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Abstract— Reinforced concrete moment resisting frames
(RCMREF) are structural systems should have a potent design
to assure proper energy dissipation capacity when subjected
to seismic loading. In this design philosophy, generally used
capacity design approach demands “strong-column / weak-
beam” design to have good ductility and a preferable collapse
mechanism in the structure. When only the flexural strength
of lengthwise beams controls the overall response of a
structure, RC beam-column link display ductile behaviour
(with the joint panel region essentially remaining elastic). The
failure mode having beams form hinges is considered the
most favourable mode for ensuring good global energy-
dissipation without much degradation of capacity at the
connection. Though many international codes and even
revised Indian code recommends the moment capacity ratio
at beam column joint to be more than one, still there are many
discrepancies among these codes.
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I. INTRODUCTION

Earth comprises of three layers i.e. Crust, The Mantle and
Core. Above the core is the mantle and crust which are
formations of rocks and other minerals. The sudden
disturbance in rocks will results in release of considerable
amount of energy. This energy travels through crust and to
the surface of earth, which is called seismic waves. These
seismic waves are Earthquake Ground Motion, which are
generally unpredictable. Its duration varies from few seconds
to more than minute or so. Earthquake is measured in terms
of energy released at fault (Magnitude). Its effect is generally
influenced by epicentre distance and geological condition
(Intensity).

During the period of earthquake, the structure is
bond to experience vibration due to ground motions occurring
in random fashions both horizontally and vertically, which
induces inertia forces in them. From past earthquake it is seen
that the structure fails due to improper bonding of materials,
connection failure, and improper utilization of material and
failure of columns results in story sway.

From previous experiences, it can be noted that
failure of structure is primarily at columns and beam- column
joints. Hence study of seismic capacity of column or beam-
column joint is topic of interest. Failure of beam is
considered to be local failure whereas failure of column as
global. Failure of beam can be easily renovated when
compared to column as it is difficult to reconstruct as it
affects the overall stability of the structure.

It is not economically viable to design a building to
behave linear when it is subjected to earthquake. Hence
design philosophy permits some damages in some
components. Resistance to forces during earthquake is an

important factor of the building but the most important
requirement is the capacity to withstand deformation before
complete collapse. Capacity design allows local member
level and then global structure level to fail. So it is important
to revise column strength.

Il. METHODOLOGY

In the present study, 3 plane frames of 3 bay X 4 storey, 3 bay
X 10 storey and 3 bay X 20 storey situated in seismic zone V
are considered. The storey height taken is 3.5m (for all
models). The analytical model consists of three bays of 6m in
global X direction. All three structures are designed for
Moment Capacity Ratio (MCR) of 0.8, 1.0, 1.2, 1.4, 1.6, 1.8,
2.0, 2.2 and 2.4. In the model, the support condition is fixed
and soil condition is assumed as medium soil. Beams are
designed as per bending moment and shear force derived
from STAAD.ProV8i Analysis and columns design is based
on revised moments (As per MCR) and design axial forces
using SP-16 Code.

A. Description of Building Structure
The details of the building is given in below Table 1

STRUCTURE DESCRIPTION
No of Stories 4,10,20
Height of one storey 35m
Soil Type Medium Soil
Seismic Zone Vv
Grade of Concrete M20
Grade of Steel Fe 500
Slab Thickness 120 mm
Live Load 4 KN/m
Live Load on Roof 2 KN/m
Floor Finish 0.5 KN/m

I11. MODELING AND ANALYSIS

A. Isometric views of plane frames:

The main output obtained from SAP2000 after performing
pushover analysis is in the form of base shear versus roof
displacement. It is called pushover curves and failure
mechanism of structure i.e., formation of inelastic hinges in
structural elements at different pushover step levels. The
pushover curves for 4-storey, 10-storey and 20-storey framed
buildings are shown in Figures.
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Fig. 1: Elevations of Plane frames with (a.) 4 storey (b) 10
storey and (c) 20 storey from SAP2000

IV. RESULTS
A. Pushover Analysis Results:
1) Pushover Curve:
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Fig. 2: Pushover curve for 4 storey RC frame
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Fig. 3: Pushover curve for 10 storey RC frame
PUSHOVER CTURVE FOR 20 STOREY FRAME
2000 ——MCR=0.3
1800
=" nemainp
1600
= 3 MCR=1
w1400
& —— MCR- 14
= 1200
E 1000 — MR =16
E 800 MCR = L8
- GO0 ——MCR =30
o
400 ——MCR =
200 —MTR =74
1]
0 02 0.4 0.6 08 1
ROOF DISPLACEMENT TN METER

Fig. 4: Pushover curve for 20 storey RC frame

2) Strength and Ductility Parameters:

For 4 storey RC Frame
MCR | YD | MD YS MS D
mm | mm kN kN
0.8 | 100 | 203 | 1004.5 | 1098.6 | 2.03
1.0 | 100 | 224 | 1061.7 | 1164.6 | 2.24
1.2 | 100 | 235 | 1100.3 | 1237 | 2.35
1.4 | 100 | 248 | 1190.5 | 1357.2 | 2.48
1.6 95 | 260 | 1210.1 | 1437.7 | 2.74
1.8 95 | 275 | 1262 1509 | 2.89
2.0 95 | 287 | 1310.3 | 1615.7 | 3.02
2.2 90 | 291 | 1320.5 | 1692.7 | 3.23
2.4 90 | 295 | 1367.4 | 1748.3 | 3.28
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Table 1: Strength and Ductility Parameters for 4 storey RC

Frames
For 4 storey RC Frame
MCR | YD | MD YS MS D
mm | mm kN kN
0.8 | 175 | 340 | 1190.3 | 13495 | 1.94
1.0 | 175 | 348 | 1234.8 | 1402.4 | 1.99
1.2 | 170 | 326 | 1242.5 | 1405.8 | 1.92
1.4 | 165 | 368 | 1247.3 | 1483.3 | 2.23
1.6 | 165 | 376 | 1251.7 | 15304 | 2.28
1.8 | 160 | 390 | 1267.5 | 1549.5 | 2.44
2.0 | 155 | 440 | 1275.3 | 16125 | 2.84
2.2 | 155 | 450 | 1327.8 | 1658.5 | 2.90
2.4 | 155 | 490 | 1346.5 | 1703.2 | 3.16
Table 2: Strength and Ductility Parameters for 10 storey RC
Frames
For 4 storey RC Frame
MCR | YD | MD YS MS D
mm | mm kN kN
0.8 | 275|720 | 1232 | 1656.6 | 2.62
1.0 | 275 | 721 | 1309.4 | 1656.6 | 2.62
12 | 270 | 718 | 1256.1 | 1638 | 2.66
1.4 | 270 | 722 | 1280.4 | 1628.4 | 2.67
1.6 | 270 | 725 | 1299 | 1657.9 | 2.69
1.8 | 265 | 728 | 1289.9 | 1649.8 | 2.75
2.0 | 265 | 732 | 13325 | 1672.3 | 2.76
2.2 | 260 | 740 | 1333.7 | 1693.9 | 2.85
24 | 260 | 760 | 1361.8 | 1804 | 2.92

Table 3: Strength and Ductility Parameters for 20 storey RC
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V. CONCLUSIONS

For 4 storey and 10 storey RC building frames, ductility
of structure is increased with increase in MCR values.
For 20 storeys, RC framed buildings structure is
behaving in ductile manner. There is no influence of
MCR on ductility of 20 storey RC structures.

Base shear capacity of structure also increases with
increase in MCR for 4 storey and 10 storey RC frames.
For 4 storey RC buildings, for MCR of 1.0 plastic hinges
are for made in lower storey only.

For MCR of 1.4, such storey failure can be avoided with
uniform distribution of plastic hinges in all floors.

For 10 storey and 20 storey RC buildings, plastic hinges
are formed in beam itself for MCRof1.0 at ultimate level.
But for MCR of 1.4 or greater than 1.4, more beams are
taking part in energy dissipation.

So from present study it can be concluded that the value
of MCR should be more than or equal to 1.4 to have
“Strong Column — Weak Beam” behaviour of structure.
In the revised code of 1S: 13920:2016, it is recommended
that the value of MCR should be 1.4. From present study,
we can conclude that this value is acceptable for the RC
buildings.
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