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Flexural Behavior of Textile Reinforced One-Way Slab Mortar
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Omar Hamid Hussein
Supervised by
Prof. Dr. Amer M. Ibrahim
Asst. Prof. Dr. Suhad M. Abd

ABSTRACT

Textile reinforced mortar that has developed in recent years is composed
of the continuous textile fabric incorporated into the cementitious matrix.
The excellent characteristics of the textile reinforcement such as high tensile
strength, high modulus of elasticity and bond nature with the mortar
promotes the use of this type of reinforcement instead of the steel

reinforcement or with the steel reinforcement in reinforcing the mortar.

In this thesis the experimental and analytical investigation is carried out
to study the flexural behavior of the textile reinforced and the composite
(steel and textile) reinforced one-way slab mortar. Twelve one-way slabs
with dimensions of (1500x500x50) mm were casted, cured and tested in
flexure. Eight of the tested slabs were reinforced with the textile carbon
fabric, one with steel reinforcement, one with chopped carbon fibers and two
slabs were reinforced with steel in combination with one and two textile

reinforcement layers.

The experimental results exhibited that the first crack load for the
composite (steel with one and two layers of carbon textile reinforcement)

slabs increased by (74.2% and 190%) respectively as compared with the slab



reinforced by only the steel reinforcement. As the load of steel reinforcement
yielding increased by (115% and 91.5%) and the ultimate load increased by
(66% and 103%) respectively as compared with the steel reinforced mortar
one-way slab. Furthermore, the crack width is reduced by (67% and 29.4%)
respectively at the cracking and at the final stage of loading. Furthermore,
the mode of failure is changed from the brittle to the ductile with the
combined textile reinforcement. However, increase the area of the textile
reinforcement by increasing the number of layers increases the ultimate load
by (32%—60.6%) and increase the mid span deflection at this point by
(18.7%—37.9%) while the bond factor is reduced by (9.6%—24.84%) with
the increase in number of layers. Moreover, the results showed that the
(66.67%) removing of weft yarns represents the optimal percentage of
removing since the cracking load and ultimate load were increased by
(15.85% and 40.72%) respectively, while the mid span deflection at the
ultimate load is reduced by about 6.09% as compared with the reference
textile reinforced mortar one-way slab. Furthermore, the cracks number and
the crack width have remained the same. The addition of the short carbon
fibers by (0.25% and 0.5%) leads to increase the ultimate load by
(24.19%—31.56%), bond factor by (24.69%—32.22%) while, the ultimate
deflection reduced by (11.96% —16.31%) as compared with the control
Textile reinforced mortar slab. The results exhibit the superior flexural
behavior of the slab that reinforced by textile carbon layers as compared with

the slabs reinforced steel reinforcement or short carbon fibers.

On the other hand, the results showed the mutual cooperative
contribution between the steel and textile reinforcement in bearing the

applied stresses.
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Chapter One Introduction

CHAPTER ONE
INTRODUCTION
1.1 General

The middle of the 19™ century represents the beginning of the
conventional reinforced concrete utilization in the structural applications
(Shaeffer, 1992). However, investigation and development regard this
construction material continues to this day. The concrete low tensile strength
necessitates the steel bars utilization in the aim of compensating the concrete
low tensile strength. The sensitivity of the steel reinforcement to corrosion
leads to the damage in structural integrity in case of concrete weakness
(Domone, 2010). Due to this corrosive nature, a precautionary thick concrete
cover is necessary to overcome this issue regardless the self weight excess.
The use of stainless steel bars, fiber reinforced polymer (FRP) bars, steel and
synthetic fibers, epoxy coated steel bars and steel welded wire fabric is

coming to overcome this issue (Nmai, 2006).

"Textile reinforced concrete (TRC) is a new kind of fiber reinforced
cementitious composites (FRCCs)" (Pakravan et al. 2015) composed of fine
grained cement-based matrix reinforced by multiaxial textile reinforcement.
The excellent properties of the textile reinforcement including the superior
tensile strength, high modulus of elasticity in addition to the non corrosive
nature made it quite adequate in producing plane wings by Boeing Aircraft
Company since 1920s. Engineering applications, utilized Textile reinforced
composites for many years. The interest in textile reinforcement was
continued since the early 1970s (Mobasher, 2011). The modern composite
material was inclusively investigated by the collaborative research centers at

Dresden University of Technology and 532 and 528 at RWTH Aachen Unive
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-rsity  (Orlowsky, 2011). The excellent properties of the textile
reinforcement encouraged the use of this type of reinforcement instead of the
conventional steel reinforcement. Textiles are unlike chopped fibers that
distributed randomly in the cementitious matrix. The chopped fibers do not
resist the tensile stresses efficiently because of their closely spaced tendency
compared to conventional reinforcing bars, however they are better in
controlling the cracking (Bentur and Mindess, 2006) i.e. these
discontinuous fibers can be used as secondary reinforcement. However, the
fibers like an AR (Alkali resistant) glass and carbon fibers are used for
decades as a strengthening technique to rehabilitate the RC structural
members. The fiber materials are resistant to corrosion that leads to reduce
the cover dimensions and then the thickness of the structural element is

minimized (Keil et.al, 2008).

1.2 Textile Reinforced Concrete (TRC)

Textile reinforced concrete (TRC) is a novel composite material made
by incorporating the continuous textile fabric into the fine grained concrete
that consisting of a cement binder and fine aggregates. Jesse (2003) stated
that the concrete is functionally represented by the matrix with the lowest
90% or usual volume of 95% to 99%, however the composite low tensile
strength is compensated by the textiles. Since the type of concrete that must
be used in textile reinforced concrete production if a fine grained i.e. with a
minimum aggregate size hence the concrete matrix is closer to be a mortar
and it may have called textile reinforced mortar (TRM). Utilization of textile
reinforced concrete acquires several interests. TRC has demonstrated high
efficiency in specific, high durability and strength performance. The textile
reinforcement and fine grained concrete are shown in Figures (1-1) and (1-

2) respectively.
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AR-glass Carbon Basalt

Figure (1-1): Examples of Textile reinforcements (Portal, 2015)

Figure (1-2): Mortar

Textile reinforced concrete (TRC) differs from fiber reinforced
concrete (FRC) for the reason that it can be positioned where the stresses
occur (Alrshoudi, 2015). Papanicolaou and Papantoniou (2010)
mentioned that the textile reinforcement properties can be fully employed as
it is placed in the desired position with sufficient quantity, unlike discrete
fibers that are randomly dispersed and oriented thus it is low efficient.
Swamy and Mangat (1974) stated that the random orientation of the fibers
causes non-sufficient utilization whence control of cracking, strengthening
or stiffening. Moreover, Sri Ravindrarajah and Tam (1984) reported that

3
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for beams, there is no considerable effect of the existence of fibers in the
compression zone. The combination between the Glass Fiber Reinforced
concrete (GFRC) and ordinary steel-reinforced concrete advantages leads to
the textile reinforced concrete (TRC) (Hegger and Veoss, 2008). Peled and
Mobasher (2005) stated the superior tensile behavior of AR glass fabric
composites in term strength and toughness as compared with the
conventional Glass Fiber Reinforced concrete (GFRC). Generally, more than
3% of chopped fiber volume fractions is required to reinforce concrete
products effectively Mobasher (2011). Thus TRC will reduce the cost of
structures compared with FRC by means of reducing the volume fraction of
fibers that required (Cuypers and Wastiels, 2006). Figure (1-3) shows the
combination between the steel reinforced concrete and fiber reinforced

concrete effects to form the textile reinforced concrete.

Steel reinforced Fibre reinforced Textile reinforced
concrete (RC) concrete (FRC) concrete (TRC)
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Figure (1-3): Combined effects of RC and FRC forming TRC (Hegger
et al. 2006)

1.3 TRC Applications

Textile reinforcement is an advantageous material since it is offering
corrosion resistance which considered an essential factor in term of long
performance. Thus, it can produce thin walled concrete elements with 10 mm

cover thickness (Hegger et al. 2006a). Moreover, it gains the possibility to
4
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control the orientation reinforcement, density and the yarn distance in

addition to the flexibility and imposition of textile reinforcement.

1.3.1 Facade Panel

Precast concrete Facade elements have been used since the end of
1950s. Conventional steel reinforced concrete (RC) elements command the
precast market for overlaying concrete buildings. RC elements differentiate
by high thickness because of the thick cover of concrete that is necessary to
avoid steel reinforcement corrosion, this is considered a disadvantage that
reduces RC efficiency. Over the last two decades, new materials are used to
assist extremely reduce the thickness and weight of precast Facade elements.

Textile reinforced concrete (TRC) is one of these materials. Figure (1-4)

shows TRC Facade panels.

N2

Figure (1-4): Different buildings with TRC facade panels
1.3.2 Foot Bridges

(Albstadt-Lautlingen) was the longest textile-concrete bridge around
5
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the world to date with almost 100 m length. The bridge consists of six pre-
cast parts were finished in (Wochner GMBH) pre-cast plant with maximum
length of (17.2) m. These parts were reinforced by alkali-resistant glass
reinforcement in combination with a conventional steel pre stressing. The
combination of glass reinforcement and pre load allows for extremely slim
bridge construction with a height of only 43.5 cm. That in the railing and
under the steel columns integrated lighting system emphasizes the lightness
of the concrete superstructure. A special feature is that the bridge is
completely executed without any surface protection system. Even if it should
come to unscheduled cracking and deicing salts in the construction would
penetrate, this would be harmless to the bridge, because the reinforcement is
not corroded. With regard to today's corrosion problem in bridge
construction, this is one future-oriented construction. Figure (1-5) shows the

(Albstadt-Lautlingen) footbridge in Germany which was completed in 2010.

Figuré (1-5): (Albstadt-Lautlingen footbrid
(https://structurae.net/photos //201135-fussgangerbrucke-lautlingen)

1.4 Statement of the Problem
The steel corrosion issue requires thick concrete cover which leads to
increase the dead weight of structural member. On the other hand, the

concrete cover thickness, perfectly affects the flexural behavior of the memb
6
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-er since the thickness is deducted from the effective depth. The reinforcing
materials such as textiles with excellent mechanical properties are used to
reinforce concrete with the minimum area of steel reinforcement or instead
of the steel mainly to overcome the corrosion issue, reduce the member
thickness, reduce the self weight and improve the ductility.

1.5 Aim and objectives of the study

Investigating the flexural behavior of the textile reinforced one-way slab
mortar considered the main aim of this study. Moreover, it aims at comparing
the experimental results with some analytical methods from the previous
studies. The specific objectives that are accounted in this study are:

1- Investigating the effects of the several parameters on the flexural behavior

of the textile reinforced one-way slab mortar, like:

e Number of textile layers,

e Removing of the cross weft yarns, which achieved by the gradual
removing of the weft yarns from the reinforcement mesh by removing
one weft yarn for one warp yarn, which represents the (50%) percent,
two weft yarns for one warp represent (66.67%) and three weft yarns for
one warp is the (75%).

e And, adding different chopped carbon fiber percentages,

2- Studying the effects of combination between the textile reinforcement

and the steel reinforcement on the flexural behavior of the steel reinforced

one-way slab mortar.

3- Studying the cracking behavior (crack width, first crack and crack

spacing).

4- Investigating the bond behavior between the textile reinforcement and

mortar.

5- Comparing between the experimental results of steel reinforced mortar

(SRM), textile reinforced mortar (TRM) and fiber reinforced mortar (FRM)
7
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one-way slabs.
1.6 Methodology and Limitation of the study

The experimental program of this study consists of casting, testing of
twelve one-way slabs. The obtained results discussed in terms of ultimate
load, load-deflection relationship, tensile strain of the steel, mortar
compressive strain, moment curvature relation, tension stiffening, crack
pattern and mode of failure. The limitations related to the aspects are
summarized as follows:

e The long term performance (Durability) is not carried out in this study.

e The effect of curing conditions on the bond between the textile

reinforcement and the mortar is not investigated in this study.

e The effect of rate of loading on the flexural behavior of the textile

reinforced mortar slabs is not investigated in this study.

1.7 Layout of the study

e Chapter one is a general introduction to Textile reinforced mortar (TRM)
and the possibility of using the textiles as a main reinforcement in the
structural applications instead of other types of reinforcement. It also
describes the aims of the study.

e Chapter Two presents the literature review of the previous work
concerning TRC applications.

e Chapter three explains the experimental program and the properties of the
materials used. It contains details of the tested (TRM, SRM and FRM)
slabs, mortar mix and test set up are also described.

e Chapter four presents the experimental results of the whole tests that took
place in this study and their discussion with details.

e Chapter five represents the conclusions obtained from this study and

recommendations for future studies.



