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Mechanical Characteristics of Cable Truss Roof Systems

a7 2 ol & &
Park, Kang-Geun Lee, Dong-Woo
Abstract

Cable structures are lightweight structures of flexible type, cable members have only axial stiffness related to tension,
they can carry neither bending nor compression. This study is the analysis of cable truss systems are composed of upper
and low cables by connecting bracing cables, the structural principle is based on a tensegrity system by using bracing
tension members, discontinuous compression members and continuous tension members. A hanging roof of cable truss
system is too flexible against vertical loads, most cable members are stabilized by connecting the prestressed upper and
lower cable by bracing cables. A cable truss roof system is formed by adding a set of cables with reverse curvature to the
suspension cables. With the sets of cables having opposite curvature to each other, cable truss is able to carry vertical load
in both upward and downward direction with equal effectiveness, and then a cable truss acts as load bearing elements by
the assemble of ridge cables, valley cables and bracing cables. This paper will be shown the geometric non-linear analysis
result of cable truss systems with various sag ratio for deflections and tensile forces, the analytical results are compared
with the results of other researchers.
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(Table 1) Mechanical properties of steel cable'

Elastic Cree Initial
Cable types modulus (Ly)p elongation
Gpa) (%)
Structural 140 005 | 0102
strand rope
Structural 160 0015 | 00501
spiral rope
Locked coil 160 0015 0.050.1
rope
Parallel 200 0.007 0
strand
Prestressing 190 0,007 0
strand

(Table 2) Fiber reinforced plasticsm

SS CERP GFRP | AFRP
Elastic
modulus 190 131 51 53
(Gpa)
Tensile
strength 1860 2400 1670 1290
(Mpa)
Density
7.85 1.56 210 125
(t/m3)
Fa.tlgue week strong | middle | strong
resistance
Corrosion
. week strong weak | strong
resistance
Damage strong | weak | middle | strong
tolerance
SS: Steel Strand

CEFRP: Carbon Fiber Reinforced Plastics
GFRP: Glass Fiber Reinforced Plastics
AFRP: Aramid Fiber Reinforced Plastics
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(Table 3) Nominal tensile strength'?
Nominal
strength
o b(Mpa)
Strand rope 039 | 087 1,670
CFRC strand 034 0.83 1,670

Spiral rope 024 | 088 1,670
Locked coil rope 018 | 090 1,470

Cable types a B

Parallel strand 010 | 1.00 1,770
Nongrout parallel 019 | 1.00 1,570
PC strand (7) 023 | 1.00 1,860
PC strand (19) 016 | 1.00 1,810
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(b) Closed (c) Bearing
(Fig. 1) Socket types'?

Load(ton)
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(Fig. 2) Load-deflection curve of cables

Carbon

o (N/mm?)
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(Fig. 3) Comparison of stress-strain relationships for
various material
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(Fig. 4> Isolated cables under concentrated load”

(Table 4) Initial properties of isolated cable

Item Data
Section area 5484 mm’
Elastic modulus 131000.0 Mpa
Center sag 3048m
Cable span 304.8m
Nodal load 35.586kN

(Table 5) Comparison of deflection”

Researcher Types Deflection(m)
O'Brien[1] catenary -5.627
Jayaraman[2] straight 5471
Jayaraman[2] catenary -5.626
Tibert[3] catenary -5.626
Andreu[4] catenary -5.626
Y.B.Yang[5] catenary -5.625
Thai[6] catenary -5.626
MSalehi[7] catenary -5.626
Present catenary -5.655
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(Fig. 5) Tension(kN) by pretension
200, 100, OkN
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(Fig. 6) Displacements(m) by pretension
0, 100, 200kN
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(Fig. 7) An orthogonal cable net with a hyperbolic
parabolic shape and subjected to point loads

(Table 6) Initial properties of HP cable roof

Ttem Data
Cable area 0.0006452 m’
Elastic modulus 16554 GN/m’
Span 97.52m x 97.52m
Height 6.096m
HP equation Z =0.00011906 (X° - Y?) + 3.048
7 Fy=44.5, Fz=66.75
Nodal
load(kN) 1~6 Fz=4.45
8~25 Fz=4.45
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(Table 7) Comparison of HP cable roof®*?

Node Vertical deflections(m)
number | Present Energy Cable+
method membrane
34 0.000 0.000 0.000
1 0133 0134 0126
3 0.145 0418 0407
7 1.138 1144 1.114
13 0.506 0.509 0497
19 0291 0.293 0.286
23 0.169 0171 0.167
25 0.067 0.068 0.067

{Fig. 10> Nonlinear analysis model of cable truss to
prestress loading application

(Table 8) Properties of cable truss

(Fig. 9) Stress contour of HP cable roof
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Item Data
Area of load bearing cable 0.00129 m’
Area of down valley cable 0.000645 m’
Area of hanger cable 0.0000645 m’
Elastic modulus 165.54 GN/m’

(Table 9) Comparison of axial forces

Hlement Axial forces(kN)
Nuhoglu[9] Present
20-2 236 251
24 231 26
46 26 26
6-8 24 25
810 22 24
21-1 452 46.0
1-3 459 45
35 47 45
57 45 45
79 45 44
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(Fig. 11) Cable truss beam roof (span=50m)

(Fig. 12) Isolated cable truss beam(span=50m)

(Table 10 Nonlinear results of cable beam
subjected point load at valley cable

Sag ratio Deflection(m) Tension(kN)
0.150 0.209 251
0125 0.219 275
0.100 0.237 321
0.075 0.294 403
0.050 0462 540

Cable beam span: 50m

Ridge cable: 36mm(pretension 100kIN)
Valley cable: 25mm(pretension 70kN)
Bracing cable: 12mm(pretension OkN)
Point loads: 25kN(only valley cable)
Elastic modulus: 190 Gpa

Displacsmants

10
04
0.8
07
06

Disp 0.5

0.4
03
02

01
0.0

0s o0m oo 01l OIS

Sag ratio

(Fig. 13) Displacement(m) of isolated cable
beam (span=50, 100m)

(Fig. 14) Cable truss beam roof with tensile
hangers (span=100m)

(Fig. 1b) Isolated cable truss beam (span=100m)

(Table 11) Nonlinear results of cable beam subjected
point load at valley cable

Sag ratio Deflection(m) Tension(kN)
0.150 0.442 487
0125 0454 546
0.100 0.488 046
0.075 0.602 810
0.050 0944 1079

Cable beam span: 100m

Ridge cable: 50mm(pretension 200kIN)
Valley cable: 42mm(pretension 100kIN)
Bracing cable: 16mm(pretension OkIN)
Point loads: 25kN(only valley cable)
Elastic modulus: 190 Gpa

1200
1000

800

a0 \*\\

20

T . T
Sam ratio

(Fig. 16) Tensile forces(kN) of isolated
cable beam (span=50, 100m)
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(Fig. 17> Cable truss beam roof with compression
pipe hangers (sag ratio=0.1, span=100m)

(Table 12) Nonlinear analysis results of cable truss
beam with compressive hanger

Span Load Deflection Tension
(m) (kN) (m) (kN)
5 0.120 161
10 0.256 233
50 15 0.420 327
20 0.575 416
25 0.709 499
5 0.230 323
10 0.494 468
100 15 0.823 660
20 1.114 839
25 1.375 1445

Cable beam span: 50m, 100m

Sag ratio=0.1(max. height:10m, 20m)
Ridge cable: 25mm(50m), 36mm(100m)
Valley cable: 25mm(50m), 36mm(100m)
Bracing member: pipes

Pretension: 50m(100kN), 100m(200kN)
Point loads: all nodes at ridge cable
Elastic modulus: 190 Gpa
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(Fig. 18) Displacement(m) of cable
truss roof

(Fig. 19) A cable spoke wheel system
(radius=25m, w=1.0kN/m2, sag ratio=0.1)

\ |

(Fig. 20) Deformation of a spoke wheel system

(Table 13> Nonlinear analysis results of a spoke
wheel system

Radius Pretension Deflection Tension
(m) (kN) (m) (kN)
100 0.207 367
200 0.165 425
25 300 0.113 500
400 0.110 587
500 0.100 680

Ridge cable: 36mm
Valley cable: 36mm
Bracing cable: 12mm
Elastic modulus: 190 Gpa

Frtansion 100500 kN
0,25
0.20
015

Disp

0,05

0.0

I 4 4 I
100 200 300 400 500

Pretension(kN)

(Fig. 21) Displacement(m) of spoke
wheel system
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