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A : Cross-sectional area of the effective composite section
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Abh : Cross-sectional area of bottom transverse reinforcement in a haunch
Ac : Cross-sectional area of concrete
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11 : Second moment of area of the effective equivalent steel section
assuming that the concrete in tension is un-cracked

12 : Second moment of area of the effective equivalent steel section

neglecting concrete in tension but including reinforcement

Ksc : Stiffness related to the shear connection

L : Length; span; effective span

Le : Equivalent span

Li : Span

Lo : Length of overhang

Lp : Distance from center of a concentrated load to the nearest support
Ls : Shear span

Lx : Distance from a cross-section to the nearest support

M : Bending moment
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DESIGN AND ANALYSIS OF DOUBLE COMPOSITE TRUSS GIRDER
FOR THE LONG SPAN BRIDGES USING PERFOBOND LEISTE

ABSTRACT
This research aims to investigate behavior and collect analysis data on the
response of a double composite truss girder (DCTG) under increasing static load
compared to a single composite truss girder (SCTG) in the same circumstances

The study reveals the benefits of a composite structure by the ability to obtain
a lightweight girder that is used at the superstructure bridge, especially for long
continuous spans with the idea of converting the concrete web to steel truss.

The double composite feature will increase the ability of the girder to be high
resentence hogging moment at the negative regions at the mid-support of continuous
bridges and reduce the deflection ratio; furthermore, the decrease in girder weight
will affect positively on the other bridge part design including piers and foundations
due to increasing the dimension and steel reinforcement that will lead to lower bridge
construction cost and structure durability.

The first part, which is the main subject of the experimental work involved
fabrication and tested of eight composite truss girder specimens with constant
dimensions 2620mm x 350mm x 400mm of steel truss girder divided into two
categories depending on the composite installation type.

The first category (SCTG) involves implementing a single composite line
between the top concrete and the steel truss frame, while the double composite
(DCTG) consists of two composite lines between the top and bottom concrete girder
and a steel truss frame.

The test procedure was made by installing the specimen on the steel support,
two at edge and one at middle distance, with applied two-point load by two hydraulic
jacks with maximum capacity 3000 KN of each one, the loading was at several
stages till the modes of failure occurs.

The second part of this research was performed a validation study by
numerical analysis method using Abaqus software program to simulating eight
models, the dimension and materials parameters such as concrete strength, steel
plate, reinforcement bars, also the test situation including applied load and support
conditions was the same circumstances of the experimental test, the results get
compared, analyzed and listed in detail at chapter six.

The experimental test results were clarified by several improvements, such as
increasing the girder strength capacity in the double composite girder by 13%
compared to the single composite girder.

Meanwhile, it’s worth mentioning that the stress and strain value of the top
concrete surface that causes hogging moment cracks decreased by 42.7% compared
to (SCTG) specimens.

In terms of perfobond leiste shear connector, it can be stated that these results
have clarified the role of the bottom shear connector (double composite), which
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revolves around the topic of influencing the stresses placed on the top shear
connector resulting by the shear flow in the interface between the concrete and steel
flange, when the results show decreeing in slip ratio by 18.7% at the top interface, al
bond situation at all specimens considered as full interaction state.

In general, the most advantage featured of adding double composite was
enhancement the ability of girder to decrease the deflection ratio by 31% at the
sagging moments regions when the positive moment reach the maximum values due
to the continuity of the girder.

Keywords: Perfobond lieste shear connector, Double composite girder,
Experiment study, Abaqus simulation, Hogging moment, Warren truss, Push out test,
Static load, failure mode
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PERFOBOND KULLANARAK UZUN ACIKLIKLI KOPRULER ICIN CIFT
KOMPOZIT MAKAS KIRISININ TASARIMI VE ANALIZi

OZET

Bu arastirma, ayni kosullarda tek bir kompozit kafes kirise (SCTG) kiyasla
artan statik ylk altinda bir ¢ift kompozit kafes kirisin (DCTG) tepkisine iliskin
davranig1 arastirmay1 ve analiz verilerini toplamay1 amaglamaktadir.

Calisma, ozellikle beton agin ¢elik kirise donistiiriilmesi fikriyle uzun
kesintisiz agikliklar igin iist yapi kopriisinde kullanilan hafif bir kiris elde
edebilmesiyle kompozit bir yapinin faydalarini ortaya koymaktadir.

Siirekli kopriilerin orta destegindeki kirisin negatif bolgelerinde yiiksek
kirginlik hogging momenti ve sapma orani, ¢ift kompozit 6zelligi sayesinde
azaltilabilir. Ayrica, kirisin agirhinin azalmasi, iskeleler ve temeller gibi koprii
pargalarinin tasariminda daha diisiik maliyetlere ve yap1 dayanikliligina yol
acgacaktir.

Deneysel ¢alismanin ana konusu olan ilk b6liim, kompozit montaj tipine bagl
olarak iki kategoriye ayrilan 2620 mm x 350 mm x 400 mm celik kafes kirig
Orneginin imalatini ve testini iceriyordu.

Cift kompozit (DCTG), iist ve alt beton kirislerin bir ¢elik kafes cerceve
arasinda iki kompozit hattan olusur, birinci kategori (SCTG), ist ve alt beton
kirislerin bir ¢elik kafes ¢erceve arasinda tek bir kompozit hattan olusur.

Test siireci, numunenin her biri en fazla 3000 KN kapasiteli iki hidrolik kriko
ile iki noktali yiik uygulanarak birka¢ asamada yapildi, numuneler orta mesafede ve
ikisi kenarda olmak {iizere iki celik destek iizerine monte edildi, modlar1 olusana
kadar.

Bu arastirmanin ikinci béliimiinde, Abaqus yazilim programi kullanilarak
sayisal analiz yontemi kullanilarak sekiz modeli simiile edildi. Beton dayanimi, c¢elik
levha ve donati ¢ubuklar1 gibi boyut ve malzeme parametreleri ve uygulanan yiik ve
destek kosullarini i¢eren test durumu deneysel testin kosullariyla ayniydi.

Deneysel test sonuglari, tek kompozit kirise kiyasla ¢ift kompozit kirise
kiyasla kirig dayanim kapasitesinin %13 artmas1 gibi ¢esitli iyilestirmelerle
netlestirildi.

Bununla birlikte, titkanma momenti c¢atlaklarina neden olan {ist beton
yiizeyinin gerilme ve gerinim degerinin (SCTG) numunelere gore %42,7 diistiglini
belirtmek dnemlidir.

Perfobond leiste kesme baglayici ile ilgili olarak, bu bulgular ve sonuglar, iist
arabirimdeki kayma oraninin %18,7 oldugunu ve beton ve ¢elik flans arasindaki ara
kesme akimi tarafindan ortaya c¢ikan ilist kesme baglayici yerlestirilen gerilmeleri
etkileyen bir konu etrafinda donen (¢ift kompozit), alt kesme baglayicit gorevinin
acik oldugunu gostermektedir.

XXXIV



Cift kompozit eklemenin en biiylik avantaji, kirisin siirekliligi nedeniyle

pozitif momentin en yiiksek seviyelere ulastigi sarkma momentleri bolgelerinde
Kirigin sapma oranin1 % 31 azaltma yetenegiydi.

Anahtar Kelimeler: Perfobond listeli kesme konnektorii, Cift kompozit kirig,

Deney calismasi, Abaqus simiilasyonu, Tikanma momenti, Warren makas, Itme testi,
Statik yiik, Ariza modu

XXXV



1. INTRODUCTION

1.1 General

Because of their great durability and quick construction time, steel-concrete

composite girders are frequently utilized in structural constructions.

The benefits of amalgamating two building materials in girders were to get a
higher span length to depth ratio, decreased deflections, and higher stiffness ratio

than steel or concrete spirited beam structures.

It’s required to obtain the strength properties any material can be chosen for
civil engineering projects to achieve the best behavior for the structure, such as
buildings and bridges.

When a composite element is defined as the union of two or more elements
accompanied together in a specific way to take advantage of each element's
properties simultaneously, such as resisting various stresses applied to the composite
member, the process of bonding steel to the concrete components works as one item.

Composite combination has its advantage where the steel can speed

constructions project workplan.

Moreover, increasing the structure stiffness and load allowable capacity
because steel and concrete have different characteristics [8].

Concrete structural members are generally very low strength in tension force

regions and are tending to creep and shrink over time.

To reduce these risks of weakness in tensile strength, substantial required
work has been included in designing the steel reinforcing bars that can substitute the

weakness of concrete.

1.2 Composite Action

Composite structures possess a distinctive attribute when the steel beam may

be regarded as having a consistent flexural strength over all sections of the beam,

1



consequently, during the design phase, it is essential to ensure that the flexural
strength surpasses the maximum applied bending force.

A reinforced concrete beam shows a similar behavior of the steel beam
except for locations in close contact to the ends of the reinforcing bars, in the
opposite of steel beams or reinforced concrete beams the composite beam strength
not consistent throughout its length.

Consequently, it is imperative to evaluate the strength of a composite beam at
all points with the applied strain that is acting on the beam, and it’s required that the
shear connector is suitable in terms of strength and stiffness to achieve optimal
bonding between these two elements to be connected, Figure 1.1 illustrated the

composite girder.

The quality and behavior of these two composite elements depend on the
quality of the shear connector regarding geometry and the process of shear force flow
transfer [15].

In such a typical structure when there are a deponed between the two
elements (steel and concrete) when the load applied over the concrete slab the steel
girder will be subjected under two forces, while the tensile force located at bottom of
the beam compressive force located at top of the beam, when the applied load exceed

the maximum allowable bearing capacity lead to some failure as local buckling.

The second situation if the bonding between the two elements is integrated as
full bonding, the compressive force will be transmitted from the upper part of the
steel girder to the reinforcement concrete deck slab so the steel beam will resist the

tensile force only.
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Figure 1.1: Steel and Concrete Composite Girder Element

From this principle it can be said that the composite member increases the
resistance of the beam to the flexure force more than if steel girder acts as one

element.

When flexural strength and stiffness resistance increases, then longer spans
and smaller beam depths can be obtained, it’s possible to obtain a faster with more

convenient and economical construction [10].

As a composite steel-concrete girder there are several load-deformation

characteristics as listed below:

e Initial stiffness: shear connectors consist of very high stiffness because of the

concrete items' linking with steel.

e Nonlinear behavior: studies show that the relationship of slippage with loads

is nonlinear, and this is revealed when the loads gradually increase with time.

e Ultimate strength: after the shear connector reaches the state of ultimate

strength capacity a significant slip occurs.

e Post-ultimate behavior: in this stage the shear connector reaching the
softening point, it is exposed to fracture failures including surrounding

concrete cracks or yielding of steel parts status [14,19].

There are some factors that influence the deformation characteristics of shear



connector and the effect of the bonding formation such as the size and shape.

Also, the material properties which are represented by strength and ductility of the

steel and the compressive resistance of concrete.

If compressive strength properties were high that’s led to enhance the composite
member bearing capacity, also the embedded ratio of shear connector depth in the
concrete section leading to increasing the efficiency of load transfer [14].

1.3 Shear Connectors

1.3.1 Mechanical behavior of shear connectors

The main aim of the implementation of shear connectors is to obtain optimal
the interaction of concrete's structure and the steel compounds or any other two
compounds, which required very high stress resistance to prevent any failure due to

creep or separation of each element.

Since each element depends on the resistance of the other part in the fully

interconnected cases.

The mechanism of the load transfer is divided into firstly direct shear where
the transfer of loads through the connector itself and secondly bearing situation when
the surrounding concrete exerts strain on the connection area to transmitting shear

forces through bearing pressure method.

Thirdly, interlocking when concrete passing through the holes of steel plate,
these situations present in several types of shear contactor and reveal the greatest

assistance on the load transfer [18].

1.3.2 Types of shear connectors

Several types of shear connectors aim to connect two elements integrally
thereby increasing the resistance of moment force due to the enhancement of the

moment of inertia of the composite section.

Shear connector design concepts which are developed through several
research can be classified into four categories such as the first mechanical joint,

secondly, friction bonding techniques, including high-tensile bolts.



Thirdly, adhesion methods for protruded rolling steel, such as checkered steel
plates and rugged-surface H-shaped steel; and adhesive materials, such as epoxy

resin, each encompass several implementation methods [8].

Where the mechanical joints are considered the most common method among
the rest of the methods, when even from few contacts areas it can get a high

connection ratio between the two composite elements.

An example of mechanical joint methods such as steel welding stud, block
dowels, perforated plate dowels and angle degree of connector where these methods
are classified according to the material stiffness ratio under the loading to the rigid
shear connector that be able to resist horizontal shear force.

Moreover, it’s not only required to create a high shear resistant for shear
connectors to get the optimum composite situation, where one of the expected
failures is the weakness of the surrounding concrete of the shear connector.
Therefore, it is required in designs to make the resistance of composite materials in
equivalent status to prevent any slip, uplift, or concrete slab cracks failures. Some of

these shear connector types are shown at Figure 1.2.
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Figure 1.2: Types of Shear Connectors Systems in Composite Structure




The chosen methods of any of these shear connectors depend on the nature of
the structure and type of transferring of shear force flow and also according to the
direction and forces values, where the perfobond methods are considered the most
common type due to the load transfer mechanism with perfect shear resistance
including high load-bearing capacity with large bonding area, it’s suitable for
situations requiring high shear resistance, especially in bridge structures.

1.3.3 Perfobond leiste shear connector

This type of shear connector refers to either perfobond strip or perfobond
plate rib, where this type is considered one of the advanced methods in the transfer of
shear force, and this is one of the reasons why it’s more used in bridges with long

spans.

The dependence in terms of design is made on dowel action and mechanical
interlock, which are the reason for the increased bearing capacity and strength of the
composite member [15].

In a typical design of perfobond leiste shear connector it is consistence of a
steel plate containing several holes, where several steel bars are passed through these
holes to increase the structural bonding between the steel and concrete elements
which are casting surrounding shear connector, Figure 1.3.

Concrete slab

Steel beam
Figure 1.3: Perfobond Leiste Shear Connector with Rebars

Welding is the most chosen method to bond the connector with the steel beam

and it can be bonded with bolts with high strength capacity.

The quality of the steel plate and the quantity and shape of the holes

determine the load transfer mechanism of these connectors.



The interlock connection creates a mechanical interlock that resists shear
force when concrete flows through the hole and hardens, forming a very strong bond

between the concrete and steel plate, this process is known as dowel action.

In addition, presence of reinforcement bars passing through holes steel plate
ribs, increasing the resistance of shear force including distributes loads through
reinforced concrete increasing the bearing surface [1].

The main applications that use perfobond leiste shear connector are in the

composite girder of the bridge superstructure.

1.3.4 Tests methods of shear connector

The design concept and analysis of any composite truss girders mostly rely
on the composite action through the steel and concrete parts; so, the basic criteria in
composite girders are related with bearing capacity and connection behavior of the

shear transfer.

In the composite truss girder, the subject of slippage may occur in one way or

another and the aim becomes how to reduce the excessive slip occurrence.

However, to prevent any issues that not just occur in the shear connector but
also the failure of concrete it’s necessary to examine the entire composite specimen
[21].

Several methods of testing, such as push-out tests, full-scale girder tests, and
by using numerical simulations to evaluate the execution of composite joints or

members under various types of loading conditions.
The common experimental and numerical studies methods are used in this
type of research to find specific data of composite member and failure mode [13].
1.3.4.1 Push-out test

This method is considered one of the most widely used methods in giving the

results of the properties of the share connector.

Through this method, concentrated loads are applied vertically to the steel
plate, which is fully bonded with reinforced concrete until the failure occurs, as

shown in Figure 1.4,



This method can determine the slip ratio characteristics, shear strength
capacity and stiffness of the connectors type that used.

1.3.4.2 Full-scale beam tests

This type of test depend on implementation a composite member in specific
scale that act as real-world properties with certain loads applied on the girder to
make the beam subjected to various compressive and tensile stresses on the entire
parts of the composite member; however, this method considered as more expensive
and complex compared to the other methods and it's provides comprehensive data of

the shear connectors under bending and shear forces.

In beam tests where two points of loads are applied symmetrically on the
beam as shown in Figure 1.5, the girder test for shear connectors when the shear flow

continues to escalate with the augmentation of the load until failure occurs.
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Figure 1.4: Push-Out Test of Perfobond Leiste Shear Connector
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1.3.4.3 Numerical simulations and finite element analysis (FEA)

Advanced computer programs are used for detailed simulations of shear
connector behaviors in different loading conditions, in which it is possible to model
the design of the shear connector and all the composite parameters, including the

applied loads, to predict performance without extensive physical testing.

1.4 Double Composite Truss Continues Girder

Composite works are widely used worldwide in many structural forms with
different span lengths, especially for long spans, such as the highway long bridges,

railway bridges over river or valley, footbridges, etc.

Composite steel girder gives more efficiency and certified results, especially
for bridges with long spans around 60-120 meters, and over 120 meters for the very

long span bridge meets the seismic requirement factor in their designs [14].

The main advantages of continuous girder are the high load resistance with
greater stiffness than the steel or girder concrete as a simply supported system and

less deflection.

Most of the designs of the composite steel girder in the simply supported
bridge meet the requirement of positive bending moment and the ultimate loading
capacity, where the resistance of the forces will be by the compressive strength of the
concrete elements and tensile strength resistance of the steel truss frame. In
continuous superstructure bridge at the support piers zones the positions of the forces
are reversed, Figure 1.6 illustrated where the tensile forces are at the top refers to
negative bending moment and the compression force is at the bottom refers to
positive bending moment and for composite beams may not be fully satisfied in this

situation due to high negative value at the top concrete surface [22].



Figure 1.6: Hogging Moment Distribution at the support Regions of Continuous
Girder

In the situation of concrete bridge deck slab being under a tensile force that
led to several types of cracks, which it called cracks of the negative moment zones;
however, this type of failure will cause the appearance of fissures in the asphalt
surface, which subsequently increases the descent of rainwater into the concrete and

then into the shear connector system.

This issue reduced the permanence of the interconnection between steel and

concrete which in turn leads to other modes of composite girder failures [16].

Double composite truss continuous girder, Figure 1.7 which at this research

study consisted of several features as listed below:
1. The composite girder with top and bottom steel flange.
2. The steel frame is formed as a steel truss type to reduce the dead load.

3. The perfobond leiste shear connector steel plate connected to the top and
bottom of the girder flange with welding or by bolts connection with high shear flow

resistance.

4. The steel ribs plate consists of holes with a specific diameter, a steel bar
passes through these holes, the rein bars will bond with a reinforced concrete that is

poured surround the perfobond steel plate in the top and bottom flange.

5. Top and bottom concrete elements with a certain width and thickness.
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These double composite parameters listed above are conducted to resist
failure modes of concrete cracks created by the negative bending moment zone
(hogging moment), where this girder will be designed to resist the case of force

inversion.
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Figure 1.7: Typical Double Composite Truss Continuous Girder. (a) Girder
Side View, (b) Composite Girder Cross- Section

1.5 Thesis Objective

This research's fundamental objective is to create a special model of a
continues composite girder and make the experimental loading tests to analyze the
model response and get the information data about the relationship of the slip ratio in
the interface of connection, uplift resisting under different external force stages,
resisting capacity and anti-crack characteristics of the concrete slab bridge in

negative moment zones at the supported piers of mid span.

Beams are assumed to be double composite trusses girder that continues over
mid-support to create the phenomena of the hogging bending moment and the

positive sagging moment at the same time.

The Abaqus CAE software program results will be validated with the
experimental study to analysis the omposite steel-concrete truss girder with the

consideration of:

11



1. Determine the dimensions properties of the perfobond lesite by doing push
out test for three individual samples, the results will make a vision of the shear
connectors response and contribute with the final perfobond lesite design in the main

composite girder samples.

2. The effectiveness of the variables of shear connector length, thickness, and
plate holes on the load-relative slip ratio and the interface uplifts.

3. A composite bond, which refers to the ductility of shear connectors, will

explain their ability to undergo significant plastic deformation before failure.

It indicates how much the shear connector can deform without losing its
ability to transfer shear forces between the steel elements and the concrete deck in a

composite structure.

A high ductile shear connector can resist higher shear flow, enhancing the

composite beam's overall performance and safety under a specific applied load.

4. The effectiveness of the double composite girder on the hogging moment
value and cracks resistance compared with the single composite girder at the mid

supports.

5. The effectiveness of the double composite on the deflection ratio at the
sagging regions, which are affected by the positive moments.

6. Analysis of all continuous girder samples according to modes of failures

and strength capacity.

1.6 Thesis Layout
The methodology of the research topic strategies will be divided into seven
chapters as illustrated below:

For chapter one, a brief introduction presented the type of shear connector
that has been used in the composite member and its action behavior, the type of

double composite girder and the causative problem for its specific design.

Chapter two, literature review of the previous research with the main same

problem and its results.

12



Chapter three, a detailed study of double composite truss continues girder
bridge specification will provide mechanics of work, general characteristics and case
study example of long span double composite truss bridge illustrates the method of

bonding and dimensions of all sections.

Chapter four illustrates the experimental applications on eight samples of
single and double composite truss girders using perfobond leiste shear connectors
that depend in the design methodology on the push-out of three samples and its

fabrication steps at details.

Chapter five, deals with the Abaqus CAE software program to simulate the
single and double composite continues truss girder with same experiential study
dimensions and specifications to make validation study and compression the results
according to the values of the stress-strain curve, load- deflection and modes of
failures of eight specimens designed and acting as the same behavior of the entire
actual long span composite bridge of the case study.

Chapter six, the results of the samples simulated by Abaqus program and the

experiment study test results will be illustrated in detail in this chapter.

Chapter seven, detailed discussions of all the results and conclusions with

relative recommendations, and suggestions for future studies are present.
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2. LITERATURE REVIEW

2.1 Introduction

This chapter will review and describe prior studies concerning the behavior
and strength of steel girders and composite steel-concrete girders subjected to

hogging bending moments in continuous long-span bridges.

There are a few exist of literatures that concerning the composite member
related to the double composite truss girder, to ensure the safety and integrity of the

structure.

The main aim is to highlight key findings, methodologies, and gaps between
past related research including analytical methods, numerical simulations and

experimental investigations.

2.2 Review of Composite Girder

Weiwei lin (2011), Experimental study has been conducted investigation
about the composite girder’s performance according to hogging moment using
different types of shear connectors such as shear studs and PBL in situation of

applied loaded to the maximum state.

The results of this research suggest that the implementation of PBL improves
the stiffness of the composite girder under both serviceability and ultimate limit
states more effectively than stud connectors, based on the experimental load-
displacement relationship; however, the stud exhibits superior mechanical properties

at initial cracking .

The initial crack-load has been determined due to the most higher negative
bending moment of composite girder, and it’s gotten higher than the test results, even
if in low load stage the composite beams suffer from cracks under negative bending
moment, moreover, the calculated ultimate loads were closer to the experimental

results.
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The position of the neutral axis for the composite girder may have been
affected, it seems to be moved between a range of elastic neutral axis and the plastics

neutral axis.

The main decision has been made to disregard the effective of reinforcements
strain hardening, however the situation of crack closure it was noticed in all
laboratory-tested samples, the crack size has been the same as it’s get found the crack
spacing on the RC slab, these test results had been obtained from using six composite
girders with three numerical models to simulating the exact kind of composite
girders [22].

2.3 Review of Continuous Composite Girder under Hogging Bending

Moment

Fahad Alsharari (2022), Examine the gradual deterioration of stud shear
connections by numerical analyses regarding the residual static performance and
remaining fatigue lifespan of post-tensioned steel-concrete composite beams. The
results demonstrate the impact of stud failure on the shear stress at the beam ends

where the stud fracture transpired.

The research shows that the interfacial slip contributed to reducing composite
beam performance, where it shows when more studs get fractured lead to loss of the
composite action and that increase the maximum compressive and tensile strains at
the mid-spans, the remaining bending strength of the non-strengthened sample
declined steadily when the studs were removed. Nevertheless, the rate of decrease for
the reinforced sample significantly accelerated following the removal of five rows.

Upon the removal of 15% of the rows, the fortified sample exhibited a more
advantageous response in terms of stress range, tensile and compressive stresses, and
residual capacity; nevertheless, both the fortified and non-fortified samples had

similar reactions to stud failure [28].

Chengquan W (2022), A novel steel-concrete composite link slab (SCC-LS)
is introduced, a full-scale FE simulation to find the mechanical performance of the

SCC-LS and get analyzed with theoretical calculations.

By means of the longitudinal force applied to the steel plate across the
longitudinal connecting reinforcement and disperse it to the concrete with avoided
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active engagement of the surface concrete in tension zone, the findings indicate to
prevent the cracks from developing.

It was observed that when increasing of the steel plate thickness then the

tensile strength on the concrete surface is significantly reduced [29].

Chengfeng Xue (2022), This study examined the shear behavior of composite
connections by push-out experiments involving various shear connectors, supported
by theoretical and numerical studies. The results indicate a distinction in the failure
mechanisms  among  the  different  types of shear  connectors.
An increase in the quantity of welded studs and perforated holes boosts shear

behavior.

Numerical experiments indicate that shear resistance improves with larger
diameters of penetrating rebar and welded studs, as well as with increased concrete

strength, generally, the region of compressive damage in concrete diminishes.

Overall, the new composite shear connectors turn out that they have the
ability of higher performance than conventional connectors, and for the large-span
composite bridges the discontinuous configuration of composite shear connections is

suggested to reduce the welding deformation [30].

2.4 Review of Truss Composite Girder

Chisung Lim (2021), A type of truss composite girders was used in this
research to verify the shear performance of composite girders, by the results of the
crack indicators with failure modes all the behavioral characteristics of the composite

girder get obtained with two specimens that named (P) and (W).

The horizontal shear fractures seen along the top chord controlled the shear

behavior of the member for the (W) specimen using Pratt truss type.

The diagonal truss member failed to contribute efficiently to the shear
resistance mechanism because the screw rod was exposed to shear failure especially
at the EST node and that get happened before the diagonal web member arrived its
yield strength, it’s noticed that the horizontal shield failure it's the most main failure

situation when designing a composite girder, Figure 2.1 [31].
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Figure 2.1: Freebody Diagram and the Crack Angle
Source: [31].

Yiyan Chen (2018), this study report presents a novel bridge construction,

with the introduction of a composite box girder bridge including CSWs and trusses.

The main example that has been taken and the results show that the transition
to the use of the corrugated steel webs and bottom trusses, it’s made the self-weight
of the structure can minimize and the main objective that can be reached it's to obtain
a new structure would saving cost on money of the construction with a simple way of

maintaining.

With experimental research results on a scale model shows this type of truss
structure under flexural load, have strong ductility and integrity; when the flexural
deformations may be separated into an elastic stage, elastic-plastic stage, final phase
as a plastic stage , where the main failure can be accord in the bottom of the concrete
slap show some transfers clocks because of shifting of natural axis of the cross

section of the top concrete slap [32].

2.5 Review of Composite Girder under External Force

Jianging Bu (2023), The result of static load test and theoretical analysis
with two overhanging beams using MURSP connectors and ordinary studs shows
how many different in deflections crack and slip especially in the negative moment
region. This research presents modified and upgraded uplift limitations and slip
permitted MURSP connectors.

The tensile stress off the concrete in the composite beam with MURSP can be
unleashed, therefore, increasing the crack load capacity, moreover this type of
connector shows more improvement behaviors and negative moment region and
doesn't show any slip fader until the earlier load stage, the main disadvantage could

be noticed in the weakness of bond between steel beam and the concrete slab.
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The flexural stiffness of the composite beam with MURSP connectors get
reduction with 3.08% if it's compared with ordinary stud connector.

The finite element analysis of two beam specimens with stud and MURSP
connectors Shows a different result in synthesis and deformations in the negative

bending moment region under the same load [33].

Kai Peng (2022), This research determines the shear capacity of PBL shear

connectors in the composite member by experimental and numerical simulation.

Nevertheless, the results indicate that the PBL shear connection may be
enhanced in terms of bearing capacity, ductility, and shear stiffness in SFRCC
compared to NC samples, where the ultimate shear bearing capacity can be obtained
for one hole in the PBL steel plate shear connector depending on the paradigm meter

through the hole on the numbers of holes on strength of concrete.

Show on the specimen with single hole we can find the failure in the
reinforcement bar however and the other specimen when we get strong the sheer
capacity of bar by doing a multi hole so the fader can be obtained and illustration by
cracking the concrete, multi factors will effect of the sheer capacity of PBL shear
connectors such as SFRCC strength, steel plate opening diameter size and thickness.

For calculating the ultimate shear capacities of the PBL shear connector in

SFRCC was proposed as below:
Py =6.76nA,.f, + 3.16n4.q . f. . (1 +0.17V; i) +3.724,p. [+ (2.1)
-f

Overall, a push out test was needed with a numerical simulation to be made

compared study with the experimental work [34].

Zhou Fan (2022), the main objective in this paper is to find the mechanical
properties in the negative bending moment region of a new proposed girder steel-

ECC composite girder that implementation with corrugated webs.

The experiment and numerical analysis result gave indications that the steel
girder doesn't have a slip failure during the loading process, moreover, all specimens
had the same failure mode and that illustration with the cracks on concrete slab with

buckling in the bottom flange of steel girder.
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This research compared the result of this type of girder with flat webs, and
the result that obtained from that the stress was clear of each component of

composite girders with corrugated webs.

And by using ECC instead of NC as the bridge deck slab can improve the
crack performance and range control, moreover, The ECC type has enhanced the
flexural load carrying capacity and rigidity by 6.04% and 10.54%, respectively.

Numerical simulation has been used to investigate the influence of ECC slab,
so when the ECC material strength and slab thickness size increases it can be

observed instantly rising flexural bearing capacity of the composite girders [35].

Yongjian Liu (2015), This is the main related research to our thesis which
includes a new type of composite tubular truss bridge and more detail about the
specification of design, where bridge superstructure is double composite section, it's
continued of rectangular tubular chords with filled-concrete and prestressed concrete

slab.

The main objective is to reach the goal of improving local strength and
fatigue performance which leads to improving the performance of girders under

hogging moments region and prevent the crack from occurring.

Though the hollow tubular truss gets results as the joint with PBR design
punching shear is around 22% more than the joint without PBR, so that result lead us
that the PBR has a special parameter of an enhancement the concrete performance
[36].

Aiming Song (2022), the primary objective of this study is to determine the
regular crack spacing in the negative moment zones of the continuous composite

girder.

Many parameters are playing a main role in indicated the crack width such as,
concrete cover, diameters of longitudinal tensile bars, tensile reinforcement ratio,

spacing of stud connectors.

The novel model has been obtained from previous research that had been
taking 38 specimen tests to find the influence factor of average crack spacing.
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However, the experimental test has been done in this research to obtain the
crack width under fatigue load situation, the result compared with the theoretical

result.

The main result could be from the modified formula of crack spacing, when it
showed that transfers reinforcement made a huge influence, compared with the
empirical formulas for crack width under fatigue loading.

The analysis results show more consent with the measurement width of

experimental test.

Three formulae suggested as average crack spacing prediction for the

negative moment zones of continuous composite girders are shown below [37].

l de
ler = 2(cs + o) + KiK; e (2.2)
- deq
ler = 1.1 (2.7¢, + 011 3 ) (2.3)
— deq
ler = 1.1 (1.9¢; + 0.08 pw) (2.4)

Where: Icr is normal average crack distance, k1 is a coefficient of bonding
performance for longitudinal tensile, k2 component stress distribution's effect
coefficient, cs is the thickness of concrete cover for reinforcement, while Is and la are
the longitudinal bars and transverse bars spacing ratio, respectively, deq comparable
diameters of longitudinal tensile specimens, dHeq is equivalent diameters of
transverse bars, peq is tensile reinforcement ratio, pHeq is transverse reinforcement

ratio, Rp is combined force ratio, p the spacing of connections.

Hope Gill and Johnson (1976), This research deals with examination of the
rotation capacity for hogging and sagging regions in continuous composite beams, by
assessing the ultimate flexural strength for each section including the application of
simple plastic theory to get information about behavior of the tested continuous beam

under some circumstances of rotational and high shear.

The results show it's going to be determined the ultimate strength with the
plastic design theory, at serviceability loads stage it can’t be determined the behavior

of continuous being by current limits on yielding and cracking [38].

20



Vinicius Moura de Oliveira (2022), This research takes account to analysis
that composite cellular beams with hogging moment loading, to get that data

according to elastic and inelastic behavior.

ABAQUS software program has been used to analyze with finite element
model, the result shows that the composite steel concrete member and hogging
moment region exposed to and many failure such as lateral distortional buckling
(LDB) and web post buckling (WPB), while the formation of plastic mechanism on
the web-post, the LDB can't be identify as the lateral displacement with a rotational
of the lower flange of the steel elements moreover the WPB can be define as the
failure of the shear stresses it's shown as a double curvature at web post as (S) shape
[39].

Hamoda and K.M.A. Hossain (2017), Static hogging moment applied on a
composite girder consisting of steel I-shape type and concrete slab until the failure
mode, this research take four specimen girders, named as (CG-1, CG-2, CG-3, CG-
4).

Furthermore, for the fourth girder (CG-4), the utilization of SFRC end slabs
linked by embedded steel bars extending into a 200 mm wide ultra-high performance
fiber reinforced concrete (UHPFRC) closing strip at the peak moment zone has been

proposed.

The research results show that it is a significant failure for all the specimens
according to the local buckling influenced by the compression flange of the steel

beam.

Also, a compressive cracking of the concrete slab, are your situation has been
noticed at the maximum moment location in the steel reinforcement and the steel
beam. Many decisions have been taken to enhance the behavior which include use
ECC or SFRC for the deck slab, this option sure a higher elastic stiffness about 12%
and 23% [41].

The below equation used as based on a normal concrete composite girder not

considering any other addition, Figure 2.2 to Figure 2.4 [41].

The yield moment (My) was calculated based on Eq.

M. = _tecly (2.5)

y Ytopsteel
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Where: fy is steel yield, ICG is elastic moment, Y ts is the distance from the
top bars

The ultimate moment (Mu) was calculated based on Eq.
Mu = Z(Pypl) (2.6)

Where: P is forces of the tensile or compressive, Ypl = distance between
forces to the plastic neutral axis.
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Figure 2.2: Dimensions of the Girders: (a) Regions of the Negative Moment, (b)
Specimen ‘s Side View, (c) Girder Section (d) Test Installation Method [41].
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Figure 2.4: Details of the Continuous Composite Girders, (a) Girder
Longitudinal Section, (b) Front View Cross Section, (¢c) Shear Connector (d) &
(e) Reinforcement Bars Distribution [41].

Guanxu Long and Ruigen Zho (2022), Present a new type of UHBC-RC
composite steel concrete analyzed with experimental work and finite elements

analysis program.

The result shows the addition of UHPC-RC composite deck can increase the
properties of concrete to resisting the cracks in the hogging moment zoon and we got

a more crack resistant value when increasing UHPC layer thickness [42].
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Figure 2.5: Deflection Ratio of the UHPC Layer Ratio [42]

Jae Kang and Jong Park (2014), This research focuses on increase the
strength of concrete that used in the perfobond rib connector, depending on the push
out test to get the results of the sheer strength of the sheer connector. However, many
literatures review has been showed a crack failure mode in the concrete of the shear
connector element when reinforcement bars and the perfobond rib hole get

increasing.

Using compressive strengths of 80-180 MPa, the ultra-high-performance

concrete type is the one that this research is aiming to adopt.

The experiment result revealed the concrete dowel action in the holes of the
perfobond rib didn't make any difference for the shear strength at 180 MPa

specimens, on other hand the opposite happened where increasing get noticed.

Among the prediction models which indicated the increase trend of the shear
strength for the experimental results, the formula proposed in this study provided the

most accurate predictions, Figure 2.6 to Figure 2.8 [26].
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2.5 Previous Work Conclusion

From the illustrated literature review that has been conducted in this chapter,
where it can notice that most of the previous experimental and modeling simulation
works deal with several types of composite beam and mechanism behavior of the
specimen under various types of loads to find the optimum solution as anti-crack
methods in the region of hogging moment specially in the continuous composite
beam.

The previous works conduct the ability of perfobond leiste to resist a high
level of loads especially at the push test which is contribution of support the listed
advantage of this shear connector type which are used in this research.

Even many equations that listed to predict the shear connector strength and it
gives accreted results when it’s compared to the experimental and finite elements

simulations by software programs.

However, it’s noticed that a rare, published works deals with the double
composite girder to solve the hogging moment failure mood situation especially for
truss type, and this is one of the fundamental reasons for choosing the current

research study title and Based on all the results of previous research.
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3. DOUBLE COMPOSITE TRUSS GIRDER FOR LONG SPAN BRIDGES
USING PERFOBOND LEISTE

3.1 Introduction

In this chapter, the main objective for designing an analysis of the double
continues composite girder will be illustration considering the main resource and
specification, including the failure mode under the static load situation and specially
for hogging moment and sagging moment force and how it effects on the composite

steel- concrete girder element.

In a statically indeterminate construction like a continuous span, the portions
at intermediate supports must withstand a relatively significant positive bending

force.

Appropriate for construction foundations, a continuous span bridge has a
somewhat high span capacity, where the three structure system showing at the Figure
3.1 (C) cantilever bridge type with a larger span capacity than that of a (A) simply
supported bridge type, but the continuous bridge Figure 3.1 (B) has the most span

capacity than the other system.
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Figure 3.1: Bridge Support System
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3.2 Continues Composite Girder for Long Span Bridge

Complex design is the main disadvantage of the continuous span, the actions
on the any span will affect om the adjacent spans, and the most noted behavior is hat
stiffness and bending resistance of the composite beam will be vary along the entire
beam even if it’s geometrically uniform due to cracking ratio of concrete and
effective width of slab above the steel elements and essentially the variation in

longitudinal reinforcement of the deck slab [10].

Additionally, it’s very hard to predict the actual stresses and deflection in the
continuous beam and the significant tension stress occurs only in hogging regions in
the middle supports, the amount of these stresses influenced by the methods of

construction.

The reaction to a specific series of activities is contingent upon whether it
occurs before to or after to another series of events that induces cracking in a distinct
section of the beam, and because of that the design will be depend on the ultimate
strength method for predicting the all beam response and it can be checked by the

experimental test or on the elastic theory calculations [10].

3.3 Hoggin Bending Moment

In a composite girder, the tensile force will be appearance at the top point of
the concrete slab above the steel member, and as from the concrete weak against the

negative moment then crack will occur.

The estimation of crack position and amount will be difficult, all the
composite beam behavior and involves of first cracking outlined in the stress—strain

diagram shown in Figure 3.2 [24].

In the first the concrete will be uncracked, and then at a load reaches (Nct)
the concrete crack (line O—A), second at loads exceeds (Nct) to the (1.3Nct) further

cracking occurs and force is transferred to the reinforcement bars (line A-B).
Nee=Acfer (3.1)

Where: fct =is the tensile strength of concrete, Ac is the concrete section area.
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From (1.3Nct) and (2.0Nct) the load will be transported by the tension
stiffened section (line B-C), having an effective stiffness bigger than the

reinforcement only and less than the concrete section (factor of k included):

(EA)ery = KEA; (3.2)

I — np+ (1 —p) (33)

T np+ 0.6(1 — p)

Where: n is the modular ratio of the steel modulus elasticity over concrete

modulus elasticity, r is the reinforcement ratio (r = As/Ac).

At load more than (2Nct) is assumed to be carried by the steel only until its
ultimate load (Ns) (line C-D-E) in this stage the tensile forces in the slab will be

more than (2Nct) the situation of fully cracked concrete section [24].
Ng=0.87Af, s (3.4)

Agy=1.04,/100 (3.5)

Stress

0 0.0005 0.001 0.0015 0.002 0.0025
Strain

Figure 3.2: Stress- Strain Diagram Cracked and Tension of Slab Under Tensile
Force [24]

Effective cross-sections of beams are relevant, the effective width of the
upper concrete flange is ununiform along the beam length, it’s bigger in the mid-span
than the internal support, so the main definition of the width is when the longitudinal
reinforcement bars in deck slab contribute to the hogging moment resistance, the

position of the plastic neutral axis (N.A) at must situation lies below the slab so the
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web enclosing is the only section that made a contribution from concrete parts at the

compression region.

EN 1994-1-1 code, the effective width for the hogging bending moment
region length can be illustrated as effective span (Le), it’s equivalent to one-quarter
of each span and from this concept the support piers of the bridge between spans of
length (L1) and (L2) as shows at a, Equation 3.6.

L) 42
bepr =*—y— +bo =——+ bo (3.6)
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3.4 Plastic Moment of Resistance Capacity
A composite girder section of an in positive bending is shown in the details at
Figure 3.3, the steel bottom flange in cross-section in compression.

To categorize the steel web according to the distance after determining the
(xa) which is the distance from the plastic neutral axis to the (G) the centroid of steel

section,

The design tensile force in this reinforcement will be:

N.\ = A\f\l\/‘Y\ = A\f

yd

3.7)

Where: fsk is characteristic yield strength of steel, As is the area of

longitudinal rein bars and beff is the deck slab width.

While the steel segment alone would provide bending resistance in the

absence of tensile reinforcement:
Mpl.;l.Rd = ‘/V;l.f\‘d = /Vu:u
(3.8)

Where: Wa is the plastic section, fyd = the yield strength capacity, Na is
stress of depth of half(ha).

Stress distribution in the depth (xa) of steel web, where (xa) is given by:

-\-';l{w (zf\d ) = N-\'
} 3.9
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From this situation the moment of resistance (My,) equal to:

Mgy =M 4ra + Nz

(3.10)
=1225
| Pert | 0.874,, g, = zssnrmm’
J_ - / N, = 295kN | -
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Figure 3.3: Stress Distribution for the Composite Section at Hogging Moment

3.5 Elastic Moment of Resistance

At this point the inelastic behavior of the steel before the plastic moment of
resistance will cause hogging bending moments (Ma,Ed) in the steel elements alone
and (Mc,Ed) for the composite member, so negating all the effects of creep,
shrinkage, and temperature.

The distance (xe) above that of the steel section for the elastic neutral axis of

the composite section Figure 3.3(c) can be determined by taking first moments of
area about the axis.

. = 1./2
-\c(.Au + A\) As(hu/" L5 h\) (3.11)

The composite section's second moment of area is:

I=1,+Ax]+A(h/2 + h, — x.)
(3.12)
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3.6 Vertical Shear and Moment-Shear Interaction

In general, the vertical shear force gets opposed by the web part of the steel
beam or in our study by the truss members, the shear area (Av) for such a section is
given in EN 1993-1-1 [15]:

A, = A, — 2bsty + (L, + 2r)t;
(3.13)

Von Mises yield criterion, the shear resistance is determined from count that

the yield strength in shear is fyd/+/3 and whole area (Av) can be equal to this stress:

vpl.u.Rd = A\(f :\"(]/ \'g)

(3.14)
v
B
Vol ke
O.SV;,;M — -4A
! >
0 Mf,ld M?d M

Figure 3.4: Section Resistance for Bending and Shear Forces

3.7 Longitudinal Shear Force

Longitudinal shear force generated at the continuous beams and cantilever’s
structure system, the span with uniformly loading along its length, the critical cross-
sections will be at the supports at maximum hogging moment, and at the section of

maximum sagging bending moment (positive moment)

Where a full shear connection is assumed in areas of hogging moment and
may be spread equally between a support and the critical section at mid-span and for

that the number of shear connectors necessary for a normal critical span length.
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n=(N.+ N)/Pgq (3.15)

Where: Nt is tensile force for negative moment resistance, Nc is compressive

force at mid-span, PRd is shear connectors resistance due to the shear flow.

3.7.1 Mechanisms of longitudinal shear transfer

Depending on whether the element is initially fractured or uncracked, the
technique of longitudinal shear flow is applied from the shear connections inside a

composite girder to the reinforced concrete component.

3.7.1.1 Initially uncracked reinforced concrete

Regarding the shear force transmission mechanism of an originally uncracked
reinforced concrete, Figure 3.5 describes on the reinforced concrete slab, the sample
(F), which indicates the longitudinal shear forces applied by the shear connections to

the surrounding reinforced concrete.

As extremely obvious in area A, the element generates diagonal tensile
stresses with loading applied via distortion, when this rotation enlarges the width of
the elements (B-B); consequently, the tensile stresses will be conveyed to the

transverse reinforcement.

Thus, the shear connector strength of an initially uncracked reinforced
concrete element relies on both the strength of the transverse reinforcement and the

strength of the concrete [10].

3.7.1.2 Initially cracked reinforced concrete

Mechanical aspects for shear connectors are transferred through a crack in a
reinforced concrete element is illustrated in Figure 3.6, the transverse moments that
will be generated on the deck slab of composite structure made these longitudinal
cracks which is pointed on the shear force position and all the shear perfobond ribs
get damaged along these specific crack line [10].
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Figure 3.6: Initially Cracked Concrete
3.8 Calculate of hogging moment capacity for the composite girder

The hogging moment capacity (Mhog) of the composite girder can be
reduced by the reduction factor (k) at the full interaction situation shear connection,

consider the stress distribution shown in Figure 3.7(a).

So the curvature in the steel section (k) given by:

Es 1 (3.16)

Where: Is refers to steel section due to second moment of area value.
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Figure 3.7: Steel Stresses At Non — Compact Girder
The hogging capacity (Mhog) for composite girder if the reinforcement is at
yield stage:

M/wg = Mh.\” 0 Ye Arcin_f ./.yr (3 17)

Where: yc is the distance from steel section to the centroid of the reinforcing
bars. The hogging capacity (Mhog) for if the reinforcement below yield stage:

Yn th Aremf Ye

leg = Mbs . ]

s (3.18)

3.9 Local buckling

It's a kind of failure type that happens at flanges and web at compression
status where the steel parts in a composite structure beam may buckle locally for the
sagging and hogging bending regions [19].

As shown in Figure 3.8, first at the positive bending regions the neutral axis
position will be below the steel web, so the top flange is subjected to compressive
stresses and the local bucking may occurs, the presence of the concrete slab
connected with the top flange by shear connectors will reduce this case of failure, in
other meaning this failure could belong to many situations of the full plastic moment
[19].

35



line junction

set remains sfraight

concrete

Figure 3.8: Local Buckling Deformation

Second in the hogging moment regions, local buckling can occur as shown in
Figure 3.8 which is in situation that the web had distortion and rotation to the bottom
steel flange, and the quantify method of local buckling will depend on web cross
section which including the depth to thickness parameters, and the position of the
neutral axis at the composite section, it’s worth noting that to study the effect of the

double composite on reducing the local buckling ratio.

3.10 Degree of Interaction of Composite Girders

As a case of a composite girder with oiled interface of steel and concrete this
lead ensure that is no interface shear forces to restrict the interface slip of these two
components by assuming there are no separation so that the curvatures are the same
response, with this case the Fcon = Fsteel = 0 and the composite component of the

flexural resistance Fcon (hc +hs) equal to zero.

This situation of process with two flexural members of the same curvature
degree so any applied moment on this section will be internally resist by the concrete
element flexure Mcon and the steel element flexure Msteel each part as one element,

for instance, the strain curve for this arrangement illustrates in Figure 3.9(a).

If there is no resistance to the shear flow at the interface surface this mean to
as no-interaction situation, if the slip for the interface surface has totally prohibited
as in Figure 3.9(b) this case can reach when the two elements are perfectly connected
together at the interface, the 8C = es and the slip strain equal to zero this situation
considered as full interaction, for the case three as referred to Partial-interaction, as
shown in Figure3.9(c) [19].
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Where the stiffness of the shear connectors and the strength force they
provide determine the degree of shear connection in a composite beam, for example,
the degree of connections get effected by the number of the connectors and it’s bond
system, the failure mode will be reduced in way of get high sufficient ductility of
components which it’s related to the relative slip of movement due to the external

force [25].

More information about the interconnection between the degree of shear
connection and the degree of interaction are illustrated in Figure 3.10, the case one to
be talked about is the neutral axis at the full shear connection stage it will be below
the concrete slab as showing in Figure 3.10(b) this means all the steel and concrete
below the neutral axis of the composite section Subjected to tensile strain forces as
illustrate in Figure 3.10(c), and about case two, when the neutral axis position at steel
element with full shear connection the slip strain amount effected with the strain
change of the same sign at compression stage, as show in Figure 3.10(i).

In general, the connection system of two materials in the composite girder at
partial shear connection will make relative slip strain bigger than it was at full shear

connections.

3.11 Stresses and Deflections Response in Continuous Girders

The bending stresses amount must be controlled to reduce the load-cracking
of concrete slab by using elastic global analysis methods, deflections at continuous
beams in most situations are much less than in simply supported spans and it’s

checked for ultimate limit states according to rigid-plastic global analysis.

For continuous beams, the deflection value is increased due to using partial

shear connection and can be determined by using this equation:

0 =01 + k(1 —N)(0,/0, — 1)] (3.19)

Where: ¢ is the total deflection, k = 0.5 for scaffolding structure and k is 0.3
for unsupported structure, da is the deflection value for the steel girder, 5¢ was the
deflection ratio for the concrete element and at full interaction the (n =1) and n =0

when it’s required low result.
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Only in areas with a positive bending moment, known as a sagging moment,
Is the partial shear connection used, in other hand, the effect of the external forces
such as the shrinkage of concrete on the deflections for continuous beams in this way
the prediction calculation will very complex due to the bending moments that
creating by the movement which is directly proportional to shrinkage as well as in
the last sagging curvature and the continuity of the beam it will have an effective

effect on reduced the deflection.

The weather effect can be noticed on the deflect of the composite girder when
the concrete slab is colder than the steel member due to these two materials having
different modules of elasticity and this fracture is very important in beams for long

spans bridges.

3.12 Truss Girder Elements

The truss structure elements response as the same reactions steel or concrete
beam against the external force, for instance, the truss members connect two forces
tension or compression as making triangular patterns, all external forces create

internal forces that are connected to each other with connections.

Therefore, bending and torsion moments are typically expressly excluded due
to all joints in resisting the axial forces and restricted against rotational motion and
this feathering made the truss constructions quite effective, by depending on the
strengths of construction the different in force distribution at the section in truss and

beam illustrated in Figure 3.11.

The steel or concrete beam, it’s note that the element is exposed to the
maximum compression at the top and the maximum tension at the bottom more even
the decreeing in stress towards the natural axial are linear path, while the truss
member had top and bottom cords are resist the bending moment and the diagonal
and vertical members resist the shear forces and Interfere with increasing capacity
truss span and high in a truss bridge that has a fixed depth, the top chords are

typically parallel.

However, in a truss bridge that has varying depths, particularly in continuous

trusses, the top chords may be constructed as inclined members, this system of a
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variant of triangles in truss member make it more rigid than the normal beams due to

the ability to spread the applied load along the truss length.

7
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Figure 3.11: Truss and Beam Stresses Distribution. (a) Typical Girder, (b)
Truss Girder

3.13 Joints and Connections Methods

The main bond intersection of truss members, where the Joints are the most
valuable components and in the truss bridge design criteria, in general, there are two
distinct kinds of joints, the first are pinned connections and second gusset plate

connections used in the truss bridges construction industry.

For the pinned connection, it’s needed to connect two or more members
together by big metal pin for the past construction bridge and for the modern truss
bridges the connect system of members is made by using metal gusset plates, the use
of any method has a significant impact on the way the bridge structure response and
the method of analysis and design however, the structures are statically indeterminate

and the stress analysis is complex [9].

3.13.1 Welded joints

The full capacity of the beam is required or the truss cords in-line path
construction then the welded joints are suitable, as well as the property of structure
resistance to external environment influences, if there is any change in plate
thickness of each side of connection joint then plate should be tapered at a minimum
of 1: 4 to fit the limitation of the fatigue strength.
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3.13.2 Bolted joints

For bridges constriction field, the steel bolts of high-strength friction grip
(HSFG) are used for the main structural girder sections due to the featured of low
initial slip to increase the rigid joint with good fatigue properties with good shear

force resistance especially at the lapped joints or joints with cover plates.

The joint strength value that using HSFG bolts are determined by measured
the first failure modes included in the intended joints, for instance, first the bolt holes
as a tension failure (PT) or failure in steel plate bearing (PB) or failure of the bolts

itself in shear force (PV).

3.14 Design the Span Number of the Truss Girder

The span number depends on the superstructure and substructures of bridge
properties, for truss bridges design concept the reduction of span number leads to
reduces the piers supports walls and longer span length, where less peris indicates a
decrease in the expense of substructures in general because the peris had piles and

walls and all the secondary considerations materials.

As well as the elastomeric bearing or steel pot bearing, and the focus of
construction will be on the cost of superstructures which require a special design case
for the long span.

Generally, at truss bridges constitutions the cost of one pier equals the cost of

one superstructure span so the long span will be very economical methods.

3.15 Height of the Truss Girder

The height of the truss girder is primary decided from the span length, as
taking an appropriate depth to span ratio (%) taking into consideration the railway or

roadway clearances from the surface of the below road to the below elevation of the

truss girder bridge.

Depth of the truss shall be in general:

(U B | 1)
L 6 8
(3.20)
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For continuous trusses, a lower depth-to-span ratio is required, but a larger

ratio is appropriate for spans of varying lengths [9].

Typical span to depth ratios for trusses is outlined in Table 3.1, As shown in

railway structures have lower ratios due to the excessive of live loads.

The angle of the diagonals should generally be kept constant to avoid a
disorganized graphic presentation and the diagonals member at 45° to 68° of the
horizontal are generally the most efficient structurally, shallower angles tend to have

less strength [9].

Table 3.1: Span — Depth Ratio In The Truss Span Bridge

Truss form Typical span/depth ratio
Simply supported highway truss bridge 10-18
Continuous highway truss bridge 12-20
Simply supported railway truss bridge 7-15
Continuous railway truss bridge 10-18

3.16 Member Cross Section Type in Truss Girder

The truss bridge span length is the main feature that affected the type of
member, furthermore the type of the internal force in that member carrying (tension

or compression).

While the categories of rolled beam and channel or tubular sections are used

in situations of small span length and moderate loads.

For most bridge trusses, a fabricated section (bults up steel sections) will be
used, all the formations process will be made depending on the position the member,

so for the chords in compressions situation.

The buckling out of the plane effective length going to be bigger than
buckling in-plane length that’s led to used I-section member to be increasing the
transverse radius of gyration, for the vertical member the I-section suitable for lower
tensile flange that allowed it to handle the local bending applied from transverse

beams.
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For the (Open I, U or C-sections) theses known as very simple in fabrication
stage especially the essay way to connect the splice—plate connections, for the huge

truss bridge sections the box sections are used, Figure 3.12,

For the methodology of using a concrete-filled section member in its different

ways of constructions to creating a steel-concrete composite section, which increase

the capacity of the specific steel section as alone 24!

100 100
. : 4

Note: dimensions in metres (b)

Figure 3.12: Typical Continuous Truss Bridge
3.17 Steel Sections under Axial Load

The limiting axial compression load being determined from equation below
where the local buckling is reduced according to a limit of steel section geometry,
Table 3.2.

In a steel-concrete composite, the steel is a key component in terms of both

structural dimensions and the stress capacity that applied on the steel due to its yield

strength.
Npp = fyAae/yam (3.21)
Npp = fyAae (3.22)

Where: N, is the tensile force, Aae is an effective area of steel.

Figure 3.13 shows the limiting compressive stress curves, and the slenderness
parameter used to compute the parameter (x) for steel sections subjected to
compressive loads, where the maximum stress is restricted to the yield grade.

-.\‘.('D — \/\ A A'c." Ya

: (3.23)

Nep = 09xfyAqe (3.24)
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Figure 3.13: Limiting Compressive Stress for Buckling Failure

Table 3.2: Geometric Limits for the Local Bulking Resistance of Steel Plates

Element Limit

Class 2 steel flange in compression 8t

Class 2 steel flange composite with concrete in compression 184

Class 3 steel flange in compression 1t

Steel flange in tension 161

Class 2 steel web In bending 671,

Class 3 steel web in bending 100t

Class 3 steel web in bending/tension 220t

Class 2 steel web in compression 30z,

Class 3 steel web in compression 34t

Plate stiffener ot

Class 2 steel circular section D, = 46t,

Class 3 steel circular section D, = 60t,

Class 2 connector spacing 181y longitudinal, 7¢, edge distance
Class 3 connector spacing Six times slab thickness or 600 mm
Composite circular section (without connectors) D, =73t

The efficiency of section according to buckle failure modes the slenderness
parameter (), which is a function of the member's effective length (Leff), cross-
sectional characteristics, and, most importantly, the radius of gyration, may be used
to forecast the critical buckling force of section resistance, which in turn depends on

the applied force or bending moment [24].

A= (Ng/Ne)'? (3.25)

A= 14c1'|",-'ffk| (3.26)
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Where: NE is design load, Ncr is critical buckling, where k1= p(E/fy) % the

reductions in stresses required.

Approximate effective lengths for truss members are given in Table 3.3, and
in general the buckling of a truss member in situations out of plane is more
dangerous than in plane, typically if the length of a section member surpasses around
3.5 times its minimum dimension, then buckling failure influences the compression

capacity to a certain [24].

Table 3.3: Effective Length for Composite Structure

Element Effective length
Steel girders, prior to casting slab 1.0L5 I 1 I
L

Compression chord of truss 0.85L e\
Truss diagona 0.7L, A_‘_‘_A.
; e
Column fixed to foundation but free at top 2.0L | L

—
: - g .
Column fixed to foundation but pinned at top 1.5L L

—

. . ) *

Calumn fixed to foundation and integral with deck 1.0L L

—

3.18 Global Analysis of Continuous Beams

This approach determines values for the ultimate limit state and serviceability

of the bending moment and vertical shear in continuous beams (design values).

The plastic hinge analysis or rigid-plastic analysis is only applicable to the
most extreme cases, permitting the use of potentially lighter or shallower structural

components.

3.18.1 Redistribution of moments in continuous beams

In general, the redistribution method is modifying elastic global analysis, and
this method shows the composite beam plastic behavior even if the load didn’t reach
the ultimate stage and especially for the cracking of concrete at serviceability limit

states.
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It’s founded to modify the bending-moment distribution for a particular

loading in way keeping the equalizer between the loads and bending moments.

3.18.1.1 Moment-curvature response at hogging bending

The concrete element of a typical T-beam is fully or partially in tension under
hogging in situation of good ratio acting of the composite beam and translate the
shear load from the concrete slab reinforcement and steel part, the composite girder
will be influence of the hogging bending moment as strain-hardening, and ductility

value is limited by local buckling or secondary modes of failures.

Generally, the position of neutral axis at steel element leads to the cross-
section including steel element and reinforcement bars, at this stage the concrete

elements considered reaching the cracked situation as shown in Figure 3.14.

When the distance of elastic neutral axis from the top surface (dn):

/ _ dr Ar«'inf T (h(‘nm‘ + h‘\lt’t’/ /2) A.\lc’(’[
T A

reinf +A

steel (327)

Where: Asteel is area of the reinforcement steel, Areinf is area of the
longitudinal reinforcement with distance (dr) from the top, Isteel is second moment
of area of the steel element about its centroid, hconc is the depths of the concrete,

hsteel is depths steel elements.
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Figure 3.14: Hogging Bending for Typical Section
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The relationship between the moment and curvature degree of straight curve
illustrates in the Figure 3.15, including the elastic portion of stiffness (Egl), when the

p.n axis located in the top steel flange.
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Moment V’— idealised curve A

(Mo)hogi—— o B i iy — LL.“‘

Eql FERSSR real behaviout
elastic-plastic
0 Curvature

(b) Sagging bending !
E \

Moment idealised curve ‘(. ."’}? e

EDg (K- Kg) |
M p) wol— [ omE—— 1

(M 0 } hog_ s
$°  ewmies real behaviour

— elasfic-plostic &
strain hardening

1 I |

0 Kp Curvature K¢ Ky

Figure 3.15: Moment-Curvature Response of the Composite Girder

Strain and hardening limitations of the steel section and for a local buckling
requirements allow the moments amount reaching the 40% more than the plastic

moment (Mp)hog.

On other hand, negative regions in continuous beams are subject to a huge
shear force that affects the girder section capacity.

3.18.1.2 Moment-curvature response at sagging bending

At the full shear connection interaction for the composite girder, the strength
capacity of cross-section resistance against the sagging bending comes from the top

concrete element with the compression strength.

The relationship is linear between the depth of steel element with ductility
and sustainability for high curvatures degree, however, as the compressive strains get
increasing at the top concrete slab then the concrete exposed to situations of crushes

leading to stress strength are reducing, as shown in Figure 3.16 and 3.17 the stress-
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strain curve at the maximum curvature before the failures can be sustained by the

geometric properties of the concrete element.

f o= 40 N/mm 2

f .= 15N/mm 2
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Figure 3.16: Typical Stress- Strain Curve of Concrete
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Figure 3.17: Typical Stress- Strain Curve of Steel
3.18.1.3 Ductility parameter

The ductility decreases with position of the plastic neutral axis begins from

the top surface (compression part of the girder).

If the neutral axis is small the steel girder reaches the yield stage before
concrete crushing (ductile girder), on other side if the plastic neutral axis was high
then the concrete damaged in the first place and before the tensile steel yields then
it’s called (brittle girder).

To define composite girder at bending to be ductile due to the strain

hardening of the bottom steel flange show up before concrete crushing.
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3.19 Effective Size of Reinforced Concrete Elements

Effective geometric dimensions of the composite girder are used for the
analysis procedures to give a space for the variation of concrete slab stress or
changes in cross-section along the girder length and for sure for the local buckling of

the steel elements and the shear lag.

3.19.1 Effective width

The effective width must account for the nonuniform stress distribution

caused by shear lag.

By assume that the concrete element is shorter, represented by the rectangular
stress block area (weff oc) illustrated in Figure 3.18(a), which equates to the area

beneath the nonlinear stress block (o;) across the width (w).

This is analogous to the longitudinal stress (a;) in the concrete slab relative to

the width (w), divided by the maximum stress value (cc¢):

b,
() fdx

by
W‘_,ﬁr
Oc (3.28)

Where: bL and br refer to half of the transverse spans of the slab, as shown in
Figure 3.20.

Oy

reinforced-concrete slab
strain distribution

— B3 A-A
— A :
() (©)
steel/concrete interface steel beam

Figure 3.18: Strain Distribution over the Effective Width

49



For instance, at section A-A in Figure 3.18(a), the strain distribution in the
concrete part is presumed to exist according to full width (w) of the concrete element
in Figure 3.18(b).

So the stresses at the corner (B) show in Figure 3.18(c) are less of the stress

located at center above the steel section at (C).

It can be obvious due to the variation stress curve; the figure 3.18(c)
illustrates the curve path from (o,) at the corner to a maximum of (o.) above the

steel element at the center.

The situation of shear lag occurs in steel beams with wide flanges, it’s given
the information data of required thicknesses of concrete slab (hconc) in contrast to
the spacing (s) of the steel girder of bridge span (Tadj) in Figure 3.19.

The implications of shear lag must be integrated into the design, therefore it’s

essential to adjust the concrete element to account for the nonlinear effects of shear

<

| < >
b= Mg /2 | 1 0r=(Tag) /2

.E&Ws‘cbzb('*’b'ﬁ

Figure 3.19: Slab Concrete Effective Width
3.19.2 Sizing of the concrete slab effective width

The determination of effective width is influenced by several complicated
elements, with national standards providing various guides to address this intricate

issue.

The guidelines for composite beams in bridges primarily rely on the spacing

between two mid composite beams (Tadj) as illustrated in Figure 3.19, the distance
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to the free edge (Tedge), the distance between points of contraflexure (Lc) depicted
in Figure 3.20, and the length (L) between pier supports in continuous beams.

Defining the effective width as given in the following equations:

Wor = (Do )y +(b.g)
ff eff /¢ eff /r (3.29)

Where: (beff )L is the effective breadth of deck slab, (beff)r is effective
breadth on the right.

deflected shape of beam

Figure 3.20: Effective Span Length
3.20 Perfobond Leiste Shear Connector

Ribs connectors are mainly used in composite slab implementation, the rib
plate impanation along the full length of the girder or any structure and shear can
traverse the contact between steel and concrete in full shear connection as uni-linear
strain profile, on the other hand, it’s transferred as interface interlock where interface

slip occurs at initial low loads.

The perfobond leiste has two essential aims, firstly it gives the steel at the
deck to act as a steel girder, in situations lead to support the eliminate concrete, and
secondly to provide a bond between the hardened concrete and the steel decking.

The capacity to function as permanent shuttering and integrated shuttering is
determined by the configuration of the ribs, rib shear connectors are used in the

construction of composite girder as illustrated in Figure 3.21.
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\ plate rib
connector

Figure 3.21: Perfobond Leiste Shear Connector Steel Plate

3.21 Shear Connectors Design

3.21.1 Design at elastic stage

Shear connections that are stiff or nonductile often employ this technique, at
this stage the ultimate load can determine if any shear connector reached the shear
resistance capacity, while the design of shear connector and its spacing will by

influence by the shear forces distribution.

Elastic theory is employed to determine the longitudinal shear flow per unit
length at the contact between the composite girder elements, as seen in Figure 3.22

below.

I
[_Honzontal shear stress Flexural stram distnibution

due to supenmposed loads
on composite beam

Figure 3.22: Longitudinal Shear Flow between the Steel and Concrete at Elastic
Stage

3.21.2 Design at plastic stage

In this stage presumably representing the final condition, the shear

connections are assigned an identical shear force value.
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The maximum bending moment distribution and zero moment locations
visually separate the composite girder into many areas when using this approach, as

shown in Figure 3.23.

In every region, the steel shear connectors are equally distributed, but it’s
different from region to another one, in this method, the reinforcement in

compression situation is neglected as shown in Figures 3.24.

M+ & M+

| ny | ’”: | ’”} |

~-

Figure 3.23: Shear Connector Spacing Zones in Continuous Girder at Plastic
Stage

-block of uniform spacing connecior density
0% overstress f

Figure 3.24: Shear Connector Density and Distribution Due to the Shear Flow
(@)

3.23 Section Classification

The bending strength capability of a section is contingent upon its reaction to
external bending forces; hence, a cross section with thick flanges and web enhances

resistance to the development of a plastic hinge.

Conversely, narrow cross sections including thin flanges and webs will
experience local buckling before to reaching the yield stress, as seen in Figure 3.25,
which identifies four kinds of section in clause 3.5.2 of BS 5950.
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3.23.1 Class 1 plastic

The plastic hinge of the cross sections at this category can reach the
significant rotation capacity for the plastic design and all members of structural must

be adequate to this type.

3.23.2 Class 2 compact

Although it is possible to produce cross sections with full plastic moment capacity,
local buckling could prevent a plastic hinge with sufficient rotational capacity from

being formed, which would hinder plastic design.

3.23.3 Class 3 semi-compact

At this category the local buckling prevents the full plastic moment capacity

to be reachable, also, the cross sections can enhance their elastic moment capacity.

3.23.4 Class 4 slender

In the early stages, local buckling prevents the cross section from reaching its
full elastic moment capacity, which happens when thin parts undergo compression

force because of moment or axial stress.

Controlling the ratio of width to thickness for sections given in Tablell in BS
5950, part of it showing as Table 3.4, Any section that exceeds the limits will be

calculated as class 4 (slender section).

Table 3.4: Limit of width — Thickness Ratio

Type of element (all rolled seceions) Class of section

i1} Plasn (2) Compac (3) Semi=conip
) b b b .
Ourstand element of compression flange — < 0 — < 1 - £ |5¢
1 / 1
§ d d ¢
Web with neuteal axis at mid-depth < Hle < 1e < 1208
! t i
Web where the whole cross-section is d

n'a n'a < 40
subject to axial compression only I
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Figure 3.25: Rotation of Multiple Types of Portions in the Moment
3.24 Theoretical Analysis of Composite Truss Bridge Superstructure
3.24.1 Design criteria

3.24.1.1 Bridge geometry

The case study will illustrate a long span bridge with 300m (50m for each
span), the bridge will be implemented along a wide valley in the ring road project
around the city, the high of the bridge surface level to the bed level of the valley

approximately around 20m, the main design will focus on the superstructure of the
bridge.

/ ’ | ’\

Figure 3.26: Composite Truss Bridge Section

The superstructure consists of a 12m wide carriageway with 1.25m sidewalk,
and the type of girder will be a double composite truss steel girder with perfobond

Leiste shear connector in both top and bottom flange.
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The girder web truss will be warren type, where the chords carry the bending
in tension or compression and the diagonals carry the show also in tension and
compression and the vertical members carry only panel loads, the connection

between the truss and web will be by welding methods as shown in above Figure

3.26 and Figure 3.27.

The analysis will be for each two continuous spans for 100m continuous

span, and all the details analysis calculations illustrated in (Appendix A.1).

Al Pl P2 P3 P4 PS5 AZ
——350 00— 50.00 —— 50.00 =50 00~————a———20 00 — 50.00 —
[ i il ciamat] i
i e
- 50.00 ~ 50.00 | - 50.00 -+ 50.00- - 50.00 ~ 50.00 - e
‘T " % T 1 T )
‘ = 7 T : )
™, o2 r} (<X L)
1w Conlrucus spen
T 50.00 T 50 00 -
e = =
|
! K !
= St =
P2 P3 P4
two continuous span

Figure 3.27: Bridge Side View and two Continuous Spans
3.24.1.2 Specification of materials
- Steel Reinforcement bars ASTM A615 yield strength fy = 650 MPa
- Steel truss members ST35 fy = 235 MPa (EN 10025)

- Compressive Strength of Concrete: 60 MPa (Girders, Deck Slab, Approach
Slab).

- Compressive Strength of Concrete: 35 MPa (for Curb Stone, Shoulder, New

jersey Barrier).

56



3.24.2 Loading analysis

3.24.2.1 Dead load

The following unit weights of construction materials illustrated at Table 3.5,

shall be used in computing dead load applied to different parts of the bridge

structure.
Table 3.5: Bridge Materials Density
Material Density

Structural steel or cast steel 78.5 kN/m3
Cast iron 72.5 kN/m3
Plain concrete 23.0 kN/m3
Reinforced concrete 24.0 kN/m3
Asphaltic concrete 22.5 KkN/m3

All structures willbe designed to carry an additional dead load (curb to curb)
of 0.75kN/m2.

3.24.2.2 Live load

The live load category is well divided into civilian and military load, each of
these categories consist of several types of standard loading simulations, at last the

biggest value of them will be taken as live load for the design as below:

3.24.2.2.1 Civilian live load according to AASHTO LRFD

Truck design Live Load (HL-93) total weight 325Kn will be used as standard
measured to calculate the total live load applied on the superstructure of the bridge

spans as shown in Figure 3.28.

4}

600mm General o o
35000N  145000N 145000N  399mm Dock Overhang | 0™
|,4300mm_| 4300 to 9000mm | e T 300

Figure 3.28: Truck design Live Load (HL-93)
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Due to the Bending Moment (B.M.)

Simulation of two points of load in the mid spans’ length as in Figure 3.29 to
create the maximum hogging moment at the concrete deck slab and the maximum

sagging moment at the middle of the two spans.

—t-

Figure 3.29: Truck Design Live Load at Mid Span
Due to Shear Force (VL.L.)

The first point of truck load will be at 1.5 from support (p3) of the span (1 &
2) to creating the maximum shear flow at the mid pier support (p3) as shown in detail

by Figure 3.30.

.........

3.24.2.2.2 Military load

The military load classification is divided into two types, the first tracked
vehicles class 100 and second the wheeled vehicles class 100 as illustrated in Table

3.6.
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MILITARY LOADING
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Figure 3.31: Military Loading Classification

Tracked vehicles class 100 total weight 900KN will be used as standard
measured to calculate the total live load applied on the superstructure of the bridge

spans as shown in Table 3.8.
Due to the Bending Moment (B.M.)

In this stage the load of the two tanks will be located on the mid spans as

shown in Figure 3.32.

50 N ) A%0 kN ¢
a1 N/ T 8 oy é'\
AV AV AVAVAVAVAVA ‘[-la'.-‘;&il et ——— '-‘- ‘_.,_*.J,L.j,lﬁ,v,v,—.._.__.,._, 1
i ek =t
H.. 10 - L 25.0 - l |+
Bt mid span mia. spar =t
gt U
-
P2

Figure 3.32: Tank Load Distribution at Mid Spans
Shear Force (VL.L.) Calculations

At this stage the load of the tanks will be located nearest the mid support of
the (p3) getting the maximum shear force applied on the support (p3) as shown in
Figure 3.33.
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Figure 3.33: Tank Load Distribution at Supports

Military wheeled tracked vehicles class 100 live load as in Table 3.8 of the

(ISHL specifications), that the Military wheeled has 5 axles with specific load for
each axle with certain distance.

Bending Moment (B.M.) Calculations

At this stage the wheel tracked will located at the mid span to getting the

maximum hogging moment (negative moment) and the sagging moment (positive
moment) as shown in Figure 3.34.
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Figure 3.34: Military Wheeled Vehicles Load Distribution at Mid Span
Shear Force (VL.L.) Calculations

It can be noticed that is the critical case for shear forces where the two

vehicles near to the support (P3), with 2m distance between the wheeled vehicles as
shown in Figure 3.35.
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Figure 3.35: Military Wheeled Vehicles Load Distribution at Supports

3.24.3 Details bending moment and shear force results

The listed results collected simulated all the dead and live loading cases by
robot structure analysis program, as shown in table 3.7 to table 3.9 gives the analysis
data of the maximum hogging and sagging moment and shear force flow, the

AASHTO LRFD and British specification (BS) 5400 are used at the calculations
approach, which is illustrate in figure 3.35.

Le Le | Le
37 0 26 00 37.00-
20 604 KN. m;
|
8 M f"' N —
43 13,714 KNm {—\; 13,714 KNz 15y
spanl ] span?2
2267 KN
h spani a\\\\ span2
I T N 3334 -+- \"‘-_\»_‘AJ_‘W““
SBO Ao~ — A —= ~~24\
1,133 KN 2,267 KN 1,133 KN

000 l

50 00

Figure 3.36: Maximum Bending Moment and Shear Diagram Per Continuous
Girder

Table 3.6: Details of Dead Loading Results
Dead load of self-weight

5778.13 KN.m per girder
SAG 3250 KN.m per girder
577.81 KN per girder

Bending moment HOG
(B.M)

Shear force (V.L)

Table 3.7: AASHTO Live Load Results
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AASHTO live load

HOG 5,063,976 KN.m per girder

Truck load B.M SAG  3,583.614 KN.m per girder
V.L 264.061 kN per girder
HOG 3,425,556 KN.m per girder
Tandem load B.M SAG 2,788 KN.m per girder
V.L 182.851 kN per girder
HOG 2,420.906 KN.m per girder
Design lane load B.M SAG 1,361 kKN.m per girder
V.L 242.403 kN per girder
HOG 1,639.344 kN.m per girder
Pedestrian load  B.M SAG 922.131 kN.m per girder
(PL) V.L 163.268 kN per girder
Maximum bending moment (Hogging)
= truck load + design lane load + PL 9,124,226 KN.m
Maximum bending moment (sagging)
= truck load + design lane load + PL 3,585,897 KN.m

Table 3.8: BS 5400 and Iraqgi Standards Specifications for Loading Results

BS 5400 and Iraqi standards specifications for loading

HOG 7812 KN.m per girder
UDL load B.M SAG 4394.44 KN.m per girder
V.L 781 KN
HOG 313.83 KN.m per girder
KEL load B.M SAG 261.52 KN.m per girder
V.L 23 KN
HOG 6,700 kKN.m per girder
Track  military B.M SAG 5,094 KN.m per girder
load V.L 713,347 KN.m per girder
HOG 4,945.499 kKN.m per girder
Wheeled military B.M SAG 5,808 KN.m per girder
load V.L 885.599 kN.m per girder
Maximum (B.M) Hog =
track load + 14,825.83 kN.m

UDL and KEL load

Maximum (B.M) sag
wheeled load + 10,463.96 kN.m

UDL and KEL load
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Maximum hogging moment = 14,825.83 + 5778.13 = 20,603.96 » 20,604
KN.m

Maximum sagging moment = 10,463.96 + 3250 = 13,713.96 » 13,714 KN.m

Maximum shear force at support p3 = 577.81 + 781+ 23 + 885.599 = 2,267
KN.m
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4. EXPERIMENTAL PROGRAM

4.1 Introduction

The primary objective of this experiment is to investigate the behavior of
composite girders made of truss steel with two double perfobond ribs shear
connectors in the top and bottom cords installation on three support (two at the end
edge and one in the middle) under two point of static to create sagging and hogging
moment region and take the result of the performance, one type of design concrete
mix will be proposed for the specimens which is a normal weight concrete (NWC),
many features will be adopted for this test to evaluate this structural behavior such as
the elastic and plastic cracks in the positive and negative moment (hogging and
sagging region), the deflection ratio along the girder length, modes of failure, the
load-slip curve for the top shear connector, load- bearing capacity and the girders

ultimate strength.

Additionally, this chapter illustrates all the test steps and procedures for the
specimens, conducting many tests on steel and concrete materials to obtain analysis

data about the mechanical, chemical, and physical characteristics.

Also, the push-out test is used for three specimens of the shear connector to
find the load-slip relationship curve.

This data provides the strength capacity for different dimensions of the

perfobond leiste shear connectors.

4.2 Description and Classification of the Work Specimens

This research consisted of two categories of tested specimens, Overall, eight
composite steel truss girders were cast and four specimens examined for each
category where the length of all specimens was 2620 mm, and the depth of the steel
section vertical and diagonal members of 350 mm, the top and bottom concrete was

in different thickness in every specimen as illustrated later.
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The required concrete compressive strength will be in the range 35 MPa for
the eight main truss girders and 40 MPa for the three push-out tests to get the
required performed leiste shear strength. All the steel sections are from grade Mild
Steel (ASTM A36).

All the composite girders initials materials such as concrete mix, steel and
reinforcement bars, however, all the mechanical and chemical properties well get
tested at the lragi National Center for structural laboratories and Structural

Consultant Laboratory at the Technological University.
The main objective and variables of the experimental work are:
1. The influence of variations perfobond leiste parameters on bond strength.

2. The effective of the ribs plate holes and penetrate steel reinforcement bars

diameter on the slip ratio.
3. The impact of variations in concrete and steel flange thickness.

4. The effectiveness of interaction degree and perfobond leiste spacing on

cracks resistance at hogging moment region and the deflection ratio

5. The effectiveness of the single and double composite on the negative moment

values with influence on elastic hogging moment of resistance.

4.2.1 Specimens of first category

This group consists of four specimens as single composite truss girder
(SCTG) with different dimension and thickness for the concrete and perfobond leiste
ribs shear connector, using range of thickness for the steel flange and vertical and
diagonal truss member with 45° angle and the vertical member located in the middle
and edge, tested with two points of static load till the failure modes occur, Table 4.1,
Table 4.2, Figure 4.1 to Figure 4.3, illustrate the specimens’ details and sections

dimension.
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Figure 4.1: First Category Composite Truss Girder (SCTG) Models. (a) Layout
of Specimen One (SCTG-1), (b) Layout of Specimen Two (SCTG-2).
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Table 4.1: Details of First Category Single Composite Girder Specimen’s

Dimension
Specimen Lengt T-flange B-flange Deck Diagona Concret Truss
S h Thicknes  Thicknes slab | e girde
Model Oof S S Thicknes  Length  Strength r
model (mm) (mm) S (mm) (MPa)  Dept
(mm) (mm) h
(mm)
SCTG-1 2620 6 6 70 495 35 350
SCTG-2 2620 8 8 80 495 35 350
SCTG-3 2620 10 10 90 495 35 350
SCTG-4 2620 12 12 100 495 35 350

Table 4.2: Details of Shear Connector For the First Category Specimens

Specime  Ribs Ribs Ribs Plate  Conne Ribs Rein. Steel

ns Plate Plat Thickne  Hole ct Plate Steel  Strengt
Model Spacin e SS Diamet  Type hole bar h
g Hig  (mm) er (mm) Spacin diamet (MPa)
(mm) ht (mm) g er
(mm (mm)  (mm)
)

SCTG-1  vary 40 20 D.W3 50 — 6 235

SCTG-2  vary 50 25 D.W 3 60 - 10 235

o BN

SCTG-3  vary 60 30 D.W3 70 —12 235

SCTG-4  vary 70 8 35 D.W3 80 - 16 235

Note: D.W3: double welding with 4 mm thickness.

" U."nrn@ o0 Mbmm Ts0 -.-.33:]”.--1@ Jse E'me*@ I?n
steel ribs plate steel ribs plate steel rins plate steel ribs plate
20x150x2mm S50x150xd4mm G0 150xBmm T0x150%8mm

g pieces 8 pieces 8 pieces B pieces

Figure 4.3: First Category (SCTG) Shear Connectors Models
4.2.2 Specimens of second category

This group consists also of four specimens double composite truss girder

(DCTG) with different dimension and thickness for the concrete and perfobond ribs
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shear connector, using range of thickness for the steel flange and diagonal truss

member with 45° and vertical truss member in the edge of the girder, and get tested

with two points of static load till the failure modes occur, Table 4.3, Table 4.4,

Figure 4.4 to Figure 4.6, illustrate the specimens’ details and sections dimension.

Table 4.3: Details of Second Category Specimens’ Dimension

Specimen Lengt T-flange B-flange Deck Diagona Concret Truss
S h Thicknes  Thicknes slab | e Web
Model Oof S S Thicknes Length  Strength  Dept
model mm mm S mm MPa h
mm mm mm
DCTG-1 2620 6 6 70 495 35 350
DCTG-2 2620 8 8 80 495 35 350
DCTG-3 2620 10 10 90 495 35 350
DCTG-4 2620 12 12 100 495 35 350

Table 4.4: Details of Shear Connector for the Second Category Specimens

Specime  Ribs Ribs Ribs Plate  Conne Ribs Rein. Steel
ns Plate Plat Thickne  Hole ct Plate Steel  Strengt
Model Spacin e SS Diamet  Type hole bar h
g Hig mm er mm  Spacin diamet MPa
(mm) ht mm g er
mm mm mm

DCTG-1 vary 5 6 20 D.W3 50 — 6 235
DCTG-2 vary 60 8 25 D.W3 60 - 10 235
DCTG-3 vary 70 10 30 D.W3 70 —12 235
DCTG-4 vary 80 12 35 D.W3 80 — 16 235
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4.2.3 The push — out test for perfobond ribs shear connector

According to EUROCODE 4, three specimens get tested to get results of the
strength capacity and indicate data analysis of the ribs shear connector that will be
used in the composite truss girder specimen, in this test used double-hole steel plates
were used with different diameter for each sample, the dimension of the specimens
was illustrate below in the Table 4.5, the steel bars provided by different diameters
12 mm, 16 mm, and 20 mm, and the average dimension of the shear connector that
will used on the main specimens to find the results and consider them as standard
results for those samples, Figure 4.7(a),(b) and (c) illustrate the properties and

dimensions.

The relative slip of the steel HSS member and side concrete was mainly
measured by LVDT to avoid measurement errors during the test, the relative slip was
conducted by the applied load showing at the jacking gauge, the details will be

shown in Figure 4.8.

Table 4.5: Details of Perfobond Ribs Specimens for Push Out Test

Specimens Ribs  Flange & Plate Con. Ribs Rein. Steel Concrete
Model Plate Ribs Hole Deck Plate Steel bar  Strength  strength
High  Thickness Diameter slab hole diameter MPa MPa
mm mm mm mm  Spacing mm
mm
PRP1 50 6 30 110 150 —-12 235 40
PRP2 80 10 40 140 170 - 16 235 40
PRP3 110 12 50 160 190 - 20 235 40
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Figure 4.8: Position of LVDT Device for the Push-Out Samples
4.3 Experimental Procedure and Specimens Fabrication

4.3.1 The push — out samples fabrication

The fabrication through several steps from cutting the steel plate and the steel
HSS member type diagonals and verticals with the required dimensions, as well as

the cutting progress for the perfobond ribs shear connectors.

All the connections methods get done by MEG type welding, as shown at
Figure 4.9, and for the steel reinforcement of the three samples, bars with diameters
of 10 mm are used with longitude spacing 100 mm and lateral 120 mm, as shown at
Figure 4.10 (a) and (b).

Moreover, a three-casting wooden mold was made each one has two parts, as
illustrate by details drawing in Figure 4.11 to Figure 4.14, it’s get sliding inside the
steel structure by the open path with width 50 mm, until the mold reaches the right
position to be prepared the concrete pouring stage, for three samples required
quintets about 2 m3 of concrete get prepared for the concrete casting stage, the steps

are shown in the Figure 4.15 to Figure 4.17.
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AutoCAD
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Figure 4.14: Wooden Mold of the Push- Out Test Specimens
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Figure 4.17: Final Shape of the Push- Out Specimens

4.3.2 Concrete mix proportion

In accordance with the ASTM C39 specification, concrete cylinders
evaluating 15 cm in diameter and 30 cm in height were fabricated for splitting and
compressive strength assessments during the casting of the concrete slab for each

specimen.
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The nominal concrete compressive strengths and tensile strength attained
after 28 days of curing for the push-out test, Category 1 and Category 2 respectively,
are detailed in Table 4.6.

Table 4.6: Mix Proportion of Concrete

Specimens Design  aggregate  Slump  Water Air % Unit Unit
Model Strength  size(mm)  (mm)  Content Cement  Salinity
(N/mm?2) % (Kg/m3) (Kg/m3)
Push- out 40 <20 80+25 <55 45410 > 230 <03
test
Category 1 25 <20 80+25 <55 45+1.0 > 230 <
Category 2 25 <20 80+25 <55 45410 >230 <

4.3.3 Fabrication procedure of the category one

This type refers to single composite girder connect from the top only, connect
the steel top flange with the concrete deck slab by shear connector, the steel top and
bottom flange made from plate 6-12 mm thickness and the vertical and diagonal truss
member formed as steel tube HSS 50.8 mm x 50.8 mm x 6.35 mm, all the steel
members (perfobond lesite and steel tube HSS) connect with the flanges by MIG
welding of 4 mm thickness (mix of 75% argon and 25% CQO?2).

The perfobond ribs located to the above of top steel flange with different
spacing and the hole in the steel plate made by drilling machine with required
diameter, this category consist deck slab made from reinforcement concrete strength
35 MPa with effective width 400 mm and different in depth from specimen to
another according to drawing 70 — 100 mm with reinforcement steel BRC bars 6—
mm in both longitudinal and lateral ways, the depth of the cross section is 400 mm

all specimens, Figure 4.18 to Figure 4.20 illustrate the manufacturing steps.

80



(b)

Figure 4.18: Manufacturing of Category (SCTG). (a) HSS Diagonals Members
Welding, (b) Cross-Section of the Truss Girder

{ "

—— * ™~ ~ . LA L §

Figure 4.19: Main Structure Body Manufacturing of Category (SCTG). (a) Side
View of the Truss Girder (Steel Plate With Vertical & Diagonal HSS), (b) Side
View of the Truss Girder (Welding Stage of the Bottom HSS)
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(b)

Figure 4.20: Manufacturing of Perfobond Leiste of Category (SCTG). (a) Steel
Plate Cutting Machine with Perfobond Leiste and Holes Bars Welding, (b)
Located of the Perfobond Lesite and Reinforcement Bars at Final Stage

4.3.4 Fabrication procedure of category two

This category type refers to double composite girder connect from the top and
bottom, connect the top steel flange with the concrete deck slab by shear connector,
the top and bottom steel flange also made from plate 6-12 mm thickness, the cutting
system of the plate was by the laser cutting machine as showing at Figure 4.21, the
vertical and diagonal member formed as steel tube (HSS 50.8 x50.8 x 6.35) mm, all
the members connect with the flanges by MIG welding of 4 mm thickness (mix of
75% argon and 25% CO2), the perfobond leiste connect at above the top and bottom
steel flanges by welding, the hole in the steel plate made by drilling machine with
required diameter, this category consist deck slab made from reinforcement concrete
35 MPa pouring with effective width 400 mm and different in depth from specimen

to another 70-100 mm and bottom concrete pouring at the same way that the top
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deck slab, the width of the bottom concrete as the same of steel bottom flange width,
the both concrete had reinforcement steel bars 6~ mm in both longitudinal and
lateral ways, the depth of the steel cross section is 350 mm for all category
specimens, Figure 4.22 to Figure 4.24 illustrates the manufacturing of category two
specimens showing the final steel frame shape for eight specimens of category one

and two before the concrete casting phase.

1
ol

N

o

(L0)

Figure 4.22: Instillation Of Perfobond Leiste for Category Two Specimens
(DCTG). (a) Bottom Perfobond Leiste Shear Connector Installation, (b) Top
Perfobond Leiste Shear Connector

83



Figure 4.23: Holes Steel Plate Bars Instillation of Category Two Specimens
(DCTG). (a) Top Holes Bars of Perfobond Leiste Shear Connector Installation,
(b) Bottom Holes Bars Perfobond Leiste Shear Connector Installation

Figure 4.24: Final Stage of the Category (DCTG) and (SCTG)
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4.3.5 Formwork of the Composite Truss Girder

In total 8 molds are used in the test for the main eight composite truss girder
for the top concrete flanges and bottom flanges these used for the double composite
girder, and 3 wooden molds are used for casting concrete stage for deck slabs of push
out test specimens that will get examined as explained previously in this chapter,
there molds are implemented with 18 mm in thickness of wooden plate, formed
together with nails in method to achieve the required shape and dimensions of the
concrete slab, Figure 4.25 to Figure 4.28 illustrate the shape and dimensions of

wooden molds and installations stage.

Figure 4.25: Main Eight Specimens’ Wooden Molds

85



WO 436

- A02400 W 2620mm .
I o
front view e viow
W 26 20mm
B
(a) “« s
B
top wview
;.__9:.‘.*._'
b MR=40Q W 2620mm
m.%f‘ pod B |peri2
front view sida view
We2620mm
8
(b) o 12436
8
top view
Wh= 4 36
,__ngm_‘ . We= 28 20mm
-“:—E—..ﬂ ﬁ “}"” [ A J}'-ll.
front view side view
. Wa20620mm ‘
B
(C) (I! !! =438
| B
op vew
WO=4 36
\AD=400 , X W 265 20rmm
:—-&’.I A IE'-VOO[ A I}""'
front - view side view
We 2620mm
B
(d) = s
8
lop view

Figure 4.26: Main Eight Specimens’ Top Wooden Molds Drawing Sheets and
Dimensions. (a) Top Molds for the SCTG-1 and DCTG-1, (b) top Molds for the
SCTG-2 and DCTG-2, (c) top Molds for the SCTG-3 and DCTG-3, (d) top
Molds for the SCTG-4 and DCTG-4
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Figure 4.27: Main Eight Specimens’ Bottom Wooden Molds Drawing Sheets
and Dimensions. (a) Bottom Molds for DCTG-1, (b) Bottom Molds for DCTG-2,
(c) for the Bottom Molds of DCTG-3, (d) Bottom Molds for DCTG-4
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Figure 4.28: Main Eight Specimens’ Wooden Molds site Installation. (a)
Supports the Top Mold With Steel Bars By Welding, (b) Top Mold Installation,
(c) Sliding the Molds to the Steel Girder, (d) Bottom Mold Installation for
(DCTG), (e) Bottom and Top Mold Installation, (f) Top Mold Installation for
(DCTG)

4.4 Specimens Materials Properties

All samples of materials to be used in the experiment of cement, fine
aggregate, coarse aggregate, water, reinforcement steel, will check based on the
AASHTO specification and steel ASTM specification and all the above materials
will be thoroughly examined and we get results that show the properties of these
materials through laboratory examination at the Iragi National Center for
Construction Laboratories and Consultant Lab of Technological University.

The following is general information and properties of the materials
considered in the experimental work:
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4.4.1 Cement

Ordinary Portland cement will be used for all experimental work specimens,
all cement bags will be stored in special storages in a laboratory to avoid being
affected by weather factors that affect its properties. Table 4.7 and Table 4.8
illustrate the physical and chemical properties of cement, depending on the results
that have been conducted, the cement conforms to the AASHTO specification.

Table 4.7: Physical Properties of Cement

Physical properties Test results AASHTO Specification
Specific surface area (kg/m2)
(Blaine method) 320 kg/m? 300 to 600 kg/m?
Setting time (Vicat’s method)
Initial setting time: (hrs.: min) 50 minutes 45 minutes
Final setting time: (hrs.: min) 8 hours 30 min 10 hours
Compressive strength, MPa
At 7-day 17 MPa Min. 15 MPa
At 28-day 28 MPa Min. 25 MPa
Loss on Ignition 3.2% Max. 5%
Soundness (Autoclave method) 0.6 % Max. 0.8 % expansion

Table 4.8: Chemical Compounds of Cement

chemical Chemical sample  Content % Limitation of AASHTO
compounds Specification
Loss of ignition L.O. I 2.65 Max. 3.0%
Insoluble I.R 0.6 Max. 1.0%
materials
sulfate SO; 2.2 Max. 3.0%
Chlorides cl 0.04 Max. 0.06%
Tricalcium CsA 59 With Range. 5% to 15%
aluminate
Magnesia MgO 3.6 Max. 6.0%

4.4.2 Fine aggregate

The main fine material is the natural sands with maximum size 4.75 mm,
these materials will be test it and evaluated it according to Iragi specification
N0.45/1984 to find in which zone will be related as shown in Table 4.9 and Table
4.10 Through which the physical and chemical properties of materials are examined,
The gradation of the materials included in the examination, as well as all other
characteristics, indicates their conformity to the Iraqi specification and related to

(zone 2).
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Table 4.9: Grading of the Fine Aggregate

Sieve size Cumulative Limit of the Iraqgi specification N0.45/1984
mm Passing % Zone 1 Zone 2 Zone 3 Zone 4
10 100 100 100 100 100
4.75 95 90-100 90-100 90-100 95-100
2.36 85 60-95 75-100 85-100 95-100
1.18 74 30-70 55-90 75-100 90-100
0.6 32 15-34 35-59 60-79 80-100
0.3 15 5-20 8-30 12-40 15-50
0.15 5 0-10 0-10 0-10 0-15
Finer than 2 Max. 3
0.075

Table 4.10: Chemical Compounds of Natural Sand

Properties Test results Limit of the Iraqi specification N0.45/1984
Specific Gravity 2.8 Min: 2.60
Absorption % 1.5 Max: 2.0%
Sulfate content 0.22 Max: for all structural elements 0.5 %
SO3 %

4.4.3 Coarse aggregate

Crushed gravel with maximum size 10 mm will be used in concrete mix.
these materials will test and evaluated it according to Iraqgi specification N0.45/1984,
Table 4.11 shows the physical properties of materials that get tested, the gradation of
the materials included in the examination test, indicates their conformity to the Iraqi

specification.

Table 4.11: Grading of the Coarse Aggregate

Sieve Cumulative Limit of the Iraqgi specification N0.45/1984
?rizrﬁ Passing % (5-14) mm (5-20) mm (5-40) mm
75 100 100 Not limited Not limited
63 100 Not limited Not limited Not limited
37.5 100 95-100 75-100 Not limited
20 100 35-70 95-100 100
14 100 Not limited Not limited 90-100
10 80 10-40 30-60 50-85
5 7 0-5 0-10 0-10
2.36 3 Not limited Not limited Not limited
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4.4.4 Additional materials

4.4.4.1 Conplast SP- 423 type G

Type of superplasticizer which properties conform to the ASTM C-494-04
specification, the recommended dosage ranges from 0.5% to 2.0 % of the weight of

cement.

Conplast SP-423 is an organic polymer-based, chloride-free workability
retention admixture, the chemical describes this object as brown solution, it dissolves
in the water of the concrete mixture to increase the workability, cohesive and

retardation, a details conplast SP- 423 material sheet located in (Appendix B)

4.4.4.2 Silica fume

It’s a highly reactive pozzolan mentioned and partial cement replacement, by
several physical and chemical properties that this substance contains, by this material
that the durability and high strength can be obtained to concrete mix, in this research
work this product must be conforms the ASTM C-1240-5 limitations, Table 4.12

illustrates the results.
The silica fume material sheet located in (Appendix B)

Table 4.12: Chemical Composition of Silica Fume Product

NO. Compound Chemical Weight % ASTM C-1240-5
Composition Composition %
1 Silica Sio, 90 Min. 85
2 Magnesia Mgo 2.9 Max. 4
3 Alumina Al, 05 0.22 Max. 10
4 sulfate SO3 0.88 Max. 1
5 Iron oxide Fe,0; 1.02 Max. 5
6 Lime CaO 0.83 Max. 6
7 Loss of ignition L.O.l 0.86 Max. 3
4.4.5 Water

All research works for concrete mix, and all specimens get cured process with tap

water without any percentage of salts that may effects on the specimens’ elements.
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4.4.6 Concrete Mix Design

The Ordinary Portland Cement (OPC) in the normal weigh concrete mix

design will be adopted to this research to achieve compressive strength around 35

MPa for the main eight samples and 40 MPa for the three push-out samples, the

mixed materials and preparties conform to the ACI 211.1-91 specifications. Table

4.13 illustrates the mixed design results.

Table 4.13: Concrete Mix Design

Mix  Cement (gravel) (sand) Water Silica Modulus  Density ~ Compressive
Type Kg/m3 Course fine Content Fume SP of Kg/m3 Strength
aggregate  aggregate kg/m3 kg/m3 kg Elasticity (f?) MPa
kg/m3 kg/m3 (Ec)
(GPa)
NwWC 400 364.32 242.88 180 24 3.2 29.58 2298 35
NwWC 400 1200 600 160 20 15 31.62 2400 40

Note: these results of three (150 x 300) mm cylinder test
The modulus of elasticity form = £ = 5000« 4/ f {MPa)
SP: refer to the superplasticizer additive materials
4.5 Steel Materials

4.5.1 Steel truss member and flanges

In this study, steel flanges as steel plate 170 mm x 6 -12 mm in thickness and

a steel tube square HSS 50 mm x 50 mm x 6.35 mm were used for the vertical and

diagonal truss member and square HSS 50 mm x 50 mm x 4 mm used as bottom

member, the sections properties and dimension are illustrated in Table 4.14.

All cutting prouder will be made according to ASTM-A370-2022, The steel

material test performed in the Iragi National center for structural laboratories to find

the mechanical properties; all the results shown in Table 4.15, the steel materials teat

certificate attached to (Appendix B).

Table 4.14: Properties of HSS 2x2x1/4 in and HSS 2x2x5/32 in

Section W It r A Vv V ply N pl Mply I,x103
Kg/m cm* mm cm? cm®/m KN KN KN cm?
V.M 8.0 58.03 17.6 10.25 974.19 76.592 240.776 3.86 31.86
D.M 8.0 58.03 17.6 10.25 974.19 76.592 240.776 3.86 31.86
B.M 6.4 48.36 184 8.18 767.74 59.495 192.291 3.23 27.80
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Where: V.M is vertical HSS member, D.M is diagonal HSS member, B.M is
bottom HSS member, Npl is ultimate resistance to axial force, Vply is plastic
limiting shear force , Mpl,y is Plastic limiting bending moment about y-axis ly is

Area moment of inertia about y-axis, R is radius of gyration about y-axis

Table 4.15: Steel Elements Mechanical Properties

Members Poisson’s Yield strength Ultimate Elongation

ratio (fy) MPa strength %

v) (fu) MPa
Steel Flanges 0.3 280 407 37.7

vertical 0.3 511 520 6
Member
Diagonal 0.3 511 520 6
member

The steel sections are Mild Steel (ASTM ST37) classified as carbon structural steel.

4.5.2 Steel reinforcement

Steel BRC bars with a diameter of 6 mm are placed in the deck slab casting
for the first category as well as the lower base flange casting for the second category
with spacing 150 mm x150 mm c/c in both directions one layer, as shown in Figure
4.29 and Figure 4.30, and steel diameter of 6 mm, 12 mm and 16 mm will be used as

penetrating rebar passing through the rib’s palate hole for each sample.

The required test was made according to ASTM-A615-20 Standards; Table
4.16 shows the results of the steel bars test.

2

80 ESmn |

(b)
Figure 4.29: BRC 150 x150 Reinforcement Details. (a) Reinforcement Bars of
the Top Concrete, (b) Reinforcement Bars of the top Concrete
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Table 4.16: Steel Bars Elements Mechanical Properties

Poisson’s Yield strength  Ultimate strength  Elongation

Bar size ratio (fy) MPa (fu) MPa %
Steel Bars 10 év; 610 690 24
Steel Ears 12 0.3 620 700 21.4
Steel Ears 16 0.3 630 718 23
Steel Ears 20 0.3 614 706 20.5

-

Note: reinforcement bars test results attached to (Appendix B)

(b)

Figure 4.30: Site Reinforcement BRC installation Above the Specimen. (a) BRC
Installation Forthe (SCTG) and (DCTG), (b) Addition Spacer for Cover Control
for the (SCTG) and (DCTG)

4.5.3 Perfobond lesite shear connecter
The main aim is to create a real connection between the steel section and the

concrete deck slab with fully transfer of shear forces, the main factor that affected on
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the is the parameter of the shear connector and the spacing its part, in this experiment
study we will implementation these connectors with variable parameter to study the

difference of effect.

For category one, the length distribution of connectors will be on the top

flange only, Table 4.2 shows the perfobond ribs parameter for (SCTG) specimens.

For category two, the length distribution will be in both the top and bottom
flange, as in Table 4.4 shows the perfobond ribs parameter for (DCTG).

For both category manufacturers, carbon steel plates will be welded, and the
materials will be tested according to the ASTM-A370-2022, Table 4.17 and Figure
4.31.

Table 4.17: Perfobond Leiste shear connector steel plate materials test

Member Poisson’s  Yield strength Ultimate strength Elongation
ratio (v) (fy) MPa (fu) MPa %
Ribs plate 0.3 280 407 37.7
shear
connector

(n) (h)

Figure 4.31: Site Reinforcement BRC Installation Above the Specimen. (a)
Sampling of the Steel Plate, (b) Perfobond Lesite Samples

4.6 Mixing, Poring and Casting Procedure of Concrete

The total quantities that used to be cast on top and bottom flange about 4 m3

get prepared and weighed by electronic mixer at Central concrete mixer.

The normal weight concrete mixing materials as the (cement, sand and
gravel) put into the blender in a gradual manner with the required amount of water,
the mix proses done at two times operation, the first mix time for the top concrete of
the (SCTG) and bottom concrete for (DCTG) and the second time for the top

concrete of the (DCTG) after 24 hours concrete get casting the specimens get flab
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upset down to poring the top slab deck, Figure 4.32 to Figure 4.34 shows the casting
steps for the single and double composite girders.

Figure 4.32: Steps of Concrete Pouring the Main Truss Girder (SCTG) and
(DCTG). (a) Poring the Concrete Mix Stage, (b) Final Step of the top and
Bottom Concrete

w LY

Figure 4.33: Steps of Poring and Concrete Casting of the Main Truss Girder
(SCTG) and (DCTG). (a) Final Poring Shape of all Specimens, (b) Mix
Distribution with Vibration Tools, (¢) Concrete Casting Stage of the (SCTG)
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(a)

(h)

Figure 4.34: Steps of Concrete Casting of the Main Truss Girder (SCTG) and
(DCTG). (a) Concrete Casting Stage of the (DCTG), (b) Concrete Casting Stage
of All Eight Specimens

4.7 Concrete Mechanical Properties

It requires 12 Cylinder inspection for the purpose of evaluating and analyzing
the properties of the concrete that are used, 6 cylinders for the first concrete pouring
of the push out test three sample and 6 cylinders for the main eight composite girder,

Table 4.18 and Figure 4.35 illustrate the steps and properties with the research
requirement and sampling for the test.

Table 4.18: Quality Concrete Control Specification

Test name NO. of specimens Dimension (mm)
Compressive strength £ 10 150 x 300
Splitting tensile strength £, 2 150 x 300
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4.7.1 Compressive strength (f;)

This test was done according to the ASTM C39M by using the cylinder 150
mm x 300 mm to evaluate concrete due to the compressive strength properties using
four specimens then take the average results of the five specimens 14 days and the
other five samples at 28 days, the test done with compression machine capacity 2000

KN at engineering laboratory of Technology university.

Figure 4.35: Compressive Strength Test
4.7.2 Splitting tensile strength (f¢;)

This parameter was performed according to ASTM C496M by using standard
cylinder 150 mm x300 mm, The sample is placed horizontally, and the forces are
shed to the limit of failure and the failure forces are measured for three circular
samples and the rate of these samples is taken. Test results attached to (Appendix B).

Also, the formula below can be used to determine the splitting tensile

strength:

. 2P
Jo=—%
7LD (4.1)

Where: f,; is split strength, P is compressive load, L is length, D is diameter.

5.7.3 Modulus of elasticity (E. )

In the context of the elastic limit of the material, the modulus of elasticity is
defined as the ratio of stress, which is defined as the force per unit area, to strain,

which is defined as the deformation relative to the original length.
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The line will be drawn between the two points that plot on the stress - strain
curve, and the lower point (first one) which refers to the effect of crack in the initial
stage and it’s (0.00005), the upper point (second one) Estimated at about forty

percent of the value of ultimate stress.
Ec=S2-S1/ €2 - 0.0005 (4.2)

Where: Ec is the elastic modulus in MPa, S2 is stress at 40 percent of the
ultimate load in MPa S1 is stress to the strain (0.00005) in MPa, €2 is stress at stress
S2.

4.8 Experimental Measurements and Instrumentation

There are several pieces of equipment required in this experiment study to
measure the data of deflection in the specific point and the strain in the composite
truss steel with concrete girder especially at the deck surface from the initial load

until the failure load.

4.8.1 Strain gauges measurement

Foil strain gauges are sensors that are used to measure the relative changes in

the length of a material that occurs because of the application of forces.

During this stage, the strain evaluation of each part of the steel and concrete
IS measured by strain gauges devices, where six devices typically a metal foil strain
gauges with 120 ohms and GF equals to 2 are used such as (FLA-10-11) to measure

the strain at the steel parts.

While type of (PL-60-11) was used to the concrete deck slab for top and
bottom surface for each specimen, strain devices are in several places as illustrated in
Figure 4.36 to Figure 4.38, and Table 4.19.

Necessary adhesive materials are used to create the required contact between

the strain’s gauges and the elements’ part that are planned to be measured.

Table 4.19: Details of the Strain Gauges Devices

Model Length Gauge Factor Plot location Resistance
FLA-10-11 10 mm 2 steel parts 120 ohms
PL-60-11 60 mm 2 concrete deck slab 120 ohms
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(b)

Figure 4.37: Position of the Strain Gauges for Category One Specimens (SCTG).
(a) Strain Gauge Location Drawing sheet for the (SCTG), (b) Site Installation of
the Strain Gauge for the (SCTG)
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h)

Figure 4.38: Position of the Strain Gauges for Category One Specimens
(DCTG). (a) Strain Gauge Location Drawing Sheet for the (DCTG), (b) Site
Installation of the Strain Gauge for the (DCTG)

4.8.2 Deflection and relative slip indicators

A two LVDT indicator (Linear Variable Differential Transformer) is used in
the main eight specimen test for the purpose of finding deflection in the samples to

be examined in the site (measure linear displacement).

Two device installation in the bottom specimen in the middle distance of the
middle and edge steel support to give the data analysis of the deflection profile that

will increase gradually with loading.

For measured the relative slip ratio of the composite structure by installation
Two LVDT device (3 & 4) in the top for the category (SCTG) and (DCTG) between
the upper steel flange and the upper concrete at the outer face to indicate the
movement at the interaction faces which it’s depending on the type of the perfobond

lesite.
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One LVDT device was used in pushing out test samples to measure the
relative slip between the steel and concrete.

The LVDT work concept is to convert the voltage output from the secondary
coils into a usable signal for measurement and display and gives high accuracy with
low measurement errors at all stages of loading till the failure mode, as in Figure
4.39 to Figure 4.43.

Bl

_l” — i

Figure 4.39: Position of the LVDT Indicator For Category One Specimens
(SCTG)

Figure 4.40: Site Installation of the LVDT Indicator for Category One
Specimens (SCTG)

L

'

Figure 4.41: Position of the LVDT Indicator for Category Two Specimens
(DCTG)
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Figure 4.42: Site Installation of the LVDT Indicator for Category Two
Specimens (DCTG)

() (h)

Figure 4.43: Position of the LVDT Indicator for Push- Out Test Samples. (a)
LVDT Installation (b) LVDT Device

4.9 Examination Steps

The main loading test of the eight main samples and the secondary test which
includes the three push-out samples get performed at the site with special agreement,

all specimens’ categories had the same static loading and support conditions.

The sample to be examined is installation on three supports, two at both ends
and one in the middle of the sample length, sample must be kept prevent from

movement while the strain gauges are located as shown previously in Figure 4.36 to
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Figure 4.38, as well as the two LVDT gauges to read the vertical deflection, Figure
4.39 to Figure 4.43.

The static load applied on the girder in two points of load between the middle
support and the edge support to create the negative moment at the support region and

the positive moment at the middle of support region.

By using the two hydraulic jacking of 3000 KN load capacity, each jack will
apply load on specimen till the failure modes happened, meanwhile the sensors and
devices indicated the required data that illustrate in this chapter, as shown Figure
4.44 to Figure 4.49.
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Figure 4.44: Hydraulic Machine and Load System Design Sheet
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Figure 4.46: Load Operation Setup In Universal Hydraulic Machine for
Category One (SCTG)
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Figure 4.47: Load Operation Setup In Universal Hydraulic Machine for
Category Two (DCTG)

(@) (b)

Figure 4.48: Hydraulic Jack and Data Logger Installation. (a) Indicated Data
Analysis, (b) Data Logger Instrument

(m) (b)

Figure 4.49: Load Hydraulic Machine for Push-Out Test. (a) Load Cell and
Hydraulic Jack (b) Push-Out Samples Under Load
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5. NUMERICAL MODELING AND SIMULATION USING ABAQUS CAE
SOFTWARE COMPUTER PROGRAM

5.1 Introduction

The objective of using numerical modeling and simulation is to solve the
complex analysis criteria of elements, especially the composite materials, while finite
elements considered the most realistic solution of the more complex problem that

will be used in this research.

The main reason for using ABAQUS 2023 software is its exceptional ability
in the analysis of the issues about the plasticity and mechanical problems associated
with this research and give the data of behavior the composite truss. It’s considered
as modern technology with are based on the principle of three-dimensional
representation and the embodiment of the shape to be analyzed. The proposed model
at this chapter prepares three-dimensional design steps for the validated samples
included in the laboratory examination of the one and two categories.

5.2 Finite Element Theory

Knowing that there are several analytical approaches which is used to extract
results from simple geometric models only, and to evaluate the complex structure
element performance it should take in the consideration the numerical techniques due

to the effective way to handle the complex structure geometries.

The finite elements analysis (FEA) nowadays considered the most relative

numerical methods can be used to extract accurate analysis data.

The Abaqus program used finite element analysis to be providing the models
under static load which will be presented as two points of displacement-controlled

loading to the composite truss girder.
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5.3 Materials characteristics and molding

5.3.1 Concrete material

Concrete can be defined using either linear elastic properties or more

complex models that account for plasticity, damage, and other behaviors.

The concrete properties (tensile, strain, softening) can simulate and model the
behavior of concrete with static load.

The tensile resistance characteristics of the concrete that cast surround the
reinforcement bars can be used to simulate the stress transfer between the bars and

concrete.

One of the ABAQUS materials features is concrete damage plasticity (CDP)
used to simulate the damage Impact occurs to concrete due to increasing the load in

both tension and compression and the point of plasticity failure.

In general, brittle materials such as concrete can be simulated by using the
plastic models that are commonly available in Abaqus program, and the (CDP) is the
perfect model that is used for this purpose especially in the phase of plasticity and it
can give as accurate results of the materials response under different types of

circumstances.

There are several (CDP) parameters, illustrated in Table 5.1 such as the
dilatation angle (¥'), can be about the degree of the plastic deformation in the (Kc)
volume and Reflects the volume difference associated with plastic deformation of the
model, and the variety values 20°- 45° which is the percent of the biaxial and the
uniaxial strength (fyo/f:0) and represent the stresses ratio between the stress and
compression, and the plastic number (K) represent the shape factor parameter which
is the mount of the tension to compression and to find the response of the yield
surface model, and the eccentricity of the flow rate (¢) represent how the material
behaves under different stress states, especially in tension and compression, and it’s
defined as the ratio of the distance from the center of the yield surface to the edge of

the yield surface in the direction of the compressive axis.

It reflects how much the yield surface deviates from a perfect circular shape,

values for eccentricity in concrete modeling range from 0.1 to 0.3.
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Lastly, the viscosity parameter (i) which represents the material's resistance
to flow under rapid loading conditions, it gives more realistic simulation to concrete

behavior under static or dynamic loading and especially for sudden impact load.

Generally, the viscosity parameter values range from 0.001 to 0.1 for
concrete material, the main feature of this parameter Centered around about increase
the viscosity parameter can lead to more ductile behavior, that leads to the material to

gradually deform with in loading increasing.

The (dc) and (dt) which are the main features of concrete, can give the
inspection of the concrete damage at compression and at tension regions with values

0 - 0.5 respectively.

Table 5.1: Plasticity Parameter Values of Concrete

Concrete Dilation Viscosity ~ Shape factor  Eccentricity Flow Stresses

type Angle (V) (1) Parameters(kc) (e) ratio (fo/
ch)
NWC 30 0.007985 0.667 0.1 1.16

Note: Dilation angle (¥) is volume expansion during plastic deformation

Viscosity (p) is controlling the smoothness of the transition between damage

states

The eccentricity (g) and Flow Stresses ratio (f3,/fc0) are taken from Abaqus

manual

5.3.2 Steel material definition

To simulate the elastic stage of steel materials which is behaving elastically
up to yield strength which the material begins to deform plastically, the initial
modulus of elasticity (Eg) take as 200,000 MPa and the poison’s ratio (vg) take as
0.3.

For the plastic stage once the applied stress exceeds the yield strength with
adopted the yield stress (f;) values from the tensile strength as mentioned in chapter
four which is For the Perfect Plasticity stage elastic perfect plastic model, and it’s
occurred when the stress reaches the yield strength level the material doesn’t stop to
be deformed even if the stress still in the same value, and the elastic perfect plastic
model can simplify the analysis of structures under the deformations status without

strain hardening rule, Figure 5.1.
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>x(l)

R{t) = Re
Perfect plastic

Figure 5.1: Elastic Perfect Plastic Behavior of Steel Materials
5.4 ABAQUS elements

5.4.1 Selection element types

In general, Abaqus program gives several types of elements and it’s
necessary to understand each element properties to choose the must proper one to

simulate the required model, and it’s dived to four categories as below.

5.4.1.1 Family

It is the most general way to collect many types of elements that are used for
many objective models, the main features of the element’s family are the geometry
of each one such as, continuum solid element, shell elements, beam elements, rigid
elements, membrane elements, infinite elements, truss elements and the special

elements like the springs, dashpots and masses, Figure 5.2.

5.4.1.2 Number of nodes (interpolation)

Structure has many nodes and as more nodes mean greater freedom of
movement (degrees of freedom) for the element, making it more flexible and capable
of bending and deforming with more realism, these gives ability to estimate the

behavior of every node connection response behavior.

And the node interpolation is divided into two main approaches at Abaqus

program such as the first order (Linear) which works with nodes only at their
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corners, like triangles with three nodes and second order (Quadratic) which refer to
elements with both corner nodes and mid-side nodes, Figure 5.3.
5.4.1.3 Degrees of freedom

All the nodes have degrees of freedom (DOF) these simulate how the element
will behave under any type of stress and represent fundamental physical amount such
displacements (up/down, left/right) of the node, rotations, temperature.

5.4.1.4 Integration

It’s a numerical method dividing the element up into many points (integration
points), To find the data about the material behavior at each of these points, and for

more integration points provide more accurate results.

continuum (solid elemeonts) shell elements beam elements
rigid elements membrane elements
; ) —IF— \D\. =
Infinite elements special-purpose truss elements

elements like spnngs,
dashpots, and
masses

Figure 5.2: Common Element Families (ABAQUS User Manual)

3
4
1 2
CPE4 CPES8
First-order Second-order
interpolation interpolation

Figure 5.3: First Order & Second-Order Interpolation (ABAQUS User Manual)
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5.4.2 General element dimension

This category offers a detailed overview of the element types accessible in
Abagus, when each element type is designed for various applications and should be
chosen based on the analytical requirements, geometry, and material behavior such

as illustration below.

5.4.2.1 Elements one dimension

One of these categories is the truss elements and used for example as
Structural frameworks, cable systems or reinforcement bars, and simple tension and
compression analyses, and its type (T2D2: 2-node 2D truss and T3D2: 2-node 3D
truss) used to simulate the response of axial force only so it’s suitable for the linear

static and dynamic analyses.

The other type is beam elements and it’s used to get the data of the
deflections and rotations of the model due to the features of bending, axial force and
shear resistance for the Structural beams, frames, and mechanical linkages analysis
works, This elements types symbol as (B2D2: 2-node 2D beam, B3D2: 2-node 3D
beam) and the (B3D3: 3-node 3D beam).

5.4.2.2 Elements two dimensions

One of this category is shell elements used to simulate the walled structures,
automotive body panels, and tanks due to its feature of handle the bending and
membrane effects and dealing with nonlinear behavior and large deformation,
divided to three types such as (S4: 4-node quadrilateral shell element) and the (S8R:
8-node quadrilateral shell element) with reduced integration and last the (S3: 3-node

triangular shell element).

The second category is Plane Stress Elements used to simulate the Sheet
metal forming, thin-walled structures due to the features of don’t assume the stress in
the thickness direction and fitting the 2D modeling of thin structures, divided to three
types such as (CPS4: 4-node plane stress element), (CPS8: 8-node plane stress

element) and (CPS3: 3-node triangular plane stress element).

The third category is plane strain elements which are used for foundation

problems and soil mechanics huge deformation due to the gives zero strains in the
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thickness direction, divided to three types (CPE4) 4-node plane strain element,
(CPES8) 8-node plane strain element (CPE3) 3-node triangular plane strain element.

5.4.2.3 Elements three dimension

These types of elements are used with three-dimensional models and divided

into two categories:

The first solid elements are used for simulating structural analysis, thermal,
and fluid dynamics analysis due to the capability of modeling complex geometries,
and they’re divided into four types such as (C3D8: 8-node linear hexahedral
element), (C3D10: 10-node quadratic hexahedral element), (C3D4: 4-node linear
tetrahedral element), (C3D10:10-node quadratic tetrahedral element).

The second continuum elements used for simulating the mechanical
components, complex load conditions, and nonlinear analysis, due to the capability
of modeling complex stress states with containing more node for high accurate data,
and it’s divided into two types such as (C3D20: 20-node quadratic hexahedral

element), and (C3D6: 6-node linear triangular element).

5.4.2.4 Specialized elements

These are very important elements in Abaqus program and divided into three
categories as illustrated below:

The first cohesive elements which handle the composite materials, adhesive
joints, and fracture mechanics because it’s ability to solve and simulate damage

initiation and growth and models interface and failure between materials.

The second contact elements which are important to simulate the mechanical
assemblies, clamping systems, and impact loading analysis due to the ability to of

model the surface-to-surface contact.

The third thermal elements for the heat transfer in structures as well as for
solids or fluids materials, divided into two types such as (T2D2) 2-node thermal
conduction element and (T3D2) 2-node 3D thermal element.
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5.5 Numerical Simulation of the Experiment Study Specimen

The main aim of numerical simulation is to create 3D finite elements model
to find out the behavior of the experiment specimen under the static load, nine steps
required in Abaqus program to simulate any specimen, as illustrated in chapter five,

eight specimens will be modeled to make validation study with the experiment study.

5.5.1 Creating parts

In this phase the shape and the dimension of the specimen are obtained and
all its sections such as the steel plate for flanges, the truss frame vertical and diagonal
member, concrete deck slab, perfobond ribs plate shear connector, and the steel

reinforcement bars for the category one and two as in Figure 5.4 and Figure 5.5.

Bottom HSS steel 50x50x4mm disgonal HSS steel member SOx50x6mm

vertical HSS steel SOx50x6mm mud vertical HSS steel member

top and bottom steel flanges perfobond leiste with variable dimension

BRC 150x150mm for the top concert

Steel support Top concrete with thickness (70-100) mm

Remnforcement bar (6416) mm

Figure 5.4: Creating Parts of the Specimens of Category One (SCTG)
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Bottom HSS steel 50x50x4mm diagonal HSS steel member S0x30x6mm

vertical HSS steel S0x50x6mm mid vertical HSS steel member

bottomn perfobond leiste as vanable dimensio top perfobond leiste as variable dimension

Top concrete thickness (70,80,90,100) mm bottom concrete thickness (70,80,90, 100) mm

top and bottom steel flanges

Steel support

BRC 150x300x6mm for the top concert BRC 150x150x6 mm for the bottom concrete

Figure 5.5: Creating Parts of the Specimens of Category Two (DCTG)
5.5.1.1 Top and bottom cords elements

The (S4R) which is the 4-node shell element with reduced integration, it’s
proper element to simulate the top and bottom steel plate flanges (truss chords), this
element’s characteristic involves having six degrees of freedom (3 translations and 3

rotations).

In Additionally, (T3D2) liner 2 node truss elements that can only resist axial
loads, it has no bending stiffness, meaning it cannot carry moments, for modeling
structures where members are subjected primarily to axial forces (tension and
compression), such as trusses, beams, and some frames and can be defined with

different cross-sectional areas and material properties.
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5.5.1.2 Vertical and diagonal truss members elements

(B31) with size 10 mm was used to model the contact of the diagonals and
flanges to each other, diagonal members connect the top and bottom chords and help
in stabilizing the truss against lateral loads, they experience both tension and
compression, this element allows for transfers the shear deformation and simulate the
object as slender beams.

5.5.1.3 Welding element

All welding points in the contact members region will be shell elements
(S4R) 4-node, with size 10 to 25mm to simulate all the welding work as illustrated in
specimens of the experiment study at chapter five.

5.5.1.4 Steel reinforcement bars element

Several approaches can be used to model steel reinforcement bars while the
most used is the embedded approach which can simulate the model by using the
(T2D2) for 2D or (B31) for 3D, especially if the bars were in two layers, it must
specify the properties and spacing and bars cross-sectional area for each layer, and in

this study we used one reinforcement BRC layer, as shown in Figure 5.5.

5.5.1.5 Concrete slab and perfobond leiste ribs element

The (C3D8R) eight node continuum 3D brick element and reduction the
integration command, the main feature is to have three degrees of freedom at each
node and for all the directions, the reduced integration for the solid and shell element
to reduce the solid requirement without effecting on the accuracy of the behavior
analysis data.

5.5.2 Creating materials and assign sections properties

It’s required to create materials characteristics for each parts modeling from
the materials button command to add the properties, in this modeling study materials

as below and Table 5.2.

For the steel plate flanges will behave as an elastic stage with passion’s ratio
0.3 and young modulus 200,000 MPa, and for the steel truss frame and reinforcement
bars will act as elastic perfect plastic behave elastic and plastic, for the elastic stage

the young modulus (E) well be 200,000 MPa and Poisson ratio 0.3.
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For the plastic stage the steel materials are well defined as 690 MPa, 700

MPa and 718 MPa for reinforcement bars —10, —12 and —16 respectively.

However, the steel flanges will be defined as 407 MPa and 520 MPa for HSS
steel truss members (vertical and diagonal) respectively, and 517 MPa for the shear
connector steel plate (ribs plate), these results based on the steel tensile test as

illustrated in chapter five and attached to (Appendix B).

For the concrete materials type normal weight concrete (NWC), divided into
two stages, first the elastic stage, young modulus of concrete (E.) as 2.30E-09
properties data adopted as the results of experiment study test in chapter five, for the

poison ratio (v) well taken as 0.2.

Second, the plastic stage where at this stage the level of loading amount well
shows up the plastic properties plasticity behavior which is defined as concrete
damage plasticity (CDP) model which is had to include:

a- Compressive behavior: included the stress — strain curve results as shown at
the experimental study for the normal weight concrete taken as 35 MPa.

Figure 5.6 the details parameter attached to (Appendix B).

compressive
40
35
30
compressi..
25
20
15
10
5
0
0 0,001 0,002 0,003 0,004 0,005 0,006

Figure 5.6: (CDP) Compression Behavior Curve
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b- Tensile behavior: the results of the experiment study for the concrete were
listed in this parameter as 4.2 MPa to have the same behavior as its response

in chapter five, Figure 5.7 the details parameter shows in (Appendix B).

tensile
4,5
4
3,5
3
tens..
2,5
2
1,5
1
0,5
0
0 0,0005 0,001 0,0015 0,002 0,0025

Figure 5.7: (CDP) Tensile Behavior Curve

Table 5.2: Assign the Materials and Elements for the Specimen’s Parts

& Section Manager X
Name Type Material
BRC members Truss BRC 150X130
bars 6 mm Truss rein 6mm
concrete 35 Sohd, Homogeneous CDP 35
hss members Solid, Homogeneous steel hss
load cell Solid, Homogeneous steel elastic for support
nbs steel Solid, Homogeneous steel nbs plate
steel flange Solid, Homogeneous steel flange
supports Solid, Homogeneous steel elastic for support
Create,.. Edit... Copy... Rename.., Delete... Dismiss

5.5.3 Assembly of specimen parts

At this step, after all parts have been creation as a single (each one alone) and
creating the material and assigning them for every single one, this is step when the
apply the assembling command to make sure of connect all these parts together and
get the final specimen category as one sample in 3D model, as in Figure 5.8 and
Figure 5.9 showing the specimens after assembly for single composite and double

composite girders.
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(n)

(b)

(c)

Figure 5.8: Single Composite Specimens After Assembling. (a) Top Berfobond
Leiste with the BRC 300x150X6 mm, (b) Single Composite Specimen Front &
Side View, (c) Front and 3D View of the Single Composite Truss Girder
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Figure 5.9: Double Composite Specimens after Assembling. (a) Top and Bottom
Berfobond Leiste with the BRC 300x150X6 mm and 150x150x6mm, (b) Double
Composite Specimen Side View With Shear Connectors, (c) Front View of the
Double Composite Truss Girder and Plate Holes Reinforcement Bars, (d) 3D
Model of the Double Composite Truss Girder

5.5.4 Define the analysis step

This step allow to define how your simulation progresses over time or in
response to applied loads from the initial stage till the final stage, in this study
analysis step determines as dynamic-explicit and submitting the parameters that
control the simulation of model and movement and made the time period 1 sec the
time of specimens test under loading, select the dynamic-explicit and specify output
requests to get results during the analysis prosses (stress, strain, displacements of the

contact materials and deflections), Figure 5.10

120



¢ Edit Field Output Reguest X

Name: F-Output-1

Step: loading 150 ton

Procedure: Dynamic, Explicit
| Domain: Whole modef w [] extenicr only
| Frequency: Evenly spaced time intervals  Interval: | 20

Timing: | Output at approximate times v
| Element output position: | |ntegration points

Output Vanables
(@) Select from fist below () Preselected defaults () All ) Edit variables
S, SVAVG, MISESMAX, TSHR E,VE, PE, PEVAVG, PEEQ, PEEQVAVG, PEEQT,PEMAG,LE, U, UT,UR V,A RBANG, RF,RT,RM,C

[W] Stresses s
(W] Strains

(W] Displacement/Velocity/Acceleration ‘
[W] Forces/Reactions
[w] Contact

[] Energy

) Failure/Fracture
[7] Thermal

7] Porous media/Fluids .

" VvV vVvweww

| 4 Output for rebar: @) Include O Only
Output at shell, beam, and layered section points:
(®) Use defaults () Specify:
[ Include local cocrdinate directions when available

| ] Apply filter:  Antialiasing
Figure 5.10: Parameters of Analysis Steps
5.5.5 Interaction of specimens parts
For the creating an interaction property modeling between the surfaces of the
specimens’ parts as below:
4.5.5.1 Contact as tangential behavior

As the interaction between the support (master face as red color) and the
bottom girder (secondary face as pink color), select friction formulation as penalty
with friction coefficient 0.35, as shown at Figure 5.11 (a) & (b).
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Figure 5.11: Contact as Tangential Behavior. (a) Tangential Behavior between
the Bottom steel Flange With Supports (SCTG), (b)Tangential Behavior
Between the Bottom Concrete With Supports (DCTG)

5.5.5.2 Normal behavior

The pressure will act as normal hard contact with allowing separation after
contact, Figure 4.12 (a) & (b), for the (SCTG) and (DCTG) samples.

> 0 ™ -
¥ 19t Comtact hegw

N LT M tama ity
et Papery Ot

“wpree bt

Pt D Detns ’
el L
Fenise Darimnen Marf Cowtact

semtw ot Lol o LI et et cwtod  Jefadt

o o Mow wpertor B ot

(a) (b)

Figure 5.12: Normal Behavior. (a)Tangential Behavior Interaction Property, (b)
Normal Behavior Interaction Property

5.5.5.3 Surface to surface

The interaction between the concrete surface with the steel flange surface of
the truss frame simulated the normal contact.
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5.5.5.4 Tie constraint type

Used for the connection between the steel flanges and the shear connector
ribs, surface of steel flange treated as master surface, and the steel ribs shear
connector and concrete considered as slave surface (secondary surface), as at Figure
5.13 (a), (b), (c) and (d), also for the contact of the holes bars and perfobond leiste
shear connector, also for the vertical, diagonal and bottom HSS members with the

steel flange, as at Figure 5.13 (e) and (f).

(b)

(d)
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Figure 5.13: Tie Constraint Type. (a) Tie Interaction between the Steel Flange
and Perfobond Lesite (SCTG), (b) Tie Interaction between the Reins Bars and
Surround Perfobond Lesite (SCTG), (c) Tie Interaction between the Steel
Flange and Perfobond Lesite (DCTG), (d) Tie Interaction between the Reins
Bars and Surround Perfobond Lesite (DCTG), (e) Tie Interaction between the
HSS Members and Steel Flanges (SCTG), (f) Tie Interaction between the HSS
Members and Steel Flanges (DCTG)

5.5.5.5 Embedded region constraint

Was used for the connection between the BRC reinforcement bars with
concrete and perfobond ribs shear connector and the holes rebars with concrete as
shown in Figure 5.14 (a), (b), (c) and (d).
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(b)

(L

Figure 5.14: Embedded Region Constraint. (a) Embedded Interaction between
the Concrete and top BRC (SCTG), (b) Embedded Interaction between the
Concrete with Top and Bottom BRC (DCTG), (c) Embedded Interaction
between the Concrete and Shear Connector Ribs Plate with Reinforcement
Holes Bars (SCTG), (d) Embedded Interaction between the Concrete and Shear
Connector Perfobond Lesite Ribs Plate with Reinforcement Holes Bars (DCTG)
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5.5.6 Load modeling

It’s represented as physical forces affect the behavior of the structure, in this
study one type of loading is subjected to the composite girder applied to the surface
of concrete slab, as two points of load with maximum 50 tons for each point of
(RP.4) and (RP.5).

By creating constraint coupling as structural distributing to bond the
reference points along the concrete width due to load distribution of the load cell
items located at the region between the supports to find the negative bending moment
at the mid support and how it’s effect on the crack ratio at the top surface concrete as

applied in the experiment study.

It’s necessary to select the reference point in the model to simulate the load
position or for simplicity we can use applied load on the surface supports as three
pined supports and applied the required load amount on the surface deck slab
positions, Figure 5.13(a)&(b).

c Edit Constralm x

Name: load daturbution
Type  Coupling
§ Control poirts m_Set-?
' Surfece 2 Sete7
Coupling type ) Kinernatic
) Contiruum datributng
@ Structural distributing

Contrained degrees of freedom

Weighting method: Uniform ™
Influence radiun: (®) To outermost point on the regaan

) Specify

C5vS (Global) [ A

(b)

Figure 5.15: Loading Modeling. (a) Modeling of the Applied Static Load for
(SCTG) and (DCTG), (b) Coupling Constrain Load Distribution of RP-4 and
RP-5
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5.5.7 Boundary conditions

They are essential for defining the model that interacts with its surrounding
environment, they restrict the movement of nodes in your finite element model with
ensuring to make the specimens model simulate and reflects real-world constraints

movements.

Figure 5.16 (a) shows the boundary conditions that submit to the specimen in
terms of allowing the composite truss girder to move toward the (x-axis) as bending
behavior and deflection, while all lateral response as denotes to the transverse to the
longitudinal axis (y-axis) and the third boundary condition as denotes to the direction
parallel to the longitudinal axis (z-axis)

All the three support well defined as pinned boundary conditions when

allowing part of (DOF) properties to move and restriction the others.

By creating the proper boundary condition from the Load menu and selecting
the nodes or surfaces where you want to apply the boundary to setup the required
condition (RP-1), (RP-2) and (RP-3).

To fix the specimens and restructure it restructured from lateral movement we
need to create the out-of-plane concentrate boundary condition for the (displacement
and rotation) and select the faces of the two edge surfaces, as shown at Figure 5.16
(b) and Figure 5.16 (c), shows the boundary conditions for the (SCTG) and (DCTG).
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Figure 5.16: (a) Supports Boundary Conditions Parameter, (b) Modeling the
Support Boundary Condition of (SCTG), (c) Modeling the Support Boundary
Condition of (DCTG)
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5.5.8 Meshing the specimen model

This operation is defined as the division of the sample into very small
sections, which is very important for the finite element at Abaqus program, and for
the auto mesh creation it’s required to select the primary size which is 25 mm to

achieve accurate results from the shell and solid element.

The element selects well be at this stage, so the required elements listed

below:

1- (S3R) triangular use of the mesh shell element to mesh the steel truss HSS

members as traditional reduces integration.

2- (C3D8I) as rectangular mesh for the concrete deck slab, shear connector

palate and steel flange as incompatible modes.

3- (T3D2) liner truss elements will be used for the steel reinforcement rebars,
it’s important that for cylinder objectives to modify the meshing with medial axis to
have better meshing processing as for the perfobond leiste ribs shear connector,

Figure 5.17 to Figure 5.19 illustrate the submitting the elements mesh.

Figure 5.17: Top and Bottom Slab Meshing
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Figure 5.18: Meshing for Individual parts of the Specimens. (a) HSS Vertical
and Diagonal Members Meshing, (b) Steel Flanges and Perfobond Leiste Shear
Connector, (c) top and Bottom BRC Meshing

Figure 5.19: Entire Meshing of Single Composite Truss Girder (SCTG)
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Figure 5.20: Entire Meshing of Double Composite Truss Girder (DCTG)

5.5.9 Submitting the job analysis

At this stage the analysis process of the simulate model has been done after
submitting the analysis job, to achieve all results of the stress-strain, deflection,
tensile and compressive values of steel and concrete materials and all the response of

the main truss composite girder with the failures modes.

At Figure 5.19, which shows the list of this command, from the precision
command make it from single to double explicit precision, and to get rid of a
problem of many attempts errors that could happen it’s necessary to change the steps

cutback (1A) from 5 to 20.

& tdit Job x
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Analysis product:  Abaqus/Standard
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Figure 5.21: Job Analysis Parameter and Properties
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6. EXPERIMENTAL STUDY AND CAE ABAQUS PROGRAM RESULTS

6.1 Experimental Results and Discussions

6.1.1 Introduction

The objective is to analysis the data and make assessments of all response and
mechanical behavior of the double composite truss girder compared with the single
composite truss girder under the static load and all modes failures. The specimens are

in two categories depending on the geometric section:
1. Single composite truss girder (SCTG)
2. Double composite truss girder (DCTG)

As illustrated in chapter five, an experimental study was performed with a
certain methodology to analysis the data of these categories to study the effectiveness
of the main variables on the strength and capacity of the composite girder under
concentrated static load and hogging moment, and the results of concrete properties
of the examination will be displayed.

Additional results will be discussion related to the specific specimen’s
response such as, Failure modes region and type, initial hogging moment crack
regions due to load, cracks patterns and specimens state due to the ultimate load
capacity, the positive and negative deflection, the slip — load relation due to the

perfobond ribs vary from sample to another with the effect of the degree of interface.

The strain- load relation and the hogging moment girder resistance, the push
out test results of the three-sample were used to determine the design of the shear
connector for the main samples, mainly for the holes and bars diameter and spacing

to get the most accurate results.
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6.1.2 Push-out test

6.1.2.1 Modes of failure

In general, the expected failure modes of (PLR) connectors in this experiment
study are divided into four types: first severe cracking of surround concrete, second
yield of ribs steel and lead to rupture, third yield or fracture of penetrating steel bars

and lastly failure in the steel truss body may occur.

Each perfobonf leiste ribs (PLR) connector failure correspondsdamagesr
more failure modes in each test, where the PRP-1 sample conduct a reinforcement
penetrated bar and sever concrete failure and the PRP-2 conduct the perfobond ribs
plate failure and sever concrete damage at advanced stage of loading, while the
sample PRP-3 shows the sever concrete damage with due to the high strength of
perfobond leiste because of using bigger dimension lead to be more efficient than
surround concrete, moreover, a steel structure of HSS members gets variable

damages at all PRP samples.

6.1.2.2 Load and slip ratio of push out test specimens

The experiment was carried out in a method of gradual load with time until
the failure occurred at ultimate load, Table 6.1, show the process of loading for each
sample respectively, the relative slip result gets measured by using two LVDT
devices located on the steel flange surface and the concrete slabs to collect the data

of the movement that occur between these two elements.

Generally, load-slip curves went through four stages: elastic stage, plastic
stage, strengthening stage, and failure stage, as shown in the Figure 6.1 to Figure 6.3
illustrate the phases of transition from one stage to another depending on the sample

strength and deformation due to applied loading for each sample.

Table 6.1: Details of Load — Slip Measurement for Push Out Test Specimens

Safety Ultimate Load Relative Relative DUCTILITY

Sample factor LoadPu  pg4 & slipof &gy slip of coefficient
YF (KN) (kN) ultimate load design load Eu/ EuK
(mm) (mm)
PRL-1 15 1452 725 27.1 5.2 5.21
PRL-2 1.5 1834 917 19.5 5.3 3.68
PRL-3 1.5 2145 1072 15.2 1.75 8.68

Note: Prq = design resistance of shear connectors.
vF = safety factor, often a value of 1.25-1.5
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Figure 6.1: The Curve Phases of Deformations Transition for Sample (PRP-1)
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Figure 6.2: The Curve Phases of Deformations Transition for Sample (PRP-2)
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Figure 6.3: The Curve Phases of Deformations Transition for Sample (PRP-3)

According to Eurocode 4, The shear connector’s ductility (D) refers to its
ability to withstand large deformations without failing, which is particularly
important in seismic or highly variable loading conditions, which can be determined
by dividing the slip value under ultimate load (§u) over slip value under the design

resistance load (§zq)-
6.1.3 First category (SCTG) results

6.1.3.1 Modes of failure

In this study, the shape of failure that occurs for (SCTG-1) shows sever
cracks in the top concrete under the hydraulic jack location due to applied load, the
main failure located at the bottom HSS steel member and steel flange near the edge
support, failure conduct also at mid HSS steel member due to the high compression
force, for (SCTG-2) shows yield of bottom HSS steel member at the support region
until rupture occurs and under mid HSS member due to the compression force in the
middle support, and for (SCTG-3), very high rupture ration of HSS member at edge

support region and weld failure due to high defection at sagging moment zone.

Also, for (SCTG-4), the same modes of failure of the previous samples but

higher degree of damage due to the higher strength of the upper concrete part, Figure

135



6.4 to Figure 6.7 illustrate the states of failure of each four-specimen belonging to

specimens of category one.

The strength capacity of the specimens are widely different according to the
applied load stage with the fractured point, its shown that (SCTG-2) and (SCTG-1)
get the higher strength with approximately 65 Ton while (SCTG-3) and (SCTG-4)
was the lowest strength capacity with 52 Ton and 50 Ton respectively, and that

reason is due to several factors.

The most important one is the increasing in steel flange and top concrete
decreasing of the ability of the sample to bend during loading, Thus, the loads moved
directly to the bottom of the sample, causing destruction to the steel section near the
mid and edge steel support, where the percentage of increased tolerance between

samples is estimated to 23%.

Figure 6.5: Failure Mode of the SCTG-2
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Figure 6.7: Failure Mode of the SCTG-4

6.1.3.2 Initial crack load (p) and the ultimate crack load (py)

Measuring the cracks with visual inspection at each load stage till the failure
occurs and furthermore, the Stress distribution on concrete deck slab, to get an
analysis data of the crack pattern at the initial crack load till the ultimate crack load
and the period that takes from stage of (p.,) and stage of ( p,;), as showed Table 6.2.

At (SCTG) samples the increase in concrete deck thickness does not affect
directory on the cracking ratio reduction, especially at hogging moment region, the
results show low cracks strength and initial cracks start at primary stage of loading,
as shown in Figure 6.8 to Figure 6.11.
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For (SCTG-1), (SCTG-2), (SCTG-3) and (SCTG-4) samples the initial cracks
appearance at 31.3%, 38.6%, 66.5% and 71.7% respectively of the ultimate applied
load, in other hand, the ultimate cracks which it’s refer to ultimate service load
begins at 75.6%, 77%, 90% and 92.2% of the full applied load.

Most of these cracks of all sample’s appearance in the hogging moment
region which is on the mid top concrete surface due to the high deflection in the
positive moment region, at advanced loading stage the cracks appeared under the

hydraulic jack zone related to concerted load.

Table 6.2: Initial Crack Load (pcr) and the Ultimate Crack Load (Pul) for

(SCTG)
Specimen  F, (KN) D, (mm) Initial cracking Ultimate Remark
Per (KN) cracking py; (KN)
SCTG-1 654 8.98 205 495 H.G.R.C
SCTG-2 658 8.7 254 507 H.G.R.C
SCTG-3 520 10.02 346 471 H.G.R.C
SCTG-4 502 9.8 360 463 H.G.R.C

Note: F,, = total ultimate applied load and D,,= total ultimate defection,
H.G.R.C = hogging moment region cracks

Figure 6.8: Crack Pattern of the SCTG-1
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Figure 6.11: Crack Pattern of the SCTG-4
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6.1.3.3 Load and deflection relationship

By using two LVDT senser device to collect the deflection data from the
bottom cord for each panel due to the positive moment that occurs, Table 6.3

illustrates the results of the four (SCTG) specimens.

the liner response due to the applied load from the start point to the point of
elastic load and the non-liner of the curve between the point of plastic load till the

failure modes reached.

The results show for (SCTG-1), (SCTG-2), (SCTG-3) and (SCTG-4) that
from the elastic load to ultimate load the deflection increasing 47.6%, 64.1%, 82%
and 78.4% respectively, while from plastic load to ultimate load the increasing was

13.4 %, 36.8%, 47% and 59.1% respectively.

There is clearly a significant increase deflection from the initial load stage till
the full loading situation, even from the plastic load stage to full load there is huge

gape of unstable defection control.

The increasing at concrete and steel flanges thickness does not give the girder
any ability to resist the defection, moreover, the results show that the defection at
(SCTG-3) and (SCTG-4) was higher than (SCTG-1) and (SCTG-2) at final load
stage while these two sample had lower deflection at elastic and plastic stages,

Figure 6.12 to and Figure 6.15 illustrates the curves of deflections.

Table 6.3: Experimental Work of Load — Deflection at Bottom Cord For
(SCTG)

Experiment result

Specimen Py
(S
3 3 - £
E § S § 22 w8
aZ = E 2z = E == = &
W o & o < o & 5 3 50
SCTG-1 523 4.70 621 7.77 654 8.98
SCTG-2 520 3.12 629 5.49 658 8.7
SCTG-3 416 1.8 505 531 520 10.02
SCTG-4 387 211 480 4.0 502 9.8
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Figure 6.12: Load-Deflection of the SCTG-1
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Figure 6.13: Load-Deflection of the SCTG-2
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Figure 6.14: Load-Deflection of the SCTG-3
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Figure 6.15: Load-deflection of the SCTG-4

6.1.3.4 Load — strain relationship

The strain is a measure of the deformation of a material which is the change
in the length or size as element response due to an external force, as showing in
Table 6.4 including details results of the top concrete surface (maximum negative

moment) using two strain sensor with symbols (S5) and (S6), and for Table 6.5
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consists results of the lower bottom steel flange (maximum positive moment) using
four strain sensor symbolized as (S1), (S2), (S3) and (S4).

6.1.3.4.1 Load — strain curves of top concrete

The two sensors conduct the response of specimens at the maximum negative
moment regions along the load stages, for (SCTG-1) the results show that the
increase was gradual as liner path at 10.7% of ultimate load, more over the curve
suddenly forward to the opposite direction and continuous increasing until it’s reach
the plastic strain response at 85.3% of fully applied load, the two sensor reading
reached the plastic deformation at the same load stage but with variations in strain
amount about 62.6% due to uneven stress distributions, Figure 6.16.

For (SCTG-2) the two sensors conduct the elastic strain at different load
stages, by taking the lowest strain value as worst case, so the elastic deformation will
be at 22.7% of the ultimate load while the plastic deformation takes place at 28.2%,
at ultimate load the reading shows high strain increasing and decreasing of (S5) and
(S6) respectively, Figure 6.17.

For (SCTG-3) the results illustrate that the final elastic deformation was
reached at 19.6% mean while the plastic deformation was at 30.7% of the ultimate
load, it’s noticed that the surface exposed to high uneven stress distribution and the
strain reading increased to high form elastic to plastic load for (S5) and (S6) as 32%

and 23.3% respectively, Figure 6.18.

For (SCTG-4) sample, the result of strain with number (S5) show it’s reached
the elastic and plastic deformations at 16.3% and 16.5% of ultimate load
respectively, meanwhile, strain (S6) shows very high reading as 72.9% and 91.4%,
big gap between these two senor due to unequaled stresses and it’s can be clear
obvious because at plastic load of each (S5) and (S6) the strain reading 15284 x10~°

and 464x 10~ micro strain respectively, Figure 6.19.

There are no signs of any negative effects of the strain gauge since these
regions are exposed to tensile stress only.

6.1.3.4.2 Load - strain curves of bottom steel flange

The four strain sensors are divided into two sensors for each sagging region

and spaced from each other by certain distance to collect the elongation.
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For (SCTG-1), the results show all strain reached the same amount of elastic
and plastic deformation with 80% and 96% respectively, the strain increasing from

stage to other was 26.7%, Figure 6.20.

For (SCTG-2), the elastic and plastic deformation was at 27.4% and 88.7%
respectively, the strain reading increased from elastic stage to final stage about
93.5%, Figure 6.21

For (SCTG-3), the curve illustrates that elastic and plastic damage starts
when the load reached 43.4% and 93.4% with strain increasing at all stages till the
final stage from 93.5% when the (S4) record 6656 x107°, Figure 6.22.

Lastly, about sample (SCTG-4) the elastic and plastic deformation begins at
very late load stage, 85.6% and 99.4% due to high strength resistance of top concrete

related to its thickness, strain (S1) record was 3947 x107°.

The results show the four strains have different values but same pattern and
the high elastic and plastic percentage for bottom steel flange sensors compared to
very low percentage of top concrete refer to that the upper part exposed to higher

strain ratio, Figure 6.23.

Table 6.4: Experimental Load — Strain at Top Concrete for (SCTG)
Experiment result in micro strain X 107®

Specimen g 3 >

pecime S & & £ L, E g £

= g = g S g ) E

S g < g - g 5 . E

2 E ® E g E B o

F25 %5 Ez§ =3

wS E =9 5¥ 3 T3S 3
Strain-5 68 413 558 670 654 717 0648 719
SCTG-1  Strain-6 67 198 540 250 654 343 648 351
Strain-5 186 380 512 8294 659 15398 611 15398
SCTG-2 Strain-6 150 305 186 401 659 285 611 262
Strain-5 149 4589 160 14303 520 14303 500 14303

SCTG-3 Strain-6 102 284 307 1216 520 2275 500 2270

Strain-5 82 5546 15284 503 15284 422 15284
SCTG-4 Strain-6 367 365 460 464 503 398 422 375

(e}
w
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Figure 6.16: Load- Strain Curve of Top Concrete for the SCTG-1
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Figure 6.17: Load- Strain Curve of Top Concrete for the SCTG-2
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Figure 6.18: Load- Strain Curve of Top Concrete for the SCTG-3
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Figure 6.19: Load- Strain Curve of Top Concrete for the SCTG-4
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Table 6.5: Experimental Bottom Steel Flange Load — Strain for the (SCTG)

Specimens
Experiment result in micro strain X 107
Specimen
§ § < 5
§E § & ® T E§ & &
. % S-tf B f 8.t
8¢ E 8% E & & Fg &
O ~— N— O ~ ~
2% & 7% & £ s T8 ¢
S o = L o = = = S o 5
w n o n ) n L n
Strain- 524 775 630 1144 654 1399 528 1478
1 523 719 635 1086 654 1266 528 1273
SCTG- Strain- 526 738 633 1124 654 1350 528 2779
1 2 525 941 621 1284 654 1529 528 3519
Strain-
3
Strain-
4
Strain- 225 288 631 1183 659 1398 515 3485
1 281 332 604 1093 659 1410 515 2554
SCTG- Strain- 184 205 610 969 659 1075 515 1339
2 2 181 294 585 1119 659 1313 515 1415
Strain-
3
Strain-
4
Strain- 226 369 486 1174 520 1441 424 1559
1 252 232 498 821 520 1087 424 1315
SCTG- Strain- 250 444 500 1399 520 2129 424 4534
3 2 250 426 512 1630 520 2206 424 6656
Strain-
3
Strain-
4
Strain- 431 540 500 1266 503 1428 352 3947
1 438 676 492 990 503 1140 352 1792
SCTG- Strain- 425 617 500 1256 503 1401 352 3225
4 2 426 400 500 824 503 895 352 1919
Strain-
3
Strain-
4
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Figure 6.20: Bottom Steel Flange Load — Strain Curve for the SCTG-1
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Figure 6.21: Bottom Steel Flange Load — Strain Curve for the SCTG-2
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Figure 6.22: Bottom Steel Flange Load — Strain Curve for the SCTG-3
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Figure 6.23: Bottom Steel Flange Load — Strain Curve for the SCTG-4
6.1.3.5 Load — Slip Relationship

By assuming full interaction, (LVVDT-3) installation at left side and (LVDT-4)
installation at right side of the girder, the measurement of the slip amount was made
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during all load stage, as in Table 6.6 shows the details results, the positive records
signs refer to the top concrete movement toward inside structure direction and steel

flange to outside direction and the negative records sign means the opposite.

The sample (SCTG-1) gives variation reading amount at 81.9% of loading

stage and at final load the slip occurs at lift side only, Figure 6.24.

The sample (SCTG-2) at 49.3% shows same reading pattern until the final

load exposed to different slip ratio between the two edges, Figure 6.25.

The results of sample (SCTG-3) show 66% of loading it’s exposed to positive
slip while at 80% it’s suddenly had negative slip and in final stage return to positive

slip, that refers to three different curvatures, Figure 6.26.

Lastly The sample (SCTG-4) at 28.3% positive slip has occurred, and at 64%
till the final load two positive and negative slip occurs at same time, that means the

response was act as two curvatures cycle, Figure 6.27.

The maximum load-slip for (SCTG-1), (SCTG-2), (SCTG-3) and (SCTG-4)
with records 96%, 96.8%, 66% and 22% respectively of the final load.

Table 6.6: Load -Slip for the Specimens and Shear Connector Mechanical
Properties (SCTG)

Sampl  Con. Ultimat Relativ. Maximu Load Relativ.  DUCTILIT
e Strengt e Load e &u mSlip  Pgy (KN) e &uK Y &/ &k

h MPa Pu slip (mm) slip
(KN)  (mm) (mm)

SCTG 35 654 -0.933 -1.38 588.6 -1.21 0.771
-1

SCTG 35 659 -0.652  -0.652 593.1  -0.387 1.684
-2

SCTG 35 520 0.376 0.347 468 0.222 1.693
-3

SCTG 35 503 0.241 0.287 452.7 0.15 1.60
-4

Pr, = load at the beginning of plastic deformation According to Eurocode 4
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Figure 6.25: Load — Slip Curve for the SCTG-2
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6.1.4 Second category (DCTG) results

6.1.4.1 Modes of failure

As mentioned at the first category results, the failure modes shape and the
loading stage for the second category (DCTG) will be illustrated in this section and a
compression study will be done to show the effectiveness of the Double composite
action which refers to the addition lower concrete against the single composite

samples.

Each specimen will be corresponding to one or more failure modes in each
test, Figure 6.28 to Figure 6.31 illustrate the states of failure of each specimen
belonging the results show that for the (DCTG-1) it’s suffered a failure condition of
the advanced type at bottom concrete with steel flange due to the high compassion
stress generated the shear force effect on the section, moreover, concrete detachment
from the perfobond leiste shear connector cause the uplift of the steel flange which

conduct a shear connector failure in this region.

For (DCTG-2) the same mode shape of the previous sample but in less failure
amount, the fractured points start at the lower cord especially at mid bottom concrete
cause shear failure and HSS steel member weld get few fractured, all three support
regions get damaged at the same time, for the (DCTG-3) the results show high failure
at the bottom concrete cord with steel flange separation due to failure of shear
connector, while full fractured of the diagonal HSS member from the bottom, for
(DCTG-4) shows bottom concrete failure at edge near the steel support, while the
mid region give good failure resistance due to the thickness of concrete with good

interaction with shear connectors.

The strength capacity of (DCTG) was higher than the (SCTG) samples by
13%, when this category (DCTG-1), (DCTG-2), (DCTG-3) and (DCTG-4) get
strength results as 71 tons, 61 tons 71 tons and 75 tons respectively.
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Figure 6.29: Failure Mode of the DCTG-2
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Figure 6.31: Failure Mode of the DCTG-4

6.1.4.2 Initial crack load (p.) and ultimate crack load (py)

Cracks indicated by the visual inspection method, the results for this category
(DCTG) show in Table 6.7, including elastic and plastic load to indicate the load
level at which the initial cracks appear until the final cracks appear helps to
understand how (DCTG) effects the delay in the appearance of the initial cracks on

maximum moment zones.

For (DCTG-1), (DCTG-2), (DCTG-3) and (DCTG-4) samples initial cracks
appear at hogging moment region (H.M.R.C) which is on the surface of top concrete
structure due to generated of high negative moment, the results show that cracks
appearance in 44.1%, 61.1%, 66% and 69.3% of the ultimate applied load of
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respectively each samples, and the ultimate service cracks start at 91.1%, 94.9%,
96.6% and 96.8% respectively from the ultimate load.

It’s obvious that the initial carks appeared at intermediate stages of the
loading stage, unlike the (SCTG) samples that appeared at the primary loading stage,
moreover, the ultimate service cracks appeared at very advanced loading stage while
the (SCTG) samples results show it’s appeared at intermediate to advanced stages,
the type of cracks that appeared of the advanced type in the region of negative
momenta, where their occurrence was delayed by bottom concrete which is represent
the double composite, cracks ratio and pattern shape illustrate in Figures 6.32 to
Figures 6.35.

Table 6.7: Initial Crack Load (pcr) and the Ultimate Crack Load (pul) for

(DCTG)
Specimen F, (KN) D, (mm) Initial cracking Ultimate Remark
Per (KN) cracking py (KN)
DCTG-1 725 7.80 320 661 H.M.R.C
DCTG-2 613 5.26 375 582 H.M.R.C
DCTG-3 716 6.14 473 692 H.M.R.C
DCTG-4 754 4.6 523 730 H.M.R.C

Note: F,, and D,,= ultimate load and corresponding ultimate displacement

Figure 6.32: Initial and Ultimate Cracks Pattern of the DCTG-1

156



Figure 6.35: Initial and Ultimate Cracks Pattern of the DCTG-4
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6.1.4.3 Load-Deflection Relationship

By using two LVDT senser devices to collect the deflection data from the
bottom cord connect with the surface of the bottom concrete at maximum positive

moment regions or sagging moment, Table 6.10 illustrates the results.

The results show for (DCTG-1), (DCTG-2), (DCTG-3) and (DCTG-4) from
the elastic load to ultimate load that the deflection increasing 14.1%, 27.3%, 14%
and 14.3% respectively, on other hand, from plastic load to ultimate load the

deflection increasing was 7.6%, 23.1%, 5.2% and 2.1% respectively.

This previous result gives clear vison about the samples response at several
stages, by comparison the (DCTG) with (SCTG) it’s clear obvious the effect of
double composite on decreasing defection ratio for all samples even if the (DCTG)

samples exposed to higher loads.

It’s can notice that the defection ratio from the initial load stage till the full
loading was moderately situation that led to have a specimen with high stable
defection control, even from plastic load stage to full load the increasing was very
low percentage, and the most important features about (DCTG) samples it’s had high
elastic load illustrated as a straight line as show in Figure 6.36 to and Figure 6.39

illustrates the curves of deflections.

Table 6.8: Experimental Workload — Deflection at Bottom Cord for (DCTG)

Experiment result

Specimen  Elastic  Deflection Plastic  Deflection Ultimate Ultimate

Load (mm) Load (mm) Load Deflection

(KN) (KN) (KN) (mm)
DCTG-1 659 6.7 691 7.2 725 7.80
DCTG-2 621 5.30 639 5.61 665 7.3
DCTG-3 636 5.28 701 5.82 716 6.14
DCTG-4 649 3.94 747 4.5 754 4.6
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Figure 6.38: Load-Deflection Curve of the DCTG-3
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Figure 6.39: Load-Deflection Curve of the DCTG-4
6.1.4.4 Load — strain relationship

By adhesive six strain gauge in each specimen to conduct the data of stresses
point at the mid top concrete part which refers to hogging moment region, and for the
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bottom concrete at positive moment region to record the sample response, Table 6.9
and Table 6.10 illustrated the details data.

6.1.4.4.1 Top concrete load — strain curves

Sample (DCTG-1) the elastic deformation load was conducted at (61.5%),
(14.6) while plastic deformation was in 89.1% and 16% from the ultimate loading for
strain (S5) and (S6) respectively, it’s worth mentioning that (S6) reading was higher
than (S5) due to its exposed to high crack zone, Figure 6.40.

While (DCTG-2) was having same strain pattern but different values, for the
two strain sensor (S5) and (S6) reached the elastic deformation at the same load stage
about 17.5%, but for the plastic deformation was recorded at 61.6% and 75.9% from
the ultimate load, at final stage the concrete surface exposed to reflected compression
stress related the sample curvature response and that’s can be clear obvious with the

negative results sign, Figure 6.41.

for (DCTG-3) sample the reading was normal for the first load stage but the
strain (S5) at 27% loading stage conducts high strain reading and counting as the
same amount till the final load, for more details, the elastic strain was for (S5) and
(S6) at the same level while plastic deformation was variable at 28% and 94.7%
respectively, Figure 6.42.

For (DCTG-4) girder the elastic strain deformation takes place at (S5) before
(S6) as 25.8% and 35.4% while the plastic deformation shows up at very closed load
level of the strain sensor at 72.9% and 78.9%, Figure 6.43.

Moreover, the last sample had the most accurate strain data when it had the
same strain increasing pattern till the final load, and that gave evidence about the

initial cracks that showed up at very advanced load stage.

6.1.4.4.2 Bottom concrete load — strain curves

To find the strain mount of the below concrete of the double composite truss
girder, four strain gauges were used, each two located in the positive moment region

collecting the required data of the maximum strain.

At bottom surface of (DCTG-1), the plastic strain of the worst sensor records

case was in (S1) where the ultimate cracks are being propagated and grow at load
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stage 20.1% meanwhile (S2), (S3) and (S4) were at 76.1%, 83.1% and 75.1%
respectively, Figure 6.44.

For (DCTG-2), the four sensors were at same pattern, plastic deformation
(S1) and (S2) were at 84.2%, on other hand the (S3) and (S4) were at 63.4%, that is
good enough if compared with the results of the upper part, Figure 6.45.

Where the sample (DCTG-3) plastic strain was for (S1), (S2) and (S3) was at
85.2%, 84.2% and 73.9% while the strain (S4) conducts the high strain ratio in
earlier load stage with 52%, Figure 6.46.

Lastly for (DCTG-4) all sensors curve was as adequate pattern at 33.1% of
the ultimate load, after that suddenly values get variation, the results show that the
bottom surface exposed to very high tensile stress along the loading stages while low

stress was on the top concrete surface, Figure 6.47.

In average, all strain sensor reading of the (DCTG) samples show It has more
stability and a good fit between the load and the readability of the strain sensor
compared to the (SCTG) samples when it’s show very high stress reading and
variation amount at the same load stage due to unstable and uneven load distribution

on the surface.

The results show that when the stress reaches high level on the top concrete
surface it’s act in the opposite way for the bottom concrete surface, when results
show low strain level, and that’s depend on the variation of the curvature degree of

the composite girder.

162



Table 6.9: Experimental Load — Strain of Top Concrete for (DCTG)

Experiment result in micro strain X 107°

Specimen = o
e 3 € € £ €
- £ = £ B £ o E
sz & 8 £ - £ 5~ E
X £ 7 S Q = =Z S
o = ~— 2 ~— < ~— S ! ~—
S5 = =~ .E E = = - = £
€8s 8 g & =2 g g8 &
ma &» o< & S5¥% & TS &
Strain- 446 214 646 296 725 314 507 208
DCTG- 5 106 103 116 8806 725 8808 507 8808
1 Strain-
6
Strain- 120 170 410 244 665 -56 566  -128
DCTG- 5 117 293 505 90 665 40 566 54
2 Strain-
6

Strain- 102 59 197 5301 717 5301 301 5301
DCTG- 5 103 206 679 2894 717 2574 301 2099
3 Strain-

6

Strain- 159 40 551 131 755 184 549 217
DCTG- 5 268 246 593 379 755 392 549 258
4 Strain-

6

DCTG-1

1000 1000 { 1000 2000 3000 1000 =000 BOOC /000 8000 9000 110000

STRAIN (qE)

Figure 6.40: Load- Strain Curve of Top Concrete for the DCTG-1
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Figure 6.42: Load- Strain Curve of Top Concrete for the DCTG-3
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Figure 6.43: Load- Strain Curve of Top Concrete for the DCTG-4
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Table 6.10: Experimental Load — Strain of Bottom Concrete for the (DCTG)

Specimens
Experiment result in micro strain X 107
Specimen =
= [<5)
= E ¥ E I E g £
< E I E g £ o £
= £ S g 3 £ 5~ E
- g 4 E g 5 Bg £
Z s B g £ 5 Sg =
© o © — = - C © —
w n o n ) n e o
Strain- 100 269 152 1327 725 12643 507 12643
1 220 1666 552 1781 725 1718 507 1400
DCTG- Strain- 400 2543 603 2495 725 2477 507 2479
1 2 225 903 545 1067 725 1071 507 1044
Strain-
3
Strain-
4
Strain- 126 196 560 193 665 158 625 84
1 124 209 570 200 665 376 625 355
DCTG- Strain- 365 365 427 393 665 469 625 472
2 2 256 213 422 256 665 277 625 276
Strain-
3
Strain-
4
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Table 6.12: (Cont.) Experimental Load — Strain of Bottom Concrete for the

(DCTG) Specimens

Experiment result in micro strain X 107

Specimen =
~ — (¢B)
= E ¥ E T £ £ £
= = ; = 1] 1= 1=
~ ~ o ~ (5] ~
= £ o g€ 2 £ 5~ E
- £ J E g £ =Z E
2 = 8 z g s =X
€ & 2 8 = 8 Bg T
[T [ o [ D [ e &
Strain- 204 293 611 336 717 150 644 161
1 321 1021 604 1177 717 795 644 811
DCTG- Strain- 333 2427 530 2551 717 543 644 542
3 2 197 1897 374 2980 717 904 644 900
Strain-
3
Strain-
4
Strain- 462 842 476 908 755 9114 647 9114
1 397 1041 541 2889 755 7770 647 7770
DCTG- Strain- 250 729 481 6051 755 6173 647 6016
4 2 159 -57 250 337 755 88 647 113

Strain-
3
Strain-
4

LOAD (KN)
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e ——— i

Figure 6.44: Load - Strain for Bottom Concrete for the DCTG-1

166



LOAD (KN)

LOAD (KN)

650
600
550
500
450
400
350
300
250
200
160
100

50

50

100

D

150

— STraI0 1

CTG-2

200 250
STRAIN (yiE)

300

350

400

450

w—CUAIN 2 —tarin 3 ee—train 4

Figure 6.45: Load — strain for bottom concrete for the DCTG-2
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Figure 6.47: Load - Strain for Bottom Concrete for the DCTG-4
6.1.4.5 Load — Slip Curves

Assuming full interaction between steel and deck slab, and the measurement
of the slip amount at the edge of the specimen also with each load stage, Table 6.13
shows the required details, to reduce errors in the test, the relative slip is an averaged
from four LVDTSs.

The results revealed that (DCTG-1) sample had negative signs due to pulling
the LVDT sensor that occurs due to increasing the gap between the concrete and
steel flange, so at 23% each LVVDT had certain direction, Figure 6.48.

While the (DCTG-2) had two degrees of curvature due to the reflect in result
sign during the loading process, the maximum elastic slip of all tested samples

occurs at this sample at 24.4% of the ultimate load, Figure 6.48.

For (DCTG-3) had the same slip pattern situation, so at 81% of loading the
LVDT with number (S2) lead to be at positive region, and at final stage all sensors

record exceptionally low slip ratio, Figure 6.49.

Lasty (DCTG-4), show the minimum elastic and plastic slip ratio of all the

samples, even the maximum slip was low compared to others, Figure 6.50.
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The maximum slip for (DCTG-1), (DCTG-2), (DCTG-3) and (DCTG-4)
records at 62%, 81%, 24.4% and 73.9% of each sample final load respectively,

which is elastic slip and decreeing at final load stage.

Table 6.11: Details of Load -Slip for the Specimens (DCTG)

Sample Con.  Ultimate Relative Maximum Load Relative DUCTILITY
Strength  Load Eu slip. Slip Prq (KN) &ukK &u/ EuK

MPa PU (mm) (mm) slip.

(KN) (mm)
DCTG-1 35 725 -0.609 -1.08 652.5 -0.804 0.75
DCTG-2 35 665 -0.160 0.53 645.3 -0.196 0.81
DCTG-3 35 717 0.193 0.28 598.5 -0.077 29.23
DCTG-4 35 755 -0.152 0.27 679.5  -0.0052 35.9

Note: Pr,= load at the beginning plastic deformation of ultimate load
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Figure 6.48: Load — Slip Curve for the DCTG-1
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Figure 6.49: Load - slip curve for the DCTG-2

DCTG-3

700

500 w— VDT 3

400 ——LVDT 4

load (KN)

300

100

-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
relative slip (mm)
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6.2 CAE Abaqus Program Results and Validation

6.2.1 Introduction

The results of this section will express the behavior of all eight specimens of
the single composite girder (SCTG) and double composite girder (DCTG) after
simulating with modeling program under static load, these data will be comparison
with the experiment test results to made validation study after getting all specimens
modeling exactly as the actual experiment test with the same check condition to

verification the analysis method.

6.2.2 Verification of the finite element’s models

The comparison process will be between the two groups, the main focus will
be on Precipitation check results for the these specimens that simulate the actual
response of entire length of the composite truss girder and the effect of the
concentrated load on the deformation behavior such as the deflection ratio due to
load increasing, the capacity of the single and double composite girder, stress- stain
deformation curve for and find the elastic and plastic girder strength, the concrete

cracks pattern and the modes of failure along the specimens well be investigated.
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6.2.3 First category specimens’ program analysis

6.2.3.1 Modes of failure

The results of the simulating model show the failure which occurred to every
sample, as illustrated in Figure 6.52 and Figures 6.53, which is compared to the
experimental test results, The performance of these two tested was give the same
girder strength and exact failure shape situation as its explained in chapter five,
moreover, the numerical analysis gives more accurate details due to optimal test and
materials conditions, also it’s give us the samples failure situation even behand the

experiment actual load test.

S, Mises

SNEG, (fraction = -1.0)

(Avg: 75%)
+4 866e+01

. +4.4616+01
+4.056e+01
+3.650e+01
+3.245e+01
+2.840e+01
+2.434e+01
+2.029e+01

B +8.126e+00
+4.072e¢+00
+1.782e-02 (a)

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+6.537e+02
. +5.992e+02

+5.448e+02 = %

+4.903e+02 .

+4.358e+02 D\ 4

+3.814e+02 ' 4

+3.269e+02 1 _ S _ g

(b)

0000
NN

S, Mises

SNEG, (fraction = -1.0)

(Avg: 100%)
+6.537e+02

. +5.993e+02

LRI

Figure 6.52: Abaqus simulating Failure mode for the SCTG specimens. (a)
tensile and compression stress distribution initial loading stage, (b) tensile and
compression stress distribution half loading stage, (c) damage mode at ultimate
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Figure 6.53: Abaqus simulating steel yielding for the SCTG specimens. (a) steel
yielding at initial loading stage, (b) steel yielding at half loading stage, (c) steel
yielding at ultimate loading stage

For the ultimate load capacity, the Table 6.12 illustrates the specimens load
capacity details for the experiment and simulating of all first category specimens
until the failure takes place, it can notice that the difference in results between the
experiment and Abaqus modelling between 3.6% to 5.1% for the SCTG-1 and
SCTG-2, this toleration percentage seems to be acceptable if we took into account
the amount of variables in this model.
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While the percentage was between 19.4% to 25.1% for SCTG-3 and SCTG-4
and the reason for this difference was due to these samples getting damaged early at

the experiment test to some reason related to steel materials or welding.

Additionally, the single composite truss girder simulate model results shows
that from the initial till the final stage load stage the stress get distribute equally in
the begging in the truss frame until it’s get increasing specially at the diagonal HSS
member at the edge and the medium vertical HSS, till the failure has occurs in the
under cord at the bottom of each of these members which is obvious clear with red
color, while the green areas sever from tensile stress with lower ratio, the simulation
results show that after the actual ultimate load that applied in the experiment test the

diagonal HSS exposed to high buckling damage.

Table 6.12: Experimental and Simulate Results Load — Strength Capacity for

(SCTG)
Experiment result Theoretical results Ultimate
Specimen —pastic Ultimate Plastic Ultimate strength
deformation  strength strength Discrepancy
(KN) (KN) deformation  (KN) Ratio
(KN) %
SCTG-1 621 654 561 622 5.1%
SCTG-2 629 658 582 634 3.6%
SCTG-3 505 520 595 643 19.4%
SCTG-14 480 502 605 671 25.1%

6.2.3.2 Load - deflection relationships

In this part the deflection results of the model that built up with the software
program will be illustrated, It’s can note than there are relative convergence of
results between laboratory experiments and software modeling, taking into account
that the results of the program tend to be more accurate because the conditions for
modeling took all the sample situation as best as possible such as the strength of
concrete and the properties of steel, down to the optimal interaction bond between

steel and concrete, which was considered a fully interaction.

position of deflection node was at the first quarter of the spacemen length, the
collected results found the discrepancy ratio ranges between 2.3% to 6.5% for the
single composite truss girder from the experiment and numerical analysis for all four

specimens, Table 6.15.
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It can be noticed the deflection get increasing after the point of fracture
failure when the bond of concrete and steel get lost, in general, all the samples gave
an approximate result, since the main factor of resistance to deflection was ratio of
the moment of inertia for the composite girder, where at the beginning the curve
show elastic deformation in perfobond leiste where deflection increasing slowly,
Figure 6.54 to Figure 6.57.

Table 6.13: Experimental and Simulate Results Load — Deflection for the

(SCTG)
Experiment result Theoretical results Deflection
Specimen ~Ujtimate  Deflection  Ultimate  Deflection  discrepancy
Load (KN) (mm) Load (KN)  (mm) ratio %
SCTG-1 654 8.98 622 9.2 2.3%
SCTG-2 658 8.7 634 9.31 6.5%
SCTG-3 520 10.02 643 9.7 3.1%
SCTG-4 502 9.8 671 10.1 2.9%
SCTG-1

load (KN)

Figure 6.54: Load — Deflection of Simulate and Experiment Test for the SCTG-1
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Figure 6.55: Load — Deflection of Simulate and Experiment test for the SCTG-2
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Figure 6.56: Load — Deflection of Simulate and Experiment Test for the SCTG-3

176



SCTG-4
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Figure 6.57: Load — Deflection Of Simulate and Experiment Test for the SCTG-
4

6.2.3.3 Load - strain results

For the experiment work it takes six strain gauges at different positions to
collect analysis data for each sample, at the top deck slab with strain samples (S5 and
S6) and for bottom concrete flange or at the bottom steel flange (S1 and S2) for left
and (S3 and S4) for right side especially focusing on the main predicting strain
regions , Therefore, the focus was on the same places in the numerical analysis to
extract its own data from Abaqus software program, the results gets compared with
the results of laboratory examination, due to unevenly stress distributed at the surface
the strain sensor gives different record, for that reason the average records well be
produced to comparison study as shown in Figures 6.58 to Figures 6.62 illustrating
the comparison and differences of the modeling and the experimental work.

Referring to SCTG-1 sample, the strain difference values between experiment
tests than simulating test by Abaqus program reached approximately around 9% for

top surface and 7.3% for the bottom surface and its acceptable percentage.

While for other samples it was 2.5% & 1% for SCTG-2, and 4% & 2% for
SCTG-3, and 4% & 6.2% for SCTG-4 as for top and bottom concrete respectively,
which is considered low discrepancy ratio according to very complex model

including wide variables.
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All the results of simulated models by the software program will be the most
accurate results, as well as depending on the ability to simulate exact materials and

all the parameters to give the same response of the experiment test.
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Figure 6.58: Stain Distribution on the Top And Bottom Surface of (SCTG)
Specimens (A) Top Surface Strain Distribution At Half Load (B) Top Surface
Strain Distribution At Full Load (C) Bottom Surface Strain Distribution At Full
Load
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Figure 6.59: Stain Curve of Experiment and Numerical Simulation SCTG-1
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Figure 6.60: Stain Curve of Experiment and Numerical Simulation SCTG-2
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Figure 6.61: Stain Curve Of Experiment and Numerical Simulation SCTG-3
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Figure 6.62: Stain Curve of Experiment and Numerical Simulation SCTG-4
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6.2.3.4 Load - Slip results

To compare the results for this topic, a point is defined in the simulated
model on the edge end of the concrete segment as (node-1) the same situation for the
steel flange as (node-2), the movement between these two nodes can be explained as
slip ratio, Figure 6.63, illustrated the slip location.

By comparing the simulated results with the actual slip in the experiment
study it had a low discrepancy percentage around 12.3% to 27.5% which considered
to be acceptable, Table 6.16 and Figure 6.63 to Figure 6.68.
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B 27186 0.000 i

..... 1.456 == 0.000 f
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-2.925 0.000 [

3655 0.000 !
-4.385 0.000 |
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Figure 6.63: Slip Location Between Top Concrete and Steel Flange for SCTG
Samples. (a) Before Loading Status (b) Full Loading Status

Table 6.14: Load -Slip For the Specimens and Shear Connector Mechanical

Properties (SCTG)
Experiment results Simulated results Discrepancy
Sample. ~"Con T Ultimate Maximum  Ultimate  Maximum ratio %
Strength  Load Pu Slip Load Slip
MPa (KN) (mm) (kN) (mm)
SCTG-1 35 654 -1.38 622 1.21 12.3%
SCTG-2 35 659 -0.652 634 0.54 17.1%
SCTG-3 35 520 0.347 643 0.42 17.3%
SCTG-4 35 503 0.29 671 0.21 27.5%
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Figure 6.64: Perfobond Leiste Shear Connectors Deformation Due To Slip
Action. (SCTG) (a) Perfobond Leiste Deformation At Half Load, (b) Perfobond
Lesiste Defermation At Full Load, (c) Perfobond Leiste Acting At Half Load, (d)

Perfobond Leiste Acting At Full Load
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Figure 6.65: Load-Slip of the Experiment and Numerical Simulation SCTG-1
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Figure 6.66: Load-Slip of the Experiment and Numerical Simulation SCTG-2
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Figure 6.68: Load-Slip of the Experiment and Numerical Simulation SCTG-4
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6.2.4 Seconds category specimens’ program analysis

6.2.4.1 Modes of failure

For the ultimate load capacity, Table 6.17 illustrates the specimens load
capacity details for the experiment and simulating for the category two specimens
until the failure takes place, it can notice that the difference in results between the
experiment and Abaqus modelling between 4.7% to 14.3%.

At the double composite truss girder simulate model the stress results show
that from the initial till the final stage load stage the distribute equally in the begging
in the truss HSS members frame until it gets increasing especially at the diagonal
HSS member at the edge and the medium vertical HSS, the failure occurs in the

lower cord at the bottom of each of these members.

The compression shear force failure occurs under the mid vertical HSS
leading to uplift of the bottom steel flange from the bottom concrete referring also to
the shear connector failure which reveals different strength capacity values from
sample to another and becomes the most effect featured on the composite girder

capacity, Figure 6.69 to Figure 6.70 illustrate the stages of the mode of failures.

Table 6.15: Experimental and Simulate Results Load — Strength Capacity for

(DCTG)
Experiment result Theoretical results Ultimate
Specimen Plastic Ultimate Plastic Ultimate strength
deformation  strength strength Discrepancy
(KN) (KN)  deformation  (KN) Ratio
(KN) i
DCTG-1 691 725 711 761 4.7%
DCTG-2 639 665 690 776 14.3%
DCTG-3 701 716 731 785 8.7%
DCTG-4 747 754 755 801 5.8%
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Figure 6.69: Abaqus Simulating Failure Mode of the DCTG Specimens (a)
Tensile and Compression Stress Distribution Initial Loading Stage (b) Tensile
and Compression Stress Distribution Half Loading stage (c) Damage Mode At

Ultimate Load
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Figure 6.70: Abaqus Simulating Steel Yielding of DCTG Specimens (a) Steel
Yielding at Initial Loading Stage (b) Steel Yielding at Half Loading Stage (c)
Steel Yielding at Ultimate Loading Stage

6.2.4.2 Load - deflection relationship

This analysis data can be accessed with the assessment and considered
acceptable with the deflection discrepancy ratio 2.6% to 10.1%, all the slight
differences can be considered due to the nature of the existence of relative

differences between theoretical calculations and experiment application.

For this category the results show that the deflection response for all (DCTG)

samples was lower than (SCTG) samples, and this improvement in the properties and
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behavior of samples is considered one of the good properties added to this category,
especially if the load was higher at (DCTG) than (SCTG) by 18.3% and deflection

percentage was less by average 31%.

As illustrated in Table 6.16, the deflection ratio decreased from (DCTG-1) to
the (DCTG-4) with range 37.6% which is good enhancement features.

It’s clear that these deflections values are mainly affected by the thickness of
the concrete and steel flanges at this category unlike the case of the first category,
where it behaves asymptotically with these properties, as shown in Figure 6.71 to
Figure 6.74.

Table 6.16: Experimental and Simulate Results Load — Deflection for the

(DCTG)
Experiment result Theoretical results Deflection
Specimen “Ujtimate  Deflection Ultimate  Deflection discrepancy
Load (mm) Load (KN)  (mm) ratio %
(KN)
DCTG-1 725 7.80 761 8.21 4.9%
DCTG-2 665 7.3 776 7.11 2.6%
DCTG-3 716 6.14 785 5.88 4.2%
DCTG-4 754 4.6 801 5.12 10.1%
DCTG-1

load (KN)

Deflection (mm

Figure 6.71: Load - Deflection of Simulate and Experiment Test for the DCTG-1
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Figure 6.72: Load - Deflection of Simulate and Experiment Test for the DCTG-2
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Figure 6.73: Load - Deflection of Simulate and Experiment Test for the DCTG-3
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DCTG-4
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Figure 6.74: Load — deflection of Simulate and Experiment test for the DCTG-4
6.2.4.3 Load - strain results

As mentioned previously, this section includes comparing study of the
experiment work with six strain gauges with samples (S5 and S6) at the top concrete
and for bottom concrete (S1 and S2) for left side and (S3 and S4).

Therefore, as usual the results were taken for the same of the strain positions
in practical experiment, to extract its own data from Abaqus software program and

compare the results with the results of laboratory examination.

And due to the stress at the surface not evenly distributed when every strain
sensor gives different record so for that reason the average record well be produced
to comparison study, as well as for the load-strain response at the Figures 6.76 to
Figures 6.79 illustrating the comparison and differences according to the increasing
and decreasing strain value for each samples depending on the applied load of the

modeling and the experimental work.

Referring to the strain values, the records at ultimate load was around 12%,
4%, 13.6% and 7% at the top concrete and 7.1%, 14%, 5% and 3% at the bottom
concrete for (DCTG-1), (DCTG-2), (DCTG-3), and (DCTG-4) respectively, as
validation of the experiment test with simulating by Abaqus and tend to be

acceptable percentages.
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For the strain distribution as shown at Figures 6.75, it can explain that the
stresses increasing at the bottom concrete at the edge until the failure get occurs
acting as the response of the experimental test, moreover, the strain ratio at the top
concrete was decreasing and the plastic deformation at the hogging moment region
was conducted at the 90% of the ultimate load, meanwhile, all sagging moment

suffer from high stresses from the early load stage.
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Figure 6.75: Stain Distribution on the Top and Bottom Surface of (DCTG)
Specimens (a) Top And Bottom Surface Strain Distribution At Half Load (b)
Top And Bottom Surface Strain Distribution At Full Load (¢c) Top And Bottom
Surface Strain Distribution At Full Load
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Figure 6.77: Stain Curve Of Experiment and Numerical Simulation DCTG-2
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Figure 6.79: Stain Curve of Experiment and Numerical Simulation DCTG-4

6.2.4.4 Load - slip results

As mentioned previously, a point is defined in the simulated model on the

edge end of the concrete segment as (node 1) the same situation for the steel flange
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as (node 2), the movement between these two nodes can be explained as slip ratio,
Figure 6.80, illustrated the slip location.

By comparing the simulated results with the actual slip in the experiment
study it had low discrepancy percentage with range 6% to 22% which it could be

accepted, Table 6.17 and Figure 6.81 to Figure 6.87 illustrated the results.
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Figure 6.80: Slip Location between Top Concrete and Steel Flange. (a) Before
Loading Status, (b) Full Loading Status

Table 6.17: Load -Slip for the Specimens and Shear Connector Mechanical
Properties (DCTG)

Experiment results Simulated results Discrepancy
Sample ~Con. Ultimate Maximum  Ultimate  Maximum ratio %
Strength  Load Pu Slip Load Slip
MPa (KN) (mm) (kN) (mm)
DCTG- 35 725 -1.08 761 -1.15 6%
1
DCTG- 35 665 0.53 776 -0.64 17%
2
DCTG- 35 717 0.28 785 -0.32 12.5%
3
DCTG- 35 755 0.27 801 -0.21 22%
4
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Figure 6.81: Perfobond Leiste Shear Connectors Response due to Slip Action
(DCTG) (a) Perfobond Leiste Deformation At First Loading Stage (b)
Perfobond Lesiste Defermation At Half Load (c) Perfobond Leiste Acting At
Full Load
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Figure 6.82: Perfobond Leiste and Rein. Bars Acting at Top Steel Flange Due to
Slip Action (DCTG). (a) Perfobond Leiste Acting at First Loading Stage, (b)
Perfobond Leiste Acting at Half Load Stage, (c) Perfobond Leiste Acting at Full
Load Stage
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Figure 6.83: Perfobond Leiste and Rein. Bars Acting at the bottom flange due to
slip action (DCTG). (a) perfobond leiste acting at the First Loading Stage, (b)
Perfobond Leiste Acting at Half Loading Stage, (c) Perfobond Leiste Acting at

the Full Loading Stage
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Figure 6.84: Perfobond Leiste and Rein. Bars Deformation Due to Slip Action
(DCTG). (a) Top Perfobond Leiste Deformation at the first and Full Loading
Stage, (b) Bottom Perfobond Leiste Deformation at the First and Full Loading
Stage
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Figure 6.85: Load-Slip of the Experiment and Numerical Simulation DCTG-1
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Figure 6.86: Load-Slip of the Experiment and Numerical Simulation DCTG-2
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Figure 6.87: Load-Slip of the Experiment and Numerical Simulation DCTG-3
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Summary

This research study aims to investigate the mechanical response consist of the
strength capacity, deflection ratio, the shear connector slip resistance, cracks pattern
related to initial and ultimate cracks and strain-stresses distributions of eight
composite truss girder divided to two main categories, the first one consist of four
single composite truss girder and the second contain four double composite truss
girder that assumed to be used for long continuous spans bridges, and how it is will
behave under the hogging moment force which it reaching the maximum values at

the mid support pier.

Perfobond leiste was used as shear connectors for bonding process between
concrete and steel flange, studying the variables of the slip ratio through loading
stages, for instance, push-out test for three samples was made to conduct the
behaviors of perfobond leiste to create preliminary information data that used for

design appropriate shear connectors for the main composite truss girder.

Obtained this type of continuous long composite girder will allow the
structure designers to implementation the low weight structure with low budget and
higher structure strength and durability compared to the normal prestressed or post-
tension concrete girders with very heavy weight reaching hundreds of tons,
especially when these typical long continuous bridge span suffered from advanced
cracks at the concrete deck slab due to generated high hogging moment at mid

support regions.

The results of this study are illustrated in detail in chapter six, which consists
of an experiment field test and validates the results with simulated model by Abaqus

software program.
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7.2 Conclusions

Based on the results that are obtained from the investigation research study

including experiment and numerical analysis studies the following can be concluded:

1- The proposed method of finite elements analysis appears to be valid for

evaluating the response of Composite truss girder under static load.

2- Strain sensors show less stress values at the top concrete surface (hogging
moment region) for the double composite than the single composite girders by
42.7%, while the bottom surface (sagging moment region) for the two categories

exposed to high stress values.

3- Regarding to the deflection values of the double composite girder was less
than in single composite by 31% which it’s get effected by delay the full interaction
losing point between the top concrete and steel flange due to multiply the ratio of
interaction by the bottom perfobond leiste shear connectors Contribution, moreover,
the elastic and plastic defection resistance for (SCTG) was at 79% and 95.7%
respectively, while the results show improvement for (DCTG) when these

deformation was at 89% and 97.1% respectively.

4- In terms of load-slip ratio the results conduct decreasing of the slip values
from first perfobond leiste shear connectors to the fourth type by 79.2% and 75% for
the (SCTG) and (DCTG) specimens respectively, meanwhile, these slip values gets
decreased within 18.7% in the double composite (DCTG) than the single composite
(SCTG) with high ductility range, which is refer to long phase of plastic deformation
before reaching the fractured point, these causes by decreasing the shear flow over
the top shear connectors by contribution of the bottom shear connector line at
(DCTG) specimens, the details result showing improvement in the ductility for
(DCTG-3) & (DCTG-4) by 90% over than (DCTG-1) & (DCTG-2), while the second

category (SCTG) was showing low ductility ratio for all perfobond leiste samples.

5- Increasing the thickness of the concrete and steel flange layers contributed
to an increase in the moment of inertia of the composite girder, leading to
improvement the deflection resistance, moreover, the double composite feature at
(DCTG) specimens enhanced the deflection resistance from (DCTG-1) to (DCTG-4)
by average 37.6%, while it continues increasing at (SCTG) girders.
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6- The period of load-elastic cracks deformation ratio (initial cracks) at the
double composite girder was beginning at higher load stage than the single
composite with overall average 60% and 49% respectively of the ultimate load, that’s
leading to delay the period of the plastic cracks deformation (ultimate cracks) to
advanced loading stage which is increasing the girder cracks resistance by 11.1%
especially at the hogging moment regions, when the results Illustrated and conduct
plastic cracks for (DCTG) and (SCTG) at 94% and 82.9% of the ultimate load.

7- Results conducted that the girder’s strength capacity at (DCTG) specimens
was higher than (SCTG) within 13%, where the maximum bearing load capacity for
(DCTG-4) girder was 75 tons and for the (SCTG-4) was 65 tons.

8- In general, results revel that the double composite truss girder (DCTG)
gives more enhancement response than single composite truss girder according to all
features, such as elastic and plastic defamation resistance values, these improvement
including delay the initials and ultimate cracks, decreasing the slip ratio, influence
positively on the deflection values and less strain distribution on the concrete surface
that prevent cracks and saving the deck slab bridge from the water and external

environments effect.

7.3 Recommendation
1- Study the effect of lateral torsional buckling and the flexural under static
and dynamic loading for universal composite truss girders.

2- Study the fatigue test of the double composite truss girder under cyclic
loading.

3- Implementation of low relaxation prestressed concrete strands for all

composite truss specimens.

4- Validation study of using stud shear connectors and perfobond lesite ribs

steel plate.

5- Study the effect of the steel truss frame height on the girder strength

capacity and girder response.

6- Design and analysis entire composite truss girder of continuous bridge

using bridge software analysis program.
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APPENDICES

Appendix A.1: Theoretical Design and Analysis of bridge superstructure
Appendix A.1.1: Design Criteria

Appendix A.1.1.1: Bridge Geometry

The case study will illustrate a long span bridge with 300 m which is 50 m for
each span, the bridge will be implemented along a wide valley, the high of the bridge
surface level to the bed level of the valley approximately around 20 m, the main

design will focus on the superstructure of the bridge.

/‘f ’\

Figure A.1: Composite Truss Bridge Section

The superstructure consists of a 12 m wide carriageway with 1.25 m
sidewalk, the type of girder will be double composite truss steel girder with

Perfobond Leiste shear connector in both top and bottom flange.

The girder web truss will be warren type, where the chords carry the bending
in tension and compression and the diagonals carry the shears, also in tension and
compression and the vertical members carry only panel loads, The connection
between the truss and web will be by welding methods, Figure A.2 showing The

design will be for each two continuous spans for 100 m as continuous span.
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Figure A. 2: Bridge Side View and Two Continuous Spans
Appendix A.1.1.2 Specification of Materials
1.Steel Reinforcement ASTM A615 (Grade 60): yield strength fy=420 MPa
2. Steel truss members ST35 fy=350MPa (EN 10025)
3. Compressive Strength of Concrete: 40 MPa (Girders, Deck Slab).
4. Compressive Strength of Concrete: 35 MPa (for Curb Stone, Shoulder,
New jersey Barrier).

Appendix A.1.2 loading

Appendix A.1.2.1 Dead load

The following unit weights of construction materials shall be used in

computing dead load applied to different parts of the bridge structure, Table A.1.
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Table A.1: Construction Materials Density

Material Density
Structural steel or cast steel 78.5 KN/m3
Cast iron 72.5 KN/m3
Plain concrete 23.0 KN/m3
Reinforced concrete 24.0 KN/m3
Asphaltic concrete 22.5 KN/m3

All structures will be designed to carry an additional dead load (curb to curb)
of 0.75kN/m2.

By assuming the concrete deck slab thickness = 0.2 m and asphalt layer =
0.06 m

And assuming flange width of the steel truss beam = 60 cm and girder c/c =
2.5m

KN/m per girder

Minimum A
8.9.2

min

=1 .2[%) deck slab = ft AASHTO table

S=cl/c=2.5m = 8.202 ft

S= (2.5 c¢/c — 0.7 girder flange width) + 0.2 deck slab =2 m = 6.561ft
=1.2 (S +10/30) = 1.2(6.561+10/30) = 0.662 ft = 0.20 m < 0.2 m then ok
take slab deck 0.20 m

Surface wearing is asphalt = 12 x 50 x 0.06 x 22.5 = 810 kN for one span
(0.06 x 2.5 c/c x 22.5) = 3.375 kN/m per girder

Concrete slab = 13.75 x 50 x 0.2 x 24 = 3300 kN for one span

(0.20 x 2.5 c/c x 24) = 12 kN/m per girder

concrete sidewalk = (1.25+0.5) x 50 x 0.32 x24 = 672 kN for one span
(0.32 x 1.75 x 24)/6 = 2.24 KN/m per girder

Steel hand railing and lighting posts = 5.25 KN/m x 50 x 2 = 525 KN for one

span
(5.25/6) = 0.875 KN/m per girder

Total dead load for two spans length 100 m will be:
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= (810 + 3300 + 672 + 39.2) = 4,821.2 KN per span
=(3.375+ 12 + 2.24 + 0.875) = 18.49 kN/m per girder

By Analysis the uniform distribution load with robot structural analysis
program:

(B.M)hog bending moment per girder due to the dead load = 5778.13 KN/m
(B.M)sag bending moment per girder due the dead load = 3250.13 KN/m

(S.F) maximum shear force per girder due to the dead load = 577.81 KN
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Figure A.3: Bending Moment Due to Dead Load
b
- ~
@ 2
3 Z=-18.49 Z=-18.49
3. i = i
g i1 i _1  SFR SN o S M B | £ (A | 2 [ L1 1 :@)
o
% 3,
K
‘o

Figure A.4: Shear Force due to Dead Load

A.1.2.2 Live load

A.1.2.2.1 Civilian live load According to AASHTO LRFD

A.1.2.2.1.1 Truck design Live Load (HL-93) total weight 325kN

R
35000N  145000N 145.000N 300mm Decx Overmang | 1200
|.4300mm_| 4300 to 9000mm | Deilon Lane 3000 mit

Figure A.5: Truck design Live Load (HL-93)
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First due to the Bending Moment (B.M.)
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Figure A.6: Truck design live load at mid span

- (B.M.) at center of girder at mid span using robot structural analysis program,
the second point of truck load will be at the center of the span.
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Figure A.7: Bending Moment Due to HL-93 Truck Live load at Mid Span
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Figure A.8: Reactions Due to HL-93 Truck Live Load at Mid Span

(B.M.)hog per Lane = 3047.22 kN.m
The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F) = Spacing of girder /3 =2.5m/3m = 0.833

B.M. girder= (B.M.) per lane x D.F.
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B.M. girder = 3047.22 x 0.833 = 2,538.334 KN.m

Impact is 1.33 as per AASHTO LRFD 2017 clause § 3.6.2.1 and applied only

for truk or tandem of HL93 loads, but not for design lane, pedestrian loads.
B.M. per girder = 2,538.334 kN.m x 1.33 = 3,375,984 kN.m
Load factors according to AASHTO Sec. 3.4 per girder will be (1.5)
(B.M.)hog per girder = 3,375,984 kN.m x 1.5 = 5,063,976 kN.m
(B.M.)sag per Lane = 1997.37 kN.m
The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F) = Spacing of girder /3 =2.5m / 3m = 0.833
B.M. girder= (B.M.) per lane x D.F.
B.M. girder = 2156.42 x 0.833 = 1,796.297 KN.m

Impact is 1.33 as per AASHTO LRFD 2017 clause § 3.6.2.1 and applied only
for truk or tandem of HL93 loads, but not for design lane, pedestrian loads.

B.M. per girder = 1,796.297 KN.m x 1.33 = 2,389.076 kN.m

Load factors according to AASHTO Sec. 3.4 per girder will be (1.5)
(B.M.)sag per girder = 2,389.076 kN.m x 1.5 = 3,583.614 kN.m
Second due to Shear Force (VL.L.)

The first point of truck load will be at 1.5 from support p3 of the span 1 & 2

ral
3.5 | - L - : NI
| ; il 1 i i
L] nid span I IR
two continuous spal
Figure A.9: Truck Design Live Load at Support p3
(B.M.) when the loading near to support (p3) using robot structural analysis

program.
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Figure A.10: Bending Moment Due to HL-93 Truck Live Load at Mid Support

Maximum (VL.L) with Reactions near support p3 using robot structural

analysis program.
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Figure A.11: Reactions Due to HL-93 Truck Live Load at Mid Support
The reaction on each support (p2) = 7.72 KN

The reaction on each support (p4) = 24.98 KN

The reaction on support (p3) = 617.30 KN

Maximum shear force will be taken as (317 kN) per lane

The lane width for civilian load is 3m according to AASHTO LRFD 2017
Distributing Factor (D.F) = Spacing of the girder /3 m=2.5m / 3m = 0.833
(Shear Force) per girder = (Shear Force) per lane x D.F

(Shear Force) per girder = 317 KN x 0.833 = 264.061 kN
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A.1.2.2.1.2 Tandem Design LivelLoad
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Figure A.12: Tandem design Live Load (HL-93) tire plane
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Figure A.13: Tandem Design Live Load at Mid Span

- (B.M.) at center of girder at mid span using robot structural analysis program
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Figure A.14: Bending Moment as Tandem Design Live Load At Mid Span
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Figure A.15: Shear Force as Tandem Design Live Load at Mid Span

(B.M.)hog per Lane = 2061.31 KN.m

The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F) = Spacing of girder /3 = 2.5m /3m = 0.833

B.M. girder= (B.M) per lane x D.F.

B.M. girder =2061.31 x 0.833 = 1,717.071 KN.m

Impact is 1.33 as per AASHTO LRFD 2017 clause § 3.6.2.1 and applied only
for trukand tandem of HL93 loads, but not for design lane, pedestrian loads.

B.M. girder =1,717.071 KN.m x 1.33 = 2,283.704 kN.m

Load factors according to AASHTO Sec. 3.4 per girder will be (1.5)
(B.M)hog per girder = 2,283.704 kN.m x 1.5 = 3,425,556 kN.m
(B.M)sag per Lane = 1678 kN.m

The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F.) = Spacing of girder /3 =2.5m /3m = 0.833
B.M. girder= (B.M.) per lane x D.F.

B.M. girder = 1678 x 0.833 = 1,397.774 KN.m

Impact is 1.33 as per AASHTO LRFD 2017 clause § 3.6.2.1 and applied only

for trukand tandem of HL93 loads, but not for design lane, pedestrian loads.
B.M. girder = 1,397.774 KN.m x 1.33 = 1,859 KN.m
Load factors according to AASHTO Sec. 3.4 per girder will be (1.5)

(B.M)sag per girder = 1,859 kN.m x 1.5 = 2,788 kN.m
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Second due to Shear Force (VL.L.)
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Figure A.16: Tandem Design Live Load At Support p3

- Reactions with maximum (VL. L) using robot structural analysis program
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Figure A.17: Bending Moment as Tandem Design Live Load at Support p3
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Figure A.18: Shear Force as Tandem Design Live Load at Support p3

The reaction on each support (p2) = 0.49 KN

The reaction on each support (p4) = 0.49 KN

The reaction on support (p3) = 439.02 KN

Maximum shear force will be taken as (219.51 kN) per lane

The lane width for civilian load is 3m according to AASHTO LRFD 2017

216



Distributing Factor (D.F.) = Spacing of the girder /3 m=2.5m /3m = 0.833
(Shear Force) per girder = (Shear Force) per lane x D.F.

(Shear Force) per girder = 219.51 kN x 0.833 = 182.851 kN

A.1.2.2.1.3 Design Lane Live load

Design lane consists of uniformly distributed load of 9.3 kN/m design lane

load is assumed to be uniformly distributed over a width of (3.0m).

IR

Figure A.19: Typical Design Lane Live load

- (B.M.) at center of girder at mid span using robot structural analysis program
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Figure A.20: Bending Moment Design Lane Live load

(B.M.)hog per Lane = 2906.25 kN.m

The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F.) = Spacing of girder /3 = 2.5m /3m = 0.833

B.M girder= (B.M.) per lane x D.F.

(B.M)hog girder = 2906.25 x 0.833 = 2,421 KN.m

(B.M)sag per Lane = 1634.73 kN.m

The lane width for civilian load is 3.00 m AASHTO LRFD 2017
Distributing Factor (D.F.) = Spacing of girder /3 =2.5m /3m = 0.833

B.M girder= (B.M.) per lane x D.F.

(B.M)sag girder = 1634.73 KN.m x 0.833 = 1,361 kN.m
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Figure A. 21: Shear Force Design Lane Live load

The reaction on each support (p2) = 174.37 KN

The reaction on each support (p4) = 174.38 KN

The reaction on support (p3) = 581.25 KN

Maximum shear force will be taken as (291 kN) per lane

The lane width for civilian load is 3m according to AASHTO LRFD 2017
Distributing Factor (D.F) = Spacing of the girder /3 m=2.5m /3m = 0.833
(Shear Force) per girder = (Shear Force) per lane x D.F

(Shear Force) per girder = 291 kKN x 0.833 = 242.403 kN

HL-93 is the maximum of the two of these:

First Design Tandem + Design Lane or Design Truck + Design Lane

110KN 110KN

I 1.2m|

| | | | } 9.3 k/m

o

Figure A.22: HL-93 Truck Live Load and Lane Live Load
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Figure A.23: HL-93 Tandem and lane Design Live Load

Bending moment, the truck load = 5,063,976 kN.m
Shear force truck load = 264.061 kN

Bending moment tandem load = 3,425,556 kN.m
Shear force tandem = 182.851 kN

Bending moment design live load = 2,420.906 kN.m
Shear force tandem load = 242.403 kN

Then use truck load + lane load

Maximum bending moment = 5,063,976 kN.m + 2,420.906 kKN.m =
7,484,882 KN.m

Maximum shear force = 264.061 kN + 242.403 kN = 506.464 kN

A.1.2.2.1.4 Pedestrian load (PL)
A pedestrian load of 3.6 KN/m? shall be applied to all sidewalks

3.6KN/m? x 1.75 m = 6.3 KN uniform load per span

Vo)
P
) pZ=-6.30 | =2 {. pZ=-6.30
| [ ] ]
1£ g0 3 1.1, ',.;~ R s s g i1 __'? ’ ‘- K= it i&
o A o
o &
s =

Figure A.24: Bending Moments due to Pedestrian Load
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Figure A.25: Shear Force Due to Pedestrian Load

The bending hogging moment with robot structural analysis = 1968 KN.m

Distributing Factor (D.F.) = Spacing of the girder /3 m=2.5m /3m = 0.833

(B.M) per girder = (Shear Force) per lane x D.F.

(B.M)hog per girder = 1968 kN.m x 0.833 = 1,639.344 kN.m

The bending sagging moment with robot structural analysis = 1107 KN.m

Distributing Factor (D.F.) = Spacing of the girder /3 m=2.5m /3m = 0.833

(B.M) per girder = (Shear Force) per lane x D.F.

(B.M)sag per girder = 1107 kN.m x 0.833 = 922.131 kN.m

The shear with robot structural analysis = 196 KN

Distributing Factor (D.F.) = Spacing of the girder /3 m=2.5m /3m = 0.833

(S.F) per girder = (Shear Force) per lane x D.F.

(S.F) per girder = 196 kN x 0.833 = 163.268 kN

A.1.2.2.2 Civilian live load According to BS 5400 with Iraqi
Specifications

As The Vehicle loads (moving loads) For Road and Bridge, 1978” (civil and
military live loads)
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A.1.2.2.2.1 (UDL and KEL loading)
Table A.2: Iragi Standard for Road and Bridges

' CARRIAGEWAY WIDTH |vo oF Lanes l
| — = - ———
,7 - — = T, = |
ABOVE 16 FEET (2-88m.) UP TO & INCLUDING 24 FEET (7-31m) | Z ;
*» 24 C73I'm.) ~ =~ = - 36 (10-97rm) 3
b o 36 v (1O97m) ~ =+ -+ . <8 (1#-G3m.) | 4 |
[ v 48 - (1e-GC3m) . - GO ~ (18-29m.) 5 ’
. = J

The carriageway of the bridge = 12 m table 3.1 the number of lanes = 4

The lane width=3 m>23m
For 50m loaded span, for transverse slabs per linear meter of 3.05m lane and
designed lane of the bridge =3 m
KEL

UDL

LI ILULITITE LIRS L]
A O
- L .

Figure A.26: Civilian Loading (KEL: Knife Edge Load / UDL: Uniformly
Distributed Load)

UDL = 2360 kg/m per lane = 23.6 KN/m per lane

Modified UDL = 23.6 KN/m x 3 /3.05 = 23.213 kN/m per lane

UDL per Girder (spacing = 2.5 m) = UDL x spacing / lane width

UDL per Girder = 23.213 x 2.5 m/3 m=19.344 kKN/m per girder

KEL= 4018 kg/3m (lane width) = 1339 kg /m (see table in page 4 from

(ISHL)
KEL = 13.39 kN/m (assume 1,000 kg= 10 kN)
KEL = 13.39 kN/m x Lane width =13.39 kN/m x 3m=40.17 kN per lane

KEL per Girder=40.17 kN x 2.5 m/3 m = 33.475 kN per girder
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Sidewalk live loading = 3.91 KN/m2 x 1.75 m = 6.842 kN/m uniform

loading per lane

Sidewalk live loading per girder = 6.842 kN/m x 2.5 m/3m = 5.701 KN/m per

girder
Total uniform loading per girder = 19.344 kN/m + 5.701 kKN/m = 25.045
KN/m
Using robot structural analysis to find bending moment to due uniform load
The maximum (B.M)hog due to UDL and S.W loading = 7812 KN.m per
girder
The maximum (B.M)sag due to UDL and S.W loading = 4394.44 KN.m per
girder
The maximum (B.M)hog due to KEL loading = 313.83 KN.m per girder
The maximum (B.M)sag due to KEL loading = 261.52 KN.m per girder
pZ=-25.00 | | pZ2=-25.00
FS ! X 12 £
Figure A.27: UDL and Sidewalk Bending Moment Per Girder
3_ pZ=-25.00 pZ=-25.00
Iy 1 £ 2 -

Figure A.28: UDL and Sidewalk Shear Force Per Girder
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Figure A.29: KEL Bending Moment Per Girder
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Figure A.30: KEL Shear Force Per Girder
A.1.2.2.2.2 Military load
The military load classification to two types as illustrated in Figure A.31.
MILITARY LOADING
| 2 3 4 5 6
HYPOTHTICAL VEIBCLESFOR CLASSIFICATION OF OF ACTUAL VEHICLES AND BRIDGES
| WHEELED VEHICLES CLASS 100
TRACKED VEECLES T VAKSNAE ‘ -
R AXLE LOADS & SPACING ANLE MINEMUM 'WHEEL SPACING AND TYRE SIZES OF N
‘ ) g g LOADING CRITICAL AXLE TYRE SZF
| SHRTTONS )
| SN ANL BNCLE ANLE ~
/’ 83 0 e e LD x 0 yeer |
\
O T
- SPm - ( we 535 ‘
| | 19 Tims Wi T D Bl Dot ™ Imm - “u"::.-.,.. - A
" Sl Udm -~ Kie- . e oo WO AL WOCREANLE 0153 | WNIN ANLE =053 5
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Figure A.31: Military Loading Classification
A.1.2.2.2.2.1 Tracked class 100 live load (tank 900 KN)
First due to the Bending Moment (B.M.)

The worst case will be when this Tank is in the middle of the span.
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The Tank has 2 tracks, so each track will have 900/2= 450 kN.
The distributed load per track will be 450 kKN/5.49 m = 81.97 kN/m
The reaction on each support (p2, p4) = 5P/16 = 140.625 KN

The reaction on support (p3) = 11P/8 = 618.75 KN

450 KN tonk 450 kN tonk

—2543

81.97N /m 81.97k8 /m
vﬁVAVAVAvavAvAv'K ‘T'."sv‘v‘x‘v‘v;vzszvAv.gv‘v.sv’i"75v4v‘vav;v;1;mvz
: e s
25.00—— 25.00—— |
ity mid span = mid span
r 50.00 -— 50.00 -
P2 P3 P4

two continuous span
Figure A.32: Tank Load Distribution at Mid Spans

(B.M.) at center of girder at first mid span using sky civ analysis program

3T 27740
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Figure A.33: Load Distribution with the Bridge Spans

Table A.2: Track Class 100 Analysis Results at mid Spans

Support at X Y Mx
0 O kN 140.969 kKN 0 KN-m

100 KN 140 969 kN 0 kN-m

Force Extremes

Result Max Min

Bending Moment 3194 697 kKN-m -4201.939 kN-

224



(B.M.)hog at first mid span = 4201.939 kN.m

Since we have 2 tracks then (B.M.) two tracks= 2 x 4201.939 = 8,403.878
kN.m per lane. The lane width for military load is 4.5m (Page 9 from ISHL).

Distributing Factor (D.F.) = Spacing of girder /4.5=2.5/4.5=0.555
(B.M.) girder = (B.M.) per lane x D.F.

(B.M.) girder = 8,403.878 x 0.555 = 4,664.152 kN.m

Impact Factor = 0.21 (Table Page 10 from (ISHL)). Table 3.1

For tracked load, the Impact Factor is divided by 2 (note 5 page 9 from
(ISHL))

Impact Factor = 0.21/2 = 0.105
(B.M.) girder = 4,664.152 x 1.105 = 5,153.888 kN.m

According to Iraqi Specifications (ISHL)-pg. 11 item 3-B, increase allowable
stresses by 1.3 (longitudinal load)

(B.M.)hog girder = 5,153.888 x 1.3 = 6,700 kN.m
(B.M.)sag at first mid span = 3194.697 kN.m

Since we have 2 tracks then (B.M.) two tracks= 2 x 3194.697= 6,389.394
KN.m per lane. The lane width for military load is 4.5m (Page 9 from ISHL).

Distributing Factor (D.F.) = Spacing of girder /4.5 =2.5/4.5 = 0.555
(B.M.) girder = (B.M.) per lane x D.F.

(B.M.) girder = 6,389.394 x 0.555 = 3,546.113 kN.m

Impact Factor = 0.21 (Table Page 10 from (ISHL)). Table 3.1

For tracked load, the Impact Factor is divided by 2 (note 5 page 9 from
(ISHL))

Impact Factor = 0.21/2 = 0.105
(B.M.) girder = 3,546.113 x 1.105 = 3,918.454 kN.m

According to Iraqi Specifications (ISHL)-pg. 11 item 3-B, increase allowable
stresses by 1.3 (longitudinal load)
(B.M.)sag girder = 3,918.454 x 1.3 = 5,093.990 KN.m
225



Table A.3: Impact Factor In Iraqgi Standard for Road and Bridges

SPAN IN METRES olz|c|w|a]ac]|acl|s0|éclsc] wol
<
o
ALL PARTS OF ——
REINFORCED RORO BRIDGE 40|-39|-3r| 36|-32|28|2¢|72| 0 |0 | @
CONCRETEE SUPER-STRUCTUSE
MASONR Y FR
STRUCTURES i Al o \ ‘
O M COVER 3o |-2fi-27| 26| 22 8| 16|08l 0 |0 | 0
OR ARCHES ! | )
STEEL TRUSS ALL PARTS OF ‘
& GIROER RoORD BRIDGE 80|55 |-08| 36| 32|28\ 2¢ | 21| 18| 1e| 10 |
BRIDGES SUPER -5 TRUCTURE I [ | |
Note:

The impact factor is applied only to the military load to one line

The impact for tracked vehicle= 2 impact factor for wheeled vehicle
Shear Force (VL.L.) Calculations

The worst case will be when this Tank is in the middle of the span.
The Tank has 2 tracks, so each track will have 900/2= 450 kN.

The distributed load per track will be 450/5.49= 81.97 kN/m

The Tanks are near the support P3

PRES— Y
900 kN tank

44.51 -— 4451
at support at support ﬂ o,
~50.00- o B 50.00 -

P3 P4

two continuous span
Figure A.34: Tank Load Distribution at Supports

The reaction on each support (p2, p4) = 2.638KN
The reaction on support (p3) = 894.754 KN

- (B.M.) at center of girder at first mid span using sky civ analysis program
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Figure A.35: Load Distribution with the Bridge Spans

Table A.4: Track Class 100 Analysis Results at mid Support
Support at X Y Mx

KN

Force Extremes

Result Max A

Maximum shear force will be taken as (447.377 kN)
(Shear Force) one track = 447.377 kN

Since we have 2 tracks then (Shear Force) two tracks= 2 x 447.377 KN =
894.754 kN per lane.

The lane width for military load is 4.5m (note 3 Page 9 from (ISHL)).

The width of the Tank is 3.96 m.

Distributing Factor (D.F.) = Spacing of the girder /4.5 m=2.5/4.5 = 0.555
(Shear Force) girder = (Shear Force) per lane x D.F.

(Shear Force) girder = 894.754 kN x 0.555 = 496.588 kN

Impact Factor = 0.21 (Table Page 10 from (ISHL)). Table 3.1
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For tracked load, the Impact Factor is divided by 2 (note 5 page 9 from
(ISHL))

Impact Factor = 0.21/2 = 0.105
(Shear Force) girder = 496.588 kN x 1.105 = 548.729 kN

According to Iraqi Specifications (ISHL)-pg. 11 item 3-B, increase allowable
stresses by 1.3 (longitudinal load)

(Shear Force) girder = 548,729 x 1.3 = 713,347 KN.m

A.1.2.2.2.2.2 Military wheeled vehicles class 100 live load

From Table in page 9 — Column 2 from (ISHL), one can see that the Military

wheeled has 5 axles.
The total weight is = 136.6+272.2+272.2+181.4+181.4 = 1,043.8 kN
The total length is 3.66+1.83+6.10+0.52 = 12.13m

Bending Moment (B.M.) Calculations

Figure A.36: Military Wheeled Vehicles Load Distribution at Mid Span

- (B.M.) at center of girder at first mid span using robot structural analysis

program

-9816.62

FZ=27220
FE=272.20 FZ=272.20 FZ=272,20
FZ=18140 F2=-18140

F2=-136.60 F2=-136.60
FZ=-18140 FZ=18140

, 1 5 2

.
-

B653.71
£841.55

Figure A.37: Load Distribution with Bending Moment
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(B.M.)hog per Lane = 9816.62 kN.m

The lane width for military load is 4.27m (see note 3 Page 9 from (ISHL)).
Distributing Factor (D.F.) = Spacing of girder /4.27 =2.5/ 4.27 = 0.555
B.M. girder= (B.M.) per lane x D.F.

B.M. girder = 9,816.62 x 0.555 = 5,448.224 KN.m

Impact Factor = 0.21 (see Table Page 10 from (ISHL)).

B.M. girder = 3,692.809 kN.m x 1.21 = 6,592.351 kN.m

According to lIraqi Specifications (ISHL) (pg. 11 item 3-B), increase
allowable stresses by 1.333 so

(B.M.)hog girder max allowable stresses = 4,468.298/1.333 = 4,945.499
KN.m

(B.M.)sag per Lane = 6653.71 kN.m

The lane width for military load is 4.27m (see note 3 Page 9 from (ISHL)).
Distributing Factor (D.F.) = Spacing of girder /4.27 = 2.5/ 4.27 = 0.555
B.M. girder= (B.M.) per lane x D.F.

B.M. girder = 6653.71 x 0.555 = 3,692 kN.m

Impact Factor = 0.21 (see Table Page 10 from (ISHL)).

B.M. girder = 3,692 kN.m x 1.21 = 4,468 kN.m

According to lIragi Specifications (ISHL) (pg. 11 item 3-B), increase

allowable stresses by 1.3 (longitudinal load)
(B.M.)sag girder =4,468 x 1.3 =5,808 kN.m
Shear Force (VL.L.) Calculations

It can be noticed that is the critical case for shear forces where the two
vehicles near to the support P2, with 2m distance between the wheeled vehicles as

shown in figure 3-38.
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Figure A.38: Military Wheeled Vehicles Load Distribution at Supports

- Shear Force diagram analysis using robot structural analysis program
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Figure A.39: Load Distribution with Bending Moment
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Figure A.40: Load Distribution with Supports Reactions

The reaction on support p1 = 53.88 KN

The reaction on support p2=2,029.09 KN

The reaction on support p3 = 64.21 KN

Maximum shear force will be taken at support 2 =1015 kN for one lane

The lane width for military load is 4.5m (note 3 Page 9 from (ISHL)). Please
note that the width of the Tank is 3.96 m.
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Distributing Factor (D.F.) = Spacing of girder /4.5=2.5/4.5=0.555
(Shear Force) girder= (Shear Force) per lane x D.F.

(Shear Force) girder = 1015 x 0.555 = 563.325 = 563 kN

Maximum Shear Force at support = 563 kN per girder

Impact Factor = 0.21 (see Table Page 10 from (ISHL)).

(Shear Force) girder =563 kN x 1.21 = 681.23 kKN

According to Iraqi Specifications (ISHL) (pg. 11 item 3-B), increase

allowable stresses by 1.3 (longitudinal load)

(Shear Force) girder = 681.23 x 1.3 = 885.599 kN.m

A.1.3 Details Bending Moment and Shear Force Results

Table A.5: Details Loading Results of Dead Load

Dead load of self-weight

Bending moment HOG 5778.13 KN.m per girder
(B.M) SAG 3250 KN.m per girder
Shear force (V.L) 577.81 KN per girder

Table A.6: Details Loading Results According to AASHTO

AASHTO live load

HOG 5,063,976 kN.m per girder
Truck load B.M SAG 3,583.614 KN.m per girder
V.L 264.061 kN per girder
HOG 3,425,556 KN.m per girder
Tandem load B.M SAG 2,788 kKN.m per girder
V.L 182.851 kN per girder
HOG 2,420.906 kKN.m per girder
Design lane load B.M SAG 1,361 kN.m per girder
V.L 242.403 kN per girder
HOG 1,639.344 kN.m per girder
Pedestrian load B.M SAG 922.131 kN.m per girder
(PL) V.L 163.268 kN per girder
Maximum bending moment (Hogging)
= truck load + design lane load + PL 9,124,226 KN.m
Maximum bending moment (sagging)
= truck load + design lane load + PL 3,585,897 KN.m
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Table A.7: Details Loading Results According to BS and Iraqgi Standards

BS 5400 and Iraqi standards specifications for loading

HOG 7812 KN.m per girder
UDL load B.M SAG 4394.44 KN.m per girder
and S.W VL 781 KN
HOG 313.83 KN.m per girder
KEL load B.M SAG 261.52 KN.m per girder
V.L 23 KN
HOG 6,700 KN.m per girder
Track  military | B.M SAG 5,094 kN.m per girder
load V.L 713,347 kN.m per girder
HOG 4,945.499 kN.m per girder
Wheeled military | B.M SAG 5,808 kN.m per girder
7y V.L 885.599 kN.m per girder
Maximum (B.M)Hog =
track load + 14,825.83 KN.m
UDL and KEL load
Maximum (B.M)sag = wheeled
load + UDL and 10,463.96 KN.m
KEL load

Maximum hogging moment = 14,825.83 + 5778.13 = 20,603.96 » 20,604
KN.m

Maximum sagging moment = 10,463.96 + 3250 = 13,713.96 » 13,714 KN.m

Maximum shear force at support p3 = 577.81 + 781+ 23 + 885.599 = 2,267
KN.m
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Figure A.41: Maximum Bending Moment and Shear Diagram per Continuous
Girder

A.1.4 Factored load and stability

The minimum Depth of Composite Beam Portion

0.027L for continuous spans Table 2.5.2.6.3-1 AASTO
LRFD

Overall Depth of Composite Beam

0.032L for continuous spans Table 2.5.2.6.3-1 AASTO
LRFD

The Span/Depth Ratio of Composite Beam = L/D = 12 to 20 Eurocode 4
code

L for span =50 m/2.5 m= 20

0.027(50) = 1.35 depth of the steel section only

0.032(50) = 1.6 depth of the composite girder

So, assuming all depth of composite member =2.5m

The deck slab=0.2 m » 2 — 0.20 = 1.80 m depth of the steel section
For serviceability limit state cases factored load:

Maximum hogging moment = 14,825.83(1.6) + 5778.13(1.4) = 31.811 KN.m
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Maximum sagging moment = 10,463.96(1.6) + 3250(1.4) = 21,292 KN.m

Maximum shear force at support p3 = 577.81(1.4) +(781+23+885.599) (1.6)
= 3,484 KN.m

Le Le Le |
37.00 26 00 37.00 {
31,811 KN.m
>Ny ; //\~‘
55 21,292 KN.m o3 21,292 KNm 5
5:,;_:? 1 | SP \,' 2 ‘
3,484 KN
SRR : \-.4\; _ 33 5 o \\ﬁh\“\h ——re (——
>-O- S e =, ] = /A
\__\.\ &2 ~
1,742 KN S 1,742 KN
3

Figure A.42: Factored Maximum Bending Moment and Shear Diagram per
Continuous Girder

N=(r+m)-2j
Where:

R= reaction number
M= member number
J=joint number

N= (3+45) — 2 (24) = 0 then ok (the truss is stably)

A.2 Theoretical calculation of the experimental specimen

A.2.1 LOADING

For this experiment test the hydraulic jack capacity 3000 KN, the design
applied load will be 300 KN, each jack will act as two points of load on the top
concrete surface of specimens, each load point (hydraulic jack) well gets 150 KN, as

shown in Figure A.43, illustrates the specimens’ dimensions, the design concept It
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aims to prepare a design free of safety factors for the purpose of reaching the
required failure state during the site inspection according to the loading system.

150KN appliod load 150KN appliad lood
[ ’L\ — WYDRAMLIC JACK — 2
Sehide HOCH / ooy ﬁ perichond lanle
Nnn::u \:Me.“ L I ¥ ‘ fd-ﬂ"
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(a) The layout of the truss girder
TOP STEEL FLANGE J
A=350
+—|

BOTTOM STEEL FLANGE diagonal truss web
HSS 2x2x1/4 in
H55 S0.8x50.8x6. .35 mm

—

———— = botlom steel member
HS5S 2= xz in
bf=170 HSS 50.8x50.8x4 mm
(b)

Figure A.43: Specimens’ Dimensions and Loading Situation (a) the Layout of
the Truss Girder (b) Section A-A

A.2.2 Analysis the internal Forces and Reactions

By using the equilibrium of the forces at ultimate stage to distribute the

applied load:
The reaction A and C = 0.318(P) = 0.38(150) = 57 KN

The reaction B = 1.38(P) = 1.38 (150) = 207 KN
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Figure A.44: First Cutting Section

Using section method to find the internal force of members:
>MF=0

(57KN) * (0.84+0.84+0.42) — (150KN) * (0.84+0.84) + (207KN) * (0.84) —
CD (0.35) =0

CD= 118.8KN (T)

FY=0

57 KN + 207 KN — COS 45 * U6 — 150 KN — 150N KN
U6 = -51.42 KN (T) » U6 = 51.42 KN (C)

TFX=0

118.8 KN - SIN (45) U6 + FE =0

FE = -82.8 KN (T) P FE=82.8 KN(C)

nt

["s]
3
3
o
2

DC FORCE = :
T
57KN
Figure A.45: Second Cutting Section
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TFY=0
57 KN + DE + COS 45 U6 =0
DE =-92.99 KN (T) » DE=92.99 KN (C) » DE= 93 KN (C)

I’:

150KN

G CF FORCE ——

sin(45)usS

7

"

>

o
¥ |E
ud 3
Q
C €D FORCE
X4

S57KN
Figure A.46: Third Cutting Section

IMC=0

150 KN * (0.42) —57 KN * 0.84 - GF* 0.35 =0
GF =43.2 KN (T)

YFY=0

57 KN -150 - COS 45 U5 =0

U5 = - 132 .85 KN (T) P US = 132.85 KN(C)
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Figure A.48: Fifth Cutting Section
U3 =U4=162.8 KN (T)

GF = GH = 43.2 KN (T)
TFY=0
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Figure A.47: Fourth Cutting Section
2MG=0
-150 KN * (0.84) + 57 KN *1.26 —-BC *0.35=0
BC =-154.8 KN » BC=154.8 KN (C)
YFY=0
57 KN +207-150 - COS 45 U4 =0
U4 =162.8 KN (T)
O O O O©O (o] c O
GH FORCES > GF FORCE
ud 4
cos(45)ul cos(45)us
u ,:g S FORCE ,:s? u4



-GS - COS 45 U4 — COS 45 U3 =0
-GS — COS 45(162.8) — COS 45 (162.8) = 0
GS =-227.92 KN B GS=227.92 KN (C) = GS= 228 KN (C)

Table A.8: Internal Forces for the Truss Members

No. Member Forces No. Member Forces

1  AB (bottomcord) 1188KN(T) 9 GF (upper cord)  43.2 KN (T)
2 BC (bottom cord) 1548 KN(C) 10  FE (uppercord) 82.8 KN(C)
3  CD (bottomcord) 1188 KN(T) 11 U1 (diagonal) 51.42 KN
©)
4 DE (vertical) 93 KN (C) 12 U2 (diagonal) 132.85
KN(C)
5 GS (vertical) 228 KN (C) 13 U3 (diagonal) 162.8 KN
(M
6 JA (vertical) 93 KN (C) 14 U4 (diagonal) 162.8 KN
(M
7 JH (upper cord) 82.8 KN(C) 15 U5 (diagonal) 132.85
KN(C)
8 HG (upper cord) 432 KN (T) 16 U6 (diagonal) 51.42 KN
©
168
150KN 150KN
l ]
J 82 BKN(C) H 43.24N(T) G &3 2KN(T) f'_ B2 BKN(C) E
I 0 o] (o} 0 (o] o} o O o O o o] o} o] o o o] (o] o
A '|\ 118 BKN(T) B 154 8KN(C) ’|\ 154 BKN(C) 118 8KN(T) T D
57KN 207KN 57KN
1.26 1.26
—- 262 -

Figure A.49: Internal Forces in All Structure Members

A.2.3 Bending moment and shear force diagram

The shear force will be transferred along the diagonal members; we cut the
section and determine the shear force diaphragm due to the internal force, while the

bending force will be generated due to the upper and bottom internal force.
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Figure A.50: Section of Member U1

The shear force at point A =57 KN

AT section ul:

V -sin 45 (51.42) =0 » V=36 KN

Upper cord moment XM JH =0

MJH + 57 KN (0.21) - 118.8 KN (0.35) = 0
MJH =29.61 KN.m

bottom cord moment XM AB =0

MAB + 57 KN (0.21) — 82.3 (0.35) = 0 » MAB= 16.83 KN.m

150KN
!
J n

==+GH 43.2 KN

vi X/;/// 550 .ﬂiD
A

if“\-‘t L
2 /KN

0.42m
Figure A.51: Section of Member AB
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AT section AB

2FY=0

57-150+v=0» V=93KN

Upper cord moment XM H =0

MH + 57(0.42) -118.8(0.35) = 0 » MH = 17.64 KN.m
bottom cord moment XM AB =0

MAB +57(0.42) +43.2(0.35) =0 » MAB = - 39 KN.m

150KN
!

J H
o D

y /\f ‘\/

1}\ .}GH 112.8KN

57KN

=u

o1y

0.84m

Figure A.52: Section of Member U2
At section u2:

2FY=0
V=sin 45 (132.85) = 93 KN
Upper cord moment XM HG =0

MHG + 57(0.42+0.21) -118.8(0.35) -150(0.21) = 0 » MH = 37.17 KN.m

bottom cord moment XM AB =0

MAB +57(0.42+0.21) +43.2(0.35) -150(0.21) =0 » MAB = -19.53 KN.m
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Figure A.53: Section at B
At section B:

YFY=0

57-150+v=0» V=93 KN

Upper cord moment XM HG =0

MHG +57(0.84) +154.8(0.35) -150(0.42) =0 » MHG =-39.06 KN.m
bottom cord moment XM B =0

MB + 57(0.84) + 43.2(0.35) -150(0.42) = 0 » MB = 1.2 KN.m

150KN
1
J H G
[c o © o o o o Gi :;H'”m Oy
& BN
V1 ul uZz ud p—
0.49
A — \;"/ |<,‘ GH 154 BKN l\f
|
-
| 0.84m 0.21m

Figure A.54: Section at BC
At section BC:

YFY=0
V=SIN (45) 162.8 KN » V =138.52 KN
Upper cord moment XM HG =0

242



MHG + 57(0.84+0.21) + 154.8(0.35) -150(0.42+0.21) = 0
MHG = -19.53 KN.m

bottom cord moment XM BC =0

MBC +57(0.84+0.21) +43.2(0.35) -150(0.42+0.21) =0

MHG =19.53 KN.m

H
150KN
J 1 G
c 0o 0 0 0 o© | S R
oot 3 ML
v
| 4 GH 154 84N \/
T ~.
207KN
0.84m " 0.42m
Figure A.55: Section at G
At section G:
YFY=0

V+ 57 KN + 207KN -150KN =0 » V =-114 KN
Upper cord moment XM HG =0

MG + 57(0.84+0.42) -150(0.84) + 154.8(0.35) =0
MG=0 KN

bottom cord moment XM BC =0

MBC +57(0.84+0.42) +43.2(0.35) -150(0.84) =0

MBC = 39.06 KN.m
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Figure A.56: The Shear Force and Bending Moment Diagram
A.2.4 Vertical and Diagonal Steel Member Design
The maximum internal comparison force = 228 KN P 51.25 Kip
The maximum internal tension force = 162.8 KN P 36.59 kip
The steel properties: St-37 » fy = 35 ksi and fu = 58 ksi
For the tension diagonal member design:
. Yielding stage: -
Pu= — Pn whichPn=Ag*Fy
36.59 kip =0.9 * Ag * 35 ksi
Ag = 1.16 in?
Rupture stage: -
Pu= — pn which (Pn = Ae * Fu)
36.59 kip = 0.75 * Ae * 58 ksi
Ae = 0.841 in?
Because there are no bolts in the connection structure then we take (U) = 1
Ae = u*An then An = 0.841 in?
So, we take the Ag = 1.16 in?

r min = L/300 = (0.94m/0.0254)/300 = 0.06 in
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From the AISC steel construction manual table (1-12) we select the HSS
Square 2*2*1/4

the selected section had the following properties:
Ag = 151 in?

r=0.704 in

For the compression diagonal member design:
Use 2*2*1/4 L=0.49m=19.29in

Pu=—. Fcr* Ag

k—rL = 1;‘52? =274 for truss structure k=1
4.71\/% - 4.71\/@ = 135.57 > % then use the (Fcr) formula
Fe= % where Es = 29000 ksi or 200 GPa
Fe= % = 381 ksi

For = ((0.658) =) * Fy

For = ((0.658) — ) * 35 =

Pu= —, Fcr* Ag

Pu=0.9* Fcr* 151 in% =

The comparison load is 51.25 kip < pn = kip

For the upper and lower truss cords members:

The maximum tension force with 118.8 KN = 26.70 kip
1. Yielding stage:

Pu= — Pn

26.70=09* Ag* 35

Ag = 0.847 in?
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2. Rupture stage
Pu= —; pn which (Pn = Ae * Fu)
26.70 = 0.75* Ag * 58
Ag = 0.613 in?

So, we use the bigger area gross = 0.847 in?

. L _ 0.84+0.0254 .
rmn=—=—————0.11in
300 300

The minimum required depth of perfobond ribs = 50 mm = 1.96 in

Flange thickness = 7 mm = 0.27 in

From the AISC steel construction manual table (9-1) we use MT 2* 3f

The selected section properties:

Ag =0.875,d = 1.90 in, tw=0.130 in, bf=3.80 in, tf = 0.160 in, rx, 0.493 in,
ry=0.926 in

A.2.5 Stresses due the internal forces and perfobond ribs shear
connector design

For the steel materials properties that were used in the experimental test:

ST-37 the Fy = 235 MPa

Modulus of elasticity (Es) = 210 GPa (from the steel laboratory test results)

Concrete strength (f.) = 45 MPa (from the steel laboratory test results at 28
day)

Modulus of elasticity (Ec) = 4700,/ (f) =29 GPa (ACI-
318-19)

Stresses distribution of (S1-S1) and (S2-S2) from (SCTG) samples as shown
in Figure (A-57), the same process for (DCTG) samples, Figure (A-60).

A.2.5.1 Composite Action of the single composite truss girder
specimen one

It’s needed to calculate the leff:
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* 3 - .
n=2-210 103 = 6.8 = 7 (the concrete 7 times less stiff than steel)
Ec 29% 10

The width of the concrete slab = 400 mm /7 = 57.14 mm

Finding the natural axis (N.A) of the section

Ac =400 *100 = 40000 mm?

Act=n* Ac =7 * 40000 mm? = 280000 mm?

AS2 = AS3=(6*170) * 2 = 2040 mm? (1020 mm? for each flange)
AS1 = (50.8 *50.8) — (46.8 * 46.8) = 390.4 mm?

At = 280000 + 2040 + 390.4 = 282430.4 mm?

r— ZAy —
A total

Where the (y) is the distance from the reference axis (at bottom of the section
to the centroid pf each part of the section), (Figure A.58 & Figure A.59):

, _ (280000%412)+(1020%359)+( 1020%3)+(390.4%56)
282430.4

=409 mm

Finding the moment of inertia to the section

bh3 _ (400)(100)3
12

Ic= = 33333333.3 mm*

Transferred to the neutral axis
2

Ic (n.a) = Ic + Act * (centroid of concrete — y")

Ic (n.a) = 33,333,333 + 280,000 mm? * (412 - 409 )? = 35,173,333 mm*

bh3 _ 170% 63
—= = 3060 mm*
12 12

Isf =

Is (t.f) (n.a) = 3060 + 1020 (359 - 409 )2 = 2,553,060 mm*
Is (b.f) (n.a) = 3060 + 1020 (3 - 409 )2 = 168,135,780 mm*

Itotal = 35,173,333 + 2,553,060 + 168,135,780 = 205,862,173 mm* = 205 *

10® mm*
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Figure A.57: Position of the Section (S1-S1) & (S2-S2) for (SCTG)
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Figure A.58: Natural Axis of (S1-S1) Section for (SCTG)
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Figure A.59: Natural Axis of (S2-S2) Section for (SCTG)

A.2.5.2 Composite Action of the Double composite truss girder

specimen one

It’s needed to calculate the leff

* 3 . .
EE_Z& 103 = 6.8 = 7 (the concrete 7 times less stiff than steel)
Ec 29% 10

the width of the concrete slab = 400 mm /7 = 57.14 mm

Finding the natural axis (N.A) of the section

Acl =400 *100 = 40000 mm?

Ac2 =170 * 100 = 17000 mm?

Aclt=n* Acl =7 * 40000 mm? = 280000 mm?

Ac2t=n* Ac2 =7 * 17000 mm? = 119000 mm?
AS1=AS2=(6*170) * 2 = 2040 mm? (1020 mm? for each flange)

At = 280000 + 119000 + 2040 = 401,040 mm?

;. YAy _
Atotal

Where the (y) is the distance from the reference axis (at bottom of the section
to the centroid pf each part of the section), (Figure A-61 & Figure A-62):
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(280000%462)+(119000%50)+(1020%409)+( 1020%103)
= ( 401)040 =339 mm

Finding the moment of inertia to the section

bh3 _ (400)(100)3
12 12

Icl = = 33,333,333 mm*

bh3 _ (170)(100)3
12 12

Ic2 = = 14,166,666 mm*

Transferred to the neutral axis
Icl (n.a) = Ic1 + Aclt * (centroid of concrete — y")?

Ic1 (na) = 33,333,333 + 280,000 mm? * (462- 339)?
4,269,453,333 mm*

Ic2 (n.a) = Ic2 + Ac2t * (centroid of concrete — y")?

Ic2 (n.a) = 14,166,666 + 119000 mm? * (50 - 339 )? = 9,953,165,666 mm*

bh3  170% 63
Is1 =Is2 = 2= = =2 = 3060 mm*
12 12

Is1 (n.a) = Is1 + Aslt * (centroid of steel section — y')?

Is1 (t.f) (n.a) = 3060 + 1020 (409 - 339 )% = 5,001,060 mm*

Is2 (n.a) = Is2 + As2t * (centroid of steel section — y')?

Is2 (b.f) (n.a) = 3060 + 1020 (103 - 339 )? = 56,812,980 mm*

| total = 4,269,453,333 + 9,953,165,666 + 5,001,060 +56,812,980 = 142 *

108 mm*

R
150KN&

Figure A.60: position of the section
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(S1-S1) & (S2-S2) for (DCTG)
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Figure A.61: Natural Axis of (§1-S1) Section for (DCTG)

feu

[:‘-—A:I'!y

A0 85%cu

As2*fy
AC240, 854 cu

internal resistonce

y=334

-t Ihc-voo Act*0.85Fcu
| Act A
Azl
fy
Top & botlern flonges
Gonm _steel fainge __tension e, T
§ compersion
2
= diagonol lruss web
HSS 2x2x1/4 in
HS5S 50.8x50.8x6.35 mm
As2 fou
Ac2 f— — As2ly
C -
3 he=100 — e AC270 85 Cu
| - sI i) —
ur=170 ty
streses interngl resistance

Figure A.62: Natural Axis of (§2-S2) Section for (DCTG)

A.5.2.3 Shear flow and Analysis of the shear connector capacity

The maximum shear force = 138 KN

The shear flow q =

Where:

v*Q
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V = maximum shear force KN

Q = first moment of inertia (A) area above the interaction face * (y) distance

from area of center to the natural axis.
I = moment of inertia of the entire composite section

Q =100 * 400 * (412 — 409) = 120,000 mm?3

_ 138 kn 120,000
205,862,173

= 0.088 KN/mm

The shear connector ribs properties:
The length of the ribs (Lr) = 50 mm
The thickness of the ribs (Tr) =6 mm
The concrete strength (fck) = 35 MPa
Strength of yield steel (fy) = 235MPa

Reinforcement bar diameter (dr) = 12 mm

First the contribution of concrete dowel acting the ribs holes
V dowel = K1* Ah*\[fck

Where:

K1= empirical factor (0.5-0.6)

Ah = cross sectional area of the hole

2 2
Ah =T _TCW - 706 mm?

4 4
V dowel = 0.55 * 706 mm? x+/45==2,604 N=2.4 KN

Ribs steel bearing acting against surrounding concrete

Vrib = K2 * Tr *Lr * fy

Where:

K2 = empirical factor (0.8 — 1)

Tr = thickness of the perfobond plate
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Lr = effective length of the rib
Fy = yield strength

Vrib=0.9*6 mm* 100 * 235 = 126,900 N = 126 KN

Contribution of reinforcement bars inside the holes
V r.bars = Nr* Ar * fy
V r.bars =1*113 mm? * 235 = 26,555 N = 26 KN

V total = 2.4 KN + 126 KN + 26 KN = 154 KN (of one hole of 50 mm plate
for —12)

Al Le L1
Lo 37.00 L 26,00 e 37.00 -
{===0,40 0.4 _‘ :: 29 g6 =4 0.40

|
"G' 25.00 L 2500 jun 25.00 L 25 00 =

steel truss 2 00m depth ’

Figure A.63: Perfobond Leiste Distribution Over Bridge Spans
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Appendix B.1.1: HSS members and plate steel materials test results
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Appendix B.6: Conplast SP-423 Sheet

Conplast SP423

FOSROC
a

A constructive solutions

7
Ly

Workability retention superplasticiser

Uses
®  Gives Increased working life to fresh concrete.

® Increases workabllity without extra water, reducing
placing time and costs.

® Improves® coheslon, minimising segregation and
Improving surface finish.

® Alds pumping by Improving cohesion and reducing
workabllity loss.

® Allows a reduction In water:cement rallo, enhancing
durability by producing low permeabillity concrete with
reduced shrinkage cracking potential,

® Chloride free, sale for use In pre-stressed and
reintorced concrete.

= Can be used with concrete containing micro-silica and
other cement replacements,

Standard compliance

Conplast SP423 complies with BS5075 Part 3 and ASTM
€494 Type G.

Description

Conplast SP423 Is a chloride free workabllity retention
admixture based on selected organic polymers, It Is
supplied as a brown solution which Instantly disperses In
water.

Conplast SP423 disperses the fine particles In the
concrete mix, enabling the water content of the concrete
to perform more effectively. The Increased workability.
cohesion and retardation minimises loss of workability.

Technical support

Fosroc provides a technical advisory service for on-site
assistance and advice on mix design, admixture selection,
evaluation trials and dispensing equipment. Technical
data and guldance can be provided for admixtures and
other products for use with fresh and hardened concrete.

Dosage

The optimum dosage of Conplast SP423 to meet specific
requirements should always be determined by trials using
the materlals and conditions that will be experienced In
use. The normal dosage range Is 0.6 to 1.5 litres per 100
kg of cementitious materials, including PFA, GGBFS and
micro-silica.

Use at other dosages

Dosages outside the typical range quoted above may be
used If necessary and suitable to meet particular mix
requirements, Contact the Fosroc Technical Service
Department for advice In these cases.

Properties
rance: Brown liquid
Specific gravity: Typically 1.17 at 20°C
Chloride content: Nil to BS 5075
Alkall content: Typically less than 72.0g. Na.O

equivalent per litre of admixture. A
fact sheet on this subject Is
avallable.

Instructions for use

Mix design for workability retention

The mix design should be one sultable for use as a pump
mix. To obtaln the best results for workabllity retention,
the initial workability should be above 150 mm siump. The
retardation and improved coheslon provided by Conplast
SP423 then act to enhance the workabllity retention
characteristics. Advice on mix design for flowing concrete
Is avallable from Fosroc.

In correctly designed flowing concrete, the improved
dispersion of the cement particles and the more efficient
use of mixing water will Improve mix coheslon. The
Improved cohesion obtained with Conplast SP423 will also
help to minimise bleed and segregation. After Initlal trials,
minor moditications to the mix design may be made to
optimise performance.

Compatibility

Conplast SP423 s compatible with other Fosroc
admixtures used In the same concrete mix. All admixtures
should be added to the concrete separately and must not
be mixed together prior to addition. The resultant
properties of concrete containing more than one admixture
should be assessed by the trial mixes.

Conplast SP423 Is suitable for use with all types of
ordinary Portland cements and cement replacement
materlals such as PFA, GGBFS and micro-sllica.

Dispensing

The correct quantity of Conplast SP423 should be
measured by means of a recommended dispenser.
Normally, the admixture should then be added to the
concrete with the mixing water to obtain lhe best results,
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Appendix B.8: Concrete materials of (C35) parameter at Abaqus

program
Table B. 1: CDP Compressive Behavior of Concrete (C35)

No Yield Stress | Inelastic Strain | No Yield Stress | Inelastic Strain
1 17.5 0 19 27.466761 0.002423
2 20.420381 9.00E-06 20 26.071812 0.002661
3 23.201699 2.60E-05 21 24.689812 0.002898
4 25.79471 5.30E-05 22 23.338987 0.003133
5 28.147291 9.20E-05 23 22.032631 0.003367
6 30.208536 1.47E-04 24 20.779913 0.003597
7 31.9334 0.000219 25 19.586658 0.003824
8 33.287268 0.000312 26 18.456056 0.004048
9 34.249664 0.000425 27 17.389276 0.004268
10 34.816428 0.000559 28 16.385982 0.004485
11 35 0.000713 29 15.44475 0.004699
12 34.827785 0.000886 30 14.563403 0.00491
13 34.339025 0.001076 31 13.739267 0.005117
14 33.580805 0.00128 32 12.969369 0.005322
15 32.60388 0.001495 33 12.250587 0.005524
16 31.458944 0.00172 34 11.579755 0.005723
17 30.193679 0.001951 35 10.953744 0.00592
18 28.85076 0.002186 36 10.5 0.006072
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Table B.2: CDP Tensile Behavior of Concrete (C35)

No Yield Stress Inelastic Strain
1 4.2 0
2 2.330096 0.000321
3 1.650807 0.00058
4 1.292702 0.000821
5 1.069362 0.001055
6 0.915842 0.001286
7 0.803371 0.001514
8 0.717171 0.001741
9 0.648848 0.001967
10 0.593266 0.002192

257




