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Abstract

This paper aims at investigating the behavior
of cantilever beam in reinforced concrete
frame modified by steel fibers. The study
depends on adding steel fibers at the joint of
beam column section to improves the ductility
of the beam — column joint. Steel fibers of ratio
(0.5%) and (1%) steel fibers by volume added
for two specimens comparing with two others
cast without steel fibers joint in R.C. frame.
The cantilever frame behavior at applied load
will be discussed in this study. The load
applied to the frame at the edge of cantilever
arms. The test results showed that the
difference between the monolithic frame is
larger in ultimate loads compared with non-
monolithic, and the frame with 1% steel fibers
have large load capacity compared with 0.5%
steel fibers frame. The frame which cast
monolithically shows highest resistance among
the three other frames in ultimate load and
flexural deformation, after load was applied to
the four specimens the behavior of the frame
up to the failure occurred in the beam-column
joint at exterior face of the cantilever. beside
studying the effect of steel fibers percentage
and behavior of beam column joint, this study
focuses also on investigating the difference

between monolithic and non-monolithic
concrete elements.
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1.Introduction

The beam — column joint has limited amount
of strength capacity because this capacity is
determined by its strength. When the applied
load is greater than the nominal strength
capacity of the joint, the connection between
the structural elements fails. The flawed in this
model must be avoided, and the repair of this
type of failure is rather complicated. More
important, the design of beam — column
section should be considered in the design in
order to reduce the overload effects [1].

So as to improve the ductility behavior of

14

beam-column joint, shear reinforcement could
be added in small percentage to the structural
member. In the meantime, the workability of
concrete for this area should be considered. In
order to overcome the difficulties of using
extra percentage of stirrups in narrow sections,
GENCOGLU and EREN in 2002, used steel
fibers in intersection of the beam — column
area and the specimens were subjected to
reversed cyclic load. The results of strength
energy capacity and failure pattern were
discussed in that study. Additionally, the same
author studied the behavior of the beam —
column joint subjected to cyclic load in full-
scale frame model. The results showed an
increment in the ductility with strength
capacity, when the steel fibers were used. The
steel fibers can reduce the percentage of the
stirrups at the intersection zone. The
percentage of steel fibers, steel fiber type, and
the area of structure where the steel fibers
used, are all effect the ductility, and strength
capacity [2].

Another study reinforced concrete structure by
using ultra-high steel fibers to strengthening
the connection between beam - column was
done by WANG and LEE in 2007. Then, the
joint was subjected to cyclic load in order to
assess the joint behavior under the effect of
seismic load. The results showed that the use
of ultra-high strength steel fibers in concrete
improved the performance of the joint
remarkably. The mechanical properties for this
type of fibers gave better results in
compressive strength, bond, flexural and shear.
The behavior of joint under seismic load was
highly reasonable. Moreover, the behaviors
were even better when reinforced concrete
jacketing was used added [3].

2. Product Materials and Method

Ordinary Portland cement was used throughout
this investigation. Chemical and physical
properties of the cement are listed in Tables 1
and 2, respectively. The cement complies with
the Iragi Specification No. 5/1984 [14].

Natural fine aggregate of maximum size 4.75
mm was used as fine aggregate. In Table 3 the
sieve analysis of the sand is shown, while its
chemical and physical properties are shown in

ISSN 1999-8716
elSSN 2616-6909


https://djes.info/index.php/djes/article/view/123
mailto:alnaimi545@yahoo.com

Diyala Journal of Engineering Sciences, Vol. 11, No. 4, December 2018, pages 14-19

DOI: 10.24237/djes.2018.11403

Table 4. Test Results show that the sand
grading and sulfate content are within the
limits of Iraqi Specification No. 45/1984 [15].

Crushed coarse aggregate with specific gravity
of 2.62 is used. Table 5 illustrates the sieve
analysis of the coarse aggregates which
complies with lIragi  Specification No.
45/1984[15].

Table 1 Chemical Composition of Used Cement.

Oxide Composition Abbreviation | Content (%) | Limit of (LO.5.)No. 5/1984
Lime G0 63.19
Silica 02 20.60
Alumina AL203 410
Tron Oxide Fe203 448
Sulphate 503 1.98 <2.8%
Magnesia Mg0 128 <5%
Loss on Igniion L01 245 4%
Insoluble Residue IR 047 <1.5%
Lime Saturation Factor LSF 0.94 0.66-1.02%
Main Compounds (Bogue's Equations)
Tricalcium Silicate (38 5111
Dicalcium Silicate C28 16.23
Tricaldum Aluminate (34 8.39 >5%
Tetracalcium Alumina Ferrite C4AF 13.62

Table 2 Physical Properties of the Used Cement.

Physical Properties Test Results L%;ﬁ;ﬁ&'s'}
Speatfic Surface rea (Blaine Method, emligm) | 3320.0 > 3000
Sefting time (Vieat's Method)
Inufial Setfing fime (hrs. min) Al 2100
Final Seting time (hrs.: o) 34 <10:00
Compressive strength of mortar
3-days (MP3) 4 213
T-days (MPa) 403 2

Table 3 Grading of Sand.

Sieve Size | Cumulative Passing Limifs of (L0.5) No 431984, Zone (3)

(mm) (%) Cumulative Passing (%)

473 100 90- 100

136 0. §5-100

11§ 5.0 75-100

.60 fi6.3 -7

130 15 12-40

.15 83 0-10

Table 4 Physical and Chemical Properties of Sand.

Properties Test Results | Linit of (10.5.) No 4571984
Specfic Gravity 260
Absomtion % 075 -
Sulfats Content 23 803 % 008 03

Table 5 Grading of Coarse Aggregate.

SieveSize |  Cunmlative Passing Limit of Iraqi Specification No. 451984
(nm) (%) Cumulative Passing (%)
14 100 100
10 089 §5-100
5 174 0-2
13 0.3 0-3

15

3.Experimental Program

The experimental study of two exterior beam-
column joint namely control (C), and the other
three specimens named (Cl, C2, C3)
respectively. The specimens were cast and
tested of four reinforced concrete frame (beam-
column joint) with the  dimensions
(1400x1000x200) mm, as shown in Figure (1.a
and 1.b). Using concrete mix with an average
cube compressive strength (fcu) equal to (30
MPa). All frame specimens have the same
dimension and the concrete cover satisfied to
the ACI-318 (40) mm. The variable which
were investigated in this study include (the
effect of steel fiber on mix design, beam
column joint interfere, monolithically, non-
monolithically).

Wooden molds were used for casting
reinforced concrete frame specimens, they
were made according to the specific dimension
for study needs with dimension
(1400x1000x200) mm Figure (2a. and 2b.).
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a) Remnforcement details b) Frame Details

Figure 1: Details of Frame Specimen and its
Loading Arrangement

Figure 2-a: details of Mold Figure 2-b: details of Mold

Figure 2: details of mold

Laboratory work procedure

All materials were weighted and stored in
clean storage. Dry crushed coarse aggregate
and surfaces saturation and dry clean fine
aggregate added to the rotary drum mixer with
volume capacity about (0.18m3) and mixed for
several minutes. The cement added as part of
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mix design to the mixer after coarse and fine
aggregate were well mixed. The water was
added gradually to the mix. The whole
operation will take about (9-11 minutes) to
complete mix and prepare to cast action. To
avoid the adhesion with mold faces brush have
used to paint the molds with light layer of oil
before laying the reinforcement bars in molds.
Before casting the concrete mix in the molds,
steel reinforcement bars were placed in the
mold with the consideration to concrete cover
and lift the reinforcement from the mold
according to ACI-318 code requirements for
spacing. The frames were casted in three
layers. The time required to compact the mixes
was about (1.5-2 minutes) for each layer using
vibration table with a compaction, as in Figure
3. After that, the frame specimens were
covered by sheets, and after 24 hours the
hardened models were removed from molds
and placed in final curing for 27 days.

Figure 3: Casting Procedure

Tools measurement Testing and equipment
instrumentation

The universal testing machine was used to test
the frame specimens. All specimens were
tested in structural laboratory; the deflection
was measured by dial gauge of (0.01mm)
accuracy. two dial gauges placed with (30 mm)
total grade. The dial gauges were mounted at
the edge of cantilever at the bottom face of the
frame and the other one was mounted in the
midspan of frame. Figure (1.c.) shows the test
preparation with tools and machines. The
frame tests were done at the structures
laboratory. in Al-Mustansiriayah University,
Faculty of Engineering. Figure 4.
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d) Imaginary deflection behavior

Figure 1: Details of Frame Specimen and its Loading

Arrangement
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Figure 4: Test Instruments

3. Results and Discussion

General

In this investigation full-scale, four R.C. frame
samples were tested. These frames were
similar in dimensions (length, width,
thickness), and steel reinforcement ratio, but
different in concrete density and joint
connection. The ultimate loads and crack
patterns of different failure modes were
various according to each individual sample

Ultimate and first crack loads, and crack
configuration

The cracking test results and the ultimate loads
are shown in Table 6. At the time when the
load was applied to these samples. The first
cracks recorded at load about (20.3-32.6) % in
the range of the ultimate load for all frames.
The failure was usually observed in the tension
zone at the beam-column joint connection, and
was featuring by vyielding the steel
reinforcement in the tension zone, followed by
crushing of concrete in compression face of
joint with wide clear crack at the top face.
When the frame was casted as monolithically
beam-column joint connection, large wide
opening cracks were observed at the
connection joint in the upper edge and small
hairy cracks at the midspan at top face of
frame.

When the frame was cast with steel fibers (0.5-
1) % by weight, the flexural cracks at the joint
connection at midspan were insignificantly.
However, the cracks appeared due to flexural
quite widely due to flexural effect severely
after vyielding point of steel reinforcement
along with the failure in concrete of
compression zone.

Figure 5: Crack Patterns

ISSN 1999-8716
elSSN 2616-6909


https://djes.info/index.php/djes/article/view/123

Diyala Journal of Engineering Sciences, Vol. 11, No. 4, December 2018, pages 14-19

ISSN 1999-8716

DOI: 10.24237/djes.2018.11403

Figure 6: Crack Patterns

Table 6 First Crack and Ultimate Loads of Frames.

, [lhimste
geina| Dot | Diveinfom) | L F”&Dj:;;?"d b | M

)Y

( Non-Monolthically | 1400x2000x200 {30 | 20.35 123 | %683

(1 | Monolithically 1400:1000:200 | 30 | 80.21 M1 |36

@2 | 0.5%steel fber 1400N1000:200 | 30 | 5482 32 |88

(3| 1%steel fber 1400x1000:200 | 30 | 4250 04|03

Ultimate loads

The ultimate loads of test results for the frames
cast without steel fibers and monolithic (C1) in
beam-column joint area was greater than the
frames casted with steel fibers (C2,C3). The
ultimate loads percentage increase (4.8-
14.7)%, respectively .see Figure 7. The frame
(C) and (C1) show that the ultimate loads were
decrease when the frame casted Non-
monolithically than the frame which cast
monolithically, and the amount of the ultimate
load decrease about (54)%, See Figures 8 and
9. The ultimate loads for the frames (C2 and
C3) indicate that the amount of steel fiber
(0.5)% when added to the concrete mix for
frame (C2) are less than the ultimate load for
frame with 1 % of steel fibers (C3) about
(10.3)%, see Figure 7.
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Figure 7: Ultimate Load — % of S.F
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Figure 9: Ultimate Load — Monolithic & non-

monolithic

Load-displacement behavior and load
capacity

The results of deflection for specimens are
illustrated in Table 7. The test results showed
that for frame (C2) the maximum deflection at
ultimate load occurs when the frame concrete
strengthened by 0.5 % steel fibers. The
maximum deflection at ultimate load decreased
when the percentage of steel fiber increased to
(1) % by volume for the frame (C3), The
maximum deflection at ultimate load for the
Non-Monolithic frame cast (C) was resulted as
small amount of maximum ultimate load and
minimum load-deflection, comparing with the
Monolithic frame cast (C1) beam-column joint
connection. The difference between the two
frames about (54) % in ultimate load. The
deflection between them was about (25.17) %.
For general visualization, the maximum load-
deflection for specimen (C1) indicates the
larger amount for load capacity and maximum
deflection ultimate load. As given in Figure 10.

Table 7 Load - displacement Characteristics at

Ultimate Loads and First Crack.

Specrmen Deserpiion Deflection at first erack () Deflechion at ultonste bad (mm)
Fdeedin]zawre | Midspandi] | Ideedislzawe | Mid-span dia]
gz * sagel}
( Non-Monolithically | 0.45 0.43 110 160
(1 Monolithically 0.40 1,50 147 4,38
(2 0.5% steel fiber 0.55 0.55 205 38
5] 1% steel fiber 0.27 0.8 1.4 399

Comparison of Load Capacity
2451

250
200
150
112.3
100 021
S
50 23.35
o
= c1

Samples
& First Crack Load 29.35
= Ukimate Load 11z2.=

z33.2

Load (kN)

80.21

2451 233.2

& First Crack Load | Ukimate Load

209 4

J 421
cz c=
54 .82 42 .5

209.49

Figure 10: Comparison of Load Carrying

Capacity
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4. Conclusions

It is clearly obvious that the monolithic
beam-column joint without steel fiber was
more efficient than the non-monolithically
cast frame. The ultimate load for frame
monolithic increases more than the non-
monolithic frame by about 54%.the part of
beam-column joint casted non-
monolithically caused a poor interaction
section, splitting zone occur at the beam
column joint area. Figure 8.

The effect of adding steel fibers to the
beam-column joint of (0.5) % and (1) %
increases the load capacity and load-
displacement, for general. The increase the
percentage of steel fibers causes
improvement in load-deflection curve and
behavior of cracks pattern. The ultimate
loads for beam-column joint of 1% steel
fibers increased when adding 0.5% steel
fibers by about (4.5) %. Figure 9.

The frame cast monolithically indicates by
larger amount of ultimate load when the
steel fibers were added as (0.5) % to the
mix about (14.7) %, and less for the frame
with steel fiber (1) % about (4.8) %.
Figure 7.

The load-deflection relationship indicates
that the frame cast monolithically shows
strength development better than the frame
cast non-monolithically, both parts in dial
gauge places, at the center of mid span and
the edge of cantilever, figure (11, a, b.).
The frame of steel fibers has 1% more
resistance in load applied on frame and
shows higher ultimate load than the frame
of 0.5% steel fibers. The load-
displacement for frame 0.5% steel fibers
in process of applying load was developed
more than the frame with (1%). Figure
11.a.
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b- Mid-span dial Gauge

Figure 11: Load — Deflection Relationship for

Frame (C) & (C1)
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Figure 12: Load — Deflection Relationship for Frame (C2)
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