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Abstract— during past earthquakes many of the buildings 

were collapsed due to failure of vertical members. Therefore, 

it is necessary to provide strong vertical member so as to 

sustain the design earthquake without failure. Shear wall is 

one of the lateral load resisting systems which can resist 

greater amount of forces. Pushover analysis is widely used 

for performance based design of new structures. In present 

study 2 models of 21 storey building were analyzed like shear 

wall as a shell element and shear wall as a column element. 

Analysis was carried out using ETABSv16. Time period 

obtained by dynamic analysis is compared. Pushover analysis 

is carried out using SAP2000 v18 on shear wall building (as 

a column element) as per ATC40 capacity spectrum method. 

User defined hinge properties are assigned to beam and 

column. Pushover analysis results are presented in terms of 

capacity, demand, performance point and pattern of hinge 

formation at performance point. This results help in 

identifying damage level of building. 
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I. INTRODUCTION 

Pushover analysis is a static, nonlinear procedure in which the 

magnitude of structural loading is incremented in accordance 

with a certain predefined pattern. With the increase in 

magnitude of the loading, weak links and failure modes of the 

structure are found. The loading is monotonic with the effect 

of cyclic behavior and load reversals being estimated by using 

modified monotonic force-deformation criteria and with 

damping approximations. Static Pushover analysis is an 

attempt by the structural engineering profession to evaluate 

the real strength of the structure and it promises to be a useful 

and effective tool for performance based design. FEMA-273 

and ATC-40 documents have developed the design and 

analysis criteria for Pushover analysis. Acceptable 

performance is measured by the condition of structure and 

nonstructural damage expected from the earthquake shaking. 

Damage is expressed in terms of post yield, inelastic 

deformation limit for various structural elements of concrete 

building. The analysis procedure incorporated in the 

methodology account for post elastic deformation of the 

structure by using simplified nonlinear static analysis 

method. The target performance objective is split in to 

structural performance level and non-structural level. These 

may be specified independently, however, the combination of 

the two determines the overall building performance level. 

The Structural Performance Level is defined as the 

post – event conditions of the structural building components. 

This is divided into six levels. The levels are, SP–1: 

Immediate Occupancy, SP-2: Damage control, SP–3: Life 

Safety, SP-4: Limited safety SP-5: Structural stability and 

SP–6: Not considered. 

Non-Structural Performance 

levels 

Structural Performance levels 

SP-1 

Immediate 

occupancy 

SP-2 

Damage 

Control 

SP-3 

Life Safety 

SP-4 

Limited 

safety 

SP-5 

Structural stability 

SP-6 

Not 

considered 

NP–A Operational 1-A Operational 2-A NR NR NR NR 

NP–B Immediate Occupancy 

1-B 

Immediate 

Occupancy 

2-B 3-B NR NR NR 

NP–C Life Safety 1-C 2-C 
3-C 

Life Safety 
4-C 5-C 6-C 

NP-D Hazards Reduced NR 2-D 3-D 4-D 5-D 6-D 

NP–E: Not Considered NR NR 3-E 4-E 
5-E 

Collapse prevention 

Not 

applicable 

Table 1: Building Performance Levels

The Non – Structural Performance Level is defined 

as the post – event conditions of the non - structural 

components. This is divided into five levels. They are NP–A: 

Operational, NP–B: Immediate Occupancy, NP–C: Life 

Safety, NP–D: Hazards Reduced, and NP–E: Non – 

Structural Damage Not Limited. By combining the number 

from the Structural Performance Level with the second letter 

from the Non – Structural Performance Level, one can attain 

the total Building Performance Level. The combinations to 

achieve the most common Building Performance Levels, 1– 

A: Operational, 1–B: Immediate Occupancy, 3–C: Life 

Safety, and 5–E: Collapse Prevention, are shown in Table I. 

A. Force Deformation Criteria for Hinges 

The ATC-40 and FEMA-273 documents have developed 

modeling procedure, acceptance criteria and analysis 

procedure for pushover analysis. These documents define 

force-deformation criteria for hinges used in pushover 

analysis. As shown Fig.1, five points labeled A, B, C, D and 

E are used to define the force deflection behavior of the hinge. 

The response is linear to an effective yield point, B, followed 

by yielding (possibly with strain hardening) to point C, 

followed by strength degradation to point D, followed by 

final collapse and loss of gravity load capacity at point E. The 

three points labeled IO, LS, and CP are used to define the 

acceptance criteria for the hinge. IO, LS and CP stand for 
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Immediate Occupancy, Life Safety and Collapse Prevention 

respectively. These are structural performances levels and 

can be explained as below: 

 
Fig. 1: Force-deformation for pushover hinge 

 Immediate occupancy performance level: Structural 

Performances Level, Immediate Occupancy, means the 

post-earthquake damage state in which only very limited 

structural damage has occurred. The basic vertical and 

lateral force resisting systems of the building retain all of 

their pre-earthquake strength and stiffness. The risk of 

life-threatening injury as a result of structural damage is 

very low, and the building should be safe for occupancy. 

 Life safety performance level: Structural performance 

level, life safety, means the post-earthquake damage 

state in which significant damage to the structure has 

occurred, but some margin against either partial or total 

structural collapse remains. Some structural elements 

and components are severely damaged, but this has not 

resulted in large falling debris hazards, either within or 

outside the building. Injuries may occur during the 

earthquake; however, it is expected that the overall risk 

of life-threatening injury as a result of structural damage 

is low. It should be possible to repair the structure; 

however, for economic reasons this may not be practical. 

While the damaged structure is not an imminent collapse 

risk, it would be prudent to implement structural repairs 

or install temporary bracing prior to reoccupancy. 

 Collapse prevention performance level: Structural 

performance level, collapse level, means the building is 

on the verge of experiencing partial or total collapse. 

Substantial damage to the structure has occurred, 

potentially including significant degradation in the 

stiffness and strength of the lateral-force-resisting 

system, large permanent lateral deformation of the 

structure. It is also characterized by degradation in the 

vertical-load-resisting system but it must continue to 

carry their gravity load demands. There may be 

significant risk of injury due to falling hazards from 

structural debris. The structure may not be technically 

practical to repair and is not safe for reoccupancy, as 

aftershock activity could induce collapse. 

II. MODELLING 

A. Problem Definition 

A 21 storey reinforced concrete shear wall building with 

shear wall as a shell element and shear wall as a column 

element has been considered for the present study. The plan 

area of building is 25 m X 20 m with 3 m height for all storey. 

B. Different models of shear wall 

 
Fig. 2: Column as a shear wall element 

 
Fig. 3: Shell as a shear wall element 

Grade of Concrete Fck = 25 N/mm² 

Grade of Steel Fy = 500 N/mm² 

Density of Concrete 𝛾c = 25 kN/m³ 

Density of Brick wall 𝛾 = 20 kN/m³ 

Table 1: Material Specifications 

Earthquake zone III 

Importance factor 1 

Response reduction factor 5 

Wall load 11.04 kN/m 

Parapet wall load 4.6 kN/m 

Typical floor live load 3 kN/m 

Terrace love load 1.5 kN/m 

Typical floor Super dead 2  kN/m 

Floor finish 1 kN/m 

Table 2: Loading 

 Dynamic analysis for both the models is carried out in 

ETABSv16. 

 Beam sizes are: B1 300x625 (primary beam): B2 

300x600 (secondary beam) 

 Column size: C1 525x525(5th Floor to terrace): C2 

600x600(GF to 5th Floor) 

 Shear wall size: 300x4000(column) 

III. NONLINEAR ANALYSIS 

  
Fig. 4: Shear wall building in SAP2000 

Nonlinear analysis was carried out using SAP2000 v18. For 

beam default hinge properties M3 assigned while for column 

default hinge propertied P-m-m assigned. Total 3 pushover 

curve is defined. Push1 for gravity loading. Push2 for lateral 

load in x-direction and push3 for lateral load in y-direction. 
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Same grid was created in SAP2000. Same beam and 

column sizes were considered.Same loading condition was 

applied for the nonlinear analysis purpose. Pushover curve 

defined as per ATC40(applied technological council) 

.Coefficient values Ca & Cv taken as per IS code. 

IV. RESULTS AND DISCUSSION 

Shear wall (as a shell) 2.661 

Shear wall (as a column) 2.962 

Table 3: Time Period Comparison 

 
Fig. 5: Pushover curve in x-direction 

 
Fig. 6: Pushover curve in y-direction 

From the curve, it is observed that Maximum load 

carrying capacity in x-direction is 2980.79 KN and for y-

direction 2978.78 KN. 

 
Fig. 7: Capacity demand spectrum curve in x-direction 

 
Fig. 8: Capacity demand spectrum curve in y-direction 

 
Fig. 9: Hinge formation at performance point in x-direction 

 
Fig. 10: Hinge formation at performance point in y-direction 

As per IS1893:2002 Clause 4.2.3 the maximum 

horizontal relative displacement due to earthquake forces 

between two successive floors shall not exceed 0.04 times the 

difference in levels between these floors. The displacement 

between 10th and 11th floor is 0.029 m which is less than 0.12 

m so as per IS1893:2002 building is safe. 

V. CONCLUSION 

 There is 10% reduction in time period for shear wall as a 

shell element in comparison with shear wall as a column 

element 

 From the hinge formation pattern of the building at a 

performance point it is found that building’s 

performance level is between operational to immediate 

occupancy. 
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