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Abstract

The main abject of this rescarch is concerned about the clleet of both initial sag and inilial tension in
inclined cables on the oulcome responses of somie cable siructures | such as cable stayed bridges and guyed
towers. A new lechnique for the choice of the best initial tension in cables depending on an iterative scheme
to give the minimum slatic responses. This technique is termed " oplimum oulcome response shapc’. The
static analysis ol cable stayed bridges having three spans with single cables in harp, radiating and fan shapes,
which represent  (he most common bridges, and guyed towers, is carricd out. Two cases of loading which
include the mast  dominant symmeclric and asynwnetric trafTic loads wilh four cascs of conncctions typcs
between pyions and floor becams are considered in the analysis of the bridges. Also , the case of wind load
with mcan wind speed ol 150 kivhour at 10 m, above the ground is considered for puyed towers . Both
static and dynamic analyses are carricd out taking into consideration geometric and malterial nonlincarities. In
both static and dynamic analyses, the cnergy method, based on the minimization of the total polential cnergy
ol structural clements, via conjugate gradient lechnique is used. The procedurc ts carried out using itcrative
steps 10 acquire the final confipurations. All preparcd computer programs in FORTRAN ianguage for this
work arc writien by the author which programs have a high rcliability when compared with other prepared
programs in this ficld. The major conclusions which give a significant reduction in the oulcome responscs,

havc been drivwn ..
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1- Introduction

The most advanced investigations in
structural engineering have mainly been
carricd out in the ficld of cable structures.
Cable staycd and suspension bridges, cable
roofs and guyed towers have a widc ficld of
- applications. During thc past few dccades
,cable-stayed bridges have found wide
applications in the world especially in
Western Europe. The development of
communication means has resulted in a
demand for very tall structurcs (guycd
towers) Lo carry the radiating antennac. The
devclopment and application of clectronic
computers and the unlimited possibilities of
the solutions of thesc structures gave the
ability of much knowledge in this ficld. The
most common cable- stayed bridges may be
classified as harp, radiating and fan
depending on the arrangements of cables
and their connections with the pylons. The
own weight of all bridge clements with all
various cascs of cquivalent traffic loads
including impact on the girders arc
considercd. A single plane of cables is
considercd as the mathematical model in
the analysis of the bridges. The primary
loads on guyed towers arc duc to dead
weight of the structural members, the
weight of supported cquipment, insulators,
any other associated apparatuscs, and wind
loads. The loads due to wind are greatly
affected by the shape and oricntation of the
tower (o the direction of the wind, the ratio
of the solid area to the total enclosed arca of
a vertical face ( solidily ratio) and the cross-
sectional shape of the individual members
of the tower. In both cable- stayed bridges
and guyed towers, thc analysis is carried
out considering cable and space [ramc
elements for cables and pylons, floor
beams and mast , respectively.

A non- linear response theory based
on minimization of the total work with
particular rcference to the use of the
conjugate gradient method is prescnted.
The summary of the itcrative scheme with
oplimum  oulcome  responses  shape
lechnique is presented. The dynamic theory
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usedl for the dynamic analysis in this paper
is Dbascd upon step by step response
calculation in the time domain, for which
equilibrium of the forces at the end of each
time sicp is cstablished by minimization of
the total potential work, using the same
mcthod of conjugate gradient. In both static
and dynamic itcrations, the Euclidean norm
of the gradient vector or unbalanced force
vector is taken as 0.01% and 0.1 % ,
respectively. Main sources of knowledge
about this method are given in[1, 2, 3, 4, 5,
6, 7, and 8]. Many numerical examples
werc prescenled o illustrate  the new
technique { oplimum outcome responses
shape) to get thc best initial tensions in
cables that satisfy minimum outcome
responscs in cable structurc. Finally, the
major conclusions arc presented.

2.Freely hanging cable under

uniformly distributed loading "

The analysis of single cable either as
catenary , parabola, or as a straight
element under uniformly distributed load
or concentrated loads was presented by [9].
A mathematical representation of cable
stress-strain curves is proposcd in [10].
The final cable length for a cable having
small sag/span ratio is computed using the
shear ~volume mcthod by [11]. The
governing cquation for a freely suspended
parabolic cable under several types of
distributed load along the cable span is
mentioned in [1]. This equation with
reference to Fig(1), is:

2

o'z
H—+w =0 1
37, "W (1)

Where: H = The horizontal component of
the tension in the cable;
w, = The uniformly distributed load along

the cable span; and

xand z= The horizontal and vertical
coordinates of a point along the cable,
respectively .

By integrating the above equation twice
and for boundary conditions (z =0 at x =0
and z =Z at x =X):

s Hz =%w (Lt-x2)+H —i—x (2)
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. The position of maximum sag, d. occurs
at the mid-span, (x =L/2)

Substituting x = -é at z =d ineqn. (2)
yiclds:
H=—- (4)

Finally, substituting the expression for £/
in egn. (2) yields:

Z:E(Lx x° )—i—:n:i (%)
L L

Egn. (5) shows that the cable shape is

parabolic when the load 1s uniformly

distributed across the span rather than

along the cable itself. The length of the

cable can be expressed as:

[
zszlﬁg)m ©)

Expanding the square root in eqn. (6) by the
binomial theoremn, including tha first three terms
only and by integrating between limits, yields the
following expression for the cable length:

S d, 32.d Z
=L+ (=) "2 (= -
A2 h() (L
4 ( 2,«-’ z
3([') ‘{,) H
e, ()
Considenng  § = ¢/, (83

The tcasions at the cinds of the cables arc:

?;=H¢H(i+4m2 ©)

TthJ;}%ﬂéﬂz (10)
in tlzs method, the cable segment is
divided into several elements. Within each
clement the uniform load, arca, and
modulus of clasticity will be assumed
invariable. A new clement will begin at
each discontinuity of load, area, or
modulus of elasticity or at applying
vertical or horizontal loads.

Si.-.ju;.,nn_‘.-_z]."f_gj;" st Gpltinun_outegnie
resgonses sivi.» chpique

An opilaim  outcome responses
shape has ic Le carried out in order to
reduce the delicction and to smooth the
bending meri s along floor beam , sway
along pylon 1. able-stayed bridges and
sway and bendding moment along shaft in
guyed towers, In all cases, the initial
tensions in cables are taken as 10 % of
minimum ulttimate values, Then, a new
cquilibrium configuration under the action
of dead load and equivalent live inads in
case of cable-stayed bridges and maximum
wind loads 1n case of guyed tewers and
cable initial forces will be determiined
again  during an  optimum  oulcome
responses shiy scveral control points(
nodes intersccied by the pgirder, pylons,
shaflts, and cabics) will be chosen for
checking, if ibe convergence tolerance is
achicved or not | 12].

The wmain  steps in  optimum
outcome  responses  shape  technique
throush the iierative processes required io
achicve strociural cauilibrium by
minirzation eof the total potential encrgy
may be summarized as follows.

I-Consider in the frst cycle an initial
tension in all cable members as a 10% of
the miaimum ultimatc value , Ty, then:

H-First, before the start of the ilcration
scheme

a) Calculate the tenston cocfficients for
the pretenston forces in the cables by.

_ N
A 0,
“f+¢4~y% (i)
Ly A
Where: 1, = ke tensicn coelficient of

the ferce in meniber jn ;

e =clongatior of cables due to applied
load,

Ty = initial fteee tn a pin-jointed meniber
or cable link <iac io pretension;

[ = naduies of eiasticity;
3

A = arca of the cable element, and
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Lo = the unstrained initial length of the
cable link.

b) Assume the elements in the initial
displacement vector to be zcro.

¢) Calculate the lengths of all the
clements in the pretension structure using
the following equation:

2 ! 2

LD =-Z|(Xm _le)
Where: X = eclement in displacement
vector due to applied load only, and
d) If either the method of steepest descent
or the method of conjugate gradients is
used, calculate the elements in the scaling
matrix, [13, 14 ,and 6] :

H =diag i k" e K s

Where: n = total number of degrees of
freedom of all joints, and
k = the 12 x 12 matrix of the element in
global coordinates.

(12)

- The steps in the iterative procedire
are then summarized as:

Step (1) Calculate the elements in the
gradient vector of the TPE, using:

fo 12 pn
g, = Z Z (k",x, )” - Z[jn(.\'m +Int - X - xp) - b

n=l r=] n=|

(14)
Step (2) Calculate the Euclidean norm of

the gradient vector, R, :[g:'gk ]”2, and
cheek if the problem has converged. If
R, <R, stop the calculations and print
the results. If not, proceed to step (3).

Step (3) Calculate the elements in the
descent vector, v using:

V], = _[ng]k+l + O [v]ir (15)
whee  [v], =g, (16),
and
Ly, B

T LTl [glz'[i%][gh

............................................................. an
Step (4) Calculate the coefficients in the

step-length polynomial from:
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2

C, = i (EAcr]2 /2L, Ju

(18-a)
=1
C, = i(EAazaJ /L), (18-b)

=l
]

C, = ‘ [lua‘ + .E‘A(a; + 2(rlcr\)-’2L.‘,L + iii[% v.k"v,J
I p=l 5=l r=l "

P

....................................................... {18-¢)
C = i[tua, + Eda,a, IL,',l + iii(x,k”v ) —iF v,
.............................. sy

Where:
f = number of flexural members,

P = number of pin-jointed members and
cable links,

F = element in applied load vector, and
K,: = Element of stiffness matrix in
global coordinates of a flexural element.
Step (5) Calculate the step-length S using
Newton's approximate formula as:
4C,S" +3C,87 +2C,5+C,
12C,S? +6C,S +2C,
......................................... {20)
Where: k is an iteration suffix and Sy = is
taken as zero
Step (6) Update the tension coefficients
using the following equation.

(tan )k =([ah)ir +

St+| =S5,

£A 2
——(a, +a,s +a;5°),
0 fub

........................................... 21
Step (7) Update the displacement vector
using equation (11).
Step (8) Repeat the above iteration by
returning to step (1 ), under item III.
IV— Take the final tension in cables for
each group of cables as an initial tension
and start again  with II.
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V- In each cycle of solution, the ratio of
the vertical displacements in deck floor or
lateral sway in pylons in cable-stayed
bridges and shafts in guyed towers at
control points , to those at main structural
points, p , will be checked. 1.e p < €,
where € is the convergence tolerance. The
cycles of solutions will be repeated until
the convergence tolerance is achieved
.other wise continue with step 11.

The computation by optimum outcome
responses shape technique will be stopped
and it is found if one of the following is
responded first:

|. The initial tension in cables does not
exceed 40 % of minimum ultimate values
of these cables,

2 The maximum outcome responses along
control points does not exceed those values
recorded in the previous cycle of solution.
3. The convergence tolerance is reached.
VI- The final tensions in cables are
considered as initial tensions when
carrying out all required static and
dynamic analyses with any other
symmetric and asymmetric cases of
loading. The ratio of final tension for cach
group of cable members to the minimum
ultimate value is called £.

4. Geometry and properties of the
bridges and the guyed tower.

Three span cable- stayed bridges having
cables in harp ,radiating and fan shapes
considering single plane of cables as
shown in Fig.(2-a), Fig.(2-b), and Fig.(2-
c), respectively[15] and guyed tower as
shown in Fig.(2-d) are considered. Four
cases of connection types between pylons
and floor beams as shown in Fig.(3-a) are
considered [16]. All bridges have two
equal exterior spans of 140m, and an
interior span of 280 m. The deck girder has
a total span of 560 m. The dimensions
were chosen to satisfy most factors
affecting the optimum shape of the bridges
[17, 18, and 19]. The bridge is symmetric
and is composed of three major elements:
(a) deck girder, (b) two pylons and (c)
eleven cables on each side of pylon. The
properties of pylon, deck floor and cables
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in cable-stayed bridges are given in
Table(1). The guyed tower is constructed
in 1959 at Dover (South East of England)
for ITV network [7 and 20]. It consists of
equilateral triangular section with vertical
legs designed as solid tubular steel
sections, and diagonal bracing of angle
profiles. The mast carries 10 m cantilever
and each facc of the mast section is 1.98
m, wide. It is supported laterally by guys
attached at five levels with three guys at
each level. All the guys are made from the
same type of 91-spiral strand, but with
different dimensions at each guy level. The
mast carries a disk at level 228.6 m with an
arca of 4 square meters, and weight of
about 1.55 ton. Specifications for the
lattice and guys in Dover guyed tower are
given in Tables (2 and 3),respectively.

5. Analysis Considerations

The cable- stayed bridges are analyzed
as a single plane of cables in the
mathematical  model. Each bridge has
1302 and 1278 degrees of freedom for
both pairs of connection types (A and B)as
well as (C and D), respectively. The static
analysis for all cable- stayed bridges are
carried out considering cases of loading
(1) given in Fig. (3-b). Both static and
dynamic analyses of guyed tower are made
due to self weight of structural elements
and wind loads , considering three
different directions as mentioned in
Fig.(3-c). Data for calculating drag forces
in guys and lattice for Dover tower are
given in Table(4). The shear velocity of
wind and the roughness length are taken as
4.285 m/sec. and 0.20m. The mean wind
speed at 10m, elevation above the ground
is taken as 150 km/hour. The most general
law describing the way in which the mean
velocity varies with height, Z, is the
"logarithmic law" and is given by:

U{z)=25uIn(Z/Zo) (21)

In which, u. = the shear velocity or friction
wind velocity, and
Zo = roughness length.
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6) cases study:
This part comprises the following items:

a) Effect of initial sag in cables:

First, the effect of initial tension in
inclined cables using the technique
mentioned in item 2 is presented. With
inclined cabie having 12 equal segments ,
120 m lengths , for each horizontal and
vertical projections and four various initial
tensions , the results are tabulated and
given in Table(5).

Second, the effest of initial sag in cables
on the outcome responses is carried out for
cable-stayed bridge in harp shape and
guyed tower. Some static responses such
as, variations of sway and bending
moments along pylon height , and
deflection and bending moment along
floor beam with connection type (A) are
shown in Figs.(4-a),(4-b),and (4-c),
respectively. Also, the variations of sway
along tower height in guyed tower are
shown in Fig.(13).

b) Effect of initial tensions in cables on
the outcomc static responses.

1. The static analysis is carried out for
cable-stayed bridges in harp shape with
case of loading (1) and considering three
cases of initial tensions , such as 10% T, ,
50 % T,, and the new technique (item 3),
in which T, is the minimum ultimate
tension in cables. Some of the obtained
results are shown in Fig.(5).

2.The same previous assumptions are
considered except for the case of 50 % T,
for radiating and fan bridges which are
presented and drawn in Figs.(6) , and (7),
respectively.

3. The static analysis is carried out with
the best obtained initial tensions in cables
using an optimum outcome responses
shape having £. coefficients given in
Tables (6, 7, and 8) for harp, radiating, and
fan shapes, respectively. The variations of
floor beam responses considering case of
asymmetric loading (2) ( deflection,
normal forces, and bending moments) are
shown in Figs.(8, 9, and 10) for harp,
radiating, and fan bridges, respectively.

The variations of sway along pylon height
for all bridge types are shown in Fig.(11).
Finally, The bending moment, sway, and
normal forces along tower height for
Dover tower are shown in Fig.(12).

4. Effect of connections between pylons
and floor beams :

Various studied cases are presented and
summarized in Table (9).

5.To confirm all previous results obtaincd
from static analysis, the dynamic analysis
in time domain for Dover guyed tower is
carried out considering wind direction (1)
and properties of wind and drag forces
mentioned before. The total time of
dynamic analysis was taken as 30 seconds
with time step of 0.02 sec. The first natural
frequency for shaft was 0.288 hertz The
damping was 0.02. Some obtained
dynamic time histories( horizontal sway
and velocity at tower top, final tension in
upper cable, moment in shaft at third cable
level, and normal force in shaft at its
support) are shown in Fig.(15). Finally,
some statistic analyses for dynamic time
histories are given in Table (10).

7- Analysis of results.
It may be concluded that:

1. The initial sag of cables decreases
with increasing initial tensions.

2. Anincrease of about 5% to 10 %
for structures responses occurs
when taking sagging effect into
consideration,

3. Anincrease of initial tension
without any constraints, causes a
disturbing in outcome responses
(Figs. 5-a, 5-b, and 5-¢).

4, Using optimum outcome responses
shape technique gave a significant
decrease in all responses. With the
case of symmetric loading, the
following reduction percentages

are found:

a) deflection in floor beam = 65 % to
80 %.

b) bending moment in floor beam =
50 % to 70 %.

¢) normal force in floor beam is very
close to the case of 10 % Tu
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d) sway inpylon =60 % to 75 %.
e) normal force in pylon is very close

to thc case of 10 % T,
f) bending moment in pylon. = 50 %
to 80 %.
g) the variation in tension in cables is
- small.

5) for the case of asymmetric loading,
the use of an optimum responses shape
technique had the minimum reduction
factor for deflection, sway , and
bending moment in floor beams. This
reduction is more than 50 %, while the
variations in normal forces are
insignificant.

6) The results for dynamic responses
confirmed the results of static responses.

8- Major conclusions:

The major conclusion that may be drawn
from the present work are:

1.Effect of initial sag in inclined cables
depend on the initial tensions therein and
must be taken into consideration. It causes
an increase of about 5-10%.

2.The initial tension in cables plays an
tmportant role in the analysis of cable
structures.

3.The assessment of tnitial tensions in
cables must be controlled with a high
degree of attention.

4. An optimum outcome responses shape
technique 1is assuredly acceptable for
finding the best initial tensions in cables
for all types of cable structures. It gives a
very good reduction in deflections along
floor beams and sway along pylons in
cable stayed bridges. The bending
moments along the floor beam are rather
smooth .

5.The dynamic analysis confirmed the
good results obtained from the static
analysis.
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Table (1) : properties of pylon, deck floor and cables-stayed bridges.

Structural Description of structoral clements Propertics of sections loads
element Young's Area incitia | Inertia Torsion Dead | Live
modulus m? I I, Constant | load | load
vem2 m' m* m?* Um ¢m
Pylon Hollow rectangular R.C. section (3x5m) 300 5.76 17.88 74 159 14.4 0
with thickness of wall of 0.4 m.
Deck Steel box girder in orthotropic plate shape 2100 1.25 1.14 L 30.5 31.69 5.78—| 528
Cables 6x37 classes IWRC [21] of zinc —coated 1584 006194 Diameter =10.16 cm 0.004896
rope with minimum ultimale of 925 tons
Tablet 2): specifications for the lattice in Dover guyed tower.
T item Units | Section | Section | Section | Section | Section | Section
n 2) (3} 0| 5) 6
Cross- sectional area, A. m? 0.05023 | 0.03800 | 0.03429 | 0.02138 | 0.02138 | 0.007886
Polar moement of m? 0.0659 0.0498 0.0494 | 0.02800 | 0.02800 | 0.002194
inertia ,iz
Moment of inertia, Ix ms 0.03295 | 0.0249 | 0.0247 | 0.01400 | 0.01400 | 0.001097
Moment of inertia, Iy m? 0.03295 | 0.0249 | 0.0247 | 0.01400 | 0.01400 | 0.001097
Modulus of elasticity E. | t/cm? 2059 2059 2059 2059 2059 2059
Weight / unit length t/m 0.483 0.385 0.355 0.255 0.2515 0.088
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Table(3) : specifications for the guys in Dover guyed tower.
item Units level | Level | level | Level Level
No.1 NO. 2 No. 3 NO. 4 NQ. 5
Diameter ,D. m 0.03493 0.0381 0.04128 0.0508 0.03174
Cross- sectional area, A, m? 0.000802 | 0.000948 | 0.001109 | ¢.001587 | 0.000633
Modulus of elasticity E. t/em? 1600 1600 1600 1600 1600
Height of guys connections to mast. m 445 95.7 146.91 198.12 2286
Nomina! radius of anchorage m 71.93 71.93 149.96 149.96 172.21
Inclination on horizontal Degree 31.74 53.08 a3.41 52.88 53.00
Minimum ultimate load Tons 112 132 155 232 90
Weight/unit length. t/m 0.006169 | 0.007292 | 0.008531 | 0.01276 | 0.004871

Table {4} : data for calculations of drag forces in guys and lattice members.

Group member Solidity ratlo Area Area of Drag coefficient
numbers Effective anciliarles Sub-critical | Super-critical
™Mt m M m regime Regime
Mast (1} 0.2159 0.459 0.34 1.830 1.590
Mast (2) 0.2000 0.423 0.34 1.900 1.670
Mast (3 0.1953 0.410 0.34 1.928 1.691
Mast (4} 01732 0.360 0.22 2,045 1.812
Mast (5} 01786 0.371 0.21 2,045 1.830
mast (6) - 1.524 - 0.700
Disk - 4.000 - - 0.700
All guys - Diameter , m - J 1.200 0.900
I
Table (5) : Effect of tension in cables on cable sag.
r site r Coordinates Sag values, m , T,=925 tons
X- axis y- axis 10%Ty 20% Ty N%Ty 40% Ty

1 10 10 0.582 0.194 0.146 0.il6

2 20 20 1.059 0.353 0.265 0.212

3 30 30 1.429 0.476 0.357 0.268

4 40 10 1.694 0.565 0423 ] 0339

5 50 50 1.853 0.681 0.463 0371

6 60 60 1.906 0.653 0476 0.381

7 70 70 1.853 0.681 0.463 0.371

] 80 80 1429 0476 0.357 0.268

9 90 90 1.429 0476 0.357 J 0.268

10 100 100 1.059 0.353 0265 0.212 |
il 1o 1o 0.582 0.194 0.146 j 0.l16 J
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Table (6 ): coefficient £ for cables in harp shape (new technique)

Level of cables from upper part to lower part

\' Connection T

type 1 2 3 a 5 6 7 8 g L 10 1
A 0.29 0.260 | 0.234 | 0.200 | 0184 | 0171 | 0.165 ] 0.160 | 0.158 | 0.158 Oj@
B 0.278 | 0.250 | 0.224 | 0.200 | 0.184 | 0.171 | 0.163 | 0.159 | 0.157 | 0.157 | 0.157 ‘
r C 0.310 | 0.270 | 0.230 | 0.200 | 0.180 | 0.165 | 0.155 | 0.149 | 0.145 | 0.138 | 0125
D 0283 | 0.254 | 0.227 | 0.205 | 0.187 | 0174 | 0.163 | 0.152 | 0.137 | 0.112 | 0.069
Table (7} : coefficient £ for cables in radiating shape inew technique)
Connection Level of cables from upper part to lower part
type 4 2 3 4 5 6 7 8 9 L 10 1
A 0.296 | 0.252 | 0.212 | 0478 | 0.154 | 0.138 | 0.128 | 0.121 | O.115 | 0.103 | 0.082
B 0.258 | 0.231 [ 0.205 | 0.181 | 0.162 | 0.148 | 0.439 | 0134 | 0.113 | 0.122 | 0.107
c 0.306 | 0.261 | 0.220 | 0.185 | 0.157 | 0.138 | 0.124 | 0.112 | 0.101 | 0.086 | 0.068
D 0.290 | 0.259 | 0.216 | 0.185 | 0.160 | 0.141 | 0.127 | 0.115 | 0.103 | 0.087 | 0.068
Table (8 : coefficlent £ for cables in fan shape tnew technique)
Connection Level of cables from upper part to lower part
L type 1 2 3 4 5 6 7 8 9 10 1"
L A 0.300 | 0.255 | 0.214 | 0.180 | 0156 | 0.139 | 0.129 | 0.123 | 0.116 | 0.104 | 0.081
1 B 0.263 | 0.235 E).207 0183 | 0.164 | 0450 | 0.140 | 0.135 | 0.130 | 0.123 | 0.108
L C 0.310 | 0.260 | 0.220 | 0.187 | 0.160 0.11107 0.126 | 0.115 | 0.103 | 0.087 | 0.066
L D 0.290 | 0.254 | 0.218 | 0.187 | 0162 ( 0.144 | 0130 | 0.117 | 0103 | 0.087 | 0.065
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Table (%) : Maximum responses in cable-stayed bridges taking connection types into account.
Bridge Pylon Floor Beam Case of
type Connecl. Sway Moment Normal deflection Moment Normal Initial
Type, {m) m.l Tons. (m) m.i Tons, tension
Harp A 0.37 5942 -4400 072 6154 -1370 0%T,
Shape A 0.11 1430 4500 0.16 2586 -1500 New tech,
Cable - B 033 2547 4317 -0.68 6146 -1381 10%T,
Stayed B 0.13 1122 4960 -0.19 3007 -1366 New tech.
Bridge C 0.47 2251 4378 -0.82 6144 -1320 i0%T,
C 0.13 458 4400 0.16 2471 1350 New tech.
D 0.35 5186 4324 -0.68 6112 -1386 10%T,
D 0.1 1683 4312 -0.16 282) -1271 New tech,
Radiating A 033 6220 -4990 .69 6072 1140 10%T,
Shape A 0.13 1518 -5006 0.17 2085 958 New tecF._]
Cable B 0.30 2102 -4928 0.65 5402 940 10%T,
Stayed — B 0.2 762 -4990 0.21 3191 916 New tech,
Bridge C 0.46 380 4142 -0.78 6308 -§96 10%T,
C .12 156 4042 -0.15 2437 924 New tech.
D 0.39 2345 4109 0.71 6108 900 10%T,
D 0.10 678 -4036 -0.16 2652 912 New tech.
Fan A 0.35 3635 -4933 -0.69 6020 -1093 0%T.
Shape A 0.15 1588 -5016 -0.18 2670 917 New tecL
Ceble B 030 2323 -4935 -0.65 5887 -897 0%T,
Stayed B 0.12 680 4442 0,22 3246 -873 New tech,
Bridge C 0.45 2173 4430 -0.77 6282 -841 10%T.
C 0.12 560 -4335 -0.15 2468 -380 New tech,
D 0.39 3800 4554 0.71 6045 -845 0%T,
D 0.12 1133 4190 -0.17 2677 -880 New tech,
Tabie (10): Statistic analysis for dynamic responses for guyed tower.
rlocation response 10 %Tu New technique
Maximum | Minimum Mean Maximum | Minimum Mean
Value vaiue Value Value value Value
Top tower Lateral 170 1 105 130 1 72 J
Level 1 Sway 129 0 78 gl0] 0 51
Level 2 {cm) 61 0 29 a4 0 16
Top tower Lateral -6.75 5.70 0.04 4.40 -4.15 0.02
Level 1 Velocity -3.45 -3.38 0.03 34 31 0.01
Level 2 m/sec. 2.3 1.97 0.01 -1.85 1.7 0.003
Cable No. 1 Tension(t) 34.76 8.75 22388 38.06 17.51 27.56
Mast (1) Normal -73 -8 -41 -83 -23 -52
Mast(2) forces in -226 -18 -128 -256 -38 -154
Mast(3) tower -357 17 -185 f12 -28 21 u
Mast(d) members(t) 541 -32 -299 -653 27 -345
Mast (1) Moment in a7 7 49 72 7 48
Mast(2) tower 345 -20 154 238 -3 129
Masti3) members 161 101 32 105 -78 17
Mastid} {t.m 19 -180 =24 -107 1014 -7
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Fig (1):Simply supported cable with uniformiy distributed load along the horizontal projection of the span
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Fig.{13) : Variation of dynamic responses for guyed tower.



