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R/C Existing Structures with Smooth Reinforcing Bars: Experimental
Behaviour of Beam-Column Joints Subject to Cyclic Lateral Loads
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Abstract: The paper illustrates the results of experimental tests performed on sub-assemblages of R/C (Reinforced
Concrete) existing structures, designed only for gravity loads In order to estimate failure mechanisms and ductility
properties, four internal and external R/C beam-column joints were built and tested. The specimens were built by using
concrete with low strength and smooth reinforcing bars, without hoops into the panel zone. The tests were performed by
increasing cyclic horizontal displacements up to the collapse. The experimental results show that seismic response of
these kind of structures is mainly influenced by bond slips of longitudinal bars, and that the shear collapse regards
external joints rather the internal ones. Failure mechanisms observed (column plastic hingings for internal joints, shear
failure for external joints) point out the vulnerability of these structures due to the soft storey mechanism. The study is
significant for better understanding of the inelastic seismic behavior of the R/C existing buildings with smooth bars, and
for evaluating the effectiveness of the model classical assumptions.
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INTRODUCTION

Evaluation of the seismic response of existing R/C.
structures designed only for gravity loads requires the know-
ledge of failure mechanisms and their interactions.

In particular, as conspicuously shown by the past
earthquakes and especially by the last severe Turkish seismic
event [1], the main failure mechanisms are: plastic hinging
of lower and upper columns; joint shear cracking, beams
plastic hinges not only at the ends; longitudinal bar bond-
slips, both in beams and in columns (particularly with
smooth bars [1]).

Limited informations are available in literature to date
concerning R/C beam-column sub-assemblages reinforced
with smooth bars. Many researchers have been carried out
experimental tests on typical beam-column joints of existing
R/C structures and have developed relevant behavioural
models [2-12]. However, the majority of these sub-assem-
blages are referred to structures that are significantly
different from the built existing structures with smooth
reinforcing bars until the “70s in the Mediterranean area and
particularly in Italy.

In order to investigate the failure mechanisms and their
interactions, lateral displacement cyclic tests have been
carried out on four beam-column joints, one external (T-
Joint) and three internal (C-Joint). The sub-assemblages are
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similar to the specimens tested in [8], except for the presence
of inclined shear bars into the specimen beams tested in this
work. This similarity is due to the same 2D frame (Fig. 1)
designed only for gravity loads and used as prototype frame
during a co-ordinate research activity on seismic behavior of
existing R/C structures in ltaly (National project “PRIN
1998”, funded by the Italian Ministry of University).

= %MMHHHHHHWM% RNE % JNLHHMM%
S jmmmmr ENE : JNLLMMj
| S jmmmmr RNE : H\LLLMM;C

Fig. (1). Prototype R/C frame (all dimensions are in cm).

EXPERIMENTAL INVESTIGATION

The experimental study, object of the present paper,
refers to a prototype structure, which is a representative
example of an inadequate seismic design. The prototype
frame, whose geometry was chosen from a structural
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Fig. (2). External T-Joint and Internal C-Joint reinforcements (all dimensions are in cm and diameter of bars are in mm).

typology, consists of 3 floors and 3 spans (Fig. 1). It repre-
sents a tipical structure built in Italy in the '50s-'70s and
designed to resist only to vertical loads in according to the
regulations in force during that period [13, 14].

The tested sub-assemblages represent an external and an
internal joint of the frame described above.

Test Specimens and Materials

The beam-column specimens are named as follows:
internal joints (C-Joints) as C11-1, C23-1 and C23-2 (two
joints with the same details); and the external ones (T-Joint)
as T23-1 (11 is the full scale and 23 represents the 2:3 scale).
The specimens are reinforced with smooth bars whose
diameters are 18 mm and 12 mm for the longitudinal
reinforcements and 6 mm for the stirrups. These values are
reduced to 12 mm, 8 mm and 4 mm in the case of 2:3 scale.
The Fig. (2) shows the joint reinforcement details, while the
Fig. (3) represents some steps of the manufacturing process,
such as the preparation of the formwork, the reinforcement
details and the concrete cast. As it is clearly visible from the
figures, the specimens are built horizontally and monoli-
thically, and this does not allow neither the effects evaluation
of the construction of each joint nor the possible different
concrete consolidation along the columns. On the other hand,
this way of building up the specimens avoids the influence
on the test of other secondary variables. The frame shows the
same typical structural characteristics of the existing buil-
dings designed only for gravity loads. They can be summa-
rized as follows:

1) Inadequate confinement at the critical regions of the
elements;

2) Lack of transverse reinforcement in the joint panel;
3) Inadequate longitudinal reinforcements of the columns;

4) Low quality of materials (such as concrete and steel) if
one has to compare them with the properties required
currently in seismic areasin particular:

a) use of smooth bars in both longitudinal and
transverse reinforcements;

b) use of concrete with low strength values.

Fig. (3). Beam-column joints manufacturing process.

All specimens were cast at the same time using a
concrete having average cubic compressive strength, after 30
curing days, equal to 17.5 MPa. The yield strength of the
steel bars were 350 MPa, 325 MPa and 345 MPa, for the 8
mm, 12 mm and 18 mm diameter bars, respectively.
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Fig. (4). Seismic deformation of prototype frame and displacement pattern applied to tested joints.

Tests Set-up and Instrumentation

The way of carrying out this kind of tests, that is most
commonly used, has the aim to reproduce, in the beam-
column subset (ABC = T-Joint; CDEF = C-Joint), the same
deformed shape that it would have in the whole structure
under the effect of horizontal actions (Fig. 4).

It is useful to underline that such a test does not
effectively describe the real behavior of the beam-column
subset, because the illustrated outline gives the same shear
value on both the upper and lower column. On the contrary,
the shears are different because of the inertia force acting at
the floor level. The described method of carrying out the test,

however, gives detailed informations about the response
mechanisms of the beam-column joints. The tests, object of
this paper, have been carried out in a quasi-static way
applying to the upper column a time-history of displace-
ments, composed by groups of three cycles with an
increasing magnitude and a constant rate (equal to 1 mm/sec
and 1.5 mm/sec for the 2:3 scale joints (Fig. 4) and for the
full-scale C11-1 joint, respectively). It is worth to underline
that the values of the displacements and of the vertical loads
applied to the specimens in scale 2:3 were chosen in order to
determine the same stress state of beam-column joints in
scale 1:1. The applied vertical load is equal to 120 kN for the
joints in the 2:3 scale and to 270 kN for the C11-1 joint. It
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Fig. (5). C-Jaints test setup: (a) (C23-1, C11-1) P axial; (b) (C23-2)
P vertical (PA).

represents the gravity load which acts on the base columns of
the prototype structure, and was approximately equal to 0.15
Aq fc’, where Ay is the cross-section and f;” is the compressive
strength of concrete. The vertical load was applied at the
head of the upper column, following two distinct directions
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(Fig. 5): axially, for the C23-1 and C11-1 joints, as well as
for the external T23-1 joint; and along the vertical one, for
the C23-2 joint in order to simulate the P-A effect Fig. (10)
shows the test setup. The control on the horizontal displace-
ments was performed using an actuator of +490 kN / -290
kN, connected to a R/C reaction wall and to the column head
by hinges. The gravity load was applied using a jack with a
capacity of 1500 kN. The system used to apply the gravity
load is made of two steel plates and four bars behaving as
ties. The system is internally self-equilibrated in case of
gravity load axially applied. Therefore only the column shear
is transmitted to the base hinge.

In the test with P-A .effect, whereas, the basic hinge also
absorbs the axial -force of the column, while the contrast
system acts as a hinged parallelogram. In order to gauge the
significant strains of the beam-column joints, a system of
linear transducers (LVDT) was used. It was arranged
according to the Fig. (6) layout.
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Fig. (6). Local and global displacement transducers (all dimensions are in cm).
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Fig. (7). Rotation and curvature measurements in the columns.

The horizontal displacement at the top of the upper
column was measured by a transducer with a stroke of 300
mm. The same kind of transducer was used to measure the
horizontal and vertical displacements next to the steel rods.
Six linear transducers of 25 mm and £50 mm were arranged
on a side of the joint panel, in order to gauge any
deformation due to diagonal cracks. At a distance of 35 mm
from the upper and lower beam edges, starting from the joint
panel, several linear transducers were arranged to quantify
the flexural strains. Similarly, some transducers of £10 mm
were arranged in the upper and lower columns to quantify
the flexural strains.

The rules adopted to evaluate rotations and curvatures are
shown in Fig. (7). The clockwise joint rotation and the cor-
responding curvatures of the members (beams or columns)
are assumed to be positive. The rotation between the ends (ij
and hk faces) of the column element ijhk is given by the
equation (1):

- 6ij - 6hk
d

p

?, 1)

where d, is the distance between the left and the right
transducers. The average curvature is given by the equation

(2):
X, =~ 2)

where |; is the length of the examined column block. Thus,
the element average moment is referred to the midway
section m-m between the ends. Just for the first element of
the columns it was assumed to refer the moment to the AB
section (Fig. 7). In order to control the axial load applied to
the column and to quantify the rod reaction (shear in beams),
load cells of +200 kN were used. One cell was located
between the vertical jack and the top of the column, while
the following two were located between the hinge and the
steel rod, at the end of the beams. A cell of £500 kN was
used to quantify the applied horizontal force (floor shear).
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EXPERIMENTAL RESULTS AND DISCUSSION

As highlighted by the performed tests, in the existing
structures, that are not designed to resist to horizontal
actions, the small size of the column cross section and the
poor longitudinal reinforcement are the main failure cause.
The “soft storey mechanism”, shown by the C-Joints, is
governed by the bond-slip of the columns longitudinal bars
and the yielding is concentrated at the end of the columns.
Moreover, the low flexural stiffness of the columns, and the
decreasing secant stiffness in the cyclic behavior, do not
permit the activation of other mechanisms. The response of
the external joint (T-Joint) to horizontal displacements,
besides, is governed by the joint panel failure.

Specimen C23-1

Fig. (8) shows the experimental relation occurring
between the imposed horizontal displacement and the force
applied by the actuator to the C23-1 joint, and moment-
curvature diagram at the base of the top column. All cracks
in the beam-column joint occurred during the first three
cycle groups (max inter-storey drift = 0.75%). The Fig. (9)
shows the cracks pattern, specified as follows:

» diagonal micro-cracks within the joint panel;

» flexural cracking of the columns at the interface with the
joint panel;

» flexural cracks in the columns at approximately 12 cm
from the joint panel;

» flexural crack of the long beam at the interface with the
joint panel;

» flexural crack of the long beam at the last longitudinal
barbend.

Starting from the fourth group of cycles (drift 1%) the
yielding is concentrated in both the upper and the lower
columns, with a sub-sequential increase of the curvatures
and a progressive loss of the cover. The hysteresis loops
show a low dissipative capacity due to the slips of the
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longitudinal bars. The loss of bond determines a progressive
decrease of the secant stiffness at each displacement incre-
ment, reducing the positive effects of the steel yielding on
the energy dissipation.

The presence of consistent slips is also confirmed by the
limited number of the cracks and by their amplitude. The
maximum strengths measured, in terms of horizontal force,
are: 21.22 kN at the 2.5% drift, and 22.71 kN at the -2.5%
drift. The maximum displacement reached during the test
was equal to 140 mm (7% drift); at this displacement the
strength was equal to 10 kN in the first cycle and 5.35 kN
(=25% of maximum strength) in the third cycle. From the
force-displacement relationship can be observed that, except
for the last group of the cycles, the strength reduction
between one cycle and the following one tends to decrease.
This fact highlights a trend towards the stabilization of the
degrade mechanisms that is the source of the ductile

The Open Construction & Building Technology Journal, 2009, Volume 3 57

behavior shown by the columns. This behavior discriminates
considerably the members reinforced with smooth bars, from
the ones reinforced with deformed bars in which the slips
occurs with a much more remarkable bonddegradation. As
the plastic strains were concentrated at the column ends, the
curvatures (Fig. 8) were calculated by using the displacement
values of the 3-5 and 4-6 transducers for the upper column,
and the 13-19 and 14-20 transducers for the lower one. The
moments calculated at the interface with the joint panel,
which are equal for both columns, are given by the relation:

-m =fr.[2
MPS_MPi_Fh.(Zj (3)

where H is the inter-storey height. The average curvatures in
the elements at the column ends were measured by the
relations (1) and (2).
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Fig. (8). C23-1 specimen: Force-Displacement experimental relationship and Moment-Curvature of the upper column.
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Fig. (9). Crack pattern of C23-1 specimen.

Specimen C23-2 vertical load (P-A effect) determines a significant stiffness

The structural beam-column joint C23-2 (Fig. 10) has an and strength reduction (Fig. 11).

initial behavior similar to the C23-1 joint. For the C23-2 joint the curvatures were measured by

displacement, in which the moment contribution due to the ~ Of the 13-19 and 14-20 transducers for the lower column.
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\:_-:-J
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Fig. (10). C23-2 test.
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Fig. (11). C23-2 specimen: Force-Displacement experimental relation and Moment-Curvature of top column.

The moments acting on the columns at the interface with the
joint panel are given by the equation (4):

H
M, = Fh-[?j+ P-A

where P is equal to the axial load applied to the upper
column and the vertical component of the base hinge
reaction for the lower column, A is the drift of the upper
column or of the lower column. Comparing the responses of
the C23-1 and C23-2 joints (Fig. 12) it was observed a lower
strength reduction to the horizontal action due to the P-A
effect than the theoretically expected value (which was equal
to the P-A moment divided by the column length). This is
probably due to the non-perfectly-vertical jack axis, which
occurred during the test and also visible with the naked eye
(Fig. 10).

(4)

Specimen C11-1

Fig. (13) shows the experimental relation between the
force applied by the actuator and the imposed horizontal
displacement, which was observed during the test carried out
on the C11-1 joint. The first diagonal micro-cracks within
the specimen already appeared during the first cycle (0.25%
drift), as well as a flexural crack at the fix-end of the beam.
During the first cycle of the second group (0.50% drift), the
lower column began to show flexural cracking.

The second flexural crack in the long beam appeared at
approximately 15 cm from the joint during the first cycle of
the third group (0.75% drift). The upper column started to
show flexural cracking as well. At the 0.75% drift, two more
flexural cracks appeared in the beam, one in the middle
section and the other at approximately 20 cm from the joint
panel. These two cracks, both due to the negative moment,
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Fig. (12). Force-Displacement envelope curves of C23-1 and C23-2 joints.
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Fig. (13). C11-1 specimen: Force-Displacement experimental relationship and Additional groups of cycles (Drift: 3, 50%).

are located at the longitudinal bars bent which cause a
significant reduction of the steel area in the section. During
the third cycle of the third group, the upper column shows a
second crack at approximately 20 cm from the joint. Starting
from the fourth group of cycles (1% drift) the yielding was
concentrated in the upper and lower columns, with an
increasing curvature and a progressive loss of concrete
cover.

Fig. (14) shows the experimental moment-curvatures
diagrams of the upper and lower columns, respectively, at
the interface of the joint panel. It is important to outline that
for the positive horizontal displacements the upper column
curvature is higher than the one of the lower column. On the
contrary, for the negative horizontal displacements the upper
column curvature is less than the one of the lower column.
The examined mechanism is due to the changing axial load
applied to the lower column. As described in Fig. (15), when
the horizontal force is positive, the reaction of the right rod
(long beam) goes up while the reaction of the left rod (short
beam) goes down. From the equilibrium derives an
increasing axial force acting on the lower column and,
consequently, greater flexural stiffness of the lower column
in comparison with the upper one. Similarly, when the floor

60
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-60
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shear is negative, a reduction of the axial force acting on the
lower column occurs, causing an increase of the curvature at
the interface with the joint panel. A critical issue, related to
the slip of the bars, is the possible decay of the bond and the
consequent reduction of the section flexural strength. This is
mainly due to the cracking induced by the bar slip on the
surrounding concrete, especially in presence of deformed
bars. Accordingly with previous results, the failure flexural
mechanisms, ruled by the smooth bar slip, put into evidence
a minor strength decay of the force-displacement curve in the
softening branch, mainly due to the progressive loss of the
concrete cover followed by a reduction of the distance
between the inner forces. Unlike the normal behavior of the
members subjected to flexure and axial load with enhanced
bond bars (deformed bars), the first two tests highlight a
reduced decay of the cyclic response. This is further
confirmed by the test performed on the C11-1 joint. At the
3.5% drift eight cycles in addition to the three programmed
ones were imposed to the specimen (Fig. 14). Among the
eight cycles, the two central ones (the fourth and fifth) were
carried out at a displacement speed of 15 mm/sec, equal to
ten times the speed used for the other cycles. In the groups of
cycles at 3,5% drift, it can be observed that the reduction of
strength is more evident between the first cycle and the

60
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Fig. (14). C11-1 specimen: Moment-Curvature relation of top and bottom columns.
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Fig. (15). C-Joint panel equilibring forces.

second one (equal to 8.56%). It must be pointed out the
tendency of the cyclic flexural mechanisms to become
steady. During the last cycle, the reduction of strength is
equal to 1,2% of the previous value.

In the two cycles with higher speed, the reduction of
strength is equal to 1,5%. The total strength reduction
between the first and eleventh cycles is therefore equal to
32%. The 27% of the total reduction occurred, however,
between the first and the second of the eleven cycles with
equal maximum displacement. So, the limited energy
dissipation and the significant stiffness reduction on one
hand and the good cyclic stability on the other, as shown in
the tests carried out, are the main characteristics of the
flexural mechanisms in R/C structures with smooth bars.

Specimen T23-1

External joint T23-1, tested under the above mentioned
cyclic actions (Fig. 4), showed two failure mechanisms:

The Open Construction & Building Technology Journal, 2009, Volume 3 61
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e in the initial step (up to the 1.25 % drift), the yielding
took place, mainly, in the beam that showed a flexural
cracking;

» starting from the 1.25% drift, the increase of the shear
cracking within the joint panel was a “fuse” with respect
to the other failure mechanisms.

Evolution of cracks both in the joint panel and the beam
is represented in Fig. (16), as highlighted by the test. Fig.
(17) represents the experimental relation between floor shear
and horizontal displacement and the beam moment-curvature
diagram. The analysis of the hysteresis loops and the related
cracking frame allows a more detailed description of the
mechanisms mentioned above. The first group of cycles
(0.25% drift) underlines a significant stiffness reduction for
positive displacement, due to the concrete cracking at the
beam intrados. During the second group of cycles, (0.5%
drift), the beam cracked at the extrados, for negative
displacement. The first yielding of the lower steel bars of the

Crack n.3 \

%
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4
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Fig. (16). T23-1 specimen: evolution of cracks pattern.



62 The Open Construction & Building Technology Journal, 2009, Volume 3

15

10

o

Force (kN)
o

Drift3%

-10

-15

-75 -50 -25 0 25

Displacement (mm)

25
20
15
10
_
S
S 5
<
g . ~
c 5
S
= -10
-15
20 Drift1%
-25
X 0 Q L A 6 ®
N N \ AN \N N
o o o o o o
Curvature (1/mm)

75

Braga et al.
25
20
15
10
_
£ s
=
§ 0
e 5
o
= -10
-15
20 Drift3%
-25
A 0 Q Y A o ®
\N N N \N \N Qo
oF oF o o o N
Curvature(1/mm)
25
20
15
10
_
£ s
S
g 0
g fﬁ
S
= -10
-15
20 Drift1.25%
-25
N W Q W X © ®
QO W N QY QO Q!
o o o o® o o
Curvature(1/mm)

Fig. (17). T23-1 specimen: Force-Displacement experimental relation (max inter-storey drift = 3%) and Beam Moment-curvature relation.

beam takes place in the fourth group of cycles (1% drift).
The value of the maximum force applied is, approximately,
equal to 13 kN. During the first cycle of the fifth group, joint
shear cracking began to occur causing a whole sharp
reduction of strength and stiffness. Diagonal cracks in the
joint panel appeared in both directions during the first cycle

at the +1.25% drift. The shear value in the upper column that
causes the diagonal cracks is equal to 12.46 kN for positive
displacement and to 12.65 kN for negative displacement.
Between the fifth and sixth groups of cycles, the strength
slightly increased. From the sixth group onwards strength
and stiffness decreased more and more, and the reductions
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Fig. (18). Cracks Amplitude in the beam and in the joint panel.
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Fig. (19). T-Joint specimen: IV (drift 1%) and V (drift 1,25%) groups of Force-Displacement cycles.

became even more remarkable within the same group of
cycles (at the same maximum displacement).

The hysteresis loops tend to become tighter in the central
area (pinching) and show a minor joint dissipative capability.
At the end of the ninth group of cycles (3% drift) joint
strength appeared to be more than halved. The cracking
therefore involved the beam in the first place at the joint
panel interface, creating a yield hinge. Then cracks had
origin in the beam sections in which the upper bars bends
were placed. Afterwards, cracking involved the lower and
upper columns at the joint panel interface; finally diagonal
cracks took place in the joint panel, allowing to flexural
cracks of the beam to heal (Fig. 18).

The first cracking of the beam occurred during the first
loading step with a displacement on top of the column of
1.64 mm (0.08% drift, horizontal force = 4.59 kN, bending
moment in the beam = 7.5 kNm). The steel yielding in the
beam (Fig. 19) occurred during the first cycle of the fourth
group with a displacement of 17.3 mm (0.85% drift,
horizontal force = 12.7 kN, bending moment in the beam =
19.5 kNm). The steel yielding effect only involved the lower
bars, as the beam section reinforcement was dissymmetric.
The width of the cracks in the beam and in the joint panel
allows to detect quite clearly the relation between flexural
cracking in the beam and cracking in the joint panel.

Fig. (18) shows, in detail, that starting from the second
cycle of the fifth group (1.25% drift), the beam cracks began

B s

to heal because of the cracking in the joint panel. This is
highlighted by the increasing diagonal cracks that reached a
maximum width of 20 mm at the end of the test. It can be
observed that joint shear cracking progressively occurred,
while it amplified quickly during the last 3 cycles (3% drift).
The moment-curvature diagram of the beam can appro-
priately describe the above mentioned mechanisms and gives
the relation between flexural and shear failure. It can be
noted the stiffness reduction, due to the beam cracking, that
occurred during the first cycle. Fig. (17) shows the most
significant group of cycles. In particular, the moment-
curvature diagram of the fourth group (1% drift) clearly
shows the steel yielding point and the following yielding
branch. The healing of flexural cracks in the beam is
explained by the moment-curvature diagram, starting from
the fifth group (1.25% drift), where can be observed a
moment reduction switching from one cycle to another with
the same drift. A progressive pinching, which implies a
lower energy dissipation related to beam flexural cracking,
can also be observed. The pictures of the various steps in the
test allows the check of both the qualitative descriptions and
numerical results.

In particular, Fig. (20) shows the cracking trend in the
beam and in the joint panel. First cracks in the span of the
beam and the one close to the column are clear, and the
following opening of the diagonal cracks in the joint panel.
The two mechanisms show similar level of yielding strength
and yet, as the joint panel mechanism is more brittle, it

Fig. (20). T-Joint specimen: Beam and joint panel cracks pattern at failure.
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Fig. (21). T-Joint specimen: Observed failure mechanism.

prevails over the other failure mechanisms. The opening of
diagonal cracks, due to the overcoming of concrete tensile
strength, enabled a mechanism the lowest strength governed
by bond slips of columns longitudinal bars. This mechanism
shows an unexpected yielding stability occurring before a
sudden strength reduction due to the joint panel internal
shifts and subsequent deterioration of concrete. The last two
pictures illustrate the progress of the mechanisms related to
joint panel cracking.

In Fig. (21), the two rigid body mechanisms are
described in the case of a positive displacement (left to right)
and of a negative displacement. These two mechanisms are
characterized by the rotation around the compressed zone of
the column on the beam side: the A area for positive disp-
lacements, and the lower B area for negative displacements.
The above mentioned mechanisms determine the cracking
spreading towards the columns and the inflection of the
external longitudinal bars of the columns passing the joint
panel. These bars, being not linked by transverse reinforce-
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ments in the joint, push the concrete triangular block
outwards.

It must be pointed out that the tests carried out did not
highlight any significant slip of the hook either outwards
orinwards. As a consequence the ejection of the above-
mentioned block cannot be considered as an effect of the
hook slip, which, however, remains inside the internal
concrete section as it is shown in the last picture of the Fig.
(20).

C and T Joints Comparisons

One of the objectives of the tests carried out on sub-
assemblages of the prototype frame is to establish relations
between the response of the whole structure and the one of
the two kinds of beam-column joints: the internal joint (C-
Joint) and the external one (T-Joint). From this point of
view, it is interesting to compare the response of the T23-1
joint with the C23-1 joint (Fig. 22).
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Fig. (22). Force-Displacement envelope curves of T23-1 and C23-1 joints.
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Fig. (23). T23-1 specimen: Cyclic strength reduction (drift max = 3%).

It must be underlined that the same displacements and the
same axial load were applied on both joints. It can also be
observed that the comparison becomes significant from the
characteristics of the failures shown by the two joints. Even
though the geometry and the stiffness ratio between the
elements determine the kind of failure, the comparison
between the two structural sub-assemblages is not related to
their geometry. From the two tests it is possible, in fact, to
deduct the comparison between the different failure
mechanisms ruling the response to lateral actions. In Fig.
(22), the experimental envelope diagrams of the hysteresis
loops in the two joints are shown. Firstly, it can be observed
the difference between the maximum lateral strength values
related to the two failure mechanisms. For the C-joint, the
maximum value of the floor shear is 22.21 kN, while for the
T-joint, the value is 12.74 kN. The drift levels corresponding
to these strength values are 2.5% and 1%, respectively. The

Drift (%)
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|
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30%

drift level where the two tests were stopped is equal to 7% in
the C-joint and to 3% in the T-joint and, as measured at the
end of the test (third cycle), the corresponding strength
values were, respectively, equal to 25% and 45% of the
maximum strength. At the end of the test, the external joint
showed a more noticeable loss of integrity in comparison
with the internal joint, even though the test were stopped at a
much lower drift level (3% against 7%) and the remaining
percentage strength was higher than the internal joint.
Nevertheless the percentage level of the remaining strength
(in the first cycle at the test end) was higher in the T- joint
than in the C-joint, the former showed a more marked loss of
integrity with a significant cyclic reduction of strength (Fig.
23) than the internal joint (Fig. 24).

At the end of the test, the strength of the third cycle was
approximately halved in comparison with the first cycle in
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Fig. (24). C23-1 specimen: Cyclic strength reduction (drift max = 7%).
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Fig. (25). Cyclic stiffness reduction of T23-1 and C23-1 joints.

both joints. The main difference was that it was reached
more quickly in the T-joint. Fig. (25), illustrates the com-
parison between the two joints in terms of variation in the
secant stiffness evaluated at the second and at the third
cycles, in relation with the one evaluated at the first cycle, as
the drift increases. While the C-joint stiffness remained
basically unchanged in comparison with the initial stiffness
up to a drift level of 1.25%, in the T-joint it decreased to
40% at the same drift. With a drift level equal to 3% the T-
joint secant stiffness was equal to 14.4% of the initial value,
whereas the C-joint stiffness was still equal to 43.7%.

CONCLUSIONS

The tests performed on beam-column joints, built in
according to old codes considering only gravity loads, allow
to point put the peculiarities of the seismic behavior of
existing R/C structures reinforced with smooth bars.

The internal C-Joints show a “soft storey mechanism”,
governed by the bond-slips between the longitudinal bars
and the surrounding concrete of the columns and by lumped
yielding of the columns near to the joint panel.

Unlike the normal behavior of the members subjected to
flexure and axial load with deformed bars, the specimens
reinforced with smooth bars show a reduced degradation of
the cyclic response.

The response of the external T-joint, besides, is governed
by the joint panel failure.

Usually, shear failure of the joint panel is considered a
brittle mechanism. Also in the present research, strength of
external joints degrades more quickly of the internal joints
strength. But the inelastic external joint mechanism observed
after the shear failure of joint panel shows a ductility not so
marginal.

The rigid body mechanism observed during the external
T-joint specimens tests (Fig. 21) is characterized by the
rotation around the compressed zone of the column on the
beam side and by the traction-inflection of the external
longitudinal bars of the columns. Also in this case the bond-

3

4 5 6 7

Drift (%)

slips of the smooth bars helps the stability of the cycles
because of the low bond stress between bars and concrete
does not increase damage of the joint panel.

In conclusion, as mentioned above, the limited energy
dissipation and the significant stiffness reduction on one
hand and the good cyclic stability on the other, appear to be
the main characteristics of the flexural mechanisms in R/C
existing frames with smooth bars.

The study and modeling of bond and of inelastic joint
panel mechanism are therefore particularly important in
order to lead reliable evaluation of the seismic response of
such existing R/C structures.
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