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The need of high quality of concrete is increased in the recent years.
Using steel of high grade and maximize the benefit of using this steel
became necessary. So, different ribs are used for steel bars to increase
the bond strength between stedl reinforcement and concrete. There are
different forms of rib geometry of | he deformed bars with either
Crescent or Tree profiles for all types of steel in the Egyptian market.
Anchorage of reinforcing bars of the beam-column connections is an
important design consideration for providing continuity and safety m
reinforced concrete structures. This anchorage may be provided by
devel opment of straight bars into the exterior joints,

The Egyptian Codes of practice 208 (1995) [1] and 203 (2001) [2] give
the values of development length of the deformed reinforcement bars
regardless the geometry and the relative area of the ribs.

The main objectives of this research is to study the effect of the rib
geometry and the relative rib area on the bond characteristics, the
rotational capacity, crack pattern, the mode of failure, the deformation
capacity and bond stress of the exterior joints of the structure.

Sx specimens of cantilever-to-column connections, which represent
exterior joints in structural system, were tested. Type of sed, rib
geometry, and bonded part were variablesin the tested specimens.

The study concluded that the geometry of the ribs and the bonded part in
addition to the seel type have reasonable effect on the bond
characteristics of the cantilever-to-column joints and hence on the
ultimate load capacity of the joint

INTRODUCTION

The connections in reality are small areas at whigih bending moments may take
place. The assumption of fully rigid connection leets the deformation in the areas of
the joints. Thus, no relative rotation will occletlveen the adjoining members.
Experimental studies show that reinforced concestd steel beam-column
joints are deformed zones. The behavior of the beam to colaemmection for
reinforced concrete is investigated experimeptally many researchers as Ahmed
[3], Leon [4] and Springfield [5]. The partial comiity between the beam and the
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column is attributed to the crushing of concretedmpression zones and the cracks
occur in the reinforced concrete joint which leadar slippage in deterioration of the
bond strength between the reinforcing bars andretecEl-Metwally [6] and Mulas
[7]. The connection flexibility has a significanffext on the critical load. The results
emphasize that the reduction in the critical loadsed by connection flexibility should
be taken into consideration.

Biddah and Ghobarah [8"] tested columns designecbagpression members
with the minimum eccentricity requirements of Oritddhe anchorage length of 150mm
for bottom reinforcement were provided accordinghe ACI code [9] specifications.

Parviz and Ki-Bong Choi [10] concluded that the ues of bond stress
increase with the increase of the column presstiteough Untrauer and Henry [11]
demonstrated that the increase in bond resistanciffarent values of slip and at
ultimate load under the action of transverse cosgoa. The influence of transverse
compression increases with the increase of slip.

Parviz, Choi, Park and Asiani [10 &12] studied pesimentally the effect
of confinement reinforcement and compressive sthenfjconcrete on the local bond
stress-slip characteristics of deformed bars usperimens simulating the local bond
condition of beam reinforcement in beam-column @mtions. They indicated that
confining concrete by transverse reinforcement duasdirectly influence the local
bond behavioof deformed bars in joint conditions where the virtoalumn bars are
sufficient to restrain the widening of bond sphigicracks. They concluded that the
ultimate bond strength increases almost propotiipngith the square root of the
concrete compressive strength.

EXPERIMENTAL WORK

The investigation of bond characteristics for stesinforcements with  different rib

geometry and the rotational capacity of the extefiame joints in structures are
studied in this work. Six specimens of cantilewecblumn connections; which

represent exterior joints in structural system;hwsgjuare cross-section of 30"30 cm
were tested under constant static vertical loa8fons applied on column and one
point of loading at the free end of the cantilever.

Three specimens were reinforced with main steed b&(BS) and three were
reinforced with steel bars of (EZ). The bars wefel®mm in diameters placed in
tension zone of cantilevers. Each specimen haddabpdrt of 5, 10, 15D and concrete
compressive strength of 350kg/cfar all specimens.

Specimens were tested at age of 28 days under tating. The column was
loaded by constant load of 30 tons and the camtilevas loaded gradually up to
failure. Electrical strain gauges for concrete istraliial gauges for deflection, slip,
rotation, slope and the cracks propagation wererded at the beginning and at the
end of each increment of loading as shown in KI§2).
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Fig. (1) : Cantilever-to-column connection
specimens.

Fig. (2) : Cantilever-to-column connection
specimens under test.

The properties of the deformed steel bars usetkitetsted specimens are
given in Table ().

Table (1); Mechanical and Geometrical Properties of Deformed bars:

z
Group No. Specimiens {Profile of | Relative | Yield

Ultinwic | Elongation | Grade of
(mm]} Notation bar

ribares | stress | stress Yo sleel

() | Kglow' | Kgfom!

! G 3 BS | T2 | 0.14 | 4890 | 7230 | 194 | 4060
‘ EZ | Cl | 0.06 4770 | 7430 | 20.11 | 40/60
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TEST RESULTS AND DISCUSSIONS

The behavior of the tested specimens under loaatagthe modes of failures were as
follows:

The initiation and propagation of the first cracksmobserved in the critical
tension zone at maximum moment. The first crack veatical tension crack and was
at the connection between the column and the eastil The height and the width of
crack increased with the increase of the load uthéoultimate load and then they
increased without increase of the load. The majackcwas formed at the same first
load and the pattern of cracks is shown in Figk8y,the specimen reinforced by steel
bars (BS) with bonded part of 15D, other cracksewdiagonal tension and formed
between the place of critical max. moment and afliog point as shown in Fig. (4).

The width and spacing of cracks were significatahge for a specimen with
steel bars (BS). Also, the propagation of the csdok these specimens was more than
those compared for specimens with steel bars (EZ).

The final mode of failure was bond failure for aflecimens; except for that
with steel bars ofBS) for bonded part of 15D; was bond and flexural failure.

The geometry of the ribs and their spacing candpeessed by the relative rib
area. The definition of the relative area of rishia described by Rehm [I3] as shown
in Fig. (5) as:
ay=(K.Fg;sing)/(zDCy) L ()

Where:
F.= area of one transverse rib above the bar core
Cs = distance between transverse ribs.
k = number of transverse ribs around the bar peeme

B, = angle between rib and longitudinal axis of t&iaforcement.

D = nominal diameter of bar
The measured values of deflection, end slip, saimaximum tension zone,
rotation and the slope at the free end of the lesseti-to" column connections versus
the applied load are shown in Figs. (6, 7, 8, 9H)d
These curves can be divided into three distingfestas follows:
a- The first stage where there was no cracks in tit nd hence ihas a
relatively high flexural rigidity
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Fig, (4): Crack shape of specimen (BS-15D).

Trew profile

Torescent syolile

Fig.(5): Properties of the rib geometry of steel ba
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Fig .(6) : Load — deflection relationship.
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b- The second stage where the flexural cracks staotddrm the cracks were
propagated and their width and height increased aeahe applied load
increased.

c- The third stage where the joint of the cantilexecolumn started to fail.

The characteristics of the tested cantilever-tasowl at the cracking load and
at the ultimate load are given in tables (2 and 3).

Table.(2): Characteristics of cantilever-to-column
connection at cracking load.

Grou Series Relative tib P, Detlection Slip Strain Rotation Slope
> No. Area (o) (ton) (m.m) (m.m) 10" (vadian) | (radian)
10
EZ-5D 0.06 0.5 5.5 045 | 02 15 12
H F3S5D | 014 |075| 55 |04z (022 13 11
EZ-i0D | 0.06 1.0 6 0.39 | 0.25 11 )
G [TBS10D 0.14 1.5 6 0.35 | 0.28 10 2
[ BZ-15D 0.06 1.75 6 032 |0.33 g5 7
F 555D 04 25 g 03 |045] 7.0 6

Table (3): Characteristics of cantilever-to-column connection at ultimate load

Relative : . Striatio | Rotation
Group series | ribarea pu | Deflection| Slip nstrain | (radion) Slqpe
No (@ sb) (ton)| (m.m) |(m.m) *103* «103« | (radion)
EZ-iD 0.0¢ 1, 35 04t 1.27 5.1 42
H BS-5D 0.14 2 33 0.4z 0.0¢ 4.0 40
G | EzZ10D 0.0¢ 3.1 32.5 0.3¢ 1.61 4.t 3ii
RE-I0D 0.1¢4 4 3i 0.3t 1.51 4.t 36
F RzZ-15D| 0-06 4.6 30 0.32 1.78 3.? 32
BS-15D 14 6.2 29 14 2.21 3.5 29

The values of the cracking and the ultimate loadshfthe above tables for
steel bar (BS) having relative rib area of {= 0.14) compared to the corresponding

values for steel bar (EZ) having relative rib aoég a4, =0.06) at different bonded

part () were about 150% and 130% respectively. The valédélseocracking and the
ultimate loads increased with the increase of thiedbd part. If the critical and the
ultimate load at bonded part 8D is taken as a comparative value, then:
- For bonded part of 10D Rand R about 200%.
- For bonded part of 15D Rand R about 310%.
The values of the deflection at the ultimate loaddpecimens with steel bar
(BS) Compared with the corresponding values foeldtars (EZ) for different bonded
part were about 95%.
The values of the end slip at the cracking anduttimate loads for specimens
with steel bars (BS) compared with the correspandmiues for stee! bars (EZ) were
about 92% for different bonded part except fgrd5D for steel bars (BS) was 82%.
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The values of concrete strains for the tension zanthe cracking and the
ultimate loads increase with the increase of thedbd part.

The rotations at the cracking and the ultimate $odecrease with the increase
of the relative rib area and decrease with theeeme of the bonded part.

The slope at the free end at the cracking and Itireate loads decreases with
the increase of the relative area or for the irsmes the bonded part.
The Egyptian Codes 208(1995) [1] and 203(2001)j@pest

Ly=DaBa.(f [y)I@4f ) )

Where: D; nominal diameter of the bar. *: 1,4 for top reinforcement if the
thickness of the cast concrete below is more titaen3 and 1.0 for all other caseg: f
ultimate bond stress between steel and concretgyes in equation

f. =03/fc,/y. Nmnot (3)

a : Correction factor depends on the type of the bar £ correction factor depends

on the bar type (smooth=I or ribbed bar = 0.75).

The values of the correction factor for the typehaf bar surfacef§) equal lo
0.75 for deformed bar for tension loads regardiesggeometry of the deformed bar or
give a limitation for the minimum relative rib aréa the bar to be considered as a
deformed bar.

The values of the factor/{) according to eq, (2) was calculated for each

specimen as shown in table (4).

Table (4): Valuesof () for cantilever-to-column connection.

BONDED PART |5D |10D [150
Bar (BS 0.15: [0.15: [0.14;
Bar(EZ) 0.202| 0.194 0.199

The reduction of the values of the factg8) is due to the increase of the

relative rib area @ sp)- This reduction causes decrease in length, woflitracks and
increase the stiffness of the cross-section otémtilever.
The correction factor ) is affected by the following factors:

a- The relative rib aread o).

b- The bonded part ¢),

c- The steel bar diameter (D).

d- The type of loading (direct or indirect loading).

CONCLUSIONS AND RECOMMENDATIONS

The following main conclusions and recommendatars be drawn out:

1- The final mode of failure was bond failure for albecimens; except for the
specimen with steel bars type (BS) of bonded part 15D;

2- The first cracking load was early observed for ibewer reinforced with bars of
small relative rib area and for small bonded part.
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10.

11.

12.

The width of cracks was significantly increasedhwihe decrease of both the
relative rib area and the bonded part.

The values of cracking and ultimate loads increas#id the increase of both the
relative rib area and the bonded part.

The values of the deflection and the slope at tke £nd increased with the
decrease of both the relative rib area and the dubpdrt.

The values of concrete strain, the rotation angld the rotational capacity
decreased with the increase of both the relattvangéa and the bonded part.

The calculation of the correction factgf | given in equation (2) according to the

Egyptian code should be consider the followingdest

a- The relative rib aread sb).

b- The bonded part ¢)

c- The type of loading (direct or indirect loading).
More investigations are needed to study the efiedifferent parameters of the rib
geometry on the characteristics of the cantilesezelumn connections.
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