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      When analyzing prestressed concrete bridges, the self weight, applied loading and 

prestress have to be combined in the overall structural behavior and the time-dependent 

effects, such as creep, shrinkage and loss of prestress force should be included. 

Traditionally these effects are considered separately and then combined with to give the 

overall design requirements although, in recent years, computer software packages have 

been developed to combine the effects within a single analysis. 

      The project studies the principles behind structural analysis of the precast segmental 

box girder bridges. Structural manual analysis was performed in this project to explain the 

behavior of precast segmental box girder bridges under self-weight of segments unit and 

prestressing load. Moments due to these loads were computed and compared with the 

allowable moments that computed using the specifications given in the British code.  
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Analysis of construction stages using this method was conducted using LUSAS (FE 

computer software). The loads that were taken into account are the self-weight of the 

cantilever during construction, the prestressig loads, the loss of the prestress, creep, 

shrinkage and relaxation. The stresses in each construction stage are compared with the 

specifications given in the British code to ensure that they falls well within acceptable 

limits. 
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Bagi menganalisa struktur jambatan konkrit prategasan, faktor-faktor berikut perlu 

sekaligus di ambilkira :- 

 
i) Bagi kelakuan keseluruhan struktur 

a) Beban mati struktur 

b) Beban kenaan 

c) Prategasan 

ii) Bagi kesan bahan bersandar masa 

a) Rayapan konkrit 

b) Pengecutan konkrit 

c) Kehilangan daya prategasan 
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Lazimnya, factor-factor ini di nilai secara berasingan yakni satu per satu dan kemudian di 

satukan untuk mendapatkan ketetapan rekabentuk keseluruhan. Dengan adanya 

perkembangan pesat dunia computer, pekej – pekej program boleh hitung telah di ujudkan, 

di mana ianya dapat sekaligus mengambilkira factor-faktor yang tersebut di atas dengan 

hanya memerlukan satu analisa. 

      Kertas kerja ini mengutarakan teknik-teknik penting bagi tatacara kerja untuk 

pembinaan jambatan segmen kekotak konkrit prategasan pratuang dan juga prinsip-prinsip 

menganalisa struktur tersebut. Untuk memahami dengan mendalam kelakuan struktur 

jambatan ini, analisa di buat secara lazimnya di bawah pengaruh bebanan mati segmen 

kekotak konkrit prategasan pratuang dan bebanan prategasan. Momen lentur yang terhasil 

daripada kedua pengaruh tadi di kira dan di bandingkan dengan spesifikasi yang terdapat di 

dalam Piawian British (British Code). Selain itu, analisa semasa kerja pembinaan jambatan 

secara “balanced cantilever method” juga di buat dengan menggunakan program boleh 

hitung bernama LUSAS ( “FE computer software with nonlinear option” ) dengan 

mengambilkira bebanan mati “cantilever”, bebanan prategasan, rayapan konkrit, 

pengecutan konkrit dan santaian keluli. Nilai tegasan yang di perolehi dari analisa setiap 

tahap pembinaan di bandingkan dengan spesifikasi yang terdapat di dalam Piawian British 

(British Code) bagi memastikan ianya berada di dalam linkungan had yang di benarkan. 
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CHAPTER 1 

 

INTRODUCION 
 

 

1.1 Background 

      Bridges are built where there is water, mountains, or where land is hard to get across. It 

would take us a lot longer to get someplace if we didn't have bridges.  

      We cross bridges almost daily and they are almost everywhere. In both the urban and rural 

areas they have become part of our landscape. Except for a few, most bridges go unnoticed by 

our road users. Most of us are quite unaware of the engineering skills and the craftsmanship that 

went into the design and the construction of each bridge. Many are also unaware that before a 

bridge is constructed, the bridge designer has to consider various factors that will influence its 

form and construction. These include factors such as traffic that is going to use the bridge which 

will determine the dimensional cross-section and life load effects, hydrology and hydraulics if 

the bridges were to cross waterways, navigated requirements, and of cost economics and cost 

effectiveness. 

      Bridges not only show the development of technology in design and construction, but also 

reflect the progress of the nation. In the early days of independence, the stress was more in 

providing basic infrastructure, thus bridges were of simple construction. But in the present 

decade and approaching the next millennium, the nation aspires to be at the forefront of 

development and seeks more sophisticated technology and would be more innovative in bridge 

design and construction. 
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      In Malaysia there are many bridges types various from road and footbridges and from 

concrete to steel or composite as a material. Most famous of these bridges is Penang Bridge 

(Fig.1.1), with a total length of 13.5Km, it was first opened to traffic in September 1985. The 

main attraction is the three main cable stayed spans with a total length of 440m comprising of 

225m central span and 107.5 m side spans. There are also Merdeka Bridge, Kuala Kedah Bridge, 

Parliament Bridges, Upper Pergau Bridge and etc. 

 

 

 

Fig.1.1: Penang Bridge in Malaysia 

 

      Special attention has to be paid to bridges because bridges are essential elements of the road 

system. They allow obstacles to be easily and quickly crossed, thereby bringing communities 

closer together and contributing towards the country’s economic growth. 



© C
OPYRIG

HT U
PM

3 

 

      As the population and industry grew, greater demands were made on the transportation 

network, and in response, more roads and bridges were constructed. Many of the bridges were 

simple structures of little significance to the general public and went unnoticed. A few though 

became landmarks and attraction in themselves. 

      Modern road bridge construction is relatively new in Malaysia, having been started only in 

the early twentieth century. The earliest bridges were constructed in the 1920s. These were 

mostly steel bridges. The showpiece on steel bridge construction is the sultan Iskandar Bridge, 

which was constructed in 1932. Reinforced concrete bridges only came into use in early 1930s, 

starting with a reinforced concrete slab bridge. Reinforced concrete beam bridges were 

introduced towards the second half of 1930s, while prestressed concrete beams only started to 

be used after 1950s. Most of the bridges recently constructed were of prestressed concrete. 

 

 

1.2 Types of bridges 

      Bridges can be classified according to materials (concrete, steel or wood), usage (pedestrian, 

highway or railroad), span (short, medium or long) or structural form (slab, girder, truss, arch, 

suspension or cable-stayed). None of these classifications are mutually exclusive. Table 1.1 

shows the types of bridges related to material and span range.  
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Table 1.1: Types of bridges. 

 

Type Material 
Span range 

   (m)           (ft) 

Figure 

Slab Concrete 0-12 0-40 
 

 

Beam 

Concrete 12-210 40-700  

 
Steel 30-300 100-860 

Truss Steel 90-550 300-1800 

 

Arch truss Steel 240-520 800-1700 

 

Cable stayed 

Concrete 90-270 300-800 
 

 
Steel 90-350 300-1100 

Box girder Concrete 
Excess 

100 

Excess 

328 
 

Suspension Steel 
300-

1400 
1000-4500 
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1.3 Precast segmental box girder bridges 

      Precast Segmental Bridges are one of the most common types of box girder bridges.  I t 

became increasingly popular because of their relatively low cost when compared to suspension 

or cable-stayed bridges. Precast Segmental box girder bridges are quicker to construct, and less 

disruptive to the surrounding environment. 

      The first precast segmental concrete bridge was built to cross the Seine River, France in 

1962. Since then the concept of segmental bridge construction has spread from Europe to all 

parts of the world. In 1973, the first U.S. precast segmental concrete bridge was built and opened 

to traffic in Corpus Christi, Texas. In 1974, the first U.S. cast-in-place segmental bridge was 

built and opened to traffic near San Diego, California. Since then, hundreds of precast and cast-

in-place segmental concrete bridges have been constructed throughout the U.S.A. Improvements 

and refinements in design and construction have been made over the years. 

      Precast Segmental Box Girder has become a very popular method of bridge construction in 

Malaysia nowadays. This method of construction started with construction of Light Rail Transit 

(LRT) viaduct in 1997, post-tension box girder start to gain recognition as a preferred method of 

construction of bridge within the urban area. This similar construction follows by construction of 

Second Link Bridge to Singapore (Fig.1.1), Bayan Baru By-pass, Butterworth Offshore ring 

Road, several bridges in Kuala Lumpur such as Ampang-Kuala Lumpur Elevated Highway, 

SPRINT Highway, Kerinci Link, New Pantai Expressway, Subang Kelana Link and so on. 
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Fig.1.1: Second Link Bridge to Singapore during construction 

 

      Precast Segmental Bridges are used for long spans (excess of 100m) box girders are, in 

general, the most common and efficient type of bridge superstructure. Built with an orthotropic 

plate deck to reduce the dead weight of the bridge, or with a concrete slab to obtain a composite 

cross-section, box girders have many structural advantages when compared to plate girders and 

truss girders. Some of the advantages are: 

 High torsional rigidities.  

 Wide top and bottom flanges to carry longitudinal forces.  

 Large internal space to accommodate services.  

 Simple maintenance due to easy access to the interior of the superstructure.  

 Better appearance due to high slenderness and smooth bottom surfaces. 

      Due to the high torsional rigidity of this type of cross-section, box girders are a very 

convenient solution for bridges curved in plan. For large spans, the depth of continuous box 
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girder bridges may vary along the span giving improved structural efficiency to accommodate 

the large bending moment at the supports. 

      The precast segmental box girder bridges are constructed stage-by-stage. If the deck is 

cantilevering over a pier when it is prestressed the end of the cantilever is often deflected 

downwards and increases the load on the falsework beneath, To avoid overstressing the 

falsework the prestress can be applied in stages. The first stage prestress should be just adequate 

to support the concrete dead load without causing any significant deflections. The falsework can 

then be removed after which the rest of the prestress can be installed.  

 

1.4 Problem statement 

      Realistic analysis of the precast segmental box girder bridges is not easy due to the fact that 

many related topics to the analysis needs to be understood like geometry, sequence of 

construction and nature of the loadings. In the analysis of this type of structures consideration 

should be given to self weight and temporary loads caused by the sequence of construction 

stages in the analysis of precast segmental box girder bridges. Furthermore, comparisons of the 

analytical results obtained and the specifications given in the British code BS5400 need to be 

made to insure that the analysis falls well within acceptable limits. 
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1.5 Objectives and Scope of the study 

The main objectives of the present study are: 

(i) To study the structural behavior under the influence of loads based on BS5400 code. 

(ii) To simulate stages of construction of a precast segmental box girder bridge built by balanced 

cantilever method using a finite element program with nonlinear product option (LUSAS 

software) and then discuss the response of the analyzed structure under combined shear and 

flexure. 

To achieve the above objectives the following steps to be undertaken: 

(i) Understand the nature of loading that can affect in the analysis of the precast segmental 

bridge, and how the structure behave under these loadings. 

(ii) Numerical tools will be used to simulate the model of the structure and learning of the 

application should be understood. 

 

1.6 Organization of the project 

       The second chapter shows literature review about the precast segmental bridges. The history 

of this type of bridges, its development, its advantages and disadvantages will be dealt with in 

the first part of this chapter. The design criteria, design consideration and construction methods 

of precast segmental box girder bridges will be introduced in the second part. How construction 

methods of precast segmental bridges are related to its analysis. Special attention has to be paid 

to balanced cantilever construction method. Different types of post-tensioning layout are 

introduced due to the different types of construction methods. Method of analysis using LUSAS 

program is also presented in this chapter. 
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      The third chapter shall introduces the methods that can be used for two types of analysis of 

precast segmental box girder constructed using the balanced cantilever method. Manual and 

using computer software analysis methods are introduce to understand the analysis of this type of 

bridges under construction loadings. 

      The fourth chapter introduces classical analysis of the precast segmental box girder bridges 

and the input data for the computerized analysis. Chapter fife shows the results of the computer 

analysis with related discussion. Finally, the sixth chapter presents the conclusion of the 

objective of the project.  
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