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Abstract
The purpose of this paper is to present the static analysis of cable-supported bridges
taking into considerations the influence of connections between pylons and floor beams.
To reduce some causes of nonlinearities, this research has been done to choose a reasonable
tvpe of connection between towers and floor beams. Three types of bridges having three.
four, and five spans have been analyzed. These bridges were suspension; cable stayed with
radiating er harp shape of arrangement of cables. Four cases of connections between pylons
and decks are considered. In the static analysis, the energy method, based on the
minimization of the total potential energy of structural elements, via conjugate gradient
technique is used. The procedurte is carried out using the iterative steps to acquire the final

configurations. The author constructed all computer programs used in the analysis. The
major conclusions, which have been drawn from the present work, are outlined.

I- Introduction

Cable -supported bridges have their origins vine —supported footbridges consiructed by
ancient peoples. They have been known since the beginning of the !8h century [1 and 2].
but theyv have been widely used only in the last 45 years. A rapid progress in the anatysis
and construction of these 1vpes of bridges has been made over last 40 vears. This progress
is mainly due to high strength steel cables and box-girders with orthotropic steel deck [3].

Cable bridges mav be classified 10 cable-suspended or cable-stayed bridges. depending
on whether the cables suspcnded between towers or nearly straight and extending from only
one tower. Cable-bridges consist of three principal components. namely girders. towers. and
cables. Inclined cable stays in cable-siaved bridges and suspensors in suspension bridges
support the girder elasticalh at peints along its length. Since the spans are large and the
cable stays are long and under high pretension force action. the nonlincaritics due to cable
sag. compression effect in towers and girders and large deflections have to taken into
account. Thus. it is imperative 10 utilize three-dimensional nonlinear analysis.
To reduce some causes of nonlinearities, this research has been done to choose a reasonable
tvpe of connection between towers and floor beams. Many parameters play signifieant rule
in the analysis and design of cable-supported bridges. Most of these parameters are the
arrangements of cables. height of ower to central span ratios, ratio of exterior spans o
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interior span in continuous bridges. influence of support fixation on the analysis and sag to
span ratio in suspension bridges. To fix some of these parameters for choosing the
reasonable dimensions in this study. we seek after the experience in this filed represented in
[4]. The optimum ratio of L/LT is 0.35 [3]. where LT is total length of three span bridges
with two equal exterior spans and L is the length of interior span. The most economic range
of tower height to central span of the bridges occurs between 0.16 and 0.2 [6 and 7]. The
study is carried out on three types of bridges having three, four and five spans with four
types of connections between towers and floor beams.

2. Geometry and Loading

Cable-stayed with radiating shape, cable- stayed with harp shape and suspension bridges
as shown in Figs. (1-a), (1-b), and (1-c), respectively are the three studied cases in this
paper. They have all interior spans of 240 m length and two exterior spans of 100 m. The
deck girders have a total span of 440, 680, and 920 m, for bridges having continuous three,
four and five spans, respectively. All types of bridges are symmetric and are composed of
three major elements: (a) the deck girder, (b) number of pylons equals to number of spans
excluding one, and (c) the cables [8]. The suspension bridge has sag of 10% of interior span
(24 m) and two inclined stay cables. The pylon height above and down floor level in ail
types of bridges was taken as 50 m and 25 m, respectively The cables were 6x37 class
IWRC of zinc-coated bridge rope. The towers are designed as reinforced concrete with
rectangular uniform section, while the decks were taken as steel box-girder in orthotropic
plate shape. All properties of cables, pylons and decks are given in Tables (1 and 2).

In order to take into account the influence of connections types between towers and floor
beams; four cases are considered viz.:
The connections between towers and deck are rigid ,while the tower bases are fixed
and rest of supports are rollers (Fig. 2-a).
The intersection between floor beams and towers are pinned, while the tower bases are
fixed and other supports are rollers (Fig. 2-b).
The lower parts of towers are released and the deck girders are continuous with rigid
attachments with towers on roller supports while hinged only at second support from left
side (Fig. 2-c)
This case is similar o case ¢ except with pin connections of towers to deck girders
(Fig. 2-d).

3. Analysis Considerations

The static analysis for all examples is carried out by the energy method. This method is
based on the minimization of the total potential energy and structural elements, via
conjugate gradient technique [9]. The procedure used the ilcrative steps 1o acquire the final
configurations. The program used in the analysis and all programs used for generation of
geometry and properties of bridges are constructed by the author. The bridges were analyzed
as a space struclure with global system of coordinates given in Figs. (1-a), (1-b). and (1-c).
Number of cables and flexural elemenis, number of joints and number of degrees of
freedom with considered mathematical models in cablc stayed and suspension bridges are
given in Tables (3-a) and (3-b). respectively. The cross section of the deck is box-girder in
orthotropic shape. Many examples are solved considering the total dead weight and traffic
load as umformly distributed along all span lengths with intensity of 10 vm’. The iniual
tensions for all cable elemerus aré taken as 10% of maximum fracture load for each nvpe.
The maximum normal forces and bending moments along tower height are presented in
Table (4). Considering H is the height of tower above floor level. the maximum lateral
displacemenis in towers tops are given in Table (5). Considering L is the interior span of the
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girder and W is the intensity of the uniform distobuted loads along the decks. Tables
(6,7and 8) are presented. These tables involve respectively maximum normal forces in
decks, maximum bending moments in decks and deflections and bending moments at the
eenter of the first interior span of the floor beam. In all 1ables contain normal forces, a sign
(-) means a compression forces while no sign means a tension forces. Figs. (4, 5, and 6)
show sway along tower height in suspension, stayed (harp), and stayed (radiating) bridges,
respectively. )

Figs. (7- a and 7-b) involve the values of horizontal and vertical displacements at cable joint
for all considered types of connections. The tension forces in cables for all types of
connections in suspension, stayed (harp) and stayed (radiating) bridges are presented in
Figs. (8, 9-a and 9-b), respeciively. Figs. (10), and (11} summarize the variations of
deflections along floor beams for bridges having three and four spans, respectively.

A comparison containing the three considered types of bridges having four and five spans
between deflections along floor beams is showed in Figs. (12 and 13), respectively. As
example, the variations of mements along floor beam in suspension bridge are shown in Fig.
(14). Normal forces along tower height in suspension, stayed (radiating), stayed (harp)
bridges are given in Figs. (15-a, 15-b, and [5-c), respectively. Finally, Figs. (4, 5, and 6)
show sway along tower height in suspension, stayed (harp), and stayed (radiating) bridges,
respectively. Figures (16-a, 16-b, and 16-c) describe the bending moment along tower
height in stayed (harp), stayed (radiating), and suspension bridges, respectively.

4. Analysis of Results
It may be concluded that:
1. Cables:
Displacements in cable joints (Figs.7)
a} All types of bridges had small variations in horizontal displacements.
b) Case ¢ had the smallest values of vertical and horizontal displacements.
Cables in suspension bridge (Figs. 8)
a} Case b had the smallest values of cable tension in cable 1, while case ¢ had the
biggest value.
B) Case ¢ had the biggest values in sagging cable, while other cases were very close to
each others and had the smaller values.
¢} The values of tensions in stayed cable are inversely proportional to the values of
tensions in sagging cable.
d) Cases b and d are very close to each others.
Cables in stayed bridges (Figs.9)
g} Case b had the smallest values of tension in all cables.
Pylons (Figs. 4, 5, 6, 15, and 16)
a} Cases b and d had the smallest values of lateral displacements for tower.
b) The lateral displacements with increasing number of spans had a small variation.
¢) Comparison of the three types of bridges demonstrates that the suspension bridge
had a relatively small normal foree along tower height above the floor level.
d} Case of connection type ¢ had the smallest values of tension and bending moment
along tower height.
¢) In case of bridges having a part of tower under floor level, case b had a bending
moment along tower height smaller than that in case a.
3. Decks (Figs. 10,11,12,13, i4, and 17}
a) Case b had the smallest values of deflections along floor beam in all types of bridges.
B) The difference in deflection along floor beams in suspension bridge between case ¢
and d is negligible.
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¢) Comparison of the three types of bridges demonstrates that the suspension bridge had
big values of deflections along floor beams.

d) The biggest values of normal forces along floor beams are concentrated near 1o tower
connection with the floor and decreases near the center of spans except in suspension
bridge (case a).

g) Case b had the smaller values of bending moments in exterior and interior
spans, while the other cases a, b, and d are very close to each other.

) Case b is the best case with respect to the maximum deflection along the floor
beams, while other cases are close to each other with a complete similarity
between cases ¢ and d.

3. Conclusions:

The major conclusions that have been drawn from the present work are:

1. The connection types between pylons and floor beams play an important rule on the final
design of cable —supported bridges. They have influence on the final values of tension in
cables, normal forces and bending moments in towers and decks as well as on the lateral
sways in towers and vertical deflections in decks.

2. Cases b and ¢ are the best choice confirming ail phases of comparisons.
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Table (1): Properties of used cables.

Group | Diameter | Weight Area Modulus Breaking | Initial tension
No. (cm) (t/m) (mz) (Ucmz) load,(tons)
1 [ 762 0.022 | 0.00274193 | 1584 | 412 412
2 10.16 | 0.0393442 | 0.00487741 | 1584 | 730
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Table (2): Properties of pylons and deck sections.
£l . Area Polar inertia | Inertia [-X | Inertia I-Y Weight Meodulus
cmen! . 4 4 4 2
q t/
L (m) (m) (m’) {t/'m) (Yem?) |
Upper tower | 9.116 17.135 31.19 6.306 22.791 200
Lower | j4047 | 21261 36.848 7.395 35.185 200 ’
| tower ) . ___ 1 : ,
Floor beams | 0.4027 11.1821 10.7374 0.4447 349 | 2100 "

Table (3-a): Numbers of joints, members, and degrees of freedom in cable stayed bridges.

Item 3-spans 4-spans S-spans .
Cases (aandb) | (candd) |(aandb) | (candd) [ (aandb) | (cand d)
| Number of joints 91 87 136 130 181 173 |
Number of cables 64 64 96 96 128 128 |
Number of flexural 46 42 69 63 92 g4
members |
| Degrees of freedom | 398 381 | 59 5711 1 794 761 |
Table (3-b): Numbers of joints, members, and degrees of freedom in suspension bridges.
i Item 3-spans 4-spans 3-spans j
Cases (aandb) | (candd) | (aandb) | (candd) | (aandb) | (candd) |
Number of joints =2 68 110 104 148 140
Number of cables 43 43 74 74 105 105
Number of flexural 46 L4 69 63 92 34
members - -] >_ |
Degrees of freedom 341 | 324 518 493 | 695 | 662

Table (4): Maximum normal forces and bending moments in pylons.

Response Normal Force, ton ]! Bending Moment , t.m
Spans No: | Suspension Harp Radiating | Suspension Harp Radiating
and cascs bridge Bridge bridge i bridge Bridge _ Bridge

' 3-spans (a) -3225 -3894 -3924 | 17052 12426 11369
3-span(b) -3087 -3755 -3793 2964 2408 1951
3-spans (¢) -733 -1604 -1902 2733 1108 821
3-spans(d) 'j -957 -1586 -1878 2089 4851 5072

| 4-spans (a) -3726 -4336 -4340 14690 8659 7894

| d-spans(b) | -3639 4248 4259 | 1356 2018 1786

! 4-spans (¢) -940 -1709 -2052 1532 1002 741
4-spans(d) -961 -1698 | 2039 | 1706 4049 4218
S-spans (a) |  -3680 4279 | -4282 ﬂ 14791 8091 7432
5-spans{b) -3640 -4238 -4245 1374 2779 2441
5-spans (c) -934 -1670 -1996 | 1795 1038 769
5-spans(d) 957 -1669 -1955 | 1808 4228 4430




— ns

Table (5):
Cases |
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Suspension bridge

The maximum lateral displacements in lowers tops as a ratio of tower lteight, H.

Cable-stayed (harp shape) rCable-stayed(radiating) ]

Casea | H/508 H/460 _HM493

Caseb | H/2390 1868 H/976

Casec | H/325 1 H/385 H/415

Cased | H/770 ] H/670 H/614

Table (6): Maxinuim normal forces in decks as a percentage of WL‘Z, 1071S.
Bridge type | Suspension bridge Cable stayed (harp) . Cable stayed (radiating)
Cases | exterior | interior Extertor .JL Interior Exterior Interior
Case a | -4.80 -26.50 -22,10 -35.50 -18.75 1-39.03

Case b 540 | -6.10 -20.20 -17.30 -16.66 -19t0 1.6
Case -6.10 14.16 2313 -18.75 -20.62 201015
Case d -3138 -56t094 |-16.12 -26.00 -16.25 1-27 B

Table (7): Maximum bending moments in decks as a percentage of WL, m.

Bndge type Suspension bridge | Cable stayed (harp) | Cable stayed (radiating) ?
Cases exterior | interior | Exterior | Imterior | Exterior | Intedor
Case a 434 747 | 361 5.65 3.00 486 |

[ Caseb 121 520 | 0.88 4.03 0.67 3.60
Case c 6.44 691 4.99 509 | 422 438
Case d 6.67 651 481 agi__ | __al10 430

Table (8): Deflections and bending moment at the center of first infe

rior span of the floor beams.

]ﬁsponse Deflection multiplied by L/100 Moment multiplied by WL /100 l
< - |7
I:Oagsf Suspension THarp ﬁ:{adlalmg Suspension | Harp Xadiating |
-
3 a 0.204 0167 | 0152 | 473 391 3.67
3 b 0.155 0.123 | 0.116 4.07 3.36 318 |
3 c 0.250 0.194 0.176 5.32 4.28 398 |
3 d 0.250 0.178 0.163 5.29 3.79 3.76
4 | a 0.179 0.141 | 0127 437 354 | 33
4 b 0.155 0.120 0.111 4.06 3.28 3.08
| 4 c 0.194 | 0147 | 0132 4.59 3.25 337 |
| 4 d 0.194 | 0.142 0.128 4.56 348 1. 33
5 a 0.180 | 0.143 0.130 | 440 358 | 334
5 b B 0.155 0120 | 0132 | 406 3.28 32
5 c 0208 [ 0163 0.123 4.78 3.52 3.58
5 d 0.208 | 0.150 0.120 4.78 3.31 341
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Fig (17-b): Normw] orce along floorbeamin cable staved (harp) bridge
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Fig (17-¢). Nonml force along fioor beamin cable sty ed (radiating) bridge.



