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Abstract: This study examines the capacity-based design of structure that is increasing commonly in earthquake resistance
design. For making any structure earthquake resistant capacity-based design approach is good to hire because it takes less
specialization. Low to medium rise buildings are performing well for the seismic actions when designed as per capacity- based
criteria. The other method is to install lateral load resisting element such as shear wall, dampers, base isolators etc. These methods of
seismic resistance are costly and requires special attention while installation. On the other hand, capacity based designed approach
requires no extra element in frame although making existing frame elements to be stronger. In the present work, three type of
irregularity is being taken and those are being imposed over RC frame which has designed as per capacity-based design criteria
for four different heights of G+3, G+5, G+7, G+10. Those models are analyzed for commercial use and located at seismic zone
IV. Linear static, linear dynamic and nonlinear static methods are used to analyze those models with help of CSI ETABS v19
software. Results which are discussed is modal analysis, storey drift, torsional ratio, ductility ratio, performance point and hinge
results.
Keywords: Beam column capacity ratio, collapse mechanism, Strong column—-weak beam design, plastic hinge, irregularity,
geometry, shape and size of the building, ETABS.

L. INTRODUCTION
The structure is predicted to support vertical and horizontal masses throughout operation among fixed safety limits. Applying
seismic design of buildings, the frame structure should have several seismic resistance parameters, one in every of that is the
seismic resistance parameter of having strong column and weak beams. In previous earthquakes, plastic column hinges were
additional vital than beam hinges, leading to overall structural injury and a high risk of death. All structural members transmit their
forces through the column and therefore the column shares them with the foundation, therefore if the column fails the total structure
will collapse, this can be a weak column strong beam thought. By creating the column additional moment resistant than the beam,
the plastic hinges can move towards the beam and stop overall injury. During this case, solely the beam is bent as a symptom of
damage to the beam and occupants can have enough time to evacuate from the positioning and therefore the beam failure is
restricted to a particular floor. This idea is Strong Column Weak Beam (SCWB). The ductility and energy dissipation of the
structure within the event of an earthquake depend upon the vertical (column) part of the structure.
In this work RC frame having irregular plan arrangement are designed as per capacity-based criteria. The models include four
totally different heights of G+3, G+5, G+7 and G+9. For analysis of arrangement of irregularity, “L” formed of planned
arrangement having the variation of ratio of length to width (wings) i.e., 9:5, 9:7, 9:9 has been taken. The frame fulfils the planning
provisions of various codes like IS 456: 2000, IS 1893: 2016 (Part 1) and IS 13920: 2016. For seismic demand prediction and
performance analysis of structure, nonlinear static (Push over) analysis has been carried out. Result are being analyzed on
parameters like hinge results, storey drift, torsional ratio and mode vs frequency variation. Analysis is completed with the assistance
of ETABS version 19 software package.

A. Merits of Capacity-Based Design

1) Ease in design and construction of building frame as compared to building frames having lateral load resisting components.

2) Low and medium rise buildings up to 6 stories, can be made seismic resistant without LLRE.

3) Ideal construction practice in earthquake prone locations due to its good strength, stiffness and high ductility.

4) Facilitate faster construction because of less LLRE installed.

5) Meet the demand for a modern trend in architectural design.

6) Allows easy structural repair and modification.

7) Precisely designed reinforced concrete frame members such as beam and column, prevent brittle failure and promotes ductile
behavior, thus catastrophic failure can be ignored.
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B. Obijectives

In this analysis 12 models of different heights are considered. Models have plan of “L” shaped with variation of length of the wing

are proposed. Dynamic analysis (Response Spectrum method) and static nonlinear (push over) analysis is done using ETBAS 19

software. The objectives of this paper are: -

1) To understand the effect of strong column weak beam on irregular structure in different parameters such as hinge
results of nonlinear analysis, storey drift torsional ratio and mode vs frequency distribution.

2) To understand the behavior of hinges generated in irregular structure having strong column weak beam at different level of
non-linear states defined as ‘Immediate Occupancy’ (10), ‘Life Safety’ (LS) and “Collapse Prevention’ (CP).

3) To understand the seismic performance of capacity based designed irregular structure.

4) To analyze the height of irregular structure which can be achieved by having capacity-based design criteria.

Il.  CAPACITY BASED DESIGN
Capacity design calculation is a concept or method for calculating the flexural strength of a critical section of a structural member
based on the hypothetical behavior of a structure to seismic action.
This hypothetical behavior is reflected in the assumption that seismic action is of static equivalent nature and progressively
increases until the structure reaches an almost collapsed state, and that plastic hinge joints occur simultaneously at predetermined
positions to form a collapse mechanism.
Because the seismic effect is vibrational in nature and the plastic hinges are rather random, the actual behavior of building structures
during strong earthquakes is far from what was described above. However, by applying the concept of capacity design to the design
of flexural structural members, it is judged that the structure will have adequate seismic resistance that has been demonstrated in
many earthquakes in the past.
A characteristic of the load-bearing design concept is the ductility level of the structure, expressed as the displacement ductility
factor, or the ductility factor. This is the ratio of the lateral displacement of the structure due to the design earthquake near the
collapse to the lateral displacement during the first yielding.
The basis of capacity-based design is based on the concept of strong column and weak beams. The inertial seismic force generated
on the floor is transmitted to the ground through various beams and columns. Appropriate components should be ductile. Damage to
columns can affect the stability of the entire building, but damage to beams causes local effects. Therefore, it is better to create the
beam as a weak link with lesser ductility rather than a column. This method of designing RC buildings is known as the Strong
Column Week Beam Design Method.

1. MODELLING AND ANALYSIS
The 3D building model which is based on capacity-based design criteria analyzed using the Response Spectrum method (Linear
dynamic analysis) and Push Over analysis (Nonlinear static analysis).
The building models of varying irregularities in wing length having “L” shaped plan of different storey height as G+3, G+5, G+7,
G+10 isanalyzed using ETABS 19 software. In India, Indian Standard for design of seismic structures 1S 1893:2016 is used which is
the main standard that provides the outline for the calculation of seismic design forces and for achieving strong column weak beam
design concept.

FIGURE 1. Showing layout of different bay ratio of models 9:9, 9:7, 9:5 respectively
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FIGURE 2. Showing irregular L shaped plan

TABLE 1 Nomenclature of different model used for analysis

S. No. Model Name Height Ratio of bays (L/B)
1. L1V G+3 9:5
2. L21IV G+3 9:7
3. L3IV G+3 9:9
4. L1Vl G+5 9:5
5. L2VI G+5 9:7
6. L3VI G+5 9:9
7. L1Vl G+7 9:5
8. L2Vl G+7 9:7
9. L3Vl G+7 9:9
10. L1XI G+10 9:5
11. L2XI G+10 9:7
12. L3 Xl G+10 9:9

A. Brief Discussion About Modelling Procedure of Capacity-based Design of RC Frame

First the general steps are followed in ETABS to made the model for analysis such as defining grids and height of the frame. Then
define the materials and section property (beam, column and slab section). Then draw the model and apply the loads as per IS 875:
1987 (Part 1 and 2) for fixed support condition. In the design preferences of concrete frame design, enable the option of P- delta
effect and B/C ratio, disable the option of consider additional moments. Then define the mass source of frame system. Then model
is analyzed and designed as per 1S 456: 2000, IS 1893: 2016 (Part 1) and IS 13920: 2016 for linear static and linear dynamic seismic
analysis. Then this model is checked for column beam capacity ratio which should be greater than 1.4 for all joint. After satisfying
the column beam capacity ratio for all the joints and members are passed for seismic analysis, push over analysis of displacement
control methodology will carry out. In this type of push over analysis procedure first define the dead load as nonlinear static load in
load case type. Then define the push in x direction and in y direction of displacement control of 300 mm to 500 mm depends upon
the performance point found. Define plastic hinges in beam and column at 10% distance form either side as per ASCE 41-13. After
meeting performance point (as per FEMA 440) hinge results are checked for different minimum performance objective (e.g., 1.0,
L.S., C.P.) as per ASCE 41 and FEMA 356. After hinge results, ductility ratio, moment rotation and back bone curves are analyzed.
Different analysis results of linear static and linear dynamic are also analyzed for storey drift and mode vs frequency. Since the
frame is irregular in plan torsional analysis is also considered. In the below figures column beam capacity ratio is being shown for
different height considered and for irregularity of 9:7.
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FIGURE 5. Showing Model L 2 VIII FIGURE 6. Showing Model L 2 XI

V. RESULTS
The dynamic and non-linear static (push over) analysis is conducted on twelve different model using CSI ETABS 19, several values
of model were found out from RCC frame which has a property of strong column weak beam. The obtained results are discussed
below.
1S 1893-2016, IS 456-2000, IS 13920-2016, FEMA 356 and FEMA 440 guidelines is used for the dynamic and linear static analysis
of twelve models of different heights (G+3, G+5, G+7, G+10). These structures are analyzed for ‘L’ shaped plan irregularity with
varying bay ratio or wing length (length to width ratio) as 9:5, 9:7, 9:9.
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FIGURE 7. Showing frequencies of models for all 12 modes
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FIGURE 8. Showing torsional ratio for all twelve models
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FIGURE 9. Showing storey drift in X direction for linear static response
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FIGURE 10. Showing storey drift in Y direction for linear static response
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FIGURE 11. Showing storey drift in X direction for linear dynamic response
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FIGURE 12. Showing storey drift in Y direction for linear dynamic response
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FIGURE 13. Showing ductility ratio of all twelve models
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FIGURE 14. Showing performance point for all twelve models

V.  CONCLUSION & FUTURE SCOPE

A. Conclusion

1) Modal Analysis

o Frequency of models are decreasing as the irregularity increases. It can be inferred that irregularity doesn’t affect much from

modal analysis point of view.

o Inasimilar manner, frequency of models doesn’t affect much as the height of RC frame increases.

2) Torsional Ratio

o All twelve models are showing torsional ratio less than 1.5 in static linear seismic analysis.

o For linear dynamic analysis for X direction spectral acceleration average increase in torsional ratio for irregularity 9:5 to 9:7 is
3.17% and torsional ratio increment for irregularity 9:7 to 9:9 is 2.24%.

e For Y direction spectral acceleration average increase in torsional ratio for irregularity 9:5 to 9:7 is 41.65% and from 9:7 to 9:9
average increment is 1.3%. In Y direction torsional ratio is showing higher increase because of increasing eccentricity i.e.,
increase in distance between center of mass and center of rigidity.

o Height of frame doesn’t make any significant change in the torsional ratio.

3) Storey Drift

o For the linear static seismic analysis point of view irregularity and height doesn’t affect the storey drift significantly.

o In the linear dynamic analysis, for X spectral acceleration the drift varies with height. Average increase in drift for irregularity
9:5to 9:7 for four different height frame is 0.5% and for 9:7 to 9:9 is 0.6% which is very nominal change.

o Inasimilar manner, for Y spectral accelaration average increase in drift ratio over four different heigth for irregularity 9:5 to 9:7
is 7.4 % and for irregualrity 9:7 to 9:9 is 4.47%.

4) Ductility Ratio

e Push over analysis shows that as irregularity varies from 9:5 to 9:7 the average ductility ratio increases as 16.03% and when
irregularity changes from 9:7 to 9:9 the average ductility ratio decreases as 10.17%. It can be inferred that ductility ratio
decreases when irregularity increases.

o As far as height is being concern the ductility ratio increases 2.1% in G+3 to G+5. For G+5 to G+7 ductility ratio increases as
2.65%. But for G+7 to G+10 the ductility ratio increases as 0.91% only.
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Performance Point
Static nonlinear analysis shows that average increase in performance point for irregularity of 9:5 to 9:7 is of 5.66% and in 9:7 to
9:9is of 3.69%. Hence it can conclude that as the irregularity increases average increase in performance point decreases.

In the similar manner performance point shows an increment of 6.07% when comparing G+3 to G+5. From G+5 to G+7 an
increment of 8.09% is being observed. At last, for G+7 to G+10 increment in performance point is 11.5%. Thus, by increasing
height the performance point also increases.

Hinge Results
After analyzing hinge results for models of irregularity type 9:5 is performing better for height of frame up to G+7. After G+7
height the hinge formation doesn’t show the satisfactory results.
For irregularity 9:7, frame satisfying strong column weak beam design mechanism only for  height G+3 and G+5 without any
lateral load resisting element.
As far as irregularity 9:9 is being concern, frame performing well for capacity-based design only for height G+3 with very high
sectional property of column.

Future Scope

In this study it is shown that irregular of capacity based designed RC frame is being analyzed four different heights and found that
torsional ratio is very major concern. All other aspect can be tackled without specific design change. Hence there is vast future
scope left in this study which is listed point by point below.

1)
2)
3)
4)

5)
6)
7)

[t
[2]
(3]
[4]
[5]

(6]
[’

(8]
[9]
[10]
[11]

[12]

Capacity-based design of irregular shaped building by considering torsion.

Explicit design content is unavailable for capacity-based design.

Role of slab in achieving strong column weak beam is also critical and should analyzed for irregular shaped RC frame.

Analysis of irregular shaped RC frame which is designed as per capacity based designed criteria with different lateral load
resisting element.

Nonlinear dynamic analysis can also be done to analyze accurate results for hinge formation.

The follow-up study can be focus on the performance-based design with respect to strong column weak beam criteria.
Experimental study can be done in the field of relative importance of strong column-weak beam design concept in the multi-
story RC frames.
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