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Abstract

The main objective of the study is to evaluate the response reduction factor of RC frames. We know that the actual earthquake
force is considerably higher than what the structures are designed for. The structures can't be designed for the actual value of
earthquake intensity as the cost of construction will be too high. The actual intensity of earthquake is reduced by a factor called
response reduction factor R. The value of R depends on ductility factor, strength factor, structural redundancy and damping. The
concept of R factor is based on the observations that well detailed seismic framing systems can sustain large inelastic
deformation without collapse and have excess of lateral strength over design strength. Here the nonlinear static analysis is
conducted on regular and irregular RC frames considering OMRF and SMRF to calculate the response reduction factor and the
codal provisions for the same is critically evaluated.
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|. INTRODUCTION

The devastating potential of an earthquake can have major consequences on infrastructures and lifelines. In the past few years,
the earthquake engineering community has been reassessing its procedures, in the wake of devastating earthquakes which have
caused extensive damage, loss of life and property. These procedures involve assessment of seismic force demands on the
structure and then developing design procedures for the structure to withstand the applied actions Seismic design follows the
same procedure, except for the fact that inelastic deformations may be utilized to absorb certain levels of energy leading to
reduction in the forces for which structures are designed. This leads to the creation of the Response Modification Factor (R
factor); the all-important parameter that accounts for over-strength, energy absorption and dissipation as well as structural
capacity to redistribute forces from inelastic highly stressed regions to other less stressed locations in the structure. This factor is
unique and different for different type of structures and materials used. The objective of this paper is to evaluate the response
reduction factor of a RC frame designed and detailed as per Indian standards IS 456, IS 1893 and IS 13920.The codal provisions
for the same will be critically evaluated. Moreover parametric studies will be done on both regular and irregular buildings and
finally a comparison of R value between OMRF and SMREF is also done.

Il. DEFINITION OF R FACTOR AND ITS COMPONENTS

During an earthquake, the structures may experience certain inelasticity, the R factor defines the levels of inelasticity. The R
factor is allowed to reflect a structures capability of dissipating energy via inelastic behavior. The statically determinate
structures response to stress will be linear until yielding takes place. But the behavioral change in structure from elastic to
inelastic occurs as the yielding prevails and linear elastic structural analysis can no longer be applied. The seismic energy exerted
by the structure is too high which makes the cost of designing a structure based on elastic spectrum too high. To reduce the
seismic loads, IS 1893 introduces a “response reduction factor” R. So in order to obtain the exact response, it is recommended to
perform Nonlinear analysis. In actual speaking R factor is a measure of over strength and redundancy. It may be defined as a
function of various parameters of the structural system, such as strength, ductility, damping and redundancy.
Itis given by : R = RgRRgR¢ Q)

where, R; is the over strength factor,R,, is the ductility factor, Ry is the redundancy factor and R;is the damping factor. Ry is
the measure of built in strength of the structure and is the ratio of ultimate base shear (V,) to the yield base shear(Vy).

Rg =& 0
d
The various factors on which strength factor depends are the additional reinforcement provided and the safety margins
specified in the code that is used to design the structure. The ductility factor (R,) is a measure of the global nonlinear response of
a structural system in terms of its plastic deformation capacity. It is measured as the ratio of the base shear considering an elastic

response (V) to the maximum/ ultimate base shear considering an inelastic response (V).

Ve
Rp. = E (3)
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The elastic force demand on the system (V) can be reduced by the factor R, owing to the inelastic displacement capacity
available with the system. In order to produce some added damping effects to the system, a supplementary energy dissipating
system needs to be added to the structure. In the absence of these devices the value of R;=1 may be taken. The reliability of the
system is higher for structures with multiple lines of frames with uncorrelated characteristics, and the system reliability is
reduced to the individual frame’s reliability. In this study a redundancy factor Rg= 1.0 is used.[1]

Then we have R= 2 x e 4)
Vg Vy
= Ve
R= 1S (6)
R=RR, (6)
In this study the evaluated R value is compared with the codal value provided at IS 1893.
Table -1
Values of R for RC framed structures as per IS 1893
Structural System R

Ordinary moment resisting frames | 3

Special moment resisting frames | 5

The table gives values of R for SMRF and OMRF. The main difference between SMRF and OMRF is the provision of ductile
detailing according to IS 13920. SMRF are used under the moderate to high earthquakes, which has got a low design base shear.
While OMRF are used under low earthquakes having high design base shear compared with SMRF.

I11.DESCRIPTION AND MODELING OF STRUCTURES

The study considers two types of frame models; Irregular frames and Regular frames. Each of them will be modeled for SMRF
and OMRF and a comparison of R value is made. As per IS 1893 (Part 1)-2002, a structure is defined to be irregular if the ratio
of one of the quantities (such as mass, stiffness or strength) between adjacent stories exceeds a minimum prescribed value.
However, in the recent version of IS 1893 (Part 1)-2002 (BIS 2002), irregular configuration of buildings has been defined
explicitly. Five types of vertical irregularity have been listed. They are: stiffness irregularity (soft story), mass irregularity,
vertical geometric irregularity, in-plane discontinuity in lateral-force-resisting vertical elements, and discontinuity in capacity. In
this study we focus on first three irregularities. As per this code, a structure is defined to be irregular if the ratio of one of the
quantities (such as mass, stiffness or strength) between adjacent stories exceeds a minimum prescribed value.

A regular building is the one which possess four attributes like; simple and regular configuration and adequate lateral strength,
stiffness and ductility. Buildings having simple regular geometry and uniformly distributed mass and stiffness in plan as well as
in elevation, suffer much less damage than buildings with irregular configurations. All study structures have the same plan
arrangement with two numbers of bays (6.0 m each) in both directions as shown in Fig. 1 — Fig. 4. The floor to floor height is 3.0
m. The model frames on which the studies made may include; regular RC frame, geometric irregular frame, soft storied frame
and mass irregular frame. The frame models done on SAP2000 are as follows:

Fig. 1: Regular RC frame

Fig. 2: Geometric irregular frame
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Fig. 3: Soft storied frame

Fig. 4: Mass irregular frame

The RC frames are designed with M20 grade concrete (having 28 days characteristic cube strength of 20 MPa) and Fe415
grade reinforcements (having a characteristic yield strength of 415 MPa).The earthquake load is calculated for the building using
seismic coefficient method as per IS 1893(Part 1):2002. The load combination was chosen as per the recommendation of IS: 456-

2000 and IS 1893(Part 1):2000.

Table - 2

RC section details of OMRF

Frames Members | floors | Width (mm) | Depth (mm) Reinforcement details
Beams | 1-4 300 600 4-20§+4-164 at top & bottom
Regular
Column | 1-4 500 500 14-32¢
Beams 1-4 300 600 4-20¢ top + 3-204 btm
Geometric irregular
columns 1-4 500 500 12-32¢
Beams 1&4 300 600 3-25¢ top + 3-20¢ btm
Soft storied columns | 1&4 500 500 16-32¢
Beams 2&3 300 600 4-20¢ top + 4-16¢ btm
Columns | 2&3 500 500 16-25¢
Beams 1&4 300 600 4-20¢ top + 4-16¢ btm
Mass irreqular Column | 1&4 500 500 12-25¢
g Beams 2&3 600 1000 3-25¢ top + 2-25¢ btm
Column | 2&3 1000 1000 18-32¢

All rights reserved by www.ijirst.org 95



Evaluation of Response Reduction Factor using Nonlinear Analysis
(1JIRST/ Volume 2 / Issue 06/ 016)

Table - 3
RC section details of SMRF
Frames Members | floors | Width (mm) | Depth (mm) Reinforcement details
Beams | 1-4 300 600 6-20¢+6-164 at top & bottom
Regular
Column | 1-4 500 500 16-32¢
Beams 1-4 300 600 5-20¢ top + 4-20¢ btm
Geometric irregular
columns 1-4 500 500 14-32¢
Beams 1&4 300 600 5-20¢ top + 4-20¢ btm
. columns | 1&4 500 500 20-32¢
Soft storied Beams | 2&3 300 600 5-20¢ top + 6-16¢ btm
Columns | 2&3 500 500 18-25¢
Beams 1&4 300 600 5-20¢ top + 4-20¢ btm
Mass irreqular Column 1&4 500 500 18-25¢
g Beams 2&3 600 1000 4-25¢ top + 3-25¢ bitm
Column | 2&3 1000 1000 16-32¢

In the design of SMRF and OMRF, they may be differentiated by means of adding extra number of steels at the potential
hinges as per IS 13920 to the special moment resisting frames. OMRF lack in ductile detailing.

Linear analysis procedures are applicable when the system remains elastic. As the performance objective of the structure
implies greater inelastic demands, the uncertainty with linear procedures increases. Hence inelastic analysis can reduce the
uncertainty. A pattern of forces is applied to a structural model that includes non linear properties, and the total lateral force is
plotted against a reference displacement to define a capacity curve. Nonlinear static pushover analyses (NSPA) of the four study
frames are performed to estimate there over strength and global ductility capacity, which are required for computing R for each
frame. Pushover analysis is a static, nonlinear procedure to analyze the seismic performance of a building. The computer model
of the structure is laterally pushed until a specified displacement is attained or a collapse mechanism has occurred. The gravity
load is kept as a constant during the analysis. The structure is pushed until sufficient hinges are formed such that a curve of base
shear versus corresponding roof displacement can be developed and this curve known as pushover curve. The maximum base
shear the structure can resist and its corresponding lateral drift can be found out from the Pushover curve. The analysis process
includes two steps. Initially, for the gravity load static analysis is performed and subsequently the static pushover analysis is
conducted starting from this state of the structure.

IVV. RESULTS AND DISCUSSIONS

The output of the nonlinear analysis is a push over curve plotted between roof displacement and base shear. The analysis is done
for the above four frames and corresponding curve for the ordinary and special moment resisting frames is obtained.

A. Comparisons of Push over Curve of SMRF and OMRF for Different Frames Are As Follows
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Fig. 5: Regular RC frame
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Fig. 8: Geometric irregular frame
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B. Parameters of Pushover Curve & R Factors for SMRF & OMRF

Table -3
OMRF
Frames Max. displacemt | Yield displacemt | Max.base shear | Yield base shear R
(mm) (mm) (kN) (kN)
OMRF
Regular 67.73 28.06 223.145 171.80 2.808
Mass Irregular 66.50 26.86 498.92 435.1 2.607
Soft storied 87.31 35.70 322.80 262.1 2.882
Plan irregular 88.57 42.56 567.9 453.7 2.671
Table - 4
SMRF
Frames Max. displacement | Yield displacement | Max.base shear | Yield base shear R
(mm) (mm) (kN) (kN)
SMRF
Regular 100 30.49 473.88 320.54 4.74
Mass Irregular 94.27 34.12 1597.70 847.00 4.96
Soft storied 99.65 30.32 609.38 406.10 4.93
Plan irregular 99.98 35.35 954.56 554.54 4.84

V. CONCLUSIONS

From the above studies been done, the following conclusions were made. They may be as follows:

From the above studies been done, the following conclusions were made. They may be as follows:

— The confinement in concrete plays a major role in strength and ductility of RC members.

— The effect of considering confinement mainly leads to the design of SMRF and OMRF.

— The SMRF frames shows the highest R value of 4.96 which is almost close to the IS 1893(2002) suggested value of 5 while
OMREF gives a value of 2.882 almost closer to 3.

— Even then the present study shows that both OMRF and SMRF failed to achieve the respective target values of R
recommended by IS code.

—  Further research is required in this direction by considering more spectrum of frames designed as per the 2 approaches in IS
code before reaching any specific conclusions about the adequacy of the codal requirements.
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