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ABSTRALT

Concrete sandwich structure is rather modern and inventive construction
system based on the best use of materials. The simplest type of sandwich
slabs consists of two concrete layers confine low weight material. The two
concrete layers are connected by steel shear connector trusses. The shear
connectors are essential functions to transmit the shear and to ensure that
when the panel is bent, the faces do not slide over each other and to connect
the concrete layers so that they behave as a single one unit.

The present study involves experimental investigation on the behavior of
one-way simply supported sandwich slabs and solid slab. The effect of
using sandwich principle was studied. The concrete wythes were normal
weight aggregate concrete or lightweight concrete; Therefore, the main
variable of this study was; aggregate type that used to produce concrete.
The other studied variable was the optimum position of shear connectors
via using different shear connectors steel ratio at the two ends a fourth of
span as compared with the middle section of the span. On the other hand,
in this study, the effect of the inclined bent angle of shear connector truss
was investigated by using two different bent angles (27°and 45°) with
different shear connectors steel ratios. Moreover, the effect of using
discrete W-shaped shear connector, as compared with continuous truss
shear connector by using the same shear connectors steel ratio was
examined.

In the present work, two types of lightweight aggregate (waste crushed
bricks and Attapulgite which is natural stones are broken and burned at a
specified temperature) were used to produce structural lightweight
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aggregate concrete. Cylinders and cubes, for each type of concrete, were
tested to observe the mechanical properties of concrete.

The results indicate that the structural lightweight aggregate concrete
(SLWAC) of Attapulgite (as a coarse aggregate), with using natural sand
and high performance superplasticizers (PC-200), produces an average

cylinder compressive strength of about 21 MPa and air dry density of 1940

kg/m?®, which agree with the requirements of SLWAC according to ACI

213R-03 and ASTM 330-05.
When Attapulgite is replaced with the waste crushed bricks, with the same
mix proportion, the average cylinder compressive strength and air dry

density are 25.2 MPa and 1954 kg/m?, respectively.

All sandwich slabs behave as one structural unit. Also, all
sandwich slabs exhibit more ductility and toughness than solid slab.
Additionally, they have low total weight by about (42.75%- 31.21%) of
the weight of solid slab.

In sandwich slabs, using crushed bricks as aggregate in slabs
shows increment in the deflection, ductility, and toughness by about
62.96%, 8.62%, 54.04% when is compared with slab with normal
coarse aggregate accompany with decreeing total weight by 11.70%. On
the other hand, when using Attapulgite as course aggregate in slab, the
increment in the max deflection value, ductility index (uA), toughness
was 73.48%, 38.75%, 43.82%, respectively. Additionally, gaining
another benefit which is decreasing the total weight by 14.31 %.

It is clear that the presence of shear connectors in the ends one-fourth (1/4)
of span has significant performance than in the center of the panel,
therefore.

Also, the results indicate that using a continuous truss shear connector with

27" is better than using discrete W-shaped shear connectors with 45°.
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Notation

The major symbols used in this thesis are listed below, the others are
defined as they first appear.

Symbols:

Concrete compressive strength of cylinder (150x300) mm, (MPa)

Concrete compressive strength of cube (100) mm, (MPa)
Ultimate strength (kN)

First cracking load of slabs (kN)
Diameter of steel bar (mm)




Abbreviations:
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Normal Weight Concrete

Concrete Mix with Normal Aggregate

SLWA Structural Lightweight Aggregate
SLWC Structural Lightweight Concrete

Saturated Surface dry Density
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Chapter One Introduction

Introduction

1.1 General
The slabs represent one of the basic elements of the structural elements.
Slabs have a smaller thickness as compared with other member and they

bear loads normal to their planes.

In all types of infrastructure, reinforced concrete is a combination of
concrete and steel that have been successfully used for more than a century.
As a structural material, the main demerit of reinforced concrete is its great
self-weight. Normal weight concrete density varies between 2200 and 2600
kg/m?3, therefore, self-weight of traditional concrete parts could represent
the main fraction of the loads on the foundations. So, use of the lightweight
concrete LWC has significant benefits such as reduced the dimensions of

foundations sections.

Reducing concrete self-weight of the structure elements was the main
Important reason to use Light Weight Concrete(LWC). Therefore, LWC

was used successfully for several years in a variety of installations.

In infrastructure engineering, the purpose of using or choosing any
material is to take the advantage to obtain the optimum performance for
the structural elements. The benefits of any material are based on many
agents such as availability, structural strength, durability, and workability.
Since it is difficult to get a material that possesses all these desired good

properties, therefore, the engineer’s challenge consists of finding new
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Chapter One Introduction

materials and improving them and developing new methods of
construction. Improving materials utilization can be divided into two
trends, the first trend is to identify the best materials mixed and the second
IS the distribution of these materials in such a way that the best use of their
desired properties resulting a new product known as a composite element.
In other words, different materials can be arranged in the best geometrical
configuration to produce optimal structural member. Then this structure is
known as a composite structure and the method of the building known as

a composite construction [1].

1.2 Structural Lightweight Concrete (SLWC)

Density and compressive strength are the two important factors affecting
the properties of SLWC. SLWC is defined as the concrete that having an
Oven-Dry Density (ODD) less than 2000 kg/m3. (Li) [2] defined SLWC as
concrete which has a bulk density lower than 1950 kg/m3 and a cylinder
compressive strength fc more than 17 MPa. Whereas, SLWC is defined
by the ACI 213R-03 [3] as a concrete owning a minimum 28 days
compressive strength of 17 MPa and having density ranged between 1120
and 1920 kg/m3. It is declared that this definition includes both the concrete
composed entirely of LWA or combination of LWA and of Normal Weight
Concrete (NWA).

According to compressive strength, (Nilson et al, 1986)[4]
classified SLWC into three groups: -
1. Low Strength Concrete; Structural lightweight concrete having a

compressive strength fc” ranged (17 — 27) MPa.

P
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Chapter One Introduction

2. Medium Strength Concrete, Structural lightweight concrete with a
compressive strength fc* ranged (27 — 41) MPa.
3. High Strength Concrete, Structural lightweight concrete that has a
compressive strength fc* more than 41 MPa.
Whilst (ACI213R-03)[3] organized structural lightweight concrete as a
high strength concrete when it has 40 MPa or more of compressive strength
fc at 28 days.

1.2.1 Advantages of Structural Lightweight Concrete

LWC represents an important and multi-purpose material, which
offers a range of practical, economic, and develops the environmental and
preserving many advantages. The main advantages of using structural
lightweight concrete instead of normal weight concrete NWC in a similar
form of a facility might be summarized as follows: -
o Lower Dead-Load [5] :
1- Reduction in the area of the cross-section of elements such as; columns,
beams, slab plates and foundations.
2- longer spans could be produced and decreasing the required supports
number.
3- Materials handling is easier such as precast sections transference, etc.
o Enhanced Physical Properties:
1- Including less micro cracks due to the congruence between cement
mortar and aggregate particles in elastic modulus and in thermal expansion
coefficient which are result in less heterogeneous concrete and more

cohesive material.
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2- Lowering thermal expansion coefficient that leads to less thermal
movements.

3- Lower elastic modulus leads to decrease the differential settlements
effects in the continues bridges.

4- Improving nailing characteristics more than ordinary normal weight
concrete.

5- Improving thermal and acoustic insulations than ordinary concrete.

6- Owing to the higher capacity of tensile strain and lower elastic modulus.
Thus, good impact resistance can be obtained [6].

o Improved Durability[5]:

1-Likelihood of early thermal cracking and shrinkage is low.

2- Lowering permeability.

3- Good bond between aggregate and cement paste.

4- Because of the internal curing of LWA, the urgent need for external
curing is lower,

5- better resistance to the free-thaw cycles of the LWAC.

6- Lowering coefficient of thermal conductivity that leads to reduce
damages and construction dangers resulting from fires [6].

o Environmental Problems [5]:

The benefits to the environment can be important when using
manufacturing waste products to construction the LWAC. So no need to
stock or disposed of large quantities of waste.

o Demolition[5]:

Because it has a lower density, demolition a reinforced LWC is easier
process by shattering the concrete. And the recycled material could be used

to produce new concrete or as the filling material.
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1.2.2 Disadvantages of Structural lightweight concrete.

There are some demerits of LWC as following :[6]

1-
2-

Lower strength and lower resistance to abrasion in most cases.

It’s need more attention in the control of mixing, water cement ratio,
and supervision to control the requirements of workability and
strength.

Lightweight aggregate concrete might need more amount of cement
based on the aggregate selected.

Due to higher hydration-heat, the temperature is rising.

LWAC has lower ductility due to the strength of cement paste is
high.

Low resistance to concentrated loads which led to the need greater
reinforcement for confining at bearings or anchorages of
prestressing.

Cellular lightweight aggregates required specific procedures for the
concrete pumpable.

LWAC needs longer time for mix process than NWC to produce
adequate mixing

Sometimes, floating occurs in the concrete mix by aggregate
separating to the surface because the LWA particles are angularity

and voided structure.

1.2.3 Applications and Uses of SLWC

SLWC has become an important structural material and the demand

for it is rising, because of the functional advantages which it owns. It has

different applications including frames and floors building of multistory,

folded plates, bridges, curtain walls, rigs of offshore oil, shell roofs and the

precast or the prestressed of all kinds. Many engineers, architects realize the
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attached economies and advantage obtained by these materials, as can be

seen by the appreciation SLWC structures established [3].

1.3 Concrete Sandwich Slab (CSS)

The principle of sandwich structures offers an effective structural
system suitable for a set of applications, including floors and roof panels,
bridge decks and cladding walls for buildings [7]. For more than 50 years
ago, CSS first appearing in North America [8].

Concrete sandwich slab CSS is a somewhat modern and developed
system of construction, it consists of two reinforced concrete wythes
(layers) confine between them core layer, the concrete wythes are
connecting by shear connectors [9-11] [as illustrated in Fig 1-1]. Generally,
this type of units is considered as a composite structure.

The major benefit of this system is its high stiffness, high strength
over weight ratio, useful insulations panels, high ductility, easier to handle,
due to its light weight material, decrease material and labor cost [12]. Other
significant merits of this CSS are the low self-weight and the high thermo-
acoustic adequacy that favorite in their applications in residential,
commercial and industrial buildings [13].

The essential role of the shear connectors is connecting the layers
(three layers or more) together and also they play as shear reinforcement.
Various types of the connector can be used to improve composite behavior,
these shear connectors convey shear force across the weak, low density,
insulation core layer. The resulted degree of composite action is influenced
by number and properties of shear connectors, that leads to a wide range of

tolerable behavior (from non-composite to fully composite) [14].
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The structural behavior of CSS varies depending on the strength and
stiffness of the shear connectors, while shear connector’s arrangement and
spacing differ according to the applied loads, wanted composite action
degree, the length of span, and the materials of shear connectors[15].
Though, no specific rules, guidelines or design codes that can be used to
determine the number or arrangements of the required connectors so it was
needed to investigate their effect experimentally [16]. Reportedly, bonding
layer between the insulation core and concrete wythes could provide shear
transfer, but its capability is reduced over time and will not preserve the
strength of the shear connector over the lifespan of the panel [10, 17].

However, the complicated behavior of CSS owing to its material non
linearity. Therefore, the inexact design roles of the shear connector and the
interaction between many components should be studied and proved by
experimental and analytical investigations via finite element analysis
(FEA) [18].

Shear connectors Reinforcement steel
//' ‘/')"n,
/ am
// ] ,/ ‘

e A e A AT
: F R NI e VAN B
£ \ / | oD,

Core layer / Concrete wythe

Figure (1- 1): Typical concrete sandwich panel

Current research investigates the behavior of sandwich slabs with
lightweight concrete in the wythes with different type of lightweight coarse
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aggregate. The aim of this work is to achieve structural lightweight
construction with high stiffness and high strength over weight ratio and
reduce the total weight to the minimum extent. Reducing the total weight
of the structures minimizes the risks of earthquake damages, also reduce
the load applied on the foundation of the structure, so the dimensions of
the foundation will reduce. In addition to these advantages, its increases

thermal and acoustic insulation.

1.4 Objectives and Scope of Study

The main objects of the present work are: -

e [nvestigating experimentally the effect of using Attapulgite and
crushed bricks as a coarse aggregate to produce SLWC.

e Studying, experimentally the behavior of concrete sandwich slabs
(CSS), with two LWC wythes and polystyrene core, subjected to two
lines loading.

e Investigating the effect of location, orientation and ratio of shear

connectors in the CSS.

1.5 Layout of Thesis

The present study consists of five chapters, as the following:

Chapter one: presents a general introduction regarding the use of
lightweight concrete LWC, its advantages and disadvantages, sandwich
concrete slabs and objective and scope of study

Chapter two: reviews of previous literature related to the topics of current
research, including Light Weight Aggregate Concrete (LWAC), its
physical and mechanical properties, and the previous researches on the

concrete sandwich panels and CSS components.
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Chapter three: deals with reporting the experimental program carried out
at the Structural Laboratory of the Civil Engineering Department of
Kerbala University. It includes the producing Lightweight Aggregate from
Attapulgite or crushed bricks to produce lightweight concrete, also it
includes sandwich specimens’ details, the properties of materials, casting
procedures, and test setup. Additionally, exhibition the equipment’s were
used during the experiments.

Chapter four: deals with the results of the experimental tests, the
graphical representation of the results and results’ discussion. the results
for hardened concrete obtained from the tests were presented in chapter
four.

Chapter Five: presents the conclusions and suggestions for further studies

in future.
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Literature Keview

2.1 General

Previous work of literature has been reviewed to gain more
knowledge about the structure lightweight aggregate concrete being used
in sandwich slabs. Where both lightweight aggregate concrete and
sandwich technique are not a new invention in concrete technology, but
studying their combined effect was limited.

This chapter includes three brief reviews: The first one is about
structural LWAC, its definitions, types of lightweight aggregates, and a
review of the previous studies on mechanical properties of lightweight
aggregates and its use in Irag. The second part presents the details of
Concrete Sandwich Slabs (CSS), its components, definitions of each part.
The third part deals with the previous studies on using crushed clay bricks
and Attapulgite as a lightweight coarse aggregate, as well as, a summary

about literature reviews on reinforced concrete sandwich slabs.
2.2 Lightweight Aggregate

2.2.1 Types of Lightweight Aggregate

High porosity is the main property of lightweight aggregate, which
results in low specific gravity. There are two types of LWA:
e The natural aggregates

These types aggregates are found naturally in many regions in the

world and these aggregates need only a mechanical treatment (crushing and
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sieving) before using. When comparing their properties to artificial
lightweight aggregate, they are generally not satisfactory [19]. Diatomite,
pumice, scoria, volcanic, cinders and tuff are the main aggregates classified

In this category [19].

e Manufactured aggregates
There are different types of artificial LWA which vary in their raw
material, chemical and mineral composition, specific gravity, water
absorption, strength, physical and chemical stability and the process of
manufacturing. Despite these differences, their properties can be predicted

with simple formulas, which in general depend on the particle density[19].

2.2.2 Definition of Lightweight Aggregate Concrete
Lightweight aggregate concrete LWAC is defined based on its
density[20]. ACI 213R-03 describes this material as, structural concrete
made with lightweight aggregate; at 28 days, the air dried unit weight is
generally in the range of 1440 to 1850 kg/m?® and the lower compressive
strength is 17.2 MPa. The unified European standard defines structural
lightweight concrete as concrete having an oven-dry density ODD not more
than 2000 kg/m?[19, 20]. LWAC is defined in several codes as a concrete
having an oven-dry density ODD of less than 2000 kg/m3. Classification of
lightweight concrete is illustrated in Table (2-1), while Table (2-2) shows

density classes for lightweight aggregate concrete.
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Table (2-1): Classification of lightweight concretes[20].

Class and Type
I I i
Property
Structural/ | Insulatin
Structural .
Insulating g
Compressive strength fc* (MPa) >15.0 > 3.5 > 0.5
Coefficient of thermal conductivity - <0.75 <0.30
(W/mK)
Approximate density range (kg/m?®) 1600- < 1600 < 1450
2000

Table (2-2): Density classes for lightweight aggregate concrete[20].

Density |, 1.2 1.4 1.6 1.8 2.0
Class
Oven
dry 1001- | 1201- 1401- 1601- 1801-
density | 2011000 4509 1400 1600 1800 2000
(kg/m3)

2.2.3 Properties of Lightweight Aggregate

There is a wide range of different lightweight aggregate LWA, which
vary in the raw material, density, shape, outer skin and water absorption
and the procedure of manufacturing. Despite this fact, the properties can
be expected with simple formulas, which in general depend on the particle
density [21].The ASTMC330-03 specified the required properties of LWA
for structural concrete[22]. The aggregates properties affect the concrete

properties as follows:

'
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2.2.3.1 Surface Texture and Particle Shape

Natural and artificial LWA particles vary in shape and surface
texture. The LWA particles might have a different shape such: cubical,
rounded, or irregular, reasonable regular or angular, while texture could
differ from relatively soft that having small pores to rough which have
large pores [23]. The surface roughness of the aggregate particles provides
high bonding between the component of concrete [24]. The compressive
strength of LWAC varies depending on the particles shape of LWA. When
the length/thickness ratio for the particles increases the compressive
strength of LWAC decreases. The shape of lightweight aggregate influence
the stress condensation in concrete and this may be the reason of variation
In compressive strength value between the concrete prepared with different
aggregate particles shapes[25].
Swamy and Lambert [26] observed a good bond between the LWA and
the cement paste when using particles with a spherical shape and soft
surface. For the same workability, the mortar content of the concrete can
be lower than with angular, flat or elongated aggregate particles shapes.
When using crushed angular LWA, with coarse open surface pores, the
interlocking of the sharp - edged particles restrain the compaction of the
concrete. In this case, a very high mortar content is required because a

portion of the mortar permeate into the open surface pores.

2.2.3.2 Strength

Some of LWA particles could be weak or could be hard and strong
according to the type and the source of LWA particles. The weaker of
LWA particles required greater contents of cement and even stronger

mortars[27]. The crack path moves through the aggregate particles in the
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LWAC, while in the normal concrete failure may occur at the aggregate-
mortar interface because the aggregate is considerably stronger than the
mortar [28].

Because of lower strength of LWA particles, LWAC has less capacity of
local bearing and lower energy to fracture and tensile strength at the same

compressive strength [3].

2.2.3.3 Unit Weight and Bulk Relative Density.

Relative Density (R.D) of LWA is lower than normal weight
aggregates owing to their cellular structure The bulk R.D of LWA also
varies with specific gravity for the same particle shape and with particle
size, being fine particles is higher than the coarse particles. Due to a
different percentage of voids, LWA of different particle shape that having
the same specific gravity could have clearly different unit weight [29]. For
a variety of fractions size, the bulk specific gravity of lightweight aggregate

usually increases since particle size decreases [6].

2.2.3.4 Gradation.

For larger particle sizes of LWA, the modulus of elasticity, strength,
and density is decreased. In LWC, the usage of bigger lightweight
aggregate particles will cause weakness in the concrete because aggregate
have lower strength and because of weakness in the matrix network
covering the aggregate particles. For the same W/C ratio, the upper limit
of strength can also be increased when the maximum particle size was

smaller, limiting it to 9.5 mm for high-strength concrete [6].
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2.2.3.5 Moisture Content and Absorption.

Based on the absorption test of ASTM C 127 [30] and due to the pore
system of aggregate, LWA is able to absorb water more than normal weight
aggregates. Depending on the pore system of the aggregate, LWAS
generally absorb water by mass within the range of (0.05 - 0.25) of mass
dry aggregate based on 24hr absorption test [3]. In lightweight aggregates,
the moisture content is largely absorbed into the interior of the particles
while it is mostly surface moisture in normal weight aggregates. During
the mixing of concrete, it is essential to avoid absorption water by LWA

particles, therefore LWA submerges in water for 24hr before using it.

2.3 Concrete Sandwich Panels Components

Concrete Sandwich slabs patterns are comprised of two reinforced
concrete layers splitting up by a core layer of lightweight insulating
material. The concrete layers are usually held together by using steel
connectors, concrete webs, steel glass fiber reinforced polymer (SGFRP),
or Fiber Reinforced Polymer (FRP) connectors [31].

Concrete sandwich panel system has been commonly used for
building wrappers of some conventional structures owing to its efficiency
in thermal and sound insulation, such as residential, commercial, and
warehouse infra-structures[32]. The outer wythe carries the loads and
transfers it to inner one through the shear connectors.

Concrete sandwich panel systems are organized as fully composite,
partially composite or non-composite panels based on the degree of
composite action of the inner and outer concrete wythes[10]. Fully-
composite panels provide maximum shear transformation between the
concrete layers and both layers work together as one unit to support the

applied load. This behavior becomes clearer by observation the strain
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distribution along the depth of panel thickness of full-composite slab as
shown in Figure (2-1) (a). While in the non-composite sandwich panel,
shear connectors don’t convey any shear force between the two concrete
layers, and it is stressed individually. The outer concrete layer’s weight is
entirely supported by the inner concrete layer; therefore, the inner layer is
larger thickness than the outer. The distribution of strain, that represents
non-composite slabs, is presented in Figure (2-1) (c). CSS was considered
partially composite panels if the connectors can transfer only a portion of
the longitudinal shear. The bending strain distribution in such a case is
shown Figure (2-1) (b).

Adhesion between the concrete layer and the insulation core layer as
well as the material and shape of the used shear in the system impacts on
the degree of composite action. A continuous steel truss-shaped shear
connector transferred the full shear forces most effectively and achieved

high composite action [10].

Concrete wythe /

Bending

] Moment
Concrete wythe /
/
FA— FA—
() Fully ‘ (b) Partially (¢) Non-composite,
composite composite Two structural

wythes

Figure (2-1): Strain Distribution in CSS Under Flexure [33]
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2.3.1 Wythes and Flexural Reinforcement

Wythe can be made of a thin concrete layer with an architectural
treatment. The outer wythe helps in protection the insulation core layer
from damaging. In some cases, might be designed to work with the inner
layer as one unit, this depending on the shear connection system (PCI
1997). The inner wythe is generally named the structural layer.

Often, the inner layer has more thickness than the outer layer,
particularly in non-composite panels because the inner layer will support
the entire loads. In spite of two concrete layers, slabs are very popular,
three layers slabs also can be used [34]. Popular reinforcement of concrete
layers is steel welded wire. Except the slab supports large degrees of

eccentric axial load.

2.3.2 Core Layer

The Basic principle of the sandwich structure is a separating concrete
layers by a low density core. This separating leads to increase the moment
of inertia of the element with little increase in weight[35]. Polystyrene has
been utilized as an insulating material due to its role in thermal insulation.
Polystyrene foam is regularly used in insulation lightweight concrete
forms. There are two types of Polystyrene: Expanded polystyrene foam
(EPS) and Extruded polystyrene foam (XPS)[36]. The Expanded
Polystyrene foam is a lightweight, small closed-cell, hydrophobic, and
thermoplastic polymer[37]. Biologically, it is inert and nontoxic.

Scheirs and Priddy (2003) stated that the usage of expanded polystyrene
(EPS) vary between acoustic and thermal insulation as well as in
renovation work. Also, the isolated structural members are varying, they

may be walls, slabs, floors as well as ceilings.
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Also in the slabs, Dawood (2011) [12] used a different types of core
material. He used lightweight concrete with different coarse aggregates

(polystyrene, sawdust, poricelinite)

2.3.3 Shear Connectors

Composite construction involves two or more materials joined
together in one structural unit, so that it can exploit their best advantage.
Concrete sandwich panels can be considered as a composite element and
the method of connecting the two components is an essential parameter to
establish the required composite behavior. The economic and structural
benefit is generally achieved when the two materials (lightweight concrete
and core material) work as full composite action. The main element
influencing the level of composite action is shear connectors [12].

Theoretically, full composite action can be only achieved if there is
no slip at the interface of the core and concrete layers. In practice, the shear
force is mainly transferred by mechanical shear connectors, owing to its
deformable nature, some slips usually occur. The amount of this slip is
clearly related to the magnitude of the shear forces and the strength and
load-deformation characteristics of the shear connectors. Typical types of
shear connectors may be classified as either rigid or flexible. Rigid
connectors deform very little under load, while flexible connectors may
exhibit significant deformation [12].

2.7 Application Lightweight Aggregate Concrete in Iraq
The lightweight concrete in Iraq has not been used extensively in the
structural members, such as foundations, columns, slabs, beams, etc.

because the LWA is imported. For example, In the Martyr monument dome
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in Baghdad the expanded clay type of LWA was used, and in the telephone
exchanges flooring. In 1980, Polystyrene was used in product LWAC that
was used in Baghdad University building which is yet in good working
condition [38].

In 1977, Munir was tried to build a research center in the central and
southern parts of Irag to manufacture clay aggregates. In a factory of clay-
bricks, the experiments were occurred. However this stilled within research
context [39].

Quite recently, many researchers have used some different materials
to produce lightweight concrete; such as polystyrene, crushed-thermos
tone, waste of plastic materials. Specific stone from Najaf desert has also

been utilized.

2.8 Previous Studies on Using Attapulgite

Since the past few decades there has been increasing interest in the
alternative materials which can be used as an alternative for traditional
materials. Consequently, research on feasibility of using Attapulgite in
concrete is advantageous, and if it is compatible with the valid engineering
properties as the LWAs in concrete which in continuous rising desire,

primarily because of economic and practical considerations.

AL-Amedi 2012 [40] investigate Attapulgite as a local clay mineral
InIraq, The idea of research was raised by the production of the mineral
admixture from the raw materials that collected from Tar Al-Najaf Desert
Attapulgite lump was crushed by the means of storming and converted to

a powder with high fineness. Then the second step was determination of
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burning temperature at which the material converts to an active pozzolanic
material. The suitable temperature required for treating Attapulgite by heat
was 750°C for calcination time 30 minutes’. The optimuum percent of
replacement from the weight of cement was very important for the
investigation greatly when used high reactive water reducer, thus
Attapulgite added in percentages of (3% to 11%) to a mix with proportion
of (1:1.45:1.75) by weight, and the results indicated that (6%) of adding by
weight of cement was the preferred as it was achieved the higher strength
of 79.7 MPa. At 60 days, the absorption of water decreased with 36%, and
the results for the main mixes of the study showed significant increasing
for compressive strength, density, splitting tensile strength and flexural
strength, the increasing percentages were (57.7%, 3.73%, 46.44%,
44.26%) respectively. At the age of 90 days the results exhibited an

increase of 59 % in compressive strength.

After two years, (Kais et al 2014) [41] study the possibility of using
the Attapulgite clay as a pozzolan to improve some properties of concrete,
many experimental work required to be made to find the more suitable
conditions of temperature and time of calcinations. To investigate the
influence of burring temperature, different samples of Attapulgite were
prepared.

The Attapulgite lump was floured to fineness 2109 m?/kg, the next
step was burned the samples to (550, 600 650, 700, 750, 775 and 800) °C
for 30 minutes, respectively. The strength activity index was conducted on
the cubic specimens with dimensions (50 * 50 * 50) mm. The results
showed that the optimum burning temperature was 750 °C. Then the
Attapulgite samples were prepared at different burning time, (30, 60, 90,
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120) minutes, respectively and the temperature was 750 °C, then conduct
the strength activity index. The results showed that the optimum burning
time was 30 minutes.

In the same year Al-Aridhee 2014 [42] investigated the adequacy of
using a Attapulgite , from the south-west of Iraq , as a coarse aggregate in
production LWAC. The study was divided into two parts, part one
describes manufacturing of the lightweight coarse aggregate (LWA) and
discovered the adequate burning temperature, convenient with the ASTM
C330-03, while producing lightweight coarse aggregate concrete (LWAC)
from the manufactured aggregate was researched in the second part. The
results showed that the Attapulgite can be used as lightweight coarse
aggregate with (808 km/m?) bulk density and (1.45) specific gravity, at a
treatment burning temperature of (1100 C) for a duration of (1/2 hour). The
mechanical properties of (LWAC) which produced from Attapulgite
(LWA) was investigated for some of its at curing ages of (7, 28 and 56)
days, those mechanical properties were compressive strength, flexural
strength, splitting strength, water absorption, the static modulus of
elasticity, and some non-destructive tests.

The compressive strength was (27.7 MPa) for a density of 1824 kg/m?
with W/C ratio of (0.4). Percentage of increase in splitting strength, flexure
strength and modulus of elasticity (41%,28.3%,81%), respectively. These
results were compatible within the requirements of ACI 213R -03.

(Qais et al., 2016)[43] studied the integrated influence of utilizing
both Attapulgite as a high-reactive mineral admixture and superplasticizer
on the compressive strength of Attapulgite lightweight aggregate concrete.
Attapulgite particles had maximum size of 19 mm was used as a

lightweight coarse aggregate. The percentages of addition were 6% by
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weight of cement for Attapulgite mineral admixture and 0.5 L/100 kg
cement for the superplasticizer. The obtained percentages of increase in
compressive strength were (12.2%,12.6% and 16.3%) for ages of 7, 28 and
56; respectively, when compared with the referenced mixture when only
the Attapulgite mineral admixture be used, but when compared to the
referenced mix, the combined impact of both admixtures was obvious by
the percentages of (19.3%, 15.5% and 25%) for ages 7, 28 and 56 days;
respectively. For a concrete mixture containing the two admixtures, the
density achieved for Attapulgite LWAC was 1818 kg/m?2. The using of
Attapulgite mineral admixture in the Attapulgite LWAC caused reduce in
absorption by (4%, 4.85% and 4.9%) at 7, 28 and 56 days’ ages;
respectively, while the water absorption was increased by the addition of
superplasticizer and the percentages of absorption above became (2%, 3%
and 2.6%) at the curing ages of 7, 28 and 56 days.

2.9 Previous Studies on Using Clay Bricks in Production
SLWAC

The environmental problem of the aggregate as construction material
can be summarized in two problems, excessive consumption of natural
resources and inactive construction’s waste management. Therefore,
researchers have resorted to studying the possibility of using crushed brick

as a coarse aggregate in producing desirable concrete.

Fakher, 1998[44] conducted a study on the concrete mixtures
when using crushed clay bricks as coarse aggregate. He showed that the
compressive strength and tensile strength will decrease in the concrete
which containing crushed bricks in comparing with conventional concrete.

Also, he investigated the properties of crushed bricks such as: absorption,
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relative density, specific gravity. oven dry density, bulk density as well as
compacted unit weight, the results were (29.33%, 1.47, 1.91 ,735 kg/mg3,
and 834 kg/m?3) respectively.

After two years, crushed clay bricks was organized for being
between LWA and the NWA. etc. Several other properties, like: absorption

and porosity, would be classified as LWA.

Majid [45] studied the efficiency of using crushed brick, waste
concrete, and crushed cast stone for full replacement of traditional coarse
aggregate. She investigated the influence of utilizing superplasticizer on
the properties of concrete that containing these types of aggregate. She
indicated that concrete including crushed brick as aggregate exhibits low
density, compressive strength, splitting tensile strength, flexural strengths
and dynamic modulus of elasticity. However, these properties were
enhanced by using the super plasticizer at early ages Moreover the
absorption capacity was lowered due to the ability of this concrete for
exhibit higher shrinkage, absorption, initial surface absorption more than
the concrete that made with normal aggregate. The physical and
mechanical properties of the crushed brick aggregate like bulk oven dry
density, bulk saturated surface dry (S.S.D) density, absorption, loose
density, compacted unit weight, and crushing value were studied. The
results of these properties were (1.63, 2.036, 2.750, 25%, 735 kg/m3, 834
kg/m3, 42.2%, 44.2); respectively.
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In 2002, AL-Soadi [46] examined the mechanical and physical properties
of lightweight concrete when using clay- bricks as a coarse aggregate with
the percentage of replacement varied between (0-100%) instead of normal
aggregate to show the influence of increase or decrease the percentage of
crushed bricks aggregate in the concrete. The researcher observed that, the
using of crushed brick aggregate in producing concrete reduces the density
more than using the normal aggregate, where the air dry density varies
between (1845 - 2408) kg/m3 at 28- day. On the other hand, the
compressive strength ranged from 24.15 MPa to 52.43 MPa. Also, the
researcher studied the physical and chemical properties of crushed brick
aggregate like bulk density (in saturated and dry conditions), water

absorption, apparent specific gravity, and sulfate content.

AL-Rubayie, 2007[47] studied the using of local aggregate.
(ordinary aggregate, crushed clay bricks and porcelinite aggregate) to
produce good lightweight concrete. The dry densities of crushed bricks
concrete were varied between 1160 to 2110 kg/m? whilst the compressive
strength results were ranged between 22.5 and 39.5 MPa. The results of
splitting tensile strength were varied between 1.655 to 4.806 MPa. The
modulus of rupture fluctuated between 3.748 t07.276 MPa. The absorption
was ranged between 7.73 to 13.25 % based on cement content in the mix,
superplasticizer addition, and replacing ratio of the fine aggregate.

According to the results of this study, at age 28-days, the
porcelnite dry-density concrete was in range 1520 to 2018 kg/m?, whereas
the compressive strength was ranged from 9.0 to 37.0 MPa for the same
concrete. The splitting tensile strength was varied between 1.375 MPa
and4.299 MPa. The absorption of water was between 4.71and10.85 %

based on the properties of concrete mixture.
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Abdeen and Hodhod, 2010 [48] examined the production of LWC from
local LWA. Vermiculite, light exfoliated clay aggregate and crushed fired
bricks were used in their study. The first two types are formed locally for
different applications purposes and the last type is available as by-product
of bricks industry. Nine concrete mixtures were cast in the same
proportions but using different aggregate types. The research proved the
possibility of production structural LWC with unit weight less by about
45% than that in NWC with decreasing by about 50% in the compressive
strength.

Al-Baghdadi, 2011[49] produced high-strength of LWC by use
crashed bricks as a lightweight coarse aggregate, in addition to
superplasticizer and mineral admixture. Seven mixtures of concrete have
been made. The cement content or cement with mineral admixtures for the
used mix varied between 300-600 kg/m?3. Many test cubes, cylinders and
prisms were cast to determine the concrete mechanical properties. the
researcher proved that high strength concrete with a density lower than
2000 kg/m3 could be produced by a waste of local bricks as coarse LWA
in addition to use minerals admixtures (Hydrated Lime) and super
plasticizers. According to this work, the cube compressive strength was
varied between (27.2 to 49.6) MPa at 28-days and oven dry density ODD
fluctuate between (1900 to 1960) kg/m?3; the splitting strength and flexural
tensile strength and the modulus of elasticity results varied between (3.1 to
4.0) MPa and (4.5 to 7.1) MPa (22.8-26.0) MPa; respectively.

Al-Mamoori (2015) [6] studied experimentally and numerically the

behavior of two way square simply supported slabs with using crushed

25 )

P



Chapter Two Literature Review

bricks as a lightweight aggregate. She cast and test eighteen two-way
reinforced concrete square slab models. The main variables in that study
were: type of concrete, type of reinforcement with different reinforcement
ratios and arrangements. From the results of study, it is concluded that the
SLWC with an average cylinder compressive strength of about 37 MPa and
average air dry density of 1896 kg/m? can be produced by using crushed
clay bricks with the use of natural sand, high performance superplasticizers

and micro silica fume.

2.10 Previous Studies on the Sandwich Concrete Panels
Kabir (2005)[50] studied the structural behavior of three dimensions
Sandwich panels under static shear and bending loads. the experimental

results are illustrated in Table (2-4)

Table (2-3): Experimental Results for Tested Slabs.

Specimen Thickness Cement Pu Dell‘\l/(la E(i:)t(ion
(cm) Content(kg/m?®) (kg) o
Slab-1 16 300 2200 80
Slab-2 16 300 1900 40
Slab-3 16 300 1800 80
The numerical model was loaded in increments to emulate the

experimental tests and to permit discovery of failure in flexural tests for
vertical and horizontal bearing panels and also for direct shear. The load-
displacement results of finite element analysis were similar to those of
experimentally tested specimens. Maximum loads tests were equal to the
experimental ultimate loads. At the load stage of 700 kg, the failure was

started by tension failure in the lower concrete wythe. Then, at the level of
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1200 kg load, the cracks propagate to the upper layers. The bottom steel
mesh is yielded and the concrete is crushing, causes the instability of the
system. The maximum load was 2200 kg. The founded conclusions were:
The load-deflection behavior indicate that these panels transmit the load as
partially composite panels under service loads. Additionally, in a linear
elastic zone, the stresses and strength of each panel can be calculated by

linear elastic structural analysis and the ACI code could be used.

Benayoune et. al. (2008) [10] investigated the flexural behavior of pre-
cast concrete sandwich composite panel experimentally and theoretically.
Six slabs have been tested under flexure load. The loads have been
increased in steps till slab models reached failure. The tested six slabs
included two slabs with dimensions (2000* 750) mm, two slabs with
dimensions (1500 *1500) mm, while the other two slabs with dimensions
(1000*500) mm, these dimensions were selected according to the behavior
of solid panels. the two slabs (2000*750) mm with aspect ratio 2.67
represent one-way action panels, while the other two slabs (1500*1500)
mm having aspect ratio 1 have been considered as two-way action slabs.
The last group was the slabs with dimensions (1000*500) mm having
aspect ratio 2 were represent the critical case that separate one-way action
slabs and two-way action slabs. Concrete sandwich panel was consisting
of two reinforced concrete wythes with 40 mm thickness, and one
polystyrene layer in the middle with 40 mm thickness.

A square welded steel BRC mesh of 6 mm bar diameter with 100 * 100
mm openings was used as the longitudinal and transverse reinforcement
for the two concrete wythes, while continuous truss-shaped connectors,

with 250 mm spacing, were used to tie the inner and the outer concrete

'
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wythes so that the panels act as a composite structural unit, as shown Figure
(2-1). The shear connectors were manufactured of steel bars with 6 mm
diameter. It was bowed to zigzag- shape, the height for all bent was 90 mm.
The shear connectors and wire mesh were connected to form continuous

truss shape shear connector.

For all tested slabs, the first crack appears at the load about of (55 to 60 %)
of the ultimate load. The finite element results were compared with the
experimental tests results. The load capacity improves with increasing in
the number of shear connectors, the ultimate load was :20 kN, 25.16 kN,
29.75 kN for shear connector numbers 2, 3 and 4; respectively. The results
indicated that failure mode and pattern of cracks for sandwich panels are
similar to the failure mode and pattern of cracks for solid panels
particularly when the sandwich panel having a high degree of composite
action. The finite element analysis of the sandwich panels resulted in good

approximation of the experimental load -deflection relationship.

Dawood, 2011 [12] studied experimentally concrete sandwich panel units
(wall and slab), the test was conducted on ten slab panels and ten walls
models. The main variables of the study were: inner layer thickness, the
strength of the concrete layer, and the type of lightweight aggregate utilized
in the inner concrete layer. The slabs have been tested as simply support
panel under two lines loads. Dimensions of slabs were (1200 mm * 400
mm) and the total thickness was variable between (40/50/60) mm
depending on the inner lightweight layer thickness. The second variable

was compressive strength for traditional concrete in the outer wythe, f,
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was variable between (28/39.3/49.7). Three types of lightweight aggregate
which used in the inner concrete layer: polystyrene, sawdust, porecilenite.
The results showed that the reference slabs load capacity increased when
the thickness was increased. More precisely when the thickness of the inner
concrete layer for sandwich slabs was increased. The ultimate strength was
decreased when the concrete strength of the outer concrete layers increases
for sandwich slabs. When using sawdust as aggregate in the inner concrete
layer, the strength of the sandwich slab was greater than the strength of
sandwich slab with polystyrene or porcilenite which used as aggregate in
the inner concrete layer. The maximum deflection and maximum slip for
sandwich slabs relay on the thickness of the inner layer, the ultimate
strength of the outer layers and the type of lightweight aggregate which

used in the inner concrete layer.

Mohamad et al., 2016 [51] studied the structural behavior of recycled
aggregate in concrete sandwich slabs tested under flexural load. Different
recycle aggregate percentages were used as coarse aggregate in the
concrete. The percentages of replacement were; exactly :25% / 50% / 75%
and 100%. The structural performance of the sandwich slabs was studied
experimentally and analyzed in the context of its ultimate strength, crack
pattern, load-deflection curves and load-slip curves. The results indicated
that the percentage of recycle aggregate used has a minor effect on the
mechanical properties of recycle aggregate concrete but quite a major
effect on the structural behavior of sandwich slabs under flexure. The first
crack progresses approximately at 48 — 67 % of the failure load followed
by panels failed with excessive cracks in the concrete bottom wythe. Also,

it was observed that the flexural strength of the slabs with recycling
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aggregate concrete decreased with the percentage of recycle aggregate
increase in the concrete. The percentage of reduction in the ultimate load
of slab panels with recycle aggregate was about 15% for every 25%
increase of recycle aggregate. All tested slab models showed large

deformation prior to failure and exhibited partially composite behave.

Huanzhi et al., 2017 [32] investigated experimentally and theoretically the
composite response of four precast concrete sandwich slabs with different
numbers of W-shaped steel glass fiber reinforced polymer shear connectors
and with various distribution shear connectors. The first slab had four W-
shear connector rows in both ends a third, and four W-shear connector rows
in the center of span panel. The second slab had the same amount of shear
connector in the ends but in the center, it had the half amount of shear
connectors as compared with the first slab. While the third slab had three
W-shear connector rows in both ends and two W-shear connector rows in
the middle of the span. Finally, the last slab had two W-shear connector
rows in both ends a third and the same amount in the middle of the span.

This distribution was carried out to assess the effect of a number of
W-shear connectors in both ends a third of span and in the middle of the
span on the behavior and composite degree of the sandwich. The shear
connector was manufactured of plane steel glass fiber reinforced polymer
with10mm total diameter.

The experimental work results indicated that the number of W-
shaped steel glass fiber reinforced polymer connectors in the slab ends has
more effect rather than in the middle of span on the behavior on a sandwich
slab. Increasing W-shaped shear connector would enhance the load

capacity. Panels could show high composite degree when the W-shaped
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could transfer large amount of shear force from the upper layer to the lower
concrete. The composite action of the tested panels which gained clearly
different relay on the number of shear connectors in the ends a third of

panel.

Joseph et al., 2017 [52] carried out a research on the behavior of precast
concrete sandwich slabs subjected to four-point bending with varying the
thickness of slab , mesh size, with or without either shear resistant ribs or
traditional steel rebar’s (in addition to the wire mesh) in the lower concrete
layer. Panel dimensions were (3000 * 1220 *100 or 150) mm (Length *
Width * Thickness), Cube compressive strength of self- compacting
concrete that used to cast the concrete layers was 45.9 MPa and flexural
tensile was 4.3 MPa. The thickness of each layer was 25 mm. The results
of the tests show that all slabs act as composite panel till failure occurred,
and the behavior of sandwich panels is similar to solid reinforced concrete
one way panels. Cracking behavior in terms of number of cracks and crack
spacing of concrete sandwich panels is similar to that of Ferro cement
cracking behavior owing to the presence of wire mesh. Presence or absence
of shear-resistant ribs and/or rebars in the bottom layers has a significant
influence on the flexural behavior of the panels.

The use of conventional rebar’s in a bottom layer besides the wire
mesh increases the ultimate strength of the slabs. The truss shaped shear
connectors, which made of wires used in the experimental study, are stabile

to achieve composite action of the slabs.
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2.11 Summary

From the previous researches, it is clear that studies on sandwich
slabs are still limited. Most of concrete wythes in the sandwich panels were
made of conventional concrete. So these sandwich panels are strong but
they have lower strength over weight ratio. Therefore, further investigation
on using both lightweight concrete in the wythes and polystyrene core layer
was required. Investigate the best position and the angle of bent of shear
connecter was very needed when using different types of lightweight

coarse aggregate.
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Material Properties and

Experimental Work

3.1 Introduction

The main purpose of the experimental study is to investigate the
the performance that could be achieved by using different lightweight
coarse aggregate in the concrete sandwich panels subjected to a flexural
load, and also to study the effect of shear connector distribution.

The main objective of this chapter is to present the properties of
materials (cement, fine aggregate, normal weight and lightweight coarse
aggregate, and steel reinforcements). This chapter contains a series of
standard tests according to the Iraqgi standards (IQS) and American
standards for materials testing (ASTM).

Also, this chapter contains the description of mix-procedures that
used to produce lightweight aggregate concrete LWC and normal weight
concrete NWC mixes. Then, the slump test for LWC and NWC mixes
during its fresh condition are explained. Also, the trial mixes, the best
mixture design, slab specimens’ preparation, casting and curing are
described. At age of 28 days, in the hardened state, several testing
procedures for some mechanical properties of concrete are presented
according to the specifications which are related to density, compressive
strength, and splitting tensile strength.

Also, details of the specimen panels, reinforcement steel, and layout

of shear connectors are clarified. Finally, test specimens, the
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instrumentation, and testing setup are illustrated. All of these tests are
carried out in the Structure Laboratory of the Engineering college of
Karbala University. The tests of materials are conducted in materials

Laboratory of the Engineering College at Babylon University.

3.2 Material Properties

3.2.1 Cement

Portland cement resistant to sulfate (Type V- commercial name Aljisir)
manufactured by Kerbala Cement Factory according to ASTM C150 [53],
was used in this study. It was stored in air-tight plastic containers to avoid
exposure to humidity The chemical and physical properties of cement are
listed in the Tables (A-1) and(A-2); respectively, in Appendix-A. The
results indicate that the used cement conforms to the Iragi Specification
No. 5/1984 [54].

3.2.2 Fine Aggregate (Sand)

In this work, natural sand brought from Al-Akhaider region was
used. The results of testing show that the grading, clay content, and sulfate
content are agreed to the required limits of the Iraqi Specification
N0.45/1984[55]. The sieve analysis of natural fine aggregate is illustrated
in Figure (3-1). Table (3-1) presents the physical and chemical properties

of the used fine aggregate.
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Figure( 3 - 1): Grading of Fine Aggregate

Table (3-1): Physical and Chemical Properties of Fine Aggregate

Limits of Iraqi

No. Physical Properties Test Results Specification No.45/1984
1 Specific Gravity 2.61 -

2 Sulfate Content SO3 % 0.422 % < 0.5%

3 Absorption % 0.88 % -

4 Clay Content % 0.82 % <10

5 Fineness Modulus 2.73 -

6 | Dry-Loose Density Kg/m 1574 -

Material finer than 75 pum 0 o
! (Sieve No. 200) (%weight) 4.0% =5.0%
(%)
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3.2.3 Coarse Aggregate (Gravel)

Three types of coarse aggregate were used in this work.

3.2.3.1 Normal Weight Coarse Aggregate

Crushed gravel brought from Al-Akhaidher region was used. First
of all, the coarse aggregate was washed, and then stored in a saturated
surface dry condition. Maximum size was 10 mm. The grading of the
coarse aggregate is shown in Figure (3-2). The results indicate that the
coarse aggregate grading is within the requirements of Iraqi Specification
No. 45/1984 [55]. The specific gravity, sulfate content, clay content and

absorption of these coarse aggregate are illustrated in Tables (3-2).

120
100
80

60

Passing %

Passing of Coarse Aggregate
40

Upper limits(1QS)

20
Lower limits(1QS)

0 5 10 15 20 25

Sieve Size mm

Figure (3-2): Grading of Normal Coarse Aggregate
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Table (3-2): Physical and Chemical Properties of Coarse Aggregate

No. Properties Test Results Ll OlegZ%'/fé); : ification
1 Specific Gravity 2.65 -
2 Sulfate Content SOs 0.055% < 0.1%
3 Absorption 0.52% -
4 Clay 0.17% < 0.2%

3.2.3.2 Lightweight Coarse Aggregate (Attapulgite)

The coarse aggregate used for lightweight concrete (LWC) is the
crushed lightweight aggregate obtained from crushing Attapulgite rocks
brought from the raw materials that collected from Tar Al-Najaf region.
Attapulgite is a fibrous silicate which has rather large a surface area and
acidic characteristics that make the clay more useful as an adsorbent and
catalyst. Attapulgite introduced by Carrol 1970 as: SigMgsO2 (OH),
(OH2)4.4H,0 [56].

Firstly, the Attapulgite rocks were crashed into smaller sizes by
hammer, as shown in Plate (3-1), then the Attapulgite was screen out by
sieve series according to ASTM C330-05 specifications [22]. The discrete
size fraction for each batch was recombined in suitable proportions to
produce the preferred grade. The prepared raw material was located in
three loose layers spread on a strand and placed in a furnace each layer
was approximately 110-130 mm, and then was fired by gas as shown in
Plate (3-2).
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Plate (3-1): Crushing Process of Attapulgite
The production methods of Attapulgite depend on expansion and
agglomeration. The increasing rate of the temperature was 5°C/min, and
when the furnace temperature reached the required degree (1100°C), the
sample was kept for half hour soaking time to guarantee execution all the

required transformation in this temperature [42] .
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Plate (3-2): Furnace of Burning Attapulgite
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The total burning time was four hours. After that, the cooling period
of the specimen was extended to the next day by open the oven door to
permit heat exchange with the ambient temperature. Finally, to ensure
grading exchange the Attapulgite were rescreened by sieve series
according to ASTM C330-05 specifications [22].as shown in Plate (3-3).

Plate (3-3): Graded Attapulgite

This coarse aggregate has the maximum size of 10 mm and its grade
conforms to ASTM C330-05 specifications [22]. Fig (3-3) shows the

Attapulgite grading sample used in the concrete mix.
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Figure (3-3): Adopted Grading of Coarse Lightweight Aggregate

3.2.3.3 Lightweight Coarse Aggregate (Clay Bricks)

The crushed bricks, which acquired from local bricks available in
the market, were used as coarse lightweight aggregate to produce structural
light-weight concrete SLWC. First of all, the bricks were crashed into
smaller sizes by hammer, then the crushed bricks were screen out by sieve
analysis according to ASTM C330-05[22] specifications as shown in Table
(3-3). The series of the sieves was made up from 19,12.5, 9.5, 4.75 and
2.36 mm, as illustrated in Plate (3-4).

Table (3-3): Adopted Grading of CNWA

No. | Sieve Size(mm) Passing % % Passing ASTM 330-05
1 19 100 100
2 12 100 90-100
3 9.5 60 40-80
4 4.74 10 0-20
5 2.36 5 0-10
)




Chapter Three Experimental Work

Plate (3-4): Graded Bricks
3.2.4 Water

In present work, Ordinary clean tap water was used for washing and

for casting and curing all the specimens.

3.2.5 Steel Wythe Reinforcement

Each concrete wythe of sandwich slabs was reinforced with one layer
of deformed steel reinforcement, consisting of 6 mm diameter bars with a
spacing of 150 mm c/c obtained from BRC Turkish production, placed
centrally through the thickness of outer concrete layers. The steel
reinforcement was tested according to ASTM A496-05 [57]. The yield
stress and the ultimate strength are shown in Table (3-4). The tensile tests
were performed using the testing machine available at the Mechanical
Laboratory of the Engineering Department at Karbala University is seen in
Plate (3-5).

Table (3-4): Properties of Steel Reinforcement Bar

Yield Stress Ultimate
Nominal Actual Elongation fy Strength fu
diameter diameter % MPa MPa
(mm) (mm) result| limit | result| limit | Result limit
6 5.84 6.8 6-7 | 584 | 520 836 690
( ]
| § 41 J
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Plate (3-5): Photograph of @6 mm Tensile Steel Testing Machine.

3.2.6 Shear Connector Steel Bars

In all panels, deformed steel bars with (4mm) diameter was used as
a shear connector (Turkish made). The tensile test was carried out using the
testing machine available in the Material Laboratory of the Material
Engineering Department at Babylon-University as shown in Plate (3-6).

The yield and the ultimate stresses are shown in Table (3-5).

Table (3-5): Properties of Steel Shear connector Bars.

Yield Ultimate

Nominal | Actual Elongation Stress fy Strength fu
diameter | diameter % MPa MPa

(mm) - (mm) | ocutt| timit | result| limit | Result| [limit

4 3.92 6.07| 6-7 | 647 | 520 716 690
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Plate (3-6): Photograph of 4@ mm Tensile Steel Testing Machine.

3.2.7 Super-plasticizer (SP)

Hyperplast PC 200 High Performance Super-Plasticizer Concrete
Admixture (Formerly known as Flocrete PC200) was used as a reducer to
the water of the concrete mix, as shown in Plate (3-7). Table (3-6) shows
the main properties of Flocrete PC200 from manufacturer data sheet [58],

see Appendix-A.

Plate (3-7): Flocrete PC 200
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3.2.7.1 Recommended dosage:

The guidance dosage of Hyperplast PC200 is 0.50 - 2.50 liter/100 kg
of cementitious materials in the mix, including ground-granulated blast-
furnace slag, pulverized fuel ash or micro silica. Representative trials
should be conducted to determine the optimum dosage of Hyperplast
PC200 to meet the performance requirements by using the materials and

conditions in actual use [58].

Table (3-6): Technical Properties @25 °C [58]:

Main Action Concrete Superplasticizer
Color Light yellow liquid
Density 1.03 - 1.07
form Liquid
Freezing point: ~-3°C
Specific gravity 1.05 +0.02
odor Slight/Faint
Toxicity Non-Toxic under relevant
health and safety codes.

3.3 Concrete Mixes

3.3.1 Lightweight Concrete Mix Design

The definition of lightweight Concrete (LWC) is usually related to
its density. The codes define structural lightweight aggregate concrete as a
concrete SLWC with a hardened density lower than 2000 kg/m3®and with a
compressive strength higher than of 17 MPa at 28 days, while the normal
weight concrete (NWC) owns density ranging between 2200 to 2600
kg/m?®. The target LWC compressive strength is more than 27 MPa at 28
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days and, the target air dry density was less than 2000 kg/m3. Concrete

mixtures contain crushed bricks or Attapulgite as a coarse lightweight

aggregate that was used in the production of LWC, natural sand, and

superplasticizer (PC-200) that were used to produce LWC.

Many trail mixes have been carried out according to ACI committee
211.2-98 (Reapproved 2004)[59], to satisfying the desired density and

compressive strength for concrete. Mix proportion (by weight), slump,

hardened density, and compressive strength of the trail mixes are illustrated
in table (3-7) and (3-8).

Table (3-7): Trail Mixes Proportion of Structural Lightweight
Attapulgite Aggregate Concrete.

Property No of mix
1 2 3 4 5 6 selected
Cement kg/m? | 450 365 450 365 365 365
sand kg/m? 650 478 504 769 478 769
LWA3kg/m? 600 450 378 408 408 408
SF:;/"m\g]ttOf B B 1 B 0.5 % 0.5%
Water kg/m? 180 146 157.5 164.25 146 146
W/C ratio 0.4 0.4 0.35 0.45 0.4 0.4
Prg‘?g:rgon 1:1.4:13 | 1:1.3:1.2 [ 1:1.12:084 | 1:221:12 | 1:1.3:12 | 1:21:1.2
Slump cm 1 2.6 flow 4 15 5
density kg/m® | 1930 1694 2045 1845 1775 1850
f¢ 28 days MPa | 185 20 24 23 24.2 25.5
()
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Table (3-8): Trail Mixes Proportion of Structural Lightweight Crushed
Bricks Aggregate Concrete that contain clay brick

No of mix
Property
1 2 selected
Cement kg/m?3 365 365
Sand kg/m?3 500 769
LWA3kg/m? 450 408
SP% Wt of cement - 0.5
Water kg/m? 182.5 146
WIC ratio 0.5 0.4
Prg'?g:rgo” 11312 | 1:2.1:1.2
Slump cm 3.5 8
density kg/m?® 1750 1871
f¢ 28 days MPa 25 33

3.3.2 Mix Design of Normal Concrete (NC)

The normal concrete is cast using the same mix proportion of
structure Lightweight Aggregate Concrete (SLWC) that designed before.
Table (3-9) shows the mix proportions of NC, inaddition to slump, density,

compressive strength values.
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Table (3-9): Mix Proportion of Normal Concrete.

Property value
Cement kg/m?3 365
Sand kg/m? 769
LWA3Kkg/m? 408
SP% Wt of cement 0.5
Water kg/m? 146
WI/C ratio 0.4
FEL 1:2.1:1.2
Slump cm 9
density kg/m?® 2150
f¢ 28 days MPa 39.4

3.4 Mixing Method

The mixing was done in a laboratory drum mixer having a capacity

of 0.1m3. Firstly, each type of aggregate was weighted and submerged in

water for 24 hours. Then the surface of the aggregate is dried and backed

into the plastic vessel, also the other constituents (sand and cement) were

weighted and backed into plastic vessel before the mixing process; it was

essential to keep the mixer clean, wet, and free of water. Both normal

weight concrete and lightweight concrete were mixed in same.
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Plate (3-8): Drum-Laboratory Mixer

3.4.1 Mixing Procedures of Lightweight Aggregate Concrete of
Lightweight Aggregate Concrete

The mixing procedure of lightweight concrete was implemented
according to Chandra and Berntsoon, 2002 [5]. This procedure was
separated into two steps: step one, the mixing of mortar (admixture, sand,
cement, and about two -thirds of water) for three min. step two, the coarse
LWA was added to the mixer with the remaining water and super
plasticizer for and mixed four minutes then two minutes break, then mixed

by two minutes.

3.4.2 Mixing Procedures of Normal Weight Aggregate

Concrete

NWC was mixed according to ASTM C 192/C 192/M-05 [60].
Saturated surface dry coarse aggregate and fine aggregate were added in
the mixer. After a few minutes, 50% of water was added to the mixer. Then,

the mixer was operated for few seconds, after that cement and remaining
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water was added to the mixture. After a few flipping, the superplasticizer
was appended. Then concrete was mixed for three minutes. Followed by

three minutes break, then mixed for two minutes.
3.5 Specimens Description

3.5.1 The Molds Preparation
All the sandwich slab models were cast in plywood molds to give a
slab model with net dimensions (1100*400*90) mm. The molds aspects

were made of 15 mm a plate thickness as illustrated in Plate (3-9).

Plate (3-9): The Molds of Sandwich concrete slab.

3.5.2 Specimens Design

Concrete Sandwich Slab (CSS) consists of 30 mm thickness
reinforced concrete layers and in the middle of them there is polystyrene
layer with 30 mm thickness. Each concrete layer was reinforced by steel
wire mesh with (150mm*150mm) spacing c/c and the diameter of steel
wire was 6mm. The cover for the reinforcement was 12 mm. The two
concrete layers were connected by the steel truss cage connectors with 150
mm spacing. The diameter of shear connectors deformed steel bar was 4
mm, these steel bars were bent to form continuous w-shaped (zigzag
shape), where the angle for each bent was 45° or 27° as shown in (Plate 3-
10). The height for each bent was 60 mm. The bent steel bars were tied to

the two meshes to create continuous steel truss shear connector.
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Plate (3-10): Bent Shear Connector Bars in 45° and 27°.
3.5.3 Casting Procedure

The internal sides of cubes and cylinders and the fabricated molds
of slabs were completely cleaned and oiled to prevent adhesion with
concrete later. Then, the bottom layer reinforcement and shear connectors
trusses are placed in the suitable position for slab molds.

Afterward, the concrete was mixed using a drum mixer, the concrete
mixture was carefully poured in the slab molds [60] with first layer of
concrete, then the polystyrene layer placed in a the right position. After
that, the upper wire mish was tied to the shear connectors during (5-7)
minutes the second layer of concrete was cast. NWC and LWAC mixes for
all slabs, cube molds, cylinder molds were compacted by a vibrating table.
After the casting, the upper surface of concrete was smoothly finished by
using hand trowel, after 24 hours, the slab specimens were separated from
their molds, and then completely immersed in water for 28 days to prevent

evaporation of water.

3.5.4 Supporting and Loading System

Loading system is consisted of three major pieces (steel I-beam
sections that strengthened by welding bars with (25) mm diameter on each
side of it, and two steel bars 25 mm are used to apply two line loads, and
plate loading). Mean supporting system consists of two parts two steel I-

beam sections and two steel plate with 10 mm thickness are welded to steel
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bars with 25 mm; one of the bars is fixed to |- sections and the other is
unrestricted as shown in Plate (3-11) & Plate (3-12)

d

5
Jans

—
R
Plate (3-12): Loading System

3.6 Specimen Identification and Shear Connectors Details

Twelve slab samples were used in this work; these samples were
divided into three groups. The first group consisted of two specimens of
normal coarse aggregate concrete. The second group consisted of five
specimens of lightweight Attapulgite aggregate concrete. The third group
consisted of five specimens of lightweight crushed bricks aggregate
concrete. Slab specimens can be classified according to the type of coarse
aggregate used or the type and form of shear connectors.

The sample are described as following:
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The first concrete slab specimen (RN) reference solid conventional
slab with normal weight concrete was considered as a control slab for
comparison.

The second concrete slab specimen (SN-C45) is a sandwich slab with
normal weight concrete in the wythes and continuous steel truss shear
connectors included angle for each bent was 45°.

The third concrete slab specimen (SA-45) is a sandwich slab with
lightweight concrete in the wythes (use Attapulgite as coarse aggregate)
and continuous steel truss shear connectors, included angle for each bent
was 45°.

The fourth concrete slab specimen (SB-45) is a sandwich slab with
lightweight concrete in the wythes (use clay bricks as coarse aggregate) and
continuous steel truss shear connectors, included angle for each bent was
45°,

The fifth concrete slab specimen (SA-C27) is a sandwich slab with
lightweight concrete in the wythes (use Attapulgite as coarse aggregate)
and continuous steel truss shear connectors, included angle for each bent
was 27°.

The sixth concrete slab specimen (SB-C27) is sandwich slab with
lightweight concrete in the wythes (use clay bricks as coarse aggregate) and
continuous steel truss shear connectors, included angle for each bent was
27°.

The seventh (SA-L1), eighth (SA-L2) and ninth (SA-L3) concrete
slab specimens are sandwich slabs with lightweight concrete in the wythes
(use Attapulgite as coarse aggregate) and discrete steel truss shear
connectors, included angle for each bent was 45°. The discrete steel truss

shear connectors area was 2/3 of continuous truss shear connectors area.
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The tenth(SB-L1), the eleventh(SB-L2) and the twelfth (SB-L3) are
sandwich slabs with same distribution shear connector of (SA-L1), (SA-
L2) and (SA-L3); respectively using clay bricks, instead of Attapulgite, as
coarse aggregate in concrete wythes. Figure (3-4) shows clearly shear

connector layout schemes for all tested slabs

- 1100 - - 1100 -
400 400
i
RN SB-L1, SA-L1
- 1100 - - 1100 -

400 //\""3% 400
4re

, .
SN-C45. SB-C45. SA-C45 SB-L2, SA-L2 s
— 1100 - — 1100 —
400 — - 400
s L 2 il
s & ¥
SN-C27, SB-C27, SA-C27 SB-L3, SA-L3

Figure (3-4): Specimen shapes and Shear connector Schemes
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3.7 Tests of Fresh Concrete
The test below was done to determine the fresh properties of SLWAC and
NWC. All the following tests were carried out in the Structural Laboratory

in the Civil Engineering Department, University of Kerbala:

3.7.1 Slump Test

The slump test procedure of normal concrete and lightweight
concrete was carried out in accordance with (ASTM C143-05a)[61]. The
slump test consists of a truncated cone with 100 mm diameter at the top,
200 mm diameter at the bottom and height is 300 mm and a tamping rod.
The cone is completely filled with concrete mix, and then gradually pulled.
This test is shown in Plate (3-13)

Plate (3-13): Slump Flow for Fresh Concrete.

3.8 Mechanical Properties of Hardened Concrete
Several tests on hardened concrete were carried out to confirm the

design strength of concrete and the class of concrete. These tests are
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compressive strength (cubes and cylinders), splitting tensile strength,

density, absorption, and voids tests.

3.8.1 Hardened Density Test

This test is essential to recognize whether the concrete is
lightweight or normal weight according to ASTM C567-05a[62]. A total
number of nine cylinders (200x100) mm specimens were tested, Three

cylinders for each type of concrete.

3.8.2 Compressive Strength (Cylinder) Test

Compressive strength was performed and tested according to
(ASTM C39-86)[63]. Nine cylinder specimens, (150x300) mm, were tested
at (28) age as shown in Plate (3-14).

Plate (3-14): Compressive Strength-Cylinder
3.8.3 Compressive Strength Test (cube)

Compressive strength was done and tested according to (BS 1881:
Part 116-1989)[64]. A total number of nine cubes of 100 mm was casting
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to test the compressive strength of concrete. The applied load was at right

angle to the direction of casting.

3.8.4 Splitting Tensile Strength Test

Based on the procedure defined in (ASTM C496-04)[65], The
splitting tensile strength was concluded. A total number of 24 cylinders
with (100x200) mm were tested at age (28) days. Two plywood strips of
4.0 mm thick and 100 mm wide and 200 mm length are put between the
cylinder and both the upper and the lower bearing blocks of the machine as

presented in Plate (3-15) below.

B o
R o oy
o TN .&“.hf;: i

Plate (3-15): Splitting Tensile Strength.

3.9 The Test Setup and Equipment’s
All slab specimens were tested in a universal testing machine with a

capacity of (1000 kN) available at the Structural Laboratory of Civil
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Engineering Department at Karbala University, under monotonic loads up

to ultimate load as shown in Plate (3-16).

Plate (3-16): Universal Testing Machine Used to Test Slabs.

3.9.1 Concrete Surface Strains

At both side of concrete layers, the strain was computed by Vernier
caliper with 0.02 mm shown in Plate (3-17). At different loading stages,
four couples of demec-discs were used to observe the horizontal distance
at four levels of slab thickness in the center line of the span. The

Arrangement of these demec-discs were shown in Figure (3-4)
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Figure (3-5): Arrangement of Demec Discs

(All Dimensions in mm)

3.9.2 Deflections and End slip of the Slab
The deflections were measured by LVDT with 100-mm range. One
LVDT was used at the center of the slabs.
At one end of all specimens in the center of wythe, end slip was
measured at the top and bottom layer by using LVDT with 10-mm range.
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LVDT is a common type of electromechanical transducer that can convert
the rectilinear motion of an object to which it is coupled mechanically into
a corresponding electrical signal.

All LVDT were fixed in such a manner that it contacted the surface
of specimens, and connected to the computer to record the readings by
using LabVIEW application. Plate (3-18) shows the position of the LVDT.

Plate (3-18):Position of LVDT at the Side of Slab

(All Dimensions in mm)

3.10 Testing Procedure

The specimens were tested as a simply supported span, the effective
span was (990 mm). Two line loads were applied at L/3 from supports. The
test started with the applying 5 kN load to check LVDT, then unloading to
zero. At zero loading, the preliminary reading of LVDT and mechanical
stains are founded. The load was applied in steps. At each load increment,
observations of crack progressed on the concrete wythes which were drawn
by marker pen. Also, at each test, the first cracking load was obtained and
the mechanical measurement of the strains reading was listed. The process
of recording measured the strain and traced the crack taking approximately

three to five minutes. When this process is finished, loading was returned
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to the next load step. This procedure is repeated until the recorded ultimate
load. The failure of the slabs was announced when noticed large deflection

in addition to large flexure with no further increase in the loading readings

was recorded as shown in Plate (3-19).

-

Plate (3-19): Typical Slabs After Testing

—
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Chapter Four Results & Discussion

Experimental Results and Discussion

4.1 General

This chapter presents the results of the experimental work, which
were described in the previous chapter.

The objective of this study is to investigate the flexural behavior of
lightweight one - way sandwich slabs subjected to two lines load. To
understand the structural behavior of these slabs, a set of systematic
parametric investigations of the sandwich panels were carried out. At the
initial stage of behavior, the focus was given to the optimum arrangements
and angle of the bent of the shear connectors as part of the sandwich panel.
The parameters considered in these investigations were: the position, and
orientation of the shear connectors as well as the type of lightweight
aggregate.

Firstly, the experimental results of hardened properties of Normal-
Weight Concrete NWC and Light-Weight Aggregate Concrete LWAC of
control slabs are explained and discussed as a reference.

Secondly, this chapter explains the experimental results of twelve slab
specimens. Ten of them were lightweight coarse aggregate concrete slabs.
The remaining two were normal coarse aggregate concrete slabs.

For these tested slabs, the cracking behavior, including first cracking
load and cracks pattern, are investigated. The load versus mid span
deflection at the center are studied. In addition, load versus horizontal slip
at the end of the panel is examined. Furthermore, for different loading
stages, concrete strain distribution along the thickness of wythes at center

face of slab specimen is also presented.
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4.2 General Behavior of Sandwich Slabs

All sandwich slab models consist of cork layer surrounded by two
layers of reinforced concrete. Total section has a steel reinforcement ratio
(0.00235) which is used for the tested specimens with a clear cover of 12
mm, the desired minimum required reinforcement ratios is (0.0018) by ACI
building Code ACI-318 [66] to avoid the shrinkage and temperature effect.
All details reviewed in chapter three were according to ACI building Code
requirements, and steel reinforcement and concrete strength were selected
to satisfy this demand. The slabs were designed to fail in flexure by
applying two-line load. The general behavior of the tested slabs can be

summarized as below.

For the all sandwich slabs, first cracks were capillary and observed at
the early stage of loadings, then the applied loads were increased until the
number of cracks is increased. Also, the first crack width is increased. As
the loads were increased further, crack progressive to the top wythe.
Several flexure crack initiate in the tension face at load intervals, increasing
gradually in number and becomes wider. For the solid slab, the
deformation was initially seen at the elastic range (linear) at the early stage
of loadings. Then the applied load was increased until the first crack
occurred when the maximum moments had reached at the slab center of
region.

As the loads are increased, the degradation of stiffness happened and
failure was finally occurred. Table (4-1) shows the general properties and

details of sandwich slabs.
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Table (4-1) General Properties for Sandwich Slabs

Properties Value

Slab dimensions (Length, width*
1100 mm*40 mm * 90 mm

thickness)

Core thickness 30 mm

Wythes thickness 30 mm

Diameter of reinforcement(d) 6 mm

Type of loading Two line load

Type of supporting Simply supporting

Degree of bent of | 9 slabs Shear connectors bent at 45

shear connector 2 slabs Shear connectors bent at 27
Layout and 5 slabs Continuous truss shear connectors
distribution of 6 slabs

Discrete truss shear connectors
shear connector

Type of coarse | 2 slabs Normal coarse aggregate
aggregate 5 slabs Lightweight coarse aggregate (Attapulgite )
5 slabs Lightweight coarse aggregate (crushed
bricks )

4.3 Hardened Properties of Concrete

The mechanical hardened properties for control cubes and cylinders
for both lightweight concrete types and normal concrete are tested at age
of 28 days and their results are presented in Table (4-2).
Table (4-2): Mechanical Properties of Concrete Cubes and Cylinders

Slab Air Dry Compressive Strength Tensile
Model Density MPa Strength
Symbol Kg/m?3 fe feu foul fe MPa fct
SN 2305 32 39 1.218 3.35
SA 1940 21 255 1.214 2.75
SB 1954 25.2 30 1.190 2.83
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4.3.1 Hardened-Density of lightweight concrete

Table (4-2) shows the hardened density for lightweight and normal
weight concrete. The results indicate that hardened density for lightweight
aggregate concrete when using crushed bricks are below 1945 kg/m?, while
it is below 1940 kg/m? for Attapulgite as coarse lightweight aggregate. This
conforms to the requirements of several codes for structural lightweight
coarse aggregate concrete that state the maximum density does not exceed
2000 kg/m?. The hardened dry density is important because it represents
the permanent load of the structure element self-weight. Also, the weights
of all types of reinforcement should be taken into account. The dry density
of slab specimens is determined by weighing the slab model at age 28 days
using mechanical weighing balance. Then find total hardened density as
shown below.
“total density of slab (kg/m?®) = total weight(kg) / volume of slab (m?®)”

Table (4-3): Hardened-Density of Slab Models

Weight of Total Differenc_e in Hard.ened
Slab Model Reinforcement Weight Total Welght _DenS|ty of
Symbol Kg of Slab kg Compare with| Reinforced Slab
RN (%) kg/m?
RN 2.737 94.5 0.00 2386
SN-C45 3.209 65.0 - 31.22 1641
SA-C45 3.209 55.7 -41.06 1407
SB-C45 3.209 57.4 - 39.26 1449
SA-C27 3.082 94.5 -42.33 1376
SB-C27 3.082 56.5 -40.21 1426
SA-L1 3.051 54.3 -42.53 1371
SA-L2 3.051 54.8 -42.01 1384
SA-L3 3.051 54.1 -42.75 1366
SB-L1 3.051 56.4 -40.32 1424
SB-L2 3.051 56.3 -40.42 1422
SB-L3 3.051 55.8 - 40.95 1409
{64 )
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From Table (4-3), the hardened design density of NWC sandwich
slab is lower than solid slab model by about 31.22%. While the hardened
design density of LWCA sandwich slabs is lower than NWC sandwich slab
by about 14.26%, 11.70%, used Attapulgite / crushed bricks as a coarse
aggregate.

On the other hand, in comparison with SA-C45 and SB-C45, using
two-thirds of steel area of the shear connectors reduces the average values
of hardened design density by about 2.33%, 1.98%, when using Attapulgite
and crushed bricks as a coarse aggregate; respectively.

Also, the hardened oven dry density for LWAC which produced from
Attapulgite and crushed bricks as a CLWA is about 1850 kg/m?3, 1871
kg/m?®; respectively, which is calculated from the experimental test as

general value for all sandwich slabs.

4.3.2 Cylinders and Cubes Compressive Strength

One of the important things is to investigate the behavior of LWAC
and NWC that used in the slab models having the same mix proportion is
1:2.1:1.2.
The average value of cylinders’ compressive strength fc for LWAC were
(21 MPa) and (25.2 MPa); respectively, when using Attapulgite and
crushed bricks as coarse aggregate. whereas the average compressive
strengths of cubes f., were (25.5 MPa) and (30 MPa); respectively, when
using Attapulgite and crushed bricks as coarse LWA, while, for normal
weight concrete, the average value of cylinders and cubes compressive
strength were 32 MPa and 39 MPa; respectively as presented in Table (4-
2)
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As general, it was observed that the lightweight concrete with
crushed bricks has a cylinder compressive strength less than 21.25% in
comparison with normal weight concrete for the same mix proportion. on
the other hand, when using Attapulgite as CLWA, the cylinder
compressive strength reduced by about 38.24%. Plate (4.1) shows the

cylinder compressive strength test for each type of CLWA concrete.

e
¥ I

Plate(4-1): Compressive Strength Test of Cylinders

4.3.3 Splitting Tensile Strength

The splitting tensile strength fs, results for lightweight concrete and
normal concrete are illustrated in Table (4-2). The average values of
splitting tensile strength for LWAC were 2.75 MPa and 2.83 MPa when
using Attapulgite and crushed bricks as coarse LWA, respectively, whereas
the average tensile strength was about 3.35 MPa as an average value for
NWC.

At the same mix proportion, it was obtained that when crushed-
bricks used as coarse aggregate, the LWAC will have a splitting tensile
strength less than 15.52% as compared with normal concrete. While using
Attapulgite as CLWA reduced the splitting tensile strength by about

17.91%, this difference in the value of splitting strength is mostly assigned
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to an important role of the water which absorbed and stored inside the
crushed-bricks or Attapulgite. Plate (4-2) shows the tensile strength test

and failure modes of cylinders.

Plate(4-2): Split tensile test and failure modes of cylinders

4.4 Experimental Results of Slab Models

Case study No.1: Checking the qualifications of replacement traditional
solid slab by concrete sandwich slab. For this purpose, group 1: RN &
SN-C45 slabs are used.

Case study No.2: Investigating the efficiency of using a different type of
lightweight coarse aggregate concrete as a structural member, five
sandwich slab specimens were tested which contain Attapulgite as a
lightweight coarse aggregate, another five sandwich slabs contain clay
bricks as a lightweight coarse aggregate, where the other contain a normal
coarse aggregate. For comparison, group 2: SN-C45 & SB-C45 & SA-

C45 slabs are used.

Case study No.3: focusing on the optimum layout and the position of the
shear connectors. A (2/3) of steel reinforcement shear connector area was
used in different arrangement and positions. Two groups are used for this
purpose group 3:( SB-L1 & SB-L2 & SB-L.3) slabs and group 4:( SA-L1
& SA-L2 & SA-L3) slabs.

'
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Case study No.4: Investigating the effect of orientation (angle of bent) of
shear connectors. group 5: SA-C45 & SA-C27 slabs and group 6: SB-
C45 &SB-C27 slabs are used.

Case study No.5: For same shear connectors steel area and two types of
shear connectors used (continuous cage, discrete W-shaped), different in
angle of bent (45, 27) were also studied. For comparison, group 7: (SA-
C27 & SA-L1 & SA-L2 & SA-L3) slabs and group 8: (SB-C27 &SB-
L1& SB-L2 & SB-L.3) slabs are used.

4.4.1 Load-Deflection Curves

All deflection readings were recorded till the ultimate load is
occurred, one LVDT was located vertically at the center of the slabs in
the vertical direction. All the slabs were measured by this procedure of
measuring deflection. The recorded ultimate load and the deflection are
shown in Table (4-4).

For general reinforced concrete elements with a specified
reinforcement ratio, the load-deflection relationship of the section can be
founded. From the load-deflection relationship, the ductility index, (uA),
can be found. it is based on deflection computed at mid-span of the slab.
The deflection ductility index (uA) is the ratio of deflection at the ultimate
stage of the slab to the deflection at the yielding point of steel.

Generally, a high ductility index indicates that structural members

tested are capable of undergoing large deformations prior to failure.

Case study No 1: Benefits of sandwich slabs.
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Table (4-4) shows the ultimate Load and maximum deflection
value for RN & SN-C45 Slabs.

Table (4-4): Ultimate Load and Max Deflection of RN&SN-C45 Slabs

Speci Ultimate Load Difference in Max Difference in
ecimen .
Z ool kN Ultimate-load as | peflection deflection as
mbo .
Y Pu compare with mm compare with
RN 33.00 _ 11 _
SN - C45 30.00 -9.09 13.50 22.72

The main benefits of using sandwich principle were reducing the
total weight by about 31.21% and the deflection increment by about
22.72% as compared with a solid slab. Also, the toughness will increase
by 25.11%, while the strength will reduce about 9.09%. This reduction
accompanied by an increase in the ductility index (nA) by 2.27%. Figure
(4-1) shows load-deflection curve for solid slab model and sandwich slab

with normal concrete.
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Figure(4-1): Load-Deflection profile of RN & SN-C45

Case Study No.2: Best type of coarse aggregate.
Table (4-5) shows the ultimate Load and maximum deflection value for
SN-C45, SB-C45 &SA-C45 Slabs.

Table (4-5): Ultimate Load and Max Deflection of SN-C45& SB-C45
&SA-C45 Slabs

Ultimate Difference in Max Difference in
Specimen : ; :

Load kN Ultimate-load as | Deflection deflection as

Symbol ) i
Pu compared with Mm compared with
reference slab % reference slab %

SN - C45 30.00 B 13.50 3
SB — C45 27.84 -7.2 22.00 62.96
SA - C45 25.89 -13.7 23.42 73.48
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The use of clay bricks as a lightweight coarse aggregate will
reduce the total weight by about 11.70%. and enhancement the
deflection, ductility index (uA), toughness will be 62.96%, 39.64%,
54.04%: respectively. While the ultimate load will have reduced by

about 7.2 % as compared with sandwich normal weight aggregate.

In case of using Attapulgite instead of normal aggregate, the
increment in the max deflection value, ductility index (uA), toughness
was 73.48%, 38.75%, 43.82%: respectively. Another benefit gained
was decreasing the total weight by 14.31 %. While, the ultimate load
will only reduced by about 13.7 %. Figure (4-2) shows the load-
deflection curve for SN-C45, SB-C45 & SA-C45.

35
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SN-C45

Load kN

15 SB-C45
SA-C45
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0 5 10 15 20 25

Deflection mm

Figure(4- 2): Load-Deflection Profile of SN-C45 & SB-C45 & SA-C45
Slabs
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Case Study No 3: Effect of layout of shear connectors

Table (4-6) shows the ultimate Load and maximum deflection values for
SB-L1, SB-L2 &SB-L3 slabs and their counterparts of Attapulgite slabs.

Table (4-6): Ultimate Load and Max Deflection of the Sandwich Slabs with
Discrete W-shape shear connectors

) Ultimate Load Difference in Max Difference in
Specimen ) ) )
kN Ultimate-load as | Deflection deflection as
Symbol i .
Pu compared with mm compared with
reference slab % reference slab %
SB-L1 21.65 - 15.42 -
SB-L2 17.60 -18.71 18.00 16.73
SB - L3 19.89 -8.13 16.23 5.25
SA-L1 20.50 - 16.00 -
SA-L2 16.00 -21.95 19.60 22.5
SA-L3 18.91 -7.76 16.53 3.31

SB-L1 slab exhibits increasing in the ultimate load by about
(23.01% and 8.85%) as compared with SB-L2 & SB-L3 slabs in group
3, this increment accompanies by enhancing in their toughness by about
(24.52% and 27.02%0): respectively. While maximum deflection value
will have reduced by about (14.33% and 4.99%): respectively, as well
as ductility index is decreased by about (14.44% and 5.12%):

respectively.

SB-L3 slab shows more load capacity by about 13.01% when
comparing with SB-L2 slab. On the other hand, max deflection value,
toughness, ductility index will decrease by about (8.28%, 1.97% and
9.83%): respectively. Figure (4-3) illustrates load deflection curves for
SB-L1, SB-L2 & SB-L3 slabs.
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For SB-L1, SB-L2, SB-L3 slabs, the reduction in the total weight
was 1.70%0,1.92%, 2.79% when compared with SB-C45 slab, while the
decreeing in the weight of steel reinforcement was 4.92 %, this reduction

IS important in economic benefits.
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Figure (4-3): Load-Deflection Curve for SB-L1,SB-L2 & SB-L3 Slabs.

The results indicate that behavior of slabs which contain
Attapulgite, to some extent, similar to the behavior of those containing
crushed bricks. Therefore, SA-L1 slab shows increment in the ultimate
load by 28.13%, 8.41% as compared with SA-L2, SA-L3 slabs:
respectively. Also, the ductility index will increase by about (8.57%,
20.69%0). On the other hand, toughness will increase by (4.11%) when
compared with SA-L2 slab, while it decreases by (1.94%) as compared
with SA-L3 slab. Figure (4-4) illustrates load deflection curve for SA-
L1, SA-L2 & SA-L3 slabs.

73

P



Chapter Four Results & Discussion

25

20

15

SA-L1

Load kN

10 SA-L2
SA-L3

0 5 10 15 20 25
Deflection mm

Figure (4-4): Load Deflection Curve for SA-L1,SA-L2 & SA-L3 Slabs.

Case Study No4: Effect of the bent angle of continuous truss shear

connectors.

Table (4-7) shows the ultimate Load and maximum deflection value for
SB-C45, SB-C27 &SA-C45, SA-C27 slabs.
Table (4-7): The Ultimate Load and Maximum Deflection
Value for SB-C45, SB-C27 &SA-C45, SA-C27 Slabs.

Ultimate Load Difference in Max Difference in
Specimen ) )
kN Ultimate-load as Deflection deflection as
Symbol ) )
Pu compare with mm compare with
reference % reference %
SB — C45 27.84 _ 22.00 _
SB-C27 23.63 -15.12 16.51 -24.95
SA - C45 25.89 3 23.42 B
SA-C27 21.42 -17.26 18.30 -21.86
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The using continuous truss shear connectors bent in 45° instead of 27° will
increase the ultimate load, max deflection value by about 17.82%,
33.25%: respectively. Also, ductility index (pA), toughness will have
increased by 14.17%, 66.23%. While total weight will have increased by
about 1.60%. Figure (4-5) shows the load-deflection curve for SB-C45&
SB-C27.
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Figure (4-5): Load-Deflection Profile of SB-C45 & SB-C27 Slabs
In case of using Attapulgite in group 5. SA-C45 slab exhibits
increment in each of the ultimate load, max deflection value, ductility
index (uA), toughness by about (20.86%, 27.97%, 14.36%0,46%0):
respectively, when comparing with SA-C27. This enhancement was
accompanying with an addition in total weight by 2.2%. Figure (4-6)
shows the load-deflection curve for SA-C45, SA-C27.
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Figure (4-6): Load-Deflection Curve for SA-C45, SA-C27 Slabs

Case Study No5: Effect of the shape of the shear connectors.

Table (4-8) shows the ultimate Load and maximum deflection value for
SB-C27,SB-L1, SB-L2, SB-L3 slabs and their counterparts of Attapulgite.
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Table (4-8): The ultimate Load and maximum deflection value for SB-
C27, SB-L1, SB-L2, SB-L3 slabs and their counterparts of Attapulgite.

) Ultimate Load Difference in Max Difference in
Specimen i ; :
kN Ultimate-load as Deflection deflection as
Symbol : :
Pu compare with mm compare with
reference % reference %
SB-C27 23.63 _ 16.51 _
SB- L1 21.65 -8.38 15.42 -6.60
SB-L2 17.60 -25.52 18.00 9.02
SB-L3 19.89 -15.83 16.23 -1.69
SA-C27 21.42 - 18.30 -
SA-L1 20.50 -4.29 16.00 -12.57
SA-L2 16.00 -25.30 19.60 7.10
SA-L3 18.91 -11.72 16.53 -9.67

From Table (4-8), it’s clear that the continuous truss shear connector
in SB-C27 and SA-C27 slabs enhanced in ultimate load capacity by about
9.14%, 4.49% when compared with SB-L.1 and SA-L 1 slabs: respectively.
Also, in case of using Attapulgite SA-C27 slab shows increasing in the
ductility index and toughness by about (2.63%, 11.43%, 23.86%):
respectively for ductility and by about (22.95%, 28.00%, 20.57%) for
toughness as compared with SA-L1, SA- L2, SA-L3 slabs. This behavior
unlike to the case of using crushed bricks, where SB-C27 slab exhibits
increasing in the toughness when it compared with SB-L2, SB-L3 by about
(13.45%, 15.74%) but it shows decreasing by about (8.88%) when
compared with SB-L1 slabs. On the other hand, SB-C27 slab shows
decreasing in the ductility index by (10.65%, 23.55%, 15.21%) as
compared with SB-L1, SB-L2, SB-L3 slabs: respectively, as shown in
Figure (4-7) & Figure (4-8).
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Figure(4-7): Load-Deflection Profile for SA-C27 ,SA-L1 ,SA-L2& SA-L3
Slabs
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Figure(4-8): Load-Deflection Profile for SB-C27,SB-L1,SB-L2&
SB-L3 Slabs
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Figure (4-9) & Figure (4-10) show toughness and ductiliy index for all

slabs.

H RN
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Figure (4-9): Area Under Load Deflection Curve (Toughness)for All Slab
Models.
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Figure (4 -10): Ductility Index for All Type of Slab Models
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4.4.2 Cracking Behavior

Cracks formation were monitored during the test to evaluated the
behavior of the sandwich slab specimens with multiple variables and to
make a comparison between the slabs in cracking behavior. The first
cracking loads, cracking patterns and maximum crack width in bottom

layer at the failure of all slabs will be shown in the next subsections.

4.4.2.1 First Cracking Loads

For all slabs, the first cracking loads (Pcr) which were gotten from
the experimental tests are presented in Table (4-9). In general, the
noticeable first crack load of all slabs varied with the range (17.04% to
43.10%) according to the average of the experimental ultimate loads.
Tables (4-9) shows the first cracks load and the ratio of first crack load to

the ultimate load.
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Table (4-9): First Cracks Load and Ultimate Load of All Slabs

Specimen Load kN cr
Symbol P_u /o
Pcr Pu
RN 11.86 33 35.94
SN - C45 10 30 33.33
SA - C45 8 25.89 | 30.90
SA - C27 5.6 19.86 | 28.19
SA-L1 6.6 20.5 32.19
SA-L2 4 16 25
SA-L3 4.5 18.91 23.79
SB — C45 12 27.84 43.10
SB - C27 8.3 21.20 39.15
SB-L1 6 20.65 29.05
SB-L2 3 17.60 17.04
SB-L3 6.6 19.89 33.18

4.4.2.2 Cracking Pattern and Crack Width

At early loading stages, the deformation was linear elastic. After that the

loads were increased till the first crack appeared at the tension face of lower

wythe of the slab.

With load increasing, many flexural cracks began to appear first at the

maximum moment region and under the applied load at the lower tension

face throughout the slab. With gradual increases load, the crack numbers

increased and cracks became wider and progressed upwards throughout the

other layers, and also noticed through two sides of the slab specimens. As

P
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the applied loads are increases, a reduction in stiffness occurred and one
mode of failure progressed that can be classified as a flexural failure by
steel yielding of tension. After that, the concrete in compression face is
crushed.

The solid slab model undergoes the same stages of behavior, but it has
higher stiffness, the load has been increased gradually until the sudden
failure by crushing of concrete is occurred. The number of cracks was
reasonable and the crack width was larger as compared to sandwich
models.

All sandwich slab models showed similar behavior, the failure was
gradual and they fail due to steel yielding. SN-C45 slab has less number of
cracks as compared with SA-C45 slab and SB-C45 slab. SA-C45 slab has
the more number of cracks and small crack width as compared to other two

sandwich slab as shown in Plate (4-3).
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Plate (4-3): Cracks Patterns for Solid Slab and Sandwich Slab with
Continuous Shear Connectors at Lower Face of Bottom Layer

In general, the use of (2/3) area of shear connector reinforcement increased
the cracks number and reduces the crack width. While reducing the angle
of bent to 27°, cracks number reduce and the crack width increase in

comparison with the sandwich slabs with 45° shear connectors bent angle.

As shown in Plate (4-4).
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Plate (4-4): Cracks Patterns for Sandwich Slab with Discrete Shear
Connectors at Lower Face of Bottom Layer

4.4.3 Concrete Surface Strain

The strains of concrete were measured by using the Vernier caliper
as it was explained in chapter three, the strain was measured in concrete at
two layers. The results of strain for all slabs represented in Figures (4-11)
to (4-22). 1t’s clear that all sandwich slabs have high degree of composite
action in the low applied load stage. But when the load increase the

composite degree will be decreased.
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Figure (4-11): Strain disparity across the Depth of RN Slab at Various Load Stages
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Figure (4-13): Strain disparity across the Depth of SA-C45 Slab at Various Load
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Figure (4-4): Strain disparity across the Depth of SA-C27 Slab at Various Load
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Figure (4-5): Strain disparity across the Depth of SA-L1 Slab at Various Load
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Figure (4-21): Strain disparity across the Depth of SA-L3 Slab at Various Load
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4.4.4 Load Slip Behavior

At the initial loading stages of behavior of tested slabs, the steel truss
shear connectors will resist the applied shear forces in addition to the
adhesion between the isolation layer (polystyrene) and concrete layers.
When the first crack appeared the adhesion between the layers disappeared.
So most of the shear forces were supported by the steel truss connectors at
this stage. In the current study, all slabs show a high degree of composite
action till the failure stage when the ultimate load was reached (16 kN for
SA-L2) to (30 kN for SN-C45).

From Figures (4-23 to 4-25), it is clear that the slip increases when
the type of aggregate in concrete layers changes. SN-C45 slab model
shows more composite action and small slip when compared with SA-C45
& SB-C45 slabs. This is may be owing to the density of concrete which
increases with the increase in the compressive strength. Also, SB-C45 slab
exhibits similar behavior when compared with SA-C45 slab due to the

LWA weakness which gave lesser resistance to slip.
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Figure (4-23): Load - Slip Relationship for SN-C45 Slab
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Figure (4-24): Load - Slip Relationship for SA-C45 Slab
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Figure (4-25): Load - Slip Relationship for SB-C45 Slab

As illustrated in figures (4-26 to 4-28), SA-L2 has a large slip as compared
with SA-L1& SA-L3, accompany with a low degree of composite action,

this may due to the significant impact of the shear connectors position.
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Figure (4-26): Load - Slip Relationship for SA-L2 Slab
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Figure (4-27): Load - Slip Relationship for SA-L1 Slab
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Figure (4-28): Load - Slip Relationship for SA-L3 Slab

Also, because of the presence of large steel shear connectors area in the
ends of one-fourth of the span, SB-L2 show large slip as compared with
SB-L1 & SB-L3, accompany with a low degree of composite action, as
shown in figures (4-29 to 4-31).
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Figure (4-29): Load - Slip Relationship for SB-L2 Slab
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Figure (4-30): Load - Slip Relationship for SB-L1 Slab
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Figure (4-31): Load - Slip Relationship for SB-L3 Slab

SA-C27 & SB-C27 slabs exhibit decreasing in composite action with an
increase in the horizontal slip as compared with SA-C45 & SB-C45;
respectively. As presented in figures (4-32 and 4-33). On the other hand,
SA-C27 has a less composite degree and a less horizontal slip when
comparing it with SB-C27, due to the difference in density between the

inner layer and outer layers.
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Figure (4-32): Load - Slip Relationship for SA-C27 Slab
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Figure (4-33): Load - Slip Relationship for SB-C27 Slab
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Chapter Five Conclusions & Recommendations

Lanclusions and Kecommendations

5.1 General

The main aim of this work is to investigate the structural
sustainability of light weight sandwich concrete slabs. This chapter present
a review of the most important conclusions obtained from experimental
tests results for sandwich concrete slabs under two lines load. Also, the
head points of recommendations and suggestion for future work are

offered.

5.2 Conclusions

1. Structural lightweight aggregate concrete, with a cylinder
compressive strength about 25.2 MPa and air dry density of 1954
kg/m could be produced from waste crushed bricks as a coarse
lightweight aggregate, natural sand, and high-performance
superplasticizer (PC-200). These values agree with the requirements
of structural lightweight concrete according to ACI 213R-03 and
ASTM 330-05 and conforming to the lower limit of compressive
strength of 17.0 MPa and the air dry density range 16801920 kg/m?.
On the other hand, SLWAC can be produced by another type of local
rocks. Lightweight concrete that contains Attapulgite as a coarse

aggregate has a cylinder compressive strength about 21 MPa and air
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dry density of 1940 kg/md.these numbers also conforms to the
requirements structural lightweight concrete according to ACI
213R-03 and ASTM 330-05.

2. The major advantage of the sandwich principle reduces the total
weight by about 31.21% and enhances the deflection by about
22.72% as compared with a solid slab. Also, the toughness and the
ductility index (nA) increase by 25.11%0,2.27%. while the strength
reduces by 9.09%.

3. The use of clay bricks or Attapulgite as a lightweight coarse
aggregate with continuous shear connectors bent with inclined angle
45° will reduces the total weight. moreover, it enhances the
deflection, ductility index (pA), toughness in comparison with

sandwich normal weight aggregate.

4. The presence of shear connectors in the ends one-fourth of span
has significant performance more than in the center of a panel. For
the same shear connector steel area. Therefore, SB-L1 slab
exhibits increasing in the ultimate load by about (23.01%0, 8.85%0)
as compared with SB-L2 & SB-L3, this increment accompanies
by enhancing in the toughness by about (24.52%, 27.02%). While
maximum deflection value is reduced by about (14.33%, 4.99%),
as well as ductility index decreases by about (14.44%, 5.12%).
The results indicate that behavior of slabs which contain
Attapulgite, to some extent, similar to the behavior of those
containing crushed bricks.
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S.

The using continuous truss shear connectors bent in 45° instead of
27° increases the ultimate load, maximum deflection value, ductility

index (uA), and toughness. While total weight are increases.

The results indicate that continuous truss shear connector shows SB-
C27, SA-C27 enhanced in the ultimate load capacity by about
9.14%, 4.49% when compared with SB-L1, SA-L1: respectively.

The Number of cracks in all sandwich slabs which contain
Attapulgite is more than the number of cracks in the other slabs. And
the distance between cracks was converge more than cracks in the

normal aggregate sandwich slab.

Using discrete W-shape shear connector increases the number of
cracks and the distance between cracks is converged more than

sandwich slabs when using continuous shear connectors.

The Position of the shear connector and inclined bent angle have a

significant effect on slip value and composite degree.
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5.3 Recommendations for Future Work

1- Using different types of concrete in the outer layers of the concrete
sandwich slab such as self-compaction concrete, high strength concrete,
reactive powder concrete...etc.

2- Studying the reinforced concrete sandwich slabs with different boundary
conditions or different types of loading such as concentrated load,
dynamic, and impact loading.

3- Investigate the behavior of two-way sandwich concrete slabs.

4- Studying the behavior of sandwich concrete slab subjected to fire.

5- Atheoretical investigation can be made to determine the ultimate strength
of the concrete wall panels subjected to concentric and eccentric loading.

6- Other different types of the shear connector can be used, such as circular,

spirals, shear studs’ connectors, ...etc.
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Material Properties

Material Properties

A-1 Cement:

Table (A-1) Chemical Analysis of the Cement

No. | Compound composition Chemical Weight Iraqi specification
composition (%) No. 5/1984

1 Lime CaOo 62.23 -

2 Silica Sio2 19.50 -

B8 Alumina Al203 4.56 -

4 Iron oxide Fe203 3.56 -

5 Magnesia MgO 2.95 5% max
6 Sulfate SO3 2.59 2.85 max
7 Loss on ignition L.O.l 3.25 4% max
8 Insoluble residue I.R 1.26 1.5% max
9 Lime saturation factor L.S.F 0.95 0.66-1.02
10 Tricalcium aluminates C3A 6.06 -

11 Tricalcium silicate C3S 57.47 -

12 Diacalcium silicate C2S 12.55 -

- Tetracalcium alumina CAAF 10.83 ]

ferrite

Table (A-2) Physical Properties of the Cement

_ _ Test Iraqi specification
Physical properties
results No. 5/1984
Fineness using Blain air permeability
328 Not less than 230
apparatus (m?/kg)
Setting time using Vicat’s instrument
Initial (min.) 110 Not less than 45
Final (min.) 225 Not more than 600
Compressive strength for cement paste
3 days age (N/mm?) 21.5 Not less than 15
7 days age (N/mm?) 31.2 Not less than 23
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A-2 Fine Aggregate:
Table (A-3) Grading of Fine Aggregate

) Passing (%)
) ) Passing (%0) ) L
No. Sieve size ) Iraqi specification 45/1984 for zone
fine aggregate

No.(2)

1 4,75 mm 95 90-100

2 2.36 mm 78 75-100

3 1.18 mm 63 55-90

4 600 pm 49 35-59

5 300 pm 26 8-30

6 150 um 5 0-10

A-3 Coarse Aggregate:
A-3-1 Lightweight Coarse Aggregate(Attpulgite)

Table (A-4) Physical Properties of Attpulgite Coarse Lightweight

Aggregate
results
Test . after specifications limits
befor burning )
burning
Loose uint weight dry (kg/m?) 952 755 ASTM C29 <880
Rodding unit weight dry

1018 795 ASTMC29 | -

(kg/m)

Loose bulk density unit
1280.44 1015.475 ASTM C29

weight ssd (kg/m?)

Rodding bulk density unit
1369.21 1069.275 ASTM C29

weight ssd (kg/m?)
void(loose)% 44.7 ASTMC29 | -
void(rodding)% 41.7 ASTMC29 | -
density (od) (kg/m’) 1359 ASTM C127 | -

A-2
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density (ssd) (kg/m?) 1828 ASTM C127 |  ------

apparent density (kg/m?) 2566 ASTM C127 |  ------

relative density (kg/m?) 1.36 ASTM C127 <2.6

relative density (kg/m?) 1.83 ASTM C127 |  ------

apparent relative density 257 ASTMCL27 | o

(kg/m)

absorption % 34.5 ASTM C127 5-30
Slii Soier ok 0.055% | 1QSNo.45/1984 | < 0.1%
Sy 0.17% | 1QSNo451984 | < 0.2%

A-3-2 Lightweight Coarse Aggregate(crushed bicks)
Table (A-5) Physical Properties of Crushed Bricks Coarse

Lightweight Aggregate
Test results specifications limits
loose uint weight (bulk
density unit weight ) dry 805 ASTM C29 <880
(kg/m®)
rodding unit weight (bulk
density unit weight ) dry 887 ASTMC29 | = -——-
(kg/m”)
loose bulk density unit
weight ssd (ke/m) 978.88 ASTMC29 |  ——-
rodding bulk density unit
weight ssd (ke/m?) 1078.592 ASTMC29 | = ——-
void(loose)% 50.6 ASTMC29 | = -
void(rodding)% 45.6 ASTMC29 | = -
density (od) (kg/m?) 1632 ASTM C127 | ==
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density (ssd) (kg/m?) 1985 ASTM C127 |  -——--
apparent density (kg/m?) 2526 ASTM C127 | -
relatlve.densny (specific 1.635 ASTM C127 <26
gravity od)(kg/m?)
relative density (specific
gravity ssd)(kg/m?) 1.98 ASTM C127 | -
apparent relative
density(apparent specific 2.53 ASTM C127 |  -—--
gravity) (kg/m?)
absorption % 21.6 ASTM C127 5-30

A-4 Chemical Admixture (SP-200)
The Manufacture Company Catalogue of Hyperplast PC200

Applications

High strength and high performance concrete.

Structures with congested reinforcement.

Pre-cast concrete.

Improved cohesion allows for use in mass concrete pours and piling.

Self-compacting concrete.

Advantages:

1. Optimizes cement utilization.

2. High density and impermeable concrete through very high water
reduction.

3. Improves shrinkage and creep behaviors.

4. Minimizes segregation and bleeding problems by improving
cohesion.

5. Higher early and ultimate compressive strengths.

6. Increases durability and resistance to aggressive atmospheric

conditions thorough reduced permeability.
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Hyperplast PC200

High perfiormresnoe concrete superpliasticser (Formerty Knowwm a5 Floonste FCH00]

Dascription

[Tl PER00 = a high cerformarcs supsr plasticaing

wdmbaune Eased oa polwarbooylc polymess with losg
chairn. specally desdgned to enable the waler conlest

el the conciete bo prrtam meee elfectisedy. This et
e be used in high sbength concele and fowable
iErele mines, o achaee Bighel sooste doakilty
ard ek aree,

Applications

& Hih irreagth ard high performanoe oo ele.
£ Aiructunn with conpested eisforoemenl.

b Py conorele,

Eomprowed cobesen allew i osse bomas conoele
s and pling.

£ Sl compacting conciele

Advantagaes

& Opdmbes cerrenl utlicaton.

& High densiry and impermeshle cehcrele theough vary
Foigh waber reduction.

L improves shiinkage and creep befardor.

£ binimise wpemgation el Bleeding  problenm. by
impriowing osheian

& Higher sarky ared ultimate compoeros e engths.

L ireiries durabiity and mesbtanor o aEgresioe
atrmncheiic eowd ihons teosroriigh reduied
pmtmeabiity.

Compatibility

Hypaiplast PCH can ke used sith all cypes of Partland
verment and cereen? teslacsmenl matetials,

HyparglaEt PCI00 dheiild pol be used in oonjesction
with other edmisteres unbsid DO Technical Depadtmest
appioval B oblired.

Standards

Hyparslat P00 complies with ASTM CA3594, Type A and
G, depending on dosags ibed.

Mathcd of Use

Hyparplat PCH0 thaild ba added 1o the conchels with
tow miniog waler 1o @cbieer optimum pes fenmasce,
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Technical Properties @ 25°C:

Cosboir: ILigghst yalorwy Bryuid
Frmzimg puint. -3
Lowcile jradly: 105 £ 0A2
Typlaly b than PR
L
dirsages

An eatermatic disgenser thoukd be wed 1o dbipesie the
cowrect quantity of Fyperplesl FCREG i the concebe ke,

Dosags

The guklescs didage of Hyperplast P00 B 050 -
250 lnref100 by of cementitons meterials n the mix,
Imcluding GG BFE, PR o miches s

P pi sy LinThew Mikals shoauld Ba conducted 1o detesmine
the oplimem douage of Hyperplol PO B el e
prrfermann fegubemeits By cilig e malediels and
condilions in actual us.

Effects of Ouer Desage

rawi dosing of Hyparslast PCR00 will caiise the Folowiag:

- Sigaifizanl isor e in Fetardation,
- Inchemss in woikabiity.

Litimats wooete siemgth wil nol be sdversely afeoed

and will germraly be indeaed prosided thatl peoger
anerebe curling b manlaned.

Claaning

Hypaiplast POIO0 can b wadhed with fresh cold wites,

Packaging

Hyparglist PCI00 b evalable & 15 re pals, 210 Bee
dfuirc dnd 2000 e balks depphe
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Hyperplast PC200

Storage

Hyprrplast P00 he o el lile of 1F monthd Trem dale
of mansfaciun if Boned & leinperaiuns Belweem F'C
aad SO0

i these condifon: are oceedmd, O Technkcal
Dapartminl shoild be cnlacted o sdvio.

Cautions

Health and Safety

Hyparplast FCH0 b sl cliisiBed a6 hatardoss materlal.
Hyparplast FC200 should met come inbs contect with skin
i s

in e of cenlet with epes wisk immediately with
phenty of walei and deck medical advice prompily,

Fisd Terther infsimaticn iefer 1o the Matedal Safely Dala
Shesl

Fira

Hyperplast PLI00O ks nonfamimalile.

Morg from Don Construction Products

A wide range of comitruction chemical products are
i riiliee bured By DEF wihich inched a:

& Cofefil sl e,

4 Siwfacs traatirsnls

& Gioiils ahd afcon.

& Concfile Pepar.

& [Flofing #abaf.

& [Probecive coatingh.

& Spalaity

& ‘Wateiprooling.

& Eelbriives

& Tha adhesbors and grout.
& [Bibding presducts.

& Srwctural Abreng el g,
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Appendix-B Analysis of Concrete Sandwich Slabs

Theoretical Analysis

Flexural Calculations
h =90 mm, cover=15 mm, h =30 mm

dp 6
d=h—7—cover=90—7—15=72mm

md?
As bar = - = 28.27 mm?

Ast =3 %28.27 = 84.81 mm?

ASpin = 0.0018 * bt for Fy > 414 MPa
ASpin = 0.0018 % 400 = 30 = 21.6 mm?
As > ASpin ~ 0.k

2- shear calculations

Beam shear

1
Ve = A V21 %1000 * 30 * 1073 = 22.91 kN

P 27.87
2

V= > AV ==5—=1393kN

~V< Ve OK
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Appendix-B Analysis of Concrete Sandwich Slabs

3- Find deflection equation by Direct Macaulay's method (General
Equation Method)

Fa
Fa

TE——33.0 330

El y = M(x)
_ _ P P P
Ely =—X—-=<x—-a>—-—-<x-—-2a>
2 2 2
__ P x? P 2 2
EIy_Z_T T<x—a> ——<x—2a> +C,
P 3
Ely=-+X_ 2 cx_—a>3-L <x-2a>3+C;X+GC,
2 6 12 12

@X=0,y=0 - 0=0- —<0>-—<0>+Ci(0)+C
C2:O
— — i 3 p 3_ P 3
@ X=3a ,y=0 —>O—E(3a) _E<2a> 12<aL>+C1(3a)
+C,
-'-(:1:—218.2
1 P, x3

V‘E[_*T__ <x—a>3—— <x—2a>3——a2X]

y(atx=15a) =y max

(1.5a) 3 P P
Y max = E[ *1—5—5 < (1.5&)—a>3_/7/<('1-5a)—2a >3 —

—a?(150) ]

-23 * Pa3

Y max = Wmax = 48 El
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Appendix-B Analysis of Concrete Sandwich Slabs

4- finding the relation between B, and Mu by using (Yield Line
Theory):

S = v : 5
== =5
27° |
1 6|. 8
ke

Ext. work = Int. work

Y ps=> Mo

ZP(‘)‘:;*Z*S

ZMO=2*m* 0

45
Tl

46
2*2*5:2*“”1* T

_8M
1
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Appendix-B Analysis of Concrete Sandwich Slabs

5- Degree of composite action at elastic stage
Mc

O=—.irrnnnn (@)

Ie
note that the depth of  the panel, h = C
The stress of the top and bottom concrete wythe is given by Equations b

and c, respectively

M Cct
GTOp = Ie 2 . (b)
M cp
GBottom - % .......... (C)

0 = OBottom — OTop
Substituting equations (b) and (c) in equation (d) yields

— _ Mcrop |, Mcpottom
= OBottom — cyTop - I + L (d)

M
= OBottom — OTop = Z (CBottom + CTop)
Note that, the full height of the panel,

h= C= Cpottom + CTop

Mh

= OBottom — OTop — I
e

Mh
I, =

OBottom ~ OTop

Pe —Pnon _le —Io _ ( Mh _
Ke_Pfull_Pnon_Pg_Po_(ab_at IO)/(I‘q IO)
where
K, Is the degree of composite action achieved of the panel at
elastic stage;
le is the effective moment of inertia;
Ig Is the moment of inertia of PCSP section, calculated assuming
fully composite action for the test panels.
lo is the moment of inertia of PCSP section, calculated assuming
non composite action for the test panels
OBottom IS the stress at the bottom wythe of the panel;
OTop IS the stress at the top wythe of the panel,;
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M is the applied bending moment;
h IS the depth of the panel,;
3 % 3
lg= 22 = 2520 = 243 *10° mm*
3 « 203
lp=2% 22 =2 % =22020 =18 * 10°mm*
Pxa

M = 5 (from B.M.D) , P = Load at elastic stage

6- Degree of composite action at the ultimate stage

For all slab panels (L = 1100 mm, b = 400 mm, and h = 90 mm),

Each wythe was reinforced with 3 of 6 mm diameter bars, As = 84.81
mm?. (as example for Attapulgite f,,= 25.5)

Steel yield stress; fy = 584 N/mm2, concrete, fo,= 25.5 N/mm2
T=Fs=Asxf,=84.81x 584 = 49529.04 N
C=Fc=0.85fcba=0.85x25.5x%x 400 xa=8670 x a

At equilibrium, T=C

Fs _ _Asfy _ )
Fe ~ 0B85fcb 5.71 mm. (Depth of the neutral axis)

d =18 mm (distance from the compression edge to the center of steel, each
wythe separately 15 cover + 6/2).

However, the total ultimate moment will be as follows:

Mu (one wythe) = Fs (d — a/2) = 0.750 kN m.

Mu=2x0.725 =1.5KkN m (for both wythes).

Hence, the ultimate load carrying capacity of the slab = %

The total load resisted by the panel as non-composite was P = 12.12 kN.
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- For the upper bound situation, the panel was assumed as fully composite
at ultimate strength

capacity and the ultimate flexural capacity of the panel was computed as
follows:

Where;

Fs=49529.04 N,a=5.71 mm,d=90-18 =72 mm.

Therefore,

Mu =Fs (d — a/2) =3.42 KN m.

The ultimate load carrying capacity of the slab = %

The total load resisted by the panel as fully composite was P = 27.67 kN .

=PEx _PNu
PFu_PNu

Kn

where
Pg, = The experimental ultimate load ;

Py, = The theoretical calculated ultimate strength assuming non
composite action;

Pg, = The theoretical calculated ultimate strength assuming fully
composite action.

K, = The percentage of composite action at ultimate strength

Now for all panels, the percentage of composite action at ultimate strength

was computed
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Theoretical calculated Percentage of
Tested Experiment . :
ultimate load Composite Degree
Slab Ultimate-load _ - .
Non-composite | Fully-composite | at the ultimate-load
Samples Pex (KN)
Pnu (KN) Pru (kN) K, (%)
SN-C45 30 12.543 28.27 111
SB-C45 27.84 98.74
SB-C27 21.20 57.18
SB-L1 20.65 12.065 28.04 53.74
SB-L2 17.60 34.64
SB-L3 19.89 48.98
SA-C45 25.89 88.55
SA-C27 19.86 49.77
SA-L1 20.5 12.12 27.67 53.89
SA-L2 16 24.95
SA-L3 18.91 43.66
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