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ABSTRACT

Service pathways are an important aspect of any structure. As a result, using
structural elements with longitudinal holes is a good way to cover the demand for
these paths while also providing other economic benefits. As a result, the hollow
beams have two general structural and economic properties. The first is a benefit in
terms of beam weight reduction. So, the current study aims to address this issue by
reducing the amount of concrete while preserving and increasing its quality by

choose a proper hole's dimension by calculations prepared for this purpose.

This study investigates the flexural behavior of continuous Ultra High
Performance Concrete (UHPC)beams. Twelve tubular continuous supported beams
were tested under two concentrated point loads at mid-spans. Three beams of each
group were tubular, while the fourth beam was solid as a reference beam to
comparison. The beams divided into three groups, the first group to investigate
moment redistribution phenomenon, the second group to study the influence of
steel fiber ratio change. The third group to know influence of reinforcement ratio
change. Each beam had a total length ( 3000 )mm, a clear of each span (1400) mm,
a width ( 150 ) mm, and a depth ( 200 )mm. The experimental work figures out
when the first crack appeared, determine first crack load (Pcr). ultimate load (Pu),
service deflection (As), maximum deflection (Au), failure modes, load-deflection
curves, cracks width , cracks patterns, ductility and strain distribution and
determine the mechanical properties of UHPC and effect of heat curing where
plays major role in improvement of mechanical properties by by manufacurated
tank with three heater connect to electrical to curing the beams in the first three

days.



Different tensile reinforcement ratios utilized, the elastic and experimental
moments at failure were then compared to assess the ratio according to ACI code
requirements. The experimental results proved that when used reinforcement ratio
more than 0.5pb caused an increased in (redistribution ratio > 20%) in both
sagging regions ( M* )and hoggings region ( M™). Also the results showed that the
hogging moment redistribution in the middle support is always larger than at mid-
span and amount of moment redistribution was determined to be around 15%,

which is 1ess than the 20% allowed by ACI-conditions.

The results exhibit improvement in first cracking load when increase steel fiber
ratio from 1% to 1.5% and 2% at about 11.1% and 66.6% and increase in ultimate
load at about 5.2% and 18.4%. Then when compared the tubular beam (1.5% steel
fiber) with reference solid (1.5 % steel fiber) the increasing in ultimate failure load
was(20%), in addition of increasing compressive strength. And the ultimate load
was increased at about (2.6%,15.78%and 20.1%) as positive reinforcement ratio
increased from 1% to 1.12% ,1.71% and 1% solid beam and when negative
reinforcement increased from 0.78% to 1% ,1.4% and 0.78% solid beam
respectively. The presence of longitudinal holes in continuous beams contributed
to decreasing load carrying capacity, first crack load and deflections, by 5.2%,
18.2% and 13.5%. Despite the area ratio of the hole was (11.67%) from the whole
area, therefore this ratio is proper to achieve flexural requirement and economical

in the work.
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CHAPTER ONE: INTRODUCTION

1.1 GENERAL

Continuous concrete beams was considered as a statically indeterminate and
utilized in structural designs when two or more span occur, common structural
elements in all types of structures which along its length. These are often in the
identical horizontal plane, and the spans between the supports are in one straight
line It is provides resistance to bending when applied the load; at least one of the

supports of it should be able to develop a reaction along the beam axis [1].

Continuous beams occur frequently in cast in situ construction when a single
span of construction is connected to an adjoining span also commonly used in
bridges. Bending moment of continuous beams does not confine to a single span
just but it will affect the whole system. Also it is a structural component that
gives resistance to bending when a load is applied. These beams are popularly used
in bridges [2].

When continuous concrete beams are used over interior supports, they
increase flexural rigidity by providing an alternated load path among the beams,
because the continuity tends to decrease the top value moment on a beam and
make it stiffer, this alternate load path leads to reduced moments and stresses at
mid spans, resulting in shallower beams that are stronger than simply supported

beams of equal span and with less deflection [3].

One of the examples of the continuous beam that forms from ultra-high
performance concrete the bridge in Mexico. Yet NM Bridge No. 9706 is a very
unique structure that won the New Mexico Chapter American Concrete Institute's

super in Concrete competition in 2017. 1t is the first superstructure for a bridge in



the state made from UHPC, and consider the first bridge structure in the nation

made from UHPC [4] as shown in Figure 1.1.

Figure 1.1: Two span bridge from UHPC in Anthony, New Mexico [4]

1.2 Advantages and Disadvantages of Continuous Beam

Any structural element in construction world has advantages and disadvantages,
so what seeking about is the least affecting, therefore the comparison between the
continuous beam and simply supported beam as follow [5] :

1. The continuous beams are produce moments in span are a lot lesser than simply

supported beams which in turn results in smaller sections.

2. For the same span and section, the perpendicular load capacity of continuous
beam is higher and the mid span deflection is lower.

3. Utilized moment-redistribution to attain an optimal section without congestion

of reinforcement at supports and to attain an alternate load pathway .



4. The depth at a section can be lesser in same span because of the deflection and

bending stress are lesser then provide economical in material.
5. It permit much larger spans or distance between supports.

6. The net bending moment is lower, in a continuous beam and due to negative end
moments, mid span moment (in a simply supported beam) would be lesser; as a
result of the design for the maximum bending moment (which would be lesser in

continuous beams).
The other side there are disadvantages of continuous beam as follow[5] :

1. Reversal of moment because of seismic force requires suitable analysis and
design.

2. Difficulties in construction mostly that deals with precast structure or member.

3.The shear force and max moment nearby the supports requires proper detailing
of bar reinforcement.

4. Secondary stresses develop because the time dependent effect such as
shrinkage, creep and variations of temperature .

1.3 Estimate Structure Elements with Tubular Core

In the present work, consider pipes and ducts are necessary to confirm essential
in a buildings. Structural engineering was looked for an structural element that has
a function of passing services in order to provide the complete comfort of the user
by making the buildings equipped with all types of services. The hollow core in the
elements passing services through it with different types of services (plumbing
pipes, electrical ducts and cooling/heating ducts) as shown in in Figure 1.2, due to
its properties as a structural function with concrete and economic and services

function in reducing the element dead-weight and passing the services. One of the



positives of the development of this type of structural element will give an increase

in structural strength and saving the weight with control the deflection [6].
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Figure 1.2 Concrete-Hollow-Core [6]
This type of structural elements has several advantages :
¢ In addition to its structural function, it provides safe and isolated access to
service pipelines and protects against environmental damages.
e Compared with the solid beam, this element has a greater economic benefit
in terms of reducing the quantities of concrete to the presence of hollow core

and also reduce the dead weight of the beam element.

The following disadvantages can be summarized as :

e On-site casting requires high precision and high-quality control unless the
use of modern concrete free of coarse gravel for easy flow of the mixture in
the composite mold.

e This type of structural element may costly as a result of the complex
construction process but on the other hand, it is considered an economical to
maintain the money related to service runs repairs, a hollow section was

construct from cork material as shown in Figure 1.3.
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Figure 1.3 Study effect of hole longitudinal on behavior of beam [7]

1.4 Ultra High Performance Concrete

In the 1990s France, High Performance Concrete (HPC) was deemed to be the
stiffest cement based material with a compressive strength of approximately (70
MPa) and a flexural strength at about (10 MPa), then begin development because
the engineers are now using higher compressive strength limit in their designs,
which led to the need for production of new concrete types that differ from
ordinary concrete. Several experiments have been conducted to reduce the water
content to a minimum and to add new plasticizers to increase the workability of the
mixture without adding excess water. Other experiments have been performed to
increase compressive strength by substituting a percentage of the cement used with
pozzolanic materials such as silica fume. In addition to the use of these additives
materials, the methods of curing the concrete after casting have been changed by
developing new methods of treatment, including heat treatment used in ultra-high-
performance concrete mixture (UHPC) and pressure treatment by pre-setting the

concrete mix. Ultra-High Performance Concrete (UHPC) that can reach



compressive strengths higher than (200 MPa) and tensile strengths of about (50
MPa). UHPC’s high durability, which fundamentally begin from its resistance
against all kinds of corrosion, increases the design life of a project and reduces the
maintenance cost. For example, UHPC has an extremely low permeability against
chloride breakthrough high strength, high ductility, high durability, limited
shrinkage [7].

UHPC is a mixture of cement, silica fume, fine sand, high range water
reducer, water and steel fibers without coarse aggregate to enhance the

homogeneity.

Richard and Cheyrezy(1995) [8] gave the following issues to develop RPC:

1. Utilized fine sand, without using gravel, to progress the concrete's consistency.
2. Existing the silica fume to increasing the pozzolanic reaction.

3. Getting the optimized granular mixture ,packing volume.

4. Increasing the compaction status by used pre-setting pressure.

5. Heat curing to amelioration the microstructure .

6. Utilized of steel fibers to promote the ductility.

1.5 Properties of UHPC
When compared UHPC with normal concrete will know the important properties
that distinguish UHPC that consider leap in concrete technology world and the

main properties of UHPC [9]:

e UHPC consider more homogeneous than normal concrete because of
excellent packing density and confined used of coarse aggregate. The
difference in size and strength between coares and fine aggregate is so tiny.

e Ultra-high performance concrete (UHPC) is a modern composite material

with extremely good mechanical characteristics.



UHPC shows ductile material conduct and its tensile effecting can be
remarkably improved.

Nanomaterial that found UHPC accelerates the hydration of cement,
condenses the microstructure, increase strength, and then participate to its
durability

Low permeability.

The compressive strength of UHPC is 10 times that of conventional
concrete.

UHPC 's density is optimized

From the experience and past study that safety factor of UHPC is very high.
UHPC show super abrasion resistance, approximately twice as resistant as
ordinary concrete.

The feature of UHPC identical to hard rock.

UHPC often is made with fine sand, cement, high-strength steel fibers, a

high amount of SF, and low w/c ( w/c ratio less than 0.20).

1.6 Structures' Performance Determination

For structures of today, we're looking for material have four discriminatory

characteristics: (strength, durability, workability, and affordability), the first three

characteristics essentially comprise whole eight requirements of performance

mentioned above, affordability means cost, when says high performance, refers to

refinement in some or whole of those characteristics. Occasionally, one's has to

give-up a little in the one to a little gain in other. Those four properties as follow:



1.6.1 Strength

High strength show material saving; then give two advantages the first is less
weight and the second is less material because when exist less weight this lead to
decreasing material demand according to much studies to investigate this
effect[10].

1.6.2 Durability
When seeking about material that have durable and reduce maintenance effort

this lead to increase the design life of the materials and the durability of UHPC
effected by concrete's resistance to fluid penetration. UHPC shows good behavior
in this field[10].
1.6.3 Workability

Concrete’s workability is board and subjective term describing how easily
freshly mixed concrete could be mixed, placed, consolidated and finished with
least damage of homogeneity. Workability is peculiarity that directly impacts
strength, quality, appearance, and even labors’ COSts.
1.6.4 Cost

The cost consider important actor to determine if the structures will be
construct or no. The cost of production of UHPC is more than normal concrete

approximately 3-10 times , therefore it utilized in important and vitality project.



1.7 Uses of UHPC
In the last years, UHPC enter in much working such as, artwork, precast

elements, pedestrian bridges, and a few highway bridges in USA. Many different
applications in Europe, Canada, Australia and Asia as shown in Table 1.1,
specially constructed in transportation industry. Sherbrooke pedestrian bridge, was
constructed in Quebec, Canada. The 197 foot long structure is a post tension open

space truss as shown in Figure 1.4.

In 1997 UHPC’s durability received a test when it was used replace steel
beams that intended to replace in the cooling towers of the Cattenom power plant,
in France. The environment is extremely corrosive and UHPC was pick out due its
durability properties and the possibility of elimination the maintenance. Other
transit applications include footbridges constructed in South Korea, Japan, France,
and Germany. The Footbridge of Peace in Seoul, South Kore as shown in a Figure
1.5, is an arch-bridge with a span of 394 ft (120 m), arch height of only 49 ft , and
a deck thickness varying anywhere between 1.2 in. and 4 in. In Japan, the Sakata-
Mirai footbridge was completed in 2002 and demonstrated how a perforated webs
in a UHPC. France utilized UHPC’s fire resistant capabilities and high load
carrying properties to construct an aesthetically pleasing yet, highly fire resistant
footbridge at a Chryso Plant in Rhodia . Most recently, the Gértnerplatz Bridge

was completed in Kassel, Germany [10].



Table 1.1 Application of UHPC in Asia[11]

Name Country Year
Kuyshu Express way bridge Japan
Riverside Senshu footbridge, Negaoka-shi Japan
Sakata —Mirai footbridge ,Sakata Japan 2002
Akakura Onsen Japan 2004
Yukemuri pedestrian bridge Japan 2004
Yamagata Japan 2004
Tahara bridge Aichi Japan 2004
Horikoshi Highway C-ramp Fukuoka Japan 2005
Keio University footbridge Tokyo Japan 2005
Toriska River Highway bridge Hokkaido Japan 2006
Toyota City Gymnasimn footbridge Aichi Japan 2007
Sungai Muar bridge Malaysia
Papatoetoe footbridge New Zeland 2005
Five pedestrian bridge, Auckland New Zeland 2006
Seonyu Sunyudo footbridge Seoul South Korea 2002
Kampung Linsum bridge Malaysia
GSE bridge Tokyo Airport Japan 2007
Tokyo Monorail Japan 2006
Torisologawa bridge Japan 2009
Akasaka Yogenzaka footbridge Japan 2008
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Peace Pedestrian Bridge
over Han River, Seoul, 2002

Figure 1.5 UHPC 's applications around the world [11].
1.8 Research Objectives

The objectives of the current study is to identify the structural flexural

behavior ( tubular continuous reinforced UHPC beams) by applying two-point
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flexural loads, and recording all the readings resulting from loading in terms of
deflections, maximum load capacity and etc. This study effort to accomplish the

following objectives:

1- Study effect of the presence of the hollow in the continuous concrete beam
sections and compared with solid continuous beam by making longitudinal
hole through using cork material.

2- Study effect of changing steel fiber ratio on the behavior of concrete section.

3- Explore effect of changing the longitudinal reinforcement ratios on the
behavior of concrete section.

4- Studying moment redistribution in practical and compared with theory
studying according to ACI-Code.

5- Explore the toughness, ductility index, stiffness and load-strain for different

tubular continuous bheams.

1.9 Outline of Thesis

Chapter one: Representing introduction, advantage of continuous beam and
disadvantage, application of UHPC, study objective and outline of thesis.

Chapter two: Shows previous studies that related on the UHPC and moment
redistribution of UHPC continuous beam.

Chapter three: Describing the experimental work of design of UHPC mix and
continuous beam test begin from mix, casting and curing , mechanical properties of
UHPC beam and study flexural behavior of tubular continuous beams.

Chapter four: Shows test of continuous beam and record the results of
experimental work in sence of cracks, deflections, load capacity and the results
discussion.

Chapter five: Provides a summary for this work and its conclusions with a

specified proposal for future work.
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CHAPTER TWO: LITERATURE REVIEW

2.1 General

UHPC is a ductile, high-strength material made from a mixture of powders
(portland cement, silica fume, fine sand, high-range water reducer, water,
and steel fiber. UHPC mixtures having compressive strength, flexural strength
and modulus of elasticity of more than 100 MPa, 10 MPa and 50 GPa
; respectively have been developed (Acker and Behloul 2004)[12]. UHPC has
several advantages, including the capacity to be essentially self-contained, building
speed, and improved aesthetics, as well as superior corrosion, abrasion, and impact
resistance, all of which translate to lower maintenance and a longer life term for
the structure. Improved micro-structural features of the matrix give UHPC better
durability qualities. In comparison to normal concrete, UHPC has a compressive
strength of ten times. UHPC is gaining traction in a number of nations, with
applications including bridges, construction, repair rehabilitation, architectural
features, off-shore constructions, and overlay materials. The use of UHPC for
bridges and bridge components may be found in a variety of countries, including
the United States, France, Japan, Germany, Denmark, Australia, China, Italy,
Austria, Canada, Malaysia, Czech Republic, Netherlands, Slovenia, Korea,
Switzerland and New Zealand. UHPC with high compressive strength, and
durability improving exemplify a concrete technology's quantum leap. UHPC
material is offer interesting implementations diversity. It allows the economic
buildings and sustainable to constructed with an exceptional slender design.
Its ductility and strength make it definitive building material [7].
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2.2 Historical Background and Development of UHPC

The goal in the early 1980s was to create fine-grained concretes with a very
dense and "uniform cement matrix, which would prevent the formation of micro -
cracks within the structure when it was loaded. They were dubbed "Reactive
Powder Concretes (RPC)" because of the small grain size (less than 1 mm) and
high packing density (due to the use of various inert or reactive mineral additives).
(Richard and Cheyrezy 1995)[8]. Meanwhile, a wider range of formulas existed,
and the name Ultra High Performance Concrete (UHPC) was coined to describe
concretes with compressive strength up to 150 N/mm? over the world. It was
largely employed in the security business for specialized applications like as
vaults, "strong rooms,” and defensive defense structures. The first research and
development efforts aimed at using UHPC in construction began about 1985. Since
then, other technical solutions have been developed sequentially or concurrently:
UHPC precast elements that are heavily (conventionally) reinforced for bridge
decks; in situ applications for the rehabilitation of deteriorated concrete bridges
and industrial floors (Buitelaar 2004)[13]; ductile fiber reinforced fine grained
"Reactive Powder Concrete” (RPC) like "Ductal” produced by Lafarge in France or
Densit produced in Denmark (Acker and Behloul 2004)[12].With or without
additional “passive” reinforcement it is used for precast elements and other
applications like offshore bucked foundations. Furthermore, coarse-grained UHPC
using artificial or natural high-strength aggregates has been created, for example,
for highly loaded columns and extremely high-rise structures (Schmidt et al.
2003)[14]. Nowadays, a growing number of formulas are available, each of which
can be tailored to match the unique needs of a certain design, construction, or
architectural approach. The first prestressed hybride pedestrian bridge was built in
Sherbrooke, Canada, in 1997, as was the replacement of steel portions of the

cooling tower at Cattenom, and two 20.50 and 22.50 m long road bridges for
14



automobiles and trucks were built in Bourg-lés-Valence, France, in 2001 (Hajar et
al. 2004)[15]. See Figure 2.1. The UHPC was reinforced with 2 to 3% vol. steel
fibers of various types for these projects. The toll-gate of the Millau Viaduct in
France is a stunning example of architectural design that takes advantage of
UHPC's unique advantages "Construction is under underway. Figure 2.2, shows
the exquisite roof, which is 98 meters long and 28 meters wide with a maximum
thickness of 85 centimeters in the center and looks like a huge twisted sheet of
paper (Resplendino 2004)[16]. UHPC's increased durability and mechanical
qualities, particularly flexural strength, toughness, impact strength, fatigue
resistance, and reduced vulnerability to cracking/spalling, have contributed to this
achievement.

UHPC was divided into two classes: UHPC200 and UHPCS800, with
nominal compressive strengths of 200 and 800 MPa, respectively, and attributes
listed in Table 2.1. Each class has its own fabrication procedures, properties, and
can be utilized for a variety of structural and non-structural purposes. The materials
used in both classes are the same (Portland cement, fine sand with particles ranging
from 150 to 600 microns, silica fume, superplasticizer, steel fibers, and water).
UHPC 200 can be produced and cast in a similar manner to conventional high
performance concrete. The lower compressive strength (170MPa) results from
curing the concrete at ambient temperature, whereas the greater compressive
strength (230MPa) results from hot water or steam curing at 80-90°C for 48 hours
after two days of pre-curing at ambient temperature. UHPC800 must be dried in
the air at temperatures over 250°C. Before and during setting, the material is
pressured. Steel powder can be used instead of quartz sand to achieve compressive
strengths of up to 810 MPa.

In (Bouygues) company where they publish the first publication in 1994
developed UHPC200 which gives compressive strength up to 200 MPa, and in
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1995, they publish second publication in which the concrete type UHPC800, which

has a compressive strength up to 800 MPa, so there are two types of UHPC and

each type has a different mixing method, different mixture ratios, different

treatment methods, and different result properties. The characteristics and

components of these two types explain in Table 2.2.

Table 2.1 Properties of UHPC produced by Richard and Cheryezy[8].

Property RPC200 RPC800
Presetting no pressurization 50 N/mm?®
Treatment by heat 20 - 90 °C (for 48 h) 250 - 400 C°

Compressive strength

170 - 230 N/mm?

490 - 680 MPa (using quartz

sand) 650-810 MPa.

Flexural strength

30 - 60 N/mm?

45 - 141 N/mm?

Young’s modulus

50 - 60 GPa

65 - 75 GPa

Table 2.2 Comparison between UHPC200 and UHPCB800[8].

UHPC 200 UHPC 800
Composition Non-Fibered Fibered Silica Steel
Fume aggregate

Portland Cement 1 1 1 1 1 1
Silica Fume 0.25 0.23 0.25 | 0.23 0.23 0.23
Sand 150-600 mp 1.1 1.1 1.1 1.1 0.5 -
Superplasticizer 0.016 | 0.019 | 0.016 |0.019 0.019 0.019
Steel fiber 12mm - - 0.175 |0.175 - -
Steel fiber L=3mm - - - - 0.63 0.63
Steel agg. 800 mm

- - - - - 1.49
Water 0.15 | 0.17 0.17 0.19 0.19 0.19
Compacting - - - - 50MPa 50MPa
pressure
Heat curing temp. 20 90 20 90 250-400 250-400
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Figure 2.2 Toll-Gate Millau Viaduct in France[11].

2.3 Effect of Heat Treatment (curing) on UHPC beam's properties

In order to improve the concrete mix properties, so in this type of concrete
thermal treatment is used after the casting process. It increases the compressive,
flexural and tensile strength as well as increase the durability and resistance of
chloride ion penetrability. The amount of increase in these properties depends on
the quantity of temperature and the of heat treatment during because the thermal
treatment reduces the permeability of the concrete mix. The use of heat treatment
and the delay of vapor deposition have a positive effect on the behavior of concrete
by decreasing the creep of concrete, because the previous researchers found that

the increase of temperature and the thermal curing period leads to formation of (C-
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S-H) in large quantities, which is responsible for increasing the adhesion between

cement and aggregate, which leads to increase the concrete strength.

Jungwirth et al. 2002 [18], investigate the effect of using 90° heat treatment on
tesile strength and compression strength of the UHPC mixture and compared the
results with 20° C water treatment for samples. The mixture proportions were used
(638 kg/m® of cement, 239 kg/m® silica fume, 1085 kg/m® furnace slag sand, 157
kg/m® metallic fibers with 1/d 25/0.16, w/c of 0.23 and 23.7 kg/m® of
superplasticizer). The usage of a 90 °C heat treatment increased compressive
strength from 120 to 180 MPa and flexural strength from 25 to 45 MPa, according
to the findings.

Canadian Highway Bridge Desig Code et al. 2019[17], heat treatment(HT) and
high homogeneity of materials because of using a extra fine aggregate (sand) only,
participate to eliminated initiation of extensive the soon age cracks those're
UHPC's major disadvantage. Those lead to get superior UHPC's mechanical
properties, like very, high tensile and compressive strengths, high ductility, high

modulus of- elasticity, and fatigue strength will be high too.

2.4 Previous Studies in Moment Redistribution in Continuous Beams

Scott and Whittle et al. 2005[26], at the service limit state, the redistribution of
moment has been examined (SLS). After testing 33 two-span beams, it was
discovered that a significant amount of moment redistribution occurs at the service
limit state. The real stiffness at the service limit state differs from what was
assumed when the moment for the final limit state was calculated. It's due to
modifications in the reinforcement layout along the member. The studies also
indicate that the reinforcing arrangement (big vs. small bars) was not a significant

determinant in moment redistribution.
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Mostofi Nejad et al. 2007[21], a parametric research was carried out on moment
redistribution in continuous RC beams with equal spans under uniform stress.
Using ductility demand and ductility capacity principles, the governing equation
for the permissible percent of moment redistribution was first derived. The impacts
of several parameters on moment redistribution were then explored, including
concrete compressive strength, the amount and strength of reinforcing steel, the
magnitude of elastic moment at the support, and the ratio of the length to the
effective depth of the continuous beam. According to the findings, while the
permissible moment redistribution in continuous reinforced concrete beams based
on current code requirements is not in a safe margin in some scenarios, it is

conservative in the majority of cases.

Maghsoudi et al,2009[ 20] the moment redistribution and flexural behavior of a
carbon-fiber-strengthened continuous reinforced high-strength concrete beam
(HSC) were examined. They came to the conclusion that as the number of CFRP
layers is raised, the ultimate strength, ductility, moment redistribution, and ultimate
strength of CFRP sheets decrease. For the studied specimens, an analytical model
for moment—curvature and load capacity was constructed and employed. The

experiment and predicted values were found to be in good agreement.

M.Reza et al. 2010[10], in UHPC the subject of flexural redistribution was
studied. Four beams, each measuring roughly 50 in x 4 in X 4in, were put to the
test. Two focused loads were given at around the middle of two spans supported at
three places in the experiments. The amount of moment redistribution from the
center support into the spans was determined to be around 14%, which is less than
the 20% allowed by ACI 318-08 building code requirements for conventional

concrete.
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Bagge et al.2014[23], the influence of longitudinal and transverse reinforcement
ratios, as well as concrete strength, on moment redistribution in RC beams was
examined. Even at modest stress levels, the experimental examination revealed
significantly nonlinear structural behavior of the tested beams, with moment
distributions that differed from linear elastic analysis. The longitudinal
reinforcement arrangement had a significant impact on the evolution of moment
redistribution and the degree of moment redistribution at the ultimate limit state
(ULS), whereas the transverse reinforcement ratio had a minor impact up to the
longitudinal reinforcing steel yielding, with the concrete strength slightly reducing

the degree of moment redistribution.

ACI 318-14[25], a maximum of 20% of the negative moment at the support
should be redistributed into the span. The increase in positive moment areas is
caused by a decrease in factored negative moment. Redistribution of moment is
limited to 20% in the ACI 318-14 for both positive and negative moments. The

following ACI 318-14 articles deal with flexural redistribution:

1 — Except where approximate moment values are used, factored moments
calculated by elastic theory at sections of maximum negative or maximum positive
moment in any span of continuous flexural members for any assumed loading
arrangement may be reduced by not more than 1000&t percent, with a maximum
of 20%.

2 — When (t) is equal to or greater than 0.0075 at the part where the moment is
reduced is it necessary to redistribute the moments.

3 — For all other sections inside spans, the lowered moment will be utilized to
calculate redistributed moments. After redistribution of moments for each loading

configuration, static equilibrium must be maintained.
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Visintin et al. 2018[22], the redistribution of moment in ultra-high performance
fiber reinforced concrete beams was explored. The findings of the experiment
reveal that the observed moment redistribution was bigger than the code
predictions for beams with the hinge created at the support. The observed moment
redistribution was less than the codes predicted for the beam where the hinge
developed under the load sites. As a result, the findings revealed that current
design standards for UHPFRC beams may not always provide a conservative

prediction of moment redistribution.

Frank Kusel et al. 2019[19], investigated to learn about the effect of steel fibers
on moment redistribution in reinforced concrete beams. The findings of 15 two-
span continuous beams, each with a different combination of steel fibers and
reinforcing bars, showed considerable moment redistribution prior to plastic
behavior. In terms of moment redistribution, a 1.5% fiber content corresponded to
a flatter post-peak moment-curvature relationship. The addition of fibers resulted
in lower deflections, with fiber effectiveness improving as the reinforcing ratios

were increased.

R. Ehsani et al. 2019[24], investigated the ductility and moment redistribution
of The specimens have a rectangular cross section of 250 mm (height) 200 mm
(width) and are continuous across two spans of 1800 mm each, with two
concentrated equal statically monotonic loads (from zero to failure) applied at the
mid-span of each beam. Two of the beams were regular concrete with two
alternative stirrup configurations in the middle support (hogging) and mid span
(sagging) areas, while the other two beams were companion but constructed

entirely of HPFRCC composites.

In comparison to a reference beam, the use of HPFRCC layers in section beams

and a reduction in stirrup spacing boosted the ultimate load, ductility ratio, plastic
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hinge properties, and moment redistribution capability of these beams. In
comparison to the RCN beam, FHPS had the highest load carrying capability of 42
percent. In comparison to the reference beam, the FHPS beam had the highest
moment redistribution values of roughly 23.31 percent and the highest
displacement ductility ratio of 1.8. Without local shear cracks, sufficient shear
strength is obtained in HPFRCC beams. This allows for the development of plastic

hinges in beams and the formation of a plastic hinge zone.

2.5 Modulus of elasticity of UHPC

In order to simplified the process of quality control of the concrete structure, so
many international codes and researchers have developed equations that connect
compressive strength with the modulus of elasticity through scalar factors.
Table 2.3 shows the recommendations for the UHPC modulus of elasticity.

Table 2.3 Compressive Strength and ( E ) Relationship.

References Equations related fc’'with E,

ACI 318[27] E=4700 +/fc " in Sl units for (normal strength and normal weight

concrete)
E= w,15(0.043) Vfc' (w, is the unit weight concrete(1500-2500)
kg/m) .. In case UHPC [59] w,=2480 — E=5311 Vfc’

Kakizaki etal | E=3650*Vfc" in Sl units for fc’ (83-138)Mpa

[56]

ACI 663]R'92 E=3320*Vfc" +6900 for high strength concrete fc’ > 83MPa
28

Ma et al [57]

E=525000* \/?—; for UHPC with no coarse aggregate

FHA[29] | E=46200*Vfc' for fc' >193MPa

AFGC[31] | E=50 GPa

JSCE[30] | E=50 GPa

Gowriplan[33] | E=50 GPa
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Samir[34] | E=4572*Vfc" for fc’ (79-119)MPa

Maha [35] | E=[(S;-S,)/( e,=-0.00005)] , ;= Stress with 40% of ultimate -load,;MPa
S,=Stress with longitudinal -strain (0.00005);MPa

€,= longitude strain “produced by stress ,52

Mahesh[36] | E=3.65*Vfc’ (Mahesh found E, of UHPC increased with time especially

when using thermal treatment)

2.6 Nominal Bending Moment Capacity of UHPC Beams

There are no many international codes mention the nominal capacity of the
(UHPC) sections, but some codes and some researchers proposed equations to
estimate the capacity of the section. The difference between these equations is in
the simplification of the stress block of compression and tension, some equations
simplify the actual stress block to (a rectangle) stress block and some of them

simplify the actual stress block to (a triangle and a square) stress block.

Nasser et al. 2016 [37], carried out the theoretical nominal moment based on

JSCE and simplify actual stress block to the rectangular stress block.
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Figure 2.3 Stress-strain distribution by Hakeem [45].
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Danha et al.2012[38], simplify the actual stress block to rectangular and triangular

stress block:
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Figure 2.4 Stress-strain distribution by Danha[46]

Suad et al. 2008[39], simplify the actual stress block to rectangular and triangular

stress block:
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Figure 2.5 Stress-strain distribution by Suad[47].
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Hekmet et al. 2014 [40], simplify actual stress block to rectangular stress

block:
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Figure 2.6 Stress-strain distribution by helmet[48].
Philip et al. 2010 [41], simplify actual stress block to rectangular stress
block:
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Figure 2.7 Stress-strain distribution by Philip[49].

After computing the total compressive forces and total tensile forces from
the simplified stress blocks, then make equilibrium between the tensile forces and
compressive forces to find the depth of compressive block and the neutral axis,
then determining the nominal moment by summation moments around the neutral
axis producted by all tensile and compressive forces and the summary in Table

(2.4).
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Table 2.4 The proposal equations to prediction the nominal moment.

Researcher | Nominal moment equation

Nasser[37] | Mn=al.a.fc'b.a.(C-a/2)+ 0.4 *Vfc' *(h-C)*b*(h-C)/2+ As *fy *(d-c)

Danha [38] | Mn=045f'c b (c? ~*57 )+ 0.5 fieb (n? + c2 ~2he=25-) + As Fy (dwc)

3

SUad 391 an=2 (Ba+ 1) (5) F b+ s pyd (1= £) + 3G (9 + S

)~ (D’Ifbd?

Hekmet [40] Mn=[vlf'cpl bwcz,(1-%)+bwkfr(h;-hc+c2—2)+ASfy(d-C)]X10_6

Philip [41] | Mn = y1fc'p1c2b(1-E+ fyas(d—c)+ 2> (h — )%~ xe?)

2.7 Longitudinal Opening in Beams

In general, the presence of openings in the concrete beam is an important

subject, take the attention of the researchers.

Murugesan et al. 2016 [42], investigate the influence of the longitudinal circular
hole on the flexural strength of reinforced concrete beams, by testing thirteen
beams with dimensions (1.700, 150, 250) mm. All tested hollow RC beams had
one hole with (25, 40 or 50) mm diameter longitudinally. The longitudinal holes
fabricated using a frictionless PVC pipe and fixed reinforcements cage in the
molds before casting. The parameters the research shown in Figure 2.8. The results
showed that the first crack load depended on the distance begin from the center of
the hole to the horizontal centroidal axis of the cross-section. The holes with the
higher diameter reduced the moment of inertia higher than others and the resulting

reduction in the cracking moment strength.
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Figure 2.8 The parameters of the casted beams by Murugesan [50].

AL-Maliki et al. 2013[43], studied the behavior of five non-prismatic RC
beams with deferent hollow shapes and materials. All beams have dimensions of
(150x260x1170) mm with the hollow core of (50 x 50) mm square steel or (50mm)
diameter of circular PVC. The beams are tested in simply supported ends and
subjected to two points load. The results demonstrate that the presence of a hollow
core in the beam section has led to the decreasing in stiffness and to an increase in
deflections and strains. The square steel pipe has led to an increase in load capacity

and to the decreased in deflections compared with circular PVC pipe.

Ahmad et al. 2014[44], they investigated the behavior of six (solid and with
opening) beams with dimensions (length 1m, height 0.18m, width 0.12m), simply
support. The tested load was (partial uniformly distributed). Four beams were
containing longitudinal opening with varied section (80mm x 40mm) and (40mm X
40mm).Their parameters were, size of opening, stirrups effect, and stirrups
orientation. The result is showed the existence of hollows are reduction the loads
carrying capacity, and increased the deflections, stirrups are decreased whole
deformations at whole phases of loading, especially after the initial cracking, and
the ductility is raised when the hollow ratio reduced or stirrups increased-by-about-

50%.
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G. Balaji et al. 2019[45], this investigation examines the Flexural behaviour of
reinforced concrete hollow beams under a gradually applied two-point load. The
deflection at the ultimate stage is experimentally examined and compared with RC
hollow beams. And we are concentrating material optimization by introduction of
hollow portion using PVC pipe and Gl pipe at tension zone in RC control beams.
This experimental investigation includes casting and testing of five reinforced
concrete beams having a size of the flexural strength of hollow beams with single
openings is greater compared to hollow beams with the double opening. Hollow
beams arehaving greater ductility when compared to the control beam tested
hollow beams and control beam were failed by flexure failure as shown in Figure
2.9.

A _~— 10 No's of $nxm Dis @ 125men COC ~ 2 No's of 10mm Dia

i -
! 4 [F Cireular hole of size 63 Seum Dia
NA P
o ) % §§ 2 No'w of 12mm Dia
\-"‘ } <

S S—

SECTION A-A

All Disnensions are in mum

Figure 2.9 Circular hole in beam by G. Balaji [53].

Mustafa Ozakga et al. 2020[46], in this work, 14 reinforced concrete solid and
hollow beams were tested under four-point bending test to evaluate the flexural
behavior of hollow concrete beams. The experimental program focused on two
main variables which are the size reduction percentage and the inclusion of steel

fiber. In addition, the longitudinal reinforcement ratio and the presence of lateral
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stirrups were also within the investigated parameters. Four solid beams in addition
to 10 hollow beams with central square holes with side lengths of 60, 80, and

100mm were fabricated to evaluate the test parameters.

Figure 2.10 Negrelli-Pedestrian Bridge, Main Railway Station-London[11].

Mazin B. Abdulrahman et al. 2019[47], investigate the structural behavior
and strength of reinforced reactive powder concrete beams with a hollow section
subjected under two point concentrated loading ten beams with dimensions
(150mm widthx200mm heightx1000 mm length), eight of them are hollow beams
and two solid beams were cast and tested up to failure. The major parameters
adopted in the current research includes the hollowness ratio (10% and15%),
hollow location (at top or at bottom), and hollow shape (circle or square) results
showed that the strength capacity of hollow beam when the hollow lies in the
bottom is much higher than for top hollow, and the square hollow will lead to

more.

Mazin concluded that hollow in beam decrease the first cracking load and
ultimate load capacity and have the ability to change the failure mode. As well as
the number of cracks was larger in the hollow sections than in the solid ones under
loading. Increase the ratio of hollowness from (10% to 15%) led to a decrease in
the first cracking loads and the ultimate loads while increasing the deflection of
these beams. The square section hollow leads to a more decrease in beam strength

compared with the circular one. This is due to stress concentration and initiation of
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cracks at square corner. It was shown that the strength capacity of the hollowed
beam when the hollow lies at bottom position is much higher than of the top
position. Presence of hollow in beams leads to a change in the failure mechanism
of the solid beams from flexural failure to a combined flexural- shear failure for

the hollowed beams.

2.8. Concluding Summary

From the reasons to investigate the present search were less mentioned in
previous studies and from the distinctive features of the search are type of beam(
continuous beam), tubular section , type of materials (UHPC) and study moment
redistribution phenomenon. The inclusion of redistribution of moments requires
knowledge of the moment curvature relationship, and maximum tensile and
compressive strain in the reinforcement and the concrete respectively. The results
conclusions and opinions expressed in the historical survey emphasize the
importance of considering the following factors that affect redistribution:-

* Type of loading condition.

* Strength of concrete.

« Amount and type of tensile reinforcement.
* Moment curvature gradient

* Rotational capacity of the plastic hinges of members subjected to fiexural loads.
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CHAPTER THREE: EXPRIMANTEL WORK

3.1 General

This chapter shows the experimental work to investigate the flexural behavior
of continuous UHPC beams that have a longitudinal hole (tubular), in term of
flexure at capacity, crack strength, crack pattern, deflection, stiffness, ductility
and toughness. The beams were divided into three groups and each group had
four beams to study the flexural behavior of tubular continuous beams with
different parameters. The experimental program is divided into two part, part
one contains casting of samples (cube, cylinder and prism) to investigate the
mechanical properties of UHPC. For the production of the Ultra-High-
Performance Concrete (UHPC) mixture, several concrete mixtures were used
at different proportions and curing the specimens by heat treatment to obtain a
target compressive strength at about 150 MPa. Part two represent casting twelve
continuous beams to study the effect of some of the parameters that effecting
on flexural strength were cast. The test was done under two point load in mid
of distance for each spanto study the changing of bar reinforcement ratio,
steel fiber ratio change effect and finally and the important property in
continuous beams is moment redistribution . Table 3.1, Table 3.2 and Table 3.3
are describe the detail of group one that shows the study of moment redistribution
and group two that shows the effect of change steel fiber content and group three
that shows the effect of steel reinforcement ratio change. The steps of mixing,
casting, testing and curing of the specimens can be illustrated as shown in flow
chart (3-1):
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Table 3.1 Show group one to study moment redistribution.

Stirrup Stirrup Steel . _
Beam s(gggts); di|_n|1c:elrllc;\il;n sup?)torts mi:ts pan c;inbtg]t reirﬁ‘gsrl;\:ﬁent (kll\\l/l.:n) FIe>I<:LraI reiwf%gritei\r;eent (Im.m) Flefural
(hxb)mm | (hxb)mm (mm) (mm) % P (kN) quantity(As) (M)
2012+1 @
MXB-1 | 200x150 | 70x50 | @ 10@50 | @ 10@100 | 2% 16 60.1 o0 | 2012+1010 | 753 | 494
2 (304.7 mm°)
(427mm")
203 10+ 10 8 430 | 208+ 1@ 10 418
_ 0 49 63.1
MXB-2 | 200x150 | 70x50 | @ 10@50 | @ 10@100 | 1.5% (207.3 mm?) (179 mm?)
p<0.5 pb
2310 +10 3510
MXB-3 | 200x150 | 70x50 | @ 10@50 | @ 10@100 16 57.5 492 ) 71.5 440
2% 2 (235 mm")
(358 mm")
p>0.5pb
. 2310 +10
REM | 200xt50 | SOl | @10@50 | 210@100 | o, 16 51 | 492 (2§5ler?12) 634 | 440
(358 mm?)
p>0.5pb
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Table 3.2 Show group two to study effect of steel fiber ratio change.

Cross

Hollow

Stirrup

Stirrup

Steel

P

P

. Positive M . M M
Beam section dimension l . o fiber reinforcement Flexural _Negatlve Flexural
supports mid span tent ' | (kN.m) f t | (kN.m) +
(o | (b | S| TR et quanty(as) (v | aoreer | M
2012+1 0 2010+ 1016
@ 10@100 o 2
MXB-4 | 200x150 Z0x50 @ 10@50 1% 10 , 63.1 530 (358 mm") 65 540 1.03
(304 mm©)
2012 +1 28 2010+ 1016
- 0
MXB-5 | 200x150 70x50 @10@50 | @ 10@100 1.5% (276 mmz) 61 480 (358 mmz) 65 540 1.06
2016+1 Q0 3016
MXB-6 | 200x150 70x50 @10@50 | @ 10@100 2% 10 65 532 (603 mmz) 69 550 1.06
(480 mm?)
. 2012 +1 08 2010+ 1016
0
RE.S 200x150 Solid @10@50 | @ 10@100 1.5% (276 mmz) 61 480 (358 mmz) 65 540 1
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Table 3.3 Show group three to study effect of reinforcement ratio change.

Stirrup

Stirrup

Steel

Bl (rslgé[;i):’(f]m ?;Egr;%;mn su(rr:;r%q;ts m(i 5} %Tr:)an ccf)irE)/tELt ;e&rjfi?;}\(:ﬁig; (kI\N/l-:n) Fl (eEKI ;al ﬁﬁ%ﬁ%gﬁi (1)t (m;ﬂ Flfgkl;al '\'\//l|+
MXB-7 | yooxts0 | 70sx50 | @ 10@50 | 210@100 | 2% | ° %ﬁ :nlm@z)lz 60.1 | 530 (633@ n,:]l'r?]z) 69 | 540 | 1.06
MXB-8 | 200x150 | 70x50 | @10@50 | @ 10@100 | 2% | 2 371625; ?;8 496 | 480 (326@ n11r1212) 49 | 470 | 098
MXB-9 | 200x150 | 70x50 | @10@50 | @ 10@100 | 2% | ° Q(jgéi :nlm%)lo 576 | 470 |2 ‘(253;2 M ;?)16 51 | 440 | 088

RE.B | 200x150 | Solid | @10@50 | @ 10@100 | 2% | ° %ﬁi ;]1m%)10 576 | 470 |2 %gg M #?)16 51 | 440 | 0.88
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Flow chart 3.1 Programs of the experimental work.
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3.2 Continuous Beam Specimens

In this stud, all the sample have the same total length (L) of 3000 mm with two
span each span has distance (Ln) equal to (1400 mm ) center to center of the
support. The overall depth is (200 mm ) and the width is (150 mm ) with a

longitudinal hole in dimensions (70 x50 mm) in depth and width respectively.

Twelve continuous beams were tested under two point loads and the
reinforcement detailing of the beams are shown in Figure 3.2. Three beams are
tubular by made longitudinal hole by cork material put in mid distance of
transverse section and the fourth beams are solid beam consider the reference
beam to comparison. All beams are reinforced by using stirrup(&@10 mm) at 100mm
c/c to avoid shear failure. The ends of all beams extend 100mm beyond the supports.

The concrete cover was 25mm.

1.40m
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S

I 00w
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sEc8a SECAA

Figure 3.2 Layout of tested beam.
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3.3 Trial mixes for UHPC

Many trial mixes were performed in this work until reaching the suitable
performance with requirement of UHPC. The percentage of material was as follow
the silica fume as percentage of cement weigh, water and superplasticizer is a
proportion of cementitious material (cement and silica fume ); and steel fiber as a
proportion of flume mixing. The trail mix number (3) was taken as a reference

mix proportions for structural member (beams) as shown in Table 3.4.

Table 3.4 Trial mixes properties.

Mix. Cem%nt Sand3 Silica Super- w/C Wate3r S.F | Fc' for 28
kg/m kg/m fume plastizer| % | kg/m %
No. kg/m® % days MPa
1 1000 1000 250 3 0.22 275 0.0 66.5
2 1000 1000 250 3 0.2 250 1 80
3 1000 1000 250 3 0.2 250 2 143.2
4 1000 1000 250 3 0.2 250 15 91.6
5 950 1050 225 3 0.25 293.75 2 102.7

3.4 Construction Materials of Ultra High Performance Concrete Specimens:

3.4.1 Cement

The type of cement that utilized in all the mixtures of this work was ordinary
Portland cement ( CARASTA ). The physical and chemical properties of cement
were also examined in Amarah Technical Institute laboratory to check its
specification before its utilized, Its chemical composition and physical properties
are given in Tables (3.5) and (3.6), respectively. This conformed to Iraqi Standard
Specification No. 5:1984 [49].
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Table 3.5 Physical test results of cement.

Physical properties Test result | Limits of lraqi
Specification

No0.5/1984

Soundness (Autoclave method) 0.03 0.8 (max)
Setting-time utilizing Vicat's instrument (81) (45) Minimum
Initial (min.) (3.0) (10) Maximum

Final (hr.)
Compressive strength at: (17.2) (12) Minimum
(3days MPa) (21) (19) Minimum
(7days MPa)
Specific Surface Area (Blaine 410 (230) Minimum
Method).(m2/kg)

Table 3.6 Chemical test results of cement.

Oxide composition

Content by weight

Limit of Iraqi

% Specification No.5/1984
Lime ( CaO) 62.1 --
Silkone oxide ( Sio2) 20.1 --
Alumina ( AL,03) 4.3 --
Iron oxide (Fe,03 ) 4.8 --
Lime saturation ( L.S.F) 0.81 0.66-1.02
Sulphate (SO3) 2.6 2.8 (max.)
Loss on ignition ( L.O.1) 2 4.0 (max.)
Magnesium oxide ( Mgo) 3.3 5.0 (max.)
Insoluble Residue 0.6 1.5 (max.)
Free Lime 3.5 4.0 (max.)
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3.4.2 Fine Aggregate

The fine aggregate (sand) that is utilized for UHPC production must be
within certain sizes that differ from ordinary sand. The gradation that utilized in
this work sand#4 has extra fine gradation (0.3mm - 0.6mm). It was produced by
Don Construction Products Ltd. DCP (Appendix A), and available in the local
markets in the form of bags weighing 25kg and big bags weighing (1000) kg. The
sand was shown in Figure 3.3.

&‘Antlshp " ‘
25 Kg

Figure 3.3 utilized Sand type.
3.4.3 Water

The tap water was used by Reverse Osmosis (RO) was utilized in the cast
of the whole of the trial mixtures and the continuous concrete beams. The

wi/c ratio (0.2%) was utilized as a constant parameter in this study.

3.4.4 Silica Fume
Silica fume is a very effective pozzolanic material and an ultrafine material

with spherical particles less than 1 pum in diameter. The average is about
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0.15 pm. This makes it approximately 100 times smaller than the average
cement particle. It found in form of bags, weighing 20kg. Figure 3.4 and Table 3.7
are showed the results of silica fume test. The ratio of silica fume (0.25%)
Is utilized as a constant in this study. Table 3.7 typical properties of microsilica,
more details can be found in Appendix (A). Table 3.8 ”Chemical and
Physical Requirements of MicroSilica ASTM C 1240-15 [50].

L —
e e ]

Figure 3.4 Silica Fume.

Table 3.7 Typical properties.

Property Value
State Sub-micron powder
colour Gray to medium gray powder
Specific gravity 2.10t02.4
Bulk density 500 to 700 kg/m®
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Table 3.8 Chemical and physical properties for Micro-Silica
ASTM C1240-15 [50]

Chemical properties

Oxides composition Oxides content % | ASTM C1240-15% limit

Si02 925 Min. 85
Al203 0.75 <1
Fe203 0.49 <25

CaO 0.87 <1

SO3 0.88 <1

L.O.1 5.3 Max. 6

Cl 0.1 <0.2
K20+Na20 1.76 <3

Physical properties

Property Result ASTM C1240-15
Strength activity index 108 > 105%
Moisture content 0 <2%
Specific surface area m*/gm 16.5 > 15

3.4.5 Hyperplast PC260 (HRWRA)

The relationship between water content and compressive strength of mixtures
is inverse relationship by correct calculations. In other words, the reducing in
water percentage in the concrete mixture which plays a big role in obtaining
UHPC. The addition of super-plasticizer to concrete mixture allows the
reduction of w/c ratio without negatively effecting on mixture workability.
The superplasticizer PC260, produced by (DCP) company in India utilized was
complies with (ASTM C494) [51] type (A&G). Figure 3.5, and its technical
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description was showed in Table 3.9. The superplasticizer ratio (3%) used as a

constant in present study.

Figure 3.5 Superplasticizer PC260.
Table 3.9 Technical properties of PC260.

Technical properties @ 25 °C
Color Yellowish to brownish liquid
Freezing point =-7°C
Specific gravity 1.1+0.02
Air entrainment Typically less than 2% additional air is entrained
above control mix at normal dosages.

3.4.6 Steel Fibers

Steel fiber that used is straight and golden type as shown in Figure 3.6. It’s
available in local markets in form of sacks weighing (2025 kg). Steel fibers that
utilized have 0.2 mm diameter, and 13 mm length with aspect ratio 65 .

Table 3.10 shows the characteristics of steel fiber.
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Table 3.10 Properties of steel fiber.

Description Straight
Length 13 mm
Diameter 0.2 mm
Density 7800 kg/m®
Tensile Strength 2600 MPa
Aspect Ratio 65

Figure 3.6 Utilized steel fiber.

3.4.7 Steel Bars Reinforcement

Four size of deformed steel reinforcement bars are used for all specimens
manufactured by Ukraine state in diameter ($16mm) , (¢12mm). Size applied as
longitudinal reinforcement and as addition bar in compression region reinforcement

and ¢10 and ¢8 mm bars size as negative region reinforcement and as (closed
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stirrups) transverse reinforcement and the ratio are variable according to each

groups as shown in Figure 3.7. The tests were carried out as shown in Figure 3.8

and Table 3.11 shows the results of tested bars.

Table 3.11 Properties of variable steel bar reinforcement.

Nominal bar Yield 1 Uitimate strength Elongation
diameter (mm) strength (MPa) %
(MPa)
16 577 687.4 10.4
12 494.4 583.5 11.8
10 516.5 624.3 14
8 476.2 642 29

Figure 3.7 Beam Reinforcement.




Figure 3.8 Testing Machine of Steel Reinforcement.

3.5 Molds
Molds made of wood were used for casting the continuous beam specimens ad
shown in Figure 3.9.All sides were fixed together by screws. Stander steel

molds were used for casting the cylinders ,cubic and prisms.

Figure 3.9 Wood mold and steel molds for cubes, cylinder and prism
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3.6 Longitudinal Hole Making
The longitudinal hole was made by cork material as dimensions (70x50) mm
which installed by cut small steel bar. For obtaining a longitudinal hole
(hollow core), the cork material was packed with adhesive tape to increase its
resistance to crashing during the casting process. To obtain a hollow opening
section in the longitudinal direction, the cork was connected using a tiny steel
sticky (@6)mm, and silicone glue is used to connect it with the plywood mold.

Figure 3.10 shows the process details of using cork in fabricating the hollow

Strengthening the
cork

core.

-\ oeham

! ‘ Siliconglue [ =

Figure 3.10 Longitudinal hole making stages.
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3.7 Design for flexural strength

The basic aim from the present study is to investigate the flexural strength of the
continuous beam and chosen the suitable method to deal with it in the new type of
concrete that is UHPC.

3.7.1. Combined Method

The equations mentioned at chapter two ( 2-1 to 2-6) are utilized in the
calculation of the main longitudinal reinforcement [37], with deduct the openings
from each compressive and tensile areas, and utilized the force in the tensile steel

bar. The method was organized in excel sheet, appendix-A-.

3.8 Concrete Mixing

In this study the UHPC trial mixes were mixed by utilizing pan mixer as
shown in Figure 3.11. The processes of UHPC trial mixture were in strides as
summarized below:
1. Cement and silica fume (cementitious materials), were mixed for dry state
for about (3 minute) with slow motion of mixer to disperse the silica fume
particles throughout the cement particles .
2. Sand was added slowly over cementitious, with continue mixing the dry
materials with slow motion of mixer for another (5 minute).
3. The super plasticizer ( PC 260 ) is dissolved in water and the solution of water
and super plasticizer is gradually added mixed together, and added half of
resulted liquid to admixture slowly and continue mixing for (5min.) with
increase the speed of mixer to medium motion.
4. Half of remaining liquid was added slowly to admixture, and continue
mixing for another (3min.).
5. The steel fibers were added slowly (to prevent forming of steel fiber balls) to

mixture about (5 minute). Continued mixing for one minutes to mix steel fibers
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well with other components. In total, the mixing of one batch requires
approximately (21minutes). The time mixture of current research adopted on the

procedure of an (a State of art- on development of reactive powder concrete)[61].

e
B2 e, T —

‘—’ (b) ga, b
Figure 3.11 (a)Mixing machine, (b)Praringj the materials.

3.9 Casting Procedure

The steel reinforcement was put in its required placement in the mold as shown
in Figure 3.12. All specimens were loaded with the mix. Every layer was
compacted by external vibrator to reduce the air vacumes and to obtain well
compacted concrete. The upper face of the molds was upload the samples were

demolded marked and another cured .Figure 3.13 shows the casting of the beams .

Figure 3.12 The steel bars in required position.
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Figure 3.13 Casting of the specimens.

The following samples were casted to define the properties of the hardened UHPC:
1: 50mm x 50 mm x 50mm cubes for compressive strength ( 6 cubes).

2: 100mm diam. x 200 mm long cylinder for compressive strength ( 6 cylinders).
3:100 x 100 x 400mm prisms for modulus of rupture ( 3 prisms).

4: 100mm diam. x 200mm long cylinder for splitting tensile strength ( 3 cylinders).

5: 150mm diam. x 300 mm long cylinder for modulus of elasticity (3 cylinders).

3.10 Curing

For UHPC specimens, All samples were cured after 24 hours by placing the
sand on the samples so that they are fully covered as shown in the Figure 3.14. In
addition, the cubes, cylinders and prism were submerged in the water as show in
Figure 3.15.
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Figure 3.15 Curing of cube , cylinder and prism.
The tank with water connect the three heater to electrical reference to reach the

degree of temperature about (=5 (80°) )for three days [61] then in normal
temperature degree of room. After that they cooled gradually left to 28 days as

shown in Figure 3.16.
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Figure 3.16 Heat treatment tank for specimens.

3.11 Testing for Mechanical Properties of UHPC

To specify the main mechanical properties of Ultra-High-Performance Concrete
mix, three tests are performed to study a three mechanical properties (compressive
strength, splitting tensile strength and modulus of rupture). These tests were done
according to the specifications of the American Society for Materials Testing
(ASTM). All these tests were done at the University of Misan and Basrah -Faculty
of Engineering laboratory.

3.11.1 Compressive Strength

The compressive test was achieved according to ASTM C39/C39M- 05[54].
Cylinders by 100 x 200 mm and cubes (50) mm dimensions for UHPC specimens
using hydraulic testing machine at a loading rate of 0.9KN per second, as shown in
Figure 3.17 average of three samples for each mix were taken to study the
compressive strength and accordance to ACI 318M-14[34] the mean of three
cylinders readings was taken at the age of 28 days. Graybeal [ 61] studied the
effect of shape and size of specimens of UHPFRC with strength from 80-200
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MPa. The shape effect had no more than 8 percentage difference. In general, the
ratio between cubes strength to cylinder strength of 100 mm in length and

diameter, respectively, are equal to one.

Figure 3.17 Compressive Strength Test.

3.11.2 Modulus of Rupture

It was a material property which is defined as a stress of material under flexural
test just before yield, it also known as a fracture strength. According to (ASTM
C78/C78M-15a) [56], the test was doing by using prism specimens with dimension
(100mmx100mmx400mm). Using flexural strength testing machine as shown in
Figure 3.18. The test was performed by using three points of loading by a machine
with 63 kKN capacity, which is manufactured by COSQC. The results of tests are
calculated by equation (3-1). The results obtained in the present work and the
modulus of rupture get it as follow:

3pl
f. = Sbdle e (3-1)

where:
f = the modulus of rupture (MPa).
P = the ultimate failure load (N).
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| = the Span length between the supports, (center to center) (mm).
b = prism cross section width (mm).

d= prism cross section depth (mm).

S ye— 1;;.
\i‘ar \ <=l -ilv
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i

Figure 3.18 Modulus of Rupture Test.
3.11.3 Splitting Tensile Strength (fsp)

Three several methods of testing, but the most common is the Brazilian method
which is the indirect tensile strength test conforming to ASTM C 496-04[55]. This
method was used in the study, by testing three cylinders with a diameter of 100
mm and length of 200 mm placed horizontally in the universal ELE Machine with
a capacity of 2000 kN to apply the load vertically along the length of the cylinders.
as shown in Figure 3.19. The splitting tensile strength was calculated from the

following formula:

2P
fsp - ﬁ oooooooooooooo
Where:
fsp- splitting tensile strength (MPa)
P: maximum applied load (N)
d: diameter of cylinder (mm)

L: length of cylinder (mm)
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Figure 3.19 Splitting Tensile Strength.

3.11.4 Static Modulus of Elasticity (Ec)

According to ASTM C469/C469M-14 , cylindrical specimens of 150 x 300 mm
dimensions used to calculated the Ec as shown in Figure 3.20 and Eq.(3-4). The
main parameter that affected on the flexural behavior is the modulus of elasticity of
concrete E. of the concrete . The test results of three tested cylindrical specimens,
previously instrumented with strain gauges, were considered in calculation of
concrete modulus of elasticity .The first one measurements by Hooke’s Law and
the second way was carried out by the below equation according to ASTM C469

[55] Standard:

E,=—221 (3-3)
¢ £-0.000050

Where E_. is chord modulus of elasticity in MPa, (Approximated to the nearest 300
MPa), S, is stress corresponding to 40% of ultimate load, S; is stress
corresponding to a longitudinal strain (&;) of 50 millionth, and &, is longitudinal

strain produced by stress S,.

E.= [(0,—01)/(g, —0.0005)]x 1073 ......... (3-4)
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Where:

Ec= modulus of elasticity (GPa)

o0, = stress corresponding to 40 % of ultimate load (MPa).

o, = stress corresponding to longitudinal strain of 0.00005 (MPa).

&,=longitudinal strain produced by stress o,.

Figure 3.20 Static Modulus of Elasticity.

3.12 Measuring Devices

The tools used in the work to measure (deflections, strains, crack width, load,
crack projection, crack patterns) during the testing of each beam specimen are
listed below:

3.12.1 Hydraulic Jack
All beams were tested as a continuous beams using one point loading for
each span. The beams were testing by exercising the standardized electrohydraulic

global testing machine with the ultimate range ability of 2000 kN, in the structural
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laboratory of the civil engineering department, college of engineering, university

of Basrah as shown in Figure 3.21.

Figure 3.21 Universal Testing Machine.

3.12.2 Deflection Measurement

The mid spans deflections were measured by strain gauge at the each mid spans
of the beams sensibility at any load step, two types dail gauge the first was used
laser strain gauge as shown in Figure 3.22 and the second was mechanical dial

gauge as shown in Figure 3.23.

Figure 3.22 Laser Deflection Measurement ( LVDT).
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Figure 3.23 Mechanical Deflection Measurement.

3.12.3 Crack Width Measurement
Crack meter is a device used to measure the width of the incision, where all of

its pointer (accuracy) is about 0.005mm as shown in Figure 3.24 show crack meter.

Figure 3.24 Crack width instrument.

3.12.4 Strain Measurement

The strain was measured by using strain gauges. As a result of their superior
measurement properties, all the strain gauges used in this study were placed near
two point load on the spans in compression and tension zones of the beam
specimen. These strain-gauges were placed on a side surface of the beam specimen
in the mid-span. Two concrete strain gauges used for the beam specimen. One
placed in the upper edge on the extreme compression zone of concrete to find the
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compressive strains of concrete during the loading process. The other placed in the
bottom edge in the tension zone of concrete to find the tensile strains of the UHPC
during the loading process. PFL-30-11-3L [57] strain gauges were used, (PF) refers
to the gauge series (polyester foil gauge) and (L) refers to pattern configuration
(single), (30) indicate to the length of the strain gauge is 30mm, (11) is
compensation material ppm/C°. (3L) indicates the length of the existing wire with
the strain gauge is 3 meters as shown in Figure 3.25.

Figure 3.25 The strain gauge types used in this research.

3.12.5 The Process of Installation the Strain Gauges
The process of setting up the strain gauges are shown in Figure 3.26 where

summarized as the following steps :

1- Surface preparation :
After complete the process of determining where the position of strain gauge

should installed. The surface of the material must be cleaned from all rust, grease,
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paint. Aslightly more extensive area of the strain gauge bonding area should be
smoothed by using abrasive paper 80 to 120 for concrete.

2- Little cleaning :
The area was cleaned using a cleaner solution where strain gauge glued.
3- Setting up the strain gauge :

After completing the preparation of the strain gauge glued area, the strain scale is
determined by a pencil. Special adhesive (CN adhesive series), was imported from
Japan. A sufficient amount of adhesive is placed on the base of the strain gauge
and usually using one drop of CN adhesive was applied. The adhesive one drop is
then distributed on the strain gauge base by using the adhesive nozzle. Then place
the sheet of strain gauge above the strain gauge and press by thumb with constant
pressure for a period ranging from (60-120) seconds depending on the temperature

of the room and the humidity of the air.
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Figure 3.26 Steps of installation strain gauge on beams.

3.13 The Work Principle of the Strain Gauges

The process of measuring strains by using the strain gauges can be summarized
as when the material is exposed to external force, physical deformations are
produced, and these deformations cause changes in the electrical resistance of the
exposed material. When the strain gauge is connected to the material, and the
material is exposed to the external force that leads to generating strains that cause a
change in the electrical resistance of the materials so that the strain will read the
resistance changes. Due to this variation in electrical resistance, the strain is

generated proportional to variation[57].

AL AR/R

£=T=T ................... (3-5)

€ Is strain measured, R is a resistance of the gauge.
AR is resistance change due to the strain.

K is a gauge-factor existing on the package

64



3.14 Testing Procedure

After the end of curing period of the specimens, the specimens were extracted
from the treatment tank at the age of 28 days. The beams are painted in white
color to facilitate the vision cracks during the testing of the cracks as shown in
Figure (3.30) that are appearing during the loading process. Each beam was tested
individually and placed inside the frame of the testing machine for testing .The
length of continuous beams was 3000mm, while a clear distance for each span
1400 mm between the center line of the supports. Two dial gauge was placed in the
middle of each span of continuous beam and glued to the bottom face of the beam
to record the mid-span deflection. Concrete strains were measured using strain
gauges and supports in the correct places in compression and tension zones. Strains
were reading by data logger, and crack's width were recorded at the end of each

loading increment as shown in Figure 3.27.

The load was raised progressively and in each 50 kN step, deflection was listed.
And the supports were roller from the ends and the middle support was hinged also
crack propagation was nomination on the beam during the loading and maximum
crack width was measured approximately using crack meter device which are

shown in Figure 3.28.

Figure 3.27 Beams under test.
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Figure 3.28 Record width of cracks.

3.15 Strain Tool Measurment
In this work, the Data Logger device was used for reading the strains measured

by strain gauges in the beam specimens as shown in Fig.(3.29).

Figure 3.30 Paint the beams.
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 General

This chapter includes the experimental results of twelve specimens to know
their flexural behavior under effect of static loads. An experimental program was
carried out to verify the mix design with basic available materials. The beams
were tested in university of Basrah college of engineering's laboratory. Load-
deflection behavior for each tested continuous beam's group was given with its
identical sketched picture of continuous beam during the test. For tested
continuous beams, sketching had been done to record load —deflection curves
Jfirst crack, crack pattern, strain distribution and ultimate load at different load

steps.

The first group included an experimental study for moment redistribution
property of continuous UHPC beam. The second group studied the change of steel
fiber ratio. The third group studied the change of longitudinal reinforcement ratio.

All beams have the same geometric and mechanical properties.

4.2 Experimental Results of Mix Design
The experimental results are divided into two part, part one contains the
mechanical properties of UHPC and the second part represent the behavior of

continuous beams by study some parameters.

Name of | Cement | Sand Water Super Silica Steel- | Fiber-volume
material (Kg/m3) | (kg/m3) | (kg/m3) | plasticizer fume fiber fraction Vf
(kg/m®) (kg/m®) | (kg/m?) (%)
UHPC 1000 1000 200 375 250 156 2
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4.2.1 Mechanical Properties of UHPC
To determine the mechanical properties of UHPC, control specimens were tested.

The mechanical properties contained compressive strength (f'c), splitting tensile
strength (fsp), modulus of rupture (fr) and modulus of elasticity (Ec). Cylinders
dimensions (100 x 200) mm used in determining compressive strength (f'c) and
splitting tensile strength (fsp). Cylinders with (150 x 300) mm were used to study
modulus of elasticity for UHPC also, cubes dimensions 50 mm to get compressive
strength ( f,) while prisms specimens (100 x 100 x 400) under two concentrated

load at third span point to get the modulus of rupture (fr) and flexural tensile

strength as shown in Figures (4.1) to (4.3).
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Figure 4.3 Cube Compressive Test.
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4.2.1.1 Flexural for Tensile Strength

The Figure 4.4 and Table 4.1 are showed results of modulus of rupture of the
prism. The results of tests were calculated by Equation (4-1) that mentioned in
(C78/C78M — 15a) [ 56].

_ 3PL
fr - Zbdz ........

where:

(f+): flexural strength (modulus of rupture MPa)

(P): ultimate failure load N
(L): clear span c/c 400 mm
(b): width of prism 100 mm

(d): depth of prism 100 mm

Figure 4.4 Modulus of rupture test device.
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Table 4.1 Flexural Testing Results.

Modulus of rupture (f.) MPa 14.13 16.14 18.05
Test load (N) 23584.99 24693.14 26840.8
Average stress MPa 16.1

4.2.1.2 Splitting Tensile Strength

The splitting tensile strength for UHPC mixture carried out by testing of
100x200 mm cylindrical samples according to (ASTM C496M-11)[55]. Figure 4.5
and Table 4.2 are showed the results of test. The splitting tensile strength was

calculated by Equation (4-2).

2P
fomo e (4-2)

Where:

ﬁgp - splitting tensile strength (MPa).
P : maximum applied load (N).

d : diameter of cylinder (mm).

L: length of cylinder (mm). l
Figure 4.5 Splitting strength test.

Table 4.2 Splitting tensile strength testing results.

Splitting strength(f;,) MPa | 10.2 12.2 14.1
Test load (kN) 445.6 4458 4459
Average MPa 12.1
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4.2.1.3 Compressive Strength

Compressive strength test of UHPC was according to (ASTM C39/C39M —15a)
[54]. Mixtures of compressive strength are measured after 28-days of curing. The
compressive strength data listed in Table 4.3.

Table 4.3 Compressive strength testing results.

Mix Av. Cylindrical compressive Av.

Cube compressive MP renath of 28 p
strength of 28- days a strength ot Zo- a

(MPa) days MPa
135.1 | 1323 | 140.1 | 135.83 | === | coooeem | cem | -

1345 | 1337 | 1393 | 1358 | 119.3 | 1185 | 123 | 1202
141 | 1383 | 1454 | 1416 | 124 | 1354 | 1303 | 130
129 | 1254 | 1314 | 1286 | 108 | 1154 | 1128 | 112
121 | 1053 | 1103 | 1122 | —oom | sorm | somom | oo

gl B W N

4.2.1.4 Modulus of Elasticity
Table 4.4 Modulus of elasticity testing results.

Modulus of elasticity (E) (GPa) 39.5 41.2 42

Average GPa 40.9

4.3 Experimental Setup of Continuous Beams

The continuous beams tested under two point loads to study the flexural
behavior. The applying loads accomplished by utilizing a hydraulic jack. The
hydraulic jack was calibrated to provide required load. Strain gauges used to
measure of deflection at two points at mid span for each span used for reading
concrete strains that installed on the side of the concrete beam at its compressive
and tensile fibers as shown in Figure 4.6. All strain gauges connected to a digital

data logger to display the result strains during the loading. Testing of continuous
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beams carried out in the structural laboratory of Basrah university college of
engineering.

Longitudinal opening [\ | Bearing plate

for 2 point load & .

Figure 4.6 Test Setup of the experimental study of continuous beam.

4.3.1 Loading Procedure

Firstly the load was applied for preparation and then carried out the test.
Loadings were progressively increased from 0 kN to failure with increasing of 10
KN as shown in Figure 4.7 All cracks were disclosed and were marked, and
recorded loading value of first crack.

Figure 4.7 Record the results.
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4.3.2 Result of Measurements

Results of deflection determined by used two dial gauges. The relation of load
deflection of continuous beams recorded constantly during. The results of load
deflection relation for all groups are showed that when load increases the
deflection increases. In another word the continuous beam that has the greater
failure load in the group has the greater deflection due to the directly relationship

between the load and deflection.

4.4 Experimental Result of Tested Beam

1- The first cracks manifested in tension part at interior support or at mid of left
and right span in the early stages of loading and known as cracking load.

2- The cracks manifested in tension part became wider and replicate toward
compression part with increased load.

3- Further loading from the instrument made the crack to propagate and spread
faster until happened failure case.

4- Presence longitudinal opening in continuous beam give compatible finding

especially capacity property.

4.5 Behavior of tested beams

The continuous beams was tested by study some of parameters and its effect:

4.5.1 Effect of Steel Fiber Ratio Change

This group consists of four beams (three continuous beams were tubular and the
fourth beam is solid). The aim of this group was to indicate the increasing of steel
fiber competent of increasing the ultimate load capacity and ductility of beams
.The experimental results denoted that the UHPC (1% S.F ), UHPC (1.5% S.F ),
UHPC (2% S.F ) and UHPC (1.5% S.F solid) enhance and give an increase in the
flexural ultimate capacity at about (36.3%), (45.5%), (50) and (55%); respectively
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with an increase in number of cracks ( more warning before failure) as compared
with UHPC (1% S.F), and the results indicated the significant effect on the

capacity of the ultimate load. When the load was applied to these beams

specimens, the first crack was formed at about (23.68%, 25%, 33% and 33.33%) of

the ultimate load for beams (MXB-4, MXB-5, MXB-6, RE.S) respectively.

For (MXB-4) beam, the first crack registered at load (90 kN) at mid of right
span and the beam fail at ultimate load equal (380 kN ) and the type of failure was

flexural failure.

For (MXB-5) beam, the first crack showed at load (100 kN) at mid of left span
and the beam fail at ultimate load equal (400 kN) and the type of failure was

flexural failure.

For (MXB-6) beam, the first crack noticed at load (150 kN ) at mid of right
span and the beam fail at ultimate load equal (450 kN ) and the type of failure was

flexural failure.

For ( RE.S ) beam, the first crack was observed at load (160 kN ) at mid of left
span and the beam fail at ultimate load equal (480 kN ) and the type of failure was

flexural failure.

In the solid beams (1.5% S.F), the experimental results showed that an increase
in the first cracking and ultimate loads at about (60 % and 20 %), (77.7% and
26.3) and (6.66% and 6.67%); respectively with an increased in number of cracks
(more warning before failure) as compared with MXB-5(1.5 S.F.) , MXB-4 and
MXB-6.

The crack pattern for MXB-4, MXB-5, MXB-6 and solid as reference beam

are shown in Figure 4.8 to Figure 4.11.
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Figure 4.9 Crack pattern of MXB-5 (1.5% S.F).
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Figure 4.11 Crack pattern of solid beam-RE.S (1.5%S.F).

Table 4.5 Summary of results for group two.

Group Beam First crack Ultimate Pcr/Pu Mid span
No. designation load (kN) load (kN ) % deflection (mm)
(Pcr) (Pu) at ultimate load
MXB-4 90 380 23.68 14.23
MXB-5 100 400 25 13.1
MXB-6 150 450 33 12.6
2 RE.S 160 480 33.33 11.8
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4.5.2 Effect of Longitudinal Reinforcement Bars Ratio

Three ratios of longitudinal tensile reinforcement were used to study the flexural
behavior of beam and mode of failure. This group consists of four continuous
beams three beams are tubular beams and the fourth is solid to comparison, the
ratio of beams are MXB-7(p~=0.0171 & p*=0.0141), MXB-8 (p~=0.0112 &
p*t=0.0101), MXB-9 (p~=0.01 & p*=0.0078), RE.B(p~=0.01 & p*=0.0078).

The experimental results showed that when using high ratio of bar
reinforcement, it was noticed that the longitudinal steel reinforcement had not
significant effect on the first cracking load but significant effect on the ultimate
load capacity.

It was observed that the ultimate load was increased by (12.82% and 15.78%)
when positive and negative tensile reinforcement ratio was increased from (1% and
0.78%) for beam MXB-9 to (1.12% and 1.01%) for beam MXB-8, and (1.71% and
1.41%) for beam MXB-7, respectively and the ultimate was increased by (21.05%)
for solid beam RE.B when utilized same amount of positive and negative tensile
reinforcement with MXB-9. The increase in the ultimate loads related to the fact
that increasing tensile reinforcement ratio leads to increase tensile force. Therefore,
the resisting bending moment capacity of beam increases and this leads to increase

the ultimate load.

In MB-7( p*=0.0171 & p~=0.0141) first crack was observed at an applied
load (120 kN ) at both side and the beam reached an ultimate load ( 440 kN ) with

flexure failure mode's.

In MXB-8 ( p*=0.0112 & p~=0.0101 )first crack was observed at an applied
load (110 kN ) at both side and the beam reached an ultimate load (390 kN ) with

flexure failure mode's.
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In MXB-9 (p*=0.01 & p~=0.0078) first crack was observed at an applied
load (100 kN ) at both side and the beam reached an ultimate load ( 380 kN )with

flexure failure mode's.

In RE.B (p*=0.01 & p~=0.0078) first crack was observed at an applied load
(180 kN ) at both side and the beam reached an ultimate load (460 kN) with

flexure failure mode's as shown in Figures (4.12 to 4.15).

Figure 4.13 Crack pattern of MXB-8.
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Crack pattern of RM-B (solid).
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Table 4.6 Summary of results for group three.

Group Beams First crack Ultimate Pcr/Pu Mid span
No. designation load (kN) load (kN) % deflection (mm)
(Pcr) (Pu) at ultimate load
3 MXB-7 120 440 27.27 8.1
MXB-8 110 390 28.2 9.3
MXB-9 100 380 26.3 11.1
RE-B 180 460 39.13 8.5

During the testing, each beam showed a different behavior when reaching the
ultimate load, except in the initial phase of loading, which showed an elastic
behavior. By increasing the loads, both dial gauge and load-cell stopped slightly,
which indicates internal micro crack occur after increasing the loads, non-linear
behavior began which is an indicator that tested beams reach its plastic phase. The
bending cracks in all beams started to increase and took a vertical direction
towards the two loading points. Since cracks have a steady growth process with
increased loading. However, the extension of cracking was interrupted by the
presence of tensile stresses provided from the presence of steel fibers in UHPC
mixture and steel reinforcement. Other flexural cracks appeared almost in the mid-
span of the beams and increased. Then the inclined cracks (shear cracks) began to
appear gradually and directed towards the supports and at the loading points. At
the end of loading, the existing cracks began to grow and extended rapidly to the
compressive zone of the concrete. Concrete crushing near the loading points was
minimal due to the properties of Ultra-High-Performance Concrete (UHPC) and its

high compressive strength.
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4.6 Load Versus Mid Span Deflection Results

After the curing process of beams was finished, the beams were painted in
white color and the load was applied in the center of the beam specimens by
increasing the pressure of hydraulic jack. Two dail gauges were measured
deflections during the test. The Figure 4.16 show measuring of results of load —
deflection relation for all tested continuous beams in the first group. The general
experimental behavior of the tubular continuous beams noticed during the test that
can be summarized as follows; when increased the applied load the first crack
occurs in the tension zone and give an indication that the concrete loss its tensile
strength. therefore, the applied loads increased until increase in the dial gauge
reading occur that give us an indication that bar reinforcement has been yielded.

The increasing in applied loads led to crushing the concrete at compression fiber.

The main final cracks were at mid supports zone and under point load in both
mid span for all tested beams, including the control beam (solid beam) and showed

an indication that all the tested beam fails in flexural failure.
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Figure 4.16 Load —mid span deflection curve of first group.
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As shown in Figure 4.17, it was noticed that the beams with UHPC and when
increased the steel fiber ratio enhanced the flexural behavior and gave more
stiffness as well as the deflection of beams at the ultimate load (380 kN) was
(14.23 mm), while the continuous beams MXB-5 ,MXB-6 and RE.S record
increase in flexural stiffness and decrease in deflection about (7.94% ,11.45% and
17.07%), respectively and the deference between the reference beam and MXB-5
that have same steel fiber ratio is (9.9%). This can be attributed to the high
resistance of the beams with UHPC (high compressive strength), and this causes
high applied loads, which the deflection to increase. Moreover, the presence of

steel fiber, makes the beams ductile and deflection decrease.
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Figure 4.17 Load —mid span deflection curve of second group.

The Figure 4.18 show the load-deflection for group three. When the positive
and negative longitudinal bar steel ratio increased from (1% and 0.78%) for beam
MXB-9 to (1.12% and 1.01%) for beam MXB-8, and (1.71% and 1.41%) for beam
MXB-7, the deflection in mid-span at ultimate stage increased by (19.35) %and

(37.03)%. And the important point when utilized solid continuous beam it is
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observed that the difference was (23.4%) as compared with MXB-9, every beam
had same amount of bar reinforcement and steel fiber ratio, it can also be seen
from the Figures below that the load-deflection curve of beam MXB-9 (beam with
low longitudinal steel ratio) are steeper than similar curves belonging to beams
MXB-8 and MXB-7.
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Figure 4.18 load —mid span deflection of third group.
4.7 Crack Width

Crack width was measured by modern crack meter tool for all tested continuous
beam and also recorded the development of the first crack with applying load. The
first crack does not always give the maximum crack width. Figure 4.19 and Figure
4.20 show the effect of longitudinal reinforcement ratio, steel fiber ratio,

respectively.

In general , at the low loading level , the beams were free from any cracks, and
all tested beams behaved in an elastic manner . As the load was increased and
tensile stress resulted from the applied load exceeding the tensile strength of the

concrete ,cracks were formed . Continuous beams failed in the flexural mode, the
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first crack was formed at the bottom face of the beam near the mid span region for
each span.

New cracks were appear when the loading level was further increased .for the
beam made from UHPC ,the cracks appeared at the bottom face, while the top face

did not more cracks.This is related to the high strength of the concrete.

It was found that when the steel fiber ratio increased by (1- 2 )% the number of
cracks increased by 30.6% compared with UHPC(1%), and the number of cracks
increased by 25 % when increased longitudinal bar reinforcement ratio from to
(p*= 0.0112) to (p*= 0.0171). Also the number of cracks increased when used
solid continuous beam. The crack width decreased as the longitudinal ratio and
steel fiber increased. Table 4.7 presents the maximum crack width and total

number of cracks for the tested beams.

Table 4.7 Maximum crack width and number of cracks.

Beams First crack Total number
Detail Per(kN) Crack-width Max. crack of-cracks at
average (mm) width (mm) failure
MXB-4 90 0.05 0.4 35
MXB-5 100 0.05 0.45 38
MXB-6 150 0.03 0.4 41
RE.S 160 0.01 1.2 45
MXB-7 120 0.02 0.5 52
MXB-8 110 0.05 0.6 45
MXB-9 100 0.04 1 55
RE.B 180 0.03 0.3 50
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Figure 4.19 Development of crack width for second group.
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Figure 4.20 Development of crack width for third group.

4.8 Ductility Ratio

Ductility is one of the most important properties that should be taken into
account in the designs of structures exposed to a large number of inelastic
deformations resulting from different loading conditions. Beam ductility is defined
as its ability to resist inelastic deformation without any reduction in its load

carrying capacity up to failure. In other expression, the ductility can be simplified
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as the ratio between the deformation at ultimate stage to yield deformation or it can
be calculated by dividing the maximum deflection (Au) on the yield deflection
(Ay). From the load deflection curves, the deflection at yield limit indicated by
Intersect into two lines ; line of best fit as a tangent line and horizontal line passed

through the ultimate line, as shown in Figure 4.21.
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Figure 4.21 Indication of yield limit for Elasto — Plastic behavior.

The ductility ratio for tested beam shown in Table (4.8), noted that the UHPC
had a ductile behavior more than normal concrete beams. Also, the results showed
that increasing in steel fiber from(1% t01.5% to2% ) lead to an increase in ductility
at about (7.1% ) and (13.36% ); respectively. When compared with reference
solid beam (RE.S) with MXB-5 that have same amount of steel fiber the result
showed increase in ductility by (23.89%) in RE.S.
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Table 4.8 Ductility ratio for the tested beams.

Group Beams Deflection (mm) Ductility ratio
NO. Characterization A, A, Au/Ay
1 MXB-4 6.4 14.23 2.223
MXB-5 9.5 13.10 2.381
MXB-6 5.0 12.60 2.520
RE.S 4.0 11.80 2.950
2 MXB-7 7.0 8.10 1.150
MXB-8 7.7 9.30 1.200
MXB-9 7.8 11.10 1.420
RE.B 6.0 8.50 1.400

But three containing the beam that had highest longitudinal steel reinforcement
ratio(MXB-7) has less ductility factor by (4.3% ) than (MXB 8) and (23.47%) than
(MXB 9). This means that the section that contains more longitudinal
reinforcement has a greater ultimate load (Pu=440 KN). So, It reaches yield stage
lately, where the elastic phase is greater than the plastic phase, which causes an
increase in yield deflection value (Ay) lead to decrease the ductility factor (u= Au/
Ay). In addition when compared reference solid beam (RE.B) with tubular
continuous beam (MXB-9) the result showed the decreased in ductility was very
low (1.4%) this point proved the advantage and economical when utilized of
longitudinal hole in continuous beam.

4.9 Toughness Capacity for The Tested Continuous Beams (Energy
Absorption)

Energy absorption capacity can be calculated through the load-deflection curve.
The area under the curve represents the value of energy absorption capacity.
Figure 4.22 shows the energy absorption of group No.2, the increase in steel fiber

ratio of continuous beams from 1% to 1.5% to 2% will increased energy absorption
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by (5.2%) and (19.95%) respectively. The toughness of MXB-5 decreased by
(0.3%) when compared with solid reference beam RE.S that had same amount of

steel fiber (1.5%), this can give indication of benefit and activity of longitudinal

hole.
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Figure 4.22 Toughness capacity for group two (change S.F. ratio).

As shown in Figure 4.23 show the energy absorption of group No. 3, the
increase in steel bar reinforcement from 1% to 1.12% to 1.71% will increased
energy absorption by (46.4%) and (21.44%) respectively and (34%) when
compared solid RE.B with MXB-9 that have same amount of bar reinforcement.
From the result show that when increased steel fiber ratio and bar reinforcement
ratio increased toughness of continuous beam and show also can utilized

longitudinal opening in selected dimensions in the present work.
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Figure 4.23 Toughness capacity for group three (change p ratio).

4.10 Stiffness Comparison for The Tested Beams

Stiffness can be defined as the required load for causing one-unit of deflection.
The value of the stiffness can be calculated by dividing the ultimate load on the
maximum deflection in the tested beam and called secant stiffness that will study.
In general, the beam that has a higher ultimate load and less deflection will have a
higher stiffness value. The stiffness values at ultimate loads of the tested beams are

presented in Figure 4.24 to 4.25.

For group No.2 and as shown Figure 4.24, it noted that in the second group that
when increase ratio of steel fiber from 1% to 1.5% to 2% increase stiffness
by(12.45%) and (22.15%) and when compared reference beam with MXB-5 show

the decreased in stiffness in tubular continuous beam was (24.87%).

In group No.3 as shown in Figure 4.25 It can notice that the tubular continuous
beam (MXB 7) that has the higher longitudinal reinforcement give the higher
stiffness than (MXB 8) and (MXB 9) by 22.83% and 37% respectively. This
indicates that stiffness tubulr continuous beams increases when it is longitudinal
reinforcement ratio increases and when compared reference beam with MXB-9
show the decreased in stiffness in tubular continuous beam was (36.78%). Finally

89



noticed in every group when compared between tubular beams and solid beams

that represent reference beam stiffness for solid beams higher than tubular beams.
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Figure 4.24 Stiffness values of the group two beams.
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Figure 4.25 Stiffness values of the group three beams.
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4.11 Concrete Strain Distribution

The strains in the concrete of tested continuous beams were measured by four
strain gauges in right and left mid span. The maximum concrete strain can be
expected in the extreme compressive fiber and extreme tension fiber. The strain
gauge located at 35 mm from the top and bottom of beam's surface as shown in
Figure 4.26.

two strain gauge in
each span

0 Comprasive
strain
tensial strain

Load (kN)

-0.0005 -0.0004 -0.0003 -0.0002 -0.0001 0  0.0001 0.0002 0.0003 0.0004 0.0005

Strain at mid span

Figure 4.27 Compressive and tensile strain of MXB-4.
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Figure 4.29 Compressive and tensile strain of MXB-6.
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Figure 4.31 Compressive and tensile strain of MXB-7.
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Figure 4.33 Compressive and tensile strain of MXB-9.
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4.12 MOMENT REDISTRIBUTION

The concept of moment redistribution is used to reduce the absolute magnitudes
of moments in critical regions, it is described as the transfer of moment between
high moment regions, usually at the supports, to lower moment regions in the
member while maintaining the overall structural resistance. This is due to the
formation of plastic hinges at the zones where the yielding moment is reached.
Phenomenon of moment redistribution. In the design of statically indeterminate
structures that occurs at all limit states due to a difference in the relative stiffness
of individual cross sections [30], but is typically utilized by designers at the
ultimate limit. Moment redistribution allows the designer to reduce both the
maximum hogging and sagging elastic moments, thereby reducing the overall
moment demanded across a span, enabling a reduction in reinforcement
requirements. Additionally, the ability to shift moments away from less efficient
cross sections towards other more efficient cross sections may allow for savings in
reinforcement costs and the easing reinforcement congestion [28]. These factors

may be particularly important for UHPC which has higher material costs than
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conventional concrete and has the potential to perform poorly in regions of
congested reinforcement if fibres cannot be uniformly distributed around

reinforcement.

Moment redistribution is a specific behavior of statically indeterminate
reinforced concrete (RC) structures due to the structural redundancy and nonlinear
characteristics of the reinforced concrete. However, the evolution of moment
redistribution is a complex process moment redistribution in continuous members
allows more flexibility in structural design. It is usually carried out by reducing the
hogging moments over supports, with corresponding changes in the sagging
moments to satisfy equilibrium. Accordingly, reinforcement congestion at beam to
column joints in hogging zone regions may be avoided. Alternatively, when
moment redistribution is employed in different load combinations, both hogging
and sagging moments may be reduced, achieving economic design. Moment
redistribution is useful for practical design as it allows some flexibility in the
arrangement of reinforcement. It can be used to transfer moment away from
congested areas such ( beam— column connections) into less congested areas (e.g.
mid-spans of beams), thus avoiding the need to detail each beam separately. In
addition, useful economies can be achieved when moment redistribution is applied
to different load combinations, resulting in a smaller bending moment envelope
which still satisfies equilibrium. ACI 318-14 [ 34] have limited the percentage of
the moment redistribution to the maximum value of 20{1— (p — p ') pb }%, where
p, p ' and pb are the ratio of the tensile reinforcement ,p = As bd the ratio of the
compressive reinforcement, p ' =
As’bd , and the reinforcement ratio corresponding to the balance condition;
respectively. The redistribution is limited to the condition that p or p —p’ are not
greater than 0.5pb . However the ACI 318-14[34] defines the allowable moment
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redistribution in terms of net tensile strain in extreme tensile steel, g, and
expresses it as 1000 g, percent. According to this code, the moment redistribution
Is permitted if the critical sections have adequate ductility; i.e. &, is equal or greater
than 0.0075 at the sections under consideration. Using equilibrium equations in a
beam section, ACI 318[34] and CAN-A23[22 ], that have limited the maximum

redistribution to the value of 20%.

The advantages of redistribution of moment of the beam can be summarized as:

1- Moment redistribution is useful for practical design as it allows some
flexibility in the arrangement of reinforcement.

2- It can be used to transfer moment away from congested areas (e.g. beam—
column connections) into less congested areas (e.g. mid-spans of beams)

3- Allowing standard reinforcement layouts where small differences occur in
the bending moment distributions for a series of beams, thus avoiding the
need to detail each beam separately.

4- Useful economies can be achieved when moment redistribution is applied to
different load combinations, resulting in a smaller bending moment envelope
which still satisfies equilibrium .

5- Reducing the absolute magnitudes of moments in critical regions.

6- Fully utilize the capacity of non-critical cross sections.

Table 4.9 and Table 4.10 contain on moments value at elastic and experimental
case, the elastic moment value produced from excel sheet through equations
derived from complex process to become suitable with the present work,
especially the concrete type is from Ultra High Performance Concrete that shown

in appendix —A . In addition the moment redistribution calculated from Equation
(4-3), it is found that moment redistribution it is variable when change amount of
steel reinforcement and change values of ultimate failure load in each beam while
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the experimental moment in Table (4.9) and (4.10) was calculated from Equations
(4-4) and (4-5).

Elastic Moment—Experimental Moment

%Redistribution = ( )*100 ... (4-3)

Elastic Moment

M negative =-— (%) ........ (4-4)
Mpositive = (=) ... (4-5)
Table 4.9 The moments and % moment redistribution at central support.
Beam Ultimate Load Elastic Experimental % MR
Desianation (KN) Moment Moment p
9 (kN.m) (kN.m )
MXB-1 240 70.3 63.16 10.18
MXB-2 190 59.1 49.87 15.6
MXB-3 195 68.01 51.18 24.74
RE.M 200 59.1 52.5 11.16

Table 4.10 The moments and % moment redistribution at mid span.

Beam Ultimate Load Elastic Experimental % MR
Desianation (kN) Moment Moment p
9 (kN.m) (kN.m )
MXB-1 240 62 65.1 5.1
MXB-2 190 49 54.4 11
MXB-3 195 52.3 63 20.45
RE.M 200 51 55.2 8.23

From the test results and according to ACI condition to achieve moment
redistribution in continuous beam ( p < 0.5 pb) it's noticed when utilized
reinforcement ratio more than 0.5pb in beam (MXB-3) caused increased in (3 >

20%) in both sagging region( M* )and hogging region (M").
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 General

Ultra High Performance Concrete (UHPC) is a material that is gaining attention
in the construction industry due to the high mechanical strength and endurance
(durability), which results in structures that required less maintenance. In this work
the main purpose is to study the flexural behavior of tubular continuous UHPC
beams using different parameters such as effect of steel fiber ratio and bar
reinforcement ratio and the important parameter is moment redistribution of

continuous beams.

5.2 Conclusions

1. UHPC mixtures are possible to develop from available locally and imported
materials, by used sand #4 and heat curing three days at 80°C then remained
inside water with room's temperature. The utilized of finer sand leads to
increase the compressive strength, even though wi/c ratio (0.2%)utilized with
it is higher. Used finer sand led to increase the water demand.

2. From the previuos studies and the experimental test results exhibit that
optimal steel fiber ratio is 2% and when increase the steel fiber ratio more
than 2% producted less effects on compressive strength but is more effect on
ultimate load.

3. The solid continuous UHPC beams exhibit more warning before failure
than tubular continuous UHPC beams.

4. The presence of longitudinal hole in continuous -beams contributed in
decreasing of load carrying capacity, first crack load and deflections, by
5.2%, 18.2% and 13.5%; respectively. Despite of the area ratio of hole was
(11.67%) from the whole area, therefore this ratio proper to achieve flexural

requirement and economical in the work.
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5. The results exhibit clear improvement in compressive strength when
increasing steel fiber ratio from 1% to 1.5% to 2% product increasing in fc'
at about (9% ) and (11%).

6. The results exhibit clear improvement in first cracking load when
increasing steel fiber ratio from 1% to 1.5% and 2% at about 11.1% and
66.6% and increasing in ultimate load at about 5.2% and 18.4%. Then
when compared MXB-5 (1.5% steel fiber) with reference solid (RE.S ,1.5 %
steel fiber) the increasing in ultimate failure load was(20%).

7. There was not found standard method or suitable equation to predict of mix
proportion of material to obtain the UHPC. Therefore used trail mixings
was essential .

8. The ultimate load was increased at about (2.6%,15.78%and 20.1%) as
positive reinforcement ratio increased from 1% to 1.12% ,1.71% and 1%
solid beam and when negative reinforcement increased from 0.78% to 1%
,1.4% and 0.78% solid beam respectively.

9. From the test results and according to ACI condition to achieve moment
redistribution in continuous beam ( p < 0.5 pb) it's noticed when utilized
reinforcement ratio more than 0.5pb in beam (MXB-3) caused increased in
(B > 20%) in both sagging region( M" )and hogging region ( M).

10. It was noticed that strain values of tested beams was not greater than max
value of concrete strain (0.0035).

11. The ductility is effected by steel fiber ratio and reinforcement ratio ;
therefore, was observed when increasing steel fiber ratio from 1% to 1.5%
and 2% the ductility increased by ( 7.1% and 13.36%) and inverse when
increasing steel reinforcement ratio from 1% to 1.12% and 1.71 the ductility
decreased by (18.3% and 23.47%) due to brittle failure of beam.
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12. It is observed that the increasing in bar reinforcement ratio lead to

decreasing in deflection due to high stiffness of the beam ,therefore when
increasing steel reinforcement from 1% to 1.12% and 1.71% produced
decreasing in deflection by (19.3% and 37%) and when increasing steel fiber
ratio from 1% to 1.5% and 2% also noticed decreasing in deflection by
(8.6% and 12.9%) due to high stiffness.

13. It was noticed the toughness and stiffness of beams increased when

increased both bar reinforcement ratio and steel fiber ratio.

14. It was noticed increasing in number of crack when increasing steel fiber

ratio due to good resistance to failure load and give more warning before

failure.

5.3 Recommendations and Future Work

1.

For this work , the test was performed using two point-loading and static
load but is proposed in future studies to test the behavior using different
load conditions such as distributed loads, cyclic loads, repeated load .

Study the flexural behavior of non-prismatic continuous beams with
different inclination angle.

Study the effect of longitudinal hole in different position of UHPC beams.
Investigate the structural behavior of continuous UHPC reinforced with
CFRP sheets.

Study the structural behavior of continuous UHPC beams resistance to fire.
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MegaAdd MS(D)

Densified Microsilica

DESCRIPTION MegaAdd MS(D) is a very fine pozzolanic, ready to use high performance mineral

additive for use in concrate. It acts physically to optimize particle packing of the concrete
or mortar mixture and chemically as a highly reactive pozzolan.
MegaAdd MS(D) In contact with water, goes Into solution within an hour. The silica in
solution forms an amorphous silica rich, calclum poor gel on the surface of the silica
fume particles and agglomerates. After time the silica rich calclum poor coating
dissolves and the agglomerates of silica fume react with free lime (CaOH,) to form
calclum silicate hydrates (CSH). This Is the pozzolanic reaction in cementitious system.

STANDARDS ASTM C1240

USES MegaAdd MS(D) can be used in a varlety of applications such as concrete, grouts,
mortars, fibre cament products, refractory, oll/gas well cements, coeramics, elastomer,
polymer applications and all coment related products,

ADVANTAGES * HMigh to ultra high strength
* High resistance to chlorides and sulfates
* Protection against corrosion
* Increased durabllity, longer service life for structures
+ Enhanced rheology, control of mixture segregation and bleed
+ Groater resistance to chemicals

TYPICAL PROPERTIES at 25°C
PROPERTY TEST METHOD VALUE
State Amaorphous Sub-micron powder
Colour - Grey to medium grey powder
Specific Gravity - 21010 240
Bulk Density - 500 to 700 kg/m'
Chemical Requirements
Silicon Dioxide (SIO,) . Minimum 85%
Molsture Content (H,0) . Maximum 3%
Loss on Ignition (LOI) . Maximum 6%
Physical Requirements
Specifi Surface Area . Minimum 16 m'/g
Pozzolanic Activity Index, 7 dcyl - Maximum 1056% of control
Over size particles retained - Maximum 10%
45 micron sieve

COMPATIBILITY MegaAdd MS(D) is sultable for use with all types of cament and cementitious materials.
With Admixtures :

MegaAdd MS(D) is compatible to use with all types of water reducing plasticisers /
superplasticisers and poly carboxylate based superplasticiser.

DOSAGE The normal dosage of MegaAdd MS(D) is 5 - 8% by weight of cament, but it can be used

up to 10%. Site trials should be carried out 1o establish the optimum dosage for the mix to
be used as the dosage varles depending on application,

Tochnical Datashoeat



Construction Chemicals

CON
MIX

MegaAdd MS(D)

BATCHING Batch MegaAdd MS{D) into the concrete mixer and mix thoroughly with the other
mixture ingredients, adopting a procedure that ensures full dispersion of the product.

PACK SIZE 600 Kgs and 1200 Kgs Jumbo bags

GENERAL INFORMATION Shelf Life 12 months from date of manufacture when stored under
warehouse conditions in original unopened packing.
Extreme temperature fhumidity may reduce shelf life.

Cleaning Clean all equipments and tools with water immediately after
use.
HEALTH and SAFETY PPE's Gloves, goggles and suitable mask must be worn.
Precautions Contactwith skin, eyes, etc. mustbe avoided.
Hazard Regarded as non-hazardous for transportation.
Disposal Donotreuse bags. Tobe disposed off as perlocalrules and
regulations.

Additional Information ReferMSDS. (Available onreguest.)

TECHNICAL SERVICE CONMIX Technical Services are available on requestfor onsite supportto assistin the
correctuse of its products.

Construction Solutions for Africa

CAPE TOWN JOHANNESBURG
Tel: 427 (0)87 231 0253 Telk +27 (0)82 785 8529
Unit 5| MS Freeway Park B4 Maple Street | Pomona
Upper Camp Rd | Maitland | 7405 Kempton Park | Johannesburg | 1619
Cape Town |South Africa South Africa
Email:info®msasa.co.za|www.msasa.co.za
Manutaciras
CONMIXLTD.
2.0. Bax 5335, Shanan
Uniad Aran Emiraiss S3=e Ofca
Tt +371 6 5314155 Tt +9716 5632422
Fax +971 6 5314332 Fax +971 6 5551442
Ema: COM WAW.Conmaxcom

1 i5 12 customa's 7esponsiiBty 10 53Bsly Mameaivas by Chacking With tha company whathar Kormasion is s curram 3t !12 Im2 of usa. Tha customear must D2 saistad nat
he product is sutabis for 2 Use imandad. A products comply ‘Wil e propariss shown On curramt data shests. However, Conmix do2s NOt warant of guaramas he
NsiaIson of he producis 3s i 9025 Not Nave 30y Conral over INstaiation or and use of ! produc All and y 2 ragng v

and and use ara givanin good M. Tha products areg aganstany g 0afacts and Ire eV subjact 10 CoNMix §13Ndard 12rmsand CoNdBons of s32.

Technical Datasheet




~ -

Hyperplast PC260

11
DCp

High performance concrete superplasticiser (Formerly known as Flocrete PC260)

Description

Hyperplast PC260 is a high performance super
plasticising admixture based on polycarboxylic
polymers with long chains specially designed to
enable the water content of the concrete to perform
muore effectively.

This effect can be used in high strength concrete
and flowable concrete mixes, to achieve highest
concrete durability and performance.

Applications

—&_  Highstrength and high performance
concrete.

—&_  Structures with congested reinforcement.

—4_  Pre-castconcrete.

—_  |mproved cohesion allowfor use in mass
monaeepours and piling.

—&_  Self compacting concrete.

Advantages

—&_  Optimizes cement utilization.
—_  Highdensity andimpermeable concrete
through whigh water reduction.

—_  |mproves shrinkage and creep behaviors.
—_  Minimises segregation and bleeding

_problems gmproving cohesion.

-~ Higherearly and ultimate compressive
strengths.

~. Increases durability andresistance to aggese
atmospheric conditions thorough reduced
permeability.

Compatibility

Hyperplast PC260 can be used with all types of
Portland cement and cement replacement
matenals.

Hyperplast PC260 should not be used in

conjunction with other admixtures unless DCP
Technical Department approval is obtained.

Standards

Hyperplast PC260 complies with ASTM C494, Type
A and G, depending on dosage used

Method of Use
Hyperplast PC260 should be added to the concrete

with the mixing water to achieve optimum
performance.

Technical Properties @ 25°C:

Colour: Yellowish to brownish
liquid
Freezing point: =T
Specific gravity: 11+002
Typically less than 2%

additional airis entrained

above control mix at normal
dnsanes

Air entrainment:

An automatic dispensershould be usedto dispense
the correct guantity of Hyperplast PC260 to the
concrete mix.

Dosage

The guidance dosage of Hyperplast PC260 is 0.5 -
3.0 litre per100 kg of cementitious materials in the
mix, including GGBFS, PFA or microsilica.

Representative trials should be conducted to
determine the optimum dosage of Hyperplast
FC260 to meet the performance requirements by
using the materials and conditions in actual use.

Effects of Over Dosage

Over dosing of Hyperplast PC260 will cause the
following:

—~. Significantincrease in retardation.
~. Increase inworkability.

Ultimate concrete strength will not be adversely
affected and will generally be increased provided
that proper concrete curing is maintained.

Cleaning

Hyperplast PC260 can be washed with fresh cold
water,

Packaging

Hyperplast PC260 is available in 25 litre pails, 210
litre drums and 1000 litre bulks supply.



Hyperplast PC260

Storage

Hyperplast FC260 has a shelf life of 12 months
from date of manufacture if stored at temperatures
between 2°C and 50°C.

If these conditions are exceeded, DCF Technical
Department should be contacted for advice.

Cautions

Health and Safety

Hyperplast FC2G0 is not classified as hazardous
material. Hyperplast PC260 should not come into
contact with skin and eyes.

In case of contact with eyes wash immediately with
plenty of water and seek medical advice promptly.

Far further information refer to the Material Safety
Data Sheet.

Fire

Hyperplast PC260 is nonflammable.

www.dcp-int.com )

More from Don Construction Products

Awide range of construction chemical products are
manufactured by DCPFwhich include:

FERRERRRERRY

Concrete admixtures.
Surface treatments
Grouts and anchaors.
Concrete repair.
Flooring systems.
Protective coatings.
Sealants.
‘Waterproofing.
Adhesives.

Tile adhesives and grouts.
Building products.
Structural strengthening.

“¥-£200 10

- d -~ |

v qualit

full range
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Antislip Aggregate

Mon slip flooring aggregate

Description

Mon-slip, chemically inert, graded, hard wearing
aggregate available in four grades to suit most site
reguirements,

they are identified as follows:

Antislip Aggregate No. 1 coarse

For use with Strongcoat SL Strongcoat HB rang
dlU alpPpUeBCESYSLIE |aurdr|:.r e CoaLrni havalerr
proguce a coarse IeXIIred, Non-sip 1100 I0pping.

Antislip Aggregate No. 2 medium

For use with Stronﬁcoat HE Strongcoat SL ra n
dllU 3l IPUB LR S VS |aurdr|'_.[' LRGN Y SYSLIETTR
proguce a medium coarse Iexiurea rioorminisn.

Anti-glip Grain No.3 fine aggregale

For use with Stronr%coat HE Strongcoat SL ran
anuunguecxsysre 50T ANy OnNercoanng sysie

HIOUULE & nor-= hIIpIIUUIWILIdII[IELEﬁLL.I[% L.

Anti-slip Grain No. 4 extra fine aggregate

For use onlg with Strongcoat WD or Strongcoat
ELU % vide aTine IEXIUrea non-sup Tinisn witn
L noor Codungs.

Applications
daledl e

Adiuan g%

‘.:IllU[I%F.Udl TUULILLS
INTULLs IdIIIUUI'h IUE Iy sUlled 1or
dUdLunrs, HEWENES,

dairies, chemical
areas.

loading bays, ramps and walkways

UEIIgIIed W uag Wil
TOUULCE  T1011-511
ELWUIE digds [

industries, food processing

Advantages

-A. Range of products 1o sult mostapplications

- Special grading to suit Strongcoatrange
products

—A. Pre-packedreadyforimmediate site use.

Method of Use

Application Instructions

—_— iy ‘l.\‘.l‘ albupa':&mwugcwwumu Uy uvdl gy

—-  Antislip AggregateNo. 1, No. 2 and No. 3 are

eyed
10r use with & coal HE, solvent lree resin

HS i R
Tree epoxy o

toppings

DCP

——— U Ldae Ul dé] g UIIlU lIIU L L Y L
[l=1 -}

I'ULIULLh d [IN&l CUdLon suongeo

EJ %yl&%ldle UL & 15 LSedin
LUI’I L.IrILlIU LOTIQUDALYVVL) ang SounygoudEl
I:La LU LU Ly

Application

IT1e Spelidll
oo e st
WINEL LRSI WEL
SNUUIL DE Appea w

completely cover or *blind” the surface.

UldUBU dUyiegales e stauereu
10 sl IESil Iy
SUmUIENLG ANUSIR AUgiegal

INe selected ant-snp I'aII"ISFIOIJIGDEaIIOWEGTOTaII
WEILICANY O e TESI Codung rdauer lI'IdI'I UE
mnrown "across me SL.ITTHCE a5 nis may Cause
oriages or scourtne

coatings, and damage the continuous filmofthe resin
flooring.

WVTTET LNE IS LUEL Tds Uned e BriBss dyyreydle
Lell UE DIUSIEd Ul YALULTTE U ULINIE sUusTiale diu
HIOVIOED ILEES S0 Credn anag ury Can pe re-used.

Ine final roller CDEI of btrungcoat EL can then be

applied to produce a hard weanng, chemicall
resistant non-sh 1|uur Inetexture andthicknesso
MNEeTIoors aeterminea
by the choice of the anti-slip grain.
Rl
i-zli i i - nesstor
Anti-slip grain  Finishedfloor A
HEB
MNo. Coarse 20-25
1 mm
No. Medium 10-20
2 mm
No Fine 075-15mm
3
No. Extra Fine 03-06
4 mm
Packaging

Antislip aggregate is avallable in 25 kg bags.

Storage

ANDS| n Nes Ine of 1 ntns rrom
lus ] ﬁ&%’&&’éﬁm‘é sau';'reeo n or% co‘n%orux}smr%w

0fgINal unopenea Dags

If these conditions are exceeded DCP Technical
Uepanment should be contacted for agvise



Antislip Aggregate

Cautions

Health and Safety

Antislip aggregate is non
hazardous

Fire

Antislip agoregate &
nonflamm able.

www.dcp-int.com

More from Don Construction Products

Awide range of construction chemical products are
manuractured by DCE which Include:

Concrete admixtures.
Surface treatments
Grouts and anchors.
Concrete repair.
Flooring systems.

Frotective coatings.
Sealants.

Waterproofing.
Adhesives.

Tile adhesives and grouts.
Building products.
Structural strengthening.
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