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DUCTILITY m&vm OF A REINFORCED CONCREYE FRAME

. LR. Gupral, Bryjssn CHANDEA® axp AR. CﬂANDIIAlEIEARAN’

Introduction

The behaviour of struciures during a strong motion earthquake is not linear and a large
amount of energy is absorbed by the structure through its nonlinear deformation before
failure. Therefore, an important consideration in the design of earthquake resi-tant
structures is provision of ductility in addition to strength. It is extremely important to ensure
that in the extreme event of a structure being loaded . near to failure, it has a capacity to
dissipate energy through its ductile deformations, '

Several codes (1, 3, 4) recommend deflection ductility factor of the order of 3 10 5 for
ductile reinforced concrete structures. However, very few attempts have so far been made
to determine whether such structures can aciually achieve this ductility and whether the
strains in steel and concrete in the section of the members are within the allowable limits at
this value of ductility.

There are several definitions of ductility based on strain, deflection or curvature. Even
among the various definitions, deflection ductility has been interpreted differently by different
investigators. In the present study, the defiection.dwcfilivy factor is defined as the ratio of the
lateral deflection of frame, A, just prior to the formation of a mechanism to its yield defiec-
" tion, Ay. ‘Theyield deflection is arbitrarily chosen as the intersection poimt of tangents
drawn from the origin and ulimate load point of the lateral load deflection curve (Fig. 1).
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Fig. 1 Lateral load deflection curve

Test Frame

A reéinforced goncrete strong column weik beam framie designed for vertical fosd only
is chosen for the’ experimental ‘study. “The vverall sizes of columns and beam seclions are
10cm X 15cm and 10 crii "X 10 cm vespectiveciively. Overnll height and effective: span of
frames are 99cm and 91.45 cm respectively, - 'The details nre shown in Mg, 2. The
properties of concrete and steel used in the frame are as follows :
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Fig. 2 Details of reinforcement in the frame

- Unit weight of concrete = 2323 kg/m?
Cube sirength of concrete = 165.3 kg/em?
Cylinder strength of concrete = 137.2 kg/cm?
Modulus of elasticity of concrete - = 123975 kg/cm?
Modulus of elasticity of mild steel = 2,18 X 108 kg/cm?
Yield strength of mild steel - 3208 kg/cm?
Ultimate tensile slrength of mild steel = 4750 kg/cm?
Strain at the commencement of strain hardening = 011
Percentage elongation in mild steel = 228
Modulus of elasticity of tor-steel = 2.128 x 10 kg/cm?
Yield strength of tor-steel ~ = 4570 kg/cm?
Uliimate tensile strength of tor-steel = 5280 ky/cm3
Percentage elongation in tor-steel = 20

The reinforcement of both. the columns in the frame is welded to two base plates each
being: 30 cra X 30 cm and 16 mm thick. Each of these bage plates are firnfly anc{mred 10 a
reinforced concrete reaction floor through four mild steel bolts. This arrangement simulated
the fixed base foundation for the test frame. ‘

Loading Arrangement

The experimental loading afrangeme’t is as shown in Fig. 4. The vertical load applied
by a vertical hydraulic jack of ‘50 tomne capacity distributed egualiy on the tops of the two
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columns of the frame. Horizontal force is applied by a hydraulic Jack of 20 tenne capacity,
which is fixed on the supporting frame. Curved surfaces of mild steel are used to transfer
the load vertically on each column throughout the test period. Rollers assembly is placed
between central vertical jack and the top reaction girders in ordér to allow the test frame to
move horizontally and to maintain the vertical Joads to remain vertical all the time.

Instromentation

The vertical loed applicd to the columns is measured by a proving ring of capacity 25
tonne attached between vertical hydraulic jack and the test frame. 1he lateral load is also
measured’ by another proving ring of capacity 5 tonne placed between the hydraulic jack and
the test frame. The lateral deflection of the frame at the top of column along the centre line
of beam is recorded by means of long travel dial gauges with 0.01 mm least count.

Strain gauges are pasied on steel and concrete, and strains are recorded with the help of
'SR-4 1ype Baldwin-Lime-Hamilton Stfain Indicator. Cube and cylinder tests of concrete
and tenaile tests of steel bars used in the frame are conducted on Universal testing machine
along with the strain Indicator. ’ - C

Frame Test

The veriical load is set to an assigned value and thus transferring net load of 5.13
tonne on each column of the frame. At this vertical load, strains on column concrete face
and in beam stee] are recorded by strain indicator and the lateral defleciion of the afrau;e by .
dial gauges. ‘

Lateral load is applied in steps of 100 kg upto | tonne and 50 kg beyond 1 tonne upto
failure. At each step of lateral load, the lateral deflection of the frame at column top and
the strains at all significant poinis are measured simultaneouly.
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Fig. 3 Lateral load deflection curve of a reinforced concrete {rame
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_The behav:our of the frame is sghown m F”; 3 I.ateri‘t load i taken Tor’ lhe nrdmlte
and the lateral deﬂecuon for the aBscnssa T’he ﬁrst plamc ‘h;nge is forrned in beam on the
lateral load side and the last hinge is foimed at (he base of columns.  Plastic hinges formed
are shown by numbers 1,2,3 & 4in scqw.nud! order. TFig. 5 and 6 indicate the deformed
shape of the frame after collapse

Rullts and D!iclnion

Figure 3 represents the lal.ctal an.d deﬂectmn curve pf the sirong, oolu.mn weak baam
frame under the loadiog candition as, ﬂ;own in t-he figure. The. vertical load oun the. top of
each column corresponds to the safe working.load. The tangents have been drawn to locate
an arbitrary yield deﬂecnon

. The definition of dcﬂecuon dupulu;{ qulor based on. rhe y;eld deﬁectmn (:u igiven in this.

F&Pﬂ) may be easily employed by a staucinra) designer s it is easier for a n:,mcuaral nnalylt
to find the yield deflection by determining

(i) the lateral deflection A, at safe lateral workmg load Py by using elastic-
analysis, and

(ii) the collapse load, P by usmg ulumate laad theqry
B Refétring to Fig. | and apprommatmg ‘the load deﬂect:on curve to the elasuc-plaahc
plot the y:ely deﬂectlon is expressed as

o . o Pa -
b= 4w b, | )
: In the present study deflection dyetility factor of the frame is achieved as 5.06 when the
volumetric ratio of confinement steel to the conﬁned concrete is kept as .026 in beam and .08
in columns. Here, the pitch of the stirrups in beams and spacing of ties in columns are
in accordance with the Indian Standard specifications (2).

It is also observed that the uliimate lateral load carrying capacity of this frame is 1.765
tonne and the maximum tensile strain in steel is .0089 whereas maximum compressive strain
in concrete at the outer fuce of the columns is .00316. This study indicates that the maxi-

mum limit of tensile strain in steel remains well below the strain at which strain hardemng
starts, and the failure is due to the crushing of concrete.

Conclusions

Deflection duciility factor of the frame in achieved as 5.06. Maximum tensile strain in
steel remains well below the strain at the commencement of strain hardening. The collapse
of the frame 1akes place at the crushing of concrete.

A cknowlgdgement

- This paper is based on a portion of the Doctoral dissertation of the first author and is
part of an investigation on the “Ductility Behaviour of Framed Structures” in progress at the
Department of Earthquake Engineering, Unwemty of Rderkee, Roorkee, Iadia, under the



Fig. 5

Ductility Behaviour of a Reinforced Concrete Frame

Deformed shape of the frame
alter collapse

Fig. 6 Close-up of the beam portion
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