEEN SINGLE CABLE SUSPENSIONBRIDGE MODEL AND
CABLE TRUSSSUSPENSIONBRIDGE MODEL DISPLACEMENTS

Experimental results Analytical results

Symmetrical load
Deck displacements

-2.49 -0.49
downwards 2.4% 0.4%
Non-symmetrical load
Deck displacements 16.1% 28.0%
upwards
Deck displacements 11.6% 13.8%
downward
Deck displacements 13.3% 18.8%
total

The displacements for cable and cable truss in sytnical
loading case are equal to 15 mm, but in unsymnadtdase
total displacements are 37 and 32 mm for singldecabd
cable truss respectively. The results of our expenit are
close to analytical results. The experimental tesshown,
that replacing single cable with cable truss witbse web
allows to decrease vertical displacements upwaydko and
downwards by 12%, total displacements by 13%, ithatlittle
bit smaller, that by analytical calculations. Thean be
described by not accurate web element placement.

VIl. CONCLUSIONS

Rational structure of the cable truss for prest@ssable
truss top chord was developed. It was stated, ubage of
cable truss with the cross web as a top chord e$tprssed
cable truss instead of single cable allows to redwertical
displacements upwards by 34%, downwards by 8% atad t
displacements by 16% in the case of non-symmeitoeal.

Single cable and cable truss model work was digeave
Achieved results are close to analytical ones. Maesgting
results indicate, that usage of cable truss wighcloss web as
a top chord of prestressed cable truss insteadngfescable
allows to reduce vertical displacements upwards 1690,
downwards by 12% and total displacements by 13%h@
case of non-symmetrical load.
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