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ABSTRACT

Due to absence of study or research deals with the effect of SIFCON on deep
beams, this study was conducted

The experimental work had been implemented for the purpose of studying two
aspects. The first aspect was the study of mechanical properties of SIFCON. In this
study, three trail mixes of sifcon were proposed and another fourth of conventional
concrete was designed for comparison purposes. The mechanical properties of these
mixes were tested which include compressive strength, tensile strength, flexural
strength and shear strength. It was found that the concrete mix which contains a
percentage of steel fiber by 9% gave the best results, so it was adopted as areference
mix in the deep concrete beams. The second aspect was the study of behavior of
SIFCON deep beams with and without openings. The study was divided into two
groups. thefirst group was solid deep beams and second group was deep beams with
openings. The experimental program consists of casting and testing of sixteen
SIFCON deep beams under two symmetrical points for both groups. Thefirst group
was prepared to cover the following cases: the variation in steel fiber ratio, the effect
of shear span to depth ratio, removing of vertical web reinforcement and removing
of main and web reinforcement. While, the second group was prepared to study the
following cases. the variation in steel fiber ratio, the openings reinforcement effect
and the effect of opening shape.

The increase of sted fiber ratio by (6% to 9%) gave increasing in the cracking
and ultimate load about of (275% to 362.5%) and (196% to 239.4%) respectively for
solid deep beams and about of (60% to 236%) and (223.8% to 309.5) respectively
for deep beams with openings in comparison with conventional concrete.



Although it was removed either vertical web reinforcement or main and web
reinforcement, it showed an increase in ultimate |oad for solid deep beams with steel
fiber ratio of (9%), about of 215.6% and 226.9% respectively than the conventiona
concrete.

The results showed that the ultimate load was increased with deceasing the
effective shear span to depth ratio.

The SIFCON deep beam with inclined reinforcement around the openings gave
increasing in the ultimate load about of 234.5% compared to conventional concrete
deep beam with inclined reinforcement.

Also, the SIFCON deep beam with circular opening gave high cracking and
ultimate loads than square and triangular openings.

The toughness and ductility were increased for al sifcon deep beams.

The three dimensional Nonlinear finite element analysis using Ansys package
showed that, the predicted values for all SIFCON deep beams were in acceptable
agreement with the experimental results for the load — deflection relationships,
toughness and ductility.

The ratios of numerical failure loads to experimenta failure loads were ranging
from 86.67% to 96.72% for solid deep beam and 73.66% to 97.6% for deep beams

with openings.
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NOTATION

The major symbols used in the text are listed below; others are defined as they first

appear:

a Shear span measured from center of load to center of support, mm

b Width or thickness of beam, mm

d Effective depth of beam, distance from extreme compression fiber to
centroid of longitudinal tension reinforcement, mm

Ec Modulus of elasticity of concrete, MPa

f'c Cylinder compressive strength of concrete, MPa

feu Cube compressive strength of concrete, MPa

fr Flexura strength of concrete, MPa

fe Splitting tensile strength of concrete, MPa

fy Yield stress of reinforcing steel bar and wire, MPa

h Total depth of deep beam, mm

L Overall length of deep beam, mm

Xl



Ln Clear span measured face to face of supports, mm

Tso The time recorded in 500 mm diameter circle of self-compacted mix
Tn Tolerance [varied between (0.0005-0.01) in this study].

Vs Shear stress of double L — shape

S Spacing of vertical shear reinforcement in direction of longitudinal

reinforcement, mm

S Spacing of horizontal shear reinforcement, mm
Wint. Internal work (strain energy)

Wyt External work (work done by the applied force)
Per Load causing first initiation of crack ,kN

Py Ultimate load , kN

%) Steel bar diameter, mm

(v) Poisson’s ratio

0 Max mid span deflection

{&} Elements of virtual strain vector.

Xl



{c} Elements of real stress vector.

[C] Constitutive matrix

[N] Shape function matrix

{a} Unknown nodal displacements vector (local displacements)

{U} Body displacements vector (global displacements).

[B] Strain-nodal displacement relation matrix, based on the e ement shape
functions.

{F} Nodal forces applied to the element

[Ke] Element stiffness matrix

{r} Out of balance force vector.

{ADi}  Incrementa displacement vector at (i) iteration.

X1



Abbreviations

ACI American Concrete Institute
ASTM American Society for Testing and Materias
BS British Standards

CSA Canadian standard associated
ECP Egyptian code

FRC Fiber Reinforcement Concrete
QS Iragi Standard

PCC Plain cement concrete

RCC Reinforced cement concrete
SF Steel Fiber

SCC Self-Compacting Concrete
ST™M Strut and Tie Method

VE Volume Fraction
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Chapter One Introduction

|
Chapter One

INTRODUCTION

1.1 General

Reinforced concrete deep beams are exceedingly used in civil engineering
for parking or storagefacility, bridge, transfer girders, wall footings, foundation pile
caps, floor, diaphragms and shear walls (4. Plate (1.1) show some applications of
deep beam. In some multistory buildings, it is often desirable to have the lower floors
free of columns, therefore; these beams may be designed as beams spanning across

the column free space.
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Plate (1.1) Herman B. Fultz Bridge!?

The ACI 318M-14 code ! defines degp beams as members that are loaded on one
face and supported on the opposite face such as strut-like compression elements can
develop between the loads and the supports. Deep beam considers the structura
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|
members in which most of the applied load transferred directly to the supports by

tied arch after formation of the inclined cracks. Deep beam should satisfy aor b2
a) Clear span does not exceed four times the overall depth (h).
b) Concentrated load exist within a distance (2h) from the face of the support.
According to Eurocode 2 (EC2) [ beams can be classified as degp beams when
the ratio of span to depth is smaller or equal to three (L/h < 3).
Canadian standard association (CSA) A23.3-04 1% states that a flexural member with
clear span to overall depth ratio less than 2 must be designated as a deep flexura
member by strut and tie method and take into a count nonlinear distribution of strain.
In many cases, openings are required in deep beams to provide accessibility or to
facilitate essential services such as drainage pipes, water supply and air conditioning
ducts as shown in Plate (1.2) below:

Plate (1.2) Prestressed concrete beams with opening [

1.2 Behavior of Deep Beams

The strength of deep beams is usually controlled by shear rather than flexure
[, Deep beam should be design taking into account nonlinear distribution of

longitudinal strain over the depth of beam !, The strut-and-tie model, was pioneered
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"
by Ritter [ and Morsch @, is a rational method for analyzing and designing

reinforced concrete beams especially deep beams. The Strut and Tie Method (STM)
Is alower bound solution approach for capacity that is recognized as an important
tool for the design of non-slender beams, since it considers the member capacity as

afunction of a/d [%19

The major differences of deep beam element compared with ordinary beam based

on the design assumption 'Y, as follows:

- Two-Dimensional Action: because of the dimension of deep beam they
behave as two-dimensional action rather than one-dimensional action.

- Plane Section: do not remain plane, the assumption of plane section
remain plane cannot be used in the degp beam design. The strain
distribution is no longer linear.

- Shear Deformation: the shear deformation cannot be neglected as in
ordinary beam. The stress distribution is nonlinear even in the elastic
stage. At the ultimate limit state, the shape of concrete compressive

stress block is not parabolic shape.
1.3 Failure M odes of Deep Beams without Web Openings

The behavior of reinforced concrete deep beamsis affected by many factorslike
shear span to the effective depth ratio (a/d), clear span to overall depth ratio (L./h),
position and type of the load, percentage of main longitudinal reinforcement, type
and amount of web reinforcement, width of the support zone anchorage of the main
reinforcement, concrete strength, and the addition of other materials like fibers >
13, Failure of reinforced concrete degp beams without web openings may be one of

the following modes that are summarized 2429
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1.3.1 Flexural failure:
Thismode of failure happens when the (a/d) ratio is high and the beam has allittle
percentage of main longitudinal reinforcement, therefore it fails by yielding of

tension reinforcement at the section of maximum moment as shownin Fig. (1.1).
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Fig. (1.1) Flexural failure of deep beam.

1.3.2 Flexural-shear failure:

This mode of failure happensin beams with moderate tension reinforcement and
the development of the inclined shear cracks is normally preceded by flexural
cracks at section of maximum moment. The main cracks are developed upwards

starting from the support toward load point as shown in Fig. (1.2).
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Fig. (1.2) Flexural-shear failure of deep beam.
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1.3.3 Diagonal splitting failure:
This mode of failure happens when the final shear crack isinitiated in the middle of
the shear span and extends toward the load and support points. This mode of failure

Is like the splitting of a cylinder under diametrical compressive forces, as shown in
Fig. (1.3).

Fig. (1.3) Diagonal splitting failure of deep beam.
1.3.4 Diagonal compression failure:
This mode of failure happens when diagonal crack is initiated near the load path.
After asmall further increase in the load, another oneisformed closer to the support
than the first one and extends upwards as the |oad increases. The final failure occurs

by the destruction of the portion of concrete between these two cracks, Fig. (1.4).

P P

3 F —

22

T i

P P

Fig. (1.4) Diagonal compression failure of deep beam.
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1.3.5Bearing failure
This mode of failure happens either under the load regions or above the supports as
a result of the development of high stresses in these regions. This mode of failure

occursin very deep beams, Fig. (1.5).
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Fig. (1.5) Bearing failure of deep beam.
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1.3.6 Anchoragefailure:

This mode of failure happens when the strains and stresses in the steel bar near
the supports increase rapidly during the formation of inclined cracks, until they are
of the same order of magnitude as those occurring a mid-span. After inclined
cracking, the steel strains and stresses closer to the support increase at alittle greater
rate than those at mid-span and become approximately constant along the span. So,
if the tension steel is not properly anchored near the support, anchorage failure may

happen, as shown in Fig. (1.6).
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Fig. (1.6) Anchorage failure of deep beam.
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1.4 Failure M odes of Deep Beams with Web Openings

The main factors affecting the behavior and performance of deep beams with
web openingsis similar to factorsin solid deep beamsin addition to Size, shape and
location of web opening. 1Y
Failure modes which have been observed in the previous tests for the case of the
rectangular opening are schematically presented in Fig. (1.7) below. These modes

are categorized as modes A, B and C [*°;

ModeA: isthetypica shear failure of asolid deep beam by diagonal cracking along
the load path (the line joining the load and support bearing edges) when the opening
did not intersect the load path as shown in Fig. (1.7 a). When the opening intersects
the load path, failure occursin either mode B or mode C.

Mode B: isidentified by sudden collapse as aresult of diagonal cracking along the
two critical paths joining the loading as well as reaction points with the furthest

corners of the openings asillustrated in Fig. (1.7 b)

Mode C: isthefailurewhich occursin agradual manner. It iscaused by deformation
mainly in the shear span, with a relative rotation of three distinct segments of the

beam as shown in Fig. (1.7 ).
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Fig. (1.7) Failure modes for deep beams with rectangular opening 9.
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In deep beams with a circular opening, two failure modes are found 4
e Thefirst oneis marked by crack joining the bottom-most diametrical edge of
the opening with support and loading point. Fig. (1.8 a) shows.
e The second one occurred along the crack joining the support and loading

points and openings tangents opposite to them, Fig. (1.8 b).
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Fig. (1.8) Failure modes for deep beamswith circular opening [,
1.5 Slurry Infiltrated Fibrous Concrete (SIFCON)

SIFCON was explored by David Lankard (1984) %8, David limited of sted
fiber ratio between (5-18) % and possible to casting urry into substrate bed of fiber.

The ACI code defined SIFCON as advanced type of fiber reinforced concrete
in which formwork molds are filled to capacity with randomly-oriented steel fibers,
usualy in the loose condition, and the resulting fiber network is infiltrated by a
cement-based slurry. Infiltration is usually accomplished by gravity flow aided by
light vibration, or by pressure grouting. SIFCON composites differ from
conventional steel fiber reinforcement concrete (SFRC) in at least two respects: they
contain a much larger volume fraction of fibers (usualy 8 to 20 volume percent),
and they use amatrix consisting of very fine particles (absence of coarse aggregates
in SIFCON). As such, they can be made to simultaneously exhibit outstanding
strength and ductility [,
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Furthermore, SIFCON contains relatively high cement and water contents when
compared to conventional concrete [19,

Table (1.1) listed difference between Lankard and ACI code in sifcon description:
Table (1.1) Listed to defer ence between Lankard and ACI

Compressive strength f'c (MPa) 21- over 140 103 - 207

Modulus od rupture f, (MPa) Upto 90

Tenslle Strength ft (M Pa) Upto4l

Percentage of volume fiber % Usualy (8-20)

All sted fiber types namely straight, hooked and crimped can be used in SIFCON.
SIFCON possess 19
1- Excellent durability, energy absorption capacity, impact, abrasion resistance
and toughness.
2- Modulus of dasticity (Ec) values for SIFCON specimens is more compared
with plain concrete.
3- SIFCON exhibits high ductility.
1.6 Applications of SIFCON
Because the properties such as ductility, crack resistance and impact
resistance are found to be very high in SIFCON when compared to other materials,
it isthe best suited material for the application in the following areas [2!;
1. Pavement rehabilitation.
2. Overlays, bridge decks and protective revetments.

3. Seismic and explosive resistant structures.
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Primary nuclear containment shielding.

Repair, rehabilitation and strengthening of concrete structures and
Refractory applications.

Security concrete applications (safety vaults, storing rooms, etc.).
Precast impact resistance panels.

Heavily loaded precast slabs.

10. Missile silo structural concegpts.

© © N o 0 &

11. Fragment resistant walls.

12. Protective works in marine environment.
1.7 Resear ch Objectives
Slurry infiltrated fibrous concrete (SIFCON) proves to be an innovative high
performance fibrous concrete material and can be used in RC deep beams. The main
objectives of the thesis are:

1- Studying the mechanical properties of SIFCON trail mixes (compressive
strength, tensile strength, flexural strength, shear strength and modulus of
elasticity) and determine the best mix.

2- Studying the effect of steel fiber ratio on solid deep beams.

3- Studying the effect of removing vertical reinforcement in the solid deep
beams.

4- Studying the effect of (a/d) ratio on solid deep beam.

5- Studying the effect of removing mesh reinforcement in the solid deep beams.

6

7

8

9

Studying the effect of steel fiber ratio on deep beams with openings.

Studying the effect of openings reinforcement.

Studying the effect of openings shape.

Development a finite element model for conventional and sifcon deep beams
and prediction the general load-deflection behavior using ANSYS 15

software.

10



Chapter One Introduction

|
9- To study crack pattern and failure modes of deep beams using ANSY S 15

software.
1.8 Layout of the Thesis
Chapter 1. this chapter deals with the general background to the problem,

motivation for the present work, objectives of the present study and organization of
the thesis.

Chapter 2: presents a detailed literature review. The literature review focuses on
four different topics such as deep beam, SIFCON, and finite element modelling and
analysis.

Chapter 3: dealswith the materias, mix proportions and the preliminary studies on
the mechanical properties of SIFCON and conventional concrete like compressive
strength, flexural strength, split tensile strength and shear strength. Also it provides
details of cast specimens, test setup and the testing procedure.

Chapter 4: presents the experimental of the specimens of tested deep beams and
their discussions. Then, the overall behavior and the |oad-deflection response of the
model that obtained from experimental investigation are listed with ther
discussions.

Chapter 5: shows cases the finite element model and the analysis RC deep beams
with SIFCON using ANSY S 15 and compared with experimental work.

Chapter 6: gives the conclusions that listed from this study and the

recommendations for further studies.

11
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Chapter Two

LITERATURE REVIEW

2.1 General

SIFCON is aresult of developing process in concrete technology. It isanew
type of composite material satisfying the increasing demands for high strength, high
durability, offering superior ductility and workability.

A detailed literature survey has been made on the previous works that are
directly related to the present thesis.
The summary of the review is presented under the following topics:
1
2
3
4

2.2 Experimental and numerical investigation on solid deep beam

Experimental and numerical investigation on solid deep beam.
Experimental and numerical investigation on deep beam with openings.
Slurry infiltrated fibrous concrete (SIFCON).

Strengthening Techniques with SIFCON.

Kong et al. (1970) [ carried out tests on 35 simply supported deep beams
with varied clear shear span to depth ratio (a/d) from 0.23 to 0.70. The effects of
seven different web reinforcement configurations on the behavior of the beamswere
studied. It was concluded that the suitable arrangement of web reinforcement
depends on the shear span to depth ratio. For low (&/d) ratios only horizontal web
reinforcement placed near the bottom was effective. Where (a/d) ratio equals 0.7
vertical stirrups were preferable.

R. Narayanan, and 1.Y.S. Darwish (1988) !l reported the results of tests on
twelve reinforced concrete deep beams including eleven steel fibers contents,
provided to act as web reinforcement. Three parameters were varied in the study,

namely, the volume fraction of fibers, shear span-to-depth ratio and the concrete

12
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compressive strength. Based on the test results the authors drew the following

conclusions:

1- The inclusion of steel fibers in concrete deep beams resulted in enhanced
stiffness and increased spall resistance at all stages of loading up to failure
and reduced crack widths.

2- Deep beams of fiber concrete under shear loading develop zones of
approximately zero stress in many cases over aheight of 0.15 to 0.3h.

3- In generd, the primary cause of failure was diagonal cracking, which led to
the splitting of the beam along the diagonal cracks.

4- Both shear cracking load Vi, and ultimate shear load V ,, were influenced by
the fiber factor F.

Tan and Lu (1999) 22 investigated the effect of size on reinforced
concrete degp beams. Thetest program consisted of twelve reinforced concrete deep
beams with simple clear span { ranging from 1500 to 4520 mm and height h ranging
from 500 to 1750 mm. They were tested under two equal symmetrically placed point
loads. The (a/h) valueswere 0.5, 0.75 and 1. The compressive strength, f'c, of about
of 40 MPa and main steel ratio (pt) was 2.60 percent. Test results indicated that the
ultimate shear stress of deep beams was size-dependent. Meanwhile, the diagonal
cracking load was strongly size-dependent. Also, it was shown that the size effect
has a great influence on the failure mode in addition to a/h ratio. While, the failure
in large deep beams was more brittle than smaller ones.

Brown and Bayrak (2007) 23 investigated the influence of the load
distribution and web reinforcement on deep beam behavior. The test program
consisted of testing ten reinforced concrete deep beams with a ssmple span of 3048
mm, effective depth of 686 mm and width of 150 mm under varioustypes of loading
(uniformly distributed loads, two point loads, and concentrated load). The results

13
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indicated that the concentrated |oads type was most severe condition than uniformly

distributed loads. On the other hand, a little amount of vertical web reinforcement
changed the mode of failure from diagonal tension to strut crushing.

Ahmed M. Yousef et al. (2018) ¥ investigated the effected of minimum
shear reinforcement for ultra-high performance fiber reinforced concrete deep
beams. The experimental results showed that increasing the provided vertical web
reinforcement ratio has dight effect on the diagonal cracking strength and the
ultimate shear strength. The maximum spacing between the vertical web
reinforcement required by ACI 318-14 for reinforced concrete beams (d/5) is not
suitable for ultra-high performance fiber reinforced concrete deep beams, while for
the EC-2 (2b) and that required by the Egyptian code ECP-203-2017 (200 mm) was
applicable.

2.3 Experimental and Numerical Investigation on Deep Beam with
Openings

Kong and Sharp (1973) [®! carried out an experimental and analytical
study to examine the effect of web opening on strength and cracking of atotal of 24
reinforced lightweight concrete simply supported deep beams had 1500 mm span,
750 mm depth and 100 mm width. The x/h ratios were 0.25 and 0.4 where x is the
distance from center of the opening to the edge of beam whereas ¢/h was kept
constant at 2. Thirteen rectangular opening with different sizes and locations
established to confirmed this study. The test results indicated that the crack patterns
and mode of failure depend basically on the range to which the opening intercepted
the load path (line joining the load and support bearing edges) and the position at
which the interception occurs regardiess of the type and amount of web
reinforcement. On the other hand, when the opening was located far away from the

load path, the mode of failure was the same as in solid deep beam case. In addition,

14
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the results displayed that trimming the openings with reinforcement loops did not

influence the ultimate strength.

Swaddiwudhipong and Shanmugam (1985) %9 tested fifteen simply
supported steel fiber reinforced concrete deep beams with rectangular web openings
and compared it with established analytical solution using finite element method.
The variables were the ratio of stedl fiber, positions of openings, and types of
loading. It was concluded that openings in deep beams should not be placed across
the natural load path or too close to the side edge of the beam or in the tension zone
near the support. Steel fibers was effective in providing extra shear strength to deep
reinforced concrete beams. Also, the first crack loads of beams with openings could
predicted with reasonable accuracy by finite elements method adopting the splitting

strength of concrete as the criterion for first crack.

A. Akhtaruzzaman and A. Hasnat (1989) [?] showed the results of the tests
of twenty-six concrete deep beams with and without a transverse opening tested to
failure under torsion with varying span-depth ratio, concrete strength and size and
location of the opening. The presence of an opening significantly reduced torsional
strength. For span-depth ratios greater than 3.0, the torsional strength of beams
remained practically constant. It significantly increased, however, as the span-depth
ratio decreased. The crack inclinations on the beam surfaces followed asimilar trend
and were also influenced by concrete strength and web opening size.

Mansur et al. (1991) [28 experimentally investigated eight reinforced
concrete continuous deep beams containing a large transverse opening. The beams
were rectangular in cross-section and all contain the same amount and arrangement
of longitudina reinforcement. The number of spans, the size of opening and its
location along the span were considered as major variables. Fina failure of the beam

occurred by the formation of a mechanism i.e. the formation of hinge and the two

15
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opening ends represent the most vulnerable locations for the development of plastic

hinges. Besides early cracking, the strength and stiffness of the beam decreased with
an increase either in the length or depth of opening. Similarly, openings located in
the high moment region produce larger deflections and result in early collapse of the
beam. The authors observed that the location of opening had very little influence on
cracking load but affects the load deflection response. Similarly, the opening

|ocation had no influence on the mode of failure.

Campione and Minafo (2012) [? tested 23 simply supported deep beams
to provide additional experimental results regarding the effect of circular web
openings on the concrete deep beams. All deep beams had 480 mm in depth, 200
mm in width and in 820 mm length with 0.27 a/h ratio and various reinforcement
arrangements with two opening locations. The results indicated that the effect of
openings depends on their locations. Though, if the openings were situated in the
mid-span section, they do not affect on the behavior of the deep beam. It was also
shown that the ultimate strength decreased by 18-30 % when the openings were
placed at the center of the shear span, and vertical stirrups increased the ultimate
strength by about 15% in solid beams or beams with web opening located in the mid-
span section. When the opening was located in the center of the shear span, the
vertical web reinforcement had a dlight effect on the strength, meanwhile, the
horizontal web reinforcement increased the ultimate strength by about 20%.

Nair and Kavitha (2015) 2 investigated the effect of openings in deep
beams using strut and tie model approach. Seven deep beams had a width of 200
mm, length of 800 mm and an overall height of 400 mm were tested under a point
load at mid span with various position of opening as per strut and tie formation, and
were analyzed in ANSY S 14 software. The results showed that, the ultimate |oad
gained from the finite element software has only (5%) variation compared to

16
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experimental work results. Meanwhile, degp beams with opening showed a decrease

in the ultimate |oad carrying capacity compared to solid deep beams, whereas, deep
beams containing rectangular openings showed a decrease in ultimate load carrying
capacity compared with deep beams containing circular openings.

Hasan (2016) 3% constructed eleven self-compacted concrete (SCC) deep
beams and tested them under symmetrically two point top loading to investigate the
influence of the transverse circular opening on their behavior. The beams had 1400
mm in total length, 400 mm in depth, and 150 mm in width. The flexura
reinforcement consisted of three bars with a nominal size of 16 mm while the web
reinforcement was made with steel wires of 4 mm diameter spaced at 60 mm in both
horizontal and vertical directions. All beams had the same concrete compressive
strength of 65.57 MPa. The beams were classified into four groupsin addition to the
solid one according to the parameters investigated. The first group was used to
examine the influence of shear span to the effective depth ratio (a/d =0.8, 1 and 1.2).
The second group was used to study the varying of openings diameter d (D=75, 110
and 160 mm). While, the third group was used to study the influence of opening
location (center of the load path, the upper left, and the lower right panels of the
shear span). The last group was assigned to study the effectiveness of the inclined
reinforcement around openings. Three amounts of inclined reinforcement were used
2, 4 and 6 steel wires of 8 mm diameter positioned above and below the openingsto
make 45 degrees with the longitudinal axis of the beams. The test results indicated
that, when a/d was increased the ultimate load capacity decreases linearly while the
deflection was increased. Furthermore, increasing the opening diameter decreases
the shear cracking load and the ultimate shear strength of the beams. While mid span
deflection was not considerably influenced. Also, the positioning of the opening in
the lower right panel of the shear span (E-W direction) panel increases the ultimate
load capacity by 6.9 % rather than when positioned in the upper left panel. While,

17
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the shear cracking load and mid span deflection was not affected. Meanwhile, the

incorporation of the inclined reinforcement around openings was found very
effective in improving the shear strength and the deflection of the tested beams.

2.4 Slurry Infiltrated Fibrous Concrete (SIFCON)

David Lankard (1984) ¢, described SIFCON with regard to Properties,
applications, also, given some information about SIFCON and gave method of
preparation of SIFCON. Lankard identified SIFCON as a highly strength and highly
ductility material, also SIFCON contain volume ratio of fibers between (5-20) %.
SIFCON can be used in pavement overlay, precast slabs, precast refractory shapes
and impact resistant structures. Lankard described method to cast SIFCON by pre-
packed sted fiber in mold then cast dlurry above network of steel fiber or by Spread
a sted fiber as stratum in the mold height.

Balaguru and kendzulack (1987) 3! was assessed the behavior of SIFCON
in compression, tension, flexure and shear under monotonic and high amplitude
cyclic loading. Dog bone specimens were used to determine the direct tensile
strength and double L specimens were used to determine the shear strength of
SIFCON. Theauthor has concluded that the length of fibers does not have significant
effect on strength and the addition of silicafume has increased the compressive and
flexural strength and cement-sand ratio up to 1:1.5 can be used for cement slurry
without affecting the strength of SIFCON.

Josifek and Lankard (1987) 2 had investigated the various properties of
SIFCON like density, compressive strength, modulus of elasticity, flexura strength
and freezelthaw resistance and found that SIFCON has improved strength
characteristics compared to conventional SFRC with 2% volume of fibers.

Naaman et al. (1991) 33 conducted experimental investigation on the elastic

modulus of SIFCON in tension and compression. Two different types of fibers (deformed
and hooked stedl fibers), two different aspect ratios (60 and 100), seven different levels of
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volume fractions and four different matrix compositions were used in the study. Fly ash,

fine aggregate and superplasticizer were added to the cement slurry. Dog-bone shaped
tension specimens and cylindrical compression specimens were used to determine the
elastic modulus, the stress- strain response and the peak strength of composite. The study
reveals that the value of modulus of elasticity was found to be not only dependent upon the
ultimate compressive strength, but also factors such as fiber volume fraction, fiber aspect
ratio, fiber orientation, alignment and testing procedure. For the range of variable tested,
the ultimate strength and elastic modulus of SIFCON in tension do not seem to be very
sensitive to the water-cement ratio. At a constant fiber length, the elastic modulus of
SIFCON in tension was directly proportional to the volume fraction of fibers. Everything
else being equal, the higher the length of the fiber, the higher was the elastic modulus of
SIFCON.

Wang and Maji (1992) 34 this researcher found the shear properties from the deep
beams of the sifcon and compared it with the results of the torsion cylinder. The authors
have studied the anisotropy of sifcon by cutting a core from the specimen and by visual
inspection of the orientation of fibers. The cylindrical core specimens were tested under
pure torsion to obtain the shear strength. The orientation of fibers had a significant impact
on the shear stress. The authors have correlated the shear strength with fiber content and
compressive strength which provides easy means of determining shear strength from
compressive strength results for certain mix designs. In deep beams, tests were conducted
to obtain information on deep beams of SIFCON in shear to compare with the torsion test
results. In this study, deep beams were tested to ensure that the failure was in shear rather
than in flexure. Three beams were tested; however, the first beam failed at the support due
to improper placement and was rejected. The second beam had an ultimate load of (680
KN) with a corresponding deflection of (6.4 mm). A visible crack originated at the loading
point, at approximately 94% of the peak load and travelled down towards the support. Only
one diagonal crack appeared along the line joining the support and loading points. The
second diagonal crack did not appear until well after the ultimate load had been reached. It
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Is proposed that the torsion test provides areliable lower-bound shear strength that may be

used for design purposes.

Naaman and Baccouche (1995) [*3 had analyzed the shear response of
SIFCON with and without dowel reinforcement. The specimens were subjected to
monotonically increasing shear loading. It was found that the addition of steel fibers
greatly enhanced the shear strength and energy absorbing capacity of cement
matrices. The addition of dowel barsto SIFCON has increased the maximum shear
strength up to 15 percent. The shear strength of dowel reinforced SIFCON was found
to be 2.7 to 3.5 times more than that of dowel reinforced concrete. The energy
absorption capacity at the failure of SIFCON specimens was found to be 5.6 to 12.2
times more than that of dowel reinforced concrete specimens. Reinforcement
concrete (RC) specimens experienced multiple cracking and spalling of concrete
well before the ultimate loading whereas the SIFCON specimens did not suffer any
spalling even though they were subjected to much higher stresses and shear
displacements.

Balasubramanian et al. (1997) [*¢ concluded that SIFCON possesses high
torsiona strength when compared with FRC specimens. ‘Z’ shaped SIFCON and
FRC specimens were used to find the torsional strength. Three different types of
fibers were used in the study. For SIFCON specimens, fiber content by volume was
varied from 6% to 8% for straight fibers and was maintained at 6 % for both crimped
and trough shaped fibers. For FRC specimens, 1% fiber volume fraction was used.
The test was designed in such away that the specimen could freely rotate due to the
applied torque. The study revealed that the torsional strength was maximum at a
fiber content of 6 % and decreased with the increase in fiber content thereafter. For
specimens with straight fibers, the torsional strength increased with an increase in
aspect ratio.
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Thirugnanam et al. (2002) (37 had studied the flexural behavior of conventional

RC, FRC and SIFCON beams. The study reveals the advantages of using SIFCON in
structural members with respect to ductility and energy absorption characteristics. The
author had also investigated the use of SIFCON only in the hinges zones of the flexura
members. Theresults proved that the use of SIFCON may berestricted only in the selected
fuse locations of flexural members.

Sashidhar et al. (2005) [* have investigated the properties of SIFCON such
as compressive and tensile strength at el evated temperatures. Three different volume
fraction of fibers were used (8, 10 and 12%). The properties were studied at three
different temperatures (100C°, 200C° and 300C°) and at three different exposure
timings (4, 6 and 8 hours). The compressive strength and tensile strength of SIFCON
were found to be increased when the specimens were exposed to 100C° for 4 hours.
At atemperature of 200C° and more the compressive and tensile strength of SIFCON
decreased. Further, the strength of SIFCON decreased as the exposure duration
increased.

H. Sudarsana Rao, N. V. Ramana (2005) 9 in their paper entitled
‘Behavior of slurry infiltrated fibrous concrete (SIFCON) simply supported two-way
slabs in flexure’ have reported the information on behavior of two-way slabs in
flexure. Slurry infiltrated fiber concrete (SIFCON) is one of the recently developed
construction material. SIFCON could be considered as a specia type of fiber
concrete with high fiber content. The matrix consists of cement slurry or flowing
cement mortar. This composite material has already been used for structures
subjected to blast loading, repair of pre-stressed concrete beams and safe vaults.
Flexure and cyclic load tests have been conducted and compared with fiber
reinforced concrete (FRC) and plain concrete slabs. Both strength and deflection
characteristics have been studied.
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Rao et al. (2008) 9 had proposed a regression model anaysis for

estimating the punching shear strength of reinforced SIFCON slabs by conducting a
detailed study on the behavior of SIFCON two-way slabsin the punching shear. The
results are compared with FRC and conventional RC dlabs. SIFCON slabs were cast
with 8, 10 and 12% fiber volume fraction and for FRC slabsthefiber volumefraction
was 2%. Square slabs of size 600 x 600 x 50 mm were used astest specimens. It was
concluded that the ultimate punching shear load of SIFCON with 12% fiber volume
fraction was nearly 12 times more than that of conventional RC specimens and 10
times more than that of FRC specimens.

Farnam et al. (2010) (Y had compared the triaxial compressive behavior of
high strength concrete, high performance fiber reinforced concrete and SIFCON and
found that SIFCON has unique triaxial compression characteristics such as high
ductility, high triaxial compressive strength and hardening behavior. The test was
conducted on 75 mm x 150 mm cylindrical specimens with different fiber volume
fractions (0, 2, 5 and 10%). The test was conducted under four confining pressure
levels (O, 5, 15 and 21.5 N/mm2) according to triaxia conditions. The results
indicated that the increase in fiber volumes increased the peak stress, energy
absorption, toughness and Poisson’s ratio while increasing confining pressures
increased the peak stress, energy absorption and toughness.

SudarsanaRao H. et al. (2010) 2 have investigated the behavior of slurry-
infiltrated fibrous concrete (SIFCON) slabs under impact loading. Fiber-reinforced
concrete (FRC), reinforced cement concrete (RCC) and plain cement concrete (PCC)
slabs were also cast and tested for comparison purposes. The impact force was
delivered with a steel ball drop weight. The test results revealed that SIFCON slabs
with 12% fiber volume fraction exhibit excellent performance in strength and

energy-absorption characteristics when compared with other slab specimens.
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Regression models have been developed to estimate the energy absorption for

SIFCON slab specimens.

Murat Tuyan and Halit Yazie1 (2012) (3 had studied “Pull-out behavior
of single steel fiber from SIFCON matrix”, In this experimental study, the effect of
mix proportions of SIFCON matrix (slurry), curing conditions, aspect ratio of steel
fiber, embedded length and fiber type on the single fiber pull-out behavior from
SIFCON matrix was investigated. Test results indicated that fiber type, embedded
length of fiber, curing conditions, fiber end condition, and matrix strength has a
considerable effect on fiber—matrix bond. Increasing the diameter of the fiber and
improving the curing conditionsincreased matrix—fiber bond. In addition, increasing
bond strength was observed with increasing strength of SIFCON matrix. The pull-
out toughness increased by increasing embedded length of fiber. It has been
observed that hooked end fibers have shown better interface bond compared to the
smooth fibers.

Ahsanollah Beglarigaleet al. (2016) [*Y Carried out astudy the investigation
of the flexural performance of SIFCON composites subjected to high temperature.
Dueto synergistic interaction of different mechanisms, mechanical performance can
be lowered especially for the multi-component composite materials exposed to high
temperature. Standard or steam cured durry infiltrated fiber concrete (SIFCON) and
slurry specimens were subjected to 300, 600, 750 and 900 C° in the scope of present
study. Exposing the specimens to 300 C° enhanced the mechanical performance,
while higher temperatures have detrimental effects on the SIFCON composites such
asthelossin the cross section of steel fibers and the destruction of C—S-H structure.
2.5 Strengthening Technicswith SIFCON

Shannag et al. (2001) 3 had studied the structural behavior of shear
deficient RC beams repaired with SIFCON and presented a simple analytical
procedure for predicting the shear capacity of the repaired beams. Shear deficient
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RC rectangular beamswere strengthened by externally applied SIFCON jackets. The

specimens were tested under third-point (monotonic) loading. The parameters such
as shear span to effective depth ratio, amount of longitudinal reinforcement and the
thickness of SIFCON jacket were investigated. The study revealed that the use of
SIFCON jackets as externa shear reinforcement eliminated the brittle shear failure
and increased the ultimate shear strength of the repaired beams from 25 -55 % and
that SIFCON might be used as an effective material for the repair and rehabilitate
programmer of concrete structures.

Rajai Z.Al-Rousan and Mohammad J.Shannag (2018) ¥ had studied
“shear repairing and strengthening of reinforced concrete beams using SIFCON”
The experimental part of the study was divided into three stages. The first stage
involved testing of thirteen shear deficient beams under four-point |oading as control
beams taking into account the effect of shear span-to-effective depth ratio (a/d = 1.2,
2.2, and 3.0) and amount of longitudinal reinforcement (p=1.29%, 1.76%, and
2.28%). The second stage involved four shear deficient beams strengthened with
SIFCON. For purpose of comparison, two of the tested control beams with a/d of
2.2 and p of 1.76% and 2.28% were repaired with SIFCON jacket. The test results
indicate that all the beams strengthened with SIFCON jackets displayed an excellent
shear capacity. The use of SIFCON jackets as external shear reinforcement
eliminated the brittle shear failure and increased the ultimate shear strength of
strengthened beams from 37 to 53%. Therefore, SIFCON jacket can be considered
asapromising material for strengthening and repairing of RC structures. Finally, an
analytical model was proposed for predicting the shear behavior of the strengthened
RC beams with SIFCON Jackets with an acceptable error of less than 30%.

2.6 Concluding Remarks

The following concluding remarks are made from the existing literature in the

area of RC deep beams: with and without openings and the area of sifcon:
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1- While afew studies on fiber-reinforce solid deep beams are available in the

refereed previous literature, no such information available on SIFCON in
solid deep beam just (Wang 1992), so thereis alittle information available.
2- There is no research dealing with the behavior of reinforced SIFCON deep

beams with opening.
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Chapter Three

Experimental Work

3.1 Introduction

This chapter describes the properties of materials, mix proportions, casting and
curing, fresh and hardened properties of SIFCON, deep beams with SIFCON and
testing procedure.

3.2 Material Properties

3.2.1 Cement

Ordinary Portland cement (type I) is used during this work, named Karasta. It is
stored in dry place to avoid exposure to undesirable atmospheric conditions. The
chemical and physical properties of the cement are illustrated in Tables (3.1) and
(3.2), respectively. The obtained results indicate that the adopted cement complies
with the requirements of the Iragi Standard Specifications 1QS NO.5/1984 [471,
Table (3.1) Chemical composition of cement with 1QS 5/1984 limitations.

Compound Chemical Limits of Iragi
Composition Composition Specification
No. 5/1984[481

Lime
Silica
Alumina
Iron Oxide
Magnesia
Sulfate
Losson ignition
Insoluble residue . <15
Lime saturation factor (0.66-1.02)%
Tricalcium Silicate
Dicalcium Silicate

Tricalcium Aluminate

Tetracalcium
Alumminoferrite

Note: All tests were conducted by laboratory of Amaratechnical institute.
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Table (3.2) Physical propertiesof cement compared with 1QS 5/1984

l[imitations.

Physical Properties Test Results

Fineness Using Blaine
Air
Permeability Apparatus
(m?/kg)

Limitsof Iraqi
Specification No.
5/1984(47

Setting Time Using
Vicat’s Method

Initial (hrs: min)
Final (hrs: min)

Soundness Using
Autoclave M ethod

Compressive Strength of
Mortar
3 Days (M Pa)
7 Days (M Pa)
28 Days (M Pa)

Note: All tests were conducted by Technical Institute Laboratoriesin Amara.

3.2.2 Fine Aggregate

Natural sand from Gabal Sanam region in Basrah- Irag was used in concrete mixes

in this work. Table (3.3) and Figure (3.1) show the sieve analysis results, whereas

Table (3.4) illustrates the physical and chemical properties of the fine aggregate

used. The gained results show that the fine aggregate grading and the sulfate content
are within the limits of Iragi Specification No. 45/1984 431,
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Table (3.3) Seve Analysis of fine aggregate.

Passing min and max
according QS 45/1984

for Zone (3)[*

——Cinling ol Bue #2Eregale - Lawver Blr - FOFS 2577984 —ibr— Uppet Hmil - 105 4571088

12

SERF (i

Figure (3.1) Grading of fine aggr egate.
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Table (3.4) Physical and chemical properties of fine aggregate.

Limitsof Iraqi
Physical Properties Test Results Specification
No. 45/1984 481

Specific Gravity
Sulfate Content %
Absor ption %

3.2.3 Coarse Aggregate

Crushed gravel (passing sieve 12mm) from Chlat region was used. Grading of this
aggregateis shown in Table (3.5) and figure (3.2). Physical and chemical test results
are presented in Table (3.6). The results show that the coarse aggregate grading is
within the requirements of Iragi Standard 1QS N0.45/1984 481,

Table (3.5) Grading of coar se aggr egate.

Limitsof Iraqi
Specification
No. 45/1984
(48]

Physical Properties

Specific Gravity
Sulfate Content %
Absor ption %

Passing min and max
accordingto QS No0.45/1984
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Figure (3.2) Grading of coar se aggr egate.
3.2.4 Water

Reverse Osmosis (R.O.) water was used for mixing and curing all the concrete

specimens used in this research.
3.2.5 High Range Water Reducing Admixture

A superplasticizer commercialy named Flocrete PC 260 which confirms to
ASTM C494-991% type A and G was used in the mixes. It has been primarily
developed for producing high performance concrete, self-compacting concrete and
mortar, and for concrete production in hot and windy weather with extended
workability time. It is amost free from chlorides. Flocrete PC 260 is a high
performance superplasticizer admixture based on polycarboxylic ether polymer with
long chain specially designed to enable the water content of concrete to perform
more effectively. This effect can be used in high strength concrete and flowable
concrete mixes, to achieve highest concrete durability and performance. Table (3.7)
shows the technical description of Flocrete PC260.
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Table (3.7) Technical description of Flocrete PC 260

Chemical Base M odified polycar boxylates based
polymer

Appearance/ Colors light yellow liquid
freezing point -7°c approximately
Specific gravity@ 25°c 1.1+ 0.02
Typicaly, less than 2% additional air is
air entrainment entrained above control mix at normal
dosages
Dosage 0.5t0 4.0 liter per 100 kg of cement
Storage Condition / 12 months if stored at temperatures
Shelf Life between 2°c and 50°c

* Supplied by the manufacturer.

3.2.6 Silica Fume

A grey densified grade 920 D silica fume (which is a product from the
manufacture of silicon or ferro-silicon metal) was used, which imported from the
Elkem company in UAE. Silica fume are an extremely fine powder, as shown in
plate (3.1), its particles hundreds of times smaller than cement particles, always used
in 15 to 25% by of cement %9, as partial replacement of cement or as an additive (as
used in the present work) to enhance concrete properties. Chemica composition of
silica fume used in this investigation is shown in Table (3.8). The used silica fume
conforms to the chemical and physical requirements of ASTM C1240-045Y as
shown in Tables (3.9).

Plate (3.1) Sample of silica fume used in
present investigation.
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Table (3.8) Chemical Analysisof Silica Fume

Oxide composition Oxide content %

Table (3.9) Chemical and Physical Requirementsof SilicaFume ASTM C 1240-
04.

: . Limit of specification
0,
REGJUI T Analysis% [l - ouirement ASTM C 1240

M oistur e content

L.O.

Percent Retained on 45um
(N0.325) Sieve, M ax.
Accelerated Pozzolanic Strength Activity
Index with Portland Cement at 7 days, 129.1
Min. Percent of Control

Specific Surface, Min, cm?/g 210000

*Tests were carried out at the General Company of Geological Surveying and Mining.
** According to its certificate of conformity.

3.2.7 Hooked-End Steel Fiber (HESF)

Throughout thiswork, two type of hooked-end steel wirefiberswas used asin plates
(3.2 and 3.3). This type of steel fiber is manufactured by Dramix®
Company,imported from Turkey. According to ASTM-A820 %2, this type of steel
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fiber is classified as (Type I1). The properties of the steel fibers are presented in
Table (3.10).

Plate (3.2) Steel fiber with Aspect ratio (Lf/Df) =60  Plate (3.3) Steel fiber with Aspect ratio (Lf/Df) =55

LR

Table (3.10): Propertiesof steel fiber with aspect ratio = 60 and 55

Aspect Ratio = 60

Property

Density 7860 kg/ms
Ultimate strength 1150 MPa
Modulus of Elasticity 200x10°MPa
Poisson'sratio 0.28
Average length 60 mm
Nominal diameter 1.0mm

Aspect ratio (L+t/Dr) 60

Aspect Ratio =55

Density 7860 kg/me
Tolerances average (+ or -) 7.5%
Ultimate strength 1345 MPa
Modulus of Elasticity 200x10°MPa
Poisson'sratio 0.28
Average length 30 mm

Nominal diameter 0.55 mm
Aspect ratio (L/Dr) 55

*Data sheet of hooked-steel fiber for two type.
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3.2.8 Steal Reinfor cement

Deformed longitudinal steel bars was used in this study with nominal diameter of
16 mm and 10 mm while, deformed steel wires of diameter 4 mm were utilized for
both vertical and horizontal shear reinforcement. Deformed steel wire of 10 mm in
diameter was used as inclined reinforcement around openings. Table (3.11)
illustrates the properties of steel bars utilized. Tensiletests of the steel bars and wires
were carried out according to ASTM A370-14 53 using three specimens for each
diameter. Thetest was performed at the University of Misan Laboratories, plate (3.4)
shows testing machine for tensile strength test of steel bars. Test results indicated
that the adopted steel reinforcement complies with the requirements of ASTM
A615/615M-14 B4 for grade 60 bars of minimum yield strength fy = 420 MPa,
tensile strength fu = 620 MPa and elongation = 9%. Also the deformed wire
reinforcement conforms to the requirements of ASTM A 1064/A1064M -141551 which
recommended minimum values for fy and tensile strength fu of 515 and 585 MPa,

respectively.

Table (3.11) Tensiletest results of sted reinforcement.

Maximum
Gap
Bar Actual :
: : Area Elongation(ff (Chord of
diameter | diameter mm2 strength [Jf strength % 125 % of

mm mm :
Nominal

Perimeter

16 15.95 199.7 595 680 18 6.1
10 9.95 78.5 576 655 12.5 3.6
4 4.5 159 548 629 9.5 -
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Plate (3.4) Testing machine available at the laboratory civil engineering
department, university of Maysan.
3.3SIFCON Mix Design

Three mixes of SIFCON were made, according to components of these mixes.
Six cubes (100 x 100 x 100) mm were cast for testing of compressive strength, three
cylinders (100 x 200) mm for testing of tensile strength, three prisms (500 x 100
x100) mm for testing flexural strength and three double L shape for testing shear
strength at 28 days for al, plate (3.5). Normal mix also was cast for comparison
purposes. Table (3.12) showed the mix proportions.

el Vo
O ! | ‘.v '_;/-"

Plate (3.5) Casting and testing of sifcon

specimens
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Table (3.12) Mix proportions.

Cement
kg/m3

Fine Sand
kg/m3

Silicafume
from cement kg/m3

Water
kg/m3

super plasticizer
pc260 % from cement
kg/m3

Steel fiber
kg/m3

Gravd
kg/m3

3.4 Preferable Fiber Aspect Ratio

Program of work consist of casting (3 cubes, 3 cylinders, 3 prisms and 3 double L

Shapes) for each aspect ratio with one trail of mix (mix 3). Table (3.13) below

listed result average of tests:

Table (3.13) Thedifference between aspect ratio 55 and 66.

Aspect ratio = 55

Compressive strength
(MPa)

Aspect ratio = 60

Tensle strength (M Pa)

Flexural Strength (M Pa)

Shear Strength (M Pa)
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It is clear from the table of test results that steel fiber with (aspect ratio = 60) show

high results and easy in cast of sifcon specimens. Deficiency in workability of mix
and steel fiber with aspect ratio equal to 55 is the main factors that influence in
infiltration of the dlurry to the fiber network. High-range water-reducing admixtures
(superplasticizers) are used in order to improve the workability of the slurry to ensure
complete infiltration without increasing the water-cement ratio (W/C). The dosage
of superplasticizers hasthe greatest effect on fluidity, cohesiveness and penetrability
of cement durries. In the case of fine sted fiber, if fiber is distributed to full depth
of mold this may be lead to prevent infiltrate slurry to the fiber network because it

reduces pores between fibers. Plate (3.6) shown some failed samples.

Plate (3.6) Failed samples dueto thelack of fluidity of Slurry.
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3.5 Mechanical Properties of SIFCON

3.5.1 Fresh concrete
3.5.1.1 Slump flow test

Sifcon mix consider self-compacted concrete (SCC) because high fluidity to ensure
completeinfiltration through fiber network, so one of thetests of SCCisslump flow.
It done by a slump cone put in square plate with thickness at least 2 mm. Slump tests
were carried out to determine the fluidity of al mixes as shown in Figure (3.3). The
test is done by measure time to 500mm flow, drawing a circle 500mm in diameter is
recommended 1, as shown in Table (3.14):

Figure (3.3) Slump flow measur ement.

Table (3.14) Test result of Sump flow test.

EFNARC ACI237R-07
Testmethod | Resul

650-800 450-760
|3 I 25 |
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3.5.1.2 L-Box flow test method

The standard L-Box flow tester shall be a device made of stedl having shapes and

dimensions as shown in Figure (3.4).

Figure (3.4) Shapes and
dimension of L-type flow
tester

L-Box flow tester shall have adliding gate to prevent the flow of concrete at thetime
of charging. The diding gate shall be made of a material that is not deformed or
damaged during concrete charging or when raised. The test is done by measure the
maximum L-flow and subsidence to the nearest 1 mm and round off to the nearest 5

mm as shown in Table (3.15).

Table (3.15) Test result of L-type flow test.

EFNARC ACI237R-07
Ttmathod | Reut

3.5.2 Hardened Concrete Testing

3.5.2.1 Compressive Strength (fcu)

The compressive strength was obtained by testing six cubes for all trails according
to BS 1881 - 116: 1983, asgiven in Table (3.16) and Plate (3.7).
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Table (3.16) Test results of compressive tests.

7 days (MPa)

average

51.9

53.3

28 days (M Pa)

62.0
7 days (MPa)

61.0

60.1

28 days (M Pa)

65.6
7 days (MPa)

75.2

28 days (M Pa)

7 days (MPa)

28.1

28 days (M Pa)

Plate (3.7) Compression Testing Machine.

3.5.2.1.1 Modulus of Elasticity

Measurements of static modulus of elasticity of concrete (E;) were carried out
according to ASTM C469-02 %8 using three concrete cylinders of 150 x 300 mm for

trail3. Thistest was performed with the same type of machine used for compression
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test, as shown in Plate (3.8). The modulus of elasticity, is the slope of the straight
line drawn from the origin through the point of 0.4 fc'. The value of modulus of

elasticity is43531 MPafor mix 3. Figure (3.5) shown stress— strain curve:
45

40 — —»
35 y -

30 -
N i
20 ’./

15

10 /

5

0 o/
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035
Strain

stress (M Pa)

Figure (3.5) Compressive stress— strain curve for normal mix concrete

Plate (3.8) Concrete modulus of elasticity test.
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3.5.2.2 Splitting Tensile Strength (fy)

Splitting tensile strength test was conducted on 200x100 mm concrete cylinders
according to ASTM C496/C496M -11 139, The test was carried out with the same
type of machine used for compressive test at the laboratories of civil Engineering
Department, University of Missan as shown in plate (3.9). Testing was performed at
28 days and average result respectively. The average value of three specimens for
each mix and age was determined and recorded. Table (3.17) list the results for al

trals.

(@) (b) (©

Plates (3.9a, b and c) Digital compression machine used for concrete splitting

tensile strength test with failure samples.
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Table (3.17) Test results of splitting tests.
28 days (M Pa) average
13.8 13.3
28 days (M Pa)
15.6
16.6 :

28 days (M Pa)

18

28 days (M Pa)

2.2

3.5.2.3 Flexural Strength (fr)

A prism specimen with dimensions of 100x100x500 mm was used throughout
this test. Prisms are tested using the one-point loading with simple span between
support of 450 mm according to the ASTM C293 — 02 [® using MIE type testing
machine from MARUI company as shown in Plate (3.10). Testing was conducted at
ages of 28 days, see Table (3.18).
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achine and some samples tests.

average
304
38
55.5
55
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3.5.2.4 Shear Strength (Vs)

Double L shear specimens proposed by Balaguru (1987) 3 were used to
define the shear strength. The schematic representation of the specimen and
fabrication are shown in Plate (3.11). The test is done by compressive machine by
apply concentrated load on upper platein the direction of shear plane. Shear strength
Is obtain by divided applied load on area of shear plane.

Vs=

p
A

P = Applied load.
A = Area of Shear plane.

Plate (3.11) Details of double L shear
specimen, mold and tests specimens.

Table (3.19) shown below result of test:
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Table (3.19) Result of double L shear test.

average
37.3

45.1
61.8

3.6 SIFCON Deep Beams

An experimental work was carried out to examine the behavior of durry
infiltrated fibrous reinforced concrete deep beams with and without openings. The
study consists of constructing and testing two groups:

1- First group: testing of eight solid deep beams.

2- Second group: testing of eight deep beams with openings.
All deep beams are with an overall height (h = 320 mm), width (b = 110 mm), total
length (L = 1000 mm) and clear span (Ln= 770 mm) which gives L~/h ratio equal to
2.406, whichislessthan 4 that recommended by the provision of ACI 318M-14 code
(31, According to ACI code, degp beam can be design by strut and tie method. The
main longitudinal tension reinforcement consisted of two deformed steel barshaving

anominal diameter of 16 mm and one deformed stedl bar having nominal diameter
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of 10 mm. Web shear reinforcement made with 4 mm diameter deformed steel wires

distributed at a spacing of 50 mm c/c in both vertical (Sv) and horizontal (Sh)
directions to control cracking . The diameter of openings was chosen 75 mm. To
prevent local crushing of concrete at |oad and bearing points, steel plates of 110 mm
length, 50 mm width and 20 mm thickness were used. Details about the tested deep
beams are listed in Tables (3.20) and (3.21). Deep beams notation consisted of three
parts; the first part indicates the number of the group; the second part represents the
type of the mix; and the third part represents the number of deep beam. Thus, the
number of the group is (G1), the type of the mix is (N) for Normal, (S) for SIFCON,
and the number of deep beamis (A1l).

Table (3.20) Details of Solid deep beams.

. ald Reinfor cement
ratio % ratio

SBl

0.9 As shown |nf|g 3.7
0.9 Asshown infig.3.7
0.9 Asshowninfig. 3.7

SB3

- - W|thout vertical web reinforcement asfig.3.8
9% Asshowninfig. 3.9
9% 0.727 Asshowninfig. 3.10

‘ ‘ 9% Without main and web reinforcement fig.3.11
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Table (3.21) Details of degp beams with openings.

Stedl fiber a/d Inclined Shape of
ratio % ratio reinfor cement opening

-

Circular
opening
75 mm

center (mm)

Reinforcement
of deep beam

Asshown in
fig.3.12

Asshownin
fig.3.13

Asshownin
fig.3.13

Circular
opening
75 mm
Circular
opening
75 mm
Circular
opening
75 mm

Asshownin
fig.3.13

Asshownin
fig. 3.14

Circular

0 2¢10mm opening
75 mm

Circular

9% 2¢10mm opening
75 mm

Asshownin
fig. 3.14

Asshownin
fig. 3.15

a
0.9
0.9
0.9
0.9
0.9
09
09

Square
9% opening
70* 70 mm
9% Tnangular
opening

3.6.1 First group (Solid deep beams)

Asshownin
fig. 3.16

All the dimension of beams in mm, reinforcement sizein mm and all unit of forces

inkn

Group A (Normal concrete): This group consists of one solid degp beam

(GINA1), iscast of normal concrete with main and web reinforcement as shown in

figure (3.6):
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153 KM
R,

Figure (3.6) Details of (GINA1).

Group B — Variation of stedl fiber ratio:

sieal plate 190 *50 *20
_'. A

=104 @4
L a8

sucion A0

To study the effects of the fiber volumetric ratios. Three deep beams (G1SB1,
G1SB2 and G1SB3), with sted fiber percent of (6%, 7.5%, and 9%) were
constructed, figure (3.7).

=

120 KM

55 wla O

==

T
1003

150 KN
|

=l

==

—"B

_h, B

Group C - Removal of vertical web reinforcement:

| i b | S |

3z

I

| saction B-B°

Figure (3.7) Details of (G1SB1, G1SB2 and G1SB3)

The third group has one deep beams (G1SC1) with remova of vertical web

reinforcement and compared it with (G1SB3) as shown in figure (3.8):
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~ 770

150 KN

_’r

Figure (3.8) Details of (G1SC3).
Group D — Variation of Shear span to depth ratio (a/d) :

-0 -~

1

section I-I'

The type of shear failure depends mainly on a/d ratio, so thus two deegp beams
(G1SDland G1SD2) with 1.08 and 0.727 of a/d ratios were used to study this

behavior, asin figure (3.9) and (3.10):

150 KM 150 KK

— -

™ o
I 1003

Figure (3.9) Details of deep beam (G1SD1) with (a/d) = 1.08
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2
Figure (3.10) Details of deep beam (G1SD2) with (a/d) = 0.727

Group E — Plain sifcon deep beams:

This group consisted of one deep beam (G1SE1l) without main and web
reinforcement, this beam containing only SIFCON with volume ratio steel fiber of
9% and it is compared with G1SB3, asin figure (3.11):

1HIEH 151 KN
- et — 10 - . F

- = b
P S Qe R RS R R L RS Ry S A I S s m— - [ R p— p— | _|_,_-,_|
PR S (PR S e S R U R S D i R S S | [ (S [ R | IPAPREF (G |
— gt ot i g )  ppal jl jt ol el ] gt o | SR
— il e — jat — — — " p— g g — ] — o jp— j— o et el
P i S P S (R - e s [ g S| SIS A R | P |
it el il gl gl - e il g el il gl it gt il ‘et gl i il il g e,
P e SRRy D ) S T S R et PO (XL o e Le e W

e i e i i e e el = — —

| kgl i e ek gk ik gk et it gt | ot ot ot o

Pl el e I el el T = o

I (S R e i I el [ C S el W YE e e GRISS A i e E R |

RSN I S S S S N S R | [ R R— b i
I . - N o o 41 I H 2. I 3 1
- r:||:| -

L 100 - section F-F'

o

Figure (3.11) Details of deep beam (G1SE1).

3.6.2 Second group (deeps beams with opening)
All the dimension of beams in mm, reinforcement size in mm and all unit of forces

In kn. Not that the diameter of circular opening is 75 mm for all deep beams.
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Group A (normal concrete):
This group consists of one deep beam with circular opening (G2NAL), is cast of

normal concrete with main and web reinforcement asin figure (3.12):

T30 KN 153 KN

Ja— s — e — I — =] —» G

sgclion GG

— G’
Figure (3.12) Details of deep beam (G2NA1).
Group B variation of steel fiber ratio:
To study the effect of steel fiber ratio, three deep beams (G2SB1, G2SB2, and
G2SB3), with steel fiber percent of (6%, 7.5%, and 9%) were constructed in same

figure (3.13):

—_——g -

aArd

»

| ] |
- rro - r :
- ey - saction M-k

L
Figure (3.13) Explain details of deep beam (G2SB1, G2SB2 and G2SB3).

Group C — Inclined r einfor cement ar ound openings:

This group has two deep beams (G2NC1 and G2SC2). Each beam has eight inclined
reinforcements around the openings as shown in figure (3.14). Where, the beam
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(G2NC1) was cast with normal concrete, while the beam (G2SC2) was cast with
(SIFCON).

T KN 1HI KN
|

I 255 Mo
i == ~— 11—~

J20

s B
|

* 7o oz |
= 1000 - section T-T'

—p T
Figure (3.14) Details of deep beam (G2NC1 and G2SC2).

Group E — Shape of opening:

This group has two deep beams (G2SEland G2SE?2). The two beams were designed
with the shape of openings differ from the shape of openings of control beam.
Where, the beam (G2SEL1) had triangular openings. While, the beam (G2SE2) had
square openings. Note that the area of triangular and square openings equalsthe area

of circular openings with diameter 75 mm. Figures (3.15) and (3.16):

1= EH T KA

- 25 s o o —» E
- F3 a—

—p E
Figure (3.15) Details of deep beam (G2SE1).
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LB F
Figure (3.16) Details of deep beam (G2SE?2).

3.7 Steel Reinforcement M esh

All deep beams had the same flexural reinforcement at the bottom of 216 and
110 mm. Each bar was hooked at both ends using 90° standard hooks with 190
mm extended lengths for @16 and 120 mm for @10 in order to prevent bond failure
(21, Deformed stedl wires having a nominal diameter of 4mm were used as vertical
and horizontal web shear reinforcement. The vertical and the horizontal web
reinforcement were in the form of closed stirrups. For degp beams having inclined
reinforcement, deformed steel wires of @ 10 mm were placed to make an angle of
45° with the longitudinal direction of the concrete deep beam. All reinforcement
mesh was supplied with two lifting hooks made of @4 mm steel wire to handle and
place the deep beams. All steel bars and steel wires were arranged and connected
together by using 1 mm steel wire to make up the required reinforcement mesh as
shown in Plate (3.12). To gain a bottom cover of 30 mm for tension bars and side
cover of 15 mm for the web shear reinforcement, two types of plastic spacers were
used, as shown in Plate (3.13)
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Plate (3.13) Plastic spacers.

3.8 Casting Procedure of SIFCON Deep Beams

All molds, which made from steel plate, were cleaned and their internal surfaces
were oiled to prevent adhesion of concrete after hardening. Specimen preparation
and mixing procedure are described bel ow:

a) Before mixing, all quantities were weighted and packed in a clean container, and
the molds were oiled one day before casting as shown in Plate (3.14).
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b) Sted reinforcement mesh were placed in their correct positions and the specified

protection cover is checked by placing concrete spacers between the opposite sides
and bottom of mold.

¢) For al Mixing, the silica fume and cement were mixed in dry state for about 5
minutes to disperse the silica fume particles throughout the cement particles, then
the sand was added and the mixing continued for another 10 minutes as shown in
Plate (3.15). Then, the superplasticizer was dissolved in water and the solution of
water and superplasticizer was added to the rotary mixer and the whole mix
ingredients were mixed for a sufficient time.

The mixer was stopped and mixing was continued manually especialy for the
portions not reached by the blades of the mixer. The mixer then was operated for 5
minutes to attain reasonable fluidity until become slurry.

Then, to obtain a homogenous mixture, pour the mixing in to the mold in three
layers. Firstly, thefibersis placed as random distribution in the mold about one third
of the depth. Then, the concrete slurry is pour over bed layer of steel fiber toinfiltrate
inside of network fiber. This process is then repeated to the other layers until the

required depth is achieved, as shown in Plate (3.16).

B 3

= ._'5 o8 ‘ . .“"o‘:'
Plate (3.14) Material of all deep beams at container.
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(@) (b)

(Plate 3.15) a: Silica fume mix with cement  b: Silicafume and cement mix with sand

Plate (3.16) Shown cast of SIFCON layer and specimens after cast.
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3.9 Molds

Two steel mold formswere used in the casting for all deep beams as shown in Plate
(3.17).

Plate (3.17) Steel molds used for fabrication of degp beams.
The inside dimensions of each mold were 1000mm x320mm x110mm (length x
depth x width). The forms were made of steel plate of 3 mm thickness, the mold
consists of two pieces connected by four stedl bolts at the both. The openings were
made by using PV C pipes, triangular and square thin plate (3mm) as shown in Plate
(3.18a,b). The molds were cleaned and oiled before being used.
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(@) (b)
Plate (3.18) a: Circular openings formed from plastic pipe.

b:Triangular and Squar e openings formed from thin plate (3mm).

3.10 Curing of Specimens

All specimens were demolded after 24 hours, and then they were cured at a
water bath and left until the end of water curing at 28 days as shown in Plate (3.19).

..,": : =1

Plate (3.19) Curing of specimens
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3.11 Testsand Measurement Devices of Deep Beams
3.11.1 L oad M easurements

Torsee Universal Testing Machine in Basrah university with a capacity of (2000)
(KN) was used to apply the load, Plate (3.20):

Plate (3.20) Torsee Universal Testing Machine

3.11.2 Deflection M easur ements

Vertical deflection was measured at the mid-span of the deep beams by using
mechanical dial gauge with an accuracy of 0.01lmm fitted to magnetic stands
attached to the independent steel frame that carried the displacement transducers as
shownin Plate (3.21). Thedial gauge was placed under the bottom face of the tested
deep beam at mid-span.
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Plate (3.21) Dial gauge used for deflection measurements.

3.11.3 Electrical Strain Gauges

3.11.3.1 Typeof Strain Gauges

Tokyo Measuring Instruments (TML) strain gauges (Tokyo Sokki Kenkyujo Co.,
Ltd.) were used to measure the strainsin the present study. Strain gauges are easy to
use and offer a high degree of accuracy and stability. The type of strain gauge used
in this study was PFL-10-11 as in Plate (3.22) it was used in al tests. All gauges
had a nominal resistance of 120 + 0.3 ohms and a nominal gauge factor of 2.12 +
1%. The Gauge Factor is an expression for the change in resistance given and it is
dependent on Poisson’s ratio of the material on which the gauge was tested. When a
material was subjected to externa force, physical deformation was generated and
that caused change in electrical resistance of material. Strain gauges measure
proportional strain to the changes of resistance by electrical resistance of the material
of which it consists. When strain is generated in atest material and strain gauge has
been bonded, consist of electrical resistance material and measure proportional strain
to the resistance changes. Due to this variation in electrical resistance, the strain is

generated proportional to variation 4 as shown in Figure (3.17).
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i Kenkyujo Co., ltd
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Plate (3.22) Strain Gauges Type.
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Figure (3.17) Strain Gauge Configurations

AL AR 1

€=T=?*E ........ (3.2

€: isthe strain measured.
R: isthe resistance of gauge.
AR: is the resistance change due to strain.
K: isthe gauge factor existing on package.
3.11.3.2 Strain Gauge Coding System
For the selected TML strain gauge PFL-10-11, PF is gauge series
(polyester foil gauge), L is pattern configuration (single), 10 is gauge length in mm,
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11 is compensation material ppm/C° and lead wires length is 3m. The installation of

strain was cleared in appendix (A).
3.11.4 Geo Data L ogger series 6000
A data logger by wykeham farrance (GEODATALOGGER series

6000) (also named as data recorder) is an electronic device that records data over
time or in relation to location either with a built in instrument or sensor or via
external instruments and sensors. Increasingly, but not entirely, they are based on a
digital processor (or computer). They generally are small, battery powered, portable,
and equipped with amicroprocessor, internal memory for data storage, and sensors.
Strain of data loggers interface with a personal computer, and use software to
activate the data logger and view and analyze the collected data, see Plate (3.23).
Strain gages is connected to datalogger by 16 channd to read the resistance in ohm.

Plate (3.23) Data Logger and Computer connection.

3.11.5 Strains Distribution
Figures(3.18aand b) show strainsdistribution for group one and two, also Table
(3.22 and 3.23) show detailing of distribution of strainsin front face of solid deep

beams and deep beams with openings.
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Figure (5.18) a: Strain distribution of solid deep beams.

b: Strain distribution of deep beamswith openings.

Table (3.22) Strains positions of solid deep beams.

Position of strains

Zonel Zone?2 Zone3 Zone4
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Table (3.23) Strains positions of degp beams with openings.
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|
Chapter Four

Results and Discussions
4.1 General

The results of the experimental work that were carried out to investigate the
behavior of durry infiltrate fibrous reinforced concrete deep beams with and without
openings. The results of finite eement investigation to SIFCON deep beams are
presented in this chapter.

Two groups of deep beams with and without openings are tested with many
variables. The experimenta variables are steel fiber ratio, shear span to depth ratio
(a\d), presence of the vertical web shear reinforcement, shape of opening and
removing of steel reinforcement mesh (with SIFCON only).

4.2 Experimental Resultsof SIFCON Mixes

Theresults of compressive strength, tensile strength, flexural strength and shear

strength for all four mixes are summarized in Table (4.1)

Table (4.1) Propertiesresults of mixes

Compressive
[tems strength
M Pa

It can be seen from Table (4.1) the best results are for the mix 3, so thismix is

later used in construction of deep beams.
4.3 Experimental Results of SIFCON Deep Beams
The sixteen SIFCON deep beams tested in this study are divided into two

groups according to experimental work. The deep beams were tested up to failure
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under symmetrical two point loads. When load is applied, the load of first crack,

ultimate load, mid span deflection, toughness and ductility recorded.

Tables (4.2) and (4.3) illustrate the experimental and numerical load of the
first crack and ultimate load; as well as the experimental and numerical maximum
deflection for both solid deep beams and deep beams with openings. Deep beams
(GINAL, G2NA1l and G2NC1) were established for comparison purposes as

reference specimens to observe the differences among the deep beams.

Table (4.2) Loads at first crack and ultimate loads for (experimental and

numerical) solid deep beams.

M ax mid deflection

First Crack load (Pcr.) (kN) Ultimate load (kN) (mm)

P(Num.) Pu(Num.)
P(Exp.) Pu(Exp.)
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Table (4.3) Loads at first crack and ultimate loads for (experimental and

numerical) deep beams with openings.

Max mid deflection

First Crack load (Pcr.) (kN) Ultimate load (kN) (mm)

Pu(Num.) Pu(Num.) 8 Num.

Pu — — o
(Exp.)

Pu(Exp.) Pu(Exp.) 8 Exp.

4.4 Experimental of Solid Deep Beams
4.4.1 Effect of Steel Fiber Ratios (6%, 7.5% and 9%)

4.4.1.1 L oad — deflection curve and crack patterns

The load-deflection curves of SIFCON for typical nonfibrous control
specimens (GINA1) and specimens (G1SB1, G1SB2 and G1SB3) with stedl fiber
ratios 6%, 7.5%, and 9% respectively, are plotted in fig. (4.1).

The failure of SIFCON deep beams is different from conventiona concrete
beams during loading stages. This is because of the fact that the opened crack in
fibrous concrete is restricted when the load is transferred by the tension in the fibers

which cause to bridge the gap between the faces of cracks.
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Early crack isappeared in degp beam (G1NA1) with applied small load compared

to SIFCON deep beams. The increase in the value of load at first crack and ultimate
load with the increase of the steel fiber ratio.

Also the increase of the sifcon ratios by 6%, 7.5% and 9% caused an increase in
the load at first crack by 275%, 331.25% and 362.5% respectively and increase in
the ultimate load by 196%, 206% and 239.4% respectively, where compared to
conventional concrete deep beam (G1NA1) as showninfigs. (4.2) and (4.3).

Deep beam (G1INA1) exhibit more brittle behavior but that the increase of steel
fiber percentage makes them more ductile with increase ultimate load.

Crack patterns of deep beam (G1NA1) is a combination of shear and flexural
crack with small bearing crashing isoccurred. Thefirst crack is started in shear zone,
and astheload increased, another diagonal cracks appeared on both sides of the deegp
beams and shear crack progressed upward until failure in shear as shown in plate
(4.1).

Deep beam (G1SB1) with increasing applied load, generated flexura crack and
another diagonal crack is appeared. Crack in top strut between two point loads is
appeared in advanced stages of loading. Flexural failure was appeared when load
reached to ultimate value, see plate (4.2). Deep beam (G1SB2) with applied load,
combination flexural and shear cracks is appeared. Flexura failure is done at
ultimate load, see plate (4.3). In Deep beam (G1SB3) very fine crack in tension zone
is began to form when load is applied. Also, one diagonal and crack in top strut is

appear but flexural failureis occurred, see plate (4.4).
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Figure (4.1) Load - Deflection Curve for Degp Beams (G1INAL, G1SB1, G1SB2
and G1SB3) specimens.
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Figure (4.2) Cracking load — sted fiber ratio for deep beams (G1NAL, G1SB1,
G1SB2 and G1SB3).
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Figure (4.3) Variation of ultimate load — stedl fiber ratio for deep beams
(GINA1, G1SB1, G1SB2 and G1SB3).
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Plate (4.2) Experimental deep beam G1SB1 (6% ) after failure.
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Plate (4.4) Experimental deep beam G1SB3 (9%) after failure.

4.4.1.2 Load — strain curve

Strains were measured in four locations (two levels in the shear zone, one
location in the tension zone and one location in the compression zone) across the
depth of the deep beam, as shown in chapter three.

Very small strainswererecorded at thefirst stage of loading up to onset of cracks
in sifcon deep beams, when a sudden increase in the strains were taken place,
thereafter the strains increased amost non-linearly with increasing the load.

In all specimens, except for (GLINAL)), strains larger than (0.003) are measured.
The ultimate strains for deep beams (G1NA1, G1SB1, G1SB2 and G1SB3) is
(0.0019, 0.0039, 0.0044 and 0.0047) respectively, as shown in Figs (4.4) to (4.7).

This coincides with the finding in previous study 67,
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Figure (4.4) Strain distribution of degp beam (G1INA1)
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Figure (4.5) Strain distribution of deep beam (G1SB1)

73



Chapter Four Results and Discussions

——z0ne-1 —l—zone-4 zone-3

1200

1000 / /.

A o
/ =

®
3

Load (kN)
[o2]
3

f/
L

0 0.001 0.002 0.003 0.004 0.005
Strain

IN
3

g

Figure (4.6) Strain distribution of deep beam (G1SB2)
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Figure (4.7) Strainsdistribution of deep beam (G1SB3)
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4.4.1.3 Toughness of Solid Degp Beams

In materials science, toughnessis the ability of a materia to absorb energy
and plastically deform without fracturing [63. One definition of material toughness is
the amount of energy per unit volume that a material can absorbed before rupturing
so is caled by (energy absorption) (%, The toughness is caculated from load
deflection curve (%3, The energy absorption characteristics of SIFCON containing
9% of fiber content performed well among all other SIFCON specimens as in Fig.
(4.8). Toughness of beams (G1SB1, G1SB2 and G1SB3) are greater than for beam
(GINA1) by (760%, 1043% and 1173%), respectively.

8000

7000

6000
5000
4000
3000
2000
1000
, 1l
0 6 1.5 9

Stedl Fiber Ratio %

T« Touahness(kN.mm)

Figure (4.8) Variation toughness of deep beams (G1NA1, G1SB1, G1SB2 and
G1SB3) with steel fiber ratio.
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4.4.1.4 Ductility of deep beams

Is a measure of a material’s ability to undergo significant plastic deformation
before rupture, which may be expressed as percent elongation or percent area
reduction from atensile test (€3],

Ductility of deep beams (G1SB1, G1SB2 and G1SB3) are greater than for deep
beam (GINA1) by (220%, 380% and 520%) respectively as illustrated in figure
(4.9).

B
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= 0.8
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Figure (4.9) Variation ductility of deep beams (G1INA1, G1SB1, G1SB2 and
G1SB3) with sted fiber ratio.

4.4.2 Effect of Presence vertical web reinforcement

4.4.2.11 oad — deflection curve and crack pattern

Fig. (4.10) shows that the load verses the deflection curves of SIFCON deep beams
GINA1, G1SB3, and G1SC1 with removing vertical web reinforcement.
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The results showed that the SIFCON deep beam (G1SC1) when removing

vertical web reinforcement gave a decrease by about 31.7% from deep beam
(G1SB3) and increase of about 215.6% compared with deep beam (GINAL) in
cracking load as shown in fig. (4.11).

The ultimate load of deep beam (G1SC1) is reduction by 8% compared with
(G1SB3) and increasing by 212.12% from (G1INAL1), asshown in fig. (4.12).

In general, remove of vertical web reinforcement in the SIFCON deep beam
which showed that the effect is very little on the ultimate |oad capacity compared to
cost. Thisis due to the presence of SIFCON in the shear and flexural zones which

showed good resistance to shear and flexural strengths.
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Figure (4.10) Load - Deflection Curve for Deep Beams (G1NA1, G1SB3 and
G1SC1) specimens.
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Figure (4.11) Variation of cracking load with solid deep beams (G1NAL,
G1SBS3, and G1SC1).
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Figure(4.12) Variation of ultimateload with solid deep beams (G1NA1, G1SB3,

and G1SC1).

The crack patterns of specimen (G1SC1) are shown in plate (4.5). The cracks of
the deep beam (G1SC1) are similar to the deep beam (G1SB3). The increase of load
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generated cracks in the tensile area. Small number of Cracks were also observed in
the shear area and top strut. The failure was in the tensile area when reaching the
ultimate load despite the removal of the vertical web reinforcement due to the high
strength of the SIFCON in shear zone.

Plate (4.5) Experimental deep beam G1SC1 after failure.

4.4.2.2 Load — strain curve

The strain concrete is decreased by removing vertical web reinforcement. The
value of ultimate strainswas (0.0035) for zone 1, (0.0044) for zone 2 and (0.003) for

zone 3. Higher value of strain recorded in tension zone, asin fig. (4.14).
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Figure (4.13) Strainsdistribution of deep beam (G1SC1).

79



Chapter Four Results and Discussions

]
4.4.2.3 Toughness of deep beam

The calculation area under curve of load — deflection of deep beam (G1SC1), the
value of toughnessis 6338.3 kN.mm. Toughness decreased with removing vertical
web reinforcement by 8.5% from deep beam (G1SB3) but it is greater than deep
beam (G1NA1) by (1065%), so this lead to fact that SIFCON mix give very high
energy absorption, see Fig. (4.15).
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Figure (4.14) Variation toughness of degp beams (G1INA1, G1SB3 and G1SC1).

4.4.2.4 Ductility of deep beam

The value of ductility characteristics of SIFCON deep beam (G1SC1) is 2.9 %.
Ductility decrease with removing vertical web reinforcement by percentage 6.45%.
However, the value of ductility increased from the conventional deep beam
(GINA1) by 480% see Fig. (4.15)
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Figure (4.15) Variation ductility of degp beams (G1INA1, G1SB3 and G1SC1).
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4.4.3 Effect of Shear Span (a/d effect)

4.4.3.1 L oad — deflection curve and crack pattern

The influence of varying shear span to the effective depth ratio &d on the
behavior of SIFCON solid deep beams is investigated. Two deep beams having a/d
ratios 1.08 and 0.727 are examined in addition to a/d ratio 0.9 tested in group B (deep
beam G1SB3).

The load-deflection relationship for deep beams (G1SD1 and G1SD2) are
presented in Fig. (4.16).

The crack load is decreased in deep beam (G1SD1) by 25.7% and (G2SD2)
increased by about 18.9% if compared with deep beam (G1SB3) as shown in fig.
(4.17).

While, the ultimate load of beam (G1SD1) is decreased by about 6.25% and
(G1SD2) is increased by about 25% from deep beam (G1SB3), as shown in fig.
(4.18). The reason is due to the decrease in the ratio of (a/d) lead to increase in the

arching action.
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The crack patterns of these deep beams are depicted in plate (4.6) and (4.7).
At the deep beam (G1SD1), multiple cracks are beginning to form in tension zone
when load is applied in start of test. It was observed diagonal cracks when load is
continuing to applying. The cracks in the tensile area stopped near to neutral axis
although reaching to ultimate load.

At the deep beam (G1SD2), multiple diagonal cracksis began to form in shear
zone when load is applied. By observing tensile area, all cracks is vanished as a
result of the shifting of the loads to the supports.
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Figure (4.16) Load - Deflection Curve for Deep Beams (G1SB3, G1SD1 and
G1SD2) specimens.
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Figure (4.17) Variation of cracking load with solid deep beams (G1SD1,
G1SB3 and G1SD2).
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Figure (4.18) Variation of ultimateload with solid deep beams (G1SD1, G1SB3
and G1SD2)
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Plate (4.6) Experimental deep beam (G1SD1) after failure.
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Plate (4.7) Experimental deep beam (G1SD?2) after failure.

4.4.3.2 Load — strain curves of deep beams

Figures (4.19) and (4.20), it can be observed that the strain increased in the zone
(2) more than in zones (1) and (3) for the deep beam (G1SD1). Thisis because the
increasing theratio (a/d), in which loads are close to the middle of the beam, causing
the flexural in the beam more than shear and thus increase of strains in the middle.

And vice versafor the deep beam (G1SD2)

—&—7Zone-1 ——Z7Zone-2 ——Zone-3

1200
1000 2 —
800 / /.//
600 i
dlrad

400 / e

200 %,/

0 Ef

0 0.001 0.002 0.003 0.004 0.005 0.006
Strain

Load )KN)

Figure (4.19) Strainsdistribution of deep beam (G1SD1).
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Figure (4.20) Strainsdistribution of deep beam (G1SD?2).

4.4.3.3 Toughness of deep beams

The value of toughness characteristics of SIFCON deep beam (G1SD1 and
G1SD2) is (7558 and 4265.5) kN.mm, respectively. Toughness decreased with

decrease a\d ratio, seefigure (4.21).
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Figure (4.21) Variation toughness of deep beams (G1SB3, G1SD1 and G1SD2).
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4.4.3.4 Ductility of deep beams

The values of ductility characteristics of SIFCON deep beams (G1SD1 and
G1SD2) is 4.31% and 0.8 %. Note that the ductility is decrease with decrease a\d
ratio., seefigure (4.22):
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Figure (4.22) Variation ductility of deep beams (G1SB3, G1SD1 and G1SD?2).
The reason that the ductility dropped in the deep beam (G1SD2) had a small
deflection and therefore produced alittle elongation.

4.4 4 Effect of Removing M ain and Web Reinfor cement

The purpose of this study is to determine the efficiency of the Sifcon at deep
beams without the use of vertical reinforcement.

4.4.4.1 L oad — deflection curve and crack pattern

Experimental |oad-deflection response of deep beam (G1SEL) is shown in fig.
(4.23). In general, the relationship is approximately linear in this deep beam prior to
failure, it can be observed that the removal of mesh reinforcement caused increasing

In deflection and ductility.
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The crack patterns of this deep beam are depicted in plate (4.8). At load of (460

kKN), the crack propagation of deep beam G1SE1 started with the formation of
flexural cracks at mid span and extending upwards at limit level of depth. And then
followed by small cracks in shear zone. As the load increased, another diagonal
cracks appeared on both sides of the deep beams and multi flexural crack progressed
to upward.
Also, high cracking load was about 523 KN in tension zone, see figure (4.24).

The ultimate load capacity for deep beam (G1SE1) is recorded about (922 KN).
It was decrease about 17.6% from deep beam (G1SB3) and increase about 179.4%
from deep beam (G1NA1), seefigure (4.26).
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Figure (4.23) Load - Deflection Curve for Deep Beams (G1NA1, G1SB3 and
G1SE1) specimens.
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3 B

Pléte (4.8) Experimental deep beam (G1SE1) after failure.
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Figure (4.24) Variation of cracking load with solid deep beams (G1INAL,
G1SB3 and G1SE1L).
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Figure (4.25) Variation of ultimateload with solid deep beams (G1INA1, G1SB3
and G1SEL).

4.4.4.2 Load — strain curves of deep beams

Strains of deep beam (G1SEL) islisted in figures (4.26). Higher strain is recorded
in tension zone (0.0041).
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Figure (4.26) Strainsdistribution of degp beam (G1SEL).
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4.4.4.3 Toughness of deep beam (G1SE1)

Energy absorption valueis 5981.5 KN.mm. It should be noted that the energy
absorption of SIFCON deep beam (G1SE1) without main and web reinforcement
exhibited small toughness value if they compared with Sifcon solid deep beam
(G1SB3), it is about of 13.62%. This means that the removal of the reinforcement
mesh had little effect and gave high results compared to the conventional deep beam
asshown in figure (4.27).
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Figure (4.27) Variation toughness of degp beams (GINA1, G1SB3 and G1SE1).
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4.4.4.4 Ductility of deep beam (G1SE1)

Higher ductility is recorded (4.6%) in deep beam (G1SE1) by increasing
percentage 48.4%, see figur e (4.28). The reason that the ductility increased in deep
beam (G1SEL) due to increase in deflection.

Dhiae pilidy i

G1NAL G15B3 G15E1

Figure (4.28) Variation ductility of deep beams (GINA1, G1SB3 and G1SE1).

4.5 Experimental of deep beams with openings
4.5.1 Effect of Steel Fiber ratio (6%, 7.5% and 9%)

45.1.1 L oad — deflection curve and crack pattern

Theload-deflection relationship for this group of deep beamispresented in Figure
(4.29). This group consisted of four deep beams (G2NA1, G2SB1, G2SB2 and
G2SB3), the first degp beam is casted for comparison purposes. All deep beams of
this group failed in shear.
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The increasing in cracks loads for sifcon deep beams (G2SB1, G2SB2 and

G2SB3) were 60%, 140% and 236% respectively compared with the beam
(G2NA1), seefigure (5.30).

And the increasing in ultimate loads for sifcon deep beams (G2SB1, G2SB2
and G2SB3) were 223.8%, 242.8% and 309.5% respectively compared with the
beam (G2NA1) seefigure (4.31).

The crack of deep beam of conventional concrete G2NA1 started with the
formation of shear cracks followed by flexure cracks. The appearance and
distribution of cracks in the shear span area were considerably affected by the
presence of the openings, while the crashing in concrete occurs when the load
increases. At earlier loads, inclined shear cracks were formed from the diagonal
edges of the opening and then propagated toward the support and load points as the
load increased. These cracks simultaneously initiated above and bel ow the openings
in both sides of the deep beam. With afew increments, flexure cracks started to form
from the deep beam soffit, asin plate (4.9).

Deep beam (G1SB1) with applied load, generated diagonal shear crack in two
edge of circular opening is appear without flexural crack. As observe, no crack in
top strut between two point loads with high load. Shear failure is done at ultimate
load, as shown in plate (4.10). Deep beam (G1SB2) with applied load, shear cracks
are appearing without any flexural cracks. Shear failure is done at ultimate load, as
shown in plate (4.11). In Deep beam (G1SB3) very fine crack in tension zone is
began to form when load is applied. Also, one diagonal is developing to failure on
the two edge side of circular openings, as shown in plate (4.12).

Eventually, the failure occurred by splitting the deep beams along the line joining
the bearing edges and openings tangents opposite to it, followed by crushing of
concrete at the edge bearings at the load positions for conventional concrete and

without crashing for sifcon deep beams.
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Figure(4.29) Load - Deflection Curvefor Deep Beams (G2NA1, G2SB1, G2SB2
and G2SB3) beams.
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Figure (4.30) Variation of Crack load with Sifcon ratio of openings deep
beams.
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Figure (4.31) Variation of ultimate load with Sifcon ratio for opening deep
beams.

Plate (4.10) Experimental Deep beam G2SB1 (6% SF) after failure.
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Plate (4.11) Experimental Deep beam G2SB2 (7.5% SF) after failure.

Plate (4.12) Experimental Deep beam SB3 (9% SF) after failure.

45.1.2 Load — strain curves of deep beams

In specimens (G2SB1, G2SB2 and G2SB3) of Sifcon exhibit large strain
(0.006, 0.0092 and 0.01) respectively, morethan (0.003) with increaseload in failure
regions and conventional concrete deep beam with strain (0.003). The presence of
opening in deep beam increasing strain close to openings due to concentration

stresses around openings, see figures (4.32) to (4.35).
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Figure (4.32) Strainsdistribution of deep beam (G2NA1).
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Figure (4.33) Strainsdistribution of deep beam (G2SB1).
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Figure (4.34) Strainsdistribution of deep beam (G2SB2).
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Figure (4.35) Strainsdistribution of deep beam (G2SB3).
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4.5.1.3 Toughness of degp beams

Toughness increases with increase sifcon ratio by about (888.26%, 1270%
and 1799.8%) compared with the deep beam (G2NA1), seefigure (4.36).
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Figure (4.36) Variation toughness of deep beams (G1INA1, G1SB3 and G1SEL).
4.5.1.4 Ductility of deep beams

Ductility of degp beams with openings (G2SB1, G2SB2 and G2SB3) increases by
about (147.43%, 348.71% and 402.56%) compared with the deep beam (GINAL).
ductility in deep beam with openings increase if comparison with solid deegp beams,

seefigure (4.38)
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Figure (4.37) Experimental ductility of deep beams (G2NA1, G2SB1, G2SB2
and G2SB3).
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4.5.2 Opening Reinfor cement Effect

Theincorporation of theinclined reinforcement around openings isfound very
effective in improving the shear strength and the deflection of the tested RC deep
beam 2%, Thus, it's good to examine the effect of the inclined reinforcement around
openings on the behavior of durry infiltrated fibrous (SIFCON) and normal
concrete. Therefore, in thisgroup two deep beams (G2NC1 and G2SC2) had inclined
reinforcement around their openings were tested. One of them was cast with normal
concrete and the other from slurry infiltrated fibrous concrete (SIFCON).

45.2.1 Load — deflection curve and crack pattern

Figure (4.40) explains the |load-deflection relationship of this group. It can be
noted that, for deep beam G2NC1 the deflection values decreased when adding
inclined reinforcement with increasing load as aresult of restricting the crack width
in the shear zone. Cracking load is listed in figure (4.39):

Eventually, in shear zone deep beam G2NC1 failed with load greatly larger
than the failure load of deep beam G2NA1 by about 33.8%, also deep beam G2SC2
failed with load greatly alittle than the failure load of deep beam G2SB3 by about
9.3%, as shown in Figure (4.38). This a little increment is expected due to the
positive influence of Sifcon mix. The two beams failed in shear. The shear failure
occurred by the same way observed in deep beam G2NA1. The deep beam G2SC2
failed at load greater than deep beam G2NCL1 by about 234.5 % and without the
crushing of concrete at the edge bearings at the load and support positions. Due to
the behavior of Sifcon mix. Also, it can be seen that the ultimate |load of deep beam
G2SC2 is significantly increased when compared with the normal concrete deep
beam G2NA 1 by about 347.62%, thisincrement is because of the behavior of Sifcon
with the existence of inclined reinforcement around the openings.
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The crack patterns of deep beam G2NC1 were characterized by the formation of

inclined cracks in asimilar way to that occurred in deep beam G2NA1 at the same
load level. While, for degp beam G2SB3, the inclined cracks appeared on the load
level greater than that of deep beams G2NA1 and G2NC1. Shear crack without
flexural crack followed them as the load increased in degp beam G2SC2, while in
deep beam G2NC1 appeared at the load level dlightly smaller from deep beam
G2NA1. Other diagonal cracks formed with the increasing of the loads until they
stopped to appear inflexural region. Plates (4.13) and (4.14) show the crack patterns
of the tested deep beams.
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Figure (4.40) Load - Deflection Curve for Degp Beams (G2NA1, G2SB3,
G2SC2 and G2NC1) specimens.
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Figure (4.39) Variation of cracking load with openings deep beams (G2NA1,
G2NC1, G2SC2 and G2SB3).
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Figure (4.38) Variation of ultimate load with openings deep beams (G2NAL1,
G2NC1, G2SC2 and G2SB3).
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Plate (4.14) Experimental Deep beam G2SC2 (9% SF) after failure.
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45.2.2 L oad — strain curves of deep beams

Strains of deep beams (G2NC1 and G2SC?2) is illustrated in figures (4.42) and
(4.43). High strain recorded in deep beam (G2SC2) as about (0.015).
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Figure (4.41) Strainsdistribution of deep beam (G2NC1).
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Figure (4.42) Strainsdistribution of deep beam (G2SC?2).
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4.5.2.3 Toughness of degp beams

It can be noted that the energy absorption of Sifcon degp beam (G2SC2) exhibit
decrease in toughness value if compared with Sifcon deep beam (G2SB3) by about
16.14% and increasing about 1677% from (G2NC1), seefigure (4.43).
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Figure (4.43) Variation toughness of deep beams (G2NA1, G2NC1, G2SC2
and G2SB3).

4.5.2.4 Ductility of deep beams

It can be noted that ductility of Sifcon deep beam (G2SC2) increased in
ductility if compared with normal deep beam (G2NC1) by about 873.6% and

decrease in ductility by about 37.9% if compared with deep beam (G2SB3), see
figure (4.44).
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Figure (4.44) Variation ductility of deep beams (G2NA1, G2SB1, G2SB2 and
G2SB3).

4.5.3 Effect of opening shape

For the purpose of studying the effect of the openings shapes on the behavior of

deep beams, the shape of openings has been changed to a square for beam G2SD1
and atriangular for beam G2SD2).

45.3.1 L oad — deflection curve and crack pattern

The deep beams with sgquare and triangular openings appeared a difference in
both load and deflection compared with the beams with circular openings as cleared
infigure (4.45). Thismight be due to more concentration of stress at corners zone of
the square and triangular openings. The cracking loads for the beams G2SD1 and
G2SD2 were decreased by about 33.33% and 28% respectively than the beam
G2SB3), see figure (5.46). While the ultimate loads for the beams G2SD1 and
G2SD2 were decreased by about 22.44% and 13.95% respectively than the beam
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G2SB3), seefigure (4.47).
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Figure (4.45) Load - Deflection Curve for Deep Beams (G2SB3, G2SD1 and
G2SD2) specimens.
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Figure (4.46) Variation of cracking load with openings deep beams (G2SB3,
G2SD1 and G2SD2).
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Figure (4.47) Variation of ultimate load with openings deep beams (G2SB3,
G2SD1 and G2SD2).

The crack patternis shown in plate (4.33aand b) and (4.34). Thefirst crack is
started in shear zone for two beams. The failure is occurred without any flexural

cracks.
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Plate (4.33a) Experimental Deep beam (front view) G2SD1 (9% SF) after
failure.
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Plate (4.33b) Experimental Deep beam (rear view) G2SD1 (9% SF) after
failure.

Plate (4.34) Experimental Deep beam G2SD2 (9% SF) after failure.

45.3.2 Load — strain curves of deep beams

Load — strain of this group is illustrated in figures (4.48) to (4.49). Deep beam
(G2SD1) had higher strain by about (0.0145).
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Figure (4.48) Strains distribution of deep beam (G2SD1).
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Figure (4.49) Strainsdistribution of deep beam (G2SD2).
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4.5.3.3 Toughness of degp beams

It was noted that the energy absorption of Sifcon deep beams (G2SD1 and
G2SD2) exhibit decrease in toughness value if compared with Sifcon deep beam
(G2SB3) by about 20.3% and 25.5% , see figur e (4.50).
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Figure (4.50) Variation toughness of deep beams (G2SD1, G2SD2 and
G2SB3).

4.5.3.4 Ductility of deep beams

It can be noted that ductility of Sifcon deep beam (G2SD1 and G2SD2)
increased in ductility value if compared with Sifcon deep beam (G2SB3) by 27.8%
and 11.6%, seefigure (4.51).
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Figure (4.51) Variation ductility of degp beams (G2SD1, G2SD2 and G2SB3).
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|
Chapter Five

Finite Element Analysisand Numerical M odeling
5.1 General

The nonlinear response of RC structures can be computed using the finite
element method (FEM). This anaytica method, gives the interaction of different
nonlinear effects on RC structures. The success of analytical ssimulation is in
selecting suitable elements, proper material models and in selecting proper solution
method. The FEM is well suited for modeling composite materials with materia
models. The various finite element software packages are available. ANSYS
(Analysis System), is an efficient finite element package available for the nonlinear
analysis. This software becomes the most popular software in mechanical
engineering, civil construction and science of materials namely with composite
material and hybrid-materials structures. This chapter discusses the procedure for
developing analysis model and materials simulations of SIFCON deep beams in
ANSY S Ver.15. The necessary steps to create the calibrated model are explained in
detail and the steps taken to generate the analytical |oad-deformation response of the
member are discussed.

This chapter presents a suitable models and compares the results from the ANSY S

finite element analyses with the experimental datafor the sixteen tested deep beams.
5.2 The Finite Element M ethod

Now days, anumerical solution of FEM arewiddly utilized in solving of the
structural problems. The large systems of algebraic equations werefirstly assembled
and then solved using computer abilities. Many of commercia finite element
programs ANSY S, NASTRAN, SAP and ABAQUS are used. The selection of the
ANSY S software was due to many advantage modeling the concrete material, steel
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reinforcement € ement, stress-strain curve for concrete and reinforced bars, concrete

crack/crush and failure criterion.

5.3 Finite Element Formulation

5.3.1 Basic Finite Element Relationships

To form the element equations, the principle of virtual work is used in the
equilibrium equation for a nonlinear structure in a static equilibrium. The principle
states that " if a general structure in equilibrium is subjected to a system of small
virtual displacements within a compatible state of deformation, the virtual work due

to the external action is equal to the virtua strain energy due to the internal stress

(64 thus:
Wint. =Weete. (5.1)

where,
Wint. = internal work (strain energy)
Wext. = external work (work done by the applied force)

The virtua internal work is:

Wint. = fv (&Y {c}.dv. (5.2)

where,

{€} = elements of virtua strain vector.

{c} = elements of rea stressvector.
dV = infinitesimal volume of the e ement.

By using the general stress-strain relationship, stresses, { 6} can be determined from

the corresponding strains { €} as:
{c}y=[CL L& (5.3)
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Where,

[C]= constitutive matrix
After substituting equation (4.3) into (4.2), the virtual internal work can be written

as.
Wi = [, {06} [C]{€.av Ll (5.4)

The displacements { U} within the element are related by interpolation to nodal
displacements {a} by:

{U}=N{0 (5.5)

Where,

[N] = shape function matrix

{a} =unknown nodal displacements vector (local displacements)

{U}= body displacements vector (global displacements).

By differentiating equation (4.5), the strainsfor an element can berelated to itsnodal

displacements by:

{&=m1{x (5.6)

where,

[B] = strain-nodal displacement relation matrix, based on the element shape
functions.

Assuming that al effects are in the global Cartesian system, and then combining
equation (4.6) with equation (4.4) yields:

Wint. = {0a}' [ {B}' [C]{B}.dv.fa} ... (5.7)

The external work, which is caused by the nodal forces applied to the element, can
be accounted for by:

113



Chapter Five Finite Element Analysisand Numerical Modelling

"
Wext.={a"{F} (5.8)

Where:
{F}= nodal forces applied to the element
Finally, equations (4.1), (4.7) and (4.8) may be combined to give:

{ogdT{F} ={ea}' [ {B}Y [C]{B}.dv.{fa} ... (5.9)

Noting that {6a} T vector is a set of arbitrary virtual displacements, the condition
required to satisfy equation (4.9) can be reduced to:

K9.{a& ={ (5.10)

Where, [K = [ (B} [C]{B}av ... (5.11)
[K€] = Element stiffness matrix

dV =dx.dy.dz

Equation (4.10") represents the equilibrium equation on a one-element basis. For all
elements, the overall stiffness matrix of the structure [K] is built up by adding the
element stiffness matrices (adding one element at a time), after transforming from

theloca to the (overall) global coordinates, this equation can be written as.

Kl {8 ={?"% (5.12)
Where:

[K] =X,.[K¢] = overdl structural stiffness matrix.

{F?}={F} vector of applied loads (total external force vector).

n = total number of e ements.

114



Chapter Five Finite Element Analysisand Numerical Modelling

|
5.4 Finite Element Representation
In structural analysis, the finite element method has been used as a genera
method of stress and deformation anaysis. A three dimensional solid element is an
alternative way to finite element representation of the structures. These elementsthat
are used in ANSY S program are shown in Table (5.1) ¢4,

Table (5.1): Finite element representation of structural components.
Structural Finite element Element designation
component r epresentation in ANSYS

8-node brick € ement
(3 trandlation DOF per SOLID 65

node)

Concrete or Mortar

Stedl reinfor cement 2-node discrete e ement
bars (3 trandlation DOF per LINK 180

node)

8-node brick € ement LINK 185

Stedl plate and supports

5.4.1 Finite Element Representation of Concrete or Sifcon

The finite element idealization of SIFCON deep beams should be able to
represent the concrete cracking, crushing, the interaction between concrete and

reinforcement, the interaction between concrete and stedl fibers to reduce crack
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growth and the capability of concrete to transfer shear after cracking by aggregate

interlock (6,

In the current study, a three-dimensional brick element with 8 nodes (SOLID-65)
was used to model the concrete. The element has eight corner nodes, and each node
has three degrees of freedom (u, v and w in X, y and z direction, respectively). The
steel fiber reinforcement modeling is done by assuming steel fiber embedded in solid
65 elements. The element is capable of plastic deformation, cracking in three
orthogonal directions, and then crushing. The geometry and node locations for this

element type are shown in Fig. (5.1) (64,

&) OCeneral 3-pode Back ) Bonodes Brick ElEment i Local Coordinates
Elernent = Slobal Cocr

Figure (5.1): Three-dimensional 8-node brick (SOLID 65) element.

5.4.2 Finite Element M odel of Reinfor cement

Three techniques exist to model steel reinforcement in finite element
models for reinforced concrete (%, these are: -

5.4.2.1 Discrete Representation

In the discrete representation which has been widdy used the
reinforcement is modeled as one dimensional bar or beam elements that are
connected to concrete mesh nodes as shown in Fig. (5.2a). Therefore, the concrete

and the reinforcement mesh share the same nodes and the same occupied regions.
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Full displacement compatibility between the reinforcement and concrete is a

significant advantage of the discrete representation. The disadvantages are the

restriction of the mesh and the increase in the total number of elements.

5.4.2.2 Embedded Representation

The embedded representation is often used with high order isoperimetric
elements. The bar element isbuilt in away that keepsreinforcing steel displacements
compatible with the surrounding concrete elements as shown in Figure (5.2b). In

the case of steel reinforcement is complex, this model is significant.

5.4.2.3 Smeared (Distributed) Representation

The stiffness matrix of the reinforcing steel is evaluated separately and then
added to that of the concreteto obtain the global stiffness matrix. The smeared model
assumes that reinforcement is uniformly spread in a layer throughout the concrete
element in a defined region of the finite element mesh as shown in Figure (5.2c).
This approach is used for large scale models where the reinforcement does not

significantly contribute to the overall response of the structure.

=R *f é\

Bt .--- m il B b rrmeiale Ot et v s e s s s | s s 5
e e e

Fig. (5.2): Models for reinforcement in reinforced concrete: (a) discrete ;(b)
embedded; and (c) smeared.
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In the present study, the main bars reinforcement is represented by using 2- node

discrete representation (LINK 180 element in ANSY S V.15) as shown in fig. (5.3).
The stedl reinforcement is assumed to be capable of transmitting axial forces only.
Perfect bond is assumed to exist between the concrete and the reinforcing bars. To
provide the perfect bond, the link element for the steel reinforcing bar is connected
between nodes of each adjacent concrete solid element, so the two materials share

the same nodes.
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Figure. (5.3) LINK 180 Element

The steel plates of supports and stedl plate of the applied load were modeled by a
Solid185 element. This element has eight nodes. Each node has three trand ational
degrees of freedom x, y, and z directions. The geometry of this element is shownin
Figure (5.4)

?"-_.:I-l...:__ ;I f;;zl. .-.-_-;I'- = T/__’.-.
A o T |
o = | Aas [ |
wi'":_.- __.{/';- I Hr_--_ h ?”;: I|
- 3 | ‘_:.- I
” 1 EE T | i |
] P | ' et
i bl 2 -: " .h—-.___ 4 -
(a) Element's Geometry (b) StressOutput

Figure (5.4) Configuration of SOL1D185.

118



Chapter Five Finite Element Analysisand Numerical Modelling

|

5.5 Nonlinear Solution Techniques

Most phenomena in solid mechanics are nonlinear. However in many
applications, it is convenient and practical to use linear formulation for problems to
obtain engineering solutions. On the other hand, some problems definitely require
nonlinear analysis if realistic results are to be obtained such as post yielding and
large deflection behavior of structures.
For reinforced concrete members, the nonlinear finite element analysisyieldsawide
range of useful information about displacements, strains, distribution of normal and
shear stresses in concrete, crack pattern at different stages of loading.
Nonlinear structural behavior arises from a number of cases, which can be grouped
into these principal categories [
1. Geometric Nonlinearities. These arise when a structure experiences large
deformations in geometric configuration that are sufficient to change the way by
which the load is applied.
2. Materia Nonlinearities. These arise when the properties of the material suffer
from nonlinearity changes during the load history.
3. Changing status: many common structural features exhibit nonlinear behavior that
Is status — dependent. For example, atension — only cable is either dack or taut.

In the analysis of reinforced concrete and reactive powder concrete, the
behavior of a nonlinear materia is due to the continual and sudden change in the
element stiffness which arises from cracking, crushing of concrete, fiber deboning,
yielding of steel reinforcement and the plastic deformation of concrete and
reinforcement. These represents the main sources of the nonlinearity. In the present
study, the material nonlinearity is considered.

In the finite element analysis, the structural response to loading can be
followed relatively easily in linear problems. While, in nonlinear problems, more

sophisticated solution techniques should be employed. Usually, a nonlinear solution
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Is obtained by making successive linear approximations until the constitutive laws

and equilibrium conditions are satisfied within an acceptable error (66,

The solution of equation (4.12) for alinear elastic structural problem can be obtained
directly. In nonlinear problems, a direct solution is no longer possible since the
stiffness matrix [K] depends on the displacement level ([K] = [K (a)], and therefore,
it cannot be exactly calculated before the determination of the unknown nodal
displacements { a} . For a nonlinear solution, the state of equilibrium of a structural
system corresponding to the applied load must be found. These equilibrium
eguations can be derived by applying equilibrium conditionsto the structural system.
The equilibrium equations can be expressed as:

{n={p}-(m%+ L (5.13)

Where
{r}=out of balance force vector.

{p} = vector of the nodal forces equivalent to theinternal stresslevel, which isgiven
by:

ol =/ B} [o].dv (5.14)

The equivaent internal forces aso depend on the displacement leve, { P} ={p (a)},
and have to be approximated in successive steps until equation (5.12) is satisfied.

The solution of nonlinear problems by the finite element method is usually
attempted by one of the following three basic techniques:

1-1terative techniques

2-Incremental techniques

3- Incremental - Iterative techniques

In the present work Incremental -Iterative techniques were utilized.
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5.5.1 Incremental-lterative Techniques

This technique, Figure (5.5), is usually carried out by applying the externa
loads as a sequence of sufficiently small increments, and within each increment of
loading, iterations are performed until equilibrium is satisfied according to some
selected convergence criterion. This mixed method iswidely used in the analysis of
reinforced concrete structures because of its accuracy and capability to provide
information throughout the loading history. The incremental-iterative solution

procedures, which have been used in the present study, use the following procedures
[63]-

Figure (5.5): Incremental-iterative techniques.

5.5.1.1 Full Newton-Raphson Procedure
In this procedure, the stiffness matrix isupdated at every equilibrium iteration,

thus alarge amount of computation may be required to form and solve the stiffness

matrix, Fig. (5.6) ©4,

Figure (5.6): Full Newton-Raphson method.
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5.5.1.2 Modified Newton-Raphson Procedure

The modified forms of the Newton-Raphson method are most common. In
one the stiffness matrix is updated at the beginning of thefirst iteration of every load
increment (KT1 method). In case of two modifications, the stiffness matrix is
calculated at the beginning of the second iteration (KT2 method), so that the
nonlinear effects are more accurately represented in the stiffness matrix.
These methods are more economical than the full Newton-Raphson method because
they involve fewer stiffness matrix reformulations, but the convergence is slower
and a large number of iterations is required to achieve a converged solution, Fig.
(5.7) 164,

Figure (5.7): Modified Newton-Raphson.

5.5.1.3 Initial-Stiffness Procedur e

In this procedure, the stiffness matrix is formed and solved only once at the
beginning of the analysis, and the program uses thisinitial stiffness matrix at every
equilibrium iteration. For this procedure, the computation cost per iteration is
significantly reduced, but in case of strong nonlinearities (such as large deformation
analyses), the method often fails to converge, Figure (5.8). In the present study,
ANSY S Version.15 uses the full Newton-Raphson method with the finite element
method in analyzing the tested specimens (64,
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Figure (5.8): Initial stiffness method.

5.5.2 Convergence Criterion

For the incremental -iterative solution method, the progress of the iterative
procedure is monitored with reference to a specified convergence criterion.
Convergence is assumed to occur when the difference between the external and
internal forcesbecomesnegligibly small, and theiterative processisthen terminated.
Selecting a suitable convergence tolerance usually specifies accuracy of the
approximate solution. If the convergence tolerance is too loose, inaccurate results
may be obtained, and if the tolerance is too tight, additional computational effort is
spent to obtain needless accuracy.
However, nonlinear structural analysiswith several convergence criteriacan be used
to monitor equilibrium. These criteria are usually based on out of balance forces,
displacement or internal energy. The convergence criterion, adopted in the present
study, uses the out of displacement convergence. The incremental displacements at
iteration (i) relative to the total displacement are considered in the criterion. When
theincremental displacements are within agiven tolerance of thetotal displacements
the solution is considered to have converged. The criterion can generally be written

in the form [61:

any= (T ap ) <> (5.15)
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Where:

Tn = tolerance [varied between (0.0005-0.01) in this study].
{AD;} =incremental displacement vector at (i) iteration.

n = total number of degrees of freedom.

5.5.3 Equilibrium Iteration (Analysis Termination Criterion)

The nonlinear finite element analysis used in simulating the response of
reinforced concrete structures must include as well a criterion to terminate the
analysiswhen failure of the structureisreached. In aphysical test under |load control,
collapse of a structure takes place when no further loading can be sustained; thisis
usualy indicated in the numerical tests by successively increasing iterative
displacements and a continuous growth in the dissipated energy. Hence, when the
convergence of the iterative process cannot be achieved and then it is necessary to
specify a suitable criterion to terminate the analysis.

In the present study, a maximum number of iterations for each increment of load is
specified to stop the nonlinear solution if the convergence tolerance has not been
achieved. A maximum number of iterations in the range of (100) is used, because it
is observed and found that this range is generally sufficient to predict the solution’s

divergence or failure (%,
5.6 Modeling of Materials Properties

Behavior of concrete extensively depends on the properties of each of its
components; cement mortar, aggregatesand air voids. In case of SIFCON, additional
variables aso influence its properties, such as the steel fiber volume fraction, silica

fume and superplasticizer.

In many cases, the analysis and design of reinforced concrete structures encounters

practical difficulties due to the complex material behavior involving phenomena
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such as inelasticity, cracking and interaction between concrete and reinforcement.
These complexities have led to the development of many models for the analysis of

plain and reinforced concrete.

Thereinforcing steel can be considered as ahomogeneous material and its properties
are generally well defined.

On the other hand, plain concrete and fibrous concrete are heterogeneous materials
having completely different properties in compression and in tension. Because of

this heterogeneity, it is difficult to define their properties accurately.

5.6.1 Modulus of Elasticity

Modulus of elasticity is strongly influenced by the concrete materials and
their proportions. It isafunction of modulus of elasticity of each component and its
content ratio in the composite. An increase in the modulus of elasticity of concrete
Is expected with an increase in the compressive strength since the slope of the
ascending branch of the stress-strain diagram becomes steeper. From test of modulus
of elasticity in experimental work that shown vaue is 43531 MPafor mix 3.

2.6.2 Poisson’s Ratio (v)

Experimental data on values of Poisson’s ratio (v) (i.e., the ratio of lateral
to longitudinal strain) for SIFCON under uniaxial compressive stress were very
limited. Poisson’s ratio of SIFCON may not differ too much from other concretes.
Within the elastic range the Poisson’s ratio for al investigated is about 0.2.

5.7 Material Modeling of Deep Beams
5.7.1 Real constants

Two real constants used, concrete and steel bars are used to define the geometry
of the target surface el ements (¢l see Table (5.2) below:
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Table (5.2) Real constantsfor ANSY S V.15 Models.

Real Element
constant set type

constants

LINK 180 Cross section area (mm?) — @4 mm

LINK 180 Half Cross section area (mm?) — @10 mm

LINK 180 Cross section area (mm?) — @16 mm

Real constants

Properties
Rebar 1

Material number 4

Solid 65
Volume ratio

Orientation angle THETA (Horizontal angle)

Orientation angle PHI ( vertical angle)

5.7.2 Material models
Parameters needed to define the material models areillustrated in Fig. (5.9). Asseen

below, there are multiple parts of the material model for each element. Material
number (1) refersto the solid 65 el ements, material number (2, 3 and 4) refersto the
LINK 180 element, materia number (5) refersto the LINK 185 element and material
number (6) refers to the LINK 180 element (stedl fiber). The solid 65 eement
requires linear isotropic and multilinear isotropic material properties for proper
model concrete. The multilinear isotropic material uses the von mises failure

criterion along with the willam and warnke (1974) model to define the failure of the
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concrete. EX isthemodulus of easticity of concrete (Ec), and PRXY is the poisson’s

ratio (v). The modulus was based on the experimental values presented in table.

poisson’s ratio was assumed to be 0.2 for concrete and 0.3 for stedl.
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Figure (5.9) M aterial properties’ numbers.

5.7.3 Boundary Conditions and L oading

In order to get a unique solution, constrains should be carried out. The
applied of boundary conditions was used in ANSYS 15 as applied specific
displacement with zero value. To keep the model behaves like the experimental
beam, the boundary conditions need to be applied along the axis of symmetry. All
nodes of the vertical plane of symmetry must be constrained in the perpendicular
directions (UZ = 0) and allow the vertical movement.
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Theroller support was modeled by constrained, in the Y direction, the nodesthat lie

in mid-line of plate. The rotational movement was allowed to compl ete the modeling
of theroller. The applied force was modeled as alumped at the steel plate. The force
applied at each internal node of the actual force and has a magnitude a twice that
applied at each of the two external nodes on the plate, see Figure (5.10).

1 ANSYS
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Figure (5.10) Quarter deep beam boundary conditions.

Due to symmetry, it was used quarter of the beam to represent the model.
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5.8 Finite Element of Deep Beams Results

In the present section, the tested beams have been analyzed using three
dimensional finite element models. The main objectives of the analysis are to check
the accuracy of the adopted finite element models to predict the overall behavior of
the tested beams, and to get more information about |oad — deflection, toughness and
ductility of deep beams.

In nonlinear analysis, thetotal |oad applied to afinite element model isdivided
into a series of load increments called load steps. At the completion of each
incremental solution, the stiffness matrix of the model is adjusted to reflect nonlinear
changes in structural stiffness before proceeding to the next load increment. The
ANSYS programn (ANSYS version 15.0) uses Newton-Raphson equilibrium
iterations for updating the model stiffness.

5.8.1 L oad-Deflection Relationship

Figures (5.11) to (5.26) illustrate the load-deflection relationships and the
contours for vertical displacement of the tests and numerical deep beams. These
figures show that the predicted behavior concerning the load-deflection curve is
approximately similar to the experimental results. The relationships start linear and
then become nonlinear. Good agreement between the experimental and theoretical

resultsis achieved.
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Figure (5.11) L oad-Deflection Response (exp. — ansys) of deep beam G1ANL1.
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Figure (5.12) L oad-Deflection Response (exp. — ansys) of deep beam G1SB1.
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Figure (5.13) L oad-Deflection Response (exp. — ansys) of deep beam G1SB2.
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Figure (5.14) L oad-Deflection Response (exp. — ansys) of deep beam G1SB3.
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Figure (5.15) L oad-Deflection Response (exp. — ansys) of degp beam G1SC1.
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Figure (5.16) L oad-Deflection Response (exp. — ansys) of degp beam G1SD1.
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Figure (5.17) Load-Deflection Response (exp. — ansys) of degp beam G1SD2.
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Figure (5.18) L oad-Deflection Response (exp. — ansys) of deep beam G1SE1.
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Figure (5.19) L oad-Deflection Response (exp. — ansys) of deep beam G2NA1.
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Figure (5.20) L oad-Deflection Response (exp. — ansys) of deep beam G2SB1.
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Figure (5.21) L oad-Deflection Response (exp. — ansys) of deep beam G2SB2.
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Figure (5. 22) Load-Deflection Response (exp. — ansys) of deep beam
G2SBs.
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Figure (5.23) Load-Deflection Response (exp. — ansys) of deep beam G2NC1.
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Figure (5.24) L oad-Deflection Response (exp. — ansys) of deep beam G2SC2.
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Figure (5.25) L oad-Deflection Response (exp. — ansys) of deep beam G2SD11.
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Figure (5.26) L oad-Deflection Response (exp. — ansys) of deep beam G2SD2.
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5.8.2 Toughness

Tables(5.4) and (5.5) listed experimental and numerical toughness of group one

and group two. Good agreement between the experimental and theoretical resultsis

achieved.

Table (5.4) Experimental and Numerical toughness of solid deep beams.

Experimental Toughness
KN.mm

Numerical Toughness
KN.mm

Table (5.4) Experimental and Numerical toughness of deep beams with

openings.

Experimental Toughness
ltems
KN.mm

Numerical Toughness
KN.mm
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Figures (5.27) and (5.28) show variation of sted fiber ratio with toughness for

group one and two:
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Figure (5.27) Variation of toughnesswith sifcon ratio of group one.
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Figure (5.28) Variation of toughness with sifcon ratio of group two.
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5.8.3 Ductility

Tables (5.6) and (5.7) listed experimental and numerical ductility of group one and
group two. Good agreement between the experimental and numerical results is

achieved.

Table (5.6) Experimental and numerical ductility of solid deep beams.

I Max Experimental Ductility | Max Numerical Ductility
tems %

Table (5.7) Experimental and Numerical ductility of deep beamswith
openings.

M ax Expenmenta] Ductility | Max NumerlcaJ Ductility
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Figures (5.29) and (5.30) show variation of sifcon ratio with ductility for group
one and two:
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Figure (5.29) Variation of ductility with sifcon ratio of group one,
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Figure (5.30) Variation of ductility with sifcon ratio of group two.
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Chapter Six
Conclusions and Recommendations

6.1 General

Two parts of conclusons are inferred in this chapter; the first part
concentrates on the results obtained from the standard tested specimens of each mix
of concrete. The second part relatesto the structura behavior of deep beam, and tests
that were conducted on sixteen reinforced concrete deep beams (eight of them solid
deep beams and eight other deep beams with opening) with various fiber volume
ratios, shear span to effective depth ratios (a/d), shape of opening, presence of steel
reinforcement and the incorporation of the inclined reinforcement around openings.
6.2 Concrete Properties Conclusions

Depending on the overall results of 60 standard concrete specimens (24 cubic,
12 cylinders, 12 prisms and 12 double L shape) obtained from the experimental
work, the following conclusions can be extracted: -
1. Results show that there is a significant improvement in the compressive strength
(fcu) of sifcon due to the addition of steel fibers. The presence of fibers at volume

fractions of 6%, 7.5% and 9% resulted an increasing in the compressive strength by
40.5%, 48.4 %, and 86.8% respectively, compared with conventional concrete.

2. The splitting tensile strength increased by increasing the steel fiber ratio (6%,
7.5% and 9%). It was increased by 375 %, 457.1%, and 560.7% than the
conventional concrete.

3. Modulus of rupture was increasing. It was increased by increasing the steel fiber
ratio (6%, 7.5% and 9%) It was increased by 415.3 %, 544 %, and 840.7% than the

conventional concrete.
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4. The shear strength increased by 440.6 %, 553.7 %, and 795.7%, respectively with

Increasing the same as the sted fiber ratio (6%, 7.5% and 9%) than the conventional

concrete.

5. The modulus of elasticity increased with addition SIFCON.

6. In SIFCON mix, it is better to say that the increased length of steel fiber in order

within specified aspect ratio to this helps to infiltrate slurry inside network of fiber

because of small fiber prevent slurry to infiltrate fiber network whenever depth

Increase.

7. It was explained that the Sifcon mix (9%) gives the best results, therefore be

adopted as areference mix in the casting of sifcon deep beams.

6.3 Structural Behavior Conclusionsfor Solid Sifcon Deep Beams
Based on the experimental test results and numerical anaysis, the following

conclusions are drawn: -

1. The increase of sifcon ratio by (6%, 7.5% and 9%) gave a significant

improvement in the behaviour of the deep beam. The increase in the cracking and

ultimate loads were about of (275%, 331.25% and 362.5%) and (196%, 206% and

239.4%) respectively in comparison with conventional concrete.

2. Removal of vertical reinforcement for SIFCON solid deep beams gave decreasing

in the ultimate and cracking loads about of (8%) and (31.7%) than the deep beam

with sifcon (9%). While existing the web reinforcement appeared increasing in the

ultimate and cracking loads about of (212.1%) and (215.6%) respectively than the

conventional concrete deep beam.

3. The ultimate load was increased with decreasing of the shear span to effective

depth (a/d) ratio. The ultimate load for the ratio of (a/d = 0.727) wasincreased about

of 25% than the reference ratio (avd = 0.9), for the ratio of (a/d =1.08) the ultimate

load was decreased about of 6.25% compared with reference ratio.
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4. Removing of main and web reinforcement for SIFCON solid degp beams gave

decrease in the ultimate and cracking loads of about (17.6%) and (29.3%) than the
deep beam with sifcon (9%) respectively. While existing the reinforcement appeared
increasing in the ultimate and cracking loads of about (165.3%) and (226.9%)
respectively than conventional concrete deep beam.

5. When the steel fiber ratios were increased from (6% to 9%) the toughness was
increased about of (760% to 1173%) respectively.

6. The toughness decreased with removing of vertical reinforcement, the ratio a/d =
1.08 and removing of main and web reinforcement about of 8.5%, 38.4% and
13.62% respectively.

7. The toughness increased about of 9.14% with the ratio (a/d = 0.727) than the
reference ratio.

8. The increasing of sifcon ratios from (6% to 9%) caused increasing in ductility
about of (220% to 520%) respectively.

9. The ductility decreased with removing of vertical reinforcement and the ratio (a/d
= 1.08) about of 6.45% and 74.2%.

10. Theductility increased for theratio (a/d = 0.727) and the absence of main vertical
reinforcement of about 39 % and 48.4%.

11. Nonlinear finite element solution by ANSYS package program using three
dimensional elements for modelling sifcon deep beams gave good acceptable
agreement with the experimental results for the load-deflection relationships with
some modifications.

12. The ratios of numerical failure loads to experimental failure loads ranged from
86.67% to 96.72%.

13. Numerical toughness and ductility values showed good agreement with the
experimental results.
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6.4 Structural Behavior Conclusions for Sifcon Deep Beams with
Openings
Based on the experimental test results and numerical analysis, the following

conclusions are drawn: -

1. The increase of steel fiber ratio by (6%, 7.5% and 9%) gave a significant,
improvement in the behaviour of the RC beams subjected to two-point load and the
increasing in the cracking and ultimate |oads were about of (60%, 140% and 236%)
and (223.8%, 242.85% and 309.52%) respectively if comparison with conventional
concrete.

2. The conventiona concrete deep beam with inclined reinforcement around the
openings gave increasing in the ultimate load about of 33.8% than the conventional
concrete deep beam without inclined reinforcement.

3. The sifcon deep beam with inclined reinforcement around the openings gave
increasing in the ultimate load about of 234.5% than the conventional concrete deep
beam with inclined reinforcement.

4. The sifcon deep beam with circular openings gave high cracking and ultimate
loads than square and triangular openings. The reduction in the ultimate loads for
square and triangular openings were about of 22.44% and 13.9% respectively.

5. When the steel fiber ratios were increased from (6% to 9%) the toughness was
increased about of (888.26% to 1799.8%) respectively.

6. The conventional concrete deep beam with inclined reinforcement around the
openings gave decreasing in the toughness about of 10.4% than the conventional
concrete deep beam without additional inclined reinforcement.

7. The sifcon deep beam with inclined reinforcement around the openings gave
increasing in the toughness about of 1677% than the conventional concrete deep

beam with inclined reinforcement.
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|
8. The sifcon degp beam with circular openings gave high toughness than square and

triangular openings. The increasing in the toughness for the circular openings was
about of 20.3% than the square openings and 25.5% than the triangular openings.

9. When the steel fiber ratios were increased from (6% to 9%) the ductility was
increased about of (147.43% to 402.56%) respectively.

10. The conventiona concrete deep beam with inclined reinforcement around the
openings gave decreasing in the ductility about of 67.9% than the conventional
concrete deep beam without additional inclined reinforcement.

11. The sifcon deep beam with inclined reinforcement around the openings gave
increasing intheductility about of 873.6% than the conventional concrete deep beam
with inclined reinforcement.

12. Square and triangular openings ductility values showed increasing if compared
with Sifcon deep beam (9%) by about 27.8% and 11.6% respectively.

13. Nonlinear finite element solution by ANSY S package program using three
dimensiona elements for modelling sifcon deep beams gives acceptable agreement
with the experimental results for the load-deflection relationships.

14. Ratio of numerical failure load to experimental failure load ranged from 73.66
% to 97.6 % for deep beams with openings.

15. Numerical toughness and ductility values are in acceptable agreement with the
experimental results.

6.5 Recommendations for Future Works

To obtain further improvement in the understanding of the behavior of SIFCON
structural elements, the following are some of the suggested topics for future
research:

1. Experimental and numerical investigation is required to study the structura
behavior of SIFCON deep beams under the action of torsion.
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|
2. Experimental and numerical investigation is required to study the structural

behavior of SIFCON deep beams under the repeated |oad.

3. Studying of behavior of prestressed SIFCON in girder of bridge.

4. Experimental work and numerical analysis on strength and behavior of SIFCON
columns,

5. Experimental work and numerical analysis on strength and behavior of SIFCON
corbels.

6. Experimental work and numerical analysis on strength and behavior of SIFCON
wall.
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Appendices



Appendix A

| nstallation of Strain Gauge

When bonding the strain gauges, a typical installation procedure is
described here:-
o Surfacepreparation: Grinding the specific area by the abrasive paper. Then,

using a cotton material to clean the abraded area with a small quantity of
acetone, Plate (A.1).

Plate (A.1) Surface preparation (Abrasive and cleaning).



« Leveling surface of concrete: Sikadur ®52 LP component (A) (2.67 kg) and
Sikadur ® 52 LP component (B) (1.33 kg) with mix proportion (2:1)
respectively were used see Plate (A.2). After well mixing, the agent was
applied to the clean surface. No need for leveling the agent surface because it
has a self-leveling characteristic. After putting the mix to surface of concrete,

24 hour istime required to get best leveling surface and bond with concrete.

Plate (A.2) show Sikadur ®52 LP (A and B) and leveling of concr ete.

e Bonding: The adhesive series AA-TECO110, shown in Plate (A.3a) was
used. After marking the position of strain gauge installation with a pencil, one
drop of AA-TECO110 adhesive was applied to the back of the strain gauge
base. The adhesive was spread uniformly over the entire back-face of it. Then,
the polyethylene sheet see Plate (A.3b) was placed over the strain gauge, and



aconstant pressure was applied with the thumb. Thetimerequired for starting

measurement was 15 minutes.

(b)
Plate (A.3a) shown adhesive series AA-TECO110.
Plate (A.3b) shown polyethylene shest.

o Coating: silicone was use as cover for strain gauges. It’s give excellent
moisture and water resistant characteristics. This done by putting silicon

coating over strain gage to protect it from dust and external environment.



Appendix B
Finite Element Crack Pattern of Solid Degp Beams

The results drawn from ansys (ver.15) see Figures B.1to B.8:

Figure (B.1) Finite element Deep beam AN1 (0% SF) after failure.

Figure (B.2) Finite element Deep beam G1SB1 (6% SF) after failure.



ANSYS|
H15.10

ey

Figure (B.3) Finite element Deep beam G1SB2 (7.5% SF) after failure.

Figure (B.4) Finite element Deep beam G1SB3 (9% SF) after failure.



Figure (B.5) Finite element Deep beam G1SC1 (9% SF) after failure.

Figure (B.6) Finite lement Deep beam G1SD1 (9% SF) after failure.

Figure (B.7) Finite element Deep beam G1SD2 (9% SF) after failure.



Figure (B.8) Finite element Deep beam G1SE1 (9% SF) after failure.



Appendix C

Finite Element Crack Pattern of Degp Beamswith openings

The results drawn from ansys (ver.15) see Figures C.1 and C.2:

Figure (C.1) Finite element Deep beam G2SB3 (9% SF) after failure.

Figure (C.2) Finite element Deep beam G2SD1 and G2SD2 (9% SF) after

failure.



-

AadAl

el yal ¢ Adpenll dplu Al ciliiadl e o oSanall s Ol sy gl Al ja dsa g aaal A

sl ) 03

LSSl el gal) A )3 S IV ciladl Gails Al 50 (2 i o sal) Jaadl 285
Ahall areal Qg G sSaall e dgw jad Gall S #) B 5 Al jall sda B sSaull
Sl LR s3el AKlKaal) ailadl) Al (ol je Y Ll Al AN (e g A dal
O ang 381 il A glia g o LY R gl ¢ 21 Ao lia ¢ Jabiail) daglia ; CulS Lgand
2 (bl cudae§ 79 dandy ) GLIYI (e dans o g giad ) Al Al ddalall

Alganll Al Al Cliall 8 xa e g S salaic) & ¢ Sl

Leis ol laidll 3 g 5 e o) s O sSiadl) e Apand) Cliiall & glus Al ) s AU Gl S
Ao pena) ClS 5 Aiee Adia e Y Ao sanall CulS 1l sana ) Al jall apnidi o,
die pde Aw Ly Gua Ge ol @il O S (T e diiee Glie 40l
AUl YA dadastl oY) de saaall Ciref de gana XU cplen il Caa Alaee () S
A1) 5 g senll alill A1 315 ¢ Gaall ) Gl Sl At il 5 ¢ sSaaa) dpuss B il
At 3 o) (ser A0 YA Al jal e T AN de sand) of Cps B zaludl) A<

olaiall S5 5l g il s 58l ¢ 0 sSaau)

sy o) Jaally GEEN Jon 3535 (%9 o %6) & sSismd) Apasiy 52l 1) Cibae
ol s s dsanll sl cilsiall Vsl e (%239.4 N %196) 5(%362.5 S %275)
Caidl) 3 g g Adanll ciliall 53 e (%309.5 ) %223.8) 5 (%236 o)) %60)

Ao ) il A ga LB lie i

a8 Jaallsaly 3 Jgemn G rabucll JSA 31 ) Jah (53 gnll pabucll A1) (g e e
Al A1) 5 W1 5594226.9 5%215.6 (532 (%09) O sSims dansd ae diliall Adpanl) Sliiall
Aale )

Gaadl ) i) pliad Aot 80 ladiy ala ) BV Jeald) ol il iy

s i) Jaall 535 claidl) Jsn Sl bl 53 Reall () Sl i cilac)
il Jsa Jila) ool 53 dualie Y il ) 3 Rseal) Aial (4 %234.5



Al (o ol i 5 (55 o (ole ) A 00 Al 53 e () sSipudl A cilac | SIS
Al 5 dny el

Apanll ) sSand) e JS Akl 5 Al ¢l )

.J\Ju‘)_” 4\,3.1»\3 ‘),\al_}.c e\.l;.u.u\_: (anWS) GAL}‘).} :‘\L.ua\}.: e.u 3a2all }a\.ﬂﬂ lea;m‘ d.d;.d\
ALl Al 5 il syl

Gliiall 796.72 A1 7.86.67 (e dam yadll Jadl) Jleal gaael) Jidll Jlaal Casi s gl 53
laidl) Gl digeall DLl 7976 (A 773,66 5 dlall Adall



SLall &y)pem
ol Eodly LW il 315

Ardid) 307/ Oliss dasls

ERRUU-NEEY e

dodsd) BLIL Jlseadl 3l ysdl DIl gl
danadl Ol § (OsSarull)
oo el (b Aiaal) Aasigh and ) Ao All
CilpLid) / Adaal) dadigh B siualal Balgd Jo cililia (e 85 A
J (e
L e lee
2015 dxide it (g slS

Ju8 e il Y
e 2 plla taaa 3,

2018 nss) 1440 / Sl



