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Abstract Results of an experimental investigation of the seismic performance of prefabricated
column-footing connections are presented. Tests werc conducted on six 1/4-scale prefabricated
column specimens inserted into prefabricated footings in two groups. Group-1 consisted of four
specimens, which were tested under constant axial load and cyclic inelastic lateral displacements.
The remaining two specimens in group-2, were subjected to cyclic inelastic lateral displacements
only for comparison. Test results showed that this type of connection exhibits relatively higher
ultimate strength comparable to fixed end connections, and fairly acceptable ductile behavior.
Also the test results indicate the strength reduction in post-elastic state and the connection
behavior as a semi-rigid joint.

Key Words Prefabricated, Ductility, Cracking, Lateral Load, Barthquake, Connection, Energy
Dissipation
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INTRODUCTION

There is a lack of investigation on the seismic
behavior of prefabricated reinforced concrete
columns inserted into the prefabricated
foundation in precast concrete frames. In
general this type of connection is considered as
rigid joints. Lateral Joad caused by earthquake
or wind imposes axial and high horizontal forces
and bending moments to connections of precast
concrete framing systems, which are obliged to
resist such forces. This occurs during a large
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number of inelastic cycles while the joint needs
to dissipate large amount of energy. In other
words, the column-footing connections must
exhibit considerable energy absorption with
minimum reduction in strength and stiftness in
all states of loading particularly in post-elastic
state.

An attempt was made to investigate the
behavior of prefabricated column-footing
connection and its performance when subjected
loading. The tested

column-footing connections are representatives

to cyclic lateral
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ol the joints in large span one-bay frames of
one-story buildings. Typical beam’s span of such
frames is 12.0m. The height of columns is 5.0m
which  has
buildings are generally used for factories,

5504450mm  dimension. Such

offices. warehouses laboratories etc. In this type
of construction the prefabricated column is
embedded in their prefabricated footing in a
special pocket. The connection is made by
pouring the concrete grout into the pocket and
around the column. This type of connection is
generally considered as a rigid joint to resist
axial force, shear force, and bending moment
induced by gravity and earthquake loads. The
analysis was carried out for gravity and
carthquake loads recommended by Iranian
minimum design load for ordinary buildings and
structures (IS519) [1], and Iranian code for
seismic resistant design of buildings (IS2800)
[2]. respectively. The design of the prototype as
well as  specimens was based on ACI
recommendation [3].
A total of six  1/4-scale
prefabricated reinforced concrete columns were

rectangular

cast and connected to prefabricated reinforced
concrete footings. The footings were fixed to
the laboratory base and the columns were tested
under gravity and revered cyclic loading in tow
groups. All specimens were identical in size and
reinforcement ratio, and the only main variable
in these specimens were the applied loads.
Group-1 consisted of four specimens which
subjected to gravity as well as cyclic
lateral loading, where as group-2 specimens
were subjected to cyclic lateral load only.
Results of the tests conducted are discussed.

RESEARCH SIGNIFICANCE

The purpose of the experimental study
described in this paper is to investigate the
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seismic behavior of prefabricated
column-footing connections when subjected to
cyclic lateral loading in the elastic and inelastic

states.

EXPERIMENTAL PROGRAM

Test Specimens Six rectangular, prefabricated
reinforced concrete column footing assemblages
were designed with a scale factor 1/4 that of the
prototype one-bay and one-story building
columns. Dead and live loads were calculated
on the basis of 1S519 which deals with minimum
design load for ordinary buildings and structures
[1]. The test specimens were designed on the
basis of design recommendations given by
Iranian code of practice for seismic resistant
design of the buildings [2]. Two groups of
specimens are considered in this study. The first
group consisted of four specimens, which were
tested under constant axial load (gravity) and
cyclic lateral loading simultaneously. These
specimens were designated by G1LAL, 2, 3, 4.
The second group comprised two specimens
which were tested under cyclic lateral loading
only and designated by G2LOS, 6. The
dimensions of the prefabricated reinforced
concrete column footings were determined so
that the test units fit the laboratory space and
equipment limitation. The overall height of the
test units was 760mm and that of columns was
970mm.

The footing’s height was 287.5mm with
682mm in length and 550mm in width. Depth of
the footing’s pocket was 210mm in which the
lower portions of the columns were inserted.
The criterion used in the modeling of specimens
is given in reference 9. The casting of the
specimens carried out in two sets of concrete
batches but at ditferent times, so that three test
units were cast at the same time using the first
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batch of concrete mix. The remaining test units
were also cast at the same time using the second
concrete batch. After one week when the
components of test units gained 70% of their
ultimate strength, columns were inserted into
the footings while keeping them precisely in
vertical position. Pouring the concrete grout
the
test

the footings surrounding
the The
configuration, percentages of reintorcement and

into pocket

columns made connection.
the mechanical properties of materials were
similar. Typical dimensions, reinforcement and
the connection for all specimens are illustrated
in Figure. 1.

Materials The choice of the model materials is
important in modeling small-scale reinforced

concrete members. The specified characteristic

similar to that of the prototype structure. The
concrete used in all specimens consisted of
ordinary portland cement, natural glacial sand,
and coarese aggregate with maximum size of 10
mm. The mix design was carried out on the basis
of Rood Note no. 4 [4]. This mix resulted in
cylinder strength at 28 days tabulated in Table
1. Typical stress-strain curve tor concrete used
in all specimens is shown in Figure 2. The
average compressive strength from the test
cylinders at the time of connection testing was
20.5 MPa and 24.2MPa for columns
footings

and

respectively. The average tensile
strength from the splitting test cylinders was
1.95 MPa for and 2.62MPa for
All the

specimens were tested to obtain their direct

columns

tootings. reinforcements used in

strengths of all materials were selected to be tensile strength, using the universal-testing
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Figure 1. Typical column-footing connection, dimensions and reinforcement
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TABLE 1. Measured Concrete Compressive and Tensile Strength.

Sample Samples for Columns Samples for Footings
Sumber Tensile Compressive | Tensile Compressive
Splitting Cylinder i Splitting Cylinder
‘ f., (MPa) f'. MPa) | f, (MPa) f. (MPa)
I 210 0 230 244
2 1.5 1.3 3 A T
h 1.95 i 5 || FEF.
AVermp |55 2N 2142 2.2
TABLE 2. Material Properties of steel Reinforcement
Bar Sime Average Yield Wverage Yiehd Average Ultimale
Stress (MPs) Striin Strongth(MPa)
¢ 8 397.6 0.0021 617.3
35 2598 0.002 462.5
machine with 450kN capacity. All columns
had a 140x115mm rectangular cross
section, and were reinforced with 6 No.
8mm diameter longitudinal deformed bars Ihitial “Say
resulting in a reinforcement ratio of p Tangent Lt e
1.87%. The measured yield strength of _ /+/+\ *
these bars was 397.6MPa. The transvers § 3 F / { " Mathematical
reinforcement for all six columns and > g _ Model
footings consisted of 3.5 mm diameter g vr e PHYSIEl
mild steel plane bars of measured yield @ :‘ Model
strength of 259.8MPa. These bars were r;
placed at 490mm center portion of ; : ! :
columns height at 60mm center to center. 0 0.5 1 s ) B
The transvers reinforcements  were Strain *E-3

distributed at 30mm c¢/c at 270mm height
of the upper portion of the columns. The
same bars were distributed at 40mm c/c at
210mm height of the lower portion of the
columns. Table 2 summarizes the material
properties of steel reinforcement. Typical
stress-strain curves for 8mm and 3.5mm
reinforcement used in all specimens are
shown in Figure 3.

208 - Vol. 12, No. 4, October 1999

Figure 2. Concrete Stress-Strain Curves.

Test setup The setup was designed for testing
column-footing assemblages subjected to lateral
loading. The specimens were tested in a steel

reaction frame as shown in Figure 4. The
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Figure 3. Steel Stress-Strain curves.

LR ERE i
pretabricated footings of the test units were o 8 .J.._ I
fastened through twelve threaded end of 16mm L
diameter high-strength steel rods against the BT T e g

T R S e :"I"'\H:'r H_;-i, '?::r' ., "|_"'I-1
(4-a) Test Setup

base beams of thc test frame, which was
strongly bolted to the laboratory floor. These
steel rods were provided underneath of footings
betore their casting. Two independent loading
systems were used to apply the load to the
specimens. The axial load ol 15.5kN was applied
to the first group columns by a one-way
hydraulic actuator having 19T capacity. This
load was applied to simulate the constant
gravity load on the columns. The magnitude of
this load was determined based on the scale
factor of 1/4 over the roof area resulting in a
factor of 1/4x1/4=1/16.

The prototype column load had been
designed for a gravity load of kN, resulting in an
axial load of 15.5kN on the test columns. The

hydraulic actuator of axial load was mounted

between two horizontal channel
sections (2UP14) of the test frame. A ruling

(hinging) system was designed in such a manner

that, while the application of lateral load
displaces the column head, at the same time

causes no eccentricity to the path of axial load.

This hinging system consisted of three major
portions as, ruling part, column’s cap and two Figure 4. General view of test setup and some details of

chambers for setting two one-way hydraulic test arrangement .
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actuators by which lateral load had to be
applied. These actuators were capable of
moving the top of the specimen in both positive
and negative directions one after another.

The column’s cap was put on the column and
then tightened by means of screws. A stiffened
INP14 was rested on rollers over the column’s
cap, allowing lateral moment at the top ol the
columns during the application of lateral loads.
When lateral load was applied trom lett to right,
the right chamber was rcleased and moved back.
While the lateral load was applied from right to
left, the left chamber was releascd and moved
back. By such an arrangement it was possible to
apply lateral load cyclically at top of the column.

Instrumentation Electrical strain gauges of
type 6/120-LY41 having 14mm length and 6 mm
width were used for strain mecasurement of
vertical reinforcements of pocket portion ol
precast footing. Also strains of column’s
longitudinal bars at the vicinity of top of the
footing were mecasured by electrical strain
gauges of type 10/120-LY41 with length and
width equal to 18 mm and 8 mm respectively.
The positions of all strain gauges are shown is
Figure 1.

KC-20-Al-11 type electrical strain gauges
were used for surface concrete strains near the
joint core, called hereafter as critical section for
all specimens. Figure 5-a shows the position of
these strain gauges. The displacements of
column at various heights were measured using
dial gauges with 0.01 mm accuracy attached to
the column.

To ensure that the footing is fixed to the
framing system, the same dial gauge was used to
measure footing displacement if any. Figure 5-b
illustrates the position of dial gauges used.

Loading The axial load was kept constant at

210 - Vol. 12, No. 4, October 1999
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Figure 5. Strain gauges and dial gauges for strain and

displacement measurement .

15.5kN during the test. A one-way hydraulic
actuator having 10T capacity was used to apply
the axial load to the first group of specimens
only.

Reversed cyclic loading simulated the eftect

of an carthquake on column specimen. Two
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hydraulic actuators in the test setup were used
to displace the top of the column to achieve a
pre-determined  displacement level.  These
actuators were used one after another to achive
‘the same displacement level in the opposite
direction. This cyclic lateral load was controlled
on the basis of displacement ductility ratio,
which in turn was evaluated on the basis of a
mathematical model of concrete stress-strain
relationship [S]. This mathematical model is
brietly explained in the following section. The
selected load history consisted of two phases. At
the first phase, which was related to elastic
state, the test was in a load control mode. Upon
yielding of the specimen, a displacement control
mode of loading was utilized. Figure 6 shows
typical loading sequences of the columns. The
displacement ductility factor was defined as the
ratio of the applied displacement over the
displacement at"tirst yielding of the longitudinal
bars of the columns.

£
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—

o

—

=

3

&

]

3]

=

o ,

@ [Load Displacement

=) . . :
Control -t Control 3

P ! Phase Phase

Number of Cycle

Figure 6. Loading sequence for column’s lateral load.

THEORETICAL STUDY

A simplified analytical method was used to
predict torces within the section of the
specimens. The following assumptions were
made in the analysis (1) linear strain distribution
through the full depth of the specimens, (2)

International Journal of Engineering

small deformations, (3) concrete tensile strength
at elastic state contributes the equilibrium and
(4) elastic-ideally plastic stress-strain
relationship tor steel reinforcements. Since the
horizontal load was applied gradually in
successive loading cycles, the strength of all
specimens was evaluated analytically at any state
of behavior, particularly at yield and ultimate
state.

Stress-Strain Curves The mathematical model
for the stress-stain relation of concrete given in
reference [5] was used to calculate the total
compressive and tensile torces, and moment of
resistance at any state of loading in the section.
The mathematical model in its general form 1s
shown in Figure 8 and given by:

0:a§+/j§+ch (1)
Where o= {ZEC - %} (1-a)
F3 84
L0 0
and 5= {4& - 3EC} (1-b)
3 2
£0 0
(&l 1 B

E, = tmwe

iy
m

Figure 7. Mathematical Model for concrete stress-strain

Curves.

Where ¢ is the value of concrete compressive
strain, f', is the maximum concrete compressive
stress, €y is the concrete strain corresponding to
f. and E. is the initial tangent modulus of
elasticity obtained from concrete cylinder test.
Strength The compressive force at any state of
loading, C; is the sum of the concrete
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compressive force, Cy and steel compressive
lorce Cy; which is given by:

dni

€ :bJ 7, ity (2)
0
CS} —_ AS f’s — IAklsE‘,S{I’S SAsfy (3)

Where o, is the concrete compressive stress and
d,; is the depth of neutral axis at the i state of
loading. Further, b represents the section width,
¢, Is the concrete strain at depth equal to
(dyx;) and A’y t'y and &'y are the area, stress
and strain of the reinforcement at compression
side respectively. Figure 8 gives the typical
stress, strain distribution and the internal forces
across depth ol rectangular section.

It is assumed that the strain is distributed
linearly across the section. Knowing the extreme
concrete compressive strain (g.;) and assuming a
good bonding condition between concrete and
reinforcement, the concrete compressive force
and steel compressive torce could be written in

terms of (g4).

bd S rfni
ni
Cci* foi Jo ”xid*‘xi (4)
C, =AsEg, {1%] (5)
: a
i

[t has been reported that the difference
between the concrete limiting tensile strain
obtained from splitting tensile test and the value
model s

calculated  from  mathematical

negligible (about 0.003 percent difterence) |[5].

Strain

L ross Section

The concrete cracking strain or the limiting
tensile strain is represented by e.. Hence the
concrete limiting tensile strain (corresponded to
its splitting tensile stress) on the basis of the
linear stress-strain relationship was used to
evaluate the concrete tensile force whose value
is given by:

2
T _lpg et

i g ni e

| (6)

The tensile steel strength at tension side is
calculated by equation 7:

Tsi = AsBeess Asty (7
Or in terms of concrete strain it is:

d
Ty = Ay | 2o -1

a &)

Where A, and f; are the area and tensile

stress of the reinforcement in tension side, the

total tensile force of the section would be:
I =Ty+1, )

The value of d,; could be evaluated either
from the strain distribution across the section
obtained from the measured strain in the
section, or by equating the total tensile and
compressive torces in the section. The equation
ol equilibrium and the moment of resistance of
the section about the neutral axis are given by:

Ni :Cci +Csi_ Tyi + Tcz' (10)
M=C.(dd)+C.[d . d)+ 2T i d-d )
S [(ni— “J R [ ni ) +§ si 7 + T[i Ld_‘lnij
(11)
Ak
_l.: C“i
Cci
o
-
Stress Force

Figure 8. Strain, Stress and force diagrams across depth of rectangular section.
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The only unknown in these equations is d,

which would be obtained by:

dC:d i 1“0_.[:___ (12)

Ductility There are various type of ductility,
which influence behavior. In this research strain
ductility and displacement ductility were used to
study the behavior of specimens. Therefore
assuming linear strain distribution across the
section under consideration and perfect bond
between concrete and reinforcement the value
of ductility. in all post-yield states could be
calculated. For this, curvature at any post-yield
state (¢,) is the ratio of concrete the
compressive strain (gc,) at any post-yield state
(p) to the depth of neutral axis (dyp) at
corresponded  state. On the other hand,
curvature at the yield state (¢,) is the ratio of ¢
to the (d-d,,). Hence the ductility obtained is
given by equation 13.

bp tei [d-dnp)
P R (13)
4 esy dnp

Theoretical evaluation of the displacement
ductility for all specimens was carried out at any
post-yield state of behavior. It was assumed that
A, at the top of the column corresponded to the
first yield of the section. In this research the
displacement at ultimate state A, corresponded
to the ultimate load. The prediction of ultimate
curvature ¢, was carried out using the ACI
method and the values based on test results.
Assuming that the strain of the first yield of
reinforcement in the tension side of the column
section, and concrete compressive strain at
extreme fiber equal to 0.003, the ductility of the
section, according to the method described by

International Journal of Engineering

ACI 318, can be evaluated by:

Pu _ﬁld‘gcu [l_k]

S 14
" gy oty (14)

In equation (14) the value of f3; shall be
taken as 0.85 for concrete strengths up to and
including 30MPa. For concrete strengths above
30MPa, f; 30MPa, shall be
continuously at a rate of 0.008 for each 1MPa

reduced

of strength in excess of 30MPa. However, f;
shall not be assumed to be less than 0.66. The
values of k and a are given respectively as:

) 1/2
k= [(p+p’)2m2+ {/H*p'%} m} - (p+pm (19)

Asf y —Asfs
o=
0.85bf1¢

(16)

In these equations &, and e, are the
concrete compressive strain at ultimate state
and the yield strain of reinforcement. The
modular ratio is represented by m and b is the
width of the wall, p and p' are the tensile and
compressive  steel percentage respectively.
Compression and tension forces of longitudinal
steel at yield state are represented by As fy and
A’y I, respectively.

RESULTS AND DISCUSSION

A summary of the test results for all specimens
is presented in Table 3. Column performance
was evaluated with respect to the moment
capacity, displacement ductility and curvature
ductility overall

attained, the hysteresis

behavior, and energy dissipation characteristics.

Hysteresis behavior Typical load-displacement
hysteresis curves for tests on all specimens are
shown Figure 9. The hysteresis curves for all
specimens show fairly good stability but near the
ultimate state of behavior ie, at last two cycles a
drop in load-carrying capacity was observed, and
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the connection exhibited good strength rather
than energy absorption. Comparing the curves
shown in Figure 9 the hysteresis behavior
observed in the group 1 and 2 specimens appear
quite similar. The load carrying capacity of
cgroup-1 specimens is approximately 17 percent

Spécimen GILA]

20 = |
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'g 54 E]
\.1 -
. O = ™ —
5 °1 J
8 -101
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= 5 4
g ; ——
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5 59 f
S04 [
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éw /
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< — . A
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5 -5 |"r- ¥
®10
N |
15+ - - 4 1 + i
12 8 -4 0 4 8 12

Lateral Deflection (cm)

more than the specimens of group-2. The
hysteresis curves contains sharp reductions in
slope after the yield state which implies that the
rate of bond deterioration in the connection
region is high compared to elastic state of
behavior.

Specimen G1LA2
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g5t
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Figure 9. Lateral load vs lateral displacement for all specimens .
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TABLE 3. Experimental and Theoretical Ultimate Moments, All Specimens

Load Direction —

I

Load Direction <

Energy Dissipation The energy dissipated by a
column during a particular load cycle can be
the the
force-displacement hysteresis curve. the energy

represented by area enclose by
dissipated by an idealized pertectly elasto-plastic
system during a complete displacement cycle 18
the area surrounded by parallelogram (ABCD),
as shown in Figure 10. For a particular
displacement ductility factor, ua= A,/A,, the

idea plastic energy dissipated can be computer

das:

Ep=4 [au-ay] Fp

or

Ep=4 [uy-1] ayFyp (18)
Where F, is the maximum force

corresponding to the displacement level [8]. To
evaluate quantitatively the energy dissipation
capacity of the different specimens, the actual
energy dissipation E; at any one cycle of loading
corresponding to post-yielding state was divided
by the E, value for the same displacement
ductility factor. Plots of E/Ep values versus
HUA all
specimens are shown in Figure 11. As the

displacement  ductility  factor for
Figure shows, the observed energy dissipation
effectiveness for group 1 specimens is almost

similar. At low displacement ductility factor the

International Journal of Engineering
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responses of group 1 are greater than those of

group-2.  however, at large displacement

ductility factor, the energy dissipation for both
groups is approximately similar.
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Figure 10. Actual and idealized perfectly elasto-plastic

hysteresis curves.
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Figure 11. Energy dissipation curves for all specimens.
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Cracking Patterns and behavior It must be
emphasized that all specimens failed mainly in
flexure. The first tlexural cracks in the first
group specimens developed at critical section
and propagated in successive cycle on two
column faces perpendicular to the plane of
lateral load. Diagonal cracks developed on
column faces parallelled to lateral load direction
and there was a considerable increase in their
width and length as the load was increased.
Specimen  GI1LA1 and GI1LA3 exhibited
concrete crush after cycle seven (1, = 6) and
that G1LA2 and GI1LA4 after cycle number
eight (un = 8). At these stages longitudinal bars
of column buckled. The results are in good
agreement with the criteria given in reference 6.
Another
concrete  grouts was neither cracked nor

important  observation that the
crushed even at failure. On the other hand, the
column come out from the pocket of the
tooting during the last cycles when the plastic
behavior was observed. This phenomenon
indicates that this kind of connection is not fully
fixed and causes considerable reduction In
strength and energy dissipation. Group 2
specimens exhibit rapid development of flexural
cracks at critical section and along the column
height. In this case too shearing cracks
developed similar to those 7 the first group. As
indicated before the failure of these specimens
was due to flexure. Flexural cracks propagate
and cover the whole face of the column.
Buckling of column’s main bars and crushing of
concrete occurred at last cycle. The columns
came out more from the pocket of footing
compared to those in first group specimens. The
absence of axial load in this group makes the
comparison between two groups easy. Ogawa
and Shiga [6] who worked on monolithic
column footing connection indicated that
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increase in axial load causes rapid crushing of
concrete in compression. Comparsion between
the two groups of specimens indicates the same
result. The strength of the first group is more
than that of the second group. The ratio of
theoretical moment to that of experimental is
given in Table 3 which shows good agreement.

Ductility Ductility defines the deformational
capacity of structural members limited with
minimum reduction in strength. Table 4 gives
the value ot ductility for all specimens based on
AJA, and - ¢ /¢, rations. The measured
displacement at yield state was controlled
through electrical strain gauges, i.e. when the
strain of main bars of column reached the value
of 0.2% the load and displacement reading were
recorded.

Alos curvature at ultimate state was
calculated based on ACI method as well as the
method using mathematical model [5]. Then
ductility based on ¢, /¢, was evaluated.

The values of ductility in Table 4 indicate
that all specimens exhibited excellent ductile
behavior. Although the curvature ductility is
approximately the same for all 6 specimens, the
displacement ductility for specimens of group-2
is relatively high. The reason behind that is the
absence of axial load for this group. On the
other hand the axial load prevent the
large displacement at the top of the
specimens, while it has little etfect on the
base of the column where -curvature

ductility was evaluated for this section.

Figure 9 shows the lateral load

displacement  characteristics of  all
specimens tested. They also indicate good
ductile behavior and reduction in strength,

which was mainly due to sliding of the columns.
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Figure 12. Failure mode of specimens G1LA2, G1LA+ and G2LOG6.

TABLE 4. Curvature and Displacement Ductility on the Basis of fu/fu and Du/Dy.

Ductility based on ¢, /¢, Ductility based on A, /A,
Sspecimen | (1) 1@ d L uy= owy= A A wp=
(/)v"*](ﬂ #1071 4,107 ‘ @ ; @ (mm) (mm) A/,
Yield | ACl - Mathe = (1) (D o "
State Method @ Method i ! \
aiiar Uo2se2 D 1252 ] o4 500 | s20 0 90 5500 | 61|
= i e e T S T B T e R |
GILA2 | 2.930 ‘ 12.52 | 13.04 ! 427 : 445 | 9.5 755 7.95 §
GILA3 ¢ 3000 ¢ 1252 1304 | 417 | 435 88 | B2 s !
| Gllag ‘ 2815 | 5 'i)mﬁ’ T Cass | Tmlkwf% 750)ij
W7 % S T D T ol i s Ll
| G206 [ 2407y WSU g 495 | 803 | eal ) 85 M0 ) U0
CONCLUSIONS on the flexural failure of the joint.
2. The failure of the specimens occurred at

The lollowing conclusions are draw based on } . .
. _ . . tension side and due to the presence of axial
the results and observations presented in this ) N

load on group-1 unit tests their ultimate tlexural

S strength was greater than that group-2
1. The specimens representing  prefabricated specimens.
connections exhibited rapid degradation in 3. Crack patterns in group-2 specimens lormed
stiffness and strength once the capacity of at carly stages but the crushing of concrete
the connection reached. This was attributed in compression zone occured later than
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group-1 specimens.

4. The detail and connection used in this study
proved successful in flexural strength rather
than the
column from the footing pocket causes

curvature ductility. Sliding  of

reduction in ductility.
5. The the
specimens were tound to be madequate due

deformational  responses ot
to sliding of the column from the footing
pocket. This caused considerable reduction
in stiffness and energy dissipation of the
specimens.
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QUOTATION

E; = Dissipated energy at any one cycle of loading

E, = Dissipated energy in idealized perfectly

elasto-plastic state.
E, = Lateral load applied to the column
F. = Concrete cylinder strength at 28 days
F., = Concrete splitting tensile strength at 28 days
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A‘y
A U
b,

Pu
HA

M, = Curvature ductility factor

= Displacement corresponding to yield state
= Displacement corresponding to ultimate state

I

Curvature at yield state
Curvature at ultimate state

i

Displacement ductility factor = A, /A,

= Puldy

I
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