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Abstract

Wet-mix shotcrete is commonly utilized as a placement method in
tunneling and ground support. In terms of productivity gains, using a set
accelerating admixture offers significant benefits. Little is known about
effects of Waste Plastic Fiber (WPF) in wet-mix shotcrete mixtures.
Shotcrete concrete containing WPF is used in fabrication of structural

members which is innovative in this work.

To be able to produce shotcrete concrete, a shotcrete machine was
manufactured and modified to be able to shoot the specific shotcrete concrete

that incorporates with WPF.

Extensive research was done in this project to generate wet-mix
shotcrete combinations using locally sourced waste materials like beverage
bottles. The qualities of WPF shotcrete concrete (SC) were investigated in
terms of fresh, hardened, mechanical, and bending behavior. Five SC
formulations (0.25, 0.5, 0.75, 1.0, and 1.25) percent WPF content, as well as
the control shotcrete (SCO0.00), were used in this study. In addition, the
flexural behavior of SC beams manufactured from the produced shotcrete

incorporated with the same waste materials was studied.

The initial component of the experiment was measuring the fresh
properties of SC (750, 780, 790, 880, 750, and 690) seconds for slump flow,
(0,0.5,1,1, 1, and 1) seconds for T500, and (15.1, 13.4, 11.2, 9.6, 9.1, and
8.3) seconds for sieve segregation, for (0.00, 0.25, 0.5, 0.75, 1.0, and 1.25)
% respectively, to see how different amounts of WPF affected SC. The
harder properties of SC mixes, including as dry density were (2364, 2368,
2377, 2373, 2358, and 2355) kg/m?3, water absorption (0.67, 1.08, 1.48, 1.68,

1.75, and 1.85) %, voids content (0.80, 1.27, 1.87, 1.95, 2.19, and 2.62) %,
I



and ultrasonic pulse velocity tests (4.46, 4.38, 4.37, 4.29, 4.26, 4.14) km/sec.
for (0.00, 0.25, 0.5, 0.75, 1.0, and 1.25) % respectively, were covered in the
second section. The mechanical properties of SC mixes, such as compressive
strength (40.2, 36.0, 31.3, 30.3, 25.3, and 24.4) Mpa, splitting tensile strength
3.2,3.4,3.8,3.9, 4.1, and 4.4) Mpa, and modulus of elasticity (21.45, 19.86,
17.39, 16.51, 15.93, and 15.12) Gpa, were discussed in the third section for
(0.00, 0.25, 0.5, 0.75, 1.0, and 1.25) % respectively.

The results showed that addition of WPF improves the splitting tensile
strength of SC. The final part of the experiment was examining the structural
performance of reinforced concrete beams with various WPF (12.8, 13.8,
13.3, 12.8, 13.3, and 14.84) mm as ultimate deflection for (0.00, 0.25, 0.5,
0.75, 1.0, and 1.25) % respectively. The results showed similar flexural
behavior in term of formation of crack patterns and width in addition to
ductility index (2.03, 2.29, 2.02, 1.94, 2.16, and 1.99), and stiffness (5.50,
4.59, 4.48, 5.01, 4.81, 1.31) for (0.00, 0.25, 0.5, 0.75, 1.0, and 1.25) %
respectively, of all SC beams. SC beams showed lower post-cracking
flexural resistance. Ultimate deflection of SC beams decreased with the

increasing amount of WPF till 0.75%.

Finally, the study showed that the SC produced with waste materials
increase the density of the shotcrete mixes when WPF reach 0.5%. The
analysis of mechanical properties of SC specimens revealed that there was
not much improvement except splitting tensile strength. While SC with
0.75% WPF replacement provides the best flexural performance in term of
ultimate deflection, ductility, and stiffness. Waste materials such as WPF
should be limited in shotcrete because of their low values of hardened

properties
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Introduction

CHAPTER ONE

Introduction

1.1 General

Shotcrete is a Portland cement-based mortar or concrete that is set in
situ by projecting a high-velocity mix onto a surface pneumatically.
Shotcrete is a structurally strong and long-lasting building material that
bonds well to existing concrete, rock, and a variety of other materials. It may
also have high strength, low absorption, strong weathering resistance, and
resistance to a variety of chemical assaults. Shotcrete may have physical
qualities that are equivalent to or better than traditional concrete or mortar of

the same composition when correctly placed [1].

Shotcrete is frequently employed in the repair sector, subsurface
support, slope stabilization, and in regions where traditional concrete is
difficult to access [2-7]. When formwork is prohibitively expensive or
impracticable, and forms may be minimized or removed, shotcrete provides
benefits over traditional concrete. It's particularly useful when working in a
difficult-to-reach region or when a thin layer or changeable thickness is
necessary. Additional savings are typically attainable as compared to the
fabrication and installation of traditional concrete since shotcrete only

requires a small and portable facility. As a result, shotcreting operations may



Introduction

frequently be carried out in regions with restricted access to conduct

structural repairs [1].
1.1 Dry and Wet-Mix Shotcrete

The dry-mix and wet-mix shotcrete application procedures are two
separate shotcrete application processes. The cementitious material and
aggregate are entirely blended in dry-mix shotcrete and then either bagged
or mixed and supplied straight to the shotcrete cannon. A water ring is
installed in the inside of the nozzle, which sprays water evenly into the
mixture as it exits the nozzle. The cementitious material, aggregate, water,
and admixtures are fully combined in wet-mix shotcrete the same way in
traditional concrete. The combined material is then fed into a concrete pump,
which utilizes compressed air to push it through the delivery line and out the

nozzle [8].

The dry mix shotcrete is beneficial in repair applications when it is
necessary to stop and adjust frequently. However, dust will be higher when
using the dry ingredients. It is not applicable where the shotcrete quantity is
applied more frequently. In contrast, wet-mix shotcrete has less rebound
(shotcrete falls down due to paucity in setting), less dust compared to dry-
mix shotcrete, and larger volume can be placed in lesser time. However, a
highly skilled operator is needed in spraying, and water/cement, pressure and

accelerator dosage have to be unambiguous [9].

The choice of the dry-mix or wet-mix process may depend on the
equipment cost, maintenance requirements, operational features, placement
characteristics and product quality. Generally, bond strengths to existing
materials are higher with dry-mix shotcrete than with wet-mix shotcrete.

Rebound is a common problem, in which the shotcrete material bounds off

2
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the shooting surface when shotcreting. Wet-mix process is somewhat better
than dry-mix process in this aspect. [10]. In this research, due to the concern
of rebound and fiber dispersion, the wet-mix process has been chosen for all

experiments
1.2 Polyethylene Terephthalate (PET)

Polyethylene Terephthalate (PET) is a chemical compound which
belongs to the polymer category. It is characteristically suitable for
packaging but also has several industrial applications. It comes in various
shapes such as fibers, plates, or beverage containers. It has a good stability
in regular conditions; it is also light and transparent and can be easily colored
[11,12].

PET is non-toxic and always presents the same chemical form of fibers,
film, liquid or solid. It has a melting point of 265°C (538 K) irrespective of
storage condition. The tensile strength of PET is (86-105) MPa. The first
design of a PET bottle was reported in 1975 by Nathaniel C. Wyeth. The
PET bottle is mainly advantageous as a relatively small volume of material
which can give a container of maximum volume. PET took over from glass
in the United States market after only two years of its productions. Initially,
it was produced from petrochemicals, in contrast to other plastics that are

mainly sourced from coal [13,14].

Despite of the varieties of plastics produced, PET is the most relevant ,
it is currently versions about 7% of the total plastic waste [15]. The use of
PET plastics in the packaging and presentation of several goods has
contributed to its huge generation as most of the PET plastics are discarded
into the environment soon after being produced. For instance, PET water and

soda containers are discarded after consuming their content, thereby,

3
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generating a huge volume of plastic post-consumer waste.; In fact, the
estimated annual production of PET waste has been predicted to be doubles
each decade [16]. Many organizations and institutes try to study the recycle
PET within clear environmental and standards. The management of PET

waste is still not completely sustainable [17,18].

Polypropylene fibers (PPF) are a type of synthetic fiber, which
commonly used on concrete mix designs. PPF is used to increase tensile
strength of concrete members therefore widely used to improve concrete
tensile stresses [19]. They are also used to reduce overall cracking in a
concrete member and reduce overall crack width and area [20]. In shotcrete,
Polypropylene fibers have a role comparable to its role in conventional

concrete.

The inclusion of PET fibers in concrete mixtures might increase their
mechanical characteristics in term of enhancing the splitting tensile strength
[11,21,22]. The length of fiber had a significant effect in fiber-reinforced
concrete, since increasing the embedding length of fibers enhanced
interlocking behavior and binding energy between fibers and concrete matrix
[23].

1.3 Problem Statement

The main problems of shotcrete in general can be considered in this
study are low compressive strength, tensile strength, and segregation. Also,
there are no studies consider the strength of reinforced shotcrete beams
through using waste plastic. The statistics about number of PET bottles
production in Irag, are not clear but is estimated more than million bottles.

Most of these bottles are discarded due to negative impact on the
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environment. One of method to treat the waste plastic is recycled with

construction application.
1.4 Aim and Objectives of the Study

The aim of this research is production of reinforced concrete member
casting by sprayed waste plastic fiber (WPF). In order to achieve that, the

following objectives have been considered:

1. Manufacture and develop wet-mix shotcrete machine that could
produce special shotcrete concrete.

2. Investigate fresh shotcrete concrete properties with various WPF
percentages (0.25, 0.5, 0.75, 1.0 and 1.25) % through testing slump
flow and segregation resistance with fixed length over dimeter ratio
(1/d).

3. Investigate hardened mechanical properties of shotcrete concrete
containing different percentage of WPF (0.25, 0.5, 0.75, 1.0 and 1.25)
% such as compressive strength, splitting tensile strength, modulus of
elasticity, dry density, air voids, water absorption, and ultrasonic pulse
velocity tests.

4. Study strength of reinforced shotcrete concrete beams behaviour,
which casting by shotcrete concrete containing different percentage of
WPF.

1.5 Novelty of Research

A thorough assessment of the literature revealed that, to the best of the
author's knowledge, the outcome provided in this thesis tackles (at a

minimum) the following topics:
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1) Only a few prior researches have looked at the performance of WPF
shotcrete mixes.

2) It is difficult to locate research that has looked into the influence of
WPF content on the fresh and hardening qualities of wet-shotcrete.

3) Examine the strength of reinforced shotcrete beams containing WPF.
This study is the first to employ sprayed WPF shotcrete to create a

reinforced beam for such quantification.
1.6 Thesis Outline

Chapter One introduces overview of shotcrete concrete, dry and wet mix
shotcrete, Polyethylene Terephthalate, the effect of plastic waste on
environment, and the backgrounds of each one. It also presents the problem

of the study, the aim and objectives, as well as the thesis outline.

Chapter Two covers a detailed review of the existing literature on
reinforced concrete member casting by sprayed waste plastic fiber, in
addition to the structural behavior of reinforced shotcrete member containing
WPF in flexure.

Chapter Three presents the experimental design, covering the properties,
dimensions, and geometric of the materials, mixing, casting, and curing of

samples, test set-up, testing and instrumentation.

Chapter Four presents the results, along with an analysis on the effects of
WPF on various properties (fresh, hardened, and mechanical) of shotcrete

concrete and reinforced shotcrete member mixtures.

Chapter Five presents a summary of the research findings, as well as some

guidelines for future study.
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CHAPTER TWO

Literature Review

2.1 Introduction

Shotcrete is commonly used for the repair and rehabilitation of
structures. It is widely employed for the protection of soil and rock slopes.
In addition, in common use in tunnels and substructures. Conventionally, to
control shrinkage cracking of the shotcrete layer, steel meshes are placed
before shotcreting is carried out. A more effective technique, however, is to
incorporate short fibers into the shotcrete mix. With large surface area per
volume, fibers are very effective for crack control. Also, by removing the

procedure of steel mesh laying, construction efficiency is improved [24].

Properties for fiber reinforced concrete (FRC) of different compositions
are widely available. Despite a fiber of reinforced shotcrete (FRS) properties
are, more difficult to find. Within the same mix proportion, the properties of
FRC and FRS are expected to be different, since the compaction process in
the two cases are not the same. The difference in properties between FRC
and FRS has never been systematically studied [25,26].

2.2 History of Shotcrete Concrete

Carl Akeley, (1907) [27] created a Gunite (old name) , Sprayed or
shotcrete concrete by using a dry aggregate and cementitious material out of

a hose with compressed air and applying water at the nozzle. Shotcrete has
7
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greatly advanced in its machinery use, producing better and more efficient
shooters, pumps and nozzles for the job. The first double-chambered cement
shooter was created in 1910 which spearhead shotcrete into mainstream
construction. At the time, shotcrete had rapidly gained in popularity due to
having better strengths than conventional placed concrete due to the lack of
information on the consolidation of general concrete and poor techniques
[28].

It was not until the 1950’s that wet-mix shotcrete was produced,
however still required improvement. ACI committee 506 was also created as
demand for shotcrete became more pronounced, so did the demand for
research and regulation on the product [29]. The 1970’s appeared ideas that
allowed for greater advancements in the material and machine, as silica fume
was introduced to concrete mix designs, reducing rebound and increasing
bond strength of shotcrete, and a wet-mix shotcrete pump was created to

more effectively push the heavier aggregate due to the addition of water [30].

Sprayed (Gunite) would later be renamed to dry-mix shotcrete as wet-
mix shotcrete became popular in the 1970s by use of a concrete pump and
more improved techniques. Shotcrete is continuously used around the world
whenever the production of formwork becomes an issue. Shotcrete (2017)
defined in ACI 506r-16 as “A method of applying concrete projected at high
velocity primarily on to a vertical or overhead surface” [31]. Figure 2-1
shows a historic photograph for the process of using shotcrete in tunnel lining
in 1920.
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Figure 2-1 Lining a tunnel with Gunite using a double-chamber gun during the
1920s [32]

Because shotcrete is a matter of machinery rather than material, as it is
exactly like conventional concrete, it has gained great popularity around the
world, reported to be an $8.3-billion-dollar market by 2021 with
underground construction as its greatest application. Europe currently holds
the highest market share for shotcrete where there is a large demand for

underground transportation [33].
2.3 Types of Shotcrete Equipment’s

As stated before, shotcrete is concrete sprayed at a high velocity. There

are currently two major types of mixes.

e Dry-Mix: Aggregate is batched and pumped to the nozzle dry where
water is introduced only at the nozzle.
o Wet-Mix: Aggregate is batched similarly to conventional concrete,

then pumped using a wet-mix pump to the nozzle.

Generally, dry-mix shotcrete is used for smaller projects and provides
more control of the water-cement ratio in the concrete mix to better suit the

location being sprayed. Because dry-mix does not have any fresh concrete

9
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properties that can be appropriately measured due to the variable water
content at the nozzle, conventional concrete testing methods cannot be used
[34].

Wet-mix shotcrete is used for a much higher volume requirement and
projects that allow for transit mixers to be transferred on site and constantly
mixed. Although the water-cement ratio cannot be changed instantly to better
match the variable conditions, the mix is more consistent with its water
content. Because the wet-mix is batched and mixed the same way as
conventional concrete, it can be tested in a similar fashion with regards to

fresh properties [33].

There are variety of equipment that are used for a general shotcreting
job. The main pieces include an air compressor, shooter or pump, hose,
nozzle, and blowpipes. There are extra considerations depending on the job
which may include remote shotcrete gun, fiber feeders, admixture

dispensers, and air movers.

2.3.1 Dry-Mix Equipment

The nozzle-carrier is the brain of shotcreting, and the equipment is the
heart. Behind every successful job using shotcrete are well maintained guns,
air compressors, hoses, manifolds, etc. For dry-mix shotcrete, the main
equipment used is the gun and the air compressor. Batch and double-chamber
guns are used effectively by using a rotary feed wheel to meter the flow of
the batched material being expelled from its pressurized lower chamber. This
allows for a constant flow by way of the material being supplied to the top
chamber which is then moved to the pressurized chamber. Dry-mix guns are
continuous-feed guns or Rotary guns and are by far the most popular gun to

use for dry-mix shotcrete. Rotary guns use a rotating airlock that allows for
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the material to be pressurized while continuously fed through the chamber.
Figure 2-2 represents the rotary shooter of shotcrete [28].

Figure 2-2 Rotary gun [28]

Compressed air is placed in the lower chamber in order to push out the
material at the necessary velocity. The air come from an air compressor
which is to meet the specified requirements of the shotcrete mix type, and
the inside diameter of the hose being used. Dry-mix shotcrete requires a more
powerful air compressor [28]. Table 2-1 represents the capacity of dry-mix

compressor.

Table 2-1 Dry-mix compressor capacity based on inside diameter of hose [28]

Interior Diameter of Hose (mm) | Compressor Capacity (m®/minute)
25 10
32 12.5
38 17.0
51 22
64 29
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The flow rate is considered at a pressure of 689.47 Kpa, however it is
important to note that the operating air pressure may change depending on
the length of the hose in use. This is because the outlet of the hose must
obtain a certain pressure in order to achieve the velocity needed to push out
the shotcrete material. The longer the hose, the more material that must be
pushed through in order to reach the outlet, thus the pressure may need to be

increased [34].

Shotcrete nozzle are specialized for each mix. Dry-mix shotcrete
nozzles usually contain a nozzle tip, control valve, water ring, and water
body and is generally a hydro-mix nozzle which mixes the water through the
nozzle body. The nozzle body is separate from the nozzle tip, unlike other
nozzles. It acts as a presetting system to wet the dry-mix shotcrete that is
being pumped into it so that the shotcrete is wet before leaving the nozzle
rather than mixing the water as it is leaving. This provides as even a material
property as possible. It's important to note that the nozzle body doesn't help
push the shotcrete mix through the hose [35]. Figure 2-3 shows the details of

dry-mix nozzle.

WATER VALVE
NOZZLE BODY
NOZZLE TIP WATER RING SEALS
’,
.
NOZZLE UNER MATERIAL HOSE
HOSE COUPLING
WATER RING COUPLING SEA. RING

Figure 2-3 Dry-mix nozzle [28]
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2.3.2 Wet-Mix Equipment

Wet-mix pumps concrete already mixed with water, meaning the
concrete being pumped weighs more and has higher workability. A wet-mix
pump injects the concrete through a tube into the delivery hose hydraulically,
usually using piston pumps. Larger jobs require stronger pumps, as the time
needed to for shotcrete to shoot is consistent from job to job. Therefore, large
jobs can require shotcreting rates of 6 m*/hr to as much as 23 m®/hr in order
to finish the project. These pumps have larger outlet diameters and pistons
[36].

In the case of retrofitting, a generally smaller job category, smaller
pistons, outlet diameter, and is applied at a slower rate. This is usually
defined for a total mix size of 1.15 to 2.3 m? of total concrete and are shot at
a rate of around 1.5 m®/hr. With regards to compressed air, it is applied at the
nozzle [28].

A wet-mix nozzle includes a rubber nozzle tip, housing, air injection
ring, and a control valve. There is no need for extra manifolds for potential
admixtures, as the mix already includes both liquid and powdered
admixtures. Wet-mix nozzles are much easier to use in that the hose easier
to maneuver and rotate while shooting [37]. Figure 2-4 shows the details of

wet-mix nozzle.
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Figure 2-4 Wet-mix nozzle cut-away [28]

2.4 Shotcrete Concrete Technique

The most important aspect of the shotcrete is its application technique,
therefore the person who use the nozzle (nozzle carrier), must be
experienced. ACI standard put limitation for person that work as nozzleman

and there are certified for the specific mix, wet or dry [35].

A nozzleman must think about are rebound, overspray, angle of
application, and encasement as shown in Figure (2-5). Rebound is an
unavoidable by product of shooting aggregate that has not been fully encased
by cementitious material at a high velocity onto a hard surface. The
aggregate will reflect and possible cause a buildup at a point, which will have
an excess of aggregate causing a weak point. Rebound can be contained
based on the nozzle angle, amount of accelerator, distance of the nozzle to

the applied substrate, and area of application [38].
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REBOUND
ENTRAPMENT

NOZZLE SHOTCRETE

NOZZLE

o. CORRECT METHOD b. INCORRECT METHOD

Figure 2-5 Shotcreting interior corners [38]

Overspray is similar to rebound, however, it is used to describe when
small or fine materials bounce off a surface and stick to adjacent areas that
the nozzle is not directly spraying as seen in Figure 2-6. This causes a layer
with too little coarse aggregate and affects the overall effectiveness of a

shotcrete layer [38].

The angle of application is important when attempting to reduce
overspray and rebound, and make sure there is a strong bond between the
shotcrete and the substrate as shown in Figure 2-7. It is defined by the posture

and position of the nozzleman, and where he points the nozzle [28].

Figure 2-6 Correct shooting positions [28]
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Figure 2-7 Proper procedure for shooting horizontal surface [28]

Encasement is what is used to describe the degree at which various
protruding elements, such as rebar and a steel mesh, are covered by the
shotcrete. Good encasement means that there are no voids along the item,
bad encasement implies many or large air voids that usually show up directly
behind the element as seen in Figure 2-8 [28].
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Figure 2-8 Illustration of correct steps of steel encasement [28]
2.5 Fiber Reinforced Shotcrete (FRS)

In the 1960s, fiber reinforced concrete (FRC) introduced new ways of
increasing the structural dependency of concrete. In terms of mechanical
performance, fibers have been observed to increase structural strength,
reduce permeability, reduce shrinkage and expansion, and increase overall
durability [39]. The two most common fibers used for enhancing concrete
are polypropylene and steel fibers [25].

Fibers have been used to enhance shotcrete since the early 1970s.

Because conventional concrete is so close to shotcrete save for application,
17
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fiber reinforced shotcrete caught on relatively quickly. Fiber reinforced
shotcrete (FRS) is “mortar or concrete containing discontinuous discrete
fibers that is pneumatically projected at high velocity onto a surface.” Steel,
glass, and synthetic fibers are used in shotcrete while steel being the most

popular [40].

The processes by which FRSC (Fiber Reinforced Spray Concrete)
regulates deformations and absorbs energy are complicated, including both
spray concrete process technicalities and fiber qualities. The fundamental
prerequisite for FRSC as a ground support is toughness. However, an
appropriate design and combination of concrete strength, fiber anchoring,
and placement technique are required for the FRSC to have the maximum
strength and toughness. As a result, the fiber type and content must be
appropriate for the ground conditions in a given region as well as the
projected concrete mixture design. For the design of FRSC for ground
support, there is no universally acknowledged design process. There are
general design guidelines, but no specific/complete design guide is allowed
for FRSC. Flexural strength, residual flexural strength after cracking,
moment-normal force (M-N) behavior, and energy absorption (toughness)

were among the performance criteria investigated [41].

The spraying at high velocity, the unique rheology of the mixture, the
qualities of the concrete and the fibers, and the resultant combination must
all be considered while building a discussion on FRS. In reality, factors like
shotcrete rebound may have a major impact on FRS performance, often in
unexpected ways. In dry-mix FRS, for example, a greater compressive
strength does not always imply a better flexural toughness since a stiffer
consistency enhances the rebound phenomena and lowers the fiber dose in
situ [42].
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Shotcrete has been criticized for not being able to prevent violent
internal voids occurrences [43]. FRS, on the other hand, has been
demonstrated to absorb as much as, if not more, energy than certain standard
ground support systems [44]. FRS functions effectively in severe situations
when combined with anchor bolts [45]; It has a higher energy absorption
capacity than steel mesh alone or in a shotcrete layer. As a result of the
requirement for effective countermeasures for dynamic occurrences in deep
subterranean places, the development of novel high-performance FRS mix

designs is critical for industrial safety and development.

Cheng et al. [12] demonstrated the development of a sustainable
lightweight wet-mix shotcrete by substituting a byproduct for natural coarse
gravel (walnut). To enhance the qualities of the lightweight wet-mix
shotcrete, fibers derived from discarded polyethylene terephthalate (PET)
bottles were added in. The compressive and splitting tensile strength of
casting concrete declined as the walnut shell content increased, but slump
and pressure drop decreased marginally. Furthermore, adding walnut shell to
new concrete with a low rebound rate and a big build-up thickness may

increase shootability.

Fiber reinforced concrete is widely-used for reinforcing concrete
structures [46]. Even though shotcrete has widespread use both in mining
and tunneling in general, its load bearing capacity has not yet been
documented and presented in a satisfactory way. Therefore, it is considered
fair to assume that many of these underground reinforcement solutions are

heavily oversized [46,47].
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2.6 Fiber Reinforced Concrete (FRC)

Several studies have investigated the influence of recycling PET on
the concrete properties [48-50]. The recycled fibers of comfortably blend in

concrete, allowing new characteristics of the materials [51].

Soroushian et al. (1995) [52] reported that the usage of polypropylene
as synthetic fibers can improve the concrete toughness. Foti (2011) [53]
investigated using waste fibers from PET bottles for reinforced concrete, it
was observed that the addition of PET bottles can pose a greater effect on the
post-cracking outcome of simple concrete elements. In addition, these fibers

increase the plasticity and toughness of the concrete.

Pereira de Oliveira et al. (2011) [54] utilized fibers generated from
recycled PET bottles to produce reinforced mortar. They observed that there
was a significant increment in the toughness, compressive and flexural
strength of mortars using PET fibers. A study conducted by Foti (2013) [11]
investigated the prospect of reprocessing PET fibers procured from waste
bottles of varied shapes. The results reflected that the presence of PET fibers

in concrete can improve its ductility.

Meddah and Bencheikh (2009) [55] investigated the effect of length
and volume of polypropylene and polypropylene waste fibers on the
toughness, flexural, and compressive strengths of fibers reinforced
concretes. The outcomes of the study revealed that polypropylene fibers
declined the compressive strength mostly when utilizing lengthy fibers that
had elevated volume fraction. A gradual decline in the compressive strength
was seen in the composites comprising over 2% metallic waste fibers.
Nevertheless, the hybrid and polypropylene fibers improve the flexural

strength of reinforced concretes.
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Mazaheripour et al. (2011) [56] studied the influence of introducing
polypropylene fibers in hardened and fresh characteristics of lightweight
self-compacting concrete (density between 1700-2000 kg/m?). The obtained
results indicated that polypropylene fibers do not affect the elastic modulus
and compressive strength, nevertheless, using a higher portion of volume
improved the flexural strength by 10.7% and tensile strength by 14.4%

through splitting tensile strength analysis.

Kim et al. (2010) [57] studied the fundamental properties of materials
and shrinkage drying resistance of concrete reinforced using reprocessed
PET fibers. The results involving the comparisons with samples comprising
of polypropylene fibers reinforcement showed that concrete reinforced using
PET fiber reflected a gradual decline in elastic modulus and compressive
strength with increasing the fiber volume fraction. In addition, the recycled
polypropylene and PET fiber-reinforced samples reflected a declined in
compressive strength of approximately 1-10% and 1-9%, in relation to

samples that do not contain fiber reinforcement.

Al-Hadithi A.l. (2013) [58] studied the influence of joining the chips
obtained from cutting beverage plastic bottles using hands (mostly utilize in
Iragi markets) as compact fibers mixed with the gap-graded concrete. Then,
the fibers were mixed at varying proportions (1.5, 1 and 0.5%) of concrete
volumes. A control concrete mix was provided for comparison purposes. The
outcomes showed that the addition of plastic waste fibers in these
proportions resulted in enhancement of splitting tensile strength of concretes.
However, there was more enhancement in the splitting tensile strength. Low-
velocity impact resistance showed a noticeable increment in every waste
plastic fibers reinforced concrete (WPFRC) mixes as compared to that of
control. The outcomes reflected that WPFRC of 1.5% showed the optimum

Impact resistance as compared to others which were 328.6%. In the cases of
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1 and 0.5%, the results were 128.6 and 200%, respectively. Cracks in
concrete were prevented by Synthetic-fiber reinforcement, synthetic fibers
of small diameter (nylon, glass, steel or polypropylene) reducing shrinkage

cracking by more than 80% according to independent lab tests [58].
2.7 Mixture Design: Pumpability and Workability

Workability of shotcrete depends on several combinations of
parameters. The fresh concrete must remain stable during pumping, without
segregation or pump blockage events [37]. The shotcrete also needs to be
properly placed with the lowest slump as possible, in order to obtain a thicker
layer without fallouts. These somewhat opposite requirements often lead to
the use of superplasticizer admixture for a highly workable mix for pumping
and the addition of set accelerating admixture at the nozzle to stiffen the in-

place mix during spraying [36].

During the pumping process, concrete is subjected to high pressures,
especially through hose diameter reduction, creating stringent requirements
for the shotcrete mix design. Passing through the reducer requires constant
reorganization of the aggregates without segregation or bleeding and an
adequate volume of cement paste which lubricates the aggregates to ensure
its stability within the mixture [59]. An appropriate aggregate distribution is
of the utmost importance in reducing void space and increasing the volume

of available cement paste to work as a lubricant [37].

Several well-known researchers have studied concrete pumping
behaviour [60,61] and all have a focus on aggregate size distribution,
viscosity and yield strength of concrete to predict the concrete pumpability.
If the fresh concrete is too firm, aggregates do not rearrange well during

pumping, creating pumping blockage. If the fresh concrete is too liquid, it
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lacks stability and during the pumping movement, the cement paste will filter

through the aggregates, also creating pumping blockage.

In order to increase the stability of the fresh concrete, the use of
supplementary cementing materials (SCM’s) is a common solution,
increasing the volume of binder paste and reducing slump of fresh concrete
[8]. These two characteristics improve pumping and result in a more stable
concrete during spraying, also reducing rebound and improving built-up
thickness. Overall improvement of durability is also well documented
[62,63], showing improved resistance to freeze-thaw and improvement in

reducing chloride ingress.
2.8 Failure Modes of Shotcrete

There are two basic types of failures; the first one is fallouts of only
shotcrete, which indicates poor adhesion against the rock surface or other
surfaces [64]. The second mode is fallouts of shotcrete and surface, which
indicates that the surface has failed. These two main types of failures can
also be subdivided into six categories with more precise descriptions of the

actual failure modes, see Figure 2-12.
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Figure 2-9 Failure modes of shotcrete [65]

e Adhesive failure: adhesive failures occur when the bond between the
shotcrete and the substrate simply is not strong enough. Seymour
(2010) explains that this causes an air bubble to form between the
surface and the shotcrete, which might fail and result in falling
shotcrete [64]. This failure mode can however be partially prevented
by carefully washing the surface prior to spraying [47].

e Flexural failure: if the adhesion is lost due to peeling off the shotcrete
from surface or slabbing within the substrate, then and only then does
the flexural failure mechanism become possible [65]. Flexural failures
can be derived from beam theory, where the shotcrete layer is

represented by a constrained beam that is being loaded with the weight
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of loose surface material. This causes the shotcrete to fail in tension in
planes that are perpendicular to the shotcrete layer [47].

e Direct shear failure: if the adhesion is strong and loss of adhesion does
not occur failure of the shotcrete layer might occur in direct shear, if
the load exceeds the shear strength of the shotcrete [65].

e Punching shear failure: once the adhesion is lost punching shear
failure may occur close to the surface bolts that is spanning the
shotcrete, where the shear forces have the largest magnitude [47]. The
failure occurs in an inclined plane of approximately 45° with respect
to the horizontal plane, therefore being perpendicular to the tensile
stresses that are imposed on the shotcrete layer [47].

e Compressive and tensile failure: these failures occurs if the induced
compressive or tensile stress caused by stress changes in the surface

results in fracturing or spalling of the shotcrete layer [65].
2.9 Fresh Properties of Shotcrete Mixtures

The rheological evaluation of concrete is used to replace the
conventional slump test [66]. Slump is an old way of measuring fresh
concrete's workability. A fall, on the other hand, may lead to blunder. The
slump test alone, according to Roussel et al., isn't adequate to evaluate
pumpability since fresh concrete with the same slump value might have
different pumping performance [67]. Good concrete pumping performance
does not necessarily indicate slump, and vice versa. It has been shown that
rheological characteristics collected using a rheometer may properly
determine the workability of fresh concrete. Some of the most often used
metrics for defining rheological qualities of new concrete are yield stress,
plastic viscosity, and thixotropy [68,69]. Rheology research in the area of

fresh concrete has made great progress in the past few years in terms of
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applying rheology to enhance the behavior of construction materials [70].
According to the data, Feys et al. [71] found a relationship between concrete
rheological features and pressure loss in terms of pumpability (i.e. pressure
loss, blockage, or not). The study also showed that the relationship between
flow rate and pressure loss in pipes is similar to the rheological behavior of
new concrete, with nonlinear rheological properties leading to nonlinear
"press loss-flow rate" curves. Secrieru et al. focused on numerous rheology-
based methodologies for assessing fresh concrete pumpability [72]. The
pumping pressure is determined not only by the properties of the boundary
layer between the pipe and the concrete mass, but also by the rheological
parameters of the concrete, according to Mai et al. [73]. Measuring the
rheological parameters of new concrete is challenging because to early

hydration and thixotropy, and they alter with shear history and time [74].
2.10Mechanical Properties of Shotcrete

As indicated in the literature studies [21,75], incorporating PET fibers
into concrete mixes may improve their mechanical properties. Foti [11]
looked into the impact of lamellar and ring-shaped PET fibers on concrete
ductility and discovered that the distinctive ring shape helped to hold the
concrete together on both sides of a cracked region. A small number of ring-
shaped PET fibers might have a big influence on the hardness of concrete
mixtures this way. PET fibers in concrete improved the splitting tensile
strength and compressive strength, according to Irwan et al. [21]. According
to Fadhil and Yaseen, as compared to plain concrete, the rupture strength and
impact resistance of concrete panels mixed with PET fibers increased by
34.27 percent and 157.14 percent, respectively [22]. The length of fiber has
a substantial influence on fiber-reinforced concrete, according to Juhasz et

al. Increased fiber embedding length improved pullout strength, according to
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the researchers. Pullout strength was also affected by surface friction and

interfacial binding energy between fibers and the concrete matrix [23].

2.11Shotcrete Application in Structural Member

The ability of Fiber Reinforced Shotcrete (FRS) to resist load when
broken is the reason for its extensive application in construction. So far, the
most common use has been in the fabrication of civil tunnel linings. It has
risen in prominence as a result of gains in both economic competitiveness
and structural performance over the previous 25 years, to the point that it is
currently used for at least a component of practically every tunnel recently
built [76].

Experimentation with mix compositions and research into the
mechanical behavior of fibers in a cured concrete matrix have improved FRS
structural performance. Shotcrete design standards have shifted from
prescriptive to performance-based, which has resulted in this breakthrough.
It was commonly considered in the early days of FRS that all fibers
functioned equally in the post-crack region and that fiber dosage was the
most significant determinant of post-crack performance [76]. These premises
have now been shown to be erroneous through experience. FRC structural
standards are currently based on performance utilizing either beam or panel
specimens, mainly in the fractured condition [77]. The ASTM C-1018 test

for beams is a commonly used test [78].

Fiber reinforcement produces a concrete liner that differs from mesh
reinforced concrete in many ways. Most economically viable FRS mix
formulations incorporate post-crack strain softening in flexure, although
mesh reinforced concrete is typically plastic (at least up to moderate crack
widths). The degree of strain softening that happens is governed by a variety
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of factors, including fiber type and dosage, and varies greatly amongst
concretes used for different purposes. Due to the complexity of post-crack
material behavior, efforts to develop a rational lining design approach using
FRS have been frustrated, leading to the usage of arbitrary performance
measures. It's predictable that there's a lot of debate over which kind of test
offers the greatest measure of performance for discriminating between

competing FRS mixes in this puzzling situation [77].
2.12Concluding Remarks

Fiber reinforced shotcrete has a lot of potential for usage in value-added
applications to optimize economic and environmental advantages.
Converting PET into useable resources in the manufacturing of sprayed
concrete may result in significant cost savings. Several research have
examined the qualities of PET and FRC in order to better understand the
impact of FRS physical properties on fresh and mechanical concrete
properties. The following are the important remarks that may be summarized

from the examined studies:

1. Waste plastic fibers applications in term of FRC and FRS have been
explained thoroughly in this chapter.

2. There are two methods to produce sprayed concrete: dry-mix and wet-
mix methods.

3. The cost of equipment, maintenance needs, operating features,
placement characteristics, and product quality may all influence
whether a dry-mix or wet-mix procedure is used.

4. Generally, bond strengths to existing materials are higher with dry-
mix shotcrete than with wet-mix shotcrete.

5. Despite the varieties of plastics produced, PET is the most relevant as

it currently accounts for about 7% of the total plastic waste.
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6. Using shotcrete to repair specific structural members has been in use
lately.

7. Workability of shotcrete depends on several combinations of
parameters.

8. The shotcrete also needs to be properly placed with the lowest slump
as possible, in order to obtain a thicker layer without fallouts.

9. There are two basic types of shotcrete failures; the first one is fallouts
of only shotcrete, which indicates poor adhesion against the surface,
the second mode is fallouts of shotcrete, which indicates that the
surface has failed.

10. There is lack of studies in evaluating shotcrete incorporated with
WPF at various contents in order to study the structural behaviour of

casted reinforced concrete members.
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CHAPTER THREE

Materials and Experimental Program

3.1 Introduction

Features of shotcrete materials' components have a significant impact
on their behavior (fiber, concrete material and additive). As a result,
analyzing the qualities of these components will give useful information for
designing and optimizing the mix for these composites. This chapter covers
the material selection, characterisation, and mixture design approach used
for reference and WPF shotcrete mixes, as well as various mix design-related
parameters including density, splitting, and compressive strength. From
December 1, 2020, to July 1, 2021, the experimental work was carried out at
Anbar University's civil engineering department laboratory. Figure 3-1 is a

flow chart that describes the experimental program.
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Figure 3-1 Flow chart of the experimental work

3.2 Materials

The materials used for the shotcrete mixes are complied with universal and
local standards.
31



Materials and Experimental Program

3.2.1 Cement

In this investigation, Al-Mass Ordinary Portland Cement (OPC) with a
specific gravity of 3.15 was employed. In Iraq, this is the kind of preferred

cement. Table 3-1 shows its physical and chemical attributes.

Table 3-1 Physical properties and chemical compositions of cement

Physical Properties
Iraqgi standard
Test Type Content No. 5/1984 Limits
Fineness (cm#/kg) 361.0 >230
Initial Setting (min) 195 >45
Final Setting (min) 315 <600
Compressive strength for cement mortar cube
3 Days (MPa) 20 >15
7 Days (MPa) 27 >23
Chemical Compositions
Oxide composition Content Iraqi standgrql
(%) No. 5/2019 Limits
SiO, 20.3 -
CaO 62.7 -
MgO 2.7 5 % Max.
Al,O3 4.5 -
SO3 2.5 2.8 % Max.
FEzog 3.9 -
Loss on ignition 3.0 4 % Max.
Insoluble residue 0.4 1.5 % Max.
Phases
LSF 0.94 -
SM 2.42 -
AM 1.15 -
CsS 56.8 -
C,S 15.3 -
CsA 5.3 -

* Full test results are shown in Appendix A
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3.2.2 Water

All specimens were cast and cured using tap water throughout the study.

3.2.3 Coarse Aggregate

Crushed aggregate with a nominal maximum size of 10 mm was procured
from the Al-Nabaee quarry in Iraq for this investigation. According to Iraqi
standard specification (1.Q.S.) No.45/ 1984, this was gathered, dried, and
kept in various depots [79] as shown in Table 3-2, The analysis of coarse

aggregate utilized is shown in Figure 3-2. The coarse aggregate has a dry

density of 1650 kg/m?3. The coarse aggregate is shown in Table 3-2.

Table 3-2 The Gradient properties of coarse aggregate

Sieve Size Passing % Limits of Iraqi specification No.45
12.5 100 100
9.5 99.07 85-100
4.75 1.27 0-25
2.36 0.00 0-5
Deleterious Substance
<75 um 1.1 <3.0
SO3 (%) 0.043 <0.1

* Full test results are shown in Appendix A
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Figure 3-2 Sieve analysis of coarse aggregate

3.2.4 Fine Aggregate

From locally regions (ASSELLA), Natural sand was utilized in this
study, as shown in Figure 3-4. It had rounded shape and smooth texture with
maximum size 4.75 mm. Before testing and using, the sand was washed to
remove mud and any defective particles. Table 3-3 and Figure 3-3 present
the sieve analysis and physical characteristics of fine aggregate. The finding
showed that, the sand grading, sulfate content and passing from 0.075% were
sufficient to the Iraqi specification (1.Q.S.) No.45/ 1984 [79].

Table 3-3 Sieve analysis for fine aggregate (sand)

Sieve Size Passing % Limits of Iraqi specification No.45
4.75 99.53 90-100
2.36 87.13 75 - 100
1.18 67.93 55-90
600 um 40.00 35-55
300 pum 9.53 8-30
150 pm 1.00 0-10
Deleterious substance
<75 um 1.4 <5.0
SO; (%) 0.34 <0.5
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* Full test results are shown in Appendix A
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Figure 3-3 Sieve analysis of fine aggregate

3.2.5 Superplasticizer (SP)

MasterGlenium® 51 is a new generation water-reducing superplasticizer
concrete additive designed for ready-mix concrete and precast industries that
need high early and final strengths and durability. According to ASTM C
494 Type F, the physical parameters of superplasticizer are as follows:
Concrete Admixture Standards with a High Range Water Reducing/Super
Plasticizer [80]. Appendix A shows the full data sheet of the superplasticizer.

Table 3-4 Physical properties of MasterGlenium® 51 superplasticizer*

Technical data Results
Form Viscous Liquid
Color Light Brown
Relative density 1.1 @ 20°C
pH 6.6
Viscosity 128 +/ - 30 cps @ 20°C

*The physical properties were considered according to company (see

Appendix A)
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3.2.6 Accelerator

To accelerate hardening of shotcrete concrete, the SikaRabid ®-1 was used
according to ASTMC1240-15 [81], The specific gravity of accelerator was
1.17 while the other properties could be seen at Appendix A.

3.2.7 Waste Plastic Fibers (WPF)

The fibers were obtained by cutting WPF, gathered directly from disposed
drinking bottles in trash sites. Figure 3-5 shows the used WPF. The fibers
were made into piece for one aspect ratio by using shredder. 27, 4, 0.29 mm
were the length, width and thickness of the fiber, respectively. The aspect
ratio of fibers (22) was adopted in this work according to calculation below.

The dimensions and physical properties WPF are given in Table 3-5.

2
%:4 x0.29 > D= wz,/1.477=1.215 (3-1)

L 27 ;
= =T, = 22.24 (aspect ratio) (3-2)

Table 3-5 Dimensions and Physical properties of WPF

Fiber’s type PET
Length (mm) 27
Width (mm) 4
Thickness (mm) 0.29
Aspect Ratio 22

Water absorption nill

Figure 3-5 Waste plastic fiber
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3.2.8 Steel Reinforcement Bars

All of the reinforced bars employed in this research were distorted. The
longitudinal orientation of the beams was strengthened with 10 mm diameter
reinforcements at the bottom and top as shown in Figure 3-6. Stirrups with
an 8 mm diameter were used in the shear reinforcement. The ASTM A615
standard was used to test the reinforced steel bars [82], to evaluate the yield
stress, ultimate strength and elongation. The tests were carried out at the civil
engineering department's laboratory at Anbar University. Table (3-6) shows
the mechanical characteristics of reinforced bars. Keep in mind that the
nominal diameter in Table (3-6) comes from the manufacturer, but the actual
area of the cross-sectional bars was obtained by dividing the weight of
samples by the measured lengths and steel density for each of the three bars

and averaging the results.

Table 3-6 Mechanical properties of steel bars

Nominal | Actual Yield Ultimate Elongation
Diameter area area Strength Load %)
(mm?) | (mm? (MPa) | (MPa) (%
8 mm 50.265 49.016 551 714 115
10 mm 78.540 75.429 29 800 11.1
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Figure 3-6 Steel reinforcement bars

3.2.9 Wooden Mold

Six molds were made from the plywood. The interior dimensions of all
molds are (100) mm width, (150) mm height and (1200) mm length. Figure

3-7 shows the wooden molds of reinforced concrete beams.

Figure 3-7 Wooden mold
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3.3 Shotcrete Machine

Shotcrete machines are used for wet concrete spraying process. The job must
be automated because of the high spray outputs and wide cross-sections.
Working with wet mixtures necessitates the use of concrete spraying systems
with pumps. Unlike traditional concrete pumps, these systems must also
offer a concrete flow that is as consistent as possible, and therefore

continuous, in order to ensure uniform spray application [83].

A wet shotcrete machine was manufactured from materials available in
the local market. This machine works with the mechanism of hydraulic
pressure and speed control of compressed air in order to shoot the wet
concrete to different distances. The required shootable distance of wet
concrete is controlled by both the hydraulic pressure and the velocity of the
compressed air. Manufacturing Shotcrete to pump shotcrete to repair and
reinforce broken concrete sections locally to save a lot of money, effort, and
time, as well as acquire expertise throughout the manufacturing process.
Appendix B has more comprehensive images of shotcrete machine

production.

The detail of the machine is summarized below as shown in Figure 3-8
and listed in Table 3-7:

1) Steel structure.

2) Electric pump with 20 hp capacity.

3) Hydraulic pump with 400 bar capacity.
4) Pistons with speed regulator.

5) Hooper

6) Air Compressor electric motor.
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7) Electrical control panel.
8) Cooling system.
9) Hose and tube.

Table 3-7 Details of manufactured shotcrete machine

Hooper Hose size Air compressor Maximum
size (m°) (in) capacity (Kpa) output (m3/hr)
0.0864 2 1240 2.6

(c)  Shotcrete body (d) Control Panel
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Electric pump Compressed air

electric motor
Mose and Tube

Hooper

Cooling system

Hydraulic pistons

Hydraulic pamp

Electric pump

Figure 3-8 Main parts of shotcrete machine

3.4 Mixing, Casting and Curing Procedure

3.4.1 Mix Design

The shotcrete mix proportion considered in this study was cement,

water, coarse aggregate, fine aggregates, and additives. The content of PET

fibers was 0.25%, 0.5%, 0.75%, 1.0% and 1.25 % as

shotcrete volume. Table 3-8 lists the mix proportion of wet-mix shotcrete.

The mixture proportions applied based on practical
previous studies [12, 13, 54, 55].

The six shotcrete mixtures presented in Table 3-8 were developed
according to ACI PRC-506-16 [84] using many trials mixes which doing for
the references mix without WPF in order to obtain optimum shotcrete mix.
The objective was to have optimum compressive strength. The control

concrete specimens without WPF underwent the same tests as to compare
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the results with that of the specimens with WPF. Table 3-8 states that the
amount of WPF in concrete mixes were 0.25, 0.5, 0.75, 1.0 and 1.25%. The

selection of the amount of WPF for each concrete was mostly based on
previous studies that stated the minimum and maximum amount of WPF in
concrete. Superplasticizer was added to reduce the water. Thus, the w/c ratio
was decreased from 0.45 to 0.414. In addition, Accelerator was used to make

the mixture more hardened after been threw out from the machine.

Table 3-8 Shotcrete mixtures proportion ratios

Mix C. G. S. W. Acc. SP | WPF
Code | kg/m® |kg/m®| kg/m® | kg/m® | kg/m® | kg/m® | kg/m®
SC0.00 | 497.0 | 738.4 | 880.0 | 206.0 | 22.00 | 3.10 0
SC0.25 | 495.8 | 736.5| 877.8 | 2055 | 2195 | 3.10 3.44
SC0.50 | 4945 |734.7 | 875.6 | 205.0 | 21.98 | 3.09 6.88
SC0.75 | 493.3 | 7329 | 8734 | 2045 | 2184 | 3.08 | 10.31
SC1.00 | 4920 |731.0| 871.2 | 203.9 | 21.78 | 3.07 | 13.75
SC1.25 | 490.8 |729.2 | 869.0 | 203.4 | 21.73 | 3.07 | 17.19
C = Cement, G = Gravel, S = Sand, W = Water, Acc.= Accelerator,
S.P = Superplasticizer, and WPF = Waste Plastic Fibers

3.4.2 Mixing Procedure

The procedure, which adopted to mixing the compounds of shotcrete

concrete could be summarized in the following:

1. The coarse and fine aggregate were wished by water to get rid from
any clay particles and dust from the surface.

2. All materials were weighted according to design proportion using
digital balance and putted in clean bags to store in dry place until
casting day.

3. All standard molds cylinders and beams were cleaned and lubricated
the inside surface by brush to prevent concrete cohesion on the molds
before casting days. The reinforcement mesh was placed in molds

after the spacers were fixed to achieve the required covers at each side.
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4. Shotcrete contents were mixed including water in separated mixer
than poured in shotcrete mixer in order to process through shotcrete
machine and sprayed after mixed with water.

5. Shotcrete were propped up at an angle while the nozzleman shot the
concrete perpendicular to the mold to reduce rebound and improve
encapsulation as shown in Figure 3-9.

6. Finally, the concrete surface was levelled by hand trowel and using
nylon sheets for covering the specimens to avoid water evaporation of

concrete.

Figure 3-9 Shotcrete casting for hardened properties

Although the testing methods between wet mix shotcrete and
conventional concrete are similar, there are some major differences with how
itis set up. Typically, shotcrete is tested by coring samples from the machine
that has been shot by the nozzleman using the same mix being used on site.
This is examined by shooting normal 150x300 mm cylinders with the

shotcrete and comparing to a shot slab with the same mix [42].
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3.4.3 Curing Process

After the concrete was reached to hardened stage, all specimens
extracted from molds and prepared to place in water tank for curing process
for 28 days, relatively at constant temperature (25+3°C). The curing process
is essentially at early hardened stage to prevent water, that sharing in cement
hydration, from evaporation and to gain subsequently high strength. It should
be mentioned that an electrical water heater was used to balance the
temperature at 25°C until the end of curing period (ASTM C192/C192M-18)
[85], see Figure 3-10. After 28 days curing, the specimens would take off for

testing.

Figure 3-3 Curing process of shotcrete samples

3.5 Tested Properties of Shotcrete Concrete

3.5.1 Slump Flow Test and T-500

The slump flow test for all the shotcrete mixtures were conducted using
standards and procedure of ASTM C1611/C1611M-18 [86]. This test

determines the flow of the shotcrete mixture after it has been mixed. This is
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an important test to conduct since there is a higher risk of segregation of
aggregate and bleeding of the mix [87,88]. Figure 3-11 shows the test setup

for this test.

Figure 3-4 Slump flow test setup

The set up for this test is shown in Figure 3-11 and a summary of the
procedure of this test is as follows; a reference diameter of 500 mm has been
drawn out on the flat surface. Then the slump cone which was placed on a
flat surface in the center of the reference diameter had been filled with the
concrete mix till it reached the top of the cone. After the excess concrete at
the top of the cone had been removed using a bar. The mold was then
removed and once the cone was lifted off the surface a timer had started to
measure the time it took for the concrete mix to reach 500 mm. This time is
known as the variable T500. Once the mix had stop spreading, a visual
inspection was made to see that no segregation or bleeding around the
diameter was present. Two diameter measurements were recorded, and the
slump flow was calculated by taking the average of the two measurements.
The visual inspection of the fresh concrete for each mix has been classified
into a Visual Stability Index (VSI) value. Table 3-9 is a summary of the VSI
values [86].
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Table 3-9 Visual Stability Index (VSI) [86]

VSI Value Criteria
Highly _ _ _
Stable No evidence of segregation or bleeding

Stable No segregation and slight bleeding as a sheen
Slight mortar halo < 10 mm and/or aggregate piled in the

Unstable
center of the concrete mass
Highly Segregated, large mortar halo > 10 mm and/ or large
Unstable aggregate pile in the center of the concrete mass

3.5.2 Segregation Test

In order to determine the concretes resistance to segregation, segregation
index (SI) test was conducted where each mix was visually inspected during
slump-flow test according to EFNARC [89]. A segregation index (SI =0) is
assigned to a certain SC mixture when there is no visible segregation of
coarse particle/mortar at the center of the concrete spread and there is no
water flowing freely around its perimeter which means this particular
concrete is free of segregation. On the other hand, if there is slight
accumulation of coarse aggregate particles/mortar at the center of the
concrete spread or there is water flowing freely around its perimeter then this
particular concrete is assigned SI=1, which means it has adequate resistance
to segregation. This test has been carried out by determining SI using
Equation. 3-3.

_ Mps

SI = =2 x 100 (3-3)
M

t

Where Sl is segregated index, Mpsis mass of passed materials (gm) and Mtis

initial mass of placed on to the sieve (5mm) (gm).
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3.6 Hardened Properties of Shotcrete Mixtures

3.6.1 Dry Density

The density values were determined according to the requirements of
ASTM C642-6 [90], for shotcrete with 28 days of age, using a 300 mm
cylindrical specimens. Three specimens were cast for each concrete mix
developed. This test was performed at the Laboratory of the Civil

Engineering Department in University Of Anbar, following the steps below:

a) The specimens were then dried in an oven at 80 °C for not less than
24 hours and, the specimens were cooled to room temperature for
subsequent determination of the dry mass (A)

b) For 24 hours, the specimens were submerged in water. The wet surface
of all specimens was then dried with a towel to determine the density
of the specimens in a saturated state (B).

c) The specimens were then dried in an oven at 80°C for at least 24 hours
before being cooled to room temperature for further dry mass
determination (C).

d) After immersion and boiling, suspend the specimen by a wire and

assess the apparent mass in water to record this apparent mass (D).

After obtaining the masses mentioned above, it was possible to

calculate the density of the specimens by means of the following equation:
Dry Density % = ﬁ %X 100 (3-4)

3.6.2 Voids

The voids test was carried out on 300 mm cylindrical specimens,
according to ASTM C642-13 [90]. The average voids of each mix were the
average of three cylinders by using equation (3-5).
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Voids % = <= x 100 (3-5)
3.6.3 Water Absorption

ASTM C642-6 [90] guidelines were followed in this test. Water
Absorption test carried out on 300 mm cylindrical specimens. Average value
of three specimens was adopted as result. Water Absorption is measured by

using following equation.
Water Absorption % = CA%A x 100 (3-6)

3.6.4 Ultrasonic Pulse Velocity

Ultrasonic methods have been employed in the geotechnical area and
mining research for some years. According to ASTM C597-16, this test was
performed on 150*300 mm cylindrical specimens [91] Using the Ultrasonic
Nondestructive Digital Indicating Tester on the Go (pundit). The transit time
was measured in microseconds using a 54 kHz transducer configured to
enable direct transmission. The UPV was used to measure the micro-
cracking, homogeneity, and solidity/compactness of cement-based mixes as
a non-destructive test technique. The quality of concrete is classified by
ultrasonic digital tests based on longitudinal pulse velocity, as shown in
Table 3-10 [91].

Table 3-10 Quality of concrete as revealed by ultrasonic velocity [91]

Velocity (km/sec.) Quality of concrete
>4.5 Excellent
3.66 - 4.57 Good
3.05 — 3.66 Fair
2.14 — 3.05 Weak
<2.14 Very Weak
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The surface of the samples was cleaned using polishing paper and oiled
with grease in order to fully transmit the pulse produced by the transducer to
the concrete. Ultrasonic velocity is used to (i) determine the dynamic poisons
ratio and modulus of elasticity of concrete, (ii) evaluate the uniformity of
concrete in or between members, (iii) assess the quality of concrete, and (iv)
identify the alterations in properties of the hardened concrete with time.
Equations (3-7 and 3-8) are used to determine the ultrasonic pulse velocity

and strength in this test [92].
L
V == ; (3-7)
Ultrasound Strength = 2.8 x e(®-53V) (3-8)

Where V is ultrasonic pulse velocity in km per sec., L is path length in mm.

T is transit time in p second.

Figure 3-5 UPV test setup
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3.7 Mechanical Properties of Shotcrete Mixtures
3.7.1 Compressive Strength

ASTM C39 / C39M-21 was used to assess the compressive strength of
the shotcrete mixtures [93]. For all combinations, the test was performed on
150 X 300 mm cylindrical test specimens at the ages of 7, 14, and 28 days.
To execute all mechanical tests according to ASTM criteria, a cylindrical
shape was used as a test specimen in compressive strength. Until the test day,
all cylinders were wet cured in the curing chamber at 23 °C and 90%
humidity. In this test, a universal hydraulic digital compression testing
equipment was employed. Figure 3-14 shows a BESMAK with a capacity of
2000 KN and a loading rate of 5.3 kN/s.

1 l | WEIOWIAK

i M«urﬂ, ||

Figure 3-6 Compressive strength test setup
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3.7.2 Splitting Tensile Strength

At 7, 14, and 28 days, the splitting tensile strength of 150*300 mm concrete
cylinders was tested. The test was carried out in accordance with ASTM
C496/C496M-17 as shown in Figure 3-15 [94]. Concrete cylinders were
water-cured in the curing chamber until the test day, at a temperature of 23
°C and a humidity of 90%. Before one hour had passed since the test, the
concrete cylinders were taken from the curing chamber, dried, and placed on
the loading machine. The concrete specimen was put on top of a plywood
strip that ran along the center of the loading machine's bottom bearing block.
On top of the concrete specimen, a comparable plywood strip was centered
over the bottom strip. The load was applied continuously at a steady rate
within the range of 2.1 kN/s until the specimen failed. The equation (3-7)

was used to compute the tensile strength of concrete.

T=2L (3-7)

~ LD

T is the tensile strength of the splitting tensile in N/mm. The maximum load
in N is 2P. The length and diameter of the concrete sample in millimeters are
L and D. The arrangement of the tensile strength test is shown in Figure 3-
15.
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Figure 3-7 Splitting tensile strength test setup

3.7.3 Modulus of Elasticity (Young's Modulus)

The modulus of elasticity test was performed using standard cylinders with
a diameter of 150 mm and a height of 300 mm, as specified by ASTM C469-
14 [95]. For normal hardened concrete cylinder specimens of any age and
curing circumstances, this test may produce a "stress to strain” ratio result
(from the stress-strain curve). For each blend, the average test result of three
specimens was used. The cylinder specimen and the apparatus utilized in this
test are shown on Figure 3-15. The equation (3-8) was used to compute the

static modulus of elasticity (Ec):

S-S
Ec_ 2 1

~ £,-0.00005 (3-8)

Where:

S,: the stress corresponding to 40% of ultimate load (MPa)
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S1: the stress corresponding to a longitudinal strain 0.00005 (MPa)

&, The longitudinal strain produced by stress S

Figure 3-8 Modulus of elasticity test setup

3.8 Bending Behavior of Shotcrete Reinforced Beams

3.8.1 Flexural Beams

The tests in this work were undertaken to assess the flexural behavior of
shotcrete beams and to calculate their ultimate flexural capacity. Six flexural
beams with suitable shear reinforcement were cast and tested for the
investigation. All of the beams were designed as under-reinforced tensile.

The parameters of all the beams were: width = 100 mm, depth = 150
mm, and length = 1200 mm. As previously stated, one arrangement was
chosen for flexural reinforcement. A transparent cover of 20 mm was applied
to all beams, and shear reinforcement was given by bar strips (8 mm) at 50

mm c/c. The cross-sections and reinforcing arrangement of the flexural
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beams were shown in Table 3-11 and Figure 3-16. Appendix C shows the

calculation for the steel reinforcement ratio (p).

Table 3-11 Geometry & reinforcement configuration of the flexural beams

Beam Beam | Beam | Beam | Bottom Com Rein Fiber
Width | Depth | Length |Flexural np. .~ | Content
No. . Rein. | Ratio
(mm) | (mm) | (mm) Rein. %
SC0.00 0
SCO0.25 0.25
SCO0.50 2,010 0.5
SC0.75 100 150 1200 mm 2, @8 mm|0.0135 075
SC1.00 1
SC1.25 1.25
1 100 mm I
[ T
28 Bmm
28 10mm kR
20 mm
) ) T
EEEEE compression strain gauge
====T€Nsion strain gauge
P/2 P/2
- 400 mm 'l' 300 mm T 400mm —™
e L 4 —g
E
a 3
xl _4_
,-PAP \““‘ Stirrups @8 @ 50 mm .agv
I"' 1100 mm ’I
1200 mm =

Figure 3-9 Detailed dimensions of tested beam instrumentation
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3.8.2 Experimental Setup and Instrumentation

The specimens were simply evaluated as supported beams under four-point
loading. Digital gauges were used to measure the deflections at the mid span
and loading point. Figure 3-18 depicts the experimental setup and placement

of the digital gauges for measuring strain in shotcrete concrete.

Figure 3-10 Experimental setup for flexural beams

The force was applied progressively from a hydraulic jack at 5 kN for
each increment, and the load was held steady for some time at each step to

watch the crack pattern. During the test, the start and growth of shear and
55



Materials and Experimental Program

flexural cracks were observed and recorded at different stages. During the
testing to failure, the load—deformation reaction was observed and recorded
by 28 Mega-pixel digital camera. The test also showed the beam's overall
behavior, including fracture formation, crack patterns, failure modes, and

weight transmission mechanism.

In this work, the measuring strain for compression, for all beams by using
the strain gauge and data logger. In this study, two strain gauges were used
at the critical positions; attached on concrete surface (tension and
compression zone), for measurement the strain behavior during applying
load. It should be cleaning a surface of concrete before fix the strain gauge
by special epoxy. The type of data logger was TML (Tokyo Sokki Kenkyujo)
and the CSW-5A 5-channel automatic switching box such as shown in
Figure 3-18. Before the test, the gauge factor must be entered to the data
logger to ensure the accuracy of the results.

Figure 3-11 Data logger series
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CHAPTER FOUR

Results and Discussion

4.1 General

In this chapter, the results are presented into three different sections.
The first section shows fresh shotcrete samples test results incorporated with
WPF. The second section considered the hardened shotcrete characteristics
incorporated with WPF test results. Finally, the strength behavior of
shotcrete with WPF and without WPF in shape of reinforced concrete beam

are presented and compared in term of different contents of WPF.

4.2 Fresh Properties of Shotcrete Mixtures

As explained in Chapter three, Slump flow, Tsg and Sieve Segregation
tests were conducted on WPF shotcrete. The main results of tests can be

summarized as follow:

4.2.1 Slump Flow and Tsoo

The obtained results of slump flow and Tso Of shotcrete mixtures are
shown in Table 4-1 and Figures 4-1 and 4-2. The results showed an increase
in slump while increasing the WPF till 0.75%. After that, the slump
decreased when adding WPF more than this percent. Such behavior could
describe as two parts: first, adding superplasticizer with WPF may increase
slump test values, while increasing surface area by adding more WPF will

decrease the slump. Those concepts approved by many researchers [25, 28
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and 91]. The Tsgo results showed the same reason of slump test results. In
Fact, the workability of fresh shotcrete affected by many reasons such types
and quantity of superplasticizer and pressures of air concrete shooter. The
slump value of 880 mm considered maximum slump value after many try
and error. Therefore, the slump flow for 0.75% WPF replacement (SC0.075)

showed an increase in slump.

Table 4-1 Slump flow and T500 tests results for all mixtures

Mix Code Slump Flow (mm) T500 (sec.)
SC0.00 (Ref.) 750 0.3
SCO0.25 780 0.5
SCO0.50 790 1
SCO0.75 880 1
SC1.00 750 1
SC1.25 690 1
1000
900
800
700
€ 600
£
o 500
§
3 400
300
200
100
0
SC0.00 SC0.25 SC0.50 SCO0.75 SC1.00 SC1.25

Mixture code

Figure 4-1 Slump flow tests results for all mixtures
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Figure 4-2 Tsoo tests results for all mixtures
4.2.2 Sieve Segregation

Table 4-2 and Figure 4-3 explain the results of sieve segregation test. The
results exhibited a good resistance to segregation according to EFNARC

limitations. The S1% values index were between 8 to 13, which are less than

standard value (15%).

Table 4-2 Segregation Index (SR%) test results for all mixtures

Mix Codes Segregation Index (S1%)
SCO0.00 (Ref.) 14.8
SC0.25 13.4
SC0.50 11.2
SC0.75 9.6
SC1.00 9.1
SC1.25 8.3
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Figure 4-3 Segregation Index (S1%) test results for all mixtures

The sieve segregation test revealed that mixes with a larger proportion
of WPF had a higher packing density and less void between aggregate
particles, allowing for more paste in shotcrete and improved flow and
segregation resistance till certain amount [96]. The increased angularity and
surface roughness at a higher WPF content contributed to increase the

cohesiveness, thus leading to lower segregation index.
4.3 Hardened Properties of Shotcrete Mixtures
4.3.1 Dry Density

Shotcrete dry density was measured in hardened phase only. Dry density

results were measured at age of 28-day and shown in Table 4-3.

Table 4-3 Dry density test results for all mixtures

Mix Code Dry Density (kg/m?®) Difference (%)
SC0.00 2364 -
SC0.25 2368 0.16
SC0.50 2377 0.52
SCO0.75 2373 0.36
SC1.00 2358 -0.27
SC1.25 2355 -0.41

60



Results and Discussion

2380
2375
2370

2365
2360
2355
2350
2345
2340

S$C0.00 SC0.25 SC0.50 SCO0.75 SC1.00 SC1.25
Mix Code

Dry Density (kg/m3)

Figure 4-4 Dry density test results for all mixtures

Figure 4-4 shows dry densities for all mixes. Table 4-3 indicated that
the density of SCO0.75 decreased with the increase of fiber content. Moreover,
SC0.25, SC0.50, and SCO0.75 have higher densities compared to the control
specimen (SC0.00). more cement ratio plays important rule in compared with
WPF for describing the increasing density. The same results found by
previous researchers [22,25,97]. The control specimen (SC0.00) had heavier
density than SC1.00 and SC1.25 with 1.00 and 1.25 % of WPF, respectively.

4.3.2 Air Voids (%)

Table 4-4 represents the results of air voids percentage of shotcrete
specimens incorporated with WPF.

Table 4-4 Air voids test results for all mixtures

Mix Code Air Voids (%) Increase (%)
SC0.00 0.80 -
SC0.25 1.27 58
SC0.50 1.87 132
SCO0.75 1.95 142
SC1.00 2.19 172
SC1.25 2.62 224
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Figure 4-5 Air voids test results for all mixtures

When air entrained concrete is made, bubbles are purposely created.
The bubbles generate huge voids in the cemented concrete. The presence of
these voids will effect the fresh material's workability, consistency, bleeding,
and yield, as well as the density, strength, and, most importantly, the

hardened concrete's longevity [93].

In this study, it had been noted that the control specimen (SC0.00) had
lower air voids ratio in compered with WPF specimens. The air voids of
shotcrete reduce the surface tension of water, allowing more and smaller
bubbles to form and stabilize during mixing. In addition, the mechanism of

cohesion WPF with cement allow to generate more voids.

Doukakis 2013 [98] found through an experimental work in the self-
compacting lightweight concrete, the fiber could have caused larger air

avoids occurring which reduced the density of the mixture.
4.3.3 Water Absorption

According to earlier research, new specimens of concrete with WPF
have a higher water absorption capacity owing to air entrapment and the
development of air gaps that enable water to enter the concrete matrix more

readily [99]. The experimental work showed that there are somehow linear
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relation in the water absorption with WPF as explain in Table 4-5 and Figure

4-6.
Table 4-5 Water Absorption test results for all mixtures
Mix Code Water Absorption (%) Increase (%)
SC0.00 0.67 -
SC0.25 1.08 61
SCO0.50 1.48 120
SCO0.75 1.68 150
SC1.00 1.75 160
SC1.25 1.85 176
2
X
c 15
=
B 1
2
205 I I
£ 0
= SC0.00 SC0.25 SC0.50 SCO0.75 SC1.00 SC1.25
Mix Code

4.3.4 Ultrasonic Pulse Velocity (UPV)

Figure 4-6 Water Absorption test results for all mixtures

The results of ultrasonic pulse velocity test of all mixtures are given in Table

4-6 and Figure 4-7.

Table 4-6 Ultrasonic pulse velocity (UPV) test results for all mixtures

Mix | Time (u | Length UPV Ultrasound Mark
Code sec.) (mm) (km/sec.) Strength (Mpa)

SC0.00 67.3 300 4.46 29.73 Good
SC0.25 68.5 300 4.38 28.53 Good
SC0.50 68.7 300 4.37 28.33 Good
SC0.75 70 300 4.29 27.14 Good
SC1.00 70.5 300 4.26 26.71 Good
SC1.25 72.5 300 4.14 25.10 Good
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Figure 4-7 Ultrasonic pulse velocity (UPV) test results for all mixtures

It can be observed from results shown in Figure 4-7 that the maximum
UPV was for SC0.00. The adding of WPF decreased the UPV because the
possible effect of WPF in decreasing density.

The decrease in UPV value caused by WPF integration might be
ascribed to a reduction in material interlocking and, as a result, contact
efficiency. The WPF most likely decreased the amount of interactions
between natural aggregate particles, which influenced ultrasonic wave
transmission. In addition, a WPF with more elasticity may be able to absorb

some of the wave energy.

Another reason could be that the availability of voids in the mixes with
fibers is greater than the voids in the control mix SC0.00, which might reduce
the time required for the ultrasonic wave to pass, resulting in increased
mechanical properties of shotcrete mixtures in a directly proportional
manner. Tests of hardened shotcrete were conducted to characterize as best

as possible for all mixtures with different five selected WPF contents.
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4.3.5 Compressive Strength

The results of the compressive strength tests for all mixes are

summarized in Table 4-7. The compressive strengths are shown at ages 7,

14, and 28 days after water curing. The compressive strength values are

calculated as the averages of three specimens made from each mix.

Table 4-7 Compressive strength test results for all mixtures at 7, 14, 28-day

Mix Compressive Strength (MPa)
Code | 7-da Reduction 14-da Reduction | 28- | Reduction
Y (%) Y| (%) | day | (%)
SC0.00 | 27.6 - 32.4 - 40.2 -
SC0.25 | 24.3 11.8 30.5 5.8 36.0 10.4
SC0.50 | 205 25.5 30.0 7.3 31.3 22.2
SC0.75 | 214 22.4 28.8 11.2 30.3 24.7
SC1.00 | 20.7 24.9 24.9 23.3 25.3 36.9
SC1.25 | 19.2 30.4 23.3 28.0 24 .4 443
45 m 7-day
- 40 m 14-day
§' 35 m 28-day
£ 30
[oT1]
o 25
&
g2
g 15 | I
Q
€ 10
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Figure 4-8 Compressive strength test results of all mixtures for 7, 14, and 28-day

As shown in Figure 4-8, the use of WPF has no effect on the

compressive strength of shotcrete. When the WPF content was raised, the

65



Results and Discussion

compressive strength of SC0.25, SC0.50, SC0.75, SC1.00, and SC1.25

specimens did not improve.

The weak binding force between the surface of the plastic waste and
cement paste, as well as the plastic particles that do not absorb water by
nature, may be linked to the steady decline in compressive strength values

with increasing plastic waste fiber proportions [100-102].

A relationship can be established in this study between the results of
non-destructive testing (UPV) and compressive strength. These values were

plotted in graphs in Figure 4-9.

45.0
m Compressive Strength
40.0
m Ultrasound Strength

SC0.00 SC0.25 SC0.50 SC0.75 SC1.00 SC1.25
Mix Code

35.0

Strength (Mpa)
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o

Figure 4-9 Comparison of compressive strength (28-days) with ultrasound strength results

It was found from Figure 4-9 that WPF effect on compressive strength
and ultrasound strength at the same rhythm. Meaning that there is a gradual

decrease in strength when WPF increases.
4.3.6 Splitting Tensile Strength

Due to the inclusion of WPF, the splitting tensile strength resulted in slight
increase. The resistance to indirect stress was influenced by waste plastic

fibers. The test results for splitting tensile strength are shown in Figure 4-10.
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As seen in Table 4-8, the tensile strength of specimen rises as the amount of
WPF in the specimen increases. This increase in tensile strength is
subsequent to the addition of WPF which can be attributed to the strong bond
between the WPF and the matrix.

Table 4-8 Splitting tensile strength test results for all mixtures at 7, 14, 28-day

Mix Splitting Tensile Strength (MPa)
Increase Increase Increase

Code | 7-day (%) 14-day (%) 28-day (%)
SC0.00 2.6 - 3.1 - 3.2 -
SC0.25 3.2 23.1 3.3 6.5 3.4 6.2
SC0.50 3.4 30.8 3.6 16.1 3.8 18.8
SCO0.75 3.2 23.1 3.5 12.9 3.9 21.9
SC1.00 3.3 26.9 3.7 19.4 4.1 28.1
SC1.25 3.4 30.8 3.8 22.6 4.4 375

m 7-day

A

= 14-day
= 28-day

SC0.00 SC0.25 SC0.50 SC0.75 SC1.00 SC1.25
Mix Code

w

=

e

Splitting Tensile Strength (Mpa)
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Figure 4-10 Splitting tensile strength test results of all mixtures for 7, 14, and
28-day

For 7, 14, and 28 days, the splitting strength increased by 23-31
percent, 7-23 percent, and 6-38 percent, respectively. For 7 and 28 days, the
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1.25 percent WPF contents showed a notable increase in strength of 30.8
percent and 37.5 percent, respectively.

4.4 Modulus of Elasticity (Young's Modulus)

Table 4-9 shows the elastic modulus results for the shotcrete incorporated
with WPF cylinders at 28-day.

Table 4-9 Modulus of Elasticity test results of all mixtures for 28-day

Mix Code Modulus of Elasticity (GPa)
SCO0.00 21.45
SCO0.25 19.86
SCO0.50 17.39
SCO0.75 16.51
SC1.00 15.93
SC1.25 15.12
25
T
© 20
z
= 15
% 10
3 s
p
0
SC0.00 SC0.25 SCO0.50 SCO0.75 SC1.00 SC1.25
Mix Code

Figure 4-11 Modulus of Elasticity test results of all mixtures for 28-day

Figure 4-11 shows the modulus of elasticity of shotcrete incorporated
with WPF. The modulus of elasticity value of the control specimens
(SC0.00) at 28-day was 21.45 GPa while the modulus of elasticity values at

28-day for WPF shotcrete specimens were 19.86, 17.39, 16.51, 15.93, and
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15.12 GPa for 0.25, 0.5, 0.75, 1.0, and 1.25%, respectively. The reduction in
modulus of elasticity results might be linked to the same reasons that

observed for compressive strength results.
4.5 Bending Behaviour of Shotcrete Beams
4.5.1 Load-Deflection Relationship

All beams that include control beams, beams with different WPF had
tested under four-point load. The loads — deflection curves at mid span for
each beam were shown in Figure 4-12. The experimental setup test results

are summarized up in Table (4.10).

Table 4-10 Ultimate load and deflection test results for selected beams

First . Maximum | Ultimate
Beam WPF Crack Ultimate Crack Deflection
Replacement Load . .
Mark (%) Load (kN) width at mid-span
(kN) (mm) (mm)
SC0.00 0 10 70.4 1.7 12.8
SC0.25 0.25 12 63.35 1.2 13.8
SC0.50 0.50 13 59.53 0.9 13.3
SCO0.75 0.75 14 64.18 0.6 12.8
SC1.00 1.0 11 64.0 1.8 13.3
SC1.25 1.25 9 19.45 2.1 14.84
80 SCO0.0
70 SC0.25 ——
60 $C0.50
g 50 SC0.75
T 40 | —e—SC1.00
§ 30 SC1.25

0 2 4 6 8 10 12 14 16
Deflection (mm)

Figure 4-12 Deflection vs. load graph for all selected beams
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As shown in Figure 4-12, the following observations have been found:

Beam (SC0.00) with (0% WPF) exhibited a deflection value of 3.88
mm at first crack load with crack load of 10kN. The ultimate load of
SCO0.00 beam was giving 70.4kN at 12.8 mm deflection.

Beam (SC0.25) with (0.25% WPF) exhibited a deflection value of
4.12 mm at first crack load with crack load of 12kN. The ultimate load
of SC0.25 beam was giving 63.35kN at 13.8 mm deflection.

Beam (SCO0.50) with (0.50% WPF) exhibited a deflection value of
5.04 mm at first crack load with crack load of 13kN. The ultimate load
of SC0.50 beam was giving 59.53kN at 13.3 mm deflection.

Beam (SCO0.75) with (0.75% WPF) exhibited a deflection value of 2.9
mm at first crack load with crack load of 14kN. The ultimate load of
SCO0.75 beam was giving 64.18kN at 12.8 mm deflection.

Beam (SC1.00) with (1.00% WPF) exhibited a deflection value of 2.9
mm at first crack load with crack load of 11kN. The ultimate load of
SC1.00 beam was giving 64.18kN at 12.8 mm deflection.

Beam (SC1.25) with (1.25% WPF) exhibited a deflection value of
7.72 mm at first crack load with crack load of 9kN. The ultimate load
of SC1.25 beam was giving 19.45kN at 14.48 mm deflection.

4.5.2 Ductility Index

A ductility is defined as the ratio of absolute maximum deflection (u)

to matching yield deflection (y). Ductility is an important attribute of

structural members because it guarantees that substantial deflections occur

due to overload conditions before the structure fails [103].

The ductility index, (u), can be calculated using the load-deflection

relationship as presented in Equation (4-1). It is based on a beam's mid-span
deflection calculation. Table 4-11 and Figures (4-13 to 4-18) show the
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deflection ductility index (u) for beams evaluated experimentally in this

work.

u= i—; Eq. (4-1)

Where Au is the deflection of the beam at the ultimate load, and Ay is
the deflection of the beam at the yield load.

Table 4-11 Ductility results for all tested beams

Beam Mark AU Ay Ductility Index (u)
SC0.00 12.77 | 6.3 2.03
SC0.25 13.8 | 6.02 2.29
SC0.50 13.34 | 6.6 2.02
SCO0.75 12.79 | 6.6 1.94
SC1.00 13.33 | 6.16 2.16
SC1.25 14.85 | 7.46 1.99

Au

60 Ay

(%4
o

Load (kN)
w B
o o

= N
o o

o

0 2 4 6 8 10 12 14
Deflection (mm)

Figure 4-13 Deflection vs. load graph for SC0.00 beam
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Figure 4-14 Deflection vs. load graph for SC0.25 beam
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Figure 4-15 Deflection vs. load graph for SC0.50 beam
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Figure 4-16 Deflection vs. load graph for SC0.75 beam
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Figure 4-17 Deflection vs. load graph for SC1.00 beam
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Figure 4-18 Deflection vs. load graph for SC1.25 beam

According to reference, the ductility index varies from 1.94 to 2.29 in
Table 4-11, indicating substantial agreement [97]. All beams have a ductility
index of less than 3.0. A high ductility index, in general, suggests that a
structural part can withstand considerable deformations before failing. It is
regarded essential for suitable ductility for beams with a ductility index in
the range of 3 to 5, notably in the fields of seismic design and moment
redistribution [104-106]. Beams having a ductility index of just 1.99 had

insufficient ductility and were unable to redistribute moment [57].
4.5.3 Crack Width

The crack width of reinforced concrete beam was estimated to inspect the
limit state of serviceability; Maximum crack width values were calculated
for ultimate load and presented in Table 4-10 and shown in Figure 4-19. The
crack width of beam SC1.25 considered maximum value up to 2.1 mm
compared with others beams. While smaller value recorded of crack width

was 0.6 mm belongs to beam SCO0.75.
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Figure 4-19 Maximum crack width for all selected beams

Through the test result of all selected beams for ultimate load, SC1.25
beam showed an increase of crack width more than SC0.75 beam due to
minimum of shear reinforcement in the bending moment region. Depending
on the amount of longitudinal reinforcement. It can be seen from test results
that the presence of WPF accelerated appearance first crack load and
influenced wider of the crack width. From test results of deflection, higher
or raise of deflection showed wider crack, therefore the increase of crack

width may effect on the aesthetic of structure.
4.5.4 Crack Pattern

In general, crack propagation was diverse across tested beams, as shown by
crack patterns in the shear zone and bending area. The first hairline vertical
flexural fractures appeared in the beams' mid-span, with the first vertical
flexural crack occurring at roughly 14 to 46 percent of the ultimate load.
These findings show that the first crack appears at a lower ultimate load
percentage. Furthermore, the quantity of transverse reinforcement had an
impact on the crack angle. Figures 4-20 to 4-25 show the final cracking
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patterns of the shotcrete beams that were tested. When compared to reference
shotcrete beams, all of the shotcrete with WPF beams exhibited more severe
cracking with tighter spacing. Within the shear zones, many inclined

fractures occurred at increasing stresses. These inclined fractures also have

a sharper slope to the horizontal axis.

Figure 4-21 Crack patterns of beam SC0.25
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Figure 4-22 Crack patterns of beam SC0.50

Figure 4-23 Crack patterns of beam SCO0.75

77



Results and Discussion

Figure 4-24 Crack patterns of beam SC1.00

Figure 4-25 Crack patterns of beam SC1.25
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4.5.5 Stiffness

The results listed in the Table 4-12 and Figure 4-26 refer to all tested
beams. Beam SCO0.00 recorded the highest stiffness result to (5.50 KN/mm),
while beam SC1.25 recorded the lowest result (1.31 KN/mm). It is noticed
that the beams which achieved the highest ductility recorded the lowest

stiffness.

Table 4-12 Stiffness results for all tested beams

Beam | Ultimate Load Ultimate Deflection | Stiffness (Pu/Au)
Mark (Pu) (kN) (Au) (mm) (KN/mm)
SC0.00 70.4 12.8 5.50
SCO0.25 63.35 13.8 4.59
SC0.50 59.53 13.3 4.48
SCO0.75 64.18 12.8 5.01
SC1.00 64 13.3 4.81
SC1.25 19.45 14.84 1.31
6.00

£ 100

<

7 300

£ 2.00

3 1.00 I
0.00

SC0.00 SC0.25 SC0.50 SC0.75 SC1.00 SCi1.25
Beam Mark

Figure 4-26 Stiffness results for all tested beams

4.5.6 Stress-Strain Responses of Shotcrete

The minimum and maximum strain values for all beams are shown in Table

4-13, and the stress-strain curves for shotcrete are shown in Figure 4-27.
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Because of concrete cracking, the slopes of the curves dropped (P70 kN for
SCO0.00); after that, the stress-strain curves developed linearly, and the peak
strains were distant from reaching the yielding strain. Furthermore, there was

a clear distinction between the specimens with various WPF compositions.

Table 4-13 Strain gauge results for shotcrete beams

Strain & (mm)
Beam Mark Top strain gauge Bottom strain gauge
Min. Max. Min. Max.
SC0.00 0.000198 | 0.001897 | 0.000006 | 0.000331
SCO0.25 0.000058 | 0.002438 | 0.000110 | 0.009245
SC0.50 0.000171 | 0.002741 | 0.000029 | 0.006808
SC0.75 0.000191 | 0.001394 | 0.000248 | 0.016981
SC1.00 0.000125 | 0.003771 | 0.000272 | 0.012352
SC1.25 0.002165 | 0.003280 | 0.011400 | 0.036053
70
60
50
Z 40
2 30
20 Compression
Tension
10
0
0 0.002 0.004 0.006 0.008 0.01
Strain € (mm)

(a) SC0.25 (0.25% WPF)
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Figure 4-27 Load-strain curves
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The load-strain curves of shotcrete incorporating varied WPF contents
showed the same increase pattern until the yield point (9246, 6808, 16981,
12352, 36053) umm strain for (0.25, 0.50, 0.75, 1.00, and 1.25) percent
WPF, as shown in Figure 4-26. Following that, the shotcrete strain curves

increased linearly, indicating that the flexural capabilities were resisted.



Conclusions and Recommendations

CHAPTER FIVE

Conclusions and Recommendations

5.1 Introduction

This thesis investigates various WPF replacement percentages in wet-
shotcrete mixtures by first manufacturing wet-mix shotcrete machine in
order to study the properties of producing wet-mix shotcrete. In addition,
load deflection behaviors were investigated for WPF shotcrete reinforcement

beams.

5.2 Conclusions

The main conclusions are summarized as follows:

1. There is an ability in developing wet-mix shotcrete through using local
manufacturing and made machine in order to study the wet-mix
shotcrete, containing WPF.

2. Increasing WPF till 0.75% lead to increase the slump to (88 cm) and Tsgo
to (1 seconds). Increasing WPF contents further than 0.75% decreased
the workability.

3. The sieve segregation test revealed that shotcrete mixes with higher
percentage of WPF results in less segregation index (S1%).

4. Because of incorporating WPF, more water was absorbed resulted in
increasing the voids, which decreased the dry density of the mixtures.
The mixture that provided highest dry density were made of 0.50% WPF
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with dry density, air voids and water absorption percentage values of
2377 kg/m?3, 1.87%, and 1.48% respectively.

. It can be seen from the results obtained in this study that the increase of
WPF contents, compressive strength at 28-day was lower compared to
the reference specimen (0% WPF content). These decreases were (10.4,
22.2, 24.7, 36.9, and 44.3) % for (0.25, 0.50, 0.75, 1.00, and 1.25) %
WPF contents respectively.

. The WPF shotcrete specimens are ‘‘good’” in terms of its UPV values,
and it generally achieves 4.46, 4.38, 4.37, 4.29, 4.26, and 4.14 km/s for
(0.25, 0.50, 0.75, 1.00, 1.25) % WPF content respectively.

. It can be seen from the results obtained in this study that the increase of
WPF contents increased splitting tensile strength at 28-day as compared
to the reference specimen (0% WPF content). These increases were (6.2,
18.8, 21.9, 28.1, 37.5) % for (0.25, 0.50, 0.75, 1.00, and 1.25) % WPF
content respectively.

. It can be seen from the results obtained in this study that the increase of
WPF contents decreased modulus of elasticity at 28-day as compared to
the reference specimen (0% WPF content). These decreases were (7.4,
18.9, 23.0, 25.7, 29.5) % for (0.25, 0.50, 0.75, 1.00, and 1.25) % WPF
content respectively.

. The results of flexural SC beams for all WPF percentages tested to failure
under four-point loading were presented and discussed, together with the
prediction of cracking & ultimate moment resistances. From the results
of this study, the following conclusions were made:

. All the specimens exhibited multiple cracking behaviour under two-point
bending load and uniaxial flexural load. The load-deflection capacity for
the five mixtures prepared with different WPF contents ranged from 12.8
to 14.83 mm.

84



Conclusions and Recommendations

b. In term of crack width, SCO0.75 recorded small crack width that showed
failure mode as a flexural failure with 0.6 mm, while SC1.25 registered
higher crack width that demonstrated crack pattern as flexural failure
with 2.1 mm.

c. No huge difference in cracking patterns was observed between the
different contents of WPF of shotcretes.

d. The highest stiffness result was (5.50 kN/mm) to SCO0.00, while beam
SC1.25 recorded the lowest result (1.31 KN/mm). It is noticed that the

beams which achieved the highest ductility recorded the lowest stiffness.
5.3 Recommendations

Number of recommendations are listed below:

1. Waste materials such as WPF should be limited in shotcrete because of
low values of hardened properties of WPF.

2. WPF should be limited to 0.75% in shotcrete to achieve a durable
mixture with it. While 1.25% WPF contents should be avoided in future
research due to its major disadvantages.

3. In design of shotcrete mixtures with a specified WPF contents (0.25,
0.50, 0.75, 1.0, and 1.25), it is recommended for improve of both the
workability, the stability of fresh concrete and the hardened properties of
shotcrete.

4. For production of shotcrete, the wet-mix method is often selected based
on its benefits to achieve specified strength and unit weight of concrete.

5. Develop the smart system in shotcrete machine can control the shoot of
light shotcrete concrete.

6. Investigate shear behaviour of reinforced shotcrete concrete beam

containing waste plastic.
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7. Investigate strength of reinforced concrete slab casting by waste plastic

shotcrete concrete.
8. Using the manufactured machine for retrofitting and strengthening

purposes.
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Appendix A

Table A- 1: Physical test results of cement
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Table A-2: Chemical test results of cement
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Appendix A

Table A-3: Physical and chemical test results of coarse aggregates
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Table A-4: Physical and chemical test results of fine aggregates
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Appendix A

Data sheet of the Superplasticizer

o - BASF
The

Chemical Company

MasterGlenium® 51

(Formerly known as Glenium 51)

A high perfermance concrete superplasticiser based on modified polycarboxylic ether

DESCRIPTION

MasterGlenium 51 has been primarily developed
for applications in the ready mixed and precast
concrete industries where the highest durability
and performance is required.

MasterGlenium 51 & free from chlendes and
complies with ASTM C484 Types A and F,
MasterGlenium 51 is compatible with all Portiand

cements  that mee! recognised intemabonal
standards.
CHEMISTRY AND MECHANISM OF

ACTION OF MasterGlenium 51

Conventional supemplasticisers, such as those
based on suphonated melamine and naphthalene
formaldenhyde condensates, at the time of mixing,
become absorbed onlo the surface of the cement
particles. This absomtion fakes place at a very
oarly stage in the hydration process. The sulphonic
groups of the polymer chains increase the negative
charge on the suface of the cement particke and
dispersion of the cement occurs by electrostatic
repulsion

MasterGlenium 51  is  differentialed  from
conventional superplasticisers in that it is based cn
a unique carboxylic ether polymer with long lateral
chains. This greatly improves cement dispersion.
At the sfart of the midng process the same
electrostatic  dispersion occurs as described
previousty but the presence of the lateral chains,
linked to the polymer backbone, generate a steric

hindrance which siabilises the cement particles
capacity to separate and disperse.
This mechanism provides flowable concrete with

greatly reduced water demand
The excellent dispersion  oroperies  of
MasterGlenium 51 make it the ideal admixiure for
precast and readymixed concrete where low water
cement ratios are required. Thiz property allows
the production of very high early and high ulimate
strength concrete with minemal  volds  and
therefore oplimum density, Due fo the strength
development characterisfics the elimination or
reduction of steam curing in precast works may be
considered as an economical option
MasterGlenium 51 can be used to producs

wery highearly strength floor screeds, For
screed mix designs consult BASF Technical
Services.

o High workability without
bleeding
e less vibration required

e can ke placed and compacied in congested
reinforcement

¢ reduced labour requirement
* improved surface finish

segregation  or

PACKAGING

MasterGlenium 51 is avalable in 208 litre drums
and in buk tanks upon request

TYPICAL PROPARITIES

Properties listed are only for guidance and are not
a quarantee of performance

Form Viscous Liquid
Colour Light Brown
Relative density 1.1@ 20°C
pH 6.6
Viscosity 128 +/-30cps @ 20°C
Transport Not classified as dangerous
Labelling No hazard label required
EFFECT ON HARDENED CONCRETE
PROPERTIES
¢ increased early and ultimate compressive
strengths
ncreased fexural strength
higher E modulus
¢ mproved adhesion to reinforcing and
stressing steel

* Dbetter resistance to carbonation
lower permeability

Delter resistance o aggressive
atmospheric conditions
reduced shrinkage and creep
ncreased durasility
MASTER"®
»BUILDERS
SOLUTIONS
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The Chemical Company

MasterGlenium® 51

(Formerly known as Glenium 51)

COMPATABILITY OF

MasterG lenium 51

MasterGlenium 51 must not be used in
conjunction with any other admixture unless prior
approval is received form BASF Technical
Services.

MasterGlenium 51 is  sulflable for  mixes
containing:

« microzlica

* pulverised fuel ash

« ground granulated blast furnace slag cement

The normal dosage for MasterGlenium 51 s
between 0.5 and 1.6 litres per 100 kg of cement
{cementitous material). Dosages outside this
range are parmissible subject to rial mixes.

DIRECTIONS FOR USE

MasterGlenium 51 is a ready to use admotture
that is added to the concrete at the time of
batching.

The maximum effect @ achieved when the
MasterGlenium 51 |s added after the addition of
50 to 70 "% of the water, MasterGlenium 51 must
nol be added o the dry materials,

Therough mixing is essential and a minsmum
mixing cycle, after the addticn of the
MasterGlenium 51 of B0 seconds for forced action
mixers is recommended.

STORAGE

MasterGlenium 51 should be stored in orignal
containers and at above 5 Centigrade. If frozen
gradually thaw and agitate untl completely
reconstituted

Failure to comply with the recommended storage
conditicns may result in premature detenoration of
the product or packaging. For specific storage
advice consult BASF's Technical Senaces
Depariment.

SAFETY PRECAUTIONS

MasterGlenium 51 containe no hazardous
substances reguiring labeling. For further
information refer to the Matenal Safety Data
Sheet.

NOTE

Field service. where provided, does not constitute
supervisory responsibility.

For additional nformaticn contact your lecal
BASF represeniative

BASF reserves the right to have the true cause of
any difficulty determined by accepted fest
methods

QUALITY STATEMENT

This statement is made under condition that the
material and usage thereof conform to the terms
of ow published Iterature and recognized good
workmanship

BASF JO 032014

® = Reagsonmnd lncnersak ul the RASFCacus e msary coank s

Wil ifammaion contsined Densn = Yue, acorale sid s

15 cur best knowledge el asp SR

anly is Qe of

imphed vk any recommencahars mads by us our represortalnes of tistrbatan, as the l::rn!nrls ol u=e and the campeloncn o any

labar Inwared i thasppleron sra bayond oo ool

Az 2l BASF technical datasheets are updated on a regular basis 1145 the user's responsibiity to obtain the most recent issue.

BASF Cunsiructios Chendcals - Tordan
Tel +987-8 352177

Tl S o Bl oo g’

PO Rex 757, NIIE Amnen Jooke
Fax +967 A S48

waenl sngieryos oo d @ luel

103



Appendix A

Data sheet of the Hardening Accelerator

Product Data Shest
Edition 01.22.2017
Ska'fapd-1

Sika® Rapid-1
Strength/Hardening Accelerating Admixture

Description Sika* Rapid 1 is a non chloride strength/hardening accelerator farmulated to ncrease
the early strength of concrete without aflecting the Initial workadiiity. Ska® Rapid-1
meets the requirements of ASIM C-45, Type C accolerating admixture.

Benefits High Early Strangth Concrate: Sika™ Rapid-1 delivers excelient results in narmal ang
hat weather conditians where very high early strengths ane requined.

Benefits

m Early stripping and re-use of forms.

= raster finishing operations on flatwork surfaces.

= Farlier past-tensaning.

® Ellective with Type IAAI cements.

Precast Concrete: Sika* Rapid 1 delivers excellent results for precast concrete when

high earfy strengths are reguired. Curing times are significantly reduced whike
concrete quality is improved.

Benefits
& Use 05 a replocement for steam Curing Lo save energy costs.

wincrease early strengths and allow faster rotation of molds to increase production
per day.
® Use a5 a replacement for ype Il cement.

Cold weather concreting: Sika' Rapid 1 is an effective hardening sceekerator where
high earty strength concrete is desired and the use of cakcium chioride is prohibited.

Bonafits
u insudalion and healng costs lar curing lime n be reduced.

u Earlier stipping and reuse of forms increases labar praductivity.
m Accelerated strength gain allows earlier structural use and speeds completion time,

Sika® Rapid 1 does not contain calcium chioride or any other intentionally added
chlarides and will not initiate or promote the corrosion of reinforcng steed present in
the concrete,

Placing conorete in freezing conditions: When used at Sika recommended dosage
fates, Sika’ Rapid-1 may reduce the need for cold weather concreting practices

3s specified in ACI 306-Standard Speafication for Cold Weather Concreting,

Field evaluations should be carried out when concrete is ta be placed in freezing
canditions 1o determine the minimum ambient and concrete lemperalures reguired,
and the optimum dosage for the desired setting time and strength pertormance. Sika
strongly recommends that appropriate sound curing practices be used to protect
frosh corcrete from exeessive neat loss in ther conditi

PRIOR TO EACH USE OF ANY SIKA PRODUCT, THT LSER MUST ALWAYS READ AND FOLLOW THE WARNINGS AND
INSTRUCTIONS ON THE PRODUCT'S MOST CURRENT PRODUCT OATA SHEET, FRODUCT LABEIL AND SATETY DATA
SHMEET WHICH ARE AVALABLE ONLING AT HTTP//USA.SIKA.COM' OR BY CALLING SIKA'S TECHNICAL SERVICE
DEPARTMENT AT 3005337451, NOTHING CONTANED IN ANY SINA MATERIALS RELIEVES THE USER OF THE
OBLISATION TO READ AND FOLLOW THE VAR MNGS AND INSTRUCTION FOR EACK SIKA FRODAICT 45 SET FORTH
1N THE CURRENT T DATA SHEET, CAREL AND SAFETY DATA SKEET PRIOR TO PRODUCT USE,
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la promote high carly strength Sika® Rapid-1 may be used at the rate of 8-48 fl.oz.
per 100 1bs. {520-1950 m1/100 kg) cement. When used to protect toncrele from
Treezing, dosage will vary with different beands of cement and ambient temperatures
and higher dosages may be nacessary. Adyust water content accordingly when used
at dosage of 16 fl.oz 100 (1040 mI/ 104 kg comentitious or higher Sika recommends
Ul rial mioes b petfarmesd Lo delerming the most effkient dossge. Please contacl
your local Sika regonal office or Sika technical service department at 1-800 933.7452
for further Information and assistance.

Mixing

Add carreet amount of Sika* Ragid-1 at the concrete plant or into ready mix truck

at the job sfte. The admixture may be added manually or by autamated dispenser
directly into the sand or into the water line at the batch plant. When usad In com-
binaton with other admixtures care must be taken to dispense each admixture
separately nto the mix. Do nat mx with dry cement,

Use With Other Admixturas: Ska* Rapid-1 performs wedl in combination with ather
admixtures such as non-relardng valter reducers, high range water reducers and
air entraining agents. Do not mix Sika* Rapid-1 with expansion agents or shrinkage
compensating agents.

Sika* Rapid-1 is available in 55 gallon drums (208 liters), 275 gallon totes (1040 liters)
and bulk defivery.

Storage and Shelf Life

Sika* Rapid-1 should tie stored al above 40°F {SC) I Trozen, thaw and agilale
tharoughly to return 1o normal state.

Shelf life when stored in dry warchouse conditions betwoen S0°F and B0°H

I C-27°C) s 1 year.

Typical Data
Appearance

Reddshy/Violet liquid. Color may change upan conlinuous exposure Lo UV Eght.

Specitic Gravity

Approx. 1.7
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PRIOR TO CACH USE OF ANY SINA PRODUCT, THE USER MUST ALWAYS RZAD AND FOLLOW THE WARNINGS AND
INSTRUCTIONS ON THE PRODUCT'S MOST CURRENT FRODUCT OATA SHEET, PRODUCT LABIL AND SAFETY DATA
SMEST WIOM ARE AVALABLE ONLING AT HTTP//USA SKACOM/ OR BY CALUNG SINA'S TECHNICAL SERVICE
DEPARTMENT AT 300-933-785). NOTHING CONTANED IN ANY SINA MATERIALS RELIEVES THE USFR OF THE
OBLIGATION TO READ AND FOLLOW THE G5 AND TON FOR EACK SIKA A4S SET FORTH
1N THE CURRENT PROOUCT DATA SHEET, PRODUCT LAREL AND SAFETY DATA SHEET PRIOR TO PRODUCT USE.
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Appendix B
DETAILED PICTURES OF SHOTCRETE
MACHINE MANUFACTURING
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Appendix C
CALCULATION FOR P

P=w

JFe
=—— for fc' > 30 MPa

Pmin 4fy
fc' &
Pmax = 0.850 T use g, = 0.003,¢, = 0.004

B =0.85—0.05(fc' —28)/7 for28 < fc' <55 MPa

fc' &
p: = 0.858 et e use & = 0.005,¢, = 0.003

fy
fc'

Mu = @pbd?fy(1 — 0.59p==)

Flexural Design:
Area of steel @10mm = 79 mm?
Area of steel @8mm = 50 mm?
fc' =40 Mpa, fy@l10mm = 629 MPa
fy @8mm = 551 MPa

d =150 — (20+8+5) =117 mm

__P*2 0135
P=117+100
V40
pmin = m = 000251
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0.05(40 — 28)
g =0.85— - = 0.76428
0.85 % 0.76428 40 0.003 0.01770
Pmax 629°0.003 + 0.004
Pmin < P < Pmax - OK
Shear Design:
40 0.003
p; = 0.85 * 0.76428 * = 0.01549

629°0.003 + 0.005

p < p; ~0=0.9

629
Mu = 0.9 % 0.01350 = 100 = 1172 * 629 (1 —0.590.01350 20 ) * 1076

Mu = 9.15129 MPa

ny=0

R=P/2 YM()=0 40
9.15129 = 0.15P/2 — 0.55P/2 = 0
P = 45.756 kN

Vu = P/2 = 22.878 kN

0.75 0.75
pve =——\/fc'bd = T‘M_ + 100 * 117 * 1073 = 9.2496 kN

Vu > ¢Vc
u Ve =4+9.2496 = 36.99 kN
QVs =Vu—¢pVc

¢pVs = 22.878 — $9.2496 = 13.6284 kN

110



Appendix C

PVs < 4 pVc

2 pVc = 18.495 kN

PVs < 2 ¢pVc

f
5= 58.5 mm
600 mm
Srax < 3Avfyt=3*2*50*551= "
5 100 653 mm

16Avfyt 16 %2 x50 * 551 .

= = mm
\ /40b V40 = 100

~useS =50mm
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