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ABSTRACT

The purpose of this research is to study the priricipal theory of Cable stayed bridge and
analyse the behaviour of cable stayed with sophisticated arrangement of cable stays. In

this study, static analysis of pedestrian bridge had investigated; Static analysis is to
| determine the maximum and minimum stress on cable and deck, checking the maximum
deflection, resultant moment and strain on the pedestrian bridge at sophisticated cable
arrangement to compares with the conventional arrangement. In addition, sensitivity
analysis is done to determine the behaviour of the cables when some parameters had
changed to determine the analysis of the bridge when some paramgters chang_ed (high of
pylons) due to static analysis. The important of this study came out When enginéers hard
to make a choice to build a bridge from design to the actual stricture while maintaining
aesthetic values. Aesthetic values are very important to maintain the identity-of a bridge
and thus become a landmark for the country. The design loads which are pedestrian
loads are distributed to the joints on bridge deck. A total of each case will analyse three
arrangement cables which are conventional arrangement (harp and fan) and a
sophisticated arrangement, this study had been analyse using LUSAS software. The
result shown, that the fan arrangement is ideal and suitable in construction for short-
- span structure while harp pattern is not the best from the static or economic point of
view; it is attractive because of its undeniable aesthetic advantages. Thus, sophisticated
arrangement is also very ideal arrangement because the static analysis results between

the conventional arrangements. Furthermore it can maintain the aesthetic value.
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ABSTRAK

Tujuan kajian ini ialah untuk mengkaji teori utama jambatan pejalan kaki dan
menganalisis kekuatan susunan kabel yang rumit bagi jambatan pejalan kaki ini. Dalam
kajian ini jﬁga, analisis statik jambatan pejalan kaki tclah dilakukan. Analisis statik
adalah untuk menentukan tegasan maksimum dan minimum pada kabel dan dek,
maksimum pesongan, daya lenturan dan ketegangan pada jambatan pejalan kaki di
susunan kabel yang rumit untuk membandingkan dengan susunan konvensional.
Tambahan, analisis sensitive adalah untuk mengkaji perubahan pada jambatan pejalan
kaki apabila beberapa parameter telah diubah (tinggi pilon) dan analisis berpandu pada
analisis statik. Kajién ini dilakukan adalah untuk membantu jurutera apabila mereka
sukar untuk membuat pilihan yang terbaik untuk membina sebuah jambatan dari reka
bentuk untuk struktur sebenar di samping mengekalkan nilai-nilai estetika. Nilai-nilai
estetika adalah sangat penting untuk mengekalkan identiti jambatan dan dengan itu
menjadi mercu tanda untuk negara. Setiap satu kes mengandungi tiga buah jambatan.
Beban pejalan kaki diedarkan kepada dek jambatan. Sebanyak tiga jenis susuanan kabel
bagi setiap kes adalah susunan konvensional (kecapi dan kipas) dan susunan:rumit,
kajian ini telah dikaji dan analisis menggunakan perisian LUSAS. Keputusan kajain
menunjukkan susunan kipas pada jambatan pejalan kaki adalah lebih baik dari sususnan
‘kecapi kerana susunan kipas sesuai digunakan pada dek jambatan yang pendek.
Susunan kecapi tidak bagus dari segi static dan ekonomi tetapi susunan ini lebih
menarik dari segi nilai asteﬁk. Bagi susunan rumit, susunan jenis ini jugabagus kerana

keputsan berada di tengah antara kecapi dan kipas.
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CHAPTER1
INTRODUCTION

11 INTRODUCTION

The process of analy51s a pedestrlan brldge begms by 1dent1fy1ng the .
: goals and ObjeCtIVCS of the research These research objectrves are translated 1nto ‘
the analy51s structural ‘and aesthetlc Structural requlrements mcludmg-
prov1dmg adequate strength and durability, complies with the criteria of
deﬂectlon and to prevent excesswe v1brat10n Aesthetlc goals are more dlfﬁcult
to quantlfy, however because they are oﬁen expressed in terms of meetmg the-

requrrements of the local commumty or create a landmark structure symbohc

In burldmg brrdges there are common problems that aﬁ‘ect these prOJects :
from runmng smoothly Pro;ect objectlves are also sometlmes mterfere w1th the : I.""
smooth runmng of the brldge However the purpose ofa pedestrlan bndge was
built to fac1htate and meet the scale of human hfe Pedestr1an brldge is usuallyv
built confines of the city for aesthetlc consrderatlons Brldge des1gners such as»
des1gn professionals i in other ﬁelds are faced w1th the challenge of combmmg.
aesthetlc goals into a complex set of functlonal requlrements consxderatlon of

structural constramts and prOJects whlle keepmg costs within budget.

Long-span pedestrian bridge is rare, because the bridge usually include
pedestrian or bicycle access when needed. Most pedestrian bridges are built
within the range of short to medlum spans, for whrch numerous structural types

and materrals are fea51b1e



setting an appropriate st_ructura_l system that -at ‘the same time defines or
contributes to achieving ‘the aesthetic goals. Other design professionals can
adopt structural expression; however, structural engineers tend to use it with a
different sensitivity that stems from their technical tra_ining. Engineers are also
adapt at integrating bridge alignrnent, profile, structural details and overall
structural form in order to achieve the project aesthetic goals within the

discipline of cost and schedule.

Now, the development of bridge construction continues, constantly
materials and new technologies were used. While very sophisticated techniques
"have been developed in drder td study the aerodynamics of bridges and stay
'cables comparatlvely few studies have been carrred out concerning the static
response ‘of cable stayed br1dges ThlS paper is to represent an analysis and
modellmg of the sophlstlcated arrangement cable for pedestrian bridge. Cable-
stayed brldges -are increasingly designed and bu11t due to their .aesthetlc,
appearance, and on the other hand because in the scope of rehabilitatiOns of old
structures as well as in case of new designs external prestressmg is' more and

more frequently used. -

- Cable-stay Bridge has three convent10na1 types which are harp- shape
fan shape and semi fan shape. The dlfferences between those three types are the
cable arrangement The study will show the ana1y51s of convent10nal
arrangement (harp and fan) of cable and sophrstlcated arrangement on the
pedestrian brrdge LUSAS soﬁware wrll use to analysed and modelhng the :
conventional and sophlstrcated cable arrangement. At least four cases equal to
twelve model of cable _arra_ngement will be model by using LUSAS software to
determine the local and giobal analysis. The loading being applied is considering

dead load and live load.



1.2 PROBLEM STATEMENT

It was 'so many courses that effaced the failure of bridge. Most of the -
bridge collapse was-a result of various factors such as weather conditions,
accidents, failure of connectlons deflection, structural failure and others (Ed
Grabranowsk1 1999). Br1dge linked from one route to another route. For
example, due to heavy rains in eastern South Afrlca Mpumalanga 14 people
were killed aﬁer a brldge collapsed The analys1s shows that the bridge was
carrying heav1er loads or affects the world's chmate affect the stab1l1ty of the
constructlon Varrous constructron cr1ter1a should be consrdered Also in 1904
in Canada Quebec Br1dge collapsed durmg construct1on because the brrdge
cannot sustain the burden of death and the actual we1ght away from the brldge

over the carrymg capacrty. (MP B1en1el_<, 1984)

One of the outstanding structural in bridge engineering is Cable Bridge.
However, a dlfferent arrangement of cables and su1table type of cable for
different lengths span brldges Such as is pedestr1an br1dge This type of brrdge '
is short and built for pedestrlans with its own aesthet1c value and the problem"

here is to know the load capacity that can be borne by a pedestr1an bridge.

Besides, this bridge should give priority to aesthetic value and relevance
of the cable arrangernent on the b_ridge. Besides, this bridge should give prior.ityv ,.
to aesthetic value. The aeSthetic vvalue -of the bridge is very important At
modelling stage it give more prlonty for aesthetlc value and relevance of cable |
arrangement on the pedestr1an br1dge It gives challenges to engmeer to model a

complex or sophisticated cable arrangement regarding to the aesthet1c _value.



1.3

OBJECTIVES

The main objectives of this research are:

14

1. To study the principal theory of cable pedestrian bridge and analysed
the conventional and sophisticated arrangement of cable in cable-stay

Bridge.

2. Investigate the Static Analysis - Determine the maximum and
minimum stress on cable and 'd_eck, checking fhe' maximum
deflection, resultant moment and stain on the pedestrian bridge at-
sophisticated cable arrangemént to cdmpares with the 'conventional. |

arrangement.

3. Investigate Sensitivity Analysis — Determine the behaviour of the bridge

when some parameters charged (high of pylons).
SCOPE OF THE RESEARCH

For this research, analysis and model will be using LUSAS version 14
software. A harp, fan or semi fan arrangement'vhas been discussed at the
beginning of the sfudy. In this study four cases of cable varrangerlnent will be
model and analysed; two cases will investigated the static analysis and from
these two cases, only one ideal and relevant case will be selected to continue
the third objective which is investigate for sensitivity analysis. Each case
consist a conventional arrangement (harp and fan) and sophisticated

arrangement cable on pedestrian bridge.



1.5  SIGNIFICANT OF RESEARCH

This study is to evaluate the principal theory of cable Stay Bridge at
pedestrian bridge. Analysis and model the arrangement of cable of the bridge to
determine the stress of members. Thus, investigate static analysis and sensitivity

behaviour in cable arrangement of the pedestrian bridge.

This study will help engineers determine the type of arrangement that
will be used for pedestrian bridge. The results from both analyses will help
engineers to design adequ;te érrangemerit for cable stay bridge cable in the
future. Deflection, the resultant moment, shear resultant and strain analysis will
show 'énough' of avb'ridge Sﬁitable' for> pedestrian 'bri.dges. Reviews Bridge in

Malaysia is very limited, so most of the references are taken from study abroad.

There has lack of studies by using computer software such as ANSYS,
SAP2000, and LUSAS because, the limited experts in computer software that
leads to a lack of exposure in the séﬁware engineering firm. By conducting this
study, the use of LUSAS version 14 in corﬁpleting the analysis will be exposed.

Conducting analysis using computer software can save time for the analysis. -



CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Most pedestrlan brldges are built w1th1n the range of short to med1um_
spans, for wh1ch numerous structural types and materlals are feasrble "The
purpose of thls chapter 1s to review of previous research related to my research |
in the order of cable- stayed bridge cable whrch are to determine the principal
theory of cable pedestrlan brrdge and analysed the convent1ona1 and_
sophisticated arrangement of cable i in cable stay Brldge and the max1mum and -
minimum stress on the cable and deck the maxrmum deﬂect1on resultant

moment and Stam on the pedestrlan brldge

This research is helpful in offermg insight into how the research efforts
of the past have been included in this study the idea in prmc1ple The research_
also shows valuable data that has been successfully done The research is
detailed so that the ‘present approach can be properly adjusted to the current

body of literature and adds well to allow the scope and limitations of this study
22 CABLE STAYED BRIDGE

The cable stay bridge is an elegant, economical and efficient structure.
Virtually unknown 40 years ago, these bridges become increasingly important as

their properties have been more fully understood.



. They have recently proved to be h1ghly cost effective for short to
medium spans (Rene Walther Bernard Hour1et ‘Walmar Isler, Pierre Moia and
Jean-Francois Klien — cable stay brrdge o ed1t1on ,1999) There are various
types of stay cable typrcally used in br1dge and two of the cables are Freyssinet
and Anchorage Stay cables are designed for Freyssmet prestressing system and
the type of cable ties; anchored in the transverse glrder in the main zone and the
transfer of power by an adjustable anchor Anchors in mast are ﬁxed Dependmg

on the desrgn of the brldge the anchor « can be constructed of stone.or concrete

" Cables are attached to the anchors to keep the tens1on on the brldge
While still trghtly bunched cables for most structures they are usually separated '
into p1eces before servmg to dlstrlbute the load on the anchor tens1on (Ana :

SpaSO_]eVIC, 2009)

In Malaysia the development of cable- stayed bridges started in 1972 in
Sababh, followed by the Penang Brldge in 1985 (currently the longest bridge in
Malays1a) and the Motorola Interchange of Lebuh Raya Damansara-Puchong in
1998. The development of cable stayed brrdge in this country is becommg more
popular with a few examples such as the Muar Brrdge PutraJaya brldges andv
Sungai Perai Brrdge which is part of the Butterworth Outer ng Road (BORR)
project. Malay51a will contmue to develop th1s system. Projects lrke the brldge
linking Sumatera Island Indonesia and Smgapore are the probable candrdates
(Wahid and Razali, 2002)

2.2.1 Cable Stay Bridge Provided With A-F_ra'me Pylons

The stiffness and stability of the structure can be even further improve by
the use A-frame pylons, with the arms connected to the top. The deck and the
two planes of inclined stay then behave like a rigid closed sect1on in bending,
which considerably reduces possible rotation of the running surface. Inclined
suspension can give rise to certain clearance problems in the transverse
direction, calling of the general increase in the transverse cross- sect1on of the

deck or the use of corbels in places, out ﬁom anchorages



It is generally necessary to balance the transverse bending of the pylons,
introduced by ,the deviation of the cables, by means of upper bracing; the
erection of pylons consisting of vertical arms is simple and economical. (Rene
Walther, Bernard Houriet, Walmar Isler, Pierre Moia and Je_an-Francois Klien -
cable stay bridge, 2nd edition ,1999)

23 CABLE

Cable stayed brldges are another common type of cable used in the
construction of the brldge However in a cable stayed brldge less cable 1s:
required and the towers holdmg the cables are proportlonately shorter Ina study
that was done the longest cable -stayed brrdge is Sutong Brrdge on the Yangtze
River in Ch1na Cable is one of the main parts of the cable- -stayed bridge. Theyb
distribute the load off the deck to ‘the pylon This is a post-tensioned cables
usually based on the welght of the deck. Of post-tensioned cables selected and
maintained in a manner to reduce both the vertical deﬂection of the deck and the
lateral deflection of the pylons Cable selectlon in the constructlon of brldges«'_
depends mainly on the mechamcal propertles structural propertles and economic -
criteria. In add1t10n the type of cable- stayed brldges is dlscussed based on the-

order of stay cables mcludmg harp, fan, and a semi- fan as descrlbed.
2.3.1 Harp Arrangement

Whilst the harp pattern is not the best from the statlc or economlc pomts
of view, it is attractive because of its undenlable aesthetic advantages The fact
that the cables are parallel and cross each other at a constant angle in the eye of
the viewer gives the structure a most ‘acceptableappearance. This is why the
architect F.Tamms insisted that all the bridge crossing the line Rhine at
Dusseldorf should be constructing by that pattern. In spite of the notable
differences so far as the static system is concerned and their different methods of -

construction, the Knie Bridge, Oberkassel Bridge and Theodor Heuss
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Bridges are all built with the cables in harp pattern and form a
harmonious ensemble, the only one of its kind of the worls. (Rene Walther,
Bernard Houriet, Walmar Isler, Pierre Moia and Jean-Francois Klien — cable
stay bridge, 2nd edition ,1999)

In order harp, cables made nearly parallel by attaching them to different
points on the pole. From an economic point of view, this type of cable stayed
bridges is not efficient and less suitable for long span bridges. This is because
the long span bridges require more steel for the cables, compression in the deck,
and the bending moment in the column. However, in terms of ‘aesthetics it is
attractive compared  with other types of cable stayed__ bridges. Parallel cables
provide the most pleasing appearance to harp arrangement as” described by
Bernard et al. (1988). In addition, the need for higher pylons is one of the
disadvantages of this type of cable stayed bridges. (Sarhang Zadeh; 2012)

2.3.2 Fan Arrangement

In this type, the function of this cable, all cables stay attached to a point
on top of each column. Relatively steep slope accommodation cable cause the
cable cross-section is smaller than that of the harp. In particular, horizontal cable
forces on the deck in this setting are less than the type of harp (Bernard et al.,
1988). However, by adding and increasing the number of stay cables, anchor

weights increase and come with cable stays anchored to a hard and difﬁcult

Therefore, the fan pattern is suitable only for the medium with a limited
number of cable stays. (Sarhang Zadeh; 2012).The fan pattern bringS all the stay
together to the top of the pylons. This _'solution was use in several recent

structures, such as bridge over the Rio Parani and can offer critical advantages.

1. The total weight if the cable needed is substantially below that
harp patterns, given the more favourable mean slope of the stays.
2. The horizontal force introduced by the cable in the deck is less.

3. Longitudinal bengling of the pylons remains moderate. -
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.4. Tt is not only possible but also'necessary to select side spans
which are less than half the central span in length. Where the
erection of the structures is by corbelling out, it is possible to take
advantages of the stability provide by the piers or the abutments
well before the closing of the central span.

5. Movement of the deck due to change in temperature can be
absorbs by conventional expansion joint place cross by the
‘abutment, if the horizontal cOnnection'between the pylons and the
deck is freed. The ‘dec_k-to-pylons connection provi_de_d by the stay - B

is, in fact, flexibility to develop critical force_systems'.f

At ﬁrst Slght the fan pattems appear less attractive. from the aesthetic
pomt of v1ew than the harp pattern because of the optlcal effect of the crossmg;
of the cables dependmg on the angle of observatlon However the disadvantage
is not apparent in large-span structures as has already been noted. (Rene
Walther, Bernard Houriet, Walmar Isler, Pierre Moia and Jean-Francois Klien —

cable stay bridge, 2nd editibn ,1999)

2.3.3 Semi-Fan Arrangement -

In this type, the function of this cable, all cables stay attached toa point
on top of each colnmn. Relatively steep slope accommodation cable'cause the

cable cross-section is smaller than that of the harp. (Sarhang Zadeh:; 201‘2);

An intermediate solution betvtfeen the extreme of harp and fan patterns; =
make it possible to combine in the satisfactory manner the 'advantages. of both
these systems, whilst avoiding their disadvantages. A semi harp configuration
has shown itself to be ideai and the large number of modem cable Stay Bridge
has been built using this principle. By spreading of the stays in the upper part of
the pylons, good design of the anchorage details is possible, without appreciable

the reduction of the deck and hence the efficiency of the stays systems.
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Cable 51tuated closed to the pylons is more steeply mcllned than those in
harp patterns Wthh make it possible to reduce the stiffness of the horizontal
connection bet_ween the pylons and the deck. A stiffness which can itself be
disadvantageous. With the aim of simplifying the anchoring of the first stays in
the pylons, and for aesthetic reasons, the first bay is generally somewhat large
than the normal cable spacing throughout the bridge. (Rene Walther, Bernard
Houriet, Walmar Isler, Pierre Moia and Jean_-Francois Klien — cable stay bridge,
2nd edition ,1999) |

In partlcular horlzontal cable forces on the deck in thls settmg are less
than the type of harp (Bernard et al 198 8) However by addlng and mcreasmg |
the number of stay cables anchor welghts mcrease and come w1th cable stays
anchored to a hard and difficult. Therefore the fan pattern 1s sultable only for i

the medium with a limited number of cable stays (Sa.rhang Zadeh 2012)

g V'C:éb:Ies 2 i ) " Pylon

(¢) Semi-fan arrangement

Figure 2.1: Conventional arrangement of cable

Source: Sarhang Zadeh; 2012
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