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Abstract

As part of the rehabilitation and modernazation efforts for national roads, the Directorate of
Public Works in Biskra has initiated the duplication of the RN 83, a road that connects Biskra
province to Ain Naga, passing through the Oued LA Adaar . The primary objective of this work
is to study a bridge design incorporating prestressed concrete girders, which have been

constructed using the post-tensioning method.

It is worth emphasizing that this study was proposed by the Algerian company EPE/SPA-
SAPTA, a company specializing in the design and realization of civil engineering structures.
The bridge consists of two spans, each measuring 26.55 meters, supported by seven prestressed

concrete girders, spaced 1.50 meters apart. The structure includes a 25 cm thick slab.

We proceeded with the design of this structure in order to ensure that the bridge would meet a
broad range of requirements, including economic, technical, and environmental considerations.
The results of these calculations demonstrate that the proposed design of a prestressed concrete
girder bridge, utilizing the post-tensioning method, offers significant advantages in terms of

cost-effectiveness, construction time, and aesthetic appeal.
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Résumé

Dans le cadre des efforts de réhabilitation et de modernisation des routes nationales, la
Direction des Travaux Publics de Biskra a lancé le projet de dédoublement de la RN 83, une
route reliant la wilaya de Biskra a Ain Naga, en traversant I’oued LAADAAR. L’objectif
principal de ce travail est d’étudier le dimensionnement d’un pont en poutres en béton

précontraint, réalisé selon la méthode de post-tension.

Il convient de souligner que cette étude a été proposée par I’entreprise algérienne EPE/SPA -
SAPTA, spécialisée dans la conception et la réalisation d’ouvrages de génie civil. Le pont se
compose de deux travées, chacune de 26,55 meétres, reposant sur sept poutres en béton
précontraint espacées de 1,50 metre. L’ouvrage comprend également une dalle de 25 cm

d’épaisseur.

Nous avons procédé au dimensionnement de cette structure afin de garantir que le pont réponde
a un large éventail d’exigences, qu’elles soient ¢économiques, techniques ou
environnementales. Les résultats de ces calculs montrent que le choix d’un pont en poutres
précontraintes, réalis€é par post-tension, présente des avantages notables en termes de

rentabilité, de temps de construction et d’esthétique.
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INTRODUCTION



GENERAL INTRODUCTION

In general we call a bridge every stucture that is built over a natural or an artificial obstacle to
allow people and vehicles to cross from one side to another. A thorough understanding of the
main types of structures, their areas of application, and their pre-dimensioning methods is
essential for undertaking the design studies of a bridge at a given site, depending on specific

needs, different types of bridges can be distinguished, such as:

e Culvert: A structure with small dimensions used for small spans.
e Slab bridge (pont a dalle): A slab bridge is a type of bridge where the structure absorbs

loads by resisting bending, with a solid, continuous concrete slab as the main load-

bearing component.

e Girder bridges (Ponts a poutres): A girder bridge is a type of bridge in which the primary
load-bearing elements are horizontal beams, known as girders; which absorb loads
through bending resistance.

® Viaduct: A viaduct is a high-level bridge consisting of multiple spans, which can

include suspension bridges, cable-stayed bridges, etc.

Modern bridge engineering has evolved significantly through the use of advanced materials
and innovative construction methods such as pre-stressed concrete. These techniques allow for
the creation of more durable, efficient, and longer-lasting structures. Our project focuses
specifically on a two-span, simply supported girder bridge, constructed using prestressed
concrete girders a prime example of how these modern advancements are applied in practice.
By studying this structure, we aim to explore how pre-stressing enhances performance and
efficiency in bridge design, while also considering the impact of these methods on both

construction and long-term durability.




Chapter I
PROJECT PRESENTATION




1. Project presentation:

The project consists of designing and studying a prestressed concrete bridge with prefabricated
girders to cross the Oued LAADAR. It will be an integral part of the construction of the
doubling of the RN83 over 80 km connecting Ain Naga and Biskra at PK 289+700. Our
structure 1s made up of a two-span identical isostatic bridge, with each span measuring 25.5
meters in length and 10.54 meters in width, a drivable width of 7.91 meters, and two
sidewalks of 1.05 meters each. The superstructure consists of a deck made up of 7 girdrs, each
27meters in length and 1.3 meters in height, prefabricated and post-tensioned for prestressing,
with a spacing of

1.50 meters between them.

Fig. I.1. Plan view of the structure on Google Earth

11. Site Survey:

The design engineer responsible for the study must have access to all relevant data of the
crossing in order to proceed under optimal conditions.




I1.1 Collection of natural data:

The engineer's site visit is essential to the project’s development. The key information to be
gathered includes:

a) The topography:

In the case of crossing a watercourse, the hydrological study provides the necessary data to
determine the known high water levels. According to the hydrological report prepared by the
Public Economic Enterprise, Center for Studies and Urban Planning Realizations (URBACO)
in Constantine, the bridge height is set at 3 meters, with a maximum flow rate of 2489.25 m?/s.

b) Climatic data:

e Temperature:

It is evident that temperature variations are taken into account when calculating the structures,
as they impact the dimensions of the pavement joint and the bearing devices (Bearings). The
structure is considered to be located in an area with variable temperatures.

e Snow:

Bridges calculation does not take into consediration the effects of snow, however they can
occur in certain specific cases (the structure is still under construction). Our work is located in
a very close to the coast site, so there is no snow.

e Wind:

The forces generated on structures by wind are set by the load regulations, R.C.P.R article
3.2.1:

2.00 KN/m?2 for structures in service
1.25 KN/m?2 for structures under construction
e Seismological data:

According to the Algerian paraseismic regulation R.P.O.A 2008, the country has been divided
into five (05) seismic zones:




Fig 1.2 seismic zones in Algeria

zone 0: negligible
zone 1: low

zone 2a: medium
zone 2b: high
zone 3: very high

The minimum level of seismic protection granted to a structure depends on its location and its
importance with respect to the objectives set by the location.

Any structure exposed to the scope of application of the Algerian earthquake regulations, RPA
99 version 2003, must be classified in one of the four groups defined below:

group la: structures of vital importance
group 1b: structures of great importance
group 2: standard structures of medium importance

group 3: structures of low importance




e Functional data:

Which are set by the project owner, taking into concediration what is imposed or desired by
the various departments concerned. It brings together all the characteristics allowing the bridge
to ensure its function as a crossing structure when it is put into service. In general, the main
elements to be considered are: the plan view, the longitudinal profile of the roadway, and the

cross-sectional profile.

e The plan view:

The plan layout represents the line that defines the geometry of the supported roadway's axis,
drawn on a site plan and identified by the coordinates of its key points. This axis follows a

conventional standard.

The structure's geometry consists of a straight segment measuring 67.12 meters in length.
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Fig 1.3 plan layout

Longitudinal profile:

The longitudinal profile follows the structure’s axis and represents its elevation in relation to
the plan layout. Its design must take into account multiple factors, including the functional
requirements of the obstacle it spans and the natural constraints of the site.




e The cross-sectional profile:

The cross-sectional profile encompasses all elements that define the geometry and
infrastructure of the roadway in the transverse direction.

At the preliminary design stage, it is crucial to determine the carriageway width, as well as to
establish the dimensions of sidewalks and traffic lanes. These specifications must be clearly
defined before proceeding with the development of the detailed preliminary design.
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Fig 1.4 cross-sectional profile

X/
X4

L)

Drivable width: 7.91m
Number of traffic lanes: 2 lanes
Two sidewalks, of 1.58, 1.05 meters wide respectively
+»* Slope of 2.5%
Note: in this thesis the used bridge is modefied keeping the same dimensions with different number of girders
(7 girders )
d) Geological and Geotechnical Data:
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A comprehensive understanding of the ground characteristics is crucial. These data
significantly impact the selection of foundations and the structural design. They are typically
obtained through pressuremeter tests and core drilling surveys. The geotechnical investigation
program, established by EPE-SERSID SPA within the framework of the NR 83 widening
project, concerning the proposed beam bridge at KP 289+700, includes:

% A 25-meter deep borehole survey
% A 25-meter deep pressiometric survey with pressiometric tests conducted every
1.5m




e) Main characteristics of the bridge:

The span of the bridZe.........ccceeeiieriieeiieieeieeeeeee e 26.5m
Length of the prestressed gIrders ........c.ovcvieriieiieniiiiiienieeeesee e 27m
Height of the gIrders.........ccoevviieiiiiiiiiececeee e 1.30m
NUMDET Of GITACTS ..ot 7

The spacing between GIrders ...........cocveeveerierieeiieeieeieeie e 1.50m

Width of the 10adWay .........coociiiiiiiiieiee e 7.91m
Width Of the SIAEWALKS ......eeeeieiiiiee ettt e e 1.05m, 1.58m
Total width of the bridge.........cccveeeiiriieiiiiieeeecee e 10.54m
Thickness of the Slab.........c.cooviiiiiiiiceccee e 0.25m

f) Constructive decisions:

This study focuses on the construction of a two-span structure, each spanning 27.5 meters. The
deck is composed of seven prestressed concrete girders, spaced 1.50 meters apart, with an
individual length of 27.5 meters. A transverse slope of 2.5% is achieved along the entire
structure through variations in the thickness of the bituminous concrete. The abutments are of
the ‘wall abutment’ type and are cast in place using reinforced concrete. The front wall has a
height of 2.95 meters on the Biskra side and 3.45 meters on the Ain Naga side. The pier is
designed as a ‘column pier,” with shafts measuring 1.95 meters in height and founded on a deep

footing.

To ensure structural stability, bored piles with a length of 18 meters and a diameter of 1.2

meters have been incorporated beneath the foundations of both the abutments and the pier.

Based on the soil analysis report, the use of sulfate-resistant cement (CRS) is required for the
concrete used in the infrastructure to enhance durability and resistance to aggressive

environmental conditions.




Chapter I1
GENERAL DESIGN



I. Choosing the bridge type:

After gathering all relevant data, the designer evaluates feasible solutions based on technical,
economic, and architectural criteria. Given the diversity of bridge types, various design options
are considered to identify the most cost-effective and structurally efficient solution. This
selection process involves analyzing constraints, balancing multiple parameters, and ultimately
relying on the engineer’s expertise to determine the most suitable approach for further study.

The selection of the structure type takes into consideration the following key elements:
The obstacle to be crossed.

The carried roadway: bridge for roads, railways, etc.

The primary construction materials.

The mechanical function: isostatic or hyperstatic.

The layout: straight, skewed, or curved.

The expected lifespan: permanent or temporary.

Several design proposals are considered, and an elimination process is carried out to exclude
structures that do not meet the required conditions:

a) Composite bridges :

For relatively wide decks (typically over 13 meters), the most common approach is to connect
a concrete slab longitudinally to two main girders and transversely to cross beams spaced
approximately 4 meters apart, forming a composite bridge with cross beams.

For narrower decks, the slab is connected only to the two main girders, which are spaced about
0.55 times the slab width and linked by diaphragms. This configuration results in a composite
bridge with diaphragms.

Advantages:

e Large spans, up to 80 meters.

e Easy fabrication of solid-web girders in the factory.
e Fast construction and easy installation.

e Reduced need for scaffolding.

e Lightweight structure.

e More cost-effective compared to metal bridges

Disadvantages:

e Risk of corrosion.
e Requires rigorous and costly maintenance.
e Requires highly skilled labor.




b) Pre-tensioned prestressed concrete girder bridges:

Decks composed of prefabricated prestressed girders with bonded wires or strands provide an
effective solution for spans of up to approximately 30 meters. In this method, the prestressing
cables are tensioned between two firmly anchored blocks before the concrete is poured. This
technique is primarily used in precast production facilities to manufacture repetitive structural
elements.

¢) Post-tensioned prestressed concrete girder bridges:

The girders, designed as flanged girders , are structurally integrated through the deck slab
beneath the roadway and diaphragms positioned at the ends of each span, aligned with the
support lines. These diaphragms enhance the torsional rigidity of the girders and facilitate deck
lifting using hydraulic jacks when necessary for the replacement of bearing devices.

This construction method involves tensioning the prestressing cables after the concrete has
been poured and fully cured, utilizing the structural element itself as the reaction surface for
compression. Primarily used for large-scale structures, this technique is typically implemented
on-site.

d) Prestressed Concrete Slab Bridges:

This type of bridge is not suitable for our case, as it is best suited for span lengths between 15
and 23 meters, which represents its most economical range.

Compared to girder bridges, independent-span slab bridges are only considered for moderate
openings and when achieving a high slenderness ratio is essential.

Advantages:

o Efficient material usage, as there is no unnecessary concrete.

e High-strength prestressing steel is more cost-effective than traditional reinforced
concrete steel for the same load-bearing capacity.

e Prestressing forces counteract external loads, reducing deformations.

e Prefabricated elements can be assembled without scaffolding.

e Allows for longer spans compared to reinforced concrete structures.

e Minimizes cracking as a general principle.

e Requires minimal maintenance compared to other bridge types.

e) Reinforced Concrete Girder Bridges:

In this type of bridge, the deck consists of longitudinal girders with spans of up to 20 meters.
However, this option is not suitable for our case due to our span, which exceeds the permissible
limit for this type of structure. Additionally, the complexity of formwork further limits its
feasibility.
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f) Reinforced Concrete Slab Bridges:

Reinforced concrete slab bridges are best suited for spans between 15 and 20 meters.
However, this method is not feasible in our case for the following reasons:

e High material consumption: Requires significantly more concrete and steel for spans
exceeding 20 meters.

e Best suited for skewed bridges, making it less ideal for our specific design
requirements.

II Abutment Design:

Abutments are essential structural components of a bridge, providing end support for the
deck. Their primary role is to ensure a seamless connection between the roadway and the
bridge, maintaining continuity in the driving surface.

1.1 Types of Abutments:
Abutments are generally classified into two main types

1. Embedded Abutments: These are buried within the approach embankment and
primarily serve a load-bearing function. Due to their positioning, they experience

minimal horizontal forces and earth pressure.
2. Abutment with front wall (backfilled):

It serves both a load-bearing function and a retaining function for the embankment.
The selection of the abutment can be made progressively, based on an analysis that considers:

e The type and construction method of the deck.
e The natural constraints of the site.
e The functional constraints of the structure

I1. 2 Abutement pre-sizing:

% strike-guard wall:

Wall Height

height of (girder + slab) + height of (bearing device + bearing plinth)=
1.30+0.25+0.04+0.31= 1.90m. Therfore H=1.90m

Thickness (e):

e foraheight H<1m:e=0.20m
e oraheightof | m<H<2m:e=0.20mto 0.30
e foraheightof 2m<H<3 m:e=0.30m

11




in our bridge we consider e=0.32m
e Length corresponds to deck width: 10.54m

«» Headwall

It is a thick structural wall (or thick web) with a typical thickness ranging from 0.8 mto 1.2
m depending on the height.

% The footing (or base slab):

e Thickness: 1.5 m

Width: 5.6 m

Length: 11 m

Blinding concrete: 0.10 m

** Wing wall:
They are walls with either constant or variable thickness. Fixed to the strike-guard wall, the
length of the free-standing part should not exceed 7 to 8 meters. The thickness of the wing

walls is determined based on mechanical strength considerations and typically ranges between
30 cm and 80 cm.

¢ Transition slab:
The transition slab serves to provide a smooth passage between the flexible medium (roadway)
and the rigid structure (bridge). The length of the slab is determined based on the slope of the
material used for the backfill.

In our case the length L=5m, th e thikness e= 0.30 in general.

II1. Design of Support Elements:

III.1 Piers:

Are an intermediate support which is responsible for transferring the forces from loads and
surcharges to the foundation soil. The design of piers depends on numerous factors, including
the construction method of the deck, whether the location is urban or rural, the height of the
span to be crossed, the execution method of the foundations, and the connection with the deck.

12




+ Selection of Piers:

There are two types of piers: wall-type piers and column piers.

A pier, as an intermediate support, plays a crucial role in transferring loads and overloads
from the bridge deck to the foundation soil. It contributes to the overall structural resistance

of the bridge. The design of piers is influenced by numerous factors, including:

Environmental conditions: Aquatic or terrestrial.
Deck construction method.

Location context: Urban or rural.

Height of the span to be crossed.

Foundation construction method.

Connection with the deck.

Pier Selection Criteria: the choice of pier type is based on four key criteria

Geometric criteria
Mechanical criteria
Economic criteria
Aesthetic criteria

For our case it is decided that:

Best bridge type solution: Post-tensioned prestressed concrete girder bridges

Type of abutement: Abutment with front wall (backfilled)

As for piers we opt for a column pier (with three shafts)

l11.2 pre-sizing of the pier:

¢ Pier cap:

It is the element on which the girders rest and ensures the transmission of loads to the
columns.

Height: Im <H < 1.6m, we take H=1.2m.
Width: 2m.
Length: Equal to the length of the deck, so Lch = 10.54m.

+* Pier columns:

Their role is to transfer the forces to the footing. They are cylindrical in shape and have
geometric dimensions, with a generally constant diameter of e = 1.2m. L2 is the spacing

between the centers of the two piers, so: L2 = 3.6m. Height: H = 1.95m.

13




Chapter I11
MATERIALS CHARACTERISTICS



I Introduction:

The selection of construction materials plays a crucial role in shaping the bridge design. This
section outlines the properties of concrete and both active and passive reinforcement steels, as

they directly influence our structural calculations.

II Used Documents and Regulations:

B.A.E.L. 91 (modified in 1999): These are technical regulations for the design and calculation
of reinforced concrete structures, based on the limit state method.

B.P.E.L. 91: These are technical regulations for the design and calculation of prestressed
concrete structures, following the limit state method.

Fascicle 61, Title II of the CPC ("Common Specifications Document") for load considerations.

Fascicle 62, Title V: Technical regulations for the design and calculation of foundations for
civil engineering structures.

IIT Concrete:

Concrete is one of the most widely used materials in the construction industry. It consists of a
carefully proportioned mixture of cement, aggregates (sand and gravel), water, and, when
required, admixtures (such as Sika) to enhance specific properties. The classification of
concrete is primarily based on its compressive strength at 28 days, denoted as fc28 (or f'c:

prime c).

Prestressed concrete exhibits similar characteristics to reinforced concrete but is designed to
withstand higher stress levels. In this system, the cross-section is subjected to initial
compressive stresses, effectively counterbalancing the tensile stresses induced by applied loads

and overloads, thereby improving structural performance and durability.

For prestressed concrete applications, the cement dosage is set at 400 kg/m?® to meet design and

performance requirements.
Density: The unit weight of reinforced concrete is y = 2.5 t/m’.

The selection of concrete mix proportions is determined based on local material availability
and must adhere to quality control standards to ensure compliance with structural and durability

requirements.

> The characteristic For concrete aged d days, we have:
compressive
strength:

14




35 mpa, 27 mpa if >28d
Fcj-

Fj = ——Fcj if <28d
4,76+0,83]
With:
35 MPA for the superstructure concrete

Fc28=

27 MPA For the concrete of supports and foundation

> Characteristic tensile strength:

Tensile strength is related to compressive strength:

ft28= 0.6 + 0.06fcj = 0.6 + 0.06(27) = 2.2 MPa ( for fc28= 27 MPa)

0.6 +0.06fcj = 0.6 + 0.06(35) = 2.7 MPa ( for fc28= 35 MPa)

> Concrete longitudinal deformation:

A longitudinal deformation modulus for concrete, denoted as 'Eij,' is considered and defined

according to B.P.E.L. regulations as follows:

¢ Instantaneous deformation modulus:
Etj = 11000 *\fc28 MPa
36000 MPa for girders
Etj =
33000 MPa for fondation and supports
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e Long-term deformation modulus:
Evj = 3700 *\fc28 MPa
12000 MPa for girders
Evj=
11000 MPa for fondation and supports

> Transverse deformation of concrete:

It is given by the following formula: G=E/ 2(1+v)

> Poisson's ratio:

Poisson's ratio (v) quantifies the relative transverse deformation of a material in response to
longitudinal strain. For concrete under instantaneous loading, is typically around 0.3 but
gradually decreases over time, stabilizing near 0.2. In the case of cracked concrete, Poisson's
ratio drops to zero. In prestressed concrete design, a value of v=0,2 is adopted, for
uncracked concrete under Serviceability Limit State (SLS); (ELS) conditions, while v=0 is

used for cracked concrete under Ultimate Limit State (ULS); (ELU) conditions.

1V. Steel:

The steel used in prestressed concrete structures is of two different types:

e Prestressing steel (active reinforcement): the steel that generates and maintains the
prestress.

e Non-prestressed reinforcement (passive reinforcement): the steel that handles
additional loads such as shear and helps control cracking.

IV .1 Passive reinforcement:

passive reinforcement is similar to the reinforcement used in reinforced concrete. It is only
subjected to tension under external loads.

> Yield Strength:

The steels used are high-bond reinforcing steels of class FeES00, with a yield strength of 500
MPa

> Longitudinal Elastic Modulus of Steel: Es=2.1 10°Mpa
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> Ultimate Tensile Strength (UTS):
In the Ultimate Limit State (ULS) calculation, a safety factor ys is introduced

vs =1.00 In accidental situations
os < fe/ys with:

s =1.15 In Permanent or temporary situations

In the Serviceability Limit State (SLS) calculation:
Cracking with limited impact (peu nuisible): os < fe/ys

Cracking with serviceability concerns ( prejudiciable):

= 1 L N1
oS = min (3fe ,110(nftj)Vs)
Cracking with structural implications (trés prejudiciable):

= 1 2 N1
0s = min (2 e ,90(nftj)%)
With: n=1 for welded steel mesh and smooth (or plain) bars.

n= 1.6 for high-adhesion steels.

IV.2 Active reinforcement:

Active reinforcements are high-strength steel reinforcements utilized in prestressed concrete
structures. These reinforcements remain under tension even without external loads. They are

classified into three main types: wires, bars, and strands.

The initial prestress to be considered in the calculations is given by the following formula:
Po= (0,8fprg, 0,9fpeg).
fprg (fpu): The guaranteed ultimate strength of prestressing steel.

fpeg (fpu): The yield strength of prestressing steel.
> Yield Strength:

As these steels lack a distinct plasticity plateau, their yield strength is defined as the stress at
which a residual strain of 0.1% occurs. Conventionally, the yield strength of prestressing steels

is considered to be 89% of their guaranteed ultimate tensile strength.
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> Young's modulus:

The longitudinal elastic modulus EP of prestressing steels is taken as:
EP=200000 MPa for bars.
EP= 190000 MPa for strands.

17




Chapter IV
GIRDER CHARACTERISTICS



1. Introduction:

In prestressed girder bridges, the girders are prestressed using bonded cables or wires, either
through post-tensioning or pre-tensioning, respectively.they are often highly cost-effective for
spans ranging from 25 to 50 meters when using post-tensioning. Their on-site prefabrication

allows for significant cost savings by reducing the need for expensive formwork.

For our bridge, we will consider I-section girders with post-tensioning, spaced at 1.04 meters

apart.

II. Preliminary design:

Deck elements design:

=  The slab:

1. Slab length equal to the girders' slenderness (Ld) LS=27.5m.

2. The width of the slab is equal to the width of the roadway plus the sidewalk (1d) Is=
10.54m

3. slab thickness 20 <h<30
Sidewalks:

The role of sidewalks is to protect pedestrians by isolating them. The sidewalk width is taken
as 1.05 m.

= Deck surfacing:

It primarily consists of a waterproofing layer and a wearing course. The total thickness of the
surfacing is 8 cm.

Girders:
According to a SETRA document:
s For Pre-tensioned Prestressed Girders:
= girders spacing:
0.9 <d<Im, d=1.04
* Number of girders:
N=la/d+1
la: the center-to-center spacing between the two edge girders la=9.36m

N=(9.36/1.04 )+1 =10 girders
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» Girders depth (ht) :
0.8 <hp <1.60m in our case hp=1.30m
* Web thickness:

E > 14cm in our case: E=15¢cm

* Flange width:

0,5 <Lt <0,8m in our case: 0.5m

* Thickness of the flange:

In our case Et= 15cm

=  Slab Thickness:

Eh > 15cm verification or punching shear due to concentrated loads
s For post-tensioned Prestressed Girders:

» Girders depth (ht) :
L/22<Hp <L/16
In our case L=27.1m, So 1,23< Hp<1,69 we consider: Hp = 1.30

* Number of girders:

The number of girders is determined by the ratio between the deck width and the spacing:
N=la/d+1

With:la= m : Center-to-center distance between the two edge girders; La=9.36m

d : Center-to-center distance between the two girders 1,50 <d < 2,50 we consider d=1.50m,
N=7 girders

* Width of the compression flange (Lm):

0,6Hp<Lm<0,7Hp 0.9<Lm<1.05 we consider: Lm= Im
* Thickness of the compression flange (e):

10<e <15cm we consider: e=11cm
* Flange width (l9):

50<Lt<80 we consider: Lt= 44cm
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* Flange thikness (e:):
et>14cm we consider: et= 18cm
= web thickness in span ( b0):
18 <bo<25 we consider: bo= 18cm
*  Web thickness at the support (bo):
40 <b0 <50 we consider: bo=44cm
= web thickness in the mid-span:
25 <b0<35 we consider: bo=32cm
=  Gussets:

These are angled sections designed to improve the cross-section and accommodate the
placement of steel reinforcements and prestressing cables,

(45° < a < 60°)

Fig IV 1. (a) compression flange gusset (b) Flange gusset

s Flange gusset:
In the span:a=56.97° e=20cm

At the intermediate support:0=56.3° e=9cm

7

s Compression flange gusset:
In the span: 0=12° e=6cm
a=45° e=10cm
At the intermediate support: a=45° e=6cm
a=79.05° e=10cm

At the support: 0=12° e=6cm
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= Slab thickness:
20<Hh<30 Hh=25cm

III. Determining the girder's characteristics:

+* Notation:

(A): The axis taken at the extreme bottom fiber.

I/A: Moment of inertia about the bottom fiber axis (I_A)
I/A =10+Bi*Z"2

Io: Moment of inertia about the centroidal axis.

For a rectangular section: : 10= bh3/12
For a triangular section: : I0= bh*/36

B: section of the girder.

B (net) = B (gross) - 5% B (gross)
S/A=B*Z

S/A: static moment about (A)

S/A (net)=S/A (gross) -5% S/A(gross)

V’= 8/A: Distance from the centroid to the extreme bottom fiber.
B

V=h-V’: Distance from the centroid to the extreme top fiber.
IG=IA- S/A*V?
p=1G / BVV": Geometric efficiency of the cross-section.

I’=1G /B: Gyration radius
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A. Girder without slab (hourdis):
+* Characteristics of the end section:

Table IV.1 End section characteristics

Designation X Y B Z S/A=B.Z 10 (cm4) 1/A=10+B.Z2
1 44 130 5720 65 371800 | 8055666.667 | 32222666.67
%
e 28 1 308 | 1245 | 38346 | 3105.666667 | 4777182.667
%
32 28 6 168 117 19656 168 2299920
B gross 6196
[E it 5886.2
S/A gross 429802
SAGIED 408311.9
I/A gross 39299769.33
VA net 37334780.87
Table IV.2 End section characteristics
IG(cm4) p% v V' I %(cm2)

9485411.81 | 0.36398493 | 60.6323434 | 69.3676566 | 1530.8928

ECH:1 /10,

Fig IV 2. End section characteristics
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% Mid-span section:

COUPE: C—C.
ECH: 1. 710

Fig IV 2 Mids-pan section characteristics

Table IV 3 Mid-span section characteristics

Designation | X |Y B (cm2) | Z(cm) S/A=B.Z To(cm4) I/A=I0+B.Z>

1 18 | 130 | 2340 65 152100 3295500 13182000
2x2 31| 6 186 117 21762 186 2546340
3x2 10| 6 60 116 6960 180 807540
4x2 10 | 10 100 109.67 10967 277.7777778 | 1203028.668
5x2 13| 20 260 24.67 6414.2 2888.888889 | 161127.2029
6x2 13 | 18 234 9 2106 6318 25272
7x2 41 | 11 451 1245 56,150 4547.583333 | 6995160.333
B gross 3631

B net 3449.45

S/A gross 256,459

S/A net 243635.765

| /Agross 24920468
I/A net 23674444.79
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Table IV.4 Mid-span section characteristics

I6(cm4) \'%A \% p% [2(cm2)

6806707.586 | 70.6303222 |59.3696778 | 0.44704883 1874.60964

+* Characteristics of Midsection:

COUPE: B—B.
ECH: 110,

Fig IV 3 Midsection characteristics

Table IV 5 Midsection characteristics

Designation | X |Y B (cm2) | Z(cm) S/A=B.Z Io(cm4) I/A=10+B.Z>
1 32 | 130 | 4160 65 270400 5858666.667 | 23434666.67
2x2 31 |6 186 117 21762 186 2546340
3x2 10 | 6 60 116 6960 180 807540

4x2 10 | 3 30 112 3360 7.5 376327.5
5x2 6 9 54 21 1134 121.5 23935.5

6Xx2 6 18 108 9 972 2916 11664

7x2 41 | 11 451 124.5 56149.5 4547.583333 6995160.333
B gross 5049

B net 4796.55

S/A gross 360,738

S/A net 342700.625

| /Agross 34,195,634
I/A net 32485852.3

Table IV.6 Midsection characteristics
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I6(cm4) \'%A Vv p%o [2%(cm2)
8421907.736 | 71.4473163 58.5526837 0.398724 1668.03481
B. Girder with slab (hourdis):
+* Characteristics of the end section:
Table IV.7 End section characteristics
Designation X Y B Z S/A=B.Z 10 (cm4) 1/A=10+B.Z2
Girder 6196 429802 39299769.3
Slab 150 25 3750 | 142.5 | 534375 195312.5 76343750
B gross 9946
B net 9448.7
S/A gross 964177
S/A net 915968.1
I/A gross 115643519.
I/A net 109861343.
Table I'V.8 End section characteristics
I6(cm4) \%A \% p% [2(cm2)
22175060.93 | 96.9411824 58.0588176 0.39613195 2229.54564
% Mid-span section:
Table IV.9 Mid-span section characteristics
Designation X Y B Z S/A=B.Z 10 (cm4) 1/A=10+B.Z?
Girder 3631 256459 24920468
Slab 150 25 3750 | 142.5 | 534375 195312.5 76343750
B gross 7381
B net 7011.9
S/A gross 790834
S/A net 751292.01
I/A gross 101264218
I/A net 96201007.29
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Table IV.9 Mid-span section characteristics

Ie(cm4) \'%A \4 p% [2(cm2)
16530721.24 | 107.14452 47.8554803 | 0.43679228 2239.63165
+* Characteristics of Midsection:
Table IV.10 Midsection characteristics
Designation X Y B Z S/A=B.Z 10 (cm4) 1/A=10+B.72
Girder 5049 360,738 34,195,634
Slab 150 25 3750 | 142,5 | 534375 195312.5 | 76343750
B gross 8799
B net 8359.0
S/A gl"OSS 895,1 13
S/A net 850356.87
I/A gross 110,539,384
I/A net 105012414.8
Table IV.11 Midsection characteristics
Ic(cm4) V' v p% [2(cm2)
19480583.27 | 101.72889 53.2711104 | 0.40853812 2213.95423
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CHAPTERYV

CALCULATION OF LOADS, LIVE
LOADS, AND LONGITUDINAL
FORCES



I. Calculation of loads:

Permanent loads include the self-weight of the supporting structure, non-load-bearing

elements, and fixed installations.

< Load-bearing elements: these loads pertain to the deck alone (DL: dead loads).

< Non-load-bearing elements: the surfacing, screed, sidewalks, curbs, guardrails,
and safety barriers (SCL: supplementary components of dead loads).
I.1 Calculation of permanent loads (G):
a) Girders:

The length of the girder is 27 m (according to the plan).
So, we divided the length in half, L. = 13.5 m, to simplify the calculation of P.

Py | P12 Py P23 P3

0.325/0.25 4.75 .07 8.105

Fig. V.1 Girder's dimensions

Pt=(P1 +P2+P3+PI12+P23)x2
P=yxLixSi
v : unit weight (or specific weight)

Li : the length of the section
Si : the area

End section: S1 = 0.6196m?




Midsection section: S2 = 0. 5049 m?
Mid-span section: S3 = 0. 3631 m?

Therfore :

P1 =2.5%0.325%0. 6196=0. 503t
P2 =2.5%4.75%0. 5049 =5,996t
P3=2.5%8.105x%0.3631=7.357t

P1-2= y x [xS1%82 = 2 5x().25x0.6196+0.5049 = (),351¢
2 2

P1-2= y x 1x52+53 = 2 5x(.07x0:049 +03631 = (),076m?
2 2

For the whole of the girder:
Pt=2x% (0. 503+5,996+7.357+0,351+0,076)= 28.566t

And per linear meter: : P(t/ml) =28.566/27=1.058t/ml. (WG)
The total weight of the girders is: 1.058x7=7.406 t/Im.
b) The slab:

L=27m

e=0.25m

1=10.27m

Pd =0.25 x 10.24 x 2.5 =6.40 t/Im (WS)

C) Diaphragms:

L=1.8m

e=0.34m

1=0.98m

n=18

PE=0.8 x 0.34 x 2.5 x 0.34=1.95t

The total weight of the diphrams is: 1.95x18=26.99 .

Therfore: permanent actions (charges permanentes)




Cp=PD+Pp =7.406 +6.40 =13.806t/Im

Cp= 13.806t/Im

1.2 Calculation of the Additional Permanent Loads (CCP):
a) Pavement and Waterproofing:

Weight of the pavement and waterproofing screeds

L=27m

¢=0.08m

[=7.90m

Pr=0.08m x 2.2t/m3x7.90m= 1.400 t/ml

b) _ Sidewalk and parapet:

St (Sc) : cross-sectional area of the sidewalk

Sc (Sp) : cross-sectional area of the parapet

L=27m

e=0.25m

[=0.94m

St=0.25%0.94=0.235 m>.

Sc=0,15m:

Stre=0.235+ 0,15= 0.385m:

Therfore: Pe+c = 0.385%2.5%2=1.925¢/Im.

C) Guardrail:

0.3t/ml x 2 =0.60t/ml
Therfore:

CCP (APL)= 1.400 +1.925+0.60= 4.00t/Im




TabV.1 Results Table

Designation Element Weight (t/m.1.) Weight (t)
CP (PL) Girders 7.406 199.962
Slab 6.40 172.80
Diaphragms / 26.99
CCP (APL) Pavement and 1.400 37.800
Waterproofing
Sidewalk 1.175 31.725
Guardrail 0.60 16.2
parapet 0.75 20.25
TOTAL 19,9618 505.727

II. Calculation of Live Loads:

We will calculate the applicable live loads for road bridges supporting one or more

carriageways (roadways) as defined by the bridge layout:

- Bridge classification:

Tab V.2 Bridge classification

The classification Carriageway width (Lr)
1 Lr=7m
2 550m<Li<7m
3 Lr<5,50m

- The carriageway width (Lr) of our bridge is 7.91 meters, therefore the bridge is

classified as Class 1, since Lr > 7 m.

- Number of lanes: N= L¢ =791 = 7 63 therfore: N=2 lanes

Lc %91 3

- Lanewidth: Lv=_=__"_=3.955m

N 2
We distinguish:

A (L) live load type.

B system : (BC, Bt, Br).
Military load: MC 120.
Exceptional convoy: D240.

Sidewalk (footway) live loads.

e Loads due to wind and seismic actions.




I1.1 Load System A (L):

The A system consists of a uniformly distributed load, whose intensity depends on the loaded

length L, and is given by the following formula:
A(L)=alxa2xA (L)
With:

A(L)=230+ % (kg/m2 ), L : the span =26.55m

A(L) =230+ 3690 __—1163.8521(kg/m2)
26.55+12

A(L)=1.1638 t/m2 .
ai: transverse load reduction coefficient, provided in the following table:

Tab.V. 3. transverse load reduction coefficient

Number of loaded lanes
Bridge 1 lane 2 lanes 3 lanes 4 lanes > 5 lanes
classification
1 1.00 1.00 0.9 0.95 0.7
2 1.00 0.9 - - -
3 0.9 0.8 - - -

Therefore: ai=1

Then the load A(L) is multiplied by the coefficient a2 which is defined by:
a2= M{ﬁl; V: the width of the lane V=3.955m

Vo: as specified in the following table:

Tab.V.4 Vo table bridge classification

Bridge classification Vo
Ist 3.5m
2end 3m
3 2.75m




Therefore: a2 =3.5/3.955=0.88
e For one charged lane n=1 :

» A(L)=1x0.88x 1.1638 x 3.955=4.0504t/ml.
e Fortwo charged lanes n=2 :

» A(L)=1x0.88x 1.1638 x 7.91= 8.1009t/ml.

Results are presented in the following table:

Tab.V. 5 A(L) values
N of lanes a a A(L) mz | Lane width | A(L) ¢Im
1 lane 1 0.88 1.1638 3.955 4.0504
2lanes 1 0.88 1.1638 7.91 8.1009

I1.2 Load System B:

The load system B consists of the following three subsystems:
-System Bc: composed of standard truck models.
-System Br: composed of a single isolated wheel.

-System Bt: composed of sets of two axles, referred to as tandem axles.

e Bc System:

On the carriageway, a number of truck lanes or convoys is placed, not exceeding the number
of traffic lanes.
-Transverse arrangement: The maximum number of truck lanes that can be placed

transversely is equal to the number of traffic lanes.
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Fig.V.2 Bc system

Each truck has three single-tyre axles with a total mass of 30 tons, therefore:

e One front axle of 6 tons.
e Two rear axles of 12 tons each.

Depending on the bridge class and the number of considered lanes, the load value of the Bc
system taken into account is multiplied by the coefficient bc, given in the following table:

Tab.V. 6. Table providing the coefficient bc

Number of Considered lanes
Bridge 1 lane 2 lanes 3 lanes 4 lanes > 5 lanes
classification
1 1.2 1.1 0.95 0.8 0.7
2 1 1 - - -
3 1 0.8 - - -

And multiplied by a dynamic amplification coefficient dc given by:

_ 0.6
Sc=1+_04 4 06
14+0.2L 1+4§

With: L : the span of the bridge = 26.55m
G: its permanent load G = 505,727 t.

S: maximum B-type load previously multiplied by the coefficient bc.




S =2 x 30 x number of lanes X bc.

e For one charged lane:

bc=12 ——» S=60x1.2 =72t

0.6
0 505727 — 1.0840
140.2+2655  1+47

oc= 1+

e Fortwo charged lanes:
bc=1.1 —> S=120x1.1 =132t

0.6
e + 505727 — 110
140.2%26.55  1+47 5

oc=1+

Tab V.7 Axle loads (t) of the B¢ system

N of charged lanes bc Axle load (1)
1 1.2 F. axle 6x 1.2 x1.084=7.7904
R. axle 12x 1.2 x1.084=15.5808
2 1.1 F. axle 6x 1.1 x1.10=7.26
R. axle 12x 1.1 x1.10=14.52

e Br System:

The Br system consists of a single isolated wheel carrying a load of 10 tons. Its impact area
on the carriageway is a uniformly loaded rectangle, with a transverse side measuring 0.60 m
and a longitudinal side measuring 0.30 m.

Longitudinalement Transversalement En plan

/\ 030

v
100 KN 100 KN

Fig V.3 Br System




The value of the Br system is multiplied by the dynamic amplification factor dc:

Sc=1+_04 4 06
1+0.2L 1+4§

fe=1+__ 04 . _ 06 _=1066
140242655 1443027

Tab.V.8 Br load

Designation S Oc Wheel (10 tons)

Br 10 1.069 1.066x 10 =10.66

e Bt System :

A tandem of the Bt system consists of two axles, both equipped with single wheels, and has
the following characteristics:

- Load carried by each axle: 16 t
- Distance between the two axles: 1.35 m
- Center-to-center distance between the two wheels of an axle: 2 m

Sk ot e iy En plan
® _-;zi, Q25
1.35 = = i
- - =
160 KN 160 KN m%—_*
Transversalement M 4%;’
= |:":"l 'l”"""-"v'"’:«"'fl-’ Jf‘:l-'-'-’lf ~,L-’-7~"',“-5”.'-:.'..:L, 'l.‘..:—:l':«::..’.:.'::—:--/:.’:.—..;Tt" EI% @ =
n__<¢)L ’t 2,00 .Ll 00 ;L 2,00 1 I_ 1.35 _I
Fig V .4. Bt System

The Bt system must be multiplied by a coefficient bt, which depends on the bridge class.

The values of the bt coefficient are given in the following table:

TabV. 9. bt coefficient

Bridge classification Irst 2end

bt 1.00 0.90




And by the dynamic amplification coefficient dc:

e Forone charged lane:
S=sx bt =32 x1 =32t

0.6
=572 — 1.0721
32

=1+ 04
de 1+0.2%26.55  1+4

e Fortwo charged lanes:

S=sxbt=32x2=64t.

06
0c =1t o2z 14252 10807
Tab V.10 6c¢ coefficient
Designation S bt éc Axle (16t)
1 tandem | 32 1.00 1.0721 17.153
2 tandem | 64 1.00 1.0807 34.582

I1.3. Military Load System MC 120:

Military vehicles often represent more critical loading conditions than Systems A and B for
deck or superstructure elements.

Longitudinalement

/ 1100 KN \ En plan
\ / TP 777 ¥ =
L . 558 K

Transversalement =~ 777777777
i

LT+ L1 le 6.10

nAt 3 :_K.:n.]_ 100

Fig.V.5 Mc120 System

Military loads are multiplied by a dynamic amplification factor.

Sc=1+_04 4 06
14020 1442




L=26.55m. ,G=505.727t , S=110t

0.6
sos72 —1.0923

U4 14420572
1+0.2%26.55 4700

6c=1+
Q=110x1.0923=120.153t

Q/ml=120.153/6.1=19.697t/ml.

I1.4 Exceptional Load System D240:

The D240 standard convoy consists of a trailer made up of three units with four axles each,

carrying a total load of 2400 kN. This load is assumed to be distributed over the roadway on a
uniformly loaded rectangle measuring 3.20 m in width and 18.60 m in length.

18.60

Fig V.6 D240 System

Q/ml =240/18.6 =12.903 t/ml.
I1.5 Sidewalk Live Loads:
A uniform load of 150 kg/m? is applied to the sidewalk.
The width of the sidewalk is 1.05 m.

e Forone loaded sidewalk:

P=0.15x1.05=0.1575t/m.
e For two loaded sidewalks:

P=2x0.15%x1.05=0315t/m.]l




I1.6 Braking force:

Braking forces are taken into account for the stability of the supports and the strength of the

bearing devices.

The braking force corresponding to load A(L) is equal to:

Ff=Fx A(L), withF= ——L__ and S = Lr x L (the loaded area (m>))
2040.0035x%S
Tab V.11 Braking force
A(L) () S(m2) F Fr(t)
1 lane | 4.0504x26.55=107.538 | 3.955%26.55=105.005 | 0.04909 | 5.279
2lanes | 8.1009%26.55=215.078 | 7.91x26.55=210.010 | 0.04822 | 10.126
II1. Calculation of reduction factors due to loads:
II1.1 Girder only: q=1.058t/ml
1 5)76&,/’ ml
S T T S W
RA=RB =4 [= 14.044t
i 27 2
¥ 4 T T N =§ M M(X): RA.x - q.X2 /2
R‘/T: . —"T T(x) =RA -qx
TabV.12 Girder only
Section (x) (x) M(t.m) T(t) R(t)
0.00L 0 0 14.044
0.25L 6.75 68.166 6.902 14.044
0.5L 13.5 93.183 0




II1.2 The slab:

q=2,5 x1,5% 0.25=0,938t/ml

Ra=Rs - I=12.663t

TabV.13 The slab

Section (x) (x) M(t.m) T(t) R(t)
0.00L 0 0 12.663
0.25L 6.75 64.1063 6.3315 12.663
0.5L 13.5 85.4752 0

I11.3 Superstructure:

G=3.925 t/ml

Intermediate girder and edge girder: p = weight of the superstructure divided by the number

of girders.

p=3.925/7 = 0.5607t/m

RA=RB =% [=17.5696t

TabV.13 Superstructure

Section (x) (x) M(t.m) T(t) R(t)
0.00L 0 0 7.5696
0.25L 6.75 38.2763 3.7848 7.5696
0.5L 13.5 51.0958 0

I11.4 Summary table of M, T, and R values:
TabV.14 Summary table of M, T, and R values

Section (x) (x) M(t.m) T(t) R(t)
0.00L 0 0 34.2766
0.25L 6.6375 170.5486 17.0183 34.2766
0.5L 13.275 229.754 0




1V. Calculation of reduction elements due to live loads:

IV.1 Shear forces:

- Shear forces at x=0L :

» A(l) and sidewalk live loads:

o A(l) live load:

) 4 \ 4 A 4 A 4 h 4

%

Fig.V.7 Influence line for A(L) at x=0L

Y=2= 1
L

1%26.55

S=YSi=(-22) =13.275m:

2
Tmax=qxS
For one charged lane:
T=4.0504x13.275=53.7690t
For two charged lanes:

T=8.1009x13.275=107.5394t




e Sidewalk:

T=qx S

For one sidewalk:

T=0.1575%13.275=2.084t

For two sidewalks:

T=0.318x13.275=4.221t

» B system:

e Bc live load:

. 105 o~
Y ¥ Y, Y; |Ye e
Fig.V.8 Influence line for Bc at x = 0L
Y=X/L=1 therfore :
TabV.14 Yi values of Bc at X =0L
Y Y1 Y2 Y3 Y4 Y5
1 0.9604 0.7909 0.6214 0.5649 0.3766

T =Y (pi x Yi) = 44.7654t

Therfore we have : T =) (pi xYi)x &c x bc




- One convoy:
T=44.7654x1.2x1.084=58.2308t
- Two convoys:

T=44.7654x1.1x1.10 x2=108.3322t

e Bt live load:

16t 16t
l 1,35 l

A
« 282

V’

Fig. V.9 Influence line for Bt at x = 0L
Y=X/L=1 therfore : Y1=0.9491
Tmax= (16x1+16x0.9491)=31.1856t
- One tandem:
T=(31.1856x1x1.0721) =33.4340t
- Two tandems:

T=(31.1856x1x1.0807%2) = 67.4045t

»Mc120 system:

20.45 o~

ol FANE e

Fig. V.10 Influence line for Mc120 at x = OL




Y=X/L=1 therfore : Y1=0.7702

Tmax=Y (qi xSi) = 19.697x(1£07702) x 6.1= 106.3462t
2

» D240 system:

g 795

Fig. V.11 Influence line for D240 at x = OL
Y=X/L=1 therfore : Y1=10.2994

Tmax=Y (qi xSi) = 12.903 x(1:£02994) x 18.6= 155.9252t
2

- Shear forces at x=0.25L :

» A(l) and sidewalk live loads:

e A(l) live load:

FT 1T 1T 117

199125

v

Fig. V.12 Influence line for A(L) at x = 0.25L




Y:x:19.9125: 075
L 2655 )

S=YSi= (0.75 x % )=7.4671m2

Tmax = gxS

For one charged lane:

T=4.0504x7.4671= 30.2450t

For two charged lanes:

T=8.1009x7.4671= 60.4902t
e Sidewalk:

T=qx S

For one sidewalk:

T=0.157x7.4671=1.172t

For two sidewalks:

T=0.318x7.4671=2. 374t

» B system:

e Bc live load:

3.4125

v

Fig.V.13 Influence line for Bc at x = 0.25L




_x 199125
Y_L_ 2655 0.75
Tab. V.15 Yi values of Bc at X =0.25L
Y Y1 Y2 Y3 Y4 Y5
0.75 0.6935 0.5240 0.3545 0.2980 0.1285

T=>(pi*x Yi)=29.067t
Therfore we have : T=> (pi xYi)x c x bc
- One convoy:
T=29.067x1.2x1.084=37.8103t
- Two convoys:

T=29.067x1.1x1.10 x2=70.3421t

e Bt live load:

l 16t I l 16t
v

A
6.6375 - -~ 18.565

«——

el

\

Fig. V.15 Influence line for Bt at x = 0.25L

Y=X/L=0.75 therfore : Y1=0.6991
Tmax= (16x0.75+16x 0.6991) =23.1865t
- One tandem:
T=(23.1865%x1x1.0721) =24.8582t
- Two tandems:

T=(23.1865%1x1.0807%2) = 50.1153t




»Mc120 system:

66375 6,10 13.8125 Fig. V.16 Influence line for Mc120 at

' x =0.25L

Y=X/L=0.75 therfore : Y1=0.5202

Tmax=Y. (qi XSi) = 19.697x(1£05202) x 6.1=91.32731

» D240 system:

IiJ4141]

= 6.6575 18,60 1.3125 -
- > <

> — —»

7T

Fig. V.17 Influence line for D240 at x = 0.25L

Y=X/L=0.75 therfore : Y1=0.0494

Tmax=Y (qi xSi) = 12.903 x(1£0.0494) x 18.6= 125.9257t
2




+* Summary table of shear forces due to live loads:

Tab. V.16 Summary table of shear forces due to live loads

Designation ForX=0L ForX=0.25L
Tmax (t) TO (T/7) Tmax (t) TO (T/7)
Live load 1 charged 53.769 7.68128571 30.245 432071429
A(L) lane
2 ‘igﬁg%ed 107.5394 | 153627714 60.4902 8.64145714
Sidewalks | 1 sidewalk 2.084 0297 1.172 0.167
2sidewalks 4221 0.603 2374 0339
Be system | 1 Clhafeged 582308 | 8.31868571 37.8103 540147143
2 ‘ilalizgsed 108.3322 | 15.4760286 70.3421 10.0488714
Btsystem | 1 Clhafeged 33434 | 477628571 24.8582 355117143
2 charged
lanes 67.4045 | 9.62921429 50.1153 7.15932857
Mc120 106.3462 | 15.1923143 91.3273 13.0467571
D240 155.9252 15.59252 125.9257 12.59257

IV.2 Bending moment:

- Bending moment x=0.5L :

» A(l) and sidewalk live loads:

o A(l) live load:

\ 4

\ 4

L/2=13.275 n

\W Y 7663]

Fig. V.18 Influence line A(L)
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Y=13.275(1 — %)= 6.6375

26.55
S=ZSi=2X(13.275X6.6375)= 38.1128
M= A(L) xS

- For one loaded lane:
M=4.0504%88.1128=356.8920t.m
- For two loaded lanes:

M=8.1008x88.1128=713.7841t.m

o Sidewalk:
M=qx S
For one sidewalk:
M= 0.157%88.1128= 13.833t.m
For two sidewalks:

M=0.315%x88.1128=27.667t.m
» B system:

+ APPLICATION OF BARRE'S THEOREM:

“The bending moment reaches its maximum directly under an axle when this axle
corresponds to the resultant of the convoy positioned symmetrically with respect to the
beam’s axis.”

e Bclive load:

v' CASE No. 1: The resultant is located to the right of the girders’s axis The resultant
of the convoy: R =2x6 +12 x4 =60t




R
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Fig. V.19 Influence line for the first case of Bc

Fidi_ (12x4.5+12x6+6x10.5+12x15+12x16.5
dr= 2= = )= 9.45

a=9.45-6=3.45m

- The deflection equation is used to calculate the coordinates:
= — X
Y=x(1 L)
Y= 11.50(1—1150) = 6.5182m
26.55

Tab. V.16 Yi values, Case 1 of Bc at X =0.5L

Y1 Y2 Y Y3 Y4 Ys

3.1457 5.6963 6.5182 4.5627 2.6072 1.9554

M = Y(pi x Yi ) = 247.5756t.m

v CASE No. 2: The resultant is located to the left of the girder axis: The resultant of
the convoy: R=2x6+ 12 x4=60t

R
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Fig. V.20 Influence line for the second case of Bc




dr= YFi .di_ (12X1.5+6X6+12x10.5+12x12+12x16.5) _ 705
YFi 60
a=7.05-6=1.05m

- The deflection equation is used to calculate the coordinates:
Y=x(1- L)
Y=12.75(1—1275) = 6.6271m
26555

Tab. V.17 Yi values, Case 2 of Bc at X =0.5m

Y1 Y2 Y3 Y Y4 Y5
1.5847 3.745 4.4660 6.6271 4.2881 3.5084

M =3 (pi x Yi)=241.3608t.m
— Therefore, the most unfavorable case is Case No. 1.
We have M=>(pi x Yi) X dc x bc

-one convoy :
M=247.5756x1.2x1.084=322.0463t.m

-two convoys:
M=247.5756x1.1x1.10x2=599.1329t.m

e Btlive load system:

Only one case is considered for the position of R with respect to the girder’s mid-axis. The
system can take any position (to the right or to the left of the girder’s axis) without affecting

the result.

0.338]0.338| R
l6tl d ! d

16t
<3 0675 l 12.262
A pog7 €

A

Fig. V.21 Influence line for Bt




Y= x(1-%)=12.937(1— 12:337) = 6.6331m
L 26.55
Y1=5.9748
Therfore : M= 16(Y+Y1) x &c x bt
- One tandem:
M= 16(6.6331+5.9748)x1x1.0721 =216.2708t.m
- Two tandems:

M= 16(6.6331+5.9748)x1x1.0807x2 = 436.0114t.m

e Mc120 load system:

10.225 3,05 et 19,225

—!
1
Y1l 'y Y2
1
1
1

Fig. V.22 Influence line for Mc120

X=13.275m
Y=6.6375m

Y1=Y2=5.1125m

S=2x (51125+66375) x 3,05 = 35.8375m:
2

Therfore : M =qx S x 6c =19.697%35.8375%1.0923=771.0449t.m




e Exceptional Load D240:

3975 1 T 1 3975
A - 9.30 =E< 9.30 .
a / 7
Fig. V.23 Influence line for D240
X=13.275m
Y=6.6375m

Y1=Y2=1.9875m

S=2x (19875+6.6375) x 9.30 = 80.2125m2
2

Therfore : M =qgx S =12.903%80.2125=1034.9818t.m

Bending moment x=0.25L :

» A(l) and sidewalk live loads:

66375 . 199125

W

Fig.V.24 Influence line A(L) at x=0.25L




X=6.6375

Y=6.6375 (1 — %%%)= 49781
26.55

S=Y'Si=(4.978 1 X66375) +(4.9781x199125)= 66,0842
2 2

e A(l) live load:
M= A(L) xS

- For one loaded lane:
M=4.0504% 66.0842=267.6674t.m

- For two loaded lanes:
M=8.1008% 66.0842=535.3348t.m

o Sidewalk:

M=qgx S
For one sidewalk:
M=0.157%x66.0842=10.375t.m
For two sidewalks:

M=0.318%66.0842=21.014t.m

» B system:

e Bclive load system:

12t |12t 12t |12t
6t 6
21375 l | l ‘ 79125
&
6.6375
-— —
Y, J)@/)ﬂ /
y ¥, * [~
/

Fig. V.25 Influence line for Bc at x=0.25L




Y=x(1-%

X( L)

Y= 6.6375(1— £6375) = 4.9781m
26.55

Tab. V.18 Y1 values of Bc at X =0.25L

Y1 Y Y2 Y3 Y4

Ys

1.6031 4.9781 4.6031 3.4781 2.3531

1.9781

M =3 (pix Yi)=197.436t.m

We have: M=>(pix Yi) x dc x be
-one convoy :

M= 197.436x1.2x1.084= 256.8247t.m

-two convoys:
M=197.436x1.1x1.10x2=477.7951t.m

e Btlive load system:

16y 1= 18.5625

646375 ©
—

S

Fig. V.25 Influence line for Bt at x=0.25L
Y= x(1- %)= 6.6375(1— 66375) = 4978 1m
L 2655
Y1=4.6406
Therfore : M= 16(Y+Y1) x §c x bt

- One tandem:

M= 16(4.9781+4.6406)x1x1.0721 =164.9953t.m




- Two tandems:

M= 16(4.9781+4.6406)x1x1.0807x2 = 332.6377t.m

e Mcl120 load system:

51125 | 15.33/5
A 55 E 4,575 R -
. G635 .. 199125 .

Fig. V.26 Influence line for Mc120 at x=0.25L

X=6.6375

6.637

%)= 4.9781
26.55

Y=6.6375 (1 —

Y1=Y2=3.8343m

S= ((3.8343+4.9781)x 1525 )+(( 3.8343+4.9781) x4575 )= 26.8777m2
2 2

Therfore : M =qx S x §c =19.697%26.8777x1.0923=578.2746t.m

e Exceptional Load D240:

) 2
19875 | 59625
A s S mes a
6.6375 199125

Fig. V.27 Influence line for D240 at x=0.25L




X=6.6375

Y=6.6375 (1 -

26.

Y1=Y2=1.4906m

S=((1.4906+4.9781)x465 )+(( 1.4906+4.9781)x
2

375 49781
55

13.95 )= 59.8677m2
2

Therfore : M =qx S =12.903%59.8677=772.472%t.m

¢ Summary table of bending moments due to live loads:

Tab. V.19 Summary table of bending moments due to live loads

Designation ForX=0.25L ForX=0.5L
Mmax (t.m) | MO(M/7) | Mmax(t.m) | MO(M/7)
Liveload | lcharged | o, o0/ 38.2382 356.892 50.984
A(L) lane
Zcharged | 33330 | 761006857 | 713784 101.979
lanes
Sidewalks | 1 sidewalk 10.375 1.482 13.833 1.972
2sidewalks | 21.010 3.014 27.667 3.952
Besystem | Icharged | 500047 | 366802420 | 322,046 46.006
lane
Zcharged |00 2051 | 682564420 | 599132 85.590
lanes
Btsystem | 1charged | 0\ o053 | 235707571 | 216270 30.895
lane
2charged | 53 300 | 475106714 | 436010 62.287
lanes
Mc120 5782746 | 82.6106571 | 771.044 110.149
D240 7724729 | 110353271 | 1034.919 147714




CHAPTER VI

TRANSVERSE DISTRIBUTION OF
FORCE



1. Intoduction:

Diaphragms play a crucial role in distributing loads across the primary girders of a bridge. In
cases where diaphragms are absent, this function is assumed by the deck slab itself. To
accurately analyze the internal forces within a girder, the transverse distribution of live loads
must be taken into consideration. This is done by applying a correction factor known as the
Transverse Distribution Coefficient (TDC). Bridge girder decks are inherently three-
dimensional structures, and numerous analytical methods have been developed for their
assessment. These methods are typically categorized based on whether the cross-sectional

behavior is assumed to be deformable or non-deformable.

4+ Rigid non-deformable section :

' P v

—
—I/ i| 'TE Intermediate diaphragm

Principle of transverse load distribution for a girder bridge with an
Intermediate diaphragm

Fig. VI.1 Rigid non deformable section

#+ Flexible deformable section:

P v

TTTTTInL

Principle of transverse load distribution for a girder bridge without an
intermediate diaphragm

| deck slab

Fig. VI.1 Rigid deformable section




The choice of method consists in determining the bracing parameter ‘r’, which is defined by
the following formula: r=n2 i/@
21 " IE
With:
n: number of girders
a: center-to-center spacing between girders
L: span of the girders
I,: moment of inertia of a girder
I.: moment of inertia of a cross beam (diaphragm or bracing)
If: (r<0.3)
e J. Courbon's Method: This method assumes that the deformations of the cross

beams (diaphragms) are negligible compared to the deformations of the girders. In
other words, the cross beams are considered to have infinite rigidity.

If: r>0.30

e Guyon-Massonnet Method: When the torsional rigidity of the bridge elements
cannot be neglected, the bridge’s transverse section is considered deformable.

I1. Application to Our Project:
n=10,a=1.04,1=26.55

I1.1 Our project includes diaphragms, which serve to distribute loads between the main
girders. The diaphragms have the following dimensions:

L=1,8m I=0,98m e= 0,34m
Moment of inertia of a diphagram (IE) :

IE = (d.h?)/12 , IE=(180x343 )/12=589560cm?*

I1.2 The prefabricated girder has variable cross-sections, so its equivalent average moment
of inertia must be calculated:

8
Ir=Io+(Im-TIo)"
31




With:

Io: Moment of inertia at the end section, including the slab.

In: Moment of inertia at the mid-span section, including the slab.
For an intermediate girder:

e 10=22175060.93cm*
e Im=16530721.24cm*
e [P=22175060.86cm*=0,221750m

_71.504m

r=
226.55 320982.666

=0.57>0.3

Since r > 0.3, the Guyon-Massonnet method is used.




ITII. GUYON-MASSONNET METHOD:

When the structure is loaded in accordance with the regulations, it is necessary to identify the
critical sections—those subjected to the greatest stresses—both transversely and
longitudinally.

The Guyon-Massonnet method is one of the simplest and most widely used approaches. It
provides reliable results compared to other methods because it accounts for the non-negligible
transverse stiffness of the bridge deck.

In this method, the applied load p(x) is assumed to follow a sinusoidal distribution, defined as:
P(x)=P1*Sin(lLX)
L

p: is the constant value of the load.
L: is the span of the bridge.

Under the effect of a load with eccentricity e, applied along a line parallel to the bridge’s axis,
the bridge takes on a deformed shape as follows:

W (x, y) = WO. Sin(11X)
L
The latter takes on a cylindrical shape:

WO (x, y) = WO. Sin(IX)
L

It involves, for each load action, plotting the influence line of its transverse distribution
coefficient for the various load eccentricities:

e= {tb;£3b;£b; +b; +b ; +(}for the seven sections across the slab width.
4 2 2 4

y={xb;£3b; tb ;b 4b : +(} It is sufficient to consider the symmetry (e.g; from 0 to b).
4 2 4

This allows for the accurate determination of the transverse distribution factors (Ka, €a, po)
and internal forces (bending moments, shear forces) at any point of the deck.

In the case of multi-girder bridges, the section under study is determined by the girder’s
position, which requires drawing influence lines for different load eccentricities. The section
yielding the highest distribution coefficient values will be selected. All girders are identical
and defined by the following characteristics:

e Their bending stiffness is given by BP =E - IP
e Their torsional stiffness by CP =G - KP.




Similarly, all cross beams (diaphragms) are identical and characterized by:

e Bending stiffness: BE=E - IE
e Torsional stiffness: CE = G + KE Where E is the Young’s modulus.

e G: Shear modulus (modulus of torsion). With: G= 2 1E )
+v

- v: Poisson’s ratio

- I;: Flexural moment of inertia of the girders

- K,: Torsional moment of inertia of the girders

- I Flexural moment of inertia of the diaphragms (crossbeams)

- K.: Torsional moment of inertia of the diaphragms (crossbeams)

Per unit length, these stiffnesses become:

N pp = 22 = L=
Bending stiffness: -
s

o Cp _ GK,

e i —

Torsional stiffness:

__Ce GKg

e T

The behavior of the bridge is fully defined by two main parameters:

YP +YE

‘ Vpp.pE
e Transverse bracing parameter: 6=b/L

e Torsion parameter:: a =
4 PR

—

pE
In the case of multi-girder bridges, the section to be studied will be determined by the

position of the girder. Influence lines will be plotted for the different load eccentricities, and
the section that yields the highest coefficient values will be selected.

II1.1 Determination of the calculation parameters:

The effective width is (2b). The bridge consists of 7 girders (n = 7) spaced at 1.5 m (center-
to-center distance between girders), so the effective width of the bridge will be:

2b=n.b0=7x1,5=10.5 therfore : b=5.25




IIL.1.1 Cross-beam Flexibility Parameter () (This parameter characterizes
the transverse flexibility of the bridge deck):

0=b/LY/(pp/pE)

b=5.27 pp= E};‘f

L=26.55m  pE=Ele
L1

Calculation of Ip: The beams in our project have variable inertia.

- lo=Moment of inertia at the end section, including the slab.
- Im=Moment of inertia at the mid-span section, including the slab

. 10=22175060.93cm*
. Im=16530721.24cm*
. IP=22175060.86cm* = 0,221750m

Flexural rigidity of the girder:

_ ElIp _ Ex0,221750

PP= ) = = (0.14783E

Flexural rigidity of the diaphragms:
IE = (b.h?)/12 =(180%34* )/12= 589560cm*

L1=26.55/18 = 1.5m with: 18 number of diaphragms

_E.le _ Ex0.0058956

PE==1

= (0.00393E

0=b/L* 55 _ 4,014783E = 0.492
V2 =527/26.55
pE 0.0039E

II1.1.2. Calculation of the torsion parameter o

YP +yE
0= —
2Vpp. pE

vp = Cp / bi — Torsional rigidity of the girders per unit width

vE = CD /L1 — Torsional rigidity of the diaphragms per unit width




with:

Cp=G x [Ekiai. hi*+% ]
6

a: larger dimension

h: smaller dimension

Table VI.1 Coefficient K, as a function of b/a

b 1 12 1.5 1.75 2 225 25 3 4 4<
a
K | 0141 ] 0166 | 0196 | 0213 | 0229 | 0240 | 0249 | 0263 | 0281 | 0333
— 1,50m
I , .
St s1 // hig |
\\\ iz
|
h2 ’; -
S2
‘ S3 ’ h3'
* |
< 4cm- *

Fig. V1.1 Equivalent Beam

S1=2186 ¢m?>= 100 x hl ———) h1=21.86 cm
S3=1672 cm?=44 x h3 ———> h3=38cm
Therfore: h2 = 130-(h1 +h3) =70.14 cm

Sectior% 1:
a —=

Sectioon 3:

a =

=4.575 k=0.333
b 02186 —

44
=1.158 k=0.154
5 038 ——




Section 2:

a =" 3897 —— k=0272

b 0.18

CP={(0.333x1x0.2186°*+0.1 54X0.44X0.383+O.272X0.183X0.7014+1-8><70-3:3)XG}

CP=0.0201G
CE = % xa xb3xG = 0.166%1.8x0.34°xG =0.01174G

vp=Cp/bi= %= 0.0134G
vyE=CE /LIl = 0.01174G /1.5 =0.00782G .

E ____E ___E

T2014v)  2(1402) 24

Yp=0.0134x F = 0.00558E

vE=0.00782_F_ = 0.00325E

2 E
I
Therfore:

__ YP+yE _ 0.00558+0.00325 _ 0.00883

~ ZJoppE 014783000393 o021z 030

IIL.2. Transverse distribution of bending moments:

For any given a, the interpolation is not linear. It is provided by Massonnet.
K=K0+(Kl-K)Va

For greater accuracy, Sattler proposed the following formulas:

K = KO + (K1- KO0) a®05 0<<0,1
K =KO0 + (K1- K0) a(1- €80) 0,1 <6< 1 with Qo= 0065-6

0,663
K=KO0 + (K1 - KON a 6> 1

Ko and K are given by the Guyon-Massonnet tables as functions of 0, e, and y (see the
appendix).

Ko = Ko(e, c, y), K. = Kl(e, c, y)
0 : It varies from O to 1 in steps of 0.05

from 1 to 2 in steps of 0.10.




- e=-b,

- y=0,b

=3b —b —b

ST _ 9T

2

4

b b 3b b

09_9_’_’
4 2

b 3b b ;Fory <0, the values are symmetrical

= D T
2

When the value of @ is not listed in the Guyon-Massonnet tables, the values of Ko and K.
must be interpolated (see appendix).

If: 00<6<01 k(0) = k(60) + [ (2=%0) (k(61) - k(80)]

The values of Ko:

e 0-=045

Tab. V1.2 Values of Ko for 8 = 0.45

Théta=045 | Alfa=0=> KO0

y b 3b/4 b2 b4 0 b/4 b2 3b/4 b
(]
0 0.7355 | 0.8811 | 1.0194 | 1.1304 | 1.1783 | 1.1304 | 1.0194 | 0.8811 | 0.7355
b/4 0.073 | 0.3495 | 0.6242 | 0.8902 | 1.1305 | 1.3144 | 1.4148 | 1.4671 | 1.5059
b2 205152 | -0.1402 | 0238 | 0.6242 | 1.0194 | 1.4148 | 1.7857 | 2.1063 | 2.4061
3b/4 -1.064 | -0.606 | -0.1402 | 0.3495 | 0.8811 | 1.4671 | 2.1063 | 2.7708 | 3.434
b -1.6003 | -1.064 | -0.5152 | 0.073 | 0.7355 | 1.5059 | 2.4061 | 3.434 | 4.5496

e 0=0,50
Tab. V1.3 Values of Ko for 8 = 0.50
Théta=0.50 | Alfa=0—> KO
y|-b 3b/4 b2 b4 0 b/4 b2 3b/4 b

(]
0 0.6203 | 0.8288 | 1.0273 | 1.1877 | 1.2575 | 1.1877 | 1.0273 | 0.8288 | 0.6203
b/4 20.0021 | 03111 | 0.6223 | 09226 | 1.1877 | 1.3721 | 1.4336 | 1.425 | 1.3968
b2 205198 | -0.1466 | 02317 | 0.6223 | 1.0273 | 1.4336 | 1.8038 | 2.0981 | 2.3613
3b/4 209828 | -0.5703 | -0.1466 | 03111 | 0.8288 | 1.425 | 2.0981 | 2.8125 | 3.514
b -1.4286 | -0.9828 | -0.5198 | -0.0021 | 0.6203 | 1.3968 | 2.3613 | 3.514 | 4.7981




e 0=049

Tab. V1.4 Values of Ko for 8 = 0.49

Théta=049 | Alfa=0—> KO
b 3b/4 b2 b4 0 b/4 b2 3b/4 b
c
0 0.64334 | 0.83926 1.02572 | 1.17624 | 1.24166 1.17624 1.02572 0.83926 | 0.64334
b/4 0.01292 | 0.31878 0.62268 | 0.91612 | 1.17626 1.36056 1.42984 1.43342 | 1.41862
b/2 -0.5188 -0.14532 0.23296 | 0.62268 | 1.02572 1.42984 1.80018 2.09974 | 2.37026
3b/4 -0.9990 -0.57744 -0.1453 0.31878 | 0.83926 | 1.43342 2.09974 2.80416 | 3.498
b -1.4629 -0.99904 -0.5188 0.01292 | 0.64334 1.41862 2.37026 3.498 4.7484
e 0=045
Tab. VI.5 Values of K1 for 8 =0.45
Théta=0.45 | Alfa=1—>KI
y D -3b/4 b2 b4 0 b/4 b2 3b/4 b
(]
0 0.8933 0.9458 1.0032 1.0577 1.085 1.0577 1.0032 0.9458 0.8933
b/4 0.7355 0.8029 0.8804 0.9688 1.0577 1.1214 1.1318 1.1152 1.0938
b2 0.6142 0.6881 0.7748 0.8804 1.0032 1.1318 1.2405 1.3013 1.34
3b/4 0.5202 0.5969 0.6881 0.8029 0.9458 1.1152 1.3013 1.4809 1.6291
b 0.4418 0.5202 0.6142 0.7355 0.8933 1.0938 1.34 1.6291 1.9476
e 0=0,50
Tab. V1.6 Values of K1 for 8 = 0.50
Théta=0.5a | Alfa=1=>KI
y b -3b/4 b2 b/4 0 b/4 b2 3b/4 b
(&
0 0.8609 | 0.9276 | 1.0028 | 1.0767 | 1.1146 | 1.0767 | 1.0028 | 0.9276 | 0.8609
b/4 06834 | 0.7617 | 0.8547 | 0.9642 | 1.0767 | 1.1557 | 1.1603 | 1.1293 | 1.0937
b/2 05516 | 0.6326 | 0.7308 | 0.8547 | 1.0028 | 1.1603 | 1.2911 | 13544 | 13376
3b/4 04538 | 0534 | 0.6326 | 0.7617 | 0.9276 | 1.1293 | 1.3544 | 1.5704 | 1.7409
b 03751 | 04538 | 0.5516 | 0.6834 | 0.8609 | 1.0937 | 1.3876 | 1.7409 | 2.1362




e 0=049

Tab. V1.7 Values of K1 for 8 = 0.49

Théta=0.461 | Alfa=0=> K0
y | -b -3b/4 [ -b2 -b/4 0 b/4 b2 3b/4 b
(&
0 0.86738 | 0.93124 1.00288 1.0729 1.10868 1.0729 1.00288 | 0.93124 | 0.86738
b/4 0.69382 0.76994 0.85984 0.96512 1.0729 1.14884 1.1546 1.12648 1.09372
b2 0.56412 | 0.6437 0.7396 0.85984 1.00288 1.1546 1.28098 1.34378 1.33808
3b/4 0.46708 | 0.54658 | 0.6437 0.76994 0.93124 1.12648 1.34378 1.5525 1.71854
b 0.38844 0.46708 0.56412 0.69382 0.86738 1.09372 1.37808 1.71854 2.09848
- Koa Values:
Suttler’s formula is applied:
If 0,1<0<1 Ko= KO+ (KI-KO)*aB  with : p=1- e(0:065-6)/0.663
Tab. VI.8 Ka Values Table
Théta=0.49 | Alfa=0.41=> KO
-b -3b/4 -b2 -b/4 0 b/4 b2 3b/4 | b
Y
€
0 0.7819478 | 0.8961656 1.011589 1.11230 1.15938 1.11230 | 1.01158 | 0.89616 | 0.78194
b/4 0.4341754 0.5979011 0.769404 0.94643 1.11231 1.22957 | 1.25955 | 1.24352 | 1.21761
b/2 0.1511444 | 0.3428265 0.546405 | 0.76940 1.01158 1.25955 | 1.47896 | 1.63204 | 1.73167
3b/4 -0.091989 0.1179624 0.342826 0.59790 0.89616 1.24352 | 1.63204 | 2.0297 2.39709
b -0.317538 -0.0919890 | 0.151144 0.43417 0.78194 1.21761 1.75642 | 2.39709 | 3.10896
Tab. V1.9 Ka Coefficient Values by Girder Position
-b -3b/4 -b/2 -b/4 0 b/4 b2 3b/4 b
y -5.27 -3.95 2.63 -1.31 0 1.31 2.63 395 527
0 0.781947 | 0.896165 1.011589 1.112306 1.159388 1.112306 1.011589 0.896165 | 0.781947
15 | 0.393436 | 0.561185 0.737306 0.920953 1.097815 1.233889 1.291137 1.299447 | 1.291606
3 0.082993 | 0.279796 0.489341 0.721331 0.979235 1.255062 1.521873 1.743535 | 1.918195
45 | -0.18596 | 0.0304826 | 0.2629589 | 0.5296821 | 0.8485749 | 1.2327276 | 1.68387050 | 2.182833 | 2.693705




Tab. VI.10 Kam results

Bocsystem
K(Bc) 348 -1.48 -0.88 353 252 1.02
1.0305405| 0.537263544 | 1.090335002 | 1124166658 0.933765853 | 1.019982535 | 1.122720024 0
10455863 0623865454 | 0897301815 | 0955508495 1706740668 | 1266366884 | 1203766513 15
1.032855| 0.354407171 | 0.691454288 | 0.786300018 167132748 | 1.499639464 | 1.104001428 3
1.0054762| 0.11325832 | 0495331399 | 0610013879 2020292272 | 1646275266 | 1147686205 25
[Btsystem |
K(Bt) —4.28 -2.28 —1.28 372 (EF] 072
1.0303727| 0.867611212| 1.038294663| 1.113384408 0.516277398] 112117921 1.12548928 0
0992148 0519248432| 0.786000688| 0925003705 1287999801 122884635 1195780033, 15
0.9371646| 0.230595667| 0.550854081| 0.727238031 1.704812587| 1.231556443| 1.177830842 3
0.876846| -0.023629995| 0.333681015| 0.535984994 2.09589267| 1.192982482| 1.125164883 45
 Sdwaks
K=} b —3.65 > b
0.838895811| 0.781947822 0.918900666 | 0.872802932 | 0.781947822 0
0.854630767| 0.393436116 0595876278 | 1.207843947 | 1201606726 15
1.025380028| 0.082993379 0321070457 | 1.779261275 | 1.818195005 3
1.217835185| -0.185967979 0.076273453 | 2.267329751 | 2.693705513 45
 Al)System
KAL) EES .63 1.31 0 —1.31 —2.63 —3.85
1.0505576| 0.8961657| 1.011589476] 1.112208183| 1.159388673 1.112306183|  1.011589476| 0.896165675 0
1.03523665| 1.2004478| 1291137527 1.233589808| _ 1.00781561 0920953425 0.737306402| _ 0.56118587 15
0.9964185| 1.7435355| 1.521873757| 1.255062234| 0.879235835 0.721331832|  0.48934148|  0.27979643 3
0.9440787| 2.1828331] 1.683870503| 1.232727653| 0.848574903 0.529682105| 0.262958972| 0.030482666 45
o etz
K{Mc120) -0.08 427 ] 0.92
1.028900495| 1.156513406 0872802832 | 0.953998535 | 1126323108 0
1.218272488| 1.087014866 1.257843947 | 1.294851968 | 1.19337817 15
1.364160762| 0.963485972 17759261275 | 1.620945821 | 1.172945978 3
1535420882 0.829100534 287328751 | 1.906881676 | 1118381567 25
[p2a0 |
K(D240) 16 0 16
1.12478385 1.090179028 | 1.155388673 | 1.090179028 0
1.080676228 0880606731 | 109781561 | 1246456958 15
0.585628561 0.670364257 | 0.979235835 | 1.313678917 3
0.875015004 0471083241 | 0.848574903 | 1.33184237 45

-  Kam Calculation Equations

Sidwalks: K= 1[Ko(-b)+Ka(~>?) + Ka(b) + Ka ()]
4 4 4

AL):

Be:

Bt:

— ka
K=-] —=

K

=) +kag

3b

2

) 4 ka (F) + ka () + ke (Z2) + ka( =)+ +ka (0)]

1
e
1 [K1+K2+K3+K4+K4+K5+K6]
6

K= 1 [K1+K2+K3+K4+K4+K5+K6]
6

Mec120 E: 1 K1+K2x1 +K3+K4><])
2 2 2
D240 K:i K1+K2 K2+K3

[(

3.2

x
2

1.6) +(=5721.6)]




IV. Actual Values of Longitudinal Bending Moments Due to Live Loads:

TabVI1.10 Actual Longitudinal Bending Moments Due to Live Loads

Bending Moment atX=0.5L Girder 4 Girder 5 Girder 6 Girder 7
Load case MO Kom Mreal Kom Mreal Kom Mreal Kom Mreal
sidwalks (2) 3952 | 0.838 | 3.314 | 0.894 | 3535 | 1.0254 | 4.0526 | 1.2183 | 4.814
A(l) 1lane 50.984 1.050 53.566 1.035 | 52.784 | 0.9964 | 50.8011 | 0.94396 48.127
Jlanes | 101.979 | 1.050 | 107.144 | 1.035 | 105579 | 0.9964 | 101.613 | 094396 | 96.264
Bc 1lane 46.006 1.039 47.828 1.045 | 48.108 | 1.0329 | 46.5212 | 1.00551 46.259
2lanes 85.59 1.039 88.981 1.045 | 89.500 | 1.0329 | 88.4089 | 1.00551 86.061
Bt llane 30.895 1.030 31.835 0.992 | 30.651 | 0.9370 | 28.9489 | 0.87654 27.080
Jlanes | 62.287 | 1.030 | 64.182 | 0.992 | 61.795 | 0.9370 | 58.3635 | 0.87654 | 54.597
Mc120 110.149 | 1.028 | 113.338 | 1.218 | 134.246 | 1.3850 | 152.567 | 1.53680 169.277
D240 147.714 | 1125 | 166.178 | 1.080 | 159.653 | 0.9856 | 145.589 | 0.87477 129.216
V. Load Combinations According to B.A.E.L:
+ Moment Combinations at ULS (Ultimate Limit State) :
Table VI.11: Load Combinations at ULS
ULS (ELU) Girder 4 Girder 5 Girder 6 Girder 7
1.35G+1.6(AL+sidwalks) | 486.902213 | 484.751168 | 479.233309 | 471.895049
1.35G+1.6(BC+sidwalks) | 457.840176 | 459.025539 | 458.106443 | 455.570577
1.35G+1.6(BT+sidwalks) | 418.162331 | 414.697432 | 410.033876 | 405.227296
1.35(G+MC120) 463.175121 | 491.400326 | 516.133787 | 538.692786
1.35(G+D240) 534.509454 | 525.700372 | 506.713106 | 484.60973




+ Moment Combinations at SLS (Serviceability Limit State) :

Table VI.12: Load Combinations at SLS

ULS (ELU) Girder 4 Girder 5 Girder 6 Girder 7
G+1.2(ALtsidwalk) | 362.304735 [ 360.691451 | 356.553056 | 351.049362
G+1.2(BC+sidwalk) | 340.508207 | 341.397229 | 340.707907 | 338.806007
G+1.2(BT+sidwalk) | 310.749823 | 308.151149 | 304.653482 | 301.048547

(G+MC120) 343.092682 | 364.000242 | 382.321324 | 399.031693
(G+D240) 395.932929 | 389.407683 | 375.343041 | 358.97017

The most heavily loaded girder is Girder No. 7.

Mmax=1.35(G+Mc120) = 538.692786t.m




CHAPTER VII
DECK MODELING



1. ITRODUCTION:

SAP2000 is a powerful structural engineering software designed for the analysis and design of
buildings and civil infrastructure. It offers a user-friendly graphical interface for modeling
structural systems, supported by a robust library of elements tailored for accurate representation
of real-world structural behavior. The platform enables comprehensive analysis of both static
and dynamic loads, and includes advanced design and verification tools for reinforced concrete
and steel frameworks. Additionally, SAP2000's built-in graphical post-processing tools
streamline the interpretation of analysis results and assist in generating detailed design reports

and calculation summaries.

The software supports the modeling process—such as geometry definition, “numerical, or
hybrid methods, leveraging an extensive set of integrated tools. Structural models can be built
from subcomponents (e.g., frames, trusses, slabs, shear walls), each defined within its dedicated
graphical environment and then assembled into a comprehensive analysis model. The software
ensures automatic compatibility of connections between substructures. Additionally, finite
elements can be generated based on predefined modeling templates (e.g., truss, frame, beam

grid, slab, wall, shell), providing flexible and efficient system representation.

II. Modeling:

Since the structure is isostatic with two independent spans, only one span will be analyzed.
The girders are modeled as FRAME elements, supported on a simple support at one end and
a double support at the other.

The slab is modeled as a SHELL element.

I1.1 Modeling steps:

I1.1.1 Choosing unites:

It is necessary to select the unit system before starting a SAP2000 session; we will adopt the ton—

meter—Celsius (Ton—m—°C) system.




22 New Model X

MNew Model Initialization Project Information

Modify/Show Info...

(" Initialize Model from an Existing File

Fig. VII.1 Units tab

11.1.2 Structure creation:

Importing a model from the SAP2000 library: from the menu FILE > NEW MODEL, the
following dialog box appears:

:: New Model X ‘
New Model Initialization Project Information
(+ initialize Model from Defaults with Unitsé [ Modify/Show Info |

" Initialize Model from an E=isting File

Select Template

2D Trusses 3D Trusses 20 Frames

3D Frames Wall Flat Slab Shells Staircases Storage

Stuctures

Underground Solid Models  Cable Bridges  Caltrans-BAG ~ Quick BrlM Pipes and
Concrete Plates

Fig. VII.2 Choosing the model's type according to the stucture's type




11.1.3 Span's dimension:

Quick Grid Lines

Cartesian Cylindrical I
Coordinate System Name
|GLOBAL
Number of Grid Lines
% direction 2
Y direction "
Z direction 1
Giid Spacing
* direction 26.55
Y direction 15
Z direction 3
First Grid Line Location
X direction 0.
Y direction 0.
Z direction ’07
_Cencel |

11.1.4 Enter the structure coordinates:

Right-click with the mouse — Edit Grid Data — Modify/Show System

Ix: Define Grid System Data

Edit Format
Units
System Name |GLOBAL \Tan, m,C LI
X Grid Data
Gnd ID Ordinate | Line Type | Visibility | Bubble Loc. | Grid Color =
1 A 0 Primary Show End
2 B 26.55 Primary Show End
3
4
5
6
7
8 | =
Y Grid Data
Grid ID Ordingte | Line Type | Visibilty | Bubble Loc. | Grid Color
1 1 0 Primary Show Start
2 2 0.77 Primary Show Start
3 3 1.05 Primary Show Stat R
4 4 227 Primary Show Stat R
5 5 377 Primary Show Stat
B B 527 Primary Show Start _
7 7 677 Primary Show Stat R
8 | 8 8.27 Primary Show Start _Ll
Z Garid Data
Gnd ID Ordinate | Line Type | Visibility | Bubble Loc. | -
1 Z1 0 Primary Show End
2
3
4
5
6
v
8 -l

Grnid Lines

Quick Start...

Display Grids as

¢ Oidinates { Spacing

[~ Hide All Grid Lines
[” Glue to Grid Lines

25625

Bubble Size

Reset to Default Color
Reorder Ordinates

Cancel

x|

Fig. VIL.3 Structurs coordinates




11.1.5 Selecting materials:

Define —Materiels —Add new material

f
|

Material Property Data

General Data

Beton BA (RC) =

Matenial Name and Display Color

Material Type m
Material Notes Maodify/Show Notes.
‘Weight and Mass Units
Weight per Unit Volume [2 5 ITon, m,C j
Mass per Unit Volume ﬁ
Isotropic Property Data
Modulus of Elasticity, E W
Poisson's Ratio, U [02[(—
Coefficient of Thermal Expansion, A ’W
Shear Modulus, G [ris3ss62
Other Propetties for Concrete Materials
Specified Concrete Compressive Stiength, f'c W
[~ Lightweight Concrete

Shear Strength Reduction Factor [_

™ Switch To Advanced Property Display

0K I Cancel

Material Property Data

General Data
Material Name and Display Color
Material Type

Material Notes

BETON BP (PC) | |
Concrete -

Modify/Show Notes.

Weight and Mass

Units:

\Weight per Unit Yolume

Mass per Unit Yolume

|sotropic Property Data

Modulus of Elasticity, E

Poisson's Ratio, U

Coefficient of Thermal Expansion, A

Shear Modulus, G

Other Properties for Concrete Materials
Specified Concrete Compressive Strength, f'c
[~ Lightweight Concrete

Shear Strength Reduction Factor

I Switch To Advanced Property Display

Cancel

Fig. VI1.4 Selecting Materials and its characteristics

11.1.6 selecting elements types:

Défine — Frame section — Add new property — Concrete — Rectangular section

Add Frame Section Property

Select Property Type

Frame Section Property Type

Click to Add a Concrete Section

Rectangular Circular Pipe Tube
Precast | Precast U

Cancel

Fig. VIL.S Element type tab

=]

Ton,m,C

[3ckoooon
—
[ii70E08
(EE

2109.2089




Next, input the coordinates corresponding to the different girder's sections types.

:“: Precast Concrete | Girder — O X
Section Name |Section diabout (End section) Display Color I_
Set Section Dimensions Based on a Standard Section Section
Section Dimensions
B Bulb Tee o, ,17
D2 [0.44 :
D3 B2
D4 B3| [|g4 B3 0.44
D1 B4 0 ’
D5
o8 B2 2 13 Material
atenal
D2 0.11
_+|[Beton BP (PC) -
B | Beam D3 0.06
— Properties
D4 0.
D2 : 7
D3 Section Properties...
B3 D5 0
D1 D& 0.127 Property Modifiers
Set Modifiers...
D5
DE Section Notes
B2y Modiy/Show Notes..
OK I Cancel |

Fig. VIL.6 End section

Section Name |Section médiane [Midsection) Display Color ’_
Set Section Dimensions Based on a Standard Section Section
| =
Section Dimensions
g BulbTee B1 ’17 :
D2 0.44
3 B2 \
D4 g3 [|p4 B3 0.32
D1 B4 0.03 ‘_’_I
D5
DB - D1 ’157 Material
atenal
D2 011
_+|[BetonBF (PC) -
IBeam D3 0.06
|i| Properties
D2 D4 0.03
D3 05 ’0097 Section Properties...
B3
01 D6 0.18 Property Modifiers
Set Modifiers...
D5
D6 Section Notes
IL| Modify/Show Notes...
0K | Cancel |

Fig. VII.6 Midsection




:K: Precast Concrete | Girder

Section Name |Secllon Mi travée (Mid-span)

Set Section Dimensions Based on a Standard Section

Display Color I_

i

Section

=l
Section Dimensions
81 Bulb Tee B1 ,17
b2 [0.44
03 F-° B2
D4 e B3 018
D1 B4 010
D5
D6 D1 1.30
B2
D2 011
B | Beam D3 0.06
i T —
02 D4 010
D3 [0
g3 D5
D1 D& 018
D5
DE
B2

oK I Cancel |

Material

_+|[Beton BP [PC) ~|
Properties
Section Properties. ..
Property Modifiers
Set Modifiers...

Section Notes

Modify/Show Notes...

Fig. VII.7 Mid-Span section

This option allows the user to define the type of cross-section. In our case, we use three sections

(end, midspan, and midsection), since the girder is prismatic. However, with a specific

technique, it 1s possible to model a variable geometry girder.

Défine — Frame section — Add new property —other —nonprismatic




Select Property Type

Frame Section Property Type Other LI

Click to Add a Section

C I ®

——

General Nonprismatic Section Designer

Cancel

Fig. VIL.8 Frame section property type
Then, the total geometry of the girder length is entered.

Nonprismatic Section Definition

Nonprismatic Section Name | Girder (poutre) Display Color [
Section Notes Modify/Show Notes... |
Start Section End Section Length Length Type  EI33 Variation EI22 Variation

Section d'dbout LI I Section d'dbout LI {0.325 Absolute LI ILinear LI ILinear

Section médian A | Section Mitiaw A | 0.07 A |bbsolute A ~ |Linear

Section Mi traw Section Mi trav 16.21 Absolute

Section Mi trav Section médian 0.07 Absolute

Section médian Section médian 4.75 Absolute Linear

Section médian Section d'4bou 0.25 Absolute Linear

Section ddboulhdill Section d'Aboul Absolute

Delete |

Add

oK | Cancel |

Fig. VIL.9 Total geometry of the girder




11.1.7 Slab modeling:

Define — Area section

Define Area Section This option allows the user to define the type of slab. In our case, we use
a thick plate with a thickness of 0.25 m.

Area Sections

Sections Select Section Type To Add
Shell -
Click. to:
Add New Section...

Fig. VIL.10 Slab section selecting

Section Name dalle [slab)
Section Notes Modify/Show..

Display Color I_

Type

& Shell - Thin

" Shell - Thick

" Plate - Thin

" Plate Thick

" Membrane

" Shell - Layered/Nonlinear
Material

Material Name + |[Beton BA (RC) ~
Material Angle i}
Thickness

Membrane 0.25

Bending 0.25

Concrete Shell Section Design Parameters

Modify/Show Shell Design Parameters I

Stiffness Modifiers
Set Modifiers... | |

0K I Cancel ‘

Fig. VII.11 Slab geometry defining




11.1.8 Draw the girders:

Draw— Draw Frame — cable— Tendon .

11.1.9 Draw the slab:

Draw —Draw rectangular area

11.1.10 Selecting support type:

Select the girders end points to place the supports.

Assign — Joint— Restraints

Joint Restraints

Restraints in Joint Local Directions

v Translation 1 [ Rotation about 1
v Translation 2 | Rotation about 2

|v Translaion 3 [ Rotation about 3

Fast Restraints

| b ] e |

Cancel |

Fig. VII.12 Supports type tab
Then select the girders and:

Edit —> Edit lines

Divide Selected Frames

(¢ Divide into A Frames
Last/First ratio 1

~ Break at intersections with selected Joints,
Frames, Area Edges and Solid Edges

Cancel I

Fig. VI1.13 Frame deviding




Select each slab:

Edit—y Edit area

11.1.10Load Specification:

Define — load patterns

Define Load Patterns

Load Patterns Click To:
Self weight Auto Lateral F ;
Load Pattern Name Type Multiplier Load Pattern ‘ £ad Rewload Foltemn I

[5 LIVE LI o _] Madify Load Pattern |

DEAD DEAD 1 |

All) LIVE 0 ﬂ

Bc LIVE 1]

Bt LIVE 0 Delete Load Pattern |

Mc120 LIVE 0 ﬂ

D240 LIVE 0

Sidwalks LIVE a Show Load Pattern Notes... |

0K
Cancel

Fig. VII1.14 load types defining

Then select each element and define the imposed loads:

Assigh  —= Areaload —=,  uniform (shell)

For example: A(l)

Area Uniform Loads ‘

Load Pattern Name Units
+ |[am | TonmC |
Uniform Load Options

Load |.1_|]241 " Addto Existing Loads
T |I3LEIBAL v| (¢ Replace Existing Loads
Direction IZ vI " Delete Existing Loads

Cancel |

Fig. VII.15 A(l) loads defining




11.2 System Analysis:
Analyse C———> set analysis option ——> plan Grid
Analysis Options

Awailable DOFs
T U [T uw v UZ v BX v RY [ R2

Fast DOFs
0K |
Space Frame  Plane Frame Plane Grid Space Truss
— Cancel |
: Solver Options... |
#Z Plane &Y Plane
T abular File

[~ Automatically save Microsoft Access or Excel tabular file after analysis

File name

Database Tables Named Set Group

[ =l | =

Fig. VII.16 Analyse options

Analyse ——> set load cases to run

Set Load Cases to Run

Case Name Type Status Action
Linear Static
Linear Static
Linear Static
Linear Static
Mc120 Linear Static Not Run Run
D240 Linear Static Not Run Fun Run/Do Not Run All
Sidwalks Linear Static Not Run Run
G Linear Static Not Fiun Run Delete AR Fesuks
Show Load Case Tree...
Analysis Monitor Options [ Model-Alive™
" Always Show Run Now
" Never Show
& Show After |4 seconds oK Cancel

Fig. VII.17 load cases to run




j}:i Analysis Complete = O X

File Name:  C:\Users\elathir\OneDrive\Desktop\pontithesis bridge essai n2.SDB _Less |
Start Time:  24-05-2025 2:48:53 Elapsed Time: 00:00:05
Finish Time: 24-05-2025 2:49.04 Run Status:  Done - Analysis Complete

LINEAR STATIC CASES 02:49:02
USING STIFFNESS AT ZERO (UNSTRESSED) INITIAL CONDITIONS

TOTAL NUMBER OF CASES TO SOLVE
NUMBER OF CASES TO SOLVE PER BLOCK

LINEAR STATIC CASES TO BE SOLVED:

Fig. VII.18 Table of analysis

III. Comparison of Results:

o A(l)
Tab.VIIL.1 A(l) G.MASSONET Vs SAP2000 results
N of girder G.MASSONET SAP2000 AM
Girder 4 107.244 101.343 5.901
Girder 5 105.579 99.381 6.198
Girder 6 101.613 94.154 7.459
Girder 7 96.264 87.239 9.024

e Sidewalks

Tab. VIII.2 Sidwalks G.MASSONET Vs SAP2000 results

N of girder G.MASSONET SAP2000 AM
Girder 4 3314 2.992 0.322
Girder 5 3.535 3.00 0.535
Girder 6 4.0526 3.875 0.1776
Girder 7 4.818 4.00 0.818

Then compare D240, Mc120 ,Bc, Bt




CHAPTRE VIII :
PRESTRESS DESIGN



L. Principle of Prestressing:

Prestressing is a technique invented by Eugéne Freyssinet in 1928, which involves tensioning
the steel used as reinforcement in concrete, thereby applying a compressive force to the

concrete when at rest.

A concrete structure is referred to as prestressed concrete when it is subjected to an artificially
applied force system that induces permanent internal stresses. These stresses, when combined
with those caused by external loads, result in total stresses that remain within the safe limits

the concrete can indefinitely withstand.

Prestressing can be classified into two main categories:

“ Pre-tensioning (Prestressing by Pretension):

Tensioning of the steel tendons is performed before the concrete is poured.

‘a_l Tendon ‘
| J

(a) Precasting bed

(b)

(c)

Fig. VIII.1 Longitudinal Section of a Prestressed Concrete Girder by Pre-tensioning
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+ Post-tensioning:

Tensioning of the cables is carried out after the concrete has hardened.

Casting bed

(a) Casting of concrete

UG e RIT TSR T e )

(c) Anchoring the tendon at the stretching end

Fig. VIIL.2 Longitudinal Section of a Prestressed Concrete Girder by Post-tensioning

In our case we use prestressing by post-tensioning

I1. Post-Tensioning Prestressing:

The post-tensioning technique involves anchoring against already hardened concrete to tension
the prestressing cable. The concrete element is first cast with ducts or sleeves reserved for the
later installation of the prestressing system. Once the concrete reaches sufficient strength, the
tendons (prestressing cables) are threaded through the ducts and then tensioned using hydraulic

jacks.

4 Post-Tensioning Procedure:

e [Installation of formwork.

® Placement of passive reinforcement (stirrups, ties, hoops, longitudinal bars, and

support chairs for the ducts).

e Installation of the ducts and secure fixation onto the reinforcement cage to prevent

any displacement during concrete pouring.

e Sealing of the ducts by applying adhesive tape to joints or accidental holes made

during construction.
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Installation of bearing plates and adjacent confinement (frettage) near the ends of the

ducts under the future anchorage locations.
Concrete pouring.

Allowing the concrete to harden until it reaches the minimum strength specified by

the design office to permit tensioning.
Once hardened, threading of the tendons (cables).

Anchorage is secured using various wedge systems in a confined (fretted) concrete

zone.

Injection of cement grout into the ducts.

III. Prestressing Study:

The calculation is carried out on the most heavily loaded girder.

I11.1 Input Data:
- Concrete:
e fc28 =25MPa (characteristic compressive strength at 28 days)

128 =2.1MPa (tensile strength at 28 days)
Prestressing Steel:

The strands used in this project are 12T15 Super TBR with a nominal diameter of
¢=15.7mm.

Ultimate tensile strength fprg =1770MPa

Yield strength fpeg=1573MPa

Modulus of elasticity Ep=190000MPa

Cross-sectional area of one strand Ap=1800mm?

Duct diameter: ¢pg=82mm

111.2 Determining the Number of Cables:

The calculation will be performed for the most heavily loaded girder, subjected to a bending

moment of 538.692786t.m

Geometrical characteristics of the mid-span section:
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Tab. VIII.1 Geometrical properties of the mid-span section

Girder alone Girder + slab
S /A net 243635.765 751292.01
B net 3449.45 7011.9
V(cm) 59.3696778 47.8554803
V' (cm) 70.6303222 107.14452
IG (cm?) 6806707.586 16530721.24
i? (cm?) 1874.60964 2239.63165
p% 0.44704883 0.43679228

¢ Initial Prestress (oy):

0= min (0.8 fprg ;0.9fpeg )= min (0.8x 1770 ; 0.9 x1573) = min (1416;1415.7)

o0=1415.7 =1416

e Initial Prestressing Force:

PO =00x Ap=1416 x 1800 x 107 = 2.548 MN.

e Determining P:

M girder = 93.183t.m = 0.93183MN.m

M min =M girder + M deck (slab +superstructure) = 229.754t.m =2.2975MN.m

M max = MG + Mc120 = 399.03t.m=3.9903MN.m (moments combinations tab)

AM =M max - M min= 1.6928MN.m

We have:
ABE SHEEES o - 5 g DB O VORE
P R e (vait V Ots) pv+v—dr
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The equations that determine the minimum prestressing thus established, only the allowable
tensile stresses oti and ots remain to be considered. These are conventional values and depend
on the class of prestressing and the load combination in question. They are limited by (—ftj)
within the concrete cover zone and —1.5 ftj outside this zone. Hence, 6ti =—2.1 MN and ots =

-3.15 MN.

% According to Prestressed Concrete at the Limit States by Robert
Chaussin

* do: Concrete cover to prestressing steel
* d and d": Minimum distances between the centroid of the prestressing tendons and the

extreme tensile and compressive fibers (top and bottom fibers)

* eo: Tendon eccentricity, defined as the distance between the centroid (center of gravity) of

the concrete cross-section and the centroid of the prestressing tendons.

With:

d’=1.5¢p =1.5x8.2=12.3cm

Where:
P1=AM + Snet (Voti+V'ots)= 16928 +0.7512 x(((0.478%-2.1)+(1.071x-3.15))= -0.285 MN
ph h 0.436x1.3 13
po—MmaxtpSvati_ (2.2975+(0.436%0.7512x0.478x-2.1)) _ IYMN
pv+v— d' ((0.436%0.478)+1.071—0.123)
P1<P2 therfore:

Our section is overcritical; the tendon path intersects one of its boundaries, cutting through the
concrete cover zone. Therefore, the economical prestressing force pi is no longer sufficient. As
a result, the design is carried out on the overcritical section, assuming a full balancing of the

permanent load.

e Determination of the required number of prestressing tendons:
The prestressing must counteract 100% of the permanent loads.
P min= sup (P1, P2) =2MN

Therfore: e0=v’+d=107.14452-12.3=94.844 cm=0. 94844 m
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- Nominal prestressing force:
PO=min (0.8fprgx Ap ; 0.9fpeg xAp)
PO=min (0.8 x1770 x1800 x107%; 0.9x 1573x 1800x 107¢) = 2.54 MN

Number of cables, assuming prestress losses equal to 32%

_ 2
2.54x0.68

> =1.1579 (100%-32% =0.68)

Y
0.68p0
We consider n=2 cables of 12T15
- Verification of the upper limit of prestressing:

Ensure that Po is not excessive in order to avoid overstressing the tendons

nPo0 < Bn X Obe- AM_
ph

obc: the permissible service stress in concrete

—> 2x2.54<0.70119 x 20.77- 1.6928 ——5.08<12.8105

0.43679228x1.55

- Calculation of net and homogenized geometric properties:
v" Net section:
Bn=Bb - nBg
0.123+0.18

Sn= Sb- nBox (-
2

L= Ip + (Vb= v'n)* X Bn — [nly + By X3( vy, — yi)?]

Where: n = number of holes per section = 2

@: diameter of the duct=8.2cm

Yi1=88.25cm
_ x@? _ xg*
e
In r Sn r
Pn = Vn XVHXBp Vn = Bn ° v=h-vy
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v Homogenized section:

Bh= B, +k.n. Ap

! —
Vh = Bh

vhxBn+kApY y;

Ii= Lt (v, — v )*X Bt k. ApX (v; — viy)?

Where:

k = 5: equivalence coefficient

n = 2: number of cables

Ap = 1800 mm?: cross-sectional area of one cable

- Summary table (midspan section):

Table VII.2 Geometric properties of the midspan section

Girder Girder+slab
net net Homogenized
B(m?) 0.3525 0.7275 0.7455
V'(m) 0.72 1.080 1.075
V(m) 0.58 0.47 0.475
I*(m?) 0.06785 0.1649 0.1655
p 0.46 0.44 0.4347

Table VII.3 Geometric properties of the end section section

Girder Girder+slab
net net Homogenized
B(m?) 0.6090 0.9840 1.002
V'(m) 0.71 0.97 0.968
V(m) 0.59 0.58 0.582
I2(m*) 0.085 0.221 0.2211
P 0.33 0.399 0.3916

e Determination of the number of
at the end (without slab)

The following equations must be verified:
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e0 =-v* +d° =-0. 6936+0.123 =-0.5706m (V' of the end section without slab)
111.3 Verification of normal stresses (at mid-span):

II1.3.1 During construction (girder alone):
PO=nx P=2x 2.54=5.08 MN

+ P1/B+(P1 ep +Mm) x v/l > ot
+ P1/B-(P1 ep + Mm) x v’/ <o¢

[ P1=1.02xP0-0.8xApix PO =0.94 PO
-_ P1=0.94x5.08=4.775 MN
[ P2=0.98xP0-1.2xApix P0=0.86 PO
.. P2=0.86%5.08=4.369 MN

- Verification:

4.775

+(4.775% (-0.5706) +2.2975) x0.5936 = 12.828151MN >6t=-4.05 MN (C.V)
0.3525 0.6806

4.775

+

+(4.775% (-0.5706) +2.2975) x0.7063 = 13.102410MN < 6c=21MN (C.V)
0.3525 0.6806

111.3.2 In long-term service conditions:

+ P2/B+(P2 ep + Mm) x v/l > ot
+ P2/B-(P2 ep + Mm) x v’/ <o¢

P1=1.02xP0-0.8xApsx P0 =0.82 PO
P1=0.82x5.08=4.166 MN
P2=0.98xP0-1.2xApsx P0 =0.68 PO
P2=0.68%5.08=3.454 MN

- Verification:
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3.454

+(3.454 % (-0.5706) +2.2975) x05936 = 10.083474MN < gc=21MN (C.V)

0.3525 0.6806
3.454

- +(3.454 x (-0.5706) +2.2975) x07063 = 10.137563 >6t=-4.05 MN (C.V)
0.3525 0.6806

111.4 Cables Positioning:

The two cables will be placed at the beam end in such a way that:

o Their distribution is approximately uniform.
o Their center of gravity coincides with that of the cross-section.
e The required clearances from the top and bottom fibers, as well as cable spacing, are

respected.

A coordinate system (x, y) is selected, where:

o The x-axis passes through the bottom edge of the beam.
e The y-axis passes through the mid-span of the beam.

We set y=0.5

YM/fiping= 0 ==>2PV’= P1d1+P2(d1+y)

d1:2v'—y_ (2x0.71)=0.5_ 46 cm _ .
2 2 -
d2 =d1+y = 0.46 +0.5=96cm

d - -
This parabola follows a second-degree (quadratic) dj |
equation: .
y=ax2+b ,_'1:’—,
e For cable 1: Fig. VIIL.3 Cables positions

We have: for x=0 y1 =bl =0.46m
For x=L/2 y1=0.123 = a(12.85)*+0.46
al=-0.00204

Where : y =-0.00204x*+0.46

e For cable 2:
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Y= a2x? +b2 with the same way we find: Y= -0.00487x>+0.96

If we take the derivative of this equation with respect to x, we obtain:

dy

= =2ax = tga

1=26.55m

Summary table of yi and ai in function of x:

Table VII.4 Summary table of yi and ai as a function of x

cable Position 0 1/8 1/4 31/8 12
1 yi(m) 0.46 0.438 0.370 0.257 0.100
ai(rd) 0 0.01354 0.02707 0.04060 0.05411
2 yi(m) 0.96 0.906 0.745 0.477 0.101
ai(rd) 0 0.03231 0.06456 0.09667 0.12859

II1.5 Loss Calculation:

I11.5.1 Instantaneous Losses:

a) Losses Due to Friction:

These are caused by the friction between the prestressing cable and the duct during
tensioning.

The formula is given by:
Opfrot= Op) X —¢ (fu+ol)  gng Aot (x)=opo(1—e ~ (fatol))

With:

opo: Initial prestressing stress

L: Distance from the considered section to the point of cable stressing (anchorage)
f: Friction coefficient of the cable in curves, f=10.18

¢: Wobble coefficient (relative loss per meter), ¢ = 0.002

a: Total angular deviation of the cable in radians

We calculate friction losses at positions 0.5L and 0.25L using the profile of Cable 1.

Table VIL.5 Losses Due to Friction
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X(m) 0 L/4 L2
opfrot 1416 1390.522 1365.513
Aopfrot 0 25.44 50.487

b) Losses Due to Anchorage Slip:

This tension loss results from the slip of the tendon relative to its anchorage, or from the

deformation of the anchorage system itself.
d= gxEpxLag
Acag

With:

g: anchorage slip amount = 6 mm

Ep: modulus of elasticity of steel = 1.9 x 10° MPa
L: length of the tendon (cable)

gx Ep=6x 107 x 1.9 x 10° = 1140Mpa

\/6 x 10°3%1.9 X 10°%6.6375 _
25.44

Therefore: d= 17.246m
To calculate the losses at the different sections, we use "Thales" theorem applied to the stress
diagram:

AGrecul

Aﬁrecul 2 Gp0 (fx % + (p) xd

Xj
A0Creel = AOrecul (1 - E)

Xi
>

‘—x—’

Table VIIIL.6 — Losses due to anchorage slip

X(m) 0 L2 L/4 d
orec 97.681 99.472 98.575
Acreel 97.681 22.904 60.636 0
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c¢) Losses due to elastic shortening of concrete:

n-1 _ Ep _2-1 1.9x10°

AC gasti =i— = e W O = o
clastique 2n T Ey P 2x2 7 110003/fzs © 1.480y

ob: Concrete stress at the level of the cable at the time of stressing

oy - £+ p.e% + l\"flpoutre-ep
Bn In In

. p= Ap(op0 = Acfrot

ep: Eccentricity of the equivalent cable at the considered section; n: number of cables

Table VIIL.7 Losses due to elastic shortening

X(m) 0 L/4 L2
P(MN) 2.54 2.503 2.457
ep -0.578 -0.591 -0.597
Mgirder 0 0.6817 0.9318
I(m*) 0.085 0.06785 0.06785
B(m?) 0.6090 0.3525 0.3525
ob (MPa) 14.154 14.057 11.693
Acelastic 20.947 20.804 17.305
Table VIII.8 Summary table of instantaneous losses
X(m) 0 L/4 L/2
Aopfrot 0 25.44 50.487
Aoreel 97.681 22.904 60.636
Acelastic 20.947 20.804 17.305
Aopi 118.628 69.148 128.428
Aopi
Aop0 % 8.377 4.883 9.070

I11.5.2 Long-term losses:

a) Losses due to concrete shrinkage:

Shrinkage is a phenomenon of concrete shortening over time due to the evaporation of excess
water contained in the concrete. The prestressing cables, being bonded to the concrete, undergo

the same shortening.
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The expression for this loss is taken as:

Aor = Ea. er

er=3 x 10™; and Ea= 1.9x 10 SMPa

At the anchorage (abutment):

At 7 days: 15% of the shrinkage has dissipated.

At infinity (long-term): 100% of the shrinkage is dissipated.
Therefore: Ao, = (1 —0.15) x 57 =48.45 MPa

b) Losses due to steel relaxation:

We use TBR (low-relaxation steel), since there's no cost difference between TBR and RN
(normal-relaxation).

For TBR, we have P1oo0 = 2.5%

Aor (x) = %X p1000 x (U — U0) x Acpi (x)

Where: o, s the initial prestressing stress (after immediate losses)
Opi

=0y — Aoy, _;szij, U, = 0.43 For TBR

prg

Upi

Table VIIL.9 Losses Due to Steel Relaxation

X(m) 0 L/4 L2
opi 1297.372 1346.852 1287.572
U 0.73 0.76 0.73
Aor 53.382 34.22 57.79

¢) Losses Due to Concrete Creep:

Concrete creep is the deformation that occurs under a constant sustained load over time. It
results in a loss of stress in the prestressing tendons, given by the following formula:

(According to BPEL):

Ep

— [~M f
ﬁ\Crﬂuage - [Ub + Ub] X E.
Y

Where:

of!: the maximum compressive stress in the concrete at the centroid of the tendons
g/ the final compressive stress in the concrete
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PM  pMe2  Mge
o e 2+ B pMi= Ap(op - Acy)
By, I Ih
PF  pFe? c.e ’
F_ P Di: pE._
Oy =k + ;. Pr= Ap(o-p() - A0; -AGiretr — AOrelax)

Tab. VIIIL.10 Losses Due to Concrete Creep

X(m)
0 L/4 L2
losess
PM 233 242 2.28
oy 5.480 591 5.50
Pf 2.15 2.275 2.126
01; 2.145 8.63 12.537
Acfluage 45.0423 85.8905 106.5469
Tab. VIIL.11 Summary Table of Long-Term Losses
X(m) 0 L/4 L2
Ao 48.45 48.45 48.45
Aor 53.382 34.22 57.79
Acfluage 45.0423 85.8905 106.5469
Aodiffr 146.8743 168.5605 213.03
Tab. VIII.12 Summary Table of Losses
X(m) 0 L/4 L2
Aopi 118.628 69.148 128.428
Acdiffr 146.8743 168.5605 213.03
Ao =Aopi +Acdiffr 265.5023 237.7085 341.458




CHAPITRE IX
ABUTEMENT DESIGN



1. Introduction:

The abutment is one of the fundamental components of the overall bridge structure. It is also
referred to as the end support and may be partially or fully embedded, located either at the crest
or along the slope of an embankment. Massive backfilled abutments with an exposed front wall
can also be constructed, typically positioned at the toe of the slope, especially when it is desired
to minimize the deck length to the strict minimum. The associated wing walls can be either

flared (splayed) walls or return walls.

3 5

o

Fig. VIII.1. Structural elements of the abutment.

1) Bridge seat wall

2) Back Wall

3) Corbel

4) Abutment wall

5) Wing Wall

6) Bearing Pad / Elastomeric Bearing
7) footing

8) Pile Cap (Footing Cap)




II Verification of abutment stability:

The stability of the abutment shall be verified in both unloaded and service conditions, under

both static and seismic loading scenarios.

I1.1 Determination of the earth pressure coefficient Ka:

The earth pressure coefficient shall be determined under both static (non-seismic) and seismic

conditions:

a) Under static conditions:

In static conditions, the active earth pressure coefficient is determined using Coulomb’s
theory.

Ka=tg>(z —"*)

4 2
b) Under seismic conditions (considering the effect of the earthquake):
Application of the « RPOA » standards.

- Seismic zone acceleration coefficient: According to the RPO (April 2007 version —
Draft Seismic Regulation for Civil Engineering Structures), the zone acceleration
coefficient A is defined based on the seismic zone and the importance level of the
bridge, as shown in Table 1 below.

Tab. VIII.2 Seismic zone acceleration coefficient

Group de pont | Zone sismique

I Ha | Hb | HI

1 015 1025 1 030 | 0.40
> 101210201025 0.30
3 [0.1010.15]0.20]0.25

The dynamic earth pressure may be calculated using any scientifically validated method. If
none is available, the Mononobe-Okabe method described below may be applied. Passive
resistance and the weight of soil in front of the wall are generally neglected. Inertial forces of
the wall or the soil resting on the footing are calculated using the seismic coefficients Kh and

Kv as follows:

Kh=A

Kv=0.3 xKh A: zone acceleration coefficient.




Under seismic conditions, the total dynamic earth pressure which includes both the static and
dynamic components of the active earth pressure is applied at mid-height of the wall

(assuming a rectangular pressure distribution), and is given by:

cos’(p+a-0) K cos(0 -a) | \ >

-2 f (R \ ¢
sm‘ 0+ ()‘ ’.Sl“‘ (’q ﬂ U, ) Coslo = + ‘“ | "‘ L

} - 0§ I
[ Vcos(d=e+0).cosle+f) , ' ‘ L

Fig. VIIL.3 Mononobe-Okabe approach
With:
0 Wall-soil friction angle (friction between back of wall and soil)

Aae Seismic active earth pressure coefficient
kh
1-kv

)

©: is the angle of the seismic inertial force 6=tan™(

H is the height of the wall,

v 1s the unit weight (bulk density) of the backfill soil;

¢ = 30°, the internal friction angle of the cohesionless backfill;

B 1s the inclination angle of the backfill surface with respect to the horizontal.
a Inclination of the retaining wall from the vertical

K Seismic inertia correction factor

I1.2 Load Calculation:

The earth pressure coefficients for the various cases are presented in the table below:




Tab. VIII.2 Earth pressure coefficient table

Static condition Kh Kv K 0 A

Seismic action 0 0 1 0 0.33
HeEveE 0.1 0,03 1.02 5.545 0.4
H+V- 0.1 -0,03 0.99 5.886 0.388

I1.3 Calculation of the self-weights on the abutment:
11.3.1 Self-weight of the bridge seat wall:

v/ Height: H = height of the beam + height of the bearing device.
So: Height: H=1.871 m

v Thickness (top cap): e=0.32 m

v Length = width of the deck L =10.42 m

Ppw=vyc xexH

Ppw=2,5%0,32 x 1,871 x 10,42

Weight Ppw = 15,596 t

11.3.2 For the transition slab:

V' The transition slab has the same transverse dimension as the parapet wall.
The length is given by the following formula:

L= min(6m, max(3m,0.6H)).

H= height of the embankment= height of the front wall + parapet wall = 5.23 m.

Therefore: L=9.05m,. 1=4.88m .

It is cast on a lean concrete (blinding layer) with a constant thickness of 30 cm,

and supported on the corbel.




PTS=7c.el.L
PTS =2,5 x0,3 x4.88x9.05
PTS =331

11.3.3 Weight of the corbel:

v Length = width of the deck — 2 x (thickness of the return wall).
Length: L =10.42 —2(0.63) =09.16 m

Pc=ybSL

S=S1+ 82

S1=0,3x0,3 =0,09 m2
S2=0,3%0,35/2=0,05m2

S=0,140m2

Pc =2,5%0,140%09,16=3,206 t

11.3.4 Self-weight of the abutment wall:
Length: it is the same as that of the deck = 10.42 m
Pfw=ycxexHXxL

Pfw=2.5 x 1.43 x 3.45x 10.42

Pfw =129t

11.3.5 Self-weight of the return wall:

The return wall has a constant thickness of 0.63m to ensure proper reinforcement and good
concreting.

It has a length of 5.68 m and a height of 5.321m, which is the same as that of the abutment.
PRW=yCxSXL

Where: S is the surface area of the return wall.

S =S1+S2+8S3

2,66x1.78

S =(2,66X1)+(5,321x3,02)+( ) = 21,096m>

2

The weight of the two return walls is:

PRW =2,5%0,63%21,096=33,226t




11.3.6 Self-weight of the footing:
Ps = ybXxeXIXL
Ps=2,5%1,5x5.60x11
Ps=231t
11.3.7 Weight of the soil:

a) On the transition slab:
P=vysHIL
P=2x0,7x4.88%9.05

P =61.829t
b) On the footing:
P=vysHIL

1 = 1.9 m (width of the footing to the right of the abutment wall)

L = 9 m (length of the footing beneath the embankment)

H: height of the embankment above the footing

P =2x%3.45%3,12X9.15=196,981t

11.3.8 Surcharge loads:

P=vyq.l.L

P=1,2x4.88x9.05=48t

According to RPOA (Seismic Code for Civil Engineering Structures), we have:
> The horizontal seismic force:Hs=kh P(t)

> The vertical seismic force: Vs=(1tkv) P(t)

1.4 The calculation of moments on the abutment is carried out with
respect to point 0:

Ms: represents the stabilizing moment due to vertical loads.
Mf: represents the overturning moment due to horizontal loads.

Mf=(horizontal forcesxvertical lever arm)
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Fig. VIII.4 Moment analysis on the abutment about point 0
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Table VIII.3 Values of stabilizing and overturning moments due to permanent loads.

P(t) | KhP@®) | (1+Kv).P(t) | H@m) | V(m) | Mr(t.m) Ms(t.m)

Load Type
CS | 155% | 0 15596 | 232 | 5.885 0 36.18272
Bri‘iifuseat H+V+ | 15596 | 1559 | 16063 | 232 | 5.885 | 9.1790258 | 37.268201
H+V- | 15596 | {559 | 15128 | 232 | 5.885 | 9.1790258 | 35.097238
CS 129 0 129 1.765 | 3.225 0 227.685
Abuterﬁ‘ent HAV+ | 129 129 | 13287 | 1765 | 3225 | 41.6025 | 234.51555
e H+V- | 129 120 | 12513 | 1765 | 3225 | 416025 | 220.85445
CS | 33226 | 0 33226 | 4.619 | 3.390 0 153.49747
Retumn wall 3 06 [ 3400 | 34222 | 4619 | 3390 | 1126527 | 158.10239
Hev-| 33226 [ | 32229 [ 4619 | 3390 | 11265275 148.%9255
CS 33 0 33 492 | 5922 0 162.36
Traszigion HiV+ | 33 313 33.99 492 | 5922 | 1954425 | 167.2308
H+V-| 33 33 32,01 492 | 5922 | 1954425 | 157.4892
CS 231 0 231 28 | 075 0 646.8
Footing H+V+ | 73 231 | 237.93 2.8 0.75 17.325 666.204
H+V- 231 231 224.07 2.8 0.75 17.325 627.396
Corbel C.S 3.206 0 3.206 2,611 | 4.594 0 8.3715072
HHV+ | 3206 | o300 | 330218 | 261 | 4594 | 1.4730608 | 8.6226524
HHV- | 3206 | 9330 | 3.10982 | 2.611 | 4594 | 1.4730608 | 8.1203619
Weightofthe | C.S | 61829 | 0 61829 | 492 | 6.172 0 304.19868
soilon TS = 0 61820 | 6.182 | 6368387 | 492 | 6172 | 38.163950 | 31332464
HV- | 61829 | ¢y | 5997413 | 492 | 6172 | 38163950 | 295.07271
Weightofthe | C.S 196.98 0 196.98 465 | 4.160 0 915.957
;g;ln(r’lz HHV+ | 19698 | jogo | 202.8894 | 465 | 4160 | 81953520 | 943.43571
HHV- | 19698 | 1969 | 1910706 | 465 | 4160 | 81.953529 | 888.47829
Surcharge CS 48 0 48 408 | 7.321 0 195.84

loade
HeV [ 4 i3 49.44 408 | 7321 | 351408 | 2017152
H+V-| 48 8 46.56 408 | 7321 | 351408 | 189.9648




I1.4.1 Overturning moment values due to earth pressures:

Under seismic conditions, the total dynamic earth pressure including both the static and
dynamic components of active earth pressure is given by :

Pt = lykaH’L
2

Ka: Earth pressure coefficient.

v = 2 t/m?; Unit weight of the backfill.

Table VIII.4 Load values due to earth pressures

Load Type P(t) Kh.P(t) (1 £Kv).P(t) | Him) | V(m) Mr(tm) | Ms(t.m)
C.S 0.5%x2x0.33x5.3212x10.42 318.35811
97.3572228 / / 3.27 /
H+V+ | 0.5%x2x0.40x5.3212x10.42 385.88862
BSW+AW 118.008755 / / 3.27 /
H+V- | 0.5%2x0.38x5.3212x10.42 374.31196
114.468492 / / 3.27 /
C.S 0.5%2x0.33%1.50?x11
8.1675 / / 0.5 4.08375 /
. H+V+ 0.5%2x0.40%1.50x11
Footing 9.9 / / 0.5 4.95 /
H+V- 0.5x2x0.38%1.502x11
9.603 / / 0.5 4.8015 /

I1.4.2 Overturning moment values due to backfill surcharge:

When the embankment supports a uniform load of intensity g, the corresponding total

dynamic active earth pressure is taken as:

P.(q)=gK_H.L




Table VIIL.5 Load values due to backfill surcharges

Load Type P(t) Kh.P(t) (1 £Kv).P(t) | Hm) | V(m) Mr(t.m) Ms(t.m)
C.S 1.2x0.33x5.321x10.42 21.95614872 / 3.4105 | 74.88144521 )
+V+

BSWAAW H+V 1.2x0.4x5.321x10.42 26.6135136 / 3.4105 | 90.76538813 )

H+V- 1.2x0.388%x5.321x10.42 | 25.81510819 / 3.4105 | 88.04242649 )
C.S 1.2x0.33x1.50x11 6.534 / 0.75 4.9005 )

. H+V+ 1.2x0.40x1.50x11 7.92 / 0.75 5.94
Footing /
H+V- 1.2x0.38x1.50x11 12.804 / 0.75 9.603 )

[1.4.3 The sum of all load effects is summarized in the following table:

Summary table showing the overall moments and forces.

Table VIII.5 Summary table

Load Type V=YKh.P(t) | H=Y(1+Kv).P(t Y"Mr (t,m) > Ms (t,m)
)

cS 134.0148715 751.837 402.2238137 2650.89238
2

Total HeV+ | 237.6259685 774.39211 743.1914078 2730.41915
3

H+\- | 237.8743004 729.28189 732.4062873 2571.36561
1




I1.4.4 Overturning stability check:

In static conditions, the overturning safety factor (OSF) is Fe = 1.5

% IMs > 1 5 Static condition
XMr

Under seismic conditions, the safety factor against overturning (S.F.O) is
Fv=1.

¢ IMs > ] Seismic condition
XMr

Static condition:
C.S:

IMs =6.590>1.5 C.V
XMr

Seismic condition:
H+V+:

IMs =3.673>1CV
XMr

H+V-:

IMs =3 756> 1C.V
IMr

In all three cases, it is clearly observed that both conditions (stability against overturning and
sliding) are satisfied; therefore, the stability of the abutment is ensured.

II1 Reinforcement of the abutment elements:

The abutment elements will be reinforced in accordance with BAEL standards.

a) Concrete:
Unit weight of concrete: yb = 2.5 t/m?

Compressive strength: For 28-day-old concrete, we have: fc28 = 25 MPa for the concrete
used in the superstructure, fc28 = 27 MPa for the concrete used in supports (abutments and
piers), and foundations.

Tensile strength of concrete:

Ft28= 0,6+0,06fcj= 0,6+0,06 (27) = 2,22 MPa. (fc28=27MPa).




Allowable compressive stress (ULS):

\
U ==
- bd
fc28: characteristic compressive strength at 28 days.
vb = 1.5 for persistent or transient load cases.
vb = 1.15 for accidental load cases.
0 = 1 when the expected duration of the considered load combination exceeds 24 hours.
Service stress:
o = 0.5 fc28 for the completed structure
on: = 0.5 fc28 during construction or in accidental situations
Poisson’s ratio:

v = 0 for cracked concrete (ULS)
v = 0.2 for uncracked concrete (SLS)
b) Steel
The reinforcement used is standard high-bond steel (fe500).
The yield strength is: fy= 500 MPa
The modulus of elasticity is: Es= 210,000 MPa

Tensile stress limits:
ULS (Ultimate Limit State): os= e
ys

ys= 1.0 for accidental situations

ys= 1.5 for persistent or transient situations
SLS (Serviceability Limit State):

In cases of detrimental cracking:

t—— ),
En fissuration préjudiciable :o, = min(— /_:] 10\nf,)

3

En fissuration trés préjudiciable 1o, = min(Z £,:90,/n 7, ).

n : coefficient de fissuration.
77 =1 pour les armatures rondes lisses.

n = 1.6 pour les armatures hautes adhérence.




II Design and reinforcement of the abutment:

I1.1 The transition slab:

The transition slab rests on the corbel (double support) and on the ground, considered
as an elastic support.

[tis analyzed as a simply supported rectangular slab, although in reality, it is supported
on elastic supports over its entire surface (direct contact with the soil).

11.1.1 Load Evaluation:

> Weight of the transition slab:
WTS=ycXxex1=25%x03%x1=0.75t/m.l
> Weight of the backfill:
Wl=ysXxeXx1=2xXx05%x1=1t/ml

> Self-weight of the pavement:
W2=ybcxex1=22x0.08%x1=0.176t/ml
(ybc = 2.2 t/m>: unit weight of bituminous concrete)
> Total dead load:

G=Wtot=WTS + W1 + W2 =1.926t/ml

> Live loads:

Q=qx1=12x1=12t/ml

Dead loads: G=1.926t/m.l

Liveload: Q = 1.2 t/m.l

_ql> 1.926x 4.88°

MG = 5.7331 tm/ml

8 8
2 1.2x 4.88?
Mq:g_z
8 8

VG="=122488 4 6994 tm/ml

8 2
_ql_12x4.88

= 3.57216t.m/ml

Vq = 2.928 tm/ml

8 2




I[.1.2 Loads combinations:

ULS:

MULS = 1,35 MG +1,6 MQ = 13,4550 t.m /ml.
VULS =1,35 VG+1,6 VQ=11,02899 t /ml
SLS:

MSLS = MG +1,2 MQ= 10,0196 tm /ml.
VSLS =VG +1,2VQ=28,213 t /ml.

1I.1.2.3 Reinforcement:

The reinforcement is designed for simple bending at the Ultimate Limit State (ULS), for a

strip 1 meter wide.

a) Vertical reinforcement:
A rectangular section is assumed.

- b=l
- d=09h1=0,9%0,3=0,27m
- fc28 =27 Mpa

_ Mu
H b.f py-d?

With, Mu =13,4550t . m/ml (under the effect of the maximum loadcombination)

_ 085%fe2s s with® =1andyc=1,5
fbu 0 xyb Y
Fbu="%>**’= 15.3 Mpa
1+1.5
134550 2
=T 153027 xX10™7=0.120

pn=0,120 < = 0.186 Thus, the calculation is carried out with respect to pivot point A

As="" With: os="% =% —=434.7826 MPa
Z6s ys 115




Z=d(1-0,4a)

a=1,25(1-V1 - 2u)

a=1,25(1—V1 — 2 x (0,120)) = 0,160
Z=10,27(1—0,4 x 0,160) = 0,252m

Hence, As=""#=_ B0 +102=12.2803cm?

Zos 0.252x434.782

b) Non-brittleness condition:

bdftj -

e

ASmin = 0,23

Asmin:O.23100><§M= 2.757 cm?
00

As=12.2803cm2 > Asmin =2.757 cm2 ——=> Condition verified

We use 8 HA 14 bars with a total cross-sectional area of 12.31 cm?.
¢) Horizontal reinforcement:

At=As/3=4.0933cm?

That is, use 5 HA12 bars, with a total cross-sectional area of 4.52 cm?

I1.2 Corbel:

The corbel serves as a support for the transition slab and is subjected to the reaction force
from that slab.

e Reaction from the transition slab: R1 =P.L/2 = 2,5%0,3*4.88*1/2 = 1,83 t/ml

e Reaction from the weight of soil: R2 = P.L/2 = 2*0,5%4.88*1/2 = 2,44t/ml

e Reaction from the wearing course (deck finish):
R3=P.L/2=2,2*%0,08*4.88*1/2 = 0,429 t/ml

o Self-weight of the corbel: R4 = Wc =2,5%((0,3*0,3) +( 0:35%))* 1=0,3562t/ml

e Reaction from surcharge on the backfill: RS =P.L/2 = 1,2*4.88*1/2 =2.928 t/ml
With: L = length of the transition slab bearing on the corbel (m)
2.1 Loads combinations:
Réactions : RULS=1,35(RI + R2 + R3 + R4) + 1,6 (R5) =11.5093 t/ml
RSLS = (RI+R2 + R3 + R4) + 1,2(R5) = 8.5688t/ml.
Moments : MULS=[1,35(RI + R2 + R3 + R4) + 1,6( R5)] x (L/4)= 0,8631 t.m/ml
MULS=[(RI+R2 + R3 +R4) + 1,2 (R5)] x (L/4)=0,64266 t.m/ml




I[.2.2 Reinforcement:
a) Vertical reinforcement:
The corbel is considered as a cantilever embedded into the parapet wall.

The corbel is subjected to simple bending (pure flexure).

. M
H b.f py-d?
With: Mu=0,8631 t.m/ml
- b=1
- d=0,9n=0,9*%0,3 =0,27m

p=— = 98631 x107?=0.00773
bxfbux(d)? 1%15.3%(0.27)?

u=0,00773 < u=0.186 Thus, the calculation is carried out with respect to pivot point
A

As="" With: gs="% =>°° —434.7826 MPa
Z6s ys 115

Z=d(1-0,4a)
a=1,25(1-V1 — 2u)
a=1,25(1—V1 — 2 x (0,00773)) = 0,0097
Z=10,27(1—0,4 x 0,0097) = 0,2689m

My 0,8631

Hence, As= "=__ """ x10%=0.738cm?>
Z5s  0,2689+434.782

b) Non-brittleness condition:

e

Asmin= 0,23

Asmin20.231ooxéwz 2.757 em?
00

As =0.738cm? < Asmin = 2.757 cm? |:> CN.V
We use 3HA12 bars with a total cross-sectional area of 3.39 cm?.
¢) Horizontal reinforcement:
At=As/3=0.919cm?
That is, use 2HA 10 bars, with a total cross-sectional area of 1.57 cm?

According to SETRA documents, the corbel reinforcement is also provided using HA25
dowels spaced every 1 meter.




I11. Bridge Seat Wall (Mur Garde-Greve):
111.1 Load Evaluation on the Bridge Seat Wall:

The bridge seat wall is primarily subjected to the following actions:

» Vertical forces:

- Self-weight.
- Reaction from a load directly applied to the wall.
- Reaction from the transition slab.

» Horizontal forces:

- Earth pressure.
- Pressure from a localized load behind the bridge seat wall.
- Braking forces from the axle load of a heavy truck (Bc).

Earth Pressure:

Is given by the following formula: Pt=1/2-y-Ka-h*

The moment due to the earth pressure is given by: Mt = 1/3.Pt.h=1/6.Ka.y.h?
Where:

Ka: Coefficient of active earth pressure

Ka = tg? (1 — )= tg? (180 — >%)=0.33

4 2 4 2

v=2t/m Unit weight of soil

h=1.871m Height of the bridge seat wall

@=30° Internal friction angle of the soil

Hence, Mt = 0.648 t.m/m.lL.

Pressure due to local loads Be:
My = 258000  [(0,25+h) In(1+4h)-h] With: K =[abeoy
Load factor = 1.6 for ULS and 1.2 for SLS

bc = 1.1: load factor for the Bc loading system

0 = 1: dynamic amplification factor for a load on the backfill
Ka=0.33

h=1.871 m

Mq=12kabeSbe_x[((0.25+h) In(1+4h)-h]=2.58335 t.m/m.L
(0.75+2h)




Moment due to braking force:

It is assumed that the effect of a single wheel is considered, and the load is distributed along
directions inclined at 45° from the edge of the impact rectangle, hence:

6.h

Mf:0.25+2h

=2,812t.m/ml

The total moment at the fixed support:
MULS= 1,35(Mpt) + 1,6(Mq + Mf) = 9,506 t.m/ml.
MSLS = Mpt +1,2 Mq+ Mf) = 7,122 t.m/m
fc28 =27MPa ;b=1m;d=0.27m.
Il[2 Reinforcement:
a) Vertical reinforcement:

Mu=9,506 t.m/ml

Fbu=28>27_ 153 Mpa
1x1.5
—_ 9506 in2_
T 1+15.3%(0.27)2 x107°=0.0852

n=0,0852 < p=0.186 Thus, the calculation is carried out with respect to pivot point A

As="" With: os="% =% —=434.7826 MPa
Zas ys 115
7=d(1-0,4a)

a=1,25(1-V1 — 2u)
a=1,25(1-V1 —2x (0,0852)) = 0,111
Z=10,27(1-0,4 x 0,111) = 0,258m

Mu 9,506

Hence,As=" "=__ """ % 10%= 8.4743cm?
Zos 0,258%434.782

b) Non-brittleness condition (Ductility condition):

ASmin = 0,23% 5

e

Asmin=0.23100x27x2.22= 7 757 cm?
500

As =8.4743cm? > Asmin = 2.757 cm? —— Condition verified
We use 6 HA 14 bars with a total cross-sectional area of 9.24 cm?.
At=As/3=2.824cm?

That is, use 3HA 12 bars, with a total cross-sectional area of 3.39 cm?




¢) Horizontal reinforcement:

According to SETRA guidelines, HA10 bars spaced at 15 cm in both directions will be
provided as shown in the reinforcement drawing.

d) Ductility condition:
As> Asmin=0-23l%f—tL Where (As: cross-sectional area of the tensioned reinforcement
e

bars).

2 > 100X27x2.22— 2 .. .
8.4743cm?* >0.23 o 2.757 cm — Condition verified

IV. Return Wall:
1V.1 Evaluation of Loads and Overloads:

The return wall serves to support the backfill of the bridge approach. It is subjected to the
following loads:

The self-weight of the wall, including the superstructure.
Distributed horizontal earth pressures.

Concentrated loads applied 1 meter from the theoretical end of the wall, consisting of a
vertical load of 4 tons and a horizontal load of 2 tons.

> Horizontal Forces:

e Earth pressure: Pt = 1/2xysxkaxh?= 1/2x2x0 ,33x5,321?=9,3433t/m
e Backfill surcharge pressure: Psr = 1,2 X 5,321 0,333 =2,107 t/ml
e Concentrated surcharge pressure (2 t): Psc =2 X 1,2 =2,4t/ml

Moments:

e Earth pressure: Mpt=9,3433x 1/3x5,321=16,571t.m / ml
e Backfill surcharge pressure: Mpsr= 2,107 x 5,321/2 =5,605t.m /ml
e Concentrated surcharge: Mpsc= 2,4 x 5,321=12,77 t. m/ ml

Combinations:
ULS (Ultimate Limit State): MULS = 1,35 Mpt + 1,6 (Mpsr + Mpsc) = 51,770t.m / ml
SLS (Serviceability Limit State): Mpt + 1,2 (Mpsr + Mpsc) = 38,621t.m /ml
> Vertical Forces:

e Self-weight of the wall: PG = 0.5%6.68 X 0,63 X 5,321x 2,5=11,1964 t / ml
e Concentrated surcharge (4 t): Psc =4 x 1,2 =4,800t/ml
e Self-weight of the superstructure: Psu = 0,3L= 0.3%6.68=2.004 t/ml

Moments:




e Self-weight of the wall: MG = 11,1964 X (6,68/3) =24,930t.m / ml
e (Concentrated surcharge: Msc =4,8 X 5,68=27,264t.m/ml
e Superstructure self-weight: Msu = Psuxlth/2 = 6,693t. m/ml

Combinations:
ULS : MULS =135 (MG + Msu) + 1,6 Msc =86,313t.m /ml
SLS : MSLS = (MG + Msu) + 1,2 Msc =64,339t.m / ml

1V.2 Reinforcement:

a) Horizontal reinforcement:
The reinforcement is designed for simple bending:
MELU =51,770t.m /ml
fc28 =27 MPa
b0 =td
=0,27

Mu=2L770= 9 729t.m/ml
5,321

Fbu:0.85*27: 15.3 Mpa
1+1.5
__ems o
T 1%15.3%(0.27)? x107=0.08722

pn=0.08722< p=0.186 Thus, the calculation is carried out with respect to pivot point
A

As="" With: gs="¢ =>°° —=434.7826 MPa
Zas ys 115

Z=d(1-0,4a)

a=1,25(1-V1 — 2u)

a=1,25(1—V1 — 2 x (0.08722)) = 0,1142
Z=0,56(1—0,4 x 0,256) = 0,2576m

Hence, As=""“=__ %"  «10%= 8.6866cm?

Zos 0,2576%434.782

b) Non-brittleness condition (Ductility condition):

bdfej

e

ASmm = 0,23

Asmin=(.23100x27x2.22—= 72 757 cm?
500




As =8.6866cm? > Asmin = 2.757 cm* —» C.V

We use 5 HA 16 bars with a total cross-sectional area of 10.05 cm?.

¢) Vertical reinforcement:
MELU = 86,313t.m /ml
fc28 =27 MPa
b0=td
=0,27

Mu=86313= 15,19t.m/ml
5,68

_ 085427

Fbu = 15.3 Mpa
1+1.5
- B 102=
_1*15.3*(0,27)2 x10™=0.136

n=0.136< p = 0.186 Thus, the calculation is carried out with respect to pivot point A

As="" with: gs="¢ =% =434.7826 MPa
Z6s ys 115

Z=d(1-0,4a)
a=1,25(1-V1 — 2u)

a=1,25(1—V1 — 2 x (0.136)) = 0,183
Z=0,27(1—0,4 x 0,183) = 0,250m

Hence, As="M=_ Y o 102=13.974cm?

Zgs 0,250%434.782
d) Non-brittleness condition (Ductility condition):

bdf:j

e

ASmin = 0,23

Asmin=0.23100x27x222= 2 757 cm?
500

As =13.974cm? > Asmin = 2.757 cm*C——) C.V

We use SHA20 bars with a total cross-sectional area of 15.710 cm?.

VI. Front wall:

VI.1 Static condition:
a) Normal force:

N=Y(1F Kv)P = 129




ULS = 1,35NG +1,6NQ =+
———> ULS =1,35*%129/10.42=16.713t/ml
b) Moment:
Mnet =Y’ Mr — > Ms
=227.685—0=227.685 t.m
ULS = 1,35*227.685 /10.42=29.498t.m

VI.2 Seismic Condition:
a) Normal force:
N=>(1 + Kv)P =258t
ELU = 1,35%258/10.42
=33,426t/ml

b) Moment:
Mnet =) Mr — 3 Ms
=455.0600— 83.205 =371.855 t.m
ULS =1,35*371.855 /10.42=48.176t.m
VI.2 Reinforcement for Combined Bending and Axial Load:
a) Given data:
b=1;h=1,43;d=0,9*1,43=1,29 ; d’=5cm
It is noted that the most unfavorable case is the seismic condition.
b) Seismic condition:
N <0 (E.T)
- Compressed
A=(0,337xh—0,81d”)bxhxfbu
A=((0,337% 1,43)— (0,81% 0,05)) x1x1,43x15,3x10°
=965,7609x10*
B=Nu(d-d')- Mua
Nu= 33,426t/ml

Mua= Mu-+Nu(d-2)
2

Mua=48.176+33,426 (1,29 -143
2




Mua=67.395t.m/ml

B= 33,426 (1,29 0,05) — 67.395
=—25,946

So, A>B

— Partially compressed section

— The design is subject to simple bending.

¢) Vertical reinforcement:

—_ 6739 _ q02=
_1*15.3*(1,29)2 x107=0.0264
n=0.0264< u=0.186 Thus, the calculation is carried out with respect to pivot point A

As="" With: gs="¢ =>°° —=434.7826 MPa
A ys 115

Z=d(1-0,4a)
a=1,25(1-V1 — 2u)

a=1,25(1—V1 — 2 x (0.0264)) = 0,0334
Z=1,29(1-0,4 x 0,0334) = 1,272m

Hence, As="M=_ 6739  102=12.186cm?

Zos 1,272%434.782

d) Non-brittleness condition (Ductility condition):

e

ASmin = 0,23

Asmin=0.23100X152%= 13.173 cm?
00

As =12.186cm? < Asmin = 13.173 cm*> —— C.N.V
Therfore: As = 13.173 cm?

We use SHA20 bars with a total cross-sectional area of 15.710 cm?.

e) Horizontal reinforcement:
At=As/3=13.173/3=4.391 cm>.

We use 3HA 14 bars with a total cross-sectional area of 4.620 cm?.







GENERAL CONCLUSION



GENERAL CONCLUSION

The study presented in this thesis focused on the structural analysis of a prestressed girder
bridge aiming ensure that the designed bridge would meet a broad range of requirements in

both preformence and behavior under various loading conditions.

To achive the required results both analytical and specialized software methods were used the
analytical approach provided a theoretical foundation and allowed for the verification of key
structural parameters, while the use of the software "SAP2000" enabled more detailed

modeling and simulation of the bridge's response.

The comparison between the analytical results and those obtained from the software revealed
a high level of cinsistency, with only minor variations observed; which reinforces the reliability

of the analysis.

This project allowed us to enhance and deepen our understanding of various key areas in
engineering sciences, including material strength, continuum mechanics, and prestressing
methods. It also helped us develop skills in structural analysis using specialized software to

calculate internal forces and moments.

Additionally, we gained practical knowledge in designing reinforcement for the structural

elements of a bridge.
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