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The columns of high-rise structures are usually starcted from high strength
concrete and the connecting beams and slabs atsflre of normal strength concrete.
Consequently, the beam column joint is of norm@nsfth concrete. The purpose of
the study is to investigate the strength of higangjth concrete columns as affected by
the low strength concrete of connecting beams tarstiudy the effect of reinforcement
details of the joint of high strength concrete enluand normal strength beam on
failure mode of such column and its strength.

Experimental study was carried out to investigdie ¢ffect of changing the grade of
concrete on the behavior of RC column and its joortsidering the interaction of the
column with the floor beams. Floor beams and tlhet jare constructed from normal
strength concrete, while the other parts of theugoi below and above the joint are
constructed using different grades of high strengtid normal strength concretes.
Another significant parameter affecting the behawbsuch columns is the details of
reinforcement of the joint represented by horizbrda inclined stirrups. Twelve
specimens of RC columns and intersecting beamprapared and tested under axial
compressive loading on the column as well as undetical load on the beam. The
results include the failure mode, strain distriloutj ultimate load and strength of the
columns considering the change of concrete streagththe details of reinforcement.
It has been found that failure mode of such stmgstwccurs at the joint because of its
low strength which has been constructed with tberfbeams. It has been shown that
inclined stirrups at joints do not change the falumode even it reduces its severity.
Other steel arrangement is still needed to chamgefailure mode. However, inclined
stirrups have significant influence on increasihg ultimate strength of the columns.
This is because the inclined stirrups cause anease on the shear strength of the
column resulting in the increase of the strengthe Btrain distribution is highly
affected by the interaction of beam and the colukiaximum strain occurred at the
joint due to combined state of stress. An equatias deduced to estimate the strength
of axially loaded columns considering the interantiof floor beams, variation of
concrete strength and details of reinforcement. déeéuced equation is applicable to
normal strength and high strength concrete.

KEYWORDS: High Strength and Normal Strength Concrete, Coljomt, inclined
stirrups, failure mode, ultimate load, strengthcofumn.
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INTRODUCTION

There is a rapid growth of interest in high stréngbncrete with compressive
strength fc in the range of 55 MPa (8000psi) to a (1800psi). These values are
twice to four times the normal strength. The piadtiapplications of high strength
concrete have proceeded full knowledge of highngfite concrete material properties
and the behavior of structural members construai#il the material. One of the big
advantages of high strength concrete is its uselumns of tall structures. For a given
load, the high strength concrete column has a ematbss sectional area and thus
providing more floor space. Recent studies illustlasome properties of the higher
strength concrete such as its high modulus of ieigstless ductile mode of failure,
and larger strain at maximum stress{4]. In the design of ductile moment resisting
frames, it is desired to prevent the formation lekdiral hinges in the columns. The
beam column connection must resist forces withosigaificant loss of strength or
stiffness. The joints should be designed for batbtitity and strength. When using
high strength concrete, the problem of ductilityfgparticular interest because of the
brittle nature of plain high strength concrete [4].

Previous work [5, 6] demonstrated that the colutnengith was not limited to
the strength of intervening floor slab but that,tbe hand, the differential between the
two concretes could not be too large. ACI cod&’[fermits the column concrete to be
as much as 1.4 times the slab concrete strengtrebether measures must be taken.
For interior columns, where the joint region comerin the slab between the ends of
the column is confined by continuing slab concratall four sides, a partial remedy is
suggested. So, the variables are variety of slabrete compressive strength, the slab
represent either interior or edge conditions and whifferent slab thickness are
included. From the results, it is concluded thataapnt strength relationships based on

the ratio of column compressive strength to slammessive strengthf ¢ / f cs
appear to be general across the full range of ebastrengths considered.

There are several studies to improve the ductilitfigh performance concrete
for structural applications [5, 6, 8, 9, 10]. Orm®eomical solution to increase ductility
of high strength concrete is through the optimaatf the constituent properties. This
requires fundamental understanding of the influepicthe constituent materials and
their interaction on global behavior of the matedaad structure. Another method to
improve ductility is the proper details of reinfernent at joints. The use of spiral
reinforcement results in increased strength andildyof confined concrete. Concrete
confined by rectangular ties exhibits less increasestrength and ductility. The
increase of ductility and strength due to confinetne a subject of disagreement due
to the less well-defined mechanism of rectilineanfmement and the variety of
configurations of longitudinal bars and rectangties [9— 12]. While the rectilinear
confinement in square sections is not as effec@s/the spiral confinement, the square
sections exhibit higher moment capacity than thafseircular sections especially at
large deformations. In an experimental study [efas been found that the use of HSC
column increased connection shear strength compgaradrmal strength concrete by
about 5 % when the column is subject to normaldavaly, and by 17 % when the
column is subject to moment and axial force. Theglyzed the behavior and shear
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strength of slab-connections constructed with comtidns of HSC columns and
normal strength concrete slabs. There are manyjestadncerning the behavior of high
strength connections under static and seismic hogdi3— 17]

PURPOSE OF STUDY

The columns of high-rise structures are usuallystoicted from high strength concrete
and the connecting beams and slabs at floors areoahal strength concrete.
Consequently, the beam column joint is of normedrgith concrete. This will affect
the axial strength of columns and the behaviohefjoint as well as the failure mode.
It is necessary to define which strength is useddlzulate the axial strength of
column; the high strength of the column or the radratrength of the joint. This point
is not studied clearly in previous studies. Theppsges of the current study are
summarized as follows: to investigate the strendthigh strength concrete columns as
affected by the low strength concrete of conneckiegms, and to study the effect of
details reinforcement of the joint of high strengibncrete column and ordinary
strength beam on failure mode and strength of dhenn.

MATERIALS

A- Concrete. Four grades of concrete are used as follows:

1- Normal strength concrete. Concrete mix design veased out to produce normal
strength concrete. The proportions are illustratedable 1. Ordinary Portland
cement was used (Assiut Cement). A total of 39dsieth cubes was casted and
tested after 28 days. The average concrete strendthstandard cubes
(15x15x15cm) is 250 kgf/ch

2- High strength concrete (HSC). Three grades of bigéngth concrete (HSC) were
produced in the study. The concrete mix proportibgsweight are given in
Table 2.

Table 1: Concrete Mix proportions to produce Normal Strength Concrete.

Cement kg/m Sand kg/m Gravel kg/m water Litre/nt
350 670 1200 165 (W/c=0.47)

Table 2: Concrete Mix proportions to produce High Strength Concrete.

Con. | cement] sand| Basalt Basalt | Silica Sika- water
grade| kg/m® | kg/m® | <10mm | 10-20 mm fume | mentFF-3|  Litre/m’
kg/m? kg/m® | kg/m?® | kg/m?

C900| 550 450 600 600 110 20 140(w/c=0.26)
C700| 500 525 600 600 90 17 125(w/c=0.25)
C500| 450 600 600 600 70 14 165(w/c=0.37)

B. Steel Reinforcement: The longitudinal steel bars of column and the lower
reinforcement of beam are of high strength ribbadskof grade 36/52. The upper

reinforcement of beam and the stirrups of both moiwnd beams are of mild steel of

grade 24/35. Diameters of the different steel bagsshown irFig. 1.
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EXPERIMENTAL PROGRAM

To reduce the area occupied by the columns, HS@esl to construct the columns
especially in high-rise buildings. However, it stipractical to use HSC in floor beams
and slabs because the beams and slabs should pbggesiuctility level rather than
strength. Also, in the design of such structurhs, theory of strong column — weak
beam should be followed to assure the occurrenpdastic hinges in beams not in the
columns. For such reasons, the floor beams andg sledb usually constructed using
normal strength concrete. Also, the floor beams slabls are casted monolithically
with joint and a small part of column height beltve beams. So, 10 cm height below
the beam is casted at the same time with normaingtih concrete. As it was
mentioned, the purposes of this study are to iigast the strength of high strength
concrete columns as affected by the low strengticrete of connecting beams, and to
study the effect of details reinforcement of thej@f high strength concrete column
and ordinary strength beam on failure mode of thleiman and its strength. In the
current study, we will focus on the analysis offspbienomenon for exterior columns
only. Another study for interior columns will be i

To achieve the purposes, fourteen specimens wepgaprd and constructed at the
Laboratory of reinforced concrete and strength atemals at Civil Department of
Assiut University. Each specimen consists of thpags. The lower part of the column
(part 1) has height of 35 cm, the middle part (Raihcludes 25 cm of the column and
joint and the beam, and the higher part of theroalpart 3) has height of 45 cm. This
is done to be similar to the practical applicationyhich the column of the lower floor
is casted, followed by the floor beams and slalibeérsecond stage, then the column of
the higher floor. For this reason, the reinforcenwnthe column parts are spliced as
shown inFig. 1 in which the details, dimensions and reinforcenarhe specimens
are givenTable 3 summarizes the purpose of each specimen. Maiforeement of
column is 4 bars of diameter 12 mm of high terstiél (% of reinforcement is 2.0 %).

SYSTEM OF LOADING
All the specimens were tested after 28 days fraenctisting day. A testing machine of
500 tons capacity was utilized in testing the specis. The movable head of the
machine is the lower one. The loading system ctssistwo loads applied as follows:

1- A load was applied at 32.5 cm apart from thescwl face (40 cm from the center
line of the column) on the lower face of the bedims load is applied from a special
Jack. The load is applied at beginning of loadiidhe occurrence of cracking of the
beam, then it was kept constant while applying Itteed on the column from the
machine.

2- Compression load was applied on the column fifwertesting machine up to failure.

Figure 2 (a andb) illustrates the loading system and the test sé&ligpre 3 illustrates
the boundary conditions and the straining actionstiee system due to the given
loading. The obtained results are represented &éyctacking load of the beam, the
ultimate load of the column, failure mode and sisaat certain positions in the
columns and the joint.
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Table 3: Details and Purpose of Tested Specimens.
specimen Description Remarks Purpose
No.
B-1 Normal strength concrete To test the loadielg 5
B-2 Normal strength concrete up. No results were
obtained.
All parts were of normal HZ stirrups | Reference Specimen
A-1 concrete of 250 kg/cm at joint
All parts were of normal Inclined To study effect of
A-2 strength of 250 kg/ctn stirrups inclined stirrups
All parts were of high strength HZ stirrups | Reference Specimen of
A-3 concrete of grade 700 kgf/ém  at joint HSC
Lower and upper parts of HSC Horizontal To study effect of
of grade 700 kgf/ch Middle | stirrups at change of concrete
A-4 part of normal strength the joint | grade at joint compared
concrete of grade 250 kg/ém to A-3& A-4
The same as specimen A-4 Inclined and To study effect of
A-5 HZ stirrups | inclined stirrups on the
at the joint | joint compared to A-4
Lower and upper parts of HSC Horizontal | To study the effect of
of grade 900 kgf/chqy Middle | stirrups at | change the strength of
A-6 part of normal strength the joint concrete at joint
concrete of grade 250 kg/ém compared to A-1 & A-4
The same as specimen A-6 Inclined and To study effect of
A-7 HZ stirrups | inclined stirrups on the
at the joint. | joint compared to A-6
Lower part of HSC 900 Horizontal To study effect of
kgf/cn?, Middle part of normal stirrups at | change of grade below
A-8 strength 250 kgf/cfy Upper the joint and above the joint
part of HSC of 500 kgf/cfn compared to A-1 &A-6
A-9 The same as specimen A-8 Inclined andstudy effect of inclined
HZ stirrups. | stirrups compared to A-§
Lower part of HSC of grade | Horizontal Study effect of using
500 kgf/cmi, Middle part of stirrups at | lower grade below the
A-10 normal strength concrete of| the joint joint relative to the
grade 250 kgf/ch Upper part grade of upper part,
of HSC of grade 900 kgf/cm compared to A-1 & A-8
Lower part of HSC of grade| Horizontal Study the effect of
700 kgf/cnd, Middle part of stirrups at | using HSC below the
normal strength concrete of| the joint | joint. the upper part has
A-11 grade 250 kgf/ciy Upper part the same normal
of normal grade 250 kgf/cm strength as joint,
compared to A-1.
The same as specimen A-12  Inclined arstudy effect of inclined
A-12 HZ stirrups | stirrups on the joint

at the joint.

compared to A-11
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load on the column from machine
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Fig. 2 (a): System of loading Fig. 2 (b): Test setup
. .
Boundary | Normal Force i
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0 i =

Fig. 3: Boundary conditions and straining actions of test specimen.

RESULTS AND ANALYSIS

1. Failure Mode

Photos 1 to 12 illustrate the final failure modésmecimens A-1 to A-12, respectively.

By investigating the failure mode of specimens,fiil®wing points are summarized:

1- Both of specimens A-1 and A-2 have the same faitoode at the upper part of the
column. Concrete cover has spalled out and thisngbst from the top until the joint
as it is clear from photos 1 and 2. The role ofifed stirrups at the joints is not
significant on changing the failure mode in suckecsmens of normal strength
concrete.
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2-

Specimen A-3 of HSC at all the parts has the saailaré mode. No collapse
occurred at the joint. Concrete cover has spalledimo the upper part and this
extends from the top until the joint as shown intoi3.

In specimens A-4 and A-5, failure occurs at thatjoif normal strength concrete as
it is clear in photos 4 and 5. However, the indliséirrups at joint of specimen A-5
prevented the bucking of longitudinal bars of tblumn.

In specimens A-6, A-7, A-8, A-9 and A-10, failurecoirred at the joint of each
specimen due to the normal strength concrete agrshophotos 6, 7, 8, 9 and 10.
The inclined stirrups at joints of specimens A-d &9 have neglected effect on
failure mode, however they reduced the bucking phemon of steel bars.

Both of specimens A-11 and A-12 have the samerfaiode at the upper part of
the column as shown in photos 11 and 12 notingthieainiddle part and upper part
of the columns are constructed from normal streicgticrete. Concrete cover has
spalled out and this extends from the top untiljtet.

From such discussion we conclude that, failure ccatithe joints of normal strength
concrete. Consequently, special arrangement ofl seeforcement is needed to
prevent such failure. The inclined stirrups aresuficient to change the failure mode.

Photo 1 Photo 2
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Photo 3 Photo 4

Photo 5 Photo 6
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Photo 7 Photo 8

Photo 9 Photo 10



STATIC BEHAVIOR OF RC COLUMN JOINTS AS AFFECTED.... 1459

Photo 11 Photo 12

2- Relationships of Axial Load and Strain

The axial longitudinal strain of the column was swad at three point$oint 1
above of the jointPoint 2 inside the joint (distance between point 1 and 24.5 cm)
and themean axial strain all over the height, noting that the movable headhe
testing machine is the lower oriéigure 4 illustrates the positions of the measured
strains.Figure 5 illustrates the relationships between axial lo&the column and the
measured strain at points 1, 2 and the mean axa&hdor specimens A-1 to A-12
respectively. By investigating the curves, it ieadl that the strain at point 1 is usually
less than that at point 2. This is because thainsait point 2 is affected by the rotation
of the joint due to bending moment and shear onbttem. The stress at point 1 is
mainly due to compression and moment while theceffdf the joint rotation is
minimum. For this reason, the strain at point dlése to the mean axial strain for most

Elev. Side view

Fig. 4: Positions of the Measured Strain.



1460 Abdel Rahman Megahid Ahmed and Khairy Hassan Abdelkareem

of the columns. So, failure occurred at the lowaeef of the joint at most of the
specimens. Comparing the mean axial strain withytblel strain of main steel of the
column (which is approximately about 3.8 %lfor steel 36/52), we can see that
yielding of main steel of the column occurred fiogtfore crushing of concrete for all
specimens.
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Fig. 5: Relations of axial load of the column and strain for specimens A-1 to A-12.

3- Ultimate Load

Figure 6 illustrates the graph of the ultimate load of oohs of specimengable 4
illustrates the ultimate load of the columns and thhacking load of the beams for
different specimens.

By investigating the results fFig. 6 andTable 4, the following points are summarized:

1- Specimens A-1 and A-2 have the same propertiespéxhat specimen A-2 has
two inclined stirrups at the joint. Ultimate loaflgpecimen A-2 is higher than that
of A-1 and the difference is 6.0 ton with the rafeincrease equals 14.1 %. The
inclined stirrups at joint has significant influenon the strength. The beams of the
two specimens have the same diagonal shear failtmejoint of specimen A-2 is
stronger than that of specimen A-1, and hencertdieking load of the beam of A-2
is less than that of A-1.

2- Specimen A-3 is of HSC of grade C700. Ultimate lo&dhe column is 89 tons.
The increase of the load relative to specimen A-#6.5 tons with the rate of
increase equals 109.4 %. The cracking load of bsaBn75 tons with the rate of
increase relative to A-1 equals 25 % which is lotan the rate of increase of
ultimate load of the column. This is due to thehieigdegree of brittleness of HSC
relative to the normal strength.



1462 Abdel Rahman Megahid Ahmed and Khairy Hassan Abdelkareem

120

100

80

60

40

ultimate load (t)

20

— N
T &
E k£
g g
> @

specimen 3
specimen 4
specimen 5
specimen 6
specimen 7
specimen 8
specimen 9
specimen 10
specimen 11
specimen 12

Fig. 6: Graph of the ultimate load of specimens.

Table 4: Ultimate load of columns and cracking load of beams.

Sp. No. A-l| A2|A3|A4 | A5 |A6|AT7|A8| A9 |AI0|ALL|A-12

Column load (t) | 42.548.5| 89 | 59.5| 98.5|66.5| 82.5(53.5| 63.5| 53.5|46.5| 61.5

Beam Crack. load
(1) 3.0 |2.25|3.75/ 25| 20| 25| 2 |21|3.05/25|25| 2

3-

Specimen A-4 has HSC at the lower and upper péattseccolumn of grade C700.
The joint and the beam are of normal strength aieciThe specimen has the same
horizontal stirrups such as specimens A-1 and AH@imate load is 59.5 tons
which is higher than that of specimen A-1 with tia¢e of 40 %. However, the
ultimate load of specimen A-4 is less than thaspécimen A-3 with the rate of
reduction equals 32.6 tons. The increase of thealé load relative to specimen
A-1is due to the HSC and the reduction of the leddtive to specimen A-3 is due
to the lower concrete strength of the joint. Toré@ase the ultimate load of such
specimen, special steel arrangement is needectlEsitin specimen A-5. Inclined
stirrups cause an increase in the shear strengtheotolumns and hence the
ultimate load of column increases.

Specimen A-5 is exactly the same as specimen Acépxhat specimen A-5 has
two inclined stirrups at the joint. Ultimate loasl 98.5 tons with rate of increase
relative to specimen A-4 equals 65.5 %. The ratmafease relative to specimen
A-1is 131.8 %. The ultimate load is approximathly same as specimen A-3. The
role of inclined stirrups in case of HSC (A-4 anébAis more significant than that

in case of normal strength concrete (A-1 and AT})is is a very significant
conclusion from the study.
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11-

Specimen A-6 has HSC at the lower and upper péattseccolumn of grade C900.
The joint and the beam are of normal strength aieciThe specimen has the same
horizontal stirrups such as specimens A-1 and AH@imate load is 66.5 tons
which is higher than that of specimen A-1 with tiage of 56.5 %. However, the
ultimate load of specimen A-6 is higher than tHasmecimen A-4 with the rate of
increase equals 11.8 %. This means that the gastrefigth with increase of the
grade of concrete is not so significant. The inseeaf the ultimate load relative to
specimen A-1 is due to the HSC and the low rat@akase relative to A-4 is due
to the lower concrete strength of joint.

Specimen A-7 is exactly the same as specimen Acéptxthat specimen A-7 has
two inclined stirrups at the joint. Ultimate loasl 82.5 tons with rate of increase
relative to specimen A-6 equals 24 %. The ratenofdase relative to specimen A-
1is 95 %. The role of inclined stirrups in suckeaf HSC (specimens A-6 and A-
7) is much more significant than that in case afmal strength concrete as it is
clear from specimens A-1 and A-2. This agrees wiith same conclusion of
specimens A-4 and A-5.

Specimen A-8 has HSC of grade C900 at the lowergrat HSC of grade C500 at
the upper part of the column. The joint and thenbeae of normal strength. The
specimen has the same HZ stirrups as specimenafd1A-3. Ultimate load is
53.5 tons which is higher than that of A-1 with trege of 25.9 %. However,
ultimate load of A-6 is less than that of A-6 witite of decrease of 19.5 %. This is
due to the lower grade of upper part of the colufitre variation of HSC grades
leads to reduction of ultimate load.

Specimen A-9 is exactly the same as specimen AcBptxthat specimen A-9 has
two inclined stirrups at the joint. Ultimate loasl 63.5 tons with rate of increase
relative to specimen A-8 equals 18.7 %. The ratmafease relative to specimen
A-1is 49.4 %. Again the inclined stirrups havendfigant influence on increasing
the ultimate load.

Specimen A-10 has HSC of grade C500 at the lowdrgral HSC of grade C900
at the upper part of the column. The joint and beem are of normal strength
concrete. The specimen has the same HZ stirrugs asicA-1. Ultimate load is
53.5 tons which is higher than that of specimen With the rate of 23.5 %.
However, the ultimate load of specimen A-10 eqtalthat of specimen A-8. The
purpose of specimens A-8, A-9 and A-10 is to sttiuy effect of variation of
concrete strength at the parts of the column.

Specimen A-11 has HSC of grade C700 at the lowdrgral normal strength of
grade C250 at the upper part of the column, janot the beam. The specimen has
the same HZ stirrups such as A-1. Ultimate load6$ tons which is higher than
that of specimen A-1 with the rate of 9.4 %. A mgiple gain in the ultimate load
is obtained by using HSC at lower part of columiyamhile the other parts have
normal concrete.

Specimen A-12 is exactly the same as specimen &xtépt that specimen A-12
has two inclined stirrups at the joint. Ultimateadbis 61.5 tons with rate of
increase relative to specimen A-11 equals 32.5 Be. rate of increase relative to
specimen A-1 is 44.7 %. Again the inclined stirrinasre significant influence on
increasing the ultimate load.
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4. Strength of the Column

As it was mentioned, in high rise buildings, colware usually constructed with high
strength concrete to make cross sectional aredesmtdbwever, floor slabs and beams
are usually constructed with normal strength caecréo meet the flexural
requirements. This leads to a question: How carfiditees from a column with HSC be
transmitted through a floor beams with normal sitenconcrete?. In another way,
which concrete grade is used to estimate the uiérsiength of the column? Is it the
high concrete strength of the column parts or tivenal concrete strength of the joint?.
Egyptian Code does not include how to estimatengtreof HSC columns. ACI Code
gives the following equation [5,7] to estimate teength of the axially loaded
columns

P, =Af,+(A~ A)0.85f, 1)

Where, P, =nominal strength of axially loaded reinforced c@te column, A = total

area of longitudinal reinforcement bars in the omty fy, fé are yield stress of steel

and compressive strength of concrete respectivelyAg=gross area of column cross
section. Concrete strength in Eq. (1) is the stfed standard cylinder. The factor
0.85 is used for the variation of test results usedalculate the cylinder strength.
Again, the problem is which is used?. We will try to define a factor insted@ &5 in
Eq. (1) and we will use the cube strength instefaclytinder strength. The suggested
equation is:

AL e -
P= i HKA-AN, @

Where, P =nominal strength of axially loaded column
As = total area of longitudinal reinforcement barsha column

fy, f. are yield stress of steel and compressive cubegitref concrete respectively,

A. is the gross area of the column cross section and
K is the strength coefficient which depends on cetecstrength and steel arrangement

Tables 5 andé6 illustrate the strength coefficient K of Eq. 2 fepecimens without
inclined stirrups and with inclined stirrups resipesly for two cases as follows:

Case 1: normal concrete strength of the joint is use#dn 2

Case 2: HSC concrete is used in the Eq. 2 (In some spawinthere two grades of
HSC)

Table 5: Strength coefficient (K) of Eq. 2 for specimens without inclined stirrups.

Specimen A-1 A-3 A-4 A-6 A-8 A-10 A-11
Ultimate load 42.5 89 59.5 66.5 53.5 53.b 61.5
Strength Case E 0.57 - 0.82 0.94 0.7]; 0;71 0.8p
coefficient K Case2 - 0.57 | 0.294| 0.26 0.2 0.2 0.29
0.36 ** | 0.36 **

* Coefficient relative to C900 ** coefficiemelative to C500
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Table 6: Strength coefficient (K) of Eq. 2 for specimens with inclined stirrups.

Specimen A-2 A-5 A-7 A-9 A-12
Ultimate load 42.5 98.5 59.5 66.5 53.5
Strength Case 1 0.85 1.53 1.24 0.9 1.09
coefficient K Case 2 0.54 0.35 0.25*| 0.39
0.45 **

* Coefficient relative to C900 ** coefficiemelative to C500

In Tables 5 and6, Case 1 is related to normal strength concrete of jolDase 2 is
related to concrete grade C700 except those askiwgitle * and **.

From such analyses, the following points are caieyi

1- If the column has the same strength all over itsspacluding the joint, then:
Strength coefficient K is the same for the colurohshe same concrete strength
either normal strength or high strength as follows:
K = 0.57 if the joint has horizontal stirrups as tiest of the column.
K= 0.85 if the joint has inclined stirrups (Inclohstirrups cause an increase in the
shear strength of column and hence ultimate loatthefcolumn increases, so K
increases)

2- If the column has HSC on its parts except the jaihich has normal strength
then:
K= 0.8 if the normal strength is used in Eq. 2 #mjoint has HZ stirrups only
K= 0.28 if the HSC is used in Eq. 2 and the joias Ihorizontal stirrups only
K=1.19 if the normal strength is used in Eq. 2 #r&joint has inclined stirrups.
K=0.4 if the HSC is used in Eq. 2 and the joint madined and HZ stirrups.

CONCLUSIONS AND REMARKS

1- An experimental study was carried out to invesegtie effect of changing the
grade of concrete on the behavior of RC column iésdoint considering the
interaction of the column with the floor beams. dfldbeams and the joint are
constructed from normal strength concrete, whike ¢ther parts of the column
below and above the joint are constructed usinfgmiht grades of high strength
and normal strength concretes. The study includied efffect of the details of
reinforcement of the joint represented by horizbotainclined stirrups. Twelve
specimens of RC columns and intersecting beamgra@ared and tested under
compressive loading on the column and vertical loatheam.

2- It has been found that failure mode of such stmestwccurs at the joint because of
its low strength which has been constructed with floor beams. The inclined
stirrups at joints do not change the failure modenet reduces its severity. Other
steel arrangement is still needed to change thadéainode.

3- Inclined stirrups have significant influence onriasing the ultimate strength of
the columns. This is because the inclined stirregusse an increase on the shear
strength of the column resulting in the increasthefcolumn strength.
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4-

5-

[1]
[2]
[3]
[4]
[5]
[6]

[7]
[8]

[9]

The strain distribution is highly affected by timearaction of beam and the column.
Maximum strain occurred at the joint due to comtistate of stress from the axial
load of the column and bending moment and shedoirng on the beam.

An equation was deduced to estimate the strengthxally loaded columns
considering the interaction of floor beams, vaoiatdf concrete strength and details
of reinforcement. The deduced equation takes th@wimg form:

Af,
P=—2+K(A -A)f
T PRA AT,
The strength coefficierK in the equation takes the following values:
A- For the columns of the same concrete strength refibemal strength or
HSC:
K = 0.57 if the joint has horizontal stirrups, K=86 if the joint has inclined
stirrups
B- For columns of HSC above and/or below the joint thet joint has normal

strength:
K= 0.8 if the normal strength of the joint is usadd the joint has HZ
stirrups only
K= 0.28 if the HSC is used in the equation and jiiet has horizontal
stirrups only
K=1.19 if the normal strength is used and the jbe inclined stirrups.
K=0.4 if the HSC is used in Eqg. 2 and the joint lmadined and horizontal
stirrups.

The deduced equation is applicable to normal streagncrete and high strength

concrete and it is recommended to be used in fullestgn of such structural

elements.

REFERENCES
NRMCA *“Concrete in Practice, What, Why, How” Nateinready Mixed
Concrete Associationywww.nrmca.org
Sofia Mand Dan M. “ Strength and Ductility Simulation of High-Strehgt
Concrete Columns” ASCE, Vol.123, Issue 10, Octdig97, pp. 1365-1374
Sofia Mand Dan M. “Reliability Bases for High-Strength Concrete Cohsh
ASCE, Volume 123, Issue 10, October 1997, pp. 1335&t
Christina CandKent G “Slender High-Strength Concrete Columns Subjetded
Eccentric Loading” ASCE, Vol. 124, No. 3, pp. 23289
William L., et al “Tests of High-Strength Concre@®lumns with Intervening
Floor slabs’ Journal of St. Engineering, Vol.11%,.5 May, 1991, 1462-1476
Marzouk H, et al “Effect of High Strength Concré&elumns on the Behavior of
Slab-Column Connections” ACI Structural Journal].\83, No.5, Sept.1996
ACI Building Code, 1989
Amr Abdelrahman “Behavior of Concrete corbels Sgteened by FRP
Laminates” port Said Eng. Research J., Suez Camal,Wol.9, 2, Sept. 2002
Fadel A., et al “A study on High Strength Connec$icSubject to Inelastic
Cyclic Loading” J. of Str. Engineering, Vol.117, I8pMarch.1991, pp.829-850




STATIC BEHAVIOR OF RC COLUMN JOINTS AS AFFECTED.... 1467

[10] Oral buyukozturk, et al “improving the ductility dfigh performance concrete
for structural applications” Structural Engineeriprid Wide 1998, July 19-
23, San Francisco, USA, Elsevier publications

[11] Bosco C., et al “Minimum reinforcement in high sigéh concrete” Journal of
Structural Engineering, Vol.116, No.2, Feb.199Q4@[3-437).

[12] Yook K, et al “Behavior of laterally confined higtirength concrete under axial
loads” Journal of Structural Engineering, Vol.1N4.2, Feb.1988, pp.332-351.

[13] Nakazawa et al “Aconfinement Model of HSC” "™3vorld Conference on
Earthquake Eng., Vancouver, Canada, August 20@erRéo. 873.

[14] Yan X. and Armen M. “Seismic Performance of High-Strength Concrete

Columns” ASCE, Vol. 124, No. 3, pp pp. 241-251.

[15] Takashi K and Hiroshi Noguchi “Shear performancemstressed RC interior
Beam-Column Joints” Reprint from Modeling of IndlasBehavior of RC
structures, Committee report, American Society ofilEngineers, Original
copy from authors.

[16] H.W. Reinhardt, S. Weber “Zero-Curing High performoa Concrete” St. Eng.
World Wide 1998, July 19-23, San Francisco, Elsepiglications.

[17] Khairy Hassan “ Finite Element Study on Shear Badrasf RC Beams with
HSC” *'Int. Conf. of Civil Eng., vol. 1, Assiut Univ., 23, 835-845.

i W iU g dadcal) 4l Al Baec Yl CBla gl Sli) & gludd)
adedil) Janald  Adla Ad) 4

1 Al iaall Al ad) saee Y @ gl e dlee il ja ol ) as Caad) lan &
ol A COa gl el Gl g Al Al 45 oy Ly il 5 0]l dasladl)
Jsmandl ell g Allall e sliall il Al yad) aladindy saae V) Cua o Al 721 5aY
Lai ¢ il Lgale aliall (g2 )V dalise (e 28Ul LD 5 jiaia pdaie Clalis o
Zlind ¥ Ll G dpalall da gliall <l Al Al (e i1 ol S 5 cildadly ()5S
330 3 saae Y1 e Caaal 38 (e 0 658 o a5 o LS Bdle A glia )
DY) Gipan laal "Adpnia b paS — (5 58 3 5ae " A Hhas Baial 5 il jaSl 4] ghacs
G CMa g o aad Sy J Y 31 Chgan i g dald g saae Y & Ll s ol &0 B
8 Ly Al o slia <l Alia gl peanay Ciiaal) LD 5 il aS e s Bac Y]
G Glaa ¥ pamy 8 a0 Liadl Aole e gl cld Al 5 A glall 3 gandl ¢ ) ]
ACEL) 5y Mg 6 A eV As ) pe CaliaT 3 ) (e ) gaY) aaf & 3 saal)
A A b Gaaiis Al Al iy e Ay ol a3 senl) e gl s ie
3 gandl da glia g sl S5 (saa Loy So slall al il 3 gand) ¢ 3 ol Alia gl Aol A

il sl il Jualiy



1468 Abdel Rahman Megahid Ahmed and Khairy Hassan Abdelkareem

o) al (B Ulu AN A ) st a3y < jaS g 3aee ] o JLEA) A 14 220 Coa 5 )
a8 Jualall A )1 a8 e g Alia o) A5l A CilS ey Alia gl Jand 5 Jeb 3 ganll
Al bl J s gl 86l i) Jilas (e g ddea o)) 8 AL LKD) S5 A ) g

SIS L a5 ApaaY)

O O 28 5 Lgiia slia Cieal @lld g 5 5aSll 5 3 ganll (G Adia ) (8 hany gV
DY) S s Y ALl sl

Ols 3l 5 3 gaall s Jalailly 3 S s oy il 3aee S ghall Juadi¥) a5 53
Jra g a8 5aae S o M) aaall o aa g aBgdlia Ml 8 <a Le ST Jladiy)
Ak AN el Lo se s i) il JS g il

S a5 L) Cua 3 ganl) daglia e laa 5 il Ll Al ) 8 AL k)
sl 53y () (535 IS 038 o () Gl (5 5 5 8 S Ay An il 30
Aaslaall 330 ) (M) (535 Laa 3 sexll adll

| msire Al e sliall ol Al Al 3aae Y1 A gl Ciluad alre Jaliil o3
ia o)) bt s lIXS 5 3 gl o) 3l L (e 3 S 5 Alia ) A glia s
ey 5 A lall Allall 5 dgaladl Al A0 (5 ) Lgaladiial (S Alagiivsall Alaleall
ALy pualiall oda e apanad 8 Adleal) aladiul,

-1

-2



