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ABSTRACT

In this study, a new suggested technique for strengthening and
rehabilitation reinforced concrete joints using polyester belts was adopted.
The current study aims to investigate the effect of concrete confining and
concrete compressive strength on reinforced concrete joints. Moreover, the
effect of strengthening and retrofitting of RC joint using polyester belt was
studied. Three reinforcement details were adopted which are conventional
reinforcement, reinforcement with internal closed stirrups and reinforcement
with internal double closed stirrups. Three types of concrete were also used,
normal strength, high strength and steel fiber reinforced concrete with
compressive strength 43, 83 and 122 MPa, respectively. The test was carried
out on fifteen specimens of reinforced concrete joints. The specimens were
tested under a monotonic central point load as simply supported inverted (T-
shaped) where the load was applied vertically downward on the face of the
column. The strengthening was applied to two specimens while four
specimens with different damage ratio (70 and 100) % were retrofitted. The
test results showed that using reinforcement details with internal closed
stirrups increased the ultimate load capacity for the joints specimens
compared to the conventional reinforcement detail where the increasing was
(47 and 50) % respectively for normal concrete, (44 and 47) % respectively
for high strength concrete and 34% for steel fiber reinforced concrete. When
the concrete compressive strength increased, the load capacity was increased
too for both high strength and steel fiber reinforced concrete compared to the
normal concrete for each reinforcement detail. For the conventional detail,
the increase ratio for high strength and fibrous concrete was (16 and 66) %
respectively, the increments were (13 and 51) % respectively when the

reinforcement with internal closed stirrup was adopted while the



reinforcement with internal double closed stirrups achieved an increase of
13% for high strength compared to normal strength concrete.

As a result for using the polyester belts in strengthening and rehabilitation
the joint specimens, the load carrying capacity has significantly increased by
the range of (79 to 109) % compared to the non-strengthening specimen,

respectively.



TABLE OF CONTENTS

TABLE OF CONTENTS ..o V
LIST OF TABLES. ...ttt VIl
LIST OF FIGURES ... .ot X
LIST OF SYMBOLS ...ttt X1
ABBREVIATIONS ...t XV
CHAPTER ONE INTRODUCTION.....cootiiiiiiieiie et 1
1.0 GBNEIAL. ...ttt 1
1.2 Reinforced CONCIELE JOINT ........ooveiiiiiiiieieeiee e 2
1.3 Forces Acting t0 the RC JOINES .......coiiiiiiiiiiiee e 3
LA WVEDDING .....e et be e nre s 6
1.4.1 Polyester WEBDING .......ccuiiiiii e 6
1.5 Steel Fiber Reinforced CONCIELE...........coiviiiiiiieieerieeee e 7
1.6 High Strength CONCIELE ......c.oiiiiiiiie e 8
1.7 Objectives of the RESEAICH ..........cccoiiiiiii e 9
1.8 Organization Of the TNESIS........coiiiiiiiii e 9
CHAPTER TWO LITERATURE REVIEW .......cooiiiiiie e 11
2.1 GBNEIAL.......oiiiiie bbbt 11
2.2 Strengthening of RC Beam - Column JOiNt...........cccooviiiiiiiiccecce e 11
2.2.1 Strengthening by JACKETING ........coiiiiiiii s 11
2.2.1.1 CFRP and GFRP JACKELING........c.ccoieiiiiiieiie ittt 12
2.2.1.2 Reinforced ConCrete JACKETING ........ovviriierieieiesieree s 22
2.2.1.3 FerroCement JACKETING ........cocviiiiiieieieie e 23
2.2.2 Strengthening Using Steel plate..........ccooiiiiiiiiiiie e 24
2.2.3 Strengthening by Using Steel Fiber Reinforced Concrete..........cccccovvvviiveiiecnnn, 26
2.2.4 Strengthening Using Additional Reinforcement Detail.............ccccoooviviiiiicienn, 29
2.2.5 Strengthening Using Steel SECLIONS.........cocviiiiiiiiiie e 32



2.3 SUMIMANY ..ottt b bbbt bbb b b e sn e b nne e 35

CHAPTER THREE EXPERIMENTAL WORK ......coiiiiieeeee e 37
B L GBNEIAL ...ttt 37
B2 MALEITAIS ... 37
2.1 CBMENT ...t 38
K 1L Ao o (T LSS SUSPR 39
3.2.3 C0AISE AQOIEOALE .....c.veiueiiieetieire sttt ettt b et 39
B2 4 WALET ... 41
3.2.5 SUPEIPIASTICIZEN ... 41
3.2.6 SHICA FUME ...t 41
3L2.7 SEEEI FIDEY ... e 42
3.2.8 Reinforcement STEEI BarS ........cooiiiiiiiiieieeeeese s 43
3. 2.9 POIYESIEr BEIL.......oiiiieee e 45
3.2.10 AdNESIVE IMALEITALS .....c.eeviiiiiiiiictee s 46
3.2.10.1 EPOXY STKAAUI = 330 ....cueieeieiisiesiieieiee et 47
3.2.10.2 EPOXY SIKAAUI = 52 LP....ooeiiiiiieiiieeieee e 48
3.2.10.3 Epoxy SikKadur - 31 CF SIOW ......ccoiiiiiieieieie e 49
3.3 MiXing procedure fOr CONCIBLE .........ccoiiiiiiiieie e 49
3.4 SPECIMENS DELAIIS.......ccuiiiiiiie e ere s 51
3.4.1 Specimens Designations DetailS. ..o 54
3.5 Casting RC SPECIMENS......ccuuiiiiiiieeiie ettt st e e sraeabeenree s 54
3.5.1 Wooden Molds Preparation ............ccoeeeeeeieiereneniesesesee e 54
3.5.2 Specimens ReiNfOrCEMENT ..........ooviiiie e 55
3.5.3 CONCIELE POUIING ....cveitieiieieieete sttt bbbt 55
3.6 Strengthening and Retrofitting RC SPeCIMENS..........ccoveviiiiiiiii e 56
3.6.1 Strengthening 0f RC SPECIMENS.......ccuiiiiiieieie et 57
3.6.2 Retrofitting RC SPECIMENS ......c.uiiieiiieie ettt 58



3.7 Testing Of Harding CONCIELE. ........cciiiiiiiiieeeee e 65

3.7.1 Compressive SIrength TeST ..o 65
3.7.2 Splitting Tensile Srength TSt .......oii i 66
3.7.3 Flexural Strength TeSt.......c.coiiieiiee et 67
3.8 Measuring of DefleCtion ..........ccocoiiiiiiiie e 68
3.9 TESHING PrOCEUUIE ......eevieeie ettt et sre et ne e teeaesneenneas 69
CHAPTER FOUR RESULTS AND DISUSSION.......cociiiieiieiieie e 72
A LGRNETAL ...ttt 72
4.2 Load-Deflection Response and Ultimate Load Capacity ...........cccceveererenvnininennenn 73
4.3 INitial StIFNESS (1S) ...veeieieie et nre s 78
4, 4 DUCHHITY INOEX ...ttt bbb 81
4.5 The Energy ADSOIPLION.......ccooiiiiiic st 84
4.6 Strengthening and Retrofitting of RC Joint Using Polyester Belt.............ccccccoevenen. 87
4.6.1 Load - Deflection Response and Load Capacity ..........ccccceeveveeireviesiieseeniesieenns 88
4.6.2 INTTHAL STTFNESS .....itiieeee s 91
4.6.3 DUCHHILY INAEX 1..vvieieiece ettt e ene s 92
4.6.4 ENErgy ADSOIPTION .....oouiiiiiiiieiteete sttt bbbt 94
4.7 Crack Pattern and Failure IMOGE ..o 95
CHAPTER FIVE CONCLUSIONS AND RECOMMENDATIONS.........ccoceviieeninenn 100
5.1 CONCIUSTONS. ...ttt bbbttt 100
5.2 Recommendations for FUrther STUAIES ..........cocoviiiiiiiiiiieee e, 101
REFERENGCES ...ttt sttt et nnee s 102
APPENTIX A .ot b bbb bbbttt A-1

Vi



LIST OF TABLES

Table 3.1 Physical characteristics 0f CEMENt ...........ccoooveiiieiii i 38
Table 3.2 Chemical characteristics Of CEMENt ............cocviviiiiiciiee e 38
Table 3.3 Sieve analysis result of fine aggregate...........ccocvviriieieieieie e 39
Table 3.4 Sieve analysis result of coarse aggregate..........cccoveveeresieieere e e 40
Table 3.5 Hyperplast PC260 technical characteristics...........cccooveviviiiiineiieieencseens 42
Table 3.6 Steel Dars teSt reSUILS.........coiiiieiee e 44
Table 3.7 Polyester Delt Properties ... 45
Table 3.8 Technical properties of Sikadur - 330 ........cccccveviiieiecie e 47
Table 3.9 Technical properties of SIKadur-52 LP.........ccccoocviieiieienieiiee e 48
Table 3.10 Technical properties of Sikadur - 31 CF SIOW .........ccccooviiveviiieiecie e, 49
Table 3.11 Quantities of concrete mix materials (per cubic meter)........c.ccocevvvvienne 52
Table 3.12 Beam - column joint specimens detailS ..........cccooeveeiiiiciicic e 53
Table 3.13 Strengthening and retrofitting details ...........cccccveveiieeieiiniie e 57
Table 3.14 Concrete cOmpressive StreNGth .........ccoceiieiicie i 66
Table 3.15 Splitting tensile strength reSUILS.........ccoovieiiee i 67
Table 3.16 Flexural strength teSt reSUItS .........cooiveiiiiiiiccee e 68
Table 4.1 CoNtrol SPECIMENS .....c..oiiiiiiiiieii e 72
Table 4.2 Ultimate load of the RC specimens due to reinforcement arrangement......... 76

Table 4.3 Ultimate load of the RC specimens due to effect of concrete compressive
SEFENGLN ..o 77

Table 4.4 Initial stiffness of the tested specimens due to reinforcement arrangement... 80

Table 4.5 Initial stiffness of the tested specimens due to effect of concrete compressive
SEFENGLN ... s 80

Table 4.6 Ductility index of the RC specimens due to reinforcement arrangement....... 83

Table 4.7 Ductility index of the RC specimens due to effect of concrete compressive
SEFENGEN ...t 84



Table 4.8 Absorbed energy due to reinforcement arrangement..............ccocvvvrviennennenn 86
Table 4.9 Absorbed energy due to effect of concrete compressive strength .................. 86
Table 4.10 Strengthened and retrofitted specimens’ details............cccoieniiiiniiiciennn 87

Table 4.11 Ultimate load and deflection of strengthened and retrofitted specimens ..... 89

Table 4.12 Initial stiffness of strengthened and retrofitted specimens ............cccccecveuee. 92
Table 4.13 Ductility index of strengthened and retrofitted specimens...........c.cccccvev... 93
Table 4.14 Energy absorption for strengthened and retrofitted specimens .................... 94



LIST OF FIGURES

Figure 1.1 The main failure mode of RC JOINt ......ccooiiiiiiiiiee e 2
Figure 1.2 Types Of RC JOINES.......ciiiiiiieiieic ettt ae e 2
Figure 1.3 Bending of the structure under the earthquake effect..............ccccviriiiiniennn 3
FIgure 1.4 INTEriOr JOINT.......oii ettt ste e e e e e nne s 5
Figure 1.5 EXTErior RC JOINT ......oooiiiiiiiiiiiiisieeeeee e 5
Figure 1.6 Corner RC JOINT .....ccoiiiiiiie ettt sttt nne s 5
Figure 1.7 Polyester WEBDING ......ccoooiiiiiiiiiiiieeee e 7
Figure 2.1 Description of all tested SPECIMENS ........cccevviiieiiciiccceee e 13
Figure 2.2 Strengthening Schemes of tested SPECIMENS ...........ccovviiieiiiininisieeee 14
Figure 2.3 Strengthening using CFRP and circular concrete COVer............cccocvevveiveennenn. 15
Figure 2.4 Crack pattern for retrofitted JOINTS........ccocvviiiiiiiiieeee s 17
Figure 2.5 Strengthening configurations of the tested specimens ..............cccoceevveiveennenn, 18
Figure 2.6 Final failure patterns of the tested SPECIMENS ..........cceveieiiiiiininieeee, 18
Figure 2.7 Strengthening schemes of tested SPECIMENS..........cccccvvevieviiiieiicce e, 20
Figure 2.8 Failure modes Of tested SPECIMENS .........ooeiiiiiiiiiieeere e 20
Figure 2.9 Retrofitting scheme of SPECIMENS ..........cccveiiiiiiiccccee e, 21
Figure 2.10 Proposed jacketing detail.............ccoooieiiiiniiiiiiceee s 22
Figure 2.11 Retrofitting schemes of tested SPECIMENS ...........ccceeveiievieiiie e, 24
Figure 2.12 Schematic view of retrofitted concrete joints SPECIMENS .........ccccvvvvveeennns 25
Figure 2.13 Retrofitted joint specimens at the end of test ..........ccccvvevi i, 25
Figure 2.14 Stiffened plate detail.............ocooiiiiiiiiie s 26
Figure 2.15 SIFCON Strengthening .........cccooveiieiiee e 27
Figure 2.16 Reinforcement details of beam - column JOINtS........c..coevviiiinciiiicie 29
Figure 2.17 The location of plastic hinge at failure............cccocoevieiiii i, 30
Figure 2.18 Specimens Strengthening ........ccocoveeieieienene s 31


file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121408
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121411
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121413
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121414
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121415
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121421
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121422
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121424
file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121430

Figure 2.19 Strengthening scheme of the SPECIMENS..........coccvviiiiiiicic e 33

Figure 2.20 Specimens cross-sections and strengthening sChemes ............cccocveeeceennenn, 33
Figure 2.21 Detail of the T- joint in a conventional frame ............cccccooiiiiiicicienn, 34
Figure 2.22 Crack pattern and failure modes of RC joINt............cccovevvive e, 35
Figure 3.1 Gradation of sand SAMPIE ..........ccooviiiiiiiii e 40
Figure 3.2 Gradation of gravel Sample ..........cccoviieiiiic i 40
Figure 3.3 Straight steel FIDEr .........ooii 43
Figure 3.4 Testing machine of Steel Dars ..........ccccoveiiiii i, 44
Figure 3.5 Stress - strain curve for tested reinforcement steel bars.............ccococvviiene, 44
Figure 3.6 Polyester DIt tESTING .....ccvveiieiieie e 45
Figure 3.7 Types of adhesive material (EPOXY) ..coveoerireririnieieieiese e 47
Figure 3.8 CONCIete MIXEIS LYPES ..ovveieiieiiieiie et ettt te e sre e reenne e 50
Figure 3.9 Beam - column joint specimens’ detailS ..........c.coovviiiiiiieniieneces 52
Figure 3.10 Reinforcement the SPECIMENS..........coviiiiiie i 55
Figure 3.11 Casting and curing the SPECIMENS ........ccerirerirerieeeiee e 56
Figure 3.12 Strengthening SChEMES .......cvoiviiieicecce e 61
Figure 3.13 Brief steps of Strengthening...........coooeieiininiiiniceee e 62
Figure 3.14 Retrofitting SCEMES.......cc.ooviiiecece e 63
Figure 3.15 Injection of low viscosity resin epoxy Sikadur - 52 LP .........c.ccccoevvveienn, 64
Figure 3.16 Compressive Strength teSt..........cccoeviiiiii i 65
Figure 3.17 Splitting tensile Strength teSt ...........cooviiiiiiiir e 67
Figure 3.18 Concrete flexural strength test...........ccooviiiiieiii i 69
Figure 3.19 Dial gauge INSIIUMENT ..........coiiiiiiieieieesie e 69
Figure 3.20 Simplified drawing for testing frame .........ccccooce e 70
Figure 3.21 Testing frame and SPECIMEN SEL UP ....eoverververiiriiiieieie e 71
Figure 4.1 Load - deflection curves due to reinforcement arrangement......................... 73

Figure 4.2 Load—deflection curves due to the effect of concrete compressive strength. 74
XI


file:///C:/Users/5/Desktop/combination/Thesis%20final.docx%23_Toc72121434

Figure 4.3 Ultimate load for the tested SPECIMENS..........ccooiiiiiiiiieice e 77

Figure 4.4 Initial stiffness calCulation.............c.cocoiieiiiii i 78
Figure 4.5 Initial stiffness of tested RC SPECIMENS ........cccoiiiiiiiiiiiee e 81
Figure 4.6 Deflection calculation at yield point ...........ccccccoviveveiieii i, 82
Figure 4.7 Ductility index of tested SPECIMENS........ccceevvviieiieiisie e 84
Figure 4.8 Energy absorption of the beam - column joint Specimens ............cccccecvenen. 86
Figure 4.9 Load - deflection curve for strengthened and retrofitted specimens............. 89
Figure 4.10 Ultimate load of strengthened and retrofitted specimens.............c.ccccvven..n. 91
Figure 4.11 Initial stiffness of strengthened and retrofitted Specimens............c.ccccvevenee. 92
Figure 4.12 Ductility index of strengthened and retrofitted specimens.............ccc.coc...... 93
Figure 4.13 Absorbed Energy for strengthened and retrofitted specimens .................... 95
Figure 4.14 Crack patterns of RC Specimens according to concrete type ..........c.......... 97
Figure 4.15 Crack Patterns of strengthened and retrofitted specimens ...........c.ccoceevenee. 98
Figure 4.16 Concrete CruSNING ......ccvcieeie ettt ene e 99

Xl



LIST OF SYMBOLS

Concrete tensile strength (MPa)

Concrete flexural strength (MPa)

Concrete cube compressive strength (MPa)

Steel yield strength (MPa)

Steel ultimate tensile strength (MPa)

Deflection (mm) corresponding to 70% the ultimate load
Ductility Index (unitless)

Ultimate deflection (mm)

Deflection at yield point (mm)

X1



RC
NSC
HSC
SFRC
1.Q.S
BS

ASTM
ACI
FRP
CFRP
GFRP
NSM
FEM
HRWR
IS

DI

ABBREVIATIONS

Reinforced Concrete

Normal Strength Concrete

High Strength Concrete

Steel Fiber Reinforced Concrete
Iraqi Standard

British Standard

Water Cement Ratio

American Society for Testing and Materials
American Concrete Institute
Fiber Reinforced Polymer
Carbon Fiber Reinforced Polymer
Glass Fiber Reinforced Polymer
Near Surface Mounted

Finite Element Model

High Range Water Reducer
Initial Stiffness

Ductility Index

XV



CHAPTER ONE INTRODUCTION

CHAPTER ONE
INTRODUCTION

1.1 General

In the current time, the earthquakes or seismic excitation have become
a phenomenon that occurs from time to time which affects the performance
of some reinforced concrete frame structures specially for the old building.
During these events, many concrete frame buildings will be damaged and

several people will lose their lives or homes.

The reinforced concrete frame structure that consists of reinforced concrete
joints that have been designed according to the old requirements of the
applied codes (without transverse shear reinforcement at the joint region)
and before the application of the seismic requirements that are included in
the new codes, it vulnerable to shear when undergo to seismic excitation.
Then, the expected failure of such member is due to shear at the joint core.
While the desired failure of those constructed according to the new seismic
code may be a flexural failure in which the plastic hinge should be at the
joint interface. The formation of the plastic hinges at the interface of the joint
is critical due to its penetration to the joint core and its effect on the bond

drop (Arowojolu et al, 2019).

Under a severe earthquake, there may be a large amount of shear stress
concentrated at the region of the joint exceeding the shear capacity of the
joint. Therefore, the brittle shear failure in the joint area may lead to serious
consequences of severe damages and total collapse of the buildings

(Le-Trung et al., 2010). Figure 1.1 shows the main failure mode of RC joint
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(@) Joint shear failure
Figure 1.1 The main failure mode of RC joint (Singh et al, 2015)

1.2 Reinforced Concrete Joint
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A joint is defined as that portion of the column within the depth of the

deepest beam that frames into the column. In the RC frame structure, three

kinds of RC beam - column joint can be observed. The first one is the interior

joint that consists of four beams attached the vertical faces of the column.

The second is the corner joint. It includes two beams attached two adjacent

vertical faces of the column. The third one is the exterior joint that contains

two beams attached to two parallel vertical faces of the column and beam

attached to the face of column perpendicular to them (ACI 352R-02) . Figure

1.2 shows these kinds of joints.
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(c) Corner

Figure 1.2 Types of RC joints (ACI 352R-02)
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X 4 B

(d)"Roof"-Interior  (e) "Roof"- Exterior (c) "Roof"-Corner

Figure 1.2 : Continued

1.3 Forces Acting to the RC Joints

Under an earthquake action, an asymmetric and cyclic bending
moment diagram takes place due to the dynamic effect of loading and

unloading. The bending of the structure against horizontal forces are

distributed according to Figure 1.3

(a) The structure before earthquake
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L L

(b) The structure subjected to earthquake

Figure 1.3 Bending of the structure under the earthquake effect
(Montava et al., 2019)
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The effect of load on each of the three kinds of these joints is explained with
concerning the stresses and the related cracks developed at them. The forces
that effect on interior RC joint under gravity load are illustrated in Figure
1.4 (a). The axial force from the column, tension and compression forces
from the beam directly can be transmitted to the joint. In case of lateral load
applies to the joint as shown in Figure 1.4 (b), diagonal compressive and
tensile stresses at the joint area will increase and the cracks development will
be perpendicular to the tension diagonal A-B at the joint as well as on the
face of column intersecting the beam. Both ties in tension and struts in
compression are represented by solid and dashed lines respectively, where
the concrete is weak in tension, thus transvers reinforcement used to cut the
plane of failure for resisting the diagonal tensile forces. For exterior joint,
the reinforcement is required at the joint region to resist the cracks that will
develop at the joint region due to the shear force. So, the efficiency of this
type of joint depends on the longitudinal reinforcement details. Figure 1.5(a)
clarifies the forces that act on the exterior RC joint. Both Figure 1.5 (b) and
1.5 (c) show the typical details for the reinforcement at the joint region. The
efficiency range that will obtain by passing and bending the steel bars at the
core of the joint is (85-100) % as shown in Figure 1.5 (c). However, bending
the steel bars away from the joint core will achieve efficiency range (25-40)
% as shown in Figure 1.5 (b). Closed stirrups must be used for confining the
concrete a core. Figure 1.6 illustrates the forces that effect the corner RC
joint with continuous column over the joint. Understanding the force that
affected on the corner joint will be in the same way in exterior joint
concerning the load direction (binti Abd Kader et al., 2019; Uma & Prasad,
1996). An exterior RC joint will be investigated at our current study.
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Figure 1.5 Exterior RC joint (binti Abd Kader et al., 2019)

Figure 1.6 Corner RC joint (binti Abd Kader et al., 2019)
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1.4 Webbing

Webbing is a strong multi-purposes woven fabric. It is used usually
instead of ropes, steel wires and the metal chains in the everyday life for
industrial and other purposes. It is available in different types differ in shape,
length, width, color, strength and it classify according to the type of fibers
that include. There are many types of the synthetic fibers such as
(Fangueiro, 2011):

(@) Polyester

(b) Cotton.

(c) Nylon.

(d) Polypropylene.

(e) Aramid.

() Carbon

A polyester webbing will adopt for strengthening and retrofitting of

the reinforced concrete beam - column joint.

1.4.1 Polyester Webbing

Polyester webbing is one of the most common kinds of webbing use
in different industries. it has a set of benefits more than some types of
webbing. Where it is widely used in our life due to its cheap price,
lightweight, available at the local market and also for its excellent strength.
It is a flexible webbing and has the ability for wrapping tightly around the
surface. It is used for lifting or pulling the heavyweights such as concrete
blocks, pipelines, it is easy adhesion when it is used with epoxy for
strengthening and retrofitting works, it doesn't need a long time for curing
and it is also doesn't need skilled workers to apply. Figure 1.7 shows the
polyester webbing. Some characteristics of this polyester webbing are
(Fangueiro, 2011):
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(@ Initial modulus (10.2-10.6) N/tex.

(b) Resistant to stretching and shrinking.

(c) Abrasion resistance.

(d) Moisture: has a very low regain of 0.4%.

(e) Melting temperature (258-263) C°.

(f) Resistance to most chemicals.

(9) Polyester has excellent resistance to sunlight (one of the best for
outdoor use).

(h) Specific gravity :1.38.

(i) Tenacity: 0.62- 0.85 N/tex.

Figure 1.7 Polyester webbing

1.5 Steel Fiber Reinforced Concrete

Fiber Reinforced Concrete (FRC) can be defined as a composite
material basically containing a normal concrete or mortar randomly
reinforced by discrete short fibers. The fibers are usually fabricated from
plastic, steel, glass, and other materials. Steel fibers can be defined as
separated, short length steel of aspect ratio in the range (20-100) and that are
quite small to be easily dispersed randomly in the mix of fresh concrete mix.

When a steel fiber is used at this concrete, the produced concrete mix namely
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Steel Fiber Reinforced Concrete (SFRC) (Behbahani et al, 2011). Many

benefits are obtained from using steel fiber. They are as follows:

(@) increase the resistance of impact and spalling.

(b) Prevent the growth of the crack and widen under the service load.
(c) Enhance the ductility of the structure under the seismic load.

(d) Enhance the shear and flexural strength.

(e) Enhance the toughness

(SFRC) composition consists of cement, fine and coarse aggregates, water,
and steel fiber. The behavior of (SFRC) can be classified according to the
application and the amount of fibers as a percentage of the total volume of
concrete into three sets. The first set is of a very low volume fraction of steel
fiber 1% that has been used for a long time to control plastic shrinkage and
as pavement reinforcement. The second set is of moderate volume fraction
of steel fiber (1 to 2) % which can be used to enhance modulus of rupture,
impact resistance, and toughness in addition to other eligible mechanical
characteristics of concrete. While the last set is of a high-volume fraction of
steel fiber more than 2%, these include the SIFCON and it is used for special
purposes like blast and impact resistance. SFRC is used for different
purposes such as the Highways and pavements of airports, hydraulic

structures, fiber shotcrete...etc. (Behbahani et al, 2011)

1.6 High Strength Concrete

The concrete for a long time has represented the main material for
supplying a firm and safe infrastructure. The concrete with compressive
strengths range of 20 - 40 MPa has been widely used in construction projects.
Long-term poor performance of a normal concrete drove to encourage the
researchers for the development of concrete with specification better than the

conventional concrete concerning the durability, workability and
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affordability. Thus, it enabled to construct an economical and sustainable
structures with developed architectural shapes. Produce and develop high
strength concrete HSC has been a great step in the concrete technology. High
strength concrete is defined as concrete with a specified compressive
strength of 55 MPa or higher (ACI 363R, 2010). High strength concrete is
used in engineering projects that have concrete members that must be strong
against high compressive loads. High strength concrete contains in its
composition cement, aggregates, low water to cementitious material,
superplasticizers and silica fume or fly ash. HSC is typically used in the high

- rise building, highway bridges, dams... etc. (Revanth Jagana, 2017)

1.7 Objectives of the Research

The main objectives of this research are to investigate the behavior RC

joint as follows:

1. To study the effect of confining concrete at the joint core by using
internal closed stirrups and addition steel bars.

2. To investigate the effect of concrete compressive strength on the
ductility characteristics of the joint by using three types of concrete.

3. To study the effect of strengthening and rehabilitation of RC beam
- column joint of partial damage (70% of its ultimate load) and fully
damage (100% of its ultimate load) using polyester webbing as a

new suggested technique.

1.8 Organization of the Thesis

The thesis consists of five chapters. They are as follows:

Chapter One : Represents a general introduction about the concept of RC
joints and the force acting on it, polyester webbing, high
strength concrete, steel fiber reinforced concrete and the

objectives of research
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Chapter Two : In this chapter, a review of some previous studies related to
the strengthening and rehabilitation of reinforced concrete
Joints using different techniques has been included in
addition to the summary.

Chapter Three : The specification and testing results of the materials used
in this study, instrumentation, the tests and the mixing
quantities of the concrete. The steps of work, the joint
specimens' details, the method of preparation, casting and
the test procedure are illustrated in this chapter.

Chapter Four : The results of the experimental program and discussion of
the obtained results are included in this chapter.

Chapter Five : Explanation of the important conclusions that were reached
from the obtained results during this study. Some
recommendations and proposals for further studies were

included too.

10
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CHAPTER TWO
LITERATURE REVIEW

2.1 General

Researches and studies are conducted in the past few decades were
aimed at studying the strengthening and rehabilitation of reinforced concrete
joints. Different materials with different techniques were used. This chapter
summarizes the most important and recent experiences and developments on

which researchers worked and reviewed their results in this field.

2.2 Strengthening of RC Beam - Column Joint

There are many common ways for strengthening the critical region of
the reinforced concrete beam column joints in the concrete frame buildings.
These ways can be divided into two groups which are respectively: interior
and exterior strengthening. The first one includes using advanced
reinforcement steel detail, fiber reinforced concrete, SIFCON, high strength
concrete and so on, while the second includes jacketing (concrete, steel, fiber
reinforcement polymer (FRP), ferrocement) or composite jacketing ...etc.
This chapter includes some of the available experimental and/or theoretical
researches that are related to strengthening of the reinforced concrete beam

column joint.

2.2.1 Strengthening by Jacketing

It is one of the strengthening methods used to enhance the capacity
of different concrete member (beam, column, beam-column joint....).
Various materials can be used in this technique to perform the intended
purpose when used to strengthen structural elements such as concrete, steel,
carbon fiber reinforced polymer CFRP, glass fiber reinforced polymer
GFRP, SIFCON.. .etc.

11
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2.2.1.1 CFRP and GFRP Jacketing

Attarietal. in 2010 investigated the effect of fiber reinforced polymer
(FRP) strengthening on the efficiency of beam - column joint subjected to
reverse cyclic load. In this study, the test was carried out on three specimens.
The first was considered as a control specimen. The dimensions of control
specimen were the same with respect to cross section area for both column
and beam (0.15x0.1) m while their length was 0.75 and 1.35 m respectively.
The two remaining samples were the same dimensions and details of the
control, one of them was strengthened with Carbon Fiber Reinforced
Polymer (CFRP) plate on upper and lower face of beam while the
rehabilitation scheme had been done on the other using single layer of CFRP
sheet, two L-shaped layers of Glass Fiber Reinforced Polymer (GFRP) on
upper and lower face of beam as well as two layers of GFRP wrapped on the
column. The results showed that the ultimate load of the repaired specimen
using of hybrid fibers (GFRP sheets and CFRP plates) was increased by 44%

and the ductility was improved by 23% compared to the control specimen.

An experimentally study was achieved by Le - Trung et al. in 2010,
they studied non-seismic reinforced concrete joint strengthened by carbon
fiber reinforced polymer to improve the lateral strength and ductility of non-
seismic RC beam-column joint. The test was conducted on eight specimens
which represented an exterior reinforced concrete joint. Six specimens of
them have been retrofitted with various arranging shapes of CFRP sheets
and/or strips as shown in Figure 2.1 . One of the remaining two samples
represented non seismic behavior and the other had a seismic detail. The
result of the study showed that using of CFRP with suitable arranging (X
shape) enhanced the lateral strength of the non-seismic specimen by 17.5%
and the ductility was increased by 5.3 times compared to the non-seismic

specimen. Also, using double layers of CFRP gave a great enhancement of
12
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the ductility as well as to the lateral strength where they increased by 3.6

times and 31.7%, respectively.

e. RNS4 f. RNS-5 2. RNS-6

Figure 2.1 Description of all tested specimens (Le - Trung et al.)

Mahmoud et al. in 2014 experimentally studied the rehabilitation of
exterior reinforced concrete beam column joint using CFRP technique. In
this study, the test was conducted on eleven specimens. One specimen
represented the control. The ten specimens remained were divided into three
sets have been casted to cover three likely failure modes. The first set
included three specimens represented the first defect which was the absence
of the stirrups at joint core. The second set included three specimens
represented the defect of insufficient bond length for the beam main steel
reinforcement while the last set had four specimens represented the third
defect that was deficiently executed implanted column on an old one. For
both setl and 2, two strengthening configurations were suggested while three
configurations were considered for set 3. Three styles of strengthening were
used for rehabilitation of the reinforced concrete joint including strips, sheets

and near-surface mounted NSM strips of CFRP as shown in Figure 2.2 .

13
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Figure 2.2 Strengthening Schemes of tested specimens
(Mahmoud et al., 2014)

The results explained that the suggested pattern of the CFRP strengthening
were the best option for strengthening the first two failure modes. The
diagonal sheets at the first set were the better choice for preventing the failure
of the joint has no stirrups while the (L-shaped) sheets at the second group
were adequate for resisting the failure of specimen had insufficient bond
length of the main steel bars in beam. However, third set results explained
that using NSM strips method enhanced the structural behavior of the
specimen where the load capacity increased by 6.6% compared to the control
specimen. Moreover, using bonded CFRP sheets and strips failed to improve
the joints capacity. The failure of the third group was due to splitting of the
upper implanted column and peeling off of either CFRP NSM or CFRP sheet
or rupture of the anchorage U shaped layer.

14
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Hadi and Tran in 2016 applied a new strengthening technic on
exterior reinforced concrete beam - column joint by using both CFRP and

circular concrete cover to strengthen the joint as shown in Figure 2.3.

CFRP around the beams,
thickness, le2

CFRP around the beams,
thickness, f,

Horizontal CFRP around
the joint thickness t;,

P

7]
|

300

/ Additional CFRP,
108 f100|100] thickness tay

CFRP around the columns,
thickness tmc

CFRP along the columns,
thickness tn

(a) CFRP scheme (b) Strengthening scheme

Figure 2.3 Strengthening using CFRP and circular concrete cover
(Hadi and Tran, 2014)

Four RC beam - column joint specimens were casted. The first one
represented the reference specimen while the other remaining three
specimens were strengthened by surrounding the square column by circular
concrete cover at the joint region then CFRP sheets were wrapped on the
column and beam with different thickness. The procedure of strengthening
was implemented in two stages. At the first stage, surrounding the columns
of the specimens by circular concrete covers while the second stage included
applying the CFRP sheets to the specimens according to the strengthening
scheme. The samples were tested under cyclic load. The test results proved
that the proposed strengthening method effectively improved the seismic
performance of the joint. This method improved the CFRP confinement
effect and prevented the debonding of the CFRP at the joint area, leading to
the improvement in the effectiveness of the applied CFRP. Also, the results
15
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showed that the fourth specimen that was strengthened with CFRP of 0.66
mm thick showed a beam flexural failure where the plastic hinge formation
was at a distance of approximately 250 mm from the beam-column interface.
This specimen achieved an increase of 140 % in the load capacity compared

to the control specimen.

Azarm et al. in 2017 investigated the ability of CFRP overlays to
improve the seismic capacity of RC joints. Two identical specimens of
exterior RC joints were fabricated and tested under monotonic load. One of
the specimens was considered as a control while the other specimen was
retrofitted with the CFRP flange bonded scheme. The retrofitting scheme
consisted of five layers (300 mm length) of CFRP laminates were placed on
the top and bottom flanges of the beam ends joining the joint and were
extended so that they covered parts of the adjoining column faces. 150 mm
wide strips with 5 layers of overlay are sufficient to provide the appropriate
anchorage for the CFRP sheets. The results showed that the load capacity of
the retrofitted joint increased by 23 % compared to the control specimen.
Also, relocation of the plastic hinge towards the end of the wrap did not occur
where flexural cracks were formed at the face of the column as shown in
Figure 2.4 .To investigate the effect of FRP overlay thickness on possible
relocation of the plastic hinge in this joint, a numerical investigation was
carried out in which three different overlay thicknesses of 5, 7 and 9 layers
of overlay, corresponding to thicknesses, respectively. Numerically 9 layers

succeed to relocate the plastic hinge place.

An experimental study was conducted by Mostofinejad and
Akhlaghi in 2017 to investigate the seismic behavior of exterior RC beam -
column strengthened with CFRP sheets externally bonded reinforcement on
grooves (EBROG) and the performance of FRP fans to prevent the splitting

16
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failure of the concrete cover. Six RC specimens without transverse
reinforcement in the joint region were constructed and subjected to quasi
static reverse cyclic load. On specimen was set as a control while the other
specimens were strengthening U and X shaped configurations of CFRP
sheets as shown in Figure 2.5 . The results showed the average maximum
positive and negative loading directions increased by up to 36, 52, and 17 %
for specimens of U-shaped configuration with FRP fan and the specimen
with X configuration, respectively, the ductility was enhanced by 74 % and
the energy dissipation improved twice compared to the reference specimen.
Also, The U-shaped CFRP jackets bonded according to the proposed method
are capable of effectively relocating the plastic hinge away from the column

interface into the end of the CFRP layers as shown in Figure 2.6 .

(a) Control specimen (b) Retrofitted specimens

Figure 2.4 Crack pattern for retrofitted joints (Azarm et al., 2017)
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Figure 2.5 Strengthening configurations of the tested specimens
(Mostofinejad & Akhlaghi, 2017)

(a) control specimen (b) Strengthening specimen

Figure 2.6 Final failure patterns of the tested specimens
(Mostofinejad & Akhlaghi, 2017)

18
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Akash and Jayasree in 2018 studied the efficiency of exterior
reinforced concrete beam column joint retrofitted using GFRP as externally
bonded sheets and NSM strips in different angle (30,45 and 60) degree
subjected to reverse cyclic load. The parameters that had been evaluated at
this study were stiffness, ductility, energy dissipation and the strength. Ten
specimens of exterior joints were casted and tested in this study. The reverse
cyclic load was applied to the specimens in two stages (forward and reverse)
load. So, the specimens were divided into two identical groups. Each group
consisted of five specimens. One of these specimens represented the control
specimen, three of them explained the NSM strengthening at the above-
mentioned angles while the last one was for the exterior bonded GFRP
sheets. The forward (cyclic) load included the same number and details of
the specimens mentioned above. Except the control, all the specimens were
subjected to preloading up to 67% of the ultimate load of the control. After
then the retrofitting was applied to them. All the parameters that were
investigated at this study for all NSM retrofitted specimens were more than
the control and externally bonded specimens. Moreover, the NSM technique

with angle at 30 degree quit proved all the parameters included in this study.

Lin Wang et al. in 2019 experimentally studied the strengthening of
seismically deficient RC joints using CFRP. Six exterior RC beam - column
joint specimens were subject to cyclic load. These six specimens consisted
of one non-seismically specimen, one seismically specimen and four
retrofitted specimens using different schemes of bonded CFRP sheets and
near surface mounted (NSM) CFRP strips as shown in Figure 2.7 . The
concluded result showed that the specimen without any transverse
reinforcement in the joint region failed in shear when subjected to cyclic
loading while the specimen with shear stirrups appeared flexural failure.
Also, using of NSM CFRP composite strips to strengthen an exterior RC
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beam - column joint with anchorage of the CFRP composite strips in the
adjacent beam was found to be the most effective among the three
strengthening schemes examined. The method can effectively relocate the
plastic hinge away from the column face, leading to a ductile failure mode

as shown in Figure 2.8 .

CFRP sheets 5 CFRP stnps Ve
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(only for Specimen NDSB)
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Figure 2.7 Strengthening schemes of tested specimens
(Wang et al., 2019)

(a) Non-seismic control specimen (b) Retrofitted specimen
Figure 2.8 Failure modes of tested specimens (Wang et al., 2019)

Arowojolu et al. in 2019 studied the use of CFRP for strengthening
reinforced concrete beam - column joint to relocate the plastic hinge location.

The test was done on eight specimens of non - seismically externally corner

20



CHAPTER TWO LITERATURE REVIEW

reinforced concrete joint. They were divided into two sets each contained
four specimens. The first set was subject to monotonic load while the second
set was subject to cyclic load. One specimen represented the control and the
remaining three specimens were the retrofitted specimens by CFRP strip and
sheets. One retrofitting scheme was adopted for all retrofitted specimens as
shown in Figure 2.9 . The scheme differs in length, thickness and location of
the CFRP. One of the two sets subject to monotonic load with scheme length
200, 200 and 300 mm while the other set subject to cyclic load with scheme
length 300, 200 and 200 mm. The results of the practical part have been
confirmed by using FEM. The results showed that plastic hinge location
moved to the end of the CFRP sheet. Also, that required length of the bonded
CFRP sheet was lesser than that of the beam depth. The specimens with 200
mm length of CFRP sheet performed better compared to the 300 mm length.
The increase of the load capacity was (18.6 and 17.9) % for the retrofitted
specimens with bonded CFRP sheet length 200 and 300 mm, respectively
under monotonic load while this increase was (24.1 and 10.3) % under the

cyclic load.

CERP SHIEET

CFERIT WRAP

Figure 2.9 Retrofitting scheme of specimens (Arowojolu et al., 2019)

21



CHAPTER TWO LITERATURE REVIEW

2.2.1.2 Reinforced Concrete Jacketing

Bindhu et al. in 2016 investigated the improvement of the seismic
capacity for exterior beam - column joints by using concrete jacketing with
newly proposed reinforcement detailing. The newly proposed reinforcement
for jacketing consists of additional collar stirrups around the beam-column
joint as shown in Figure 2.10 . The specimens were divided into five kinds,
the first one represented the non-ductile joint included three specimens that
were designated as the control. The second represented the retrofitted
specimen using conventional concrete jacketing (without collar stirrups)
while the third kind represented the retrofitted specimen using newly
proposed jacketing. Two specimens were strengthened using conventional
and newly proposed jacketing to represent the fourth and fifth kinds
respectively. The concrete jacketing for the last two kinds was casted
monolithically with the joint body. All the specimens were subjected to
reverse cyclic loading. Each specimen was first loaded up with semi static
loading rate 1.962 kN and then unloaded, till Reload was applied on the
reverse direction with same loading rate. The subsequent cycles were also
loaded in a similar way. The results showed that concrete jacketing changed
the failure mode i.e (plastic hinge formation). Also, the specimen with newly
suggested jacketing that was casted monolithically was achieved an increase
in the load carrying capacity, energy dissipation and ductility by (90, 164

and 36%), respectively compared to the control specimen.

Figure 2.10 Proposed
jacketing detail
(Bindhu et al., 2016)
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2.2.1.3 Ferrocement Jacketing

Kannan et al. in 2013 adopted a ferrocement jacketing as a
strengthening technique for exterior reinforced concrete joint subject to
cyclic loading. At this study, two kinds of ferrocement jacketing schemes
were adopted. The first one was the common kind that was with right angles
and designated as conventional jacketing while the second kind of
ferrocement jacketing was the advanced jacketing in which the corners of
beam and column were filleted almost 20 mm radius before applying the
jacketing. The test was conducted on six specimens of the reinforced
concrete joint without stirrups at the joint core area. The concluded results
explained that using the two jacketing methods enhanced the load capacity
by 33.33 % compared to the control specimen. However, the advanced
ferrocement jacketing is better than the conventional jacketing where the
increase of energy dissipation and maximum deflection was (350.3 and 90.1)
% for the specimens with conventional jacketing and (501.1 and 140.8) %

for the specimen with advanced jacketing, respectively.

Bansal et al. in 2016 studied the strength behavior of retrofitted RC
beam-column joint by using ferrocement jacketing. The test was conducted
on five specimens of exterior RC joint with concrete grade M20. The first
specimen was subject to monotonic load up to failure and considered as a
control while the remaining four specimens were loaded up to 80% the
ultimate load. Two retrofitting schemes of 20 mm thick ferrocement
jacketing were applied to them, each scheme was applied to two specimens
as shown in Figure 2.11 . Then, the specimens were loaded again with similar
procedure. The results showed an improvement in the load capacity of
retrofitted specimens for both first and second retrofitting schemes increased
as compared to control specimen by (27 and 59) %, respectively as well as
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to the yield load. Also, there was no noticeable increase in the ductility index

where the increase was (9 and 8) % for first and second scheme, respectively.

LAYER L1

© LAYERL1

(a) Retrofitting Scheme 1 (b) Retrofitting Scheme2

Figure 2.11 Retrofitting schemes of tested specimens (Bansal et al., 2016)

2.2.2 Strengthening Using Steel plate

Sharbatdar et al. in 2012 investigated the behavior of retrofitted RC
exterior beam - column joint by using steel prop and curb (suggested
technique). Four half - scale RC joints were tested under the cyclic loading.
Two control specimens with the different beam heights were loaded up to
their ultimate strength and this was followed by retrofitting of these damaged
specimens as new specimens and tested again under the same loading system
as shown in Figure 2.12 . Experimental results showed that the 25%
reduction of beam height caused decreasing in the ductility, load capacity
and energy absorption. The ultimate load for the retrofitted specimens was
increased up to 80% and also the energy absorption was enhanced to 93 and
250 % compared to the control specimens with beam of (reduced and normal
height), respectively. The cracks were minimized due to a new lateral
loading in the beam - column joint region in this upgrading method.
Suggested two - side steel prop and curb retrofitting system was usable for
rehabilitation the joint specimens because the shear stresses and the number
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of cracks at the panel zone were reduced and the plastic hinge was effectively
relocated to the above beam curb from side of joint and panel zone in this

proposed system as shown in Figure 2.13.

_ Concrete
beam

Steel
curb

Steel

Concrete
. column

Figure 2.12 Schematic view of retrofitted concrete joints specimens
(Sharbatdar et al., 2012)

TRt
[+ =T
ERE Sl 3
- /{e_ = H >
et T 08/07.
e
(a) Control specimen (b) Retrofitted specimens

Figure 2.13 Retrofitted joint specimens at the end of test
(Sharbatdar et al., 2012)

Torabi and Maheri in 2017 investigated a specimen of exterior RC
beam - column joint repaired and retrofitted by using stiffened steel plates.
The target of this study was to increase the joint capacity and relocate the
plastic hinge location. The cross - sectional area of the original specimen for
both beam and column was identical and equal to (300x300) mm? while the

length of column and beam was (2700 and 1600) mm respectively. Concrete
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grade M20 was used for casting the specimen. The specimens were subject
to quasi static cyclic load up to failure. After that, the repairing works for the
defected specimen was continued until the specimen was fully repaired.
Then, the retrofitting works were applied by using 15mm thick stiffened
plate that had dimensions, details and the set up clarified in Figure 2.14 . The
same load condition was applied to the renovated and retrofitted specimen
sample up to failure. This study concluded that using stiffened steel plate to
renovate the joint increased the load capacity. The increase was almost 35%
for the retrofitted specimen compared to the original specimen. Moreover,
the seismic performance of the joint was enhanced by moving the plastic

hinge location out of the renovate area.
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(a) Stiffened Plate Details (b) Stiffened Plate Set Up

Figure 2.14 Stiffened plate detail (Torabi and Maheri, 2017)

2.2.3 Strengthening by Using Steel Fiber Reinforced Concrete
Misir and Kahraman in 2013 studied the effect of SIFCON blocks

on performance of reinforced concrete beam column joint without seismic
reinforcement. The aim of this experimentally study was to use a new
strengthening technique for reinforced concrete joint in an existent

reinforced concrete frame building. This technique depended on using sheet
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and corner block pre-manufactured and fixed at the joint with anchor rod as
shown in Figure 2.15 .

The quasi-static cyclic loading test was carried out on three identical
specimens in dimensions and reinforcement details. One of them was to
serve as a control. While the other were strengthened by plates and corner
blocks of SIFCON with different thickness. The test parameters were
compressive strength of composite matrix, ratio of fibers, thickness of block
and the anchorage length and orientation of the rods. The loading steps were
performed at predefined drift ratios starting with (0.15, 0.25, 0.35, 0.50, ...,
3.5) %. As a result, for this study, they succeed to move the location of the
plastic hinge away from the face of the column. In other words, the failure
mode of this joint changed to be flexural rather than shear failure which

considered as a brittle in the control specimen.

=

-

E—

Figure 2.15 SIFCON strengthening (Misir and Kahraman, 2013)

Balaji and Thirugnanam in 2017 studied the behavior of exterior
reinforce concrete beam - column joint that was improved by SIFCON in the
core of that joint under reversed cyclic load. At the experimental part of the
study, ten specimens were conducted under five series of test. Two of these

specimens were casted with normal concrete strength M30. Four of the
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specimens were made of concrete with 1.5 % steel fiber, two of them fully
fibrous concrete while the remaining two specimens were made of fibrous
concrete in the joint core region. The last four specimens were SIFCON
specimens with 9 % steel fiber, two of them fully SIFCON specimens while
the remaining two specimens were made SIFCON in the joint core region.
Also, FEM was constructed by using ANSY'S program to expect the modes
of failure and the load deflection relationships of all tested specimens. The
results showed that using fibrous concrete led to increase the first cracking
load. The predicted load deflection curve from numerical modeling seems to
be close to the experimental result. The ultimate load capacity increased by
69 % for the SIFCON joint compared to the normal joint while both SIFCON
beam- column joints and specimen with SIFCON in the joint core exhibited

a good ductile behavior under the applied load before the final collapse.

Das and Choudhury in 2018 experimentally examined the
performance of reinforced concrete beam column joint and its performance
due to by using different kinds of fiber reinforced concrete. Four identical
specimens in dimensions and reinforcement details were casted. The first
specimen represented the control while the others three specimens
represented three kinds of fibrous concrete. Three kinds of fiber were used
in this study with different volume fraction. They were steel, carbon and
glass fiber, with volume fraction (0.75, 0.75 and 0.5) %, respectively. The
specimens were tested under reverse cyclic load to simulate the seismic
effect. The results revealed that the ultimate load for all the specimens
containing fibers was more than that of the control specimen. The increase
of the maximum load in reverse cycle was 27 % for the specimen of 0.75 %
steel fiber.
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2.2.4 Strengthening Using Additional Reinforcement Detail

Ha and Cho in 2008 achieved an experimental study about using
suggested reinforcement details in the strengthening of high strength
reinforced concrete joint. The suggested reinforcement details included
using of internal closed stirrups for confining concrete and additional
intermediate steel bars with hooked ends. The target of this study was to
improve the seismic strength and performance of reinforced high-strength
concrete exterior joints under cyclic load depending the concept of moving
the plastic hinge location away from the face of column. The parameters of
this study were the loading type, length of the intermediate steel, the concrete
confinement using closed stirrups and the concrete compressive strength.
Figure 2.16 shows the tested specimens' details. Advanced reinforcement
details were improved the load carrying capacity of reinforced high strength
concrete exterior beam - column joints. The location of the plastic hinge

moved away from the joint into the beam as shown in Figure 2.17 .
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Figure 2.16 Reinforcement details of beam - column joints (Ha and Cho, 2008)
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Figure 2.17 The location of plastic hinge at failure (Ha and Cho, 2008)
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An experimental study was achieved by Gokdemir and Tankut in
2017 about exterior reinforced concrete beam - column joint without
transverse stirrups at the joint area strengthened using diagonal steel bars.
The basic principle of the proposed technique was to implant epoxy anchored
bars into the holes drilled through the joint body in the two diagonal
directions anchored either by welding or by nuts as shown in Figure 2.18 .
The test was done on eleven identical specimens of concrete grade M20.
Four of them considered as a reference. Two specimens of the reference had
stirrups at the joint region. The number of these stirrups was different
depending on the stirrups spacing while the remaining seven specimens were
without transverse stirrups at the joint and had been strengthened with
diagonal steel bars. The aim of the study was to strengthen the joint to
prevent early failure of the joint region prior to hinging in the beam. The
variables of the study were the number of stirrups at the joint, anchorage type

(without, bolt, or weld), amount of implanted steel and the lap splices.

Figure 2.18 Specimens strengthening (Gokdemir and Tankut, 2017)

For the reference specimens, the results showed the performance of the joint
without any ties stirrups at the joint area was very unsatisfactory where both
the capacity and behavior improved as the concrete confining at the joint

using closed stirrups increased. So, the specimen that had less stirrups'

31



CHAPTER TWO LITERATURE REVIEW

spacing at the joint achieved acceptable performance. Compared to the
specimen without stirrups at the joint, both the ultimate load and ductility
were increased by 19 % and 78 %, respectively. For the strengthened
specimens corresponding to ultimate load and ductility, the diagonal steel
bar implant improved the performance effectively where it represented the
required amount of steel placed at the joint with appropriate end anchorages.
Both bolted and welded bar ends serve the purpose satisfactorily whereas
epoxy embedded implants without any end anchorage are far less effective.
The effectiveness of the strengthening was almost directly proportional to
the amount of steel embedded. Lap splicing of the implanted diagonal bars
appeared to be perfectly acceptable where the results using lap splice

approximately closed to that without lap splices.

2.2.5 Strengthening Using Steel Sections

Montava et al. in 2019 achieved an experimental study about
strengthening of the reinforced concrete joint by using steel sections placed
inside the concrete joint as shown in 2.19 . The aim of this study was to
confirm the improvement of the ductile characteristics of steel reinforced
concrete joint compared to a conventional RC joint. The work was conducted
on six specimens. Two of the six specimens were strengthening by using
steel sections (HEB 100 and IPN 140). The other two specimens were
strengthened by using a square steel section (140x140x5) mm was filled by
concrete individually. Then after hardening, the steel section was embedded
inside the specimen to be casted after that. In one of the strengthened
specimens with square section, two bars @ 20 mm were added on both sides.
Figure 2.20 shows the cross-section and strengthening of the specimens. The
remaining two specimens served as control specimens. The specimens were
tested under a vertical load with a cyclic loading-unloading test without any

applying load in the opposite direction.
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Figure 2.20 Specimens cross-sections and strengthening schemes
(Montava et al., 2019)
The results showed that the specimen with embedded square section
achieved a maximum load more than the other specimens. Also, the ductility
of this specimen increased to be higher than the other. Moreover, the energy
absorption of the tested specimens with steel reinforced concrete was greater

than that of conventional reinforced concrete specimens.

Montava et al. in 2019 numerically investigated three-dimensional
finite element models of reinforced concrete joints strengthened using steel
sections to confirm the experimental tests that were carried out on steel
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reinforced concrete joints. The aim of this research was to obtain the plastic
behavior of reinforced concrete joints with a numerical model in the same
way as obtained experimentally. The three specimens were analyzed by
numerical simulation using ANSY'S program to compare the results with the
experimental tests. The model of beam corresponded to a T-joint of a
conventional frame with a concentrated load, which corresponded to a
horizontal or vertical force as shown in Figure 2.21 Detail of the T- joint in
a conventional frame. The load is applied as an imposed displacement in the
center of the simply support joint specimen. The obtained results are similar

to the results that were obtained from the experimental work.

B

Figure 2.21 Detail of the T- joint in a conventional frame
(Montava et al., 2019)

Abdulghani and Jaafer in 2021 numerically studied a nonlinear finite
element analysis of RC beam-column joints. A numerical study carried out
through a simulation on beam-column joints failed in flexure presented by
experimental study. The aim of this study is to analyze beam-column
connections under flexural loads simulating the lateral load's condition using
the ANSYS program. In this study, the strengthening of the joint was done
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using four normal ratios of steel fibers (0.5, 1, 1.5 and 2) % and SIFCON
ratios (4, 6 and 8) % with partial and full strengthening cases. The results
showed enhancing the ductility and flexural strength of the tested specimens
due to the steel fiber. SIFCON concrete enhanced the ultimate strength. The
use of steel fibers reinforcement instead of steel rebar enhanced the ultimate
load capacity by 101% with large displacement. The full strengthening
method by use of SIFCON presented pure flexural failure with cracks spread

in the joint region as shown in Figure 2.22
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Figure 2.22 Crack pattern and failure modes of RC joint
(Abdulghani and Jaafer 2021)

2.3 Summary

During an earthquake or seismic excitation effect on the reinforced
concrete frame buildings, two types of failure can be observed, shear and
bond-slip which are considered brittle failures. These affect the overall
performance of the joint ductility, load carrying capacity and stuffiness. At
the same time many structures have been designed according to the
conventional codes without transverse steel at the joint core and that lead
sometimes to collapse. To avoid these failures, a lot of studies have been

done from which the following conclusions can be drawn:
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1. The main aim of many studies was to relocate the location of the
plastic hinge formation to be on beam, away from the joint by
changing the brittle failure mode to be more ductile.

2. Using composite strengthening techniques in some cases enhance
the seismic performance of the RC beam - column joint.

3. The beam - column joint capacity can be improved by confining the
concrete at the joint by using closed stirrups.

4. Many studies concerning the improvement of the seismic
performance of the RC beam - column joint by using different
strengthening techniques. It is clear a few studies were achieved to
use steel fiber in strengthening or retrofitting the concrete joint.

5. There is no strengthening or retrofitting of RC joints by using
Polyester belts. Therefore, this technique (as the new suggested
technique). represents an attempt to investigate the performance of

joint strengthening by using a polyester belt.
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CHAPTER THREE
EXPERIMENTAL WORK

3.1 General

The main aim of the experimental program is to study the effect of
strengthening and rehabilitation of an exterior RC joint by using polyester
belt which is a common and economic material as well as the influence of
internal reinforcement and concrete compressive strength on the behavior of
the joint concerning the ductility, energy dissipation, stiffness, mode of
failure and toughness. The specimen'’s details, methodology of construction,
the materials properties, setup and procedure of the test and the tools are
showed in this chapter. All the specimens have been prepared and casted
then cured for 28 days at the structural materials laboratory of the Civil
Engineering Department at Misan University. The casted specimens are
transported to the structural materials laboratory of the Technical Institute in
Misan province where the strengthening and rehabilitation work with

suggested material were applied before testing them there.

3.2 Materials

Many materials were used for casting of concrete mixes for pouring
the RC specimens (normal, high and steel fiber reinforced concrete) in
addition to the materials used for rehabilitation and strengthening the
specimens. These materials are:

Ordinary Portland cement, fine aggregate, coarse aggregate, water,
superplasticizer, silica fume, steel fiber, reinforcement steel bars, polyester
belt, adhesive materials (Epoxy Sikadur-330, 52LP and 31 CF Slow).
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3.2.1 Cement

Ordinary Portland cement type | used for casting all the joint
specimens. Its production confirms the Iragi Standard (1.Q.S) 5/1984. Both
physical Characteristics and chemical components of this cement were tested
according to the 1.Q.S 5/1984 in Al - Karama laboratory and the results are
listed in Tables 3.1 and 3.2

Table 3.1 Physical characteristics of cement

. Limitof 1.Q.S
Physical property Test result No.5/1984

Fineness (Blain Air permeability "
Apparatus, (m2/kg) 279 80
Setting time (Vicat apparatus)
- Initial (minute) 105 %
- Final Dilatation angle (hour) 4.25 <10

0,
Soundness (%) _ 0.18 <08
(Autoclave expansion)
Compressive strength (MPa)
3 days 20 03
7 days 26.5 8
28 days 33 -

Table 3.2 Chemical characteristics of cement

Chemical analysis (b;(\e/(;:eeir;]tht) Limgﬁéﬁs
SiO; 22.30 -
Al,O3 4.50 -
Fe20s3 3.30 -
Lime Saturation Factor (L.S.F) 0.88 0.66-1.02
MgO 2.15 <5.0
3Ca0.Al:03 (CsA) 6.34 -
SOs 2.35 <2
Loss on Ignition (L.O.I) 3.35 4.0
Insoluble Residue (1.R) 0.98 <
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3.2.2 Fine Aggregate

Natural graded sand with modulus of fineness 2.6 was supplied from
Al - Basra Province in order to use it in all types of concrete mixes within
this research for pouring the specimens. Sieve analysis was carried out on
sand sample to check its limits and compare them with the limits of the 1.Q.S
No. 45/1984 (gradation zone I1). The test result conformed to the standard
and was listed in Table 3.3. Figure 3.1 shows the gradation of the sand
according to the 1.Q.S No. 45/1984.

3.2.3 Coarse Aggregate

Crushed gravel of 10 mm maximum size was supplied from north of
Misan Province to be use in two types of concrete mixes NSC and HSC for
casting samples that consist of these two types of concrete. Before using this
aggregate, it must be cleaned and freed of dust. The used gravel was
confirmed to the 1.Q.S No0.45/1984. The test result conducted on a gravel

sample was listed in the Table 3.4 and represented in the Figure 3.2

Table 3.3 Sieve analysis result of fine aggregate

Sieve Size Passing (%) No_kéﬂggj E.Z%nse I
10 (mm) 100.00 100
4.75 (mm) 96.80 90-100
3.36 (mm) 85.60 75-100
1.18 (mm) 73.60 55-90
600 36.00 35-59
300 u 17.60 8-30
150 p 1.40 0-10
Sulfate Content % 0.35 <0.5

39



CHAPTER THREE EXPERIMENTAL WORK

100 A

80 A

604 —&— Lower Limits

Passing %

—#— Upper Limits

»— Sample Analysis

0 2 4 6 8 10
Seive Size (mm)

Figure 3.1 Gradation of sand sample

Table 3.4 Sieve analysis result of coarse aggregate

_ _ . Limit of 1.Q.S
0
Sieve Size (mm)|  Passing (%) No0.45/1984
14 100 90-100
10 95 85-100
5 8 0-25
2.36 3 0-5
100
80
X
R -
2 60 —a—Lower Limits
8 —e— Upper Limits
40 '
Sample Analysis
20
~—_
0 1 -
0 5 10 15

Sieve Size (mm)

Figure 3.2 Gradation of gravel sample
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3.2.4 Water

Reverse osmosis (RO) water as used in all the concrete mixes and
curing process. It was added to the concrete mix as a percentage of the weight
of the cement or cementitious material (water cement ratio w/c). Water to
cement ratio is 50 % for NSC while the water to binder materials (cement
and silica fume) is (23 and 19) % for HSC and SFRC, respectively.

3.2.5 Superplasticizer

The water cement ratio affects many characteristics of the concrete
mix. So, using a high range water reducer (HRWR) admixture works to
improve the fresh concrete properties by reducing the quantity of water
added to the mix and increasing the workability. The properties of the
concrete mix will be improved by using HRWR such as the concrete
compressive strength, density, permeability, the cracks due to shrinkage. In
this study, Hyperplast PC260 superplasticizer type was used in HSC and
SFRC mixes at proportions (2 and 3) %, respectively by weight of
cementations materials (cement + silica fume). Hyperplast PC260 should be
added to the concrete with the mixing water to achieve optimum
performance. It's met the requirements of ASTM C494/C 494M - 05a
(ASTM, 2005). Some characteristics of the superplasticizer PC260
mentioned at the data sheets of the product supplied by the manufacture
company listed in the Table 3.5 (DCP, 2019).

3.2.6 Silica Fume

Silica fume is a by-product from the production of elemental silicon
or alloys containing silicon in electric arc furnaces. At a temperature of
approximately 2000 C° the reduction of high-purity quartz to silicon

produces silicon dioxide vapor, which oxidizes and condenses at low
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temperatures to produce silica fume. Silica fume particles are spherically
shaped and very fine, having a mean size of 0.1- 0.3 um (Panesar, 2019). The
used Silica fume or micro - silica at this study, grey ultra - fine powder
produced by DCP company and conform the requirements of the ASTM C
1240-03a (ASTM, 2003) according to the company guides. It was used in
both HSC and SFRC mixes with ratios (10 and 22) %, respectively by weight
of the cement.

Table 3.5 Hyperplast PC260 technical characteristics (DCP, 2019)

Property Hyperplast (PC260)
Form Liquid
Color Yellowish to brownish liquid
Specific gravity 1.1+0.02
Relative density (@ 25 C° 1.08-1.12

Typically, less than (2%) additional air is entrained

Air entrainment .
above control mix at normal dosages

Dosage (0.5 - 3.0) liter per 100 kg of cementitious materials

in the mix.
Packadin Available in 25-liter pails, 210-liter drums and 1000
gihg liter bulks.
Storage between 2° C and 50° C
Standards ASTM C494

3.2.7 Steel Fiber

Steel fiber is a relatively new construction material. It has been proved
as a reliable construction material that has superior performance effects when
used in concrete and could improve the characteristics of concrete, compared
to the conventional normal concrete in the following properties: higher
flexural strength, better tensile strength, higher shock resistance, and crack
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resistance (Hassouna & Jung, 2020). Many shapes of steel fibers are
available. Straight steel fiber with 14 mm length, 0.2 mm diameter and aspect
ratio 70 have been used at this study (see Figure 3.3). It was supplied to the
site as bags weight 20 Kg for each to be used for casting the steel fiber
reinforced concrete specimens where it represents 2 % by total volume of
specimens. It is significant to ensure uniform distribution of steel fibers
throughout the concrete mix. Therefore, steel fiber was added equally and

gradually during the mixing process.

TRy

Figure 3.3 Straight steel fiber

3.2.8 Reinforcement Steel Bars

Deformed mild steel bars conformed to the 1.Q.S 2091/1999 are used
as reinforcement for the specimens. For the main reinforcement in both beam
and column, @10 mm bars. Also, @6 mm Turkish steel bars were used for
the closed shear stirrups and ties. Tensile test was carried out on a sample of
these bars at the structural laboratory of Technical Institute of Amarah.
Figure 3.4 shows the testing machine and the test results were listed in Table
3.6 and Figure 3.5
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Figure 3.4 Testing machine of steel bars

Table 3.6 Steel bars test results

Nominal Actual Stress (MPa) .
. . Elongation %
Diameter (mm) | Diameter (mm) Yield (f,) Ultimate (f.)
6 5.97 442.62 503.6 11.1
10 9.46 560.6 652.5 12.4
Limits of 1.Q.S 2091/1999
6 300 500 11
05
10 400 600 9
700 -
600 -
. 500 S,
E - ",
s 400 -
% 300 -
a :
200 . w— 010 mm
100 _: ....... 96 mim
0 T T T T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Strain

Figure 3.5 Stress - strain curve for tested reinforcement steel bars
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3.2.9 Polyester Belt

In this study, a polyester belt was used with epoxy Sikadur - 330 for
applying the strengthening and rehabilitation schemes to the RC specimens.
It's made from polyester fibers which is considers as a common material due
it using for multi purposes in our life and its cheap price in the local markets.
This material has been supplied as a roll with 7.5 m length then it cut
according to the strengthening scheme dimensions. The polyester belt
properties are listed in Table 3.7. Figure 3.6 shows the polyester belt testing.

Table 3.7 Polyester belt properties

. . Ultimate Tensile Stress
Length Width Thickness | Test Load
(mm)/roll (mm) (mm) (kN) (MPa) (average of Three
Samples)
7500 60 3 52.2 290

Figure 3.6 Polyester belt testing
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Figure 3.6: Continued

3.2.10 Adhesive Materials

In this study, three kinds of epoxy produced by Sika company as
shown in Figure 3.7 were used. Sikadur - 330 was used for strengthening the
specimens as adhesive materials for bonding the polyester belts on the
concrete surface. In rehabilitation work, Sikadur - 52 LP used for sealing and
filling the cracks and damaged areas of the joint specimens while Sikadur -
31 CF Slow used as a resin to close the cracks and prevent the injected epoxy

to pull out under the pressure of injection.
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Figure 3.7 Types of adhesive material (epoxy)

3.2.10.1 Epoxy Sikadur - 330

Epoxy Sikadur - 330 was used for fixing the polyester belt to the area
which will be strengthened at the surface of concrete specimens. It is
available as two components A and B. These components are mixed together
using a mix ratio of 4:1 by weight, respectively. The mixing time should
continue until the mix be in a uniform grey color. Technical information as

provided by the manufacturer was listed in Table 3.8 (Sika, 2020c).

Table 3.8 Technical properties of Sikadur - 330
(Sika, 2020c Product Data sheet).

Property Description
Flexural Strength 60.6 N/mm? (7 days at +23 °C)
Modulus of Elasticity in Flexure 3489 N/mm? (7 days at +23°C)
Tensile Strength 33.8 N/mm? (7 days at +23 °C)
Elongation at Break 1.2 % % (7 days at +23 °C)
Mixing Ratio Component ‘A’: C\S,{?BSPent ‘B’=4:1by
Pot Life 57 minutes
16 °C 23°C 32°C
Compressive Strength (MPa) 7 days 80.0 77.2 81.3
14 days 85.5 81.3 82.0
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3.2.10.2 Epoxy Sikadur - 52 LP

Epoxy Sikadur - 52 LP is a liquid resin used for injection and
characterized as low viscosity, perfect adhesion for different materials
including concrete. Used to fill and closed the cracks in the damaged
concrete joint specimens by injecting the epoxy to the specimens under 40
bar pressure using pressure machine. It is available as two parts A and B with
mixing ratio 2:1 by weight, respectively. The two components of epoxy
should be mixed using electrical drill for at least three minutes at which the
mix be in a uniform pale straw color. Technical information provided in a
product data sheet as provided by the manufacturer were listed in Table 3.9
(Sika, 2020a).

Table 3.9 Technical properties of Sikadur-52 LP
(Sika, 2020a Product Data sheet).

Property Description
Tensile Strength ~ 27 MPa (7 days at 30 °C)
Substrate Temperature 25 °C min. / 40 °C max.
Mixing Ratio A B=2:1 parts by weight
Temperature 1kg Mixture
5°C -
10°C -
Pot Life
23°C ~ 70 minutes
30°C ~ 30 minutes
40 °C ~ 10 minutes
Curing Time Curing Temperature 25°C
Tensile Adhesion Strength 2days >7 MPa
14days > 10 MPa
Compressive Strength > 70 MPa (7 days at 30 °C)
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3.2.10.3 Epoxy Sikadur - 31 CF Slow

Sikadur - 31 CF Slow can be used as mortar and adhesive material. It
can be used for several construction and repair works. It is available as two
parts A and B with mixing ratio 2: 1 by weight, respectively. At this study
we used it to close the big crack and damage area before injecting Sikadur -
52 LP to satisfy a confining to insure completely filling with epoxy resin for
all cracks. Technical information provided in product data as provided by the
manufacturer were listed in Table 3.10 (Sika, 2020b).

Table 3.10 Technical properties of Sikadur - 31 CF Slow
(Sika, 2020b Product Data sheet).

Property Description
Tensile Strength (20-25) MPa after 10 days at (2@30) °C
Modulus of Elasticity in Tension 4300 MPa
Bond strength to (15-20) MPa after 10
concrete days at (2630) °C
Shear Strength
Bond strength to (3-3.5) MPaafter 10
steel days at (2630) °C
Mixing Ratio Component A : component B = 2 : 1 by weight
Temperature 1kg Mixture
5°C -
10°C -
Pot Life
20 °C 90 minutes
30°C 50 minutes
40 °C 25 minutes

3.3 Mixing procedure for concrete

Electrical mixer was utilized for mixing concrete used in this study.
Two mixers were used, horizontal rotary and drum mixer type with capacity

(0.08 and 0.24) m3, respectively. The horizontal mixer of 0.08 m? capacity
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was used for producing SFRC mixes while the drum mixer of 0.24 m® was
used for producing both NSC and HSC mixes. Figure 3.8 shows the two
mixers used in this study. The mixing procedure of NSC and HSC samples
was implemented by adding coarse aggregate followed by fine aggregate and
mix them together for one minute. The cement or cementitious materials
(cement and silica fume) were added and mixed with aggregate to ensure
homogenous mixing for the materials. After that, the water and
superplasticizer added, respectively. In SFRC, the procedure was carried out
by adding fine aggregate and half of the water amount firstly followed by
cementitious materials and mixed them for two minutes until the mix was
homogeneous. Then, steel fiber by 2 % of mix volume was added gradually
and mixed with pervious materials for five minutes to achieve homogenous
distribution for all ingredients. At last, the remaining water amount and
superplasticizer were mixed together then added to the mix. All the materials
mixed together for forty minutes to satisfy good workability for concrete.
The water ratio was 50 % by weight of cement for NSC while for HSC and
SFRC it was 23 % and 19 % by weight of binder materials, respectively.
Table 3.11 shows the quantities of the used materials for each type of

concrete per cubic meter.

(a) Horizontal Rotary Mixer (@) Drum Mixer
Figure 3.8 Concrete mixers types
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3.4 Specimens Details

The experimental study of this research was done on fifteen RC joint
specimens. These specimens divided into three groups according to the
concrete type. The first group "A" included ten specimens fabricated using
NSC. Three specimens were included in the second group "B" of HSC while
the third group "C" consisted of two specimens of SFRC. All the specimens

were identical in dimensions.

Square column with 170 mm cross sectional dimensions and 400 mm length
jointed to a rectangular beam with (170 x 200) mm cross sectional and 2400
mm length. Three reinforcement details were adopted for reinforcing the
specimens. Conventional or normal reinforcement detail D1 consists of
210 mm top and bottom as a longitudinal reinforcement beam and 4@10
mm in column. @6 mm as closed shear stirrups for beam distributed at 140
mm distance along the beam length as well as @6 mm spaced at distance 120
mm as ties for column. The second reinforcement detail D2 2@10 mm top
and bottom as a longitudinal reinforcement beam and 4210 mm in column.
@6 mm spaced at distance (120 and 140) mm in column and beam as ties
and stirrups, respectively. Additional internal reinforcement, 210 mm top
and bottom as a longitudinal reinforcement along the middle third of the
beam surrounded by closed stirrup @6 mm spaced at140 mm. Moreover,
additional main reinforcement 2810 mm and @6 mm hooks spaced at 120
mm for the column. The third detail D3 was as of the D2 reinforcement detail
except the additional longitudinal reinforcement along the middle third of
the beam surrounded by double closed stirrups. Figure 3.9 and Table 3.12
display the details of joint specimens.
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Table 3.11 Quantities of concrete mix materials (per cubic meter)

. Concrete Type
Materials
NSC HSC SFRC
Cement (kg/mq) 450 500 950
Fine aggregate ( kg/m?3) 562 625 1050
Coarse Aggregate ( kg/m?) 675 750 -
Silica fume ( kg/m?) - 50 209
Water (L/m?3) 225 125 220
Steel Fiber ( kg/m?®) - - 156
Hyperplast PC260 ( kg/m®) - 11 34.77
a7,
Main rei . 4@10 ]
Ties @6@120 D E L .
SecionAA |||l g
a1 B o
Top 2810 — .
Bottom 210 D =
Stirrups @6@140 ™
Section B-B B 2400

(@) Reinforcement detail (D1)

170,
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(b) Reinforcement detail (D2)

Figure 3.9 Beam - column joint specimens' details
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RI0R
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(c) Reinforcement detail (D3)
Figure 3.9: Continued
Table 3.12 Beam - column joint specimens details
. . . Reinforcement Concrete
No. Designation Description Details type Group
1 C1
Control D1
2 Cc2
NSC A
3 N1D2 D2
4 N2D3 D3
5 H1D1 Control D1
6 H2D2 D2 HSC B
7 H3D3 D3
8 F1D1 Control D1
SFRC C
9 F2D2 D2
10 S1U
Strengthening D1 NSC A
11 S2UL
12 RIUL Rehabilitation
70% damage Dl NSC A
13 R2L2 0 9
14 R3L2 Rehabilitation
100% damage D1 NSC A
15 R4UL

53



CHAPTER THREE EXPERIMENTAL WORK

3.4.1 Specimens Designations Details

All the letters and numbers in the specimens' designation have a
specific indication refer to the following:
The first letter to the left, the letter C which refers to the word "Control". For
the next five specimens, the first letters of their designation N and H refer to
the concrete types (Normal and High) strength, respectively while the letter
F refers to the word "Fiber", which indicates using of steel fiber in its
producing, which represents steel fiber reinforced concrete (SFRC). The
letters (S and R) refer to words (Strengthening and Retrofitting),
respectively. The first number to the left, represents the sequence of the
specimens. The letter D and the number following it from the right indicate
details of the reinforcement D1, D2 and D3. The letters (U and L) that were
included in the strengthened and retrofitted specimens refer to the schemes
of the strengthening or rehabilitation. The letter (U) indicates the U-shaped
scheme while the letter L refers to the word "Longitudinal™ that means strips
attached to the base of the beam. If the two letters exist together, that means
using two schemes for strengthening or rehabilitation. The number following
the letter (L) in the specimen designation refers to the layers of longitudinal

scheme.

3.5 Casting RC Specimens

3.5.1 Wooden Molds preparation

Thirteen wooden molds (T- shaped) with same dimensions have
been fabricated at the carpentry workshop. The mold had a column with
square cross section (170x170) mm and beam with rectangular cross
section (200x170) mm. The length of the column and beam were (400 and
2400) mm, respectively. Plywood sheets 20 mm thick were cut
mechanically to ensure soft and straight edges making right angles when
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connected together using nails and screws. After that, these molds were

transported to the laboratory to be ready for reinforcement work.

3.5.2 Specimens Reinforcement

Preparation of the steel cages for the specimen was done according to
the specific dimensions and reinforcement details. The wooden molds were
lubricated and distributed at the casting site correctly to ensure smooth
movement during the casting process. After that, the steel cages were placed

at the molds to be ready for casting the concrete as shown in Figure 3.10 .

Figure 3.10 Reinforcement the specimens

3.5.3 Concrete Pouring

All the materials used for casting the specimens were weighted and
stacked in a clean and dry place before the mixing process. Electrical
concrete mixers were adopted for pouring the specimens. The materials were
added to the concrete mixer sequencely according to the specified quantities
and mixing procedure for each type of concrete. Then, the fresh concrete was
poured in each wooden mold in two layers. The compaction was done to
each concrete layer using electrical vibrator. Finally, the fresh concrete was
levelled manually by using a trowel. After two days, when the concrete
started to be hard, the wooden molds were removed and the curing process
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continued for 28 days. All the RC specimens were covered by using nylon
sheets to. Figure 3.11 shows casting and curing of the specimens. After 28
days which is the end of the curing period, the RC specimens were
transported to the laboratory of the Technical Institute of Amarah to be ready
for test and application the strengthening and retrofitting schemes using

polyester belt.

Figure 3.11 Casting and curing the specimens

3.6 Strengthening and Retrofitting RC Specimens

The strengthening and retrofitting techniques were applied to normal
concrete specimens with reinforcement detail D1. The steps of each of them
and their schemes will be explained later. Table 3.13 presents the
strengthening and retrofitting schemes detail.
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Table 3.13 Strengthening and retrofitting details

Specimen Description Beam EO' of Column No. of
ayer Layer
S1U Strengthening U shape 1 Wrapping 1
U shape 1
S2UL Strengthening Wrapping 1
Longitudinal 1
U shape 1
Longitudinal 1
R1UL Retrofitting Wrapping 1

Additional 2 Strips
wrapping at the Face 1
of Column both sides.

Longitudinal 2

R2L2 Retrofitting | Additional 2 Strips Wrapping 1
wrapping at the Face 1
of Column both sides.

Longitudinal 2

R3L2 Retrofitting | Additional 2 Strips Wrapping 1
wrapping at the Face 1
of Column both sides.

U shape 1

Longitudinal 1
R4UL Retrofitting . ) Wrapping 1
Additional 2 Strips
wrapping at the Face 1
of Column both sides.

3.6.1 Strengthening of RC specimens

Two strengthening schemes were applied on two new construction RC
beam - column joint specimens using polyester belt (new technique). The
firs scheme was applied to the specimen S1U that included wrapping for the
column and only (U-shaped) strengthening for the beam while the other
scheme was applied to the specimen S2UL that consisted of wrapping for the

column. A single layer of polyester belt was put along the bottom soft of the
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beam in longitudinal direction. Also, a layer of U-shape of polyester belt was
placed around the beam to cover the soft and lateral sides of the beam. Figure
3.12 shows the strengthening schemes. Before application the strengthening
materials to the RC specimens, the following steps were achieved:

1. Roughening the surface of the specimen by using electrical grinder
to increase the friction between the surface and the strengthening
materials.

2. Cleaning the surface by using air blower to remove any suspended
dust. After that, washing the specimen using clean water and then left
to dry for one day.

3. A layer of primer epoxy (hardener and base) with 1:4 mix ratio was
applied to the concrete surface by using brush. After that, very fine
sand with maximum aggregate size (0.3 - 0.6) mm was sprayed on
the primer layer to enhance the surface friction.

4. At last, the polyester belt was cut according to the specific dimension
of the strengthening scheme. Epoxy Sikadur®-330 (base and
hardener) with (4:1) mix ratio were mixed and applied to the concrete
surface. Layer of polyester belt was applied to the prepared area then
pressed manually using steel roller to remove the air under the belt.

Figure 3.13 briefs the strengthening steps.

3.6.2 Retrofitting RC specimens

Four damaged RC beam column joint specimens with reinforcement
detail D1 were retrofitted by using polyester belt. These specimens were
tested firstly under monotonic load up to (70 and 100) % of their ultimate
load. The first two specimens R1UL and R2L2 were tested up to 70 % of the
average ultimate load of the control specimens, then the retrofitting process

was done to them. The other two specimens are C1 and C2, after testing them
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to fully damage 100% of the ultimate load. The retrofitting schemes were
applied to them. They were designated as R4UL and R3L2, respectively.
Two retrofitting schemes were adopted. The first one was applied to the
specimens R1UL and R4UL, which included wrapping the column, single
longitudinal layer of polyester belt was soft to the base of beam to cover all
the base area followed by U shape layer applied to the beam to cover its base
and the parallel two sides. Then, additional two strips were put on the beam
adjacent the faces of column perpendicular to the beam with width equal to
200 mm. The second scheme was applied to the specimens R2L2 and R3L2.
Its consisted of wrapping the column, two longitudinal layers soft to the base
of beam to cover all the base area and additional two Strips wrapping the
beam adjacent the faces of column perpendicular to the beam. Figure 3.14

shows retrofitting schemes.

Before applying the Retrofitting to the RC damaged specimens, many
steps were performed:

1. Preparing the damaged specimens that were tested by cleaning and
remove all loose concrete from the damaged area and cracks.

2. Installing the injection needles and packers at the racked that will
inject after drilling small holes along the crack path.

3. Sealing the cracks and the area around the injection needles and
packers using paste of epoxy Sikadur®- 31 CF Slow two parts (base
and hardener) with mixing ratio 2: 1, by weight respectively to
prevent the epoxy from leaking out. The specimens left one day, then
low viscosity resin epoxy Sikadur®52 LP two parts A and B with
mixing ratio 2:1 by weight was injected into the cracks under 40 bar
pressure using pressure machine to increase the bond at the damaged

area. Then closed the packers and needles
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4.

Removing the packers and cut the needles followed by grinding the

surface to be rough.

. Cleaning the surface by using air blower to remove any suspended

dust.

. After that, washing the specimen by using clean water and it was let

to dry for one day.

. A layer of primer epoxy Sikafloor® 161 (hardener and base) with 1:4

mix ratio was painted to the surface by using brush. After that, very
fine sand with maximum aggregate size (0.3 - 0.6) mm was sprayed

on the primer layer.

. At last, the polyester belt was cut according to the specific dimension

of the strengthening scheme. Epoxy Sikadur - 330 (base and
hardener) with (4:1) mix ratio was mixed and applied to the concrete
surface. Layer of polyester belt was applied to the prepared area then
pressed manually by using steel roller to remove the air under the
belt. Figure 3.15 briefly shows repairing the damaged specimens and

resin injection
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Concrete —— , 1 1 | -se<l— Concrete
U-shaped Layer —= - i b |, = Wrapping Layer
9 Secton 2-2 Secton 1-1
2
(a) Strengthening of specimen S1U
1 1 | +=f—— Concrete
! y | s =— Wrapping Layer
B Secton 1-1
2]
= =
e longitudinal Layer
; +i—— Concrete AT U - shaped Layer
. +“Je— U - shaped Layer Longitudinal Layer
Longitudinal Layer.
Secton 2-2

(b) Strengthening of specimen S2UL

Figure 3.12 Strengthening schemes
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(e) Cutting the polyester belt (F) Applying strengthening scheme

Figure 3.13 Brief steps of strengthening
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Iongitt’:dinal Layer
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(a) Retrofitting scheme for (R1ULand R4UL) specimens

+— Concrete
— Wrapping Layer
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-
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Secton 1-1

Double longitudinal Layer

Additional Two Strips —={. -+ "
Concrete —

Double Longitudinal Layer

Additional Two Strips

Double longitudinal Layer

Secton 2-2

(b) Retrofitting scheme for (R2L2 and R3L2) specimens
Figure 3.14 Retrofitting schemes
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»

(@) Install the injection needles (b) Close the cracks and damaged
and packers area around the injection needles

)

|
\
7 —

(c) Mixing of Sikadur - 52 LP
epoxy

l : W N £
(e) Inject of the viscosity resin (f) Close the needles and packers
epoxy Sikadur - 52 LP

Figure 3.15 Injection of low viscosity resin epoxy Sikadur 52 LP
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3.7 Testing of Harding Concrete
For NSC and HSC, nine concrete cubes while for SFRC fifteen

concrete cubes were casted. The dimensions of these cubes were
(150%150%150) mm for NSC and (100x100x100) mm for HSC and SFRC.
For each concrete type, six concrete cylinders (100x200) mm in addition to
three concrete prisms (100 x 100 x 500) mm were casted. These samples
specimens were cured by immersing them in clean water basin for 28 days.
Six concrete cubes of SFRC and three cubes of both HSC and NSC were
tested at age 7 days while the remaining samples were tested at 28 days age.
All the concrete cylinders and prisms for each type of concrete were tested

at age of 28 day.

3.7.1 Compressive Strength Test

The concrete compressive strength test was conducted on all the
concrete cubes that already were cast and cured for 28 day to determine the
actual average compressive strength for each type of concrete. Figure 3.16

shows the compressive strength test.

Figure 3.16 Compressive strength test
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At age of 7day, the compressive strength test was conducted on three
concrete cubes of NSC and HSC while six concrete cubes were tested for
SFRC at same age. The rest concrete cubes for each concrete type were tested
at age of 28 day. Table 3.14 shows the obtained compressive strength from

the concrete cubes at (7 and 28) days age for each type of concrete.

Table 3.14 Concrete compressive strength

Average Compressive | Average Compressive

Concrete type Strength (7 day) (MPa) | Strength (28 day) (MPa)

NSC 29.4 43.0
HSC 57.95 83.2
SFRC 76.8 122.1

3.7.2 Splitting Tensile Strength Test

This test was carried out on six cylindrical samples of (100x200) mm
dimensions for each type of concrete according to ASTM- C496 (ASTM,
2011Db) to determinate the tensile strength of the concrete. The equation 3.1

was adopted for calculating tensile strength of concrete.

2P
—— — 3.1
Fe DL (3.1)

where,

F, : Concrete tensile strength (MPa)
P : Ultimate load (N)

D : Diameter of sample (mm)

L : The sample length (mm)

Figure 3.17 shows the splitting tensile test while Table 3.15 shows the results

obtained for tensile strength test (MPa) for each type of concrete.

66



CHAPTER THREE EXPERIMENTAL WORK

Figure 3.17 Splitting tensile strength test

Table 3.15 Splitting tensile strength results

Cylinder No. Splitting Tensile Strength (MPa)
NSC HSC SFRC

1 2.95 5.90 10.8

2 2.87 6.10 10.7

3 3.00 5.80 10.1

4 3.10 6.00 10.5

5 3.00 5.90 10.9

6 3.00 5.91 10.8
Average 2.99 5.94 10.8

3.7.3 Flexural Strength Test

This test was achieved on three prismatic concrete samples for each
type of concrete which conducted according to ASTM - C78 (ASTM, 2011a)
to determine the concrete flexural strength. Three concrete prisms
(100x100x500) mm for each concrete type were tested under central point
load. The equation 3.2 was used for calculating the flexural strength of
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concrete. Table 3.16 includes the results that were obtained from the test in

(MPa) while Figure 3.18 shows the test set up and the tested specimens

3PL

_ 3.2
Fr = 2baz (32)

where,

E.: Concrete Flexural Strength (MPa)
P: Ultimate Load (N)

L : Span Length (mm)

b . Concrete Sample Width (mm)

d : Depth of Concrete Sample (mm)

Table 3.16 Flexural strength test results

Flexural Strength (MPa)
Prism No.
NSC HSC SFRC
1 3.51 9.00 13.53
2 3.74 8.91 13.78
3 3.58 9.08 13.69
Average 3.61 9.00 13.67

3.8 Measuring of Deflection

Dial gauge is an instrument with circular graduation measuring range
of the used gauge 50 mm with 0.01 mm graduation. It was installed and set
up to contact the center of the mid span area for each specimen to determinate
mid span deflection. Figure 3.19 shows the dial gauge which was used during

the specimen inspection.
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‘ \‘)];!!! L -

Figure 3.19 Dial gauge instrument

3.9 Testing Procedure

The test was carried out to RC beam — column joint specimens at the
Structural Materials Laboratory of the Technical Institute in Misan province.
UTEST flexural frame test (600 kN) capacity was used for testing the
specimens. The specimens were set up at the testing frame as simply
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supported inverted (T-shaped). The test was applied in two stage. The first
stage included testing of nine specimens up to failure (100 % damage). Two
specimens were tested up to 70 % of the ultimate load of the control
specimens. Downward central point load was applied from the load cell at
the top of the test frame on the column face. The load increments were
manually increased marking the cracks by using colored pen, recording for
the reading of load. For each increment of load, concrete deflection was
recorded up to failure for fully damage specimens or up to 70 % of the
ultimate load for others. When the first stage of testing was ended, the
strengthening and retrofitting works were started on six specimens. After
completing these works, the second stage of testing was beginning. New test
was conducted on two specimens which were strengthened by using
polyester belt and re-test for four specimens (70 and 100) % damaged. Figure
3.20 shows simplified drawing for the test frame details. Figure 3.21 shows

the frame test and the specimen set up.

h—— Load cell

r—— Upper Base

column

[ } Load Girder

RC Specimen

Support

Base Girder

| f———— Metal Table

| |

Figure 3.20 Simplified drawing for testing frame
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Figure 3.21 Testing frame and specimen set up
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CHAPTER FOUR
RESULTS AND DISUSSION

4.1General

All the results have been obtained from the experimental investigation
of RC joint subjected to monotonic load are presented at this chapter. The
test set up and the procedure of the test are the same for all the specimens.
Effectiveness of the concrete compressive strength, reinforcement details in
addition to strengthening and retrofitting using polyester belt are explained.
The load - deflection curves are plotted and discussed in this chapter. The
ductility index, toughness, initial stiffness and the load carrying capacity of
the RC joint specimens are analyzed to show the effect of the suggested
strengthening schemes. To study the effect of internal reinforcement details,
the tested RC specimens in each group were compared to their reference
specimens. Four RC specimens with conventional reinforcement details D1
were adopted as control specimens to represent three groups of concrete as
listed in the Table 4.1 while to demonstrate the effect of the concrete
compressive strength, specimens with the same interior reinforcement details
from the groups HSC and SFRC were compared to the normal concrete NSC

specimen that with the same internal reinforcement detail.

Table 4.1 Control specimens

Group Concrete Type Reinforcement Detail Designation
D1 c1
A NSC
C2
B HSC H1D1
C SFRC F1D1
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4.2 Load-Deflection Response and Ultimate Load Capacity

The deflections of all specimens are measured by a dial gauge. The
dial gauge is placed at the mid span of the specimen. The test continued until
the specimens reached the failure. The ultimate load verse deflection curves
for each group and reinforcement details were presented in Figure 4.1 and

Figure 4.2 respectively.

60 60
55 55
50 50
45 45
40 - 40 -
;z:as— ".’P_._. ——Cl ;2:35*
3 30 , 530 —s—H1D1
825 /4 @ 825 ——H2D2
0 fFf N1D2 20
’ H3D3
15- §/ ——N2D3 151
10 - / 10
5 - 5
0246 81012141613202224 26283032 0246 8101214161820222426 283032
Deflection (mm) Deflection (mm)
(a) Load-deflection curve of NSC (b) Load-deflection curve of HSC

=—F2D2

=F1D1

Deflection (mm)

(c) Load-deflection curve of SFRC
Figure 4.1 Load - deflection curves due to reinforcement arrangement
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Figure 4.2 Load—deflection curves due to the effect of concrete

compressive strength

1. In group A, the average ultimate load for the control specimens Cland C2

with conventional reinforcement detail D1 is 33.45 kN and the recorded

deflection is 23.62 mm. For specimens N1D2 and N2D3 of the same group

with reinforcement details D2 and D3, the ultimate loads are (49.4 and

50.3) kN with an increase by (48 and 50) %, respectively and their

deflection records an increase by (16and 21) %, respectively compared to
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the control specimens. Figure 4.1 shows the load - deflection curve for
NSC.

2. For group B, the control specimen H1D1 of group B with reinforcement
detail D1 sustained an ultimate load of 38.8 kN with mid span deflection
of 27.95 mm while the remaining two specimens H2D2 and H3D3 with
detail D2 and D3 recorded a maximum load of (55.9 and 57) kN with an
increase by (44 and 47) % and their deflection was increased by (2 and 5)
%, respectively compared to the specimens H1D1.

3. In group C, increment of (34 and 7) % in the load capacity and mid span
deflection, respectively are achieved by F2D2 specimen of group C with
reinforcement detail D2 compared to the control specimen F1D1 with

conventional detail D1, respectively

The ultimate load and deflection for the specimens with reinforcement
detail D2 are close to those values of specimens with reinforcement detail
D3 due to the arrangement of the additional internal steel around the
neutral axis that derived to increase in the tensile strength and delay the
first crack initiation where the confining of concrete restrained the

concrete strain at the tension fiber.

4. For Reinforcement detail D1, specimen H1D1 achieved an increase of (16
and 18) % for its ultimate load and deflection, respectively while the
increase ratio was (66 and 27) % for the specimen F1D1 compared with
the normal concrete specimens.

5. When reinforcement detail D2 was adopted, the specimens H2D2 and
F2D2 of HSC and SFRC, respectively are shown an increase in their
ultimate carrying capacity and deflection comparison with the N1D2
specimen of the NSC. The specimens H2D2 and F2D2 are achieved an
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increase of (13 and 51) % for the load capacity and (4 and 17) % for the
deflection, respectively.
6. The increment of the ultimate load and deflection of specimen H3D3 was

(13 and 3) %, respectively compared to the specimen N2D3 of NSC.

The steel fiber causes to increase the tensile strength by bridging the crack
and delay the first crack load. While when the concrete compressive strength
increased to 83 MPa, the flexural strength of HSC specimens and the first
crack load increased too. Table 4.2 and 4.3 show the ultimate load and
deflection for the tested specimens according to the reinforcement details
and concrete compressive strength, respectively while Figure 4.3 shows the

ultimate load sustained by the tested specimens.

Table 4.2 Ultimate load of the RC specimens due to reinforcement

arrangement
Concrete | Reinf Deflecti % Ultimat %
oncrete einforce- Designation eflection | Hafiection imate Load
Type ment Detail (mm) Increase Load (kN) Increase
Average of
D1 C1and C2 23.62 - 33.45 -
NSC D2 N1D2 27.48 16 49.40 48
D3 N2D3 28.50 21 50.30 50
D1 H1D1 27.95 - 38.80 -
HSC D2 H2D2 28.47 2 55.90 44
D3 H3D3 29.41 5 57.00 47
D1 F1D1 30.00 - 55.40 -
SFRC
D2 F2D2 32.04 7 74.40 34
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Table 4.3 Ultimate load of the RC specimens due to effect of concrete
compressive strength

. . % . %
Concrete Remforce_— Designation Deflection Deflection Ultimate Load
Type ment Detail (mm) | Load (kN)
ncrease Increase
Average of
NSC C1and C2 23.62 - 33.45 -
HSC b1 H1D1 27.95 18 38.80 16
SFRC F1D1 30.00 27 55.40 66
NSC N1D2 27.48 - 49.40 -
HSC D2 H2D2 28.47 4 55.90 13
SFRC F2D2 32.04 17 74.40 51
NSC D3 N2D3 28.50 - 50.30 -
HSC D3 H3D3 29.41 3 57.00 13
80 - 74.4

= 70 57

% €0 9.4 50.3 55.9 55.4

g 50 38.8 NSC

= 40 33.45

E 30 - B HSC

2 ig SFRC

0 ‘ , , , Bl
C & P >y & D N &
F& FLE &S
Specimens Designations

Figure 4.3 Ultimate load for the tested specimens
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4.3 Initial Stiffness (15)

The Initial stiffness of RC beam - column joint specimens is obtained
depending on the relation of the load-deflection. It is equal to the slope of
the line drawn from the origin passing through a point lies on the load —
deflection curve opposite to 70 % of the ultimate load. This line is extended
to meet a horizontal line passing through a point represents the ultimate load.

Figure 4.4 explains the initial stiffness calculation (Abdulraheem, 2018). So,

P
IS =— (4.1)

Dy
where,
IS : Initial stiffness (KN/mm)
P, : Ultimate load at failure (kN)

D,,: Mid span deflection calculated according to Figure 4.4

Applied Load

// Inltal Siffncss =P,/ D,

1
!
D .
¥ Displacement

Figure 4.4 Initial stiffness calculation (Abdulraheem, 2018)
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Table 4.4 and 4.5 show the initial stiffness of all the specimens of the three
groups A, B and C due to reinforcement arrangement and concrete
compressive strength, respectively. For NSC, an increase of (11 and 21) %
for the IS of the specimens N1D2 and N2D3 with reinforcement details D2
and D3, compared to their reference with conventional detail D1,
respectively. The IS of specimens H2D2 and H3D3 with reinforcement detail
D2 and D3 was more than that of the control H1D1 with detail D1 by (13
and 54) %, respectively. Specimen F2D2 with detail D2 of SFRC group
reordered an increase of its IS by 30 % compared to the specimen F1D1
which has detail D1 in same group. The confining using additional interior
reinforcement details led to increase the initial stiffness by increasing the
flexural strength. Moreover, the IS of specimens have D3 detail appeared
more IS than that have D2 detail, although the two details D2 and D3 have
the same amount of longitudinal and transverse reinforcement. That is, the
arrangement of steel reinforcement in the beam - column joint has a vital role

for enhancing the 1S of RC beam - column joint.

When a high strength and steel fiber reinforced concrete used, it is
observed that the IS of the HSC and SFRC is greater than that of NSC. For
the first internal reinforcement detail D1, an increase in the IS of (15 and 27)
% for the specimens H1D1 and F1D1, respectively compared to the NSC
specimens with the same reinforcement detail D1 while the specimens H2D2
and F2D2 with reinforcement detail D2 are performed an increase of (17.5
and 49) %, respectively compared to NSC specimen N1D2 with the same
detail. The specimen H3D3 of the detail D3 appeared an increasing about
48% more than that of normal concrete specimen N2D3 with the same
reinforcement detail. Figure 4.5 shows the IS for all tested specimens. The
enhancement of the IS is due to the increase of the flexural strength and the

cracking load by increasing the concrete compressive strength.
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Moreover, the specimens of SFRC had IS greater than of HSC due to using

of steel fiber.

Table 4.4 Initial stiffness of the tested specimens due to reinforcement

arrangement
Group Cc_)rr;g:te -r?wgirlr][fgectz_il Designation | Dy (mm) | P, (kN) Ilsk?\lfr;/n? Y Inc(r)/gase
D1 | AYeOT 101 | 3345 | 331 i
A NSC D2 N1D2 1345 | 49.40 3.67 11
D3 N2D3 12.6 50.30 3.99 21
D1 H1D1 10.15 | 38.80 3.82 -
B HSC D2 H2D2 12.96 | 55.90 4.31 13
D3 H3D3 9.66 57.00 5.90 54
D1 F1D1 13.2 55.40 4.19 -
C | SFRC
D2 F2D2 13.65 | 74.40 5.45 30

Table 4.5 Initial stiffness of the tested specimens due to effect of
concrete compressive strength

Group C(')I'n;prste -ﬁzwggt‘:il Designation | Dy (mm) | B, (kN) I.Skl__\lfr?]fy Inc(r)/:e)ase
A | NsC D1 ,g\{egzgeco; 101 | 33.45 331 -
B | HSC D1 H1D1 1015 | 38.80 3.82 15.0
C | SFRC D1 F1D1 132 | 55.40 4.19 27.0
A | NSC D2 N1D2 1345 | 49.40 3.67 -
B | HSC D2 H2D2 12.96 | 55.90 431 17,5
C | SFRC D2 F2D2 13.65 | 74.40 5.45 49.0
A | NSC D3 N2D3 12.6 | 50.30 3.99 -
B | HSC D3 H3D3 9.66 | 57.00 5.90 48.0

80



CHAPTER FOUR RESULTS AND DISCUSSION

5.9
6 5.45

4.31 4.19

3.99
a 3.67 3.82

3.31
NSC
W HSC
SFRC

2 -
1 -
0
¢ &S > & P R

< XL &<
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4. 4 Ductility Index

The ductility can be defined as the capability of the materials to exhibit
considerable plastic deformations before reaching the breaking or rupture.

The ductility index (|L) can be got depending on the load - deflection relation.
It is equal to the ratio of the ultimate deflection Au to the deflection at the

yield point (Ay). So,

p=-— (4.2)

where:
u - ductility index (DI) (unit less)
Au : Ultimate deflection (mm).

Ay : Deflection at the yield point (mm)

The deflection at the yield point (Ay) can be calculated from the load
- deflection curve as shown in Figure 4.6 . Table 4.6 shows the ductility index
of all the RC beam - column joint specimens tested in this study
corresponding to the reinforcement details.
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Applied Load (kN)

Ay Displacement

Figure 4.6 Deflection calculation at yield point (Abdulraheem, 2018)

The specimens N1D2 and N2D3 of the NSC group with reinforcement
details D2 and D3 record an increase in the ductility index by (17 and 24) %,
respectively compared with the reference specimens of normal detail D1.
Compared to the specimen H1D1 of the HSC group with detail D1, an
increase in the ductility is recorded by (27 and 74) % for the specimens H2D2
and H3D3 with D1 and D2 reinforcement details, respectively. The specimen
F2D2 of the SFRC group with reinforcement detail D2 showed an increase
of its ductility index by 54 % compared to the reference specimen F1D1 with

reinforcement detail D1.

When high strength and steel fiber reinforced concrete are used, the
ductility index for the specimens H1D1 and F1D1 of HSC and SFRC are
(93 and 124) %, respectively compared to the control specimen of NSC
with the same reinforcement detail D1. Also, the specimens H2D2 and
F2D2 are observed an increase in ductility index of (112 and 198) %,
respectively compared to the reference specimen N1D2 with same
reinforcement detail D2. An increase of 131% is noticed for the specimen
H3D3 of detail D3 more than the reference specimen N2D3 which has the

same reinforcement detail. Table 4.7 shows the ductility index of all the
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RC beam - column joint specimens tested in this study corresponding to the
reinforcement details while Figure 4.7 shows the ductility index for the
tested RC beam - column specimens. From the above, it is clearly noticed
that using reinforcement details D2 and D3 enhanced the ductility of the
tested specimens. The additional internal closed stirrups and longitudinal
steel bars are arranged about the neutral axis or increasing the compressive
strength contributed to the increase in the flexural and shear strength. Also,
using steel fiber causes to improve the tensile strength for the concrete
especially in the tensile state of the post-cracking stage. So, the specimen

exhibits more bending and ductility with time under the load.

Table 4.6 Ductility index of the RC specimens due to reinforcement

arrangement
Ultimate Yield Ductility Ind o
Concrete Type | Designation | Deflection | Deflection UCE ity Index Incrgase
Au(mm) | Ay (mm) | #=0uw/by
Average of
C1and C2 23.62 8.65 2.73
NSC N1D2 27.48 8.70 3.16 16
N2D3 28.50 8.50 3.35 23
H1D1 27.95 5.30 5.27
HSC H2D2 28.47 4,25 6.70 27
H3D3 29.41 3.80 7.74 47
F1D1 30.00 4,90 6.12
SFRC
F2D2 32.04 3.40 9.42 54
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Table 4.7 Ductility index of the RC specimens due to effect of concrete
compressive strength

Ultimate Yield Ductility Ind o
Concrete Type | Designation | Deflection | Deflection | PUCH!ItY Index Incrgase
Au(mm) | Ay (mm) | H=A2u/By
Average of
NSC C1and C2 23.62 8.65 2.73 -
HSC H1D1 27.95 5.30 5.27 93
SFRC F1D1 30.00 490 6.12 124
NSC N1D2 27.48 8.70 3.16 -
HSC H2D2 28.47 4.25 6.70 112
SFRC F2D2 32.04 3.40 9.42 198
NSC N2D3 28.50 8.50 3.35 -
HSC H3D3 29.41 3.80 7.74 131
10 - 9.42
9 -
7.74
8
3 7 &7 6.12
2 s 5.27
z s
§ ; l2.73 316 335 NSC
2 m HSC
1 - SFRC
o . - e :
< é‘p’\r ‘\:‘9"‘) Q\NON Qa'o"'lf &O"’) y '»0'3- < "9"\'
Specimens Designations

Figure 4.7 Ductility index of tested specimens

4.5 The Energy Absorption

The energy absorption generally can be determined as the area under
the load - deflection curve. Table 4.8 shows the energy absorption
corresponding to the reinforcement details. The specimens N1D2 and N2D3
of NSC group with reinforcement details D2 and D3 achieved an increase in

the absorbed energy of (65 and 84) %, respectively compared to the reference
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specimen with normal detail D1. The increasing of energy absorption
reached to (36 and 59) % for the specimens H2D2 and H3D3 of D2and D3
reinforcement details, respectively compared to the specimen H1D1 that has
conventional detail D1. Moreover, the energy absorption is recorded by
F2D2 of D2 reinforcement detail more than that of the control specimen
F1D1 by 33% in SFRC group.

The specimens of HSC and SFRC groups record an increase in the
energy absorption compared to the reference specimens of NSC that similar
them by interior reinforcement details. Table 4.9 shows the absorbed energy
of the RC specimens corresponding to concrete type. The specimens H1D1
and F1D1 of HSC and SFRC groups record an increase of (42 and 105) %,
respectively compared to the reference specimens of NSC. The energy
absorption is increased by (17 and 65) % for the specimens H2D2 and F2D2,
respectively with respect to the NSC specimen N1D2. Also, the energy
absorption for the specimen H3D3 of HSC is more than that of the specimen
N2D3 by 23 %. The RC specimens showed an increase in the energy
absorption due to concrete confining or using steel fiber led to increase the
flexural and tensile strength and affect the cracking load. Using HSC or
SFRC enhance the energy absorption by improving concrete strength which
requires more energy accompanying the increase in the load. Figure 4.8

shows the energy absorption for the tested specimens.
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Table 4.8 Absorbed energy due to reinforcement arrangement

Ultimate . o
C(_)I_r;;:ggte Designation | Deflection Llég:inzitl\el) AbS((Jlill)\le?nlrEnn)ergy Incr/gase
Au (mm) '
Average of
C1and C2 23.62 33.45 608 -
NSC N1D2 27.48 49.40 1005 65
N2D3 28.50 50.30 1120 84
H1D1 27.95 38.80 863 -
HSC H2D2 28.47 55.90 1173 36
H3D3 29.41 57.00 1375 59
FiD1 30.00 55.40 1246 -
SFRC
F2D2 32.04 74.40 1657 33

Table 4.9 Absorbed energy due to effect of concrete compressive strength

Concrete . . Ultlma_te Ultimate |Absorbed Energy %
Designation | Deflection
Type A (mm) Load (kN) (KN.mm) Increase
Average of

NSC C1and C2 23.62 33.45 608 -
HSC H1D1 27.95 38.80 863 42
SFRC F1D1 30.00 55.40 1246 105
NSC N1D2 27.48 49.40 1005 -
HSC H2D2 28.47 55.90 1173 17
SFRC F2D2 32.04 74.40 1657 65
NSC N2D3 28.50 50.30 1120 -
HSC H3D3 29.41 57.00 1375 23

—~. 2000 -

£ 1657

£ | 1375

z 1500 1120 1173 1246

= 1005

= 1000 -

on

a-.l 608

S 500 {1 Nsc
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© e»”' e~ ~z~”° & &

Specimens Designations

Figure 4.8 Energy absorption of the beam - column joint specimens
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4.6 Strengthening and Retrofitting of RC Joint Using Polyester Belt

All the specimens that have been strengthened and retrofitted, had the
same internal reinforcement detail D1 and concrete grade (normal strength
concrete) but the difference between the specimens are strengthening
schemes and the damage ratio (partial damage 70% or fully damage 100%).
In order to study the effect of strengthening and retrofitting technique on the
specimens of RC beam - column joint using polyester belt, the strengthened
and retrofitted specimens are compared to the normal concrete specimens C1
and C2 "the reference specimen”. Table 4.10 explained the details of all the

strengthened specimens.

Table 4.10 Strengthened and retrofitted specimens’ details

Orlg_lnal Designation | Description Beam No. of Column
Specimen layers
S1U S1U Strengthening U shape 1 Wrapping
) U shape 1 )
S2UL S2UL Strengthening — Wrapping
Longitudinal 1
U shape 1
Longitudinal 1

Retrofitting

R1 R1UL : : W i
v 70% damage | two trips wrapping at rapping
the face of column 1
both sides
Longitudinal 2
Retrofitting ; ; .
R2 R2L2 two trips wrapping at Wrapping
70% damage | the face of column 1
both sides
. Longitudinal 2
Retrofitting - -
C2 R3L2 100% two trips wrapping at Wrapping
damage the face of column 1
both sides
U shape 1
Retrofitting Longitudinal 1
C1 R4UL 100% Wrapping

two trips wrapping at
the face of column 1
both sides

damage
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4.6.1 Load - Deflection Response and Load Capacity

The average ultimate load and deflection of the tested RC joint
specimens (reference) C1 and C2 are 33.45 kN and 23.63 mm as shown in
Table 4.11 . Figure 4.9 represents the load - deflection curve for the

strengthened and retrofitted specimens.

1. A significant increase for the ultimate load capacity for the specimen
S1UL where the maximum load and deflection for this specimen are 61.5
kN and 38.45 mm, respectively. The increment of the ultimate load and
deflection of S1UL are (84 and 63) % compared to the reference
specimens, respectively.

2. The retrofitting is applied to the specimens R1UL and R2L.2 that are tested
up to 70% the ultimate load of the reference specimens. The retrofitting
schemes are applied to specimens and then reloaded them. A noteworthy
increase in the load carrying capacity and deflection for four retrofitted
specimens compared to the unstrengthen control specimens.

3. The increment in the load capacity compared with the control specimens
are (96,109, 85 and 79) % for the specimens R1UL, R2L2, R3L2 and
R4UL, respectively. Also, the deflection of these specimens was increased
by (110, 70, 19 and 73) %, respectively.

4. Clear to notice the effect of longitudinal strengthening layers where it
restored and increased the load capacity for the specimens by increase
their flexural strength and the first crack loads. Moreover, the retrofitting
technique for partial damage tested specimens up to 70% of ultimate load
is more efficiency than that of fully damage (100% up to failure load)
athough the schemes of retrofitting are similar. The micro cracks at the
concrete specimens R1UL and R2L2 do not slightly effect on the flexural

strength and the reinforcement steel does not yielded yet. So, the load is
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resisted by all together in addition to polyester belt while the load of the

specimens R3L2 and R4UL is sustained by the repaired concrete and the

polyester belt. Figure 4.10 shows the ultimate load of the strengthened and

retrofitted specimens.

Table 4.11 Ultimate load and deflection of strengthened and retrofitted

Deflection (mm)

specimens
. . Ultimate Load % Maximum Deflection % .
Designation Load Deflection
(KN) (mm)
Increase Increase
Average of
C1and C2 33.45 23.63 -
S1U 36.15 8 30.20 28
S2UL 61.50 84 38.45 63
R1UL 65.50 96 49.60 110
R2L2 69.80 109 40.22 70
R3L2 62.00 85 28.23 19
R4UL 60.00 79 40.80 73
40 - 65 |
60 -
35 1 - 55 -
.| 3 ; - 50 -
30 Vs as |
E‘ 25 - S 40
= = 35 -
','g 201 a E 30 -
- 15 - ——0 - ;3 : Cl
10 1 S1U 15 - -
5 - 10 s2uL
5 -
0 T T T T T T T T T T T T T T T 1 0 T T T T T T T T T T 1
0 2 4 6 8 101214 1618 20 22 24 26 28 30 32 0 3 6 9 12 15 18 21 24 27 30 33 36 39

Deflection (mm)

(a) S1U

(b) S1UL

Figure 4.9 Load - deflection curve for strengthened and retrofitted specimens
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Figure 4.9 : Continued
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Figure 4.10 Ultimate load of strengthened and retrofitted specimens

4.6.2 Initial Stiffness

The initial stiffness of the RC specimens (controls, retrofitted and
strengthened) is listed in Table 4.12 . It is observed from the results that the
specimen S1U is showed little increase in its initial stiffness 9 % compared
to the control. Its strengthening scheme (U-shaped) did not significantly
affect. The specimen S2UL recorded noticeable increase in its initial
stiffness due to the effect of presence longitudinal layer. It recorded 26%
increase than the control specimen. The specimens R1UL and R2L.2 showed
a close in their initial stiffness, but the initial stiffness of these specimens is
more than of S1U due to using a longitudinal layer of polyester belt that is
led to increasing the flexural strength of the RC joint. But this increase is
limited to be less than other specimens as a result of the micro cracks that
are appeared during the first test before retrofitting. The increments of the
initial stiffness for the specimens are (16 and 15.8) %, respectively compared
to the reference specimens. The specimen R3L2 is showed the largest
increase of the initial stiffness due to the use of a double longitudinal layer
of bolster belt in addition to the compressive strength of the resin epoxy that
has been injected. The increase of initial stiffness is 28% compared to the

reference specimens.
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An increase of initial stiffness for the specimen R4UL is recorded 17%
compare to the control specimens. It is less than the strengthened specimen
S2UL due to the yielding of the reinforcement steel and the load is resisted
just by the longitudinal layer and the repaired concrete in specimen R4UL.
Figure 4.11 shows the initial stuffiness of retrofitted and strengthened

specimens.

Table 4.12 Initial stiffness of strengthened and retrofitted specimens

%
Designation | Dy (mm) | P, (kN) | 1.S=F,/D, kN/mm Incrgase
Average of
C1and C2 10.1 33.45 3.31 -
S1U 9.98 36.15 3.62 9
S2UL 14.75 61.50 4.17 26
R1UL 17 65.50 3.85 16
R2L2 18.22 69.80 3.83 15.8
R3L2 14.6 62.00 4.24 28
R4UL 155 60.00 3.87 17
75\ 4.5 - 4.17 4.24
£ 4 - 362 385 3.83 3.87
E 35 4 33 mC
@ 3 mS1U
Q 257 = S2UL
E 2
n 15 R1UL
S 1 R2L2
S 05 -
0 ' T T T T 1 R3L2
C S1U S2UL R1UL R2L2 R3L2 R4UL R4UL
Specimens Designations

Figure 4.11 Initial stiffness of strengthened and retrofitted specimens

4.6.3 Ductility Index

It is observed that the ductility index for the retrofitted and
strengthened specimens using schemes that consisted of a single layer of
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polyester belt are greater than of other specimens due to increasing flexural
strength. Except for the specimen R4UL due to yielding of the steel
reinforcement in the first test before applying the retrofitting. The specimens
R1UL, S2UL and R4UL achieved an increase in its ductility index by (145,
117 and 81) %, respectively compared to the reference specimens. While the
increments of the ductility index were (47, 97 and 74) % for the specimens
R2L2, R3L2 and S1U, respectively. Table 4.13 and Figure 4.12 show the

ductility index for the strengthened and retrofitted specimens.

Table 4.13 Ductility index of strengthened and retrofitted specimens

Ultimate Yield N o
Designation | Deflection | Deflection | Ductility Index | crgase
A u (mm) Ay (mm) u = Au/Ay
Average of
C1and C2 23.62 8.65 2.73 -
S1uU 30.20 6.35 4.75 74
S2UL 38.45 6.50 5.92 117
R1UL 49.60 7.40 6.70 145
R2L2 40.22 10.00 4.00 47
R3L2 28.23 5.25 5.37 97
R4UL 40.8 8.25 4.95 81
7 6.7
5.92
x ° 4.75 T e =c
L 57 mS1U
£ 4 -
42‘ 3 273 31 m S2Ul
= T |
k3] R1UI
S 2
o 4. R2L2
0 n T T T T 1 R3L2
C S1U S2uUl RiUl R2L2 R3L2 R4UL RAUL
Specimens Designations

Figure 4.12 Ductility index of strengthened and retrofitted specimens
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4.6.4 Energy Absorption

The absorbed energy for all the retrofitted and strengthened specimens
are listed in Table 4.14 . The increment of energy absorption for the
specimens R1UL, R4UL and S2UL are (315, 210 and 181) %, respectively
compared to the reference specimens. This development is due to using a
strengthening scheme include U-shaped in addition to longitudinal layer of
polyester belt which led to increase the shear and flexural strength. The
specimen R2L.2 also achieved a significant increase of 240 % as a result of
using double layers of polyester belt. In addition, the increase is due to the
concrete and steel reinforcement of the specimen still not reach to its yield.
Also, the adhesive material affect the tensile strength of the specimen
through seal all the cracks generated in the specimen. The increase ratio of
the energy absorption for the specimen R3L2 which repaired after full
damage is 106% compared with reference member. The increment of energy
absorption of specimen R3L2 is smaller than that of R2L2. That is due to the
specimen R3L2 was fully damaged and then retrofit by using epoxy injection
and polyester belts. The specimen S1U achieves an increase of its absorbed
energy by 40 % with respect to the control. Figure 4.13 shows the energy

absorption for strengthened and retrofitted specimens.

Table 4.14 Energy absorption for strengthened and retrofitted specimens

Designation Abs?lit&ﬁ?nﬁ]n)ergy Inc:/gase

crmace 608
S1U 852 40
S2ul 1707 181
R1UI 2521 315
R2L2 2067 240
R3L2 1255 106
R4UL 1882 210
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Figure 4.13 Absorbed Energy for strengthened and retrofitted specimens

4.7 Crack Pattern and Failure Mode

The overall cracks pattern that observed for all tested specimens are
flexural cracks. Several cracks began to appear as micro-cracks. These
cracks formed firstly due to different loads corresponding to the type of
concrete, reinforcement detail and strengthening or retrofitting techniques.
They have been derived from the extreme fiber of the tension zone and took
a vertical direction toward the compression zone. Then, these cracks were
increased and expanded in addition to developing other cracks with the
increase in the applied load to the tested specimen. The main cracks in the
specimens that have reinforcement detail D2 and D3, are formed
approximately at the edge of the additional internal reinforcement.
Moreover, the number of cracks is increased too. For the normal concrete
specimens, the first cracks load for the control specimen C1 and C2 which
are closed as 13.6 and 12.9 kN, respectively. As for the specimens N1D2 and
N2D3 that have reinforcement details D2 and D3 respectively, the number
of the cracks was more than that of the control specimens which has
conventional reinforcement detail D1. The addition steel leads to increase
the tensile strength of the specimens. That means, the first cracks loads are
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increased. Therefore, it noticed the cracking load of specimens N1D2 and
N2D3 20.1 and 22.2 kN, respectively for the specimens N1D2 and N2D3,
respectively. When the flexural strength of the specimens increased due to
increasing the concrete compressive strength, the first crack load also
increased. The cracks at the HSC specimens began to appear at the extreme
fiber of the tension zone at the loads 18.2, 24.2 and 27 kN for the specimens
H1D1, H2D2 and H3D3, respectively. The crack load of the SFRC was also
increased. The cracking loads are 36.5 and 40.2 kN for the specimens F1D1
and F2D2, respectively. The Figure 4.14 shows the crack patterns of the RC
beam - column joint which were divided according to their concrete type.
Unclear crack pattern of the strengthened or retrofitted specimens consists
of (U-shaped layer) while the cracks at the retrofitted specimens do not have
this layer, the cracks also appeared at the edge of the longitudinal layers as
well as to the additional strips. The number of cracks for the specimens R3L2
Is more than that of the specimen R2L2 due to the epoxy resin that is injected
to the specimen R3L2. Moreover, the micro - cracks that are formed at the
specimen R2L.2 for the first testing before applying the retrofitting scheme.
Figure 4.15 shows the crack patterns of strengthened and retrofitted
specimens. Crushing of concrete is also observed at the top region of the
compression zone for the normal concrete specimens adjacent to the column
face or near to the additional strips in strengthened specimens as shown in
Figure 4.16 . The failure mode of all the tested specimens is a flexural failure
due to confining and the additional steel arrangement in the specimens. The
crushing of concrete is observed at the top region around the column face or
additional polyester strips due to increasing the tensile strength as a result
for the longitudinal layers of the polyester belts. Through testing the
retrofitted and strengthened specimens, it did not observe debonding

between the polyester belts and concrete substrates. Also, the rupturing of
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polyester belts is noticed. That indicates the efficiency of the strengthening

technique used in this study.

(3) Crack Patterns of N1D2 (4) Crack Patterns of N2D3

(a) Crack patterns of normal strength concrete specimens

(3) Crack Patterns of H3D3
(b) Crack patterns of high strength concrete specimens

Figure 4.14 Crack patterns of RC Specimens according to concrete type
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Ll

(1) Crack Patterns of F1D1

(2) Crack Patterns of F2D2

(c) Crack patterns of steel fiber reinforced concrete specimens
Figure 4.14: Continued

(1) Specimen S1U

(3) Specimen R1UL

(5) Specimen R3L2

(6) Specimen R4UL

Figure 4.15 Crack Patterns of strengthened and retrofitted specimens
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Figure 4.16 Concrete Crushing
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

All the RC beam - column joint specimens are tested under a

monotonic load. Based on the conducted test results, the following

conclusions are drawn.

1.

The loads carrying capacities of the tested specimens are improved for
the specimens due to using reinforcement detail D2 and D3.
Increasing the load carrying capacity for the tested specimens as a result

of increasing the concrete compressive strength.

The strengthening or retrofitting of exterior RC beam-column joint by
using polyester belt as a new suggested technique has significantly
increased the load carrying capacity.

The U-shaped layer of polyester belt that have been applied to the
strengthened specimen has a little effect on the load carrying capacity
where it works to increase the shear strength of the specimens.
Retrofitting technique by using polyester belt has significant effect to
restore and improve the capacity of the damaged RC beam - concrete

joint with different failure levels.

Increasing the number of the polyester belt layers from one to two layers
does not affect the load carrying capacity. Compared to the retrofitted
specimens consisting of one belt layer with damage ratio (70 and 100)
%, the increase ratio was (6.5 and 3.3) % for the specimens with two
layers and same damage ratio, respectively. Using more than one layer

with HSC or SFRC may increase the ultimate load capacity.
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5.2 Recommendations for Further Studies

Suggested recommendations to be taken into consideration in the

future Studies:

1-

2-

Numerical modeling for the RC joint specimens and the results to be
compared with the experimental results.

Investigating different retrofitting and strengthening schemes to choose
the optimum one that achieves further increase in the load capacity of the
RC beam - column joint.

Investigating the behavior of hybrid RC beam column joint using steel
fiber.

Applying the strengthening and retrofitting schemes on the (high strength
and steel fiber reinforced) RC joint specimens, also, using more than one
layers for strengthening.

investigating the effect of new suggested retrofitting technique by using
polyester belt on the non-seismic joint.

Investigating the brittle failures of the beam — column joint (both shear

and bond slip).
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Appendix

Appendix A

Design of RC joint specimen

f, =420 MPa f-= 35 Mpa
Rectangular cross section for beam bpeam = 170 mm  hpeam =200 mm
Square cross section for column b =h =170 mm

0.05(f, — 28) _ o5 0.05(35 — 28) o8

B = 0.85— Z : Z
f 35
Pmax = 0.364 B — = 0.364 X 0.8 X —— = 0.0242
X 420
_Jfe V35

= = = 0.0035
Pmin = 45 =~ 4 x 420

ASmin=pminbd , b=170mm , d = 200 - (2x10+6+10/2)= 169 mm
ASmin = 0.0035 x 170 x 169 = 100 mm?
Use ¢10 mm = No. of ¢10 =100/79 =1.27 = 2
As=2xT79=158 mm?  p = 158/(170x169) = 0.005
Mu = ¢pbd?f, (1 — 0.59pf, /f.)
=0.9 X 0.0055 x 170 x 1692 x 420 (1 —0.59  0.005 X =) X 107

=10 kN.m

P, =4—2 l,=2m oP,=20kN

14 —P“—10k1v w»V”— 10 = 11.76 kN
Y2 ¢ 085

(0.164/F; + 17 p‘lf/[u—d) bd
_ ul <029 \/Ebd

o~

7
A =1 for normal concrete
hud _ 0.169< 1
M,

A-1



Appendix

V= (0.16v35 + 17 x.005 x 0.169) x 169 x 1701073

c 7 =4 kN

Vu
Vo= ——-V.=1176 —4 = 7.76 kN
¢
= Jf: bd =56.65kN =V, <= \/f; bd
Ay fy d .
S=—— Use ¢ 6 mm as closed stirrups two legs =S = 523 mm

Vs

d A
Smax = minof 5 ,3vay

Smax = 84.5,375 © S;4r = 84.5mm
S>Smax Use Spyax = 70mm

To achieve penetration of concrete through the steel bars and to ensure
vibrating for the concrete when using internal closed stirrups use S=140 mm
For column

P, = ¢ x 0.8[0.85f. (A, — As¢) + fAst]

A, =170 x 170 = 289000 mm?

Age = Ay X pg let p, =0.01

Age = 28900 X 0.01 = 289 mm?

Use ¢10 mm = No. of ¢p10 =289/79 =3.65 = 4

Smax = 16db = 160 ,48dt = 288, last dimension of column = 170

Smax = 160 use Syar = 120 mm

170

—

Main rei . 4@10 o
Ties @6@120 D =
Section A-A Al A
170 B~ 1

Top 2610
Bottom 2&310 [::]
Stirrups @6@140
Section B-B

400

-

200

B- 2400

A-2
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