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ABSTRACT 

In this thesis, we deal with the effects of P-delta on tall buildings which 

have core eccentricities and load irregularity in them. Seismic 

performance of buildings can also be greatly affected by this phenomenon. 

A regular planed high-rise building is taken in this project and with help 

of shear walls eccentricity is introduced in the structure. To study the 

isolated effect of eccentricity and P-delta, all the other parameters such as 

size of members, grid spacing, loading and material properties were kept 

constant. Multiple models were created with P-delta effect on and off so 

as to get a better understanding of second order effects on high-rise 

buildings. 

Building was created over 50m so as to meet the criteria of tall buildings 

according to IS CODE 16700: 2023. Grid spacing was kept at a constant 

of 8m with secondary beams provided to lessen the slab length. Material 

was kept M30 in all the members and models throughout the length and 

height of the building. 

This study compares responses like Maximum storey displacement, 

Storey drift, Torsional moment about Z-axis, Overturning moment and 

time period of different models. The results indicate that as the eccentricity 

is increased in the structure and load irregularity increases, the torsional 

moment and displacement of top storey is considerably increased under 

P-delta effect. Buildings with more centrally located cores show much 

more balanced response to the lateral forces such as Earthquake. We have 

used Response spectrum method to monitor the seismic performance of 

the building/ models. 
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CHAPTER 1 

INTRODUCTION 
 

1.1 General introduction 

 

Due to urbanization of towns and rapid development of modern cities, 

horizontal expansion is limited and vertical construction is the way to go, 

not just for residential but also commercial and mixed-use projects. 

Reinforced buildings are widely being used to solve this problem because 

of their durability, strength and serviceability. However, as the height of 

any structure increased, its stability takes a toll and Earthquake/ Wind 

forces become critical to the structure. They are more sensitive to lateral 

loads than low-rise buildings. 

 

1.2 Tall building behaviour under lateral loads 

 

Structural response of tall buildings is greatly affected by load 

distribution, stiffness distribution and geometric configuration of the 

building itself. One of the primary and important factors to keep in mind 

is the structural core of the building.  

The core generally consists of lift shafts and staircases enclosed by 

reinforced concrete walls which act as the primary lateral load resisting 

systems of tall buildings. When the core is evenly located about the plan, 

secondary effects like torsion and P-delta are negligible and do not play a 

great role in the stability of the building.  

However, due to architectural constraints, sometimes core is not 

efficiently placed and can create an eccentricity in the plan of the building 
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causing second order effects to take a greater role in the analysis and 

reduce the stability of buildings. 

 

 

1.3 P-Delta effect in high-rise buildings 

 

P-delta effect is a second order effect that becomes important in tall and 

slender buildings subjected to lateral loads such as Earthquake or Wind 

loads. 

In structural analysis, “P” represents the axial gravity load acting on the 

building, while “Delta (∆)” represents the lateral displacement of the 

building due to external load.  

If the building goes under high lateral deflection, secondary order effects 

become important as the vertical loads no longer act along the original 

undeformed position of the structure. 

 

M = P.∆ 

 

These secondary moments increase the overall internal forces and it is an 

iterative process. 

Significance of P-delta effects greatly on things like building height, axial 

loading, slender ratio and Structural loading/ configuration.  Buildings 

with irregular plans, soft stories or eccentric cores are highly affected by 

this secondary effects. It also increases the torsional response of the 

building and shows uneven displacement patterns. P-delta is used to come 

to a more realistic prediction of structural behaviour of the building. 
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With help of ETABS, we are able to efficiently perform second-order 

analysis of irregular high-rise buildings. This effect helps us evaluate the 

influence of geometric irregularities on structure and helps in identifying 

critical conditions related to drift, stability and overall safety of the 

building. 

There it plays an important role in correctly predicting the behaviour of 

tall RCC buildings with irregular plan or loadings. 

 

1.4  Core eccentricity in tall buildings 

1.4.1 Symmetric and asymmetric core systems 

Core eccentricity in tall buildings refers to when the structural core is 

positioned away from the geometrical centre of the building and it causes 

irregular stiffness distribution. Core generally consists of lift shafts, 

staircases and shear walls which are generally used to resist lateral forces 

such as Earthquake and Wind loads.  

In modern construction practices, architectural and space constraints force 

us to design buildings with asymmetric core systems which cause torsion 

and elevate the second order effects in the building. This study is an 

attempt to get a better understanding of such structures. 
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1.4.2 Center of mass and Center of rigidity 

Center of mass is the point where the total mass of the building is generally 

considered to be concentrated. Center of rigidity is the point through 

which lateral resisting elements act to resist horizontal forces. 

In a symmetrical building, both of these points are close to each other. 

However, in asymmetric buildings, these points are far apart and this 

causes eccentricity in the building. Center of rigidity shifts towards the 

stiffer side of the structure. This separation between center of mass and 

rigidity produces torsional moments when lateral loads act on the building, 

causing the structure to rotate in addition to primary effects of forces. 

1.5 Problem statement  

In modern construction and rapid development of the cities, horizontal 

space is a constraint and we are often forced to expand vertically and have 

plans which are irregular or have asymmetric core in them which causes 

many secondary order effects as we have already discussed. P-delta 

becomes dominant if the height of the structure is high and more so if 

torsion is introduced in the building. 

Center of mass and rigidity go further away from each other and cause an 

eccentricity in the building which develops torsional moment. 

 



5 
 

 

1.6 Need of the study 

This present study focuses on evaluation of the behaviour of tall reinforced 

concrete buildings where we have kept the plan area and loading same 

throughout the different models but have introduced eccentricity in them 

via shear wall positioning and different core positioning.  

This study aims to study parameters like maximum displacement of top 

storey, storey drifts, overturning moments and time period of the different 

models and how introducing eccentricity while keeping the same sizes 

effect these parameters. 

1.7 Aim of the study 

Aim of this study is to investigate the influence of core eccentricity on tall 

reinforced concrete buildings with emphasis on P-delta and Torsional 

effect. 

1.8 Objectives of the study 

1. To model and analyse a high rise RCC building with different core 

locations using ETABS. 

2. To study the effect of eccentricity between center of mass and center 

of rigidity 

3. To evaluate the influence of core eccentricity on storey 

displacement, storey drift, time period and overturing moment. 

4. To examine how P-delta effect causes changes in these parameters 

throughout the different models. 

5. To identify the configuration which gives the best and most stable 

results amongst all the models we have analysed.  
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1.9 Methodology 

In this study, we have prepared three models on ETABS of a high rise 

building with consistent grid spacing, height and member sizes with a 

small distinction of their core placements. M1 has five cores which are 

equally placed throughout the structure. M2 has 2 cores which are 

concentrated on one side while M3 has one core on one side of the building 

causing it to be the most critical of all three models. We analyse these three 

models with P-delta ON and OFF, then we study the different parameters 

as mentioned before and identify the most critical case of all three 

configurations. 

1.10 Organization of thesis 

1. Chapter 1 – Introduction 

2. Chapter 2 – Literature review 

3. Chapter 3 – Methodology 

4. Chapter 4 – Results and discussions 

5. Chapter 5 – Conclusions and Insights. 
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CHAPTER 2 

LITERATURE REVIEW 
 
2.1 P-delta effects in tall structures. 
 
P-delta effects is a secondary order effect which is caused when a large 

building undergoes lateral displacement due to lateral forces like 

earthquake or wind loads. Gravity load acting the columns and walls 

of the structure create additional moment due to the primary lateral 

displacement and these additional moments are what cause instability 

in tall, slender buildings.  

Ignoring this effect can cause us underestimating the full effects that 

secondary order moments provide and can cause to unstable and unsafe 

analysis and design of a structure. 

 

 

 

Fig. 2.1 Graphical representation of P-Delta effect 
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2.2 Core eccentricity in buildings. 

Core of a building consists of lift shafts, staircases and shear walls 

which resist the lateral forces primarily. When placed efficiently, these 

cores provide great strength to the structure but if placed in such a way 

that it causes eccentricity in the structure then they can cause torsion 

and amplify secondary order effects like P-delta. 

Due to modern architectural constraints, we are seeing more and more 

plans where the core is placed inefficiently due to space constraints, 

which causes instability and stiffness irregularity throughout the plan. 

 
Fig. 2.2(a) Plan with eccentric core placements 

 

 
Fig. 2.2(b) Torsional irregularity in buildings 
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2.3 Response spectrum analysis 

Response spectrum analysis is a linear dynamic seismic method where we 

study the peak response of a structure subjected to seismic excitation. It 

uses pre-defined spectrums representing the maximum expected response 

of the structure at different natural frequencies based on historic 

earthquake data and site details. 

This method captures the dynamic characteristics of a building by 

considering multiple modes of vibration and providing a realistic estimate 

of seismic demands without the computational cost of full time-history 

analysis. Response Spectrum Analysis combined with consideration of P–

Delta effects form a practical approach widely used in seismic design 

codes such as IS 1893.  

 

2.4 Distinction Between P–δ and P–Δ Effects 

In the context of geometric nonlinearity in structural analysis, P-δ (small 

delta) and P-Δ (large delta) effects represent two different types of second-

order effects: 

 P–δ effects refer to local second-order moments caused by axial 

loads acting on the small lateral deflections on individual structural 

elements, such as beams and columns. These effects are primarily 

related to the member-level deformations. 

 P–Δ effects represent the global second-order moments due to axial 

loads acting on the overall lateral displacement of the structure, 

essentially considering the displacement of the entire frame or 

building relative to the base. 

This study focuses on P-Δ effects, which are significant in tall buildings 
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and structures with core eccentricities. The P-δ effects have been excluded 

from this analysis to simplify the modelling process and because they are 

typically less critical compared to P-Δ effects in global stability 

assessments of multi-storey buildings. 

 

2.5 Review of past research 

The study of P-delta with seismic analysis has been an important and 

relevant topic of study for many years, particularly for tall buildings with 

irregular plan or loadings causing elevation of second order effects. 

 

Nikunj Mangukiya et al. (2019) performed a P-delta study of a tall RCC 

building with G+24 storeys emphasising the importance of including 

second order effects and geometric non-linearity. This study shows that 

ignoring P-delta effects can lead underestimation of lateral displacements 

by 12–20% and bending moments by 5–20%, highlighting the importance 

of these effects in ensuring structural safety under seismic loads. 

 

Likewise, Lakshmi Subash (2017) analysed the seismic response of tall 

RC buildings with different number of storeys in ETABS. The findings of 

the study showed that the P-Delta effects are more pronounced in 

buildings taller than 10 storeys and that the difference in displacement 

increases significantly with the height. The study concluded that the P-

Delta induced storey drift may increase by up to 13.75% in comparison to 

linear static analysis in 30 storey buildings, but up to 7% in buildings with 

less than ten storeys. This highlights the importance of P-Delta effect on 

medium to high risers RC buildings to prevent unsafe design because of 

the underestimated lateral responses. 
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Samanta et al. (2020) studied the behaviour of the Intermediate Moment 

Resisting Frames (IMRF) under seismic loads, as an extension to RC 

frames under seismic loads. They found that the P-Delta effects have a 

significant effect on the initial lateral stiffness and base shear capacity of 

IMRFs. The omission of P-Delta in the code can result in overestimate of 

the base shear capacity, leading to misjudgement in seismic design and 

safety assessment. Furthermore, different kinds of displacement load 

patterns were shown to influence the nonlinear response of frames, 

indicating the importance of developing more sophisticated design 

procedures to incorporate P-Delta effects for providing accurate estimates 

of seismic response. 

Wilson and Habibullah (1987) have been able to create an analytical 

method for including the P-Delta effects directly into the stiffness matrix 

of multistorey buildings. The study showed that second order effect has a 

significant effect on the lateral response, the storey displacement and 

dynamic characteristics of tall buildings. The authors found that ignoring 

P-Delta effect may result in non-conservative design of the structure in 

high-rise structures. 

Jadav and Desai (2020) studied the effect of P–Delta effects on the tall 

reinforced concrete buildings by implementing ETABS software. The 

effect of P-Delta effects on tall reinforced concrete building was 

investigated by Jadhav and Desai (2020) by implementing ETABS 

software. Various structural systems including moment resisting frames, 

shear wall system and tube system were studied under seismic loading. 

The study noted that the earlier mentioned P-Delta effects increase with 

the building height, flexibility and hence the displacement and drift value. 
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Bakalis, Makarios and Athanatopoulou (2021) analysed the inelastic 

dynamic eccentricity of asymmetric multistorey RC structures behaviour. 

A study of torsional response due to eccentricity of centre of mass and 

centre of stiffness was carried out. The study revealed that with an increase 

in eccentricity, the seismic demand and torsional rotation of buildings with 

asymmetric plan forms also increase. 

The authors Kumar, Madhuri and Olaiya (2025) have studied the 

nonlinear seismic response of plan and vertically asymmetric reinforced 

concrete structures with directional earthquake loading. Structural 

eccentricity was introduced at different levels to investigate the torsional 

behaviour. The authors noted that the high eccentricity induced into tall 

buildings results in larger rotations of the floor, greater lateral 

displacement and greater torsional irregularity. 

Sirsat and Pandit (2026) have studied seismic behavior of irregular high-

rise RCC structure with and without shear wall with the consideration of 

P-Delta effect. Seismic loading was analysed on different irregular plan 

configurations. The study revealed that the irregularity affects the 

torsional response and the storey deformations in a negative way, while 

the shear walls have a positive effect on the lateral stiffness and excessive 

movement of the structure. 

 

2.6 Research gap 

While there are many studies dealing with the impact of P-Delta effects, 

the influence of seismic response and structural irregularities in tall R/C 

structures, few studies have addressed the impact of core eccentricity on 

amplifying P-Delta effects and torsional effects. In most of the previous 

studies, the irregularities in the general plan or the stiffness irregularities 



13 
 

 

or the general behaviour of the P-Delta action on the maximum 

displacement and on storey drift are investigated. The direct connection 

among the position of the structural core and the torsional response due to 

the P-Delta effect has not been well explored. 

In addition, few studies have been conducted with simple, regular plan 

configurations, with only the location of the cores changed and geometry, 

loading and structural properties kept the same. This is relevant to make it 

clear how the core eccentricity, independently, influences P-Delta 

sensitivity, torsional irregularity, storey drift and diaphragm rotation. 

Hence, it is required to conduct a study of the effect of core eccentricities 

on seismic and second order behaviour of tall RC buildings. The main 

objective of the present study is to fill this gap by analysing regular tall 

building models with different core locations with the ETABS software 

while keeping all other parameters of the structural model constant, such 

as height, member sizes and grid spacing. 
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CHAPTER 3 
METHODOLOGY 
 
3.1 Introduction 
 
The present study investigates the influence of core eccentricity on the 

seismic and P-delta behaviour of tall reinforced concrete buildings using 

ETABS software. A regular building having a constant grid spacing and 

same member sizes with different configurations is modelled and we 

introduce different core positions in the building to study the effect of said 

eccentricity and its effect of different parameters. 

Three different models M1, M2, M3 are modelled with three different core 

locations and all three models are studied under the influence of P-delta 

effect ON and OFF.  

After the analysis, we study the parameters to get a better understanding 

as to how differently the models are behaving. 

The results obtained from ETABS output is then put carefully into graphs, 

tables and comparative discussions to identify the relationship between 

secondary order effects and core eccentricity that we have introduced in 

the models. 

 

3.2 Description of the building 

3.2.1 Building Geometry 

Plan – 40m x 40m 

Grid spacing – 5 grids spaced at 8m evenly 

Number of storeys – G+13  

Storey height – 4m 

Total height – 52.5m 
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Fig. 3.2.1(a) Plan and 3-D view of Model M1 (reference model) 

 

 
Fig. 3.2.1(b) Storey heights defined in ETABS 
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3.2.2 Structural components  

Primary beams – 350mm x 850mm 

Secondary beams – 300mm x 600mm 

Columns – 1000mm x 1000mm 

Slabs – 150mm  

Foundation – Fixed joint 

Shear walls – 300mm 

Bricks – Aerated Autoclaved Concrete (AAC) 

 

 

 

Fig. 3.2.2 Member sizes defined in all three models. 
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3.2.3 Material properties 

Concrete mix – M30 

Rebar properties – HYSD 550 

Steel grade – FE250  

 

 
Fig. 3.2.3 Material properties defined in all three models 

 

3.3 Loading details 

3.3.1 Loads 

Dead load consists of the load of all structural members and the self-

weight of all the building and its components. 

Floor finish – 1kN/ m2  

Live load – 4kN/ m2 
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Wall loads on primary beams – 7kN/ m 

Wall loads on secondary beams – 5.5 kN/m 

3.3.2 Loads definition  

3.3.2.1 Load pattern and Load cases 

 

Fig. 3.3.2.1(a) Load Patterns defined in ETABS 
 

 

Fig. 3.3.2.1(b) Load cases defined in ETABS 
 

Load Cases: The structure was subjected to gravity loads (dead and live 

loads) and seismic loads as per Indian code provisions 
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Load patterns: They are defined loads which we have used to load the 

building with in accordance to IS 875 Part 1 and Part 2.  

3.3.2.2 Load combinations 

Appropriate load combinations were formulated to reflect the worst-case 

scenarios based on IS 1893 (Part 1):2016 and IS 456: 2016. 

 

Fig. 3.3.2.2 Load combinations defined in ETABS 
 

3.3.2.3 Mass source 

The mass source for dynamic analysis was defined considering the slab 

and structural mass distribution. 

 

Fig. 3.3.2.3 Mass source defined in ETABS 
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3.4 Response Spectrum Analysis  

 

Fig. 3.4 Response spectrum parameters defined 
 

Response spectrum is defined to capture the maximum expected structural 

response such as displacement, acceleration and forces at different 

vibration frequencies during an earthquake. It simplifies dynamic seismic 

analysis by providing peak values without performing full time-history 

simulations, enabling efficient and accurate design of earthquake-resistant 

structure. This method uses less computational power than Time-History 

method, which is advantageous to our project. 
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3.5 Description of Three models 

3.5.1 M1 

 

Fig. 3.5.1 Plan view of Model M1 
 

Model M1 has 5 cores located at equidistant spots in such a way that there 

is not much eccentricity introduced in the structure. Cores consist of shear 

walls for lift shafts and staircases. This type of arrangement keeps the 

center of mass and center of rigidity relatively close to each other. 
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3.5.2 M2 

 

Fig. 3.5.2 Plan view of Model M2 
 

Model M2 has two cores located on one side of the building. This type of 

arrangement creates an unsymmetrical arrangement and causes stiffness 

irregularity in the plan which gives us a higher eccentricity than M1 to 

give us a better idea as to how core locations affect our parameters. This 

arrangement makes the building more susceptible to torsional moments. 

 

 

 



23 
 

 

3.5.3 M3 

 

Fig. 3.5.3 Plan view of Model M3  
 

Model M3 has one core concentrated at one end of the building, many 

architectural constraints can cause us to have such arrangements. This type 

of configuration can elevate the secondary order effects even higher than 

M2 and cause the building to be highly unstable. This configuration causes 

the most separation between center of mass and center of rigidity, causing 

the higher eccentricity. 
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3.6 P-delta settings 

 

Fig. 3.6 P-delta settings and parameters opted in ETABS 
 

P-delta setting was used in this modelling in accordance to the provisions 

mentioned in IS 16700: 2023, which is the IS Code for tall buildings. We 

used the iterative P-delta method based on gravity loads. This helps in 

getting a better understanding and analysis of the structure. 

3.7 Parameters considered for comparison  

Seismic behaviour of the buildings was studied and some important 

parameters were selected to compare the relationship between core 

eccentricity and second order effects.  

The parameters considered are: 

 Torsional moment 

 Storey drift 
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 Max displacement 

 Overturning moment  

3.8 Validation of model consistency and pre-analysis checks 

 
Fig. 3.8 Check Model dialogue box 

 
The ETABS model is subjected to various pre-analysis checks so as to 

confirm that joints and diaphragms are properly connected to one another. 

To ensure that load path is uninterrupted. The model is also checked for 

irregularities in stiffness and orphan nodes. It is also checked for 

unintentional moment or member releases at places where it is not 

required. These checks ensure that any modelling error does not creep in 

and don’t affect the structural analysis of the model.  
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CHAPTER 4 
RESULTS AND DISCUSSIONS 
 
4.1 Introduction 

This chapter represents the results and findings of the research we’ve done 

in this project. We study the graphs, tables and other technical data that 

we’ve obtained from the ETABS software such as Maximum 

displacement, Storey drift variation, Torsional moment and overturning 

moment of the building. 

 In this chapter, we’ll objectively come to a conclusion as to which 

configuration is better amongst the three models we’ve designed. We’ll 

state which configuration, with the help ETABS output, is best structurally 

and how architects and designers should keep important influences like 

eccentricities in mind while planning a building, especially high-rise, as 

tall buildings are susceptible to secondary order effects such as P-delta due 

to increased axial loading and lateral displacements. 

We’ve considered many load cases in the analysis of these models but 

we’ll focus on couple of cases specifically as they give us the most critical 

data regarding most of the parameters. The load combinations we’ve taken 

into consideration are combinations we’ve taken into account due to 

Response Spectrum analysis in accordance to provisions in IS 1893: 2016. 

Two critical combinations we’ve considered are: 

 1.5*(DL+SPECX) 

 1.5*(DL+SPECY) 

While these combinations provide highest values for torsion and top 

storey displacement, these are NOT the only combinations we’ve 

considered. These are two of many combinations we’ve used for analysis 
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4.2 Results of Model M1 

4.2.1 Torsional moment 

With P-delta iterative effect- 

 
Table. 4.2.1 (a) Base reaction table M1 with P-delta 

 
Without P-delta iterative effect- 

 
Table. 4.2.1(b) Base reaction table M1 without P-delta 
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Difference in Torsional moment (MZ) considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(ହଽଵ,ହଽ଴ିହଶହ,ଷ଻ଽ)

(ହଽଵ,ହଽ଴)
 

 

%change = 11.192% change in torsion between the two configurations. 

 

-Difference in Torsional moment (MZ) considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟ )

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

 

%change = 
(ହଶଷ,ହ଺ଶିସ଻ସ,ଵ଻ଵ)

(ହଶଷ,ହ଺ଶ)
 

 

%change = 9.434% change in torsion between the two configurations. 

This result clearly shows how P-delta, even without much core 

eccentricity, increases secondary order effects like Torsion by substantial 

amount of 11.192% and 9.434% in principal directions of X and Y 

respectively. As even a symmetric building undergoes lateral sway due to 

seismic excitation, gravity loads start to produce torsion in the building, 

which we know as the P-delta effect. 

This result shows how P-delta can affect tall high-rise buildings, and 

significantly influence the torsional moment in the building. We’ll see 

ahead how much this effect increases in buildings with asymmetrical 

cores. 
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4.2.2 Maximum displacement (X-displacement) 

With P-delta iterative effect- 

 

Table. 4.2.2(a) Maximum X-displacement M1 with P-delta 
 

Without P-delta iterative effect- 

 

Table. 4.2.2(b) Maximum X-displacement M1 without P-delta 
 

-Difference in X-displacement considering 1.5 (DL+SPECX) 

 

%change = 
(ହ଴.ଽହ଼ି .ହଽଶ)

(ହ଴.ଽହ଼)
 

 

%change = 10.530% change in X-displacement between the two 

configurations. 

 



30 
 

 

4.2.2 Maximum displacement (Y-displacement) 

With P-delta iterative effect- 

 
Table. 4.2.2(c) Maximum Y- displacement M1 with P-delta 

 
Without P-delta iterative effect- 

 
Table. 4.2.2(d) Maximum Y- displacement M1 without P-delta 

 
-Difference in Y-displacement considering 1.5 (DL+SPECY) 

 

%change = 
(ଷହ.ହସ଻ିଷଷ.ଶହଽ)

(ଷହ.ହସ଻)
 

 

%change = 6.436% change in Y-displacement between the two 

configurations. 
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Torsional irregularity ratio 

ηt = 
୼୫ୟ୶

୼௔௩௚
 

where,  

 Δmax = maximum displacement at one edge of diaphragm 

 Δ𝑎𝑣𝑔 = average displacement of diaphragm edges 

 

Left edge displacement at storey 14 = 50.859 

Right edge displacement at storey 14 = 50.958 

 

Δmax = 50.958 

Δavg =  
(ହ଴.଼ହଽାହ଴.ଽହ଼)

ଶ
 = 50.9085 

 

ηt = 
50.958

50.9085
  = 1.01 

 

 

 

Table. 4.2.2(e) Definitions of irregular buildings 

ηt < 1.2 states the building is pretty symmetric. 
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4.2.3 Storey drift (X-direction) 

 
Table. 4.2.3(a) Maximum X- direction storey drift M1 with and without P-delta 

 

-Difference in X-direction considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(଴.଴଴ଵଶ଴ସି .଴଴ଵ଴଻ଽ)

(଴.଴଴ଵଶ଴ସ)
 

 

%change = 10.382% change in X-direction drift between the two 

configurations. 

4.2.3 Storey drift (Y-direction) 

 

Table. 4.2.3(b) Maximum X- direction storey drift M1 with and without P-delta 
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Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

 

%change = 
(଴.଴଴଴଼ସ଼ି଴.଴଴଴଻଻଻)

(଴.଴଴଴଼ସ଼)
 

 

%change = 8.372% change in Y-direction drift between the two 

configurations. 

 

 
Fig. 4.2.3 Storey drift graphical comparison 

These graphs clearly show that maximum storey drift occurs at the middle 

storeys and there is a concentration of lateral deformation pattern and 

stiffness distribution along the height of the building.  

In tall buildings subjected to seismic activity, lower storeys are held in 

place with high stiffness because of the foundation and the higher storeys 

experience lesser shear force, so the relative displacement is maximum at 

the intermediate storeys. 
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P-delta amplification Coefficient 

A.F = 
𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯 𝑷ି𝑫𝑬𝑳𝑻𝑨

𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯𝑶𝑼𝑻 𝑷ି𝑫𝑬𝑳𝑻𝑨
 

 

 X-Direction:  

A.F = 
𝟎.𝟎𝟎𝟏𝟐𝟎𝟒

𝟎.𝟎𝟎𝟏𝟎𝟕𝟓
 = 1.12 

This shows there is an 12% of amplification due to P-delta in X-direction. 

 Y-Direction:  

A.F = 
𝟎.𝟎𝟎𝟎𝟖𝟒𝟖

𝟎.𝟎𝟎𝟎𝟕𝟕𝟕
 = 1.091 

This shows there is an 9.1% of amplification due to P-delta in Y-direction. 

Alternatively,  

A.F = 
𝟏

𝟏ି𝜽
 

θ – Inter-storey drift stability coefficient 

Putting these values of A.F in above equation, 

 X-direction, 

𝟏

𝟏ି𝜽
 = 1.12 

θ = 0.12 for X-direction 

 Y-direction, 

𝟏

𝟏ି𝜽
 = 1.091  

θ = 0.091 for Y-direction 

Clause 7.3.10 of IS 1893:2016 states that Inter-storey stability index 

should be less than equal to 0.2. 
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4.2.4 Overturning moment (X-direction) 

4.2.4.1 Overturning moment due to 1.5 (DL+SPECX) 

With P-delta iterative effect 

 
Fig 4.2.4.1(a) Overturning moment (X)        Table 4.2.4.1(a) Overturning moment (X) 

                         with P-delta                                              with P-delta 

Without P-delta iterative effect 

 
   4.2.4.1(b) Overturning moment (X)           Table 4.2.4.1(b) Overturning moment (X) 

                         without P-delta                                          without P-delta 

 

Difference in X-direction considering 1.5 (DL+SPECX) 

%change = 
(ଽଵସ଴ହସ଺.ଽ଺଴଻ି଼଺ହ଺ଵ଺଺.ସଶଶ଻)

(ଽଵସ଴ହସ଺.ଽ଺଴଻)
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%change = 5.230% change in X-direction drift between the two 

configurations. 

4.2.4 Overturning moment (Y-direction) 

4.2.4.2 Overturning moment due to 1.5 (DL+SPECY) 

With P-delta iterative effect 

 
Fig 4.2.4.2(a) Overturning moment (Y)        Table 4.2.4.2(a) Overturning moment (Y) 

                         with P-delta                                                    with P-delta 

Without P-delta iterative effect 

 
4.2.4.2(b) Overturning moment (Y)              Table 4.2.4.2(b) Overturning moment (Y) 

                         without P-delta                                         without P-delta 
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Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧  ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

 

%change = 
(ଽ଴ଽଶହ଼ଶି଼଺଴଻ସ )

(ଽ଴ଽଶହ଼ଶ)
 

 

%change =5.345% change in Y-direction drift between the two 

configurations. 

 

The overturning moment is not greatly affected in this Model M1 because 

factors effecting overturning moment are mainly the seismic weight and 

lateral displacement of the building, while displacement does change due 

P-delta and second order effects like torsion, the overall weight and base 

shear remains the same of the building. 

Core eccentricity does separate the center of mass and rigidity but it does 

not greatly influence the global parameter such as overturning moment.  
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4.3 Results of Model M2 

4.3.1 Torsional moment 

With the P-delta iterative effect 

 
Table. 4.3.1 (a) Base reaction table M2 with P-delta 

Without the P-delta iterative effect 

 
Table. 4.3.1 (b) Base reaction table M2 without P-delta 
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Difference in Torsional moment (MZ) considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛  ௉ିௗ )

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(ସଽସଽହଽ.଼଻ଶଶିସ଴ଶ଼ସ଺.ଶ଺଴ଽ)

(ସଽସଽହଽ.଼଻ଶଶ)
 

 

%change = 18.619% change in torsion between the two configurations. 

 

-Difference in Torsional moment (MZ) considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(ସ଴଴ଶଶଶ.଻଺ସ଻ିଷସ଴ସଽଷ.ଶ଼)

(ସ଴଴ଶଶଶ.଻଺ସ଻)
 

 

%change = 14.923% change in torsion between the two configurations. 

This result shows that with a little eccentricity introduced in the system of 

models, percent change in torsion can increase substantially from 

11.192% and 9.434% to 18.619% and 14.92% in principal directions of 

X and Y. We’ll further see as to how a little eccentricity can affect other 

parameters as well.  

Asymmetric core introduces separation between center of mass and center 

of rigidity, which causes an eccentricity to develop in the building and 

torsional moments as well as second order effects are amplified. 
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4.3.2 Maximum displacement (X-displacement) 

With P-delta iterative effect- 

 
Table. 4.3.2(a) Maximum X- displacement M2 with P-delta 

 
Without P-delta iterative effect- 

 
Table. 4.3.2(b) Maximum X- displacement M2 without P-delta 

 
Difference in X-displacement considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟ )

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

 

%change = 
(଻ଷ.ଵ଻଻ି଺ସ.଴଻ଷ)

(଻ଷ.ଵ଻଻)
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%change = 12.455% change in X-displacement between the two 

configurations 

4.3.2 Maximum displacement (Y-displacement) 

With P-delta iterative effect- 

 
Table. 4.3.2(c) Maximum Y- displacement M2 with P-delta 

 
Without P-delta iterative effect- 

 
Table. 4.3.2(d) Maximum Y- displacement M2 without P-delta 

 
Difference in Y-displacement considering 1.5 (DL+SPECY) 

%change = 
(଺ସ.ଶ଴ସିହହ.ଵଷ଼)

(଺ସ.ଶ଴ସ)
 

%change = 14.110% change in Y-displacement between the two 

configurations 
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Torsional irregularity ratio 

ηt = 
୼୫ୟ୶

୼௔௩௚
 

where,  

 Δmax = maximum displacement at one edge of diaphragm 

 Δ𝑎𝑣𝑔 = average displacement of diaphragm edges 

 

Left edge displacement at storey 14 = 48.96 

Right edge displacement at storey 14 = 73.177 

 

Δmax = 73.177 

Δavg =  
(ସ଼.ଽ଺ା଻ଷ.ଵ଻଻)

ଶ
 = 61.0685 

 

ηt = 
73.177

61.0685
  = 1.19 

 

 
Table. 4.3.2(e) Definitions of Torsional irregularity  

ηt < 1.2 states the building is pretty symmetric and stable. 
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4.3.3 Storey drift (X-direction) 

 
Table. 4.3.3(a) Maximum X- direction storey drift M2 with and without P-delta 

-Difference in X-direction considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

%change = 
(଴.଴଴ଵ଻ଷଷି .଴଴ଵହଷ)

(଴.଴଴ଵ଻ଷଷ)
 

%change = 11.712% change in X-direction drift between the two 

configurations. 

4.3.3 Storey drift (Y-direction) 

 
Table. 4.3.3(b) Maximum Y- direction storey drift M2 with and without P-delta 
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Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢  ௉ିௗ )

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(଴.଴଴ଵ଻଴ଵି଴.଴଴ଵସ଻଺)

(଴.଴଴ଵ଻଴ଵ
 

%change = 13.222% change in X-direction drift between the two 

configurations. 

 
Fig. 4.3.3 Storey drift graphical comparison  

Here, we see an important observation that storey drift is maximum at 

lower storeys compared to M1 where we saw intermediate storeys with 

maximum storey drift. This is attributed to concentration of lateral 

deformation in lower storeys due to combined factor of high seismic shear 

forces and irregular stiffness created by cores placed at the side of the 

building plan. Since lower storeys resist more gravity load of higher 

levels, irregular stiffness introduced by eccentric cores increase torsional 

demand, as we have seen, and storey drift increases at lower levels. 
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P-delta amplification Coefficient 

A.F = 
𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯 𝑷ି𝑫𝑬𝑳𝑻𝑨

𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯𝑶𝑼𝑻 𝑷ି𝑫𝑬𝑳𝑻𝑨
 

 

 X-Direction:  

A.F = 
𝟎.𝟎𝟎𝟏𝟏𝟕𝟑

𝟎.𝟎𝟎𝟏𝟓𝟑𝟎
 = 1.14 

This shows there is an 14% of amplification due to P-delta in X-direction. 

 Y-Direction:  

A.F = 
𝟎.𝟎𝟎𝟏𝟕𝟎𝟏

𝟎.𝟎𝟎𝟏𝟒𝟕𝟔
 = 1.15 

This shows there is an 15% of amplification due to P-delta in Y-direction. 

Alternatively,  

A.F = 
𝟏

𝟏ି𝜽
 

θ – Inter-storey drift stability coefficient 

Putting these values of A.F in above equation, 

 X-direction, 

𝟏

𝟏ି𝜽
 = 1.14 

θ = 0.14 for X-direction 

 Y-direction, 

𝟏

𝟏ି𝜽
 = 1.15 

θ = 0.15 for Y-direction 

Clause 7.3.10 of IS 1893:2016 states that Inter-storey stability index 

should be less than equal to 0.2. 
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4.3.4 Overturning moment (X-direction) 

4.3.4.1 Overturning moment due to 1.5 (DL+SPECX) 

With P-delta iterative effect 

 
4.3.4.1(a) Overturning moment (X)             Table 4.3.4.1(a) Overturning moment (X) 

                         with P-delta                                                   with P-delta 

Without P-delta iterative effect 

 
4.3.4.1(b) Overturning moment (X)             Table 4.3.4.1(b) Overturning moment (X) 

                       without P-delta                                             without P-delta 

Difference in X-direction considering 1.5 (DL+SPECX) 

%change = 
(଼଺ଽଵ଴ଵ଼.ଶସ଺଺ି଼ଶ଴ସଽହଷ.ହ଴଻)

(଼଺ଽଵ଴ଵ଼.ଶସ଺଺)
 

%change = 5.6% change in X-direction drift between the two 

configurations. 
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4.3.4 Overturning moment (Y-direction) 

4.3.4.1 Overturning moment due to 1.5 (DL+SPECY) 

With P-delta iterative effect 

 
4.3.4.1(c) Overturning moment (Y)               Table 4.3.4.1(c) Overturning moment (Y) 

                         with P-delta                                                      with P-delta 

Without P-delta iterative effect 

 
4.3.4.1(d) Overturning moment (Y)              Table 4.3.4.1(d) Overturning moment (Y) 

                        without P-delta                                              without P-delta 

Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(଼ଽ଴଻ହ଼ଶି଼ସଶଷହଶ଴)

଼ଽ଴଻ହ଼ଶ)
 

%change = 5.43% change in Y-direction drift between the two 

configurations.As we have noted earlier, a global parameter like 
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overturning moment is not greatly affected by secondary order effects or 

even torsion itself. Seismic weight of the building and base shear remain 

the same under both conditions and eccentricity developed is not enough 

to increase the lateral displacement so much that overturning moment gets 

affected.  

We see similar value of %change in overturning moment in both principal 

directions in both models M1 and M2, as even with some eccentricity, the 

overall affects and forces are not enough to create much difference in 

overturning moment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

 

4.4 Results of Model M3 

4.4.1 Torsional moment 

With P-delta iterative effect 

 
Table. 4.4.1 (a) Base reaction table M3 with P-delta 

 
Without P-delta iterative effect 

 
Table. 4.4.1 (b) Base reaction table M3 with P-delta 
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Difference in Torsional moment (MZ) considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

 

%change = 
(ଷଵ଺,ଷ଼ଶିଶ଴ସ,ଽଷଶ)

(ଷଵ଺,ଷ଼ଶ)
 

 

%change = 35.223% change in torsion between the two configurations. 

 

-Difference in Torsional moment (MZ) considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨  ௉ିௗ௘௟ )

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(ଷ଺ହ,ଽ଼ଷିଶଽଵ଼ସ଴)

(ଷ଺ହ,ଽ଼ଷ)
 

 

%change = 20.252% change in torsion between the two configurations. 

Here we can clearly see the eccentric behaviour of the building with only 

one core at the corner of plan. We see such architectural and space 

constrains all over the place and such behaviour of buildings is unsuited 

and dangerous to its stability.  

Our earlier models had substantia; %change in their torsional moments 

but here we see about 35.223% and 20.252% increase in the moments in 

X and Y principal directions respectively which is not suitable for design 

or analysis. 
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4.4.2 Maximum displacement (X-displacement)  

With P-delta iterative effect 

 
Table. 4.4.2(a) Maximum X- displacement M3 with P-delta 

 
Without P-delta iterative effect 

 
Table. 4.4.2(b) Maximum X- displacement M3 without P-delta 

Difference in X-displacement considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

%change = 
(଼ଷ.଺ଵ଺ି଺ଶ.଴଴଼)

(଼ଷ.଺ଵ଺)
 

%change = 25.844% change in X-displacement between the two 

configurations 
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4.4.2 Maximum displacement (Y-displacement)  

With P-delta iterative effect 

 
Table. 4.4.2(c) Maximum Y- displacement M3 with P-delta 

Without P-delta iterative effect 

 

Table. 4.4.2(d) Maximum Y- displacement M3 without P-delta 

Difference in X-displacement considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧  ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨  ௉ିௗ௘௟ )

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

%change = 
(଻ଷ.ଽଷଵିହଶ.ଵସ଼)

(଻ଷ.ଽଷଵ)
 

 

%change = 29.463% change in X-displacement between the two 

configurations 
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Torsional irregularity ratio 

ηt = 
୼୫ୟ୶

୼௔௩௚
 

where,  

 Δmax = maximum displacement at one edge of diaphragm 

 Δ𝑎𝑣𝑔 = average displacement of diaphragm edges 

 

Left edge displacement at storey 14 = 51.19 

Right edge displacement at storey 14 = 83.616 

 

Δmax = 83.616 

Δavg =  
(଼ଷ.଺ଵ଺ାହଵ.ଵଽ)

ଶ
 = 67.403 

 

ηt = 
83.616

67.403
  = 1.24 

 

 
Table. 4.4.2(e) Definitions of Irregular buildings 

 

ηt > 1.2 states the building is asymmetric and it exhibits Torsional Irregularity. 
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4.4.3 Storey drift (X-direction) 

 
Table. 4.4.3(a) Maximum X- direction storey drift M3 with and without P-delta 

-Difference in X-direction considering 1.5 (DL+SPECX) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨௧ ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟ )
 

%change = 
(଴.଴଴ଶ଴଼଺ି଴.଴଴ଵହଽ଻)

(଴.଴଴ଶ଴଼଺)
 

%change = 23.441% change in X-direction drift between the two 

configurations. 

 

4.4.3 Storey drift (Y-direction) 

 
Table. 4.4.3(b) Maximum Y- direction storey drift M3 with and without P-delta 
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Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨  ௉ିௗ௘௟௧௔)

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

%change = 
଴.଴଴ଵଽହଶି଴.଴଴ଵସ଴଼ )

(଴.଴଴ଵଽହଶ)
 

%change = 27.866% change in Y-direction drift between the two 

configurations. 

 

 
fig. 4.4.3 Storey drift graphical comparison 

Here we yet again see, even lower storeys where the storey drift is 

maximum, this is attributed to the single core placed at the end of the plan. 

This much eccentricity in the building causes high torsion and 

accumulation of seismic shear forces at the lower storey levels. Such an 

arrangement produces a highly irregular stiffness distribution and 

significant separation between canter of mass and center of rigidity. This 

shift of maximum drift towards the lower levels shows the critical nature 

of this configuration and lower levels require even higher structural 

demand than it would’ve in previous models M1 and M2. 
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P-delta amplification Coefficient 

A.F = 
𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯 𝑷ି𝑫𝑬𝑳𝑻𝑨

𝑫𝑹𝑰𝑭𝑻 𝑾𝑰𝑻𝑯𝑶𝑼𝑻 𝑷ି𝑫𝑬𝑳𝑻𝑨
 

 

 X-Direction:  

A.F = 
𝟎.𝟎𝟎𝟐𝟎𝟖𝟔

𝟎.𝟎𝟎𝟏𝟓𝟗𝟐
 = 1.31 

This shows there is an 31% of amplification due to P-delta in X-direction. 

 Y-Direction:  

A.F = 
𝟎.𝟎𝟎𝟏𝟗𝟓𝟐

𝟎.𝟎𝟎𝟏𝟒𝟎𝟖
 = 1.38 

This shows there is an 38% of amplification due to P-delta in Y-direction. 

Alternatively,  

A.F = 
𝟏

𝟏ି𝜽
 

θ – Inter-storey drift stability coefficient 

Putting these values of A.F in above equation, 

 X-direction, 

𝟏

𝟏ି𝜽
 = 1.31 

θ = 0.31 for X-direction 

 Y-direction, 

𝟏

𝟏ି𝜽
 = 1.38 

θ = 0.38 for Y-direction 

Clause 7.3.10 of IS 1893:2016 states that Inter-storey stability index 

should be less than equal to 0.2. This value shows how unstable the model 

is. 
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4.4.4 Overturning moment (X-direction) 

4.4.4.1 Overturning moment due to 1.5 (DL+SPECX) 

With P-delta iterative effect 

 
4.4.4.1(a) Overturning moment (X)             Table 4.4.4.1(a) Overturning moment (X) 

                         with P-delta                                                 with P-delta 

Without P-delta iterative effect 

 

 

4.4.4.1(b) Overturning moment (X)             Table 4.4.4.1(b) Overturning moment (X) 

                         without P-delta                                        without P-delta 

 

 

Difference in X-direction considering 1.5 (DL+SPECX) 
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%change = 
(଼ଽ଼ସସଽଶ.ଽ଼଻ହି଻ହସ଺଴଺ହ.ଵ଼଺)

(଼ଽ଼ସସଽଶ.ଽ଼଻ହ)
 

%change = 16.010% change in X-direction drift between the two 

configurations. 

4.4.4 Overturning moment (X-direction) 

4.4.4.1 Overturning moment due to 1.5 (DL+SPECX) 

With P-delta iterative effect 

 
     4.4.4.1(c) Overturning moment (Y)          Table 4.4.4.1(c) Overturning moment (Y) 

                           with P-delta                                             with P-delta 

Without P-delta iterative effect 

 
4.4.4.1(d) Overturning moment (Y)        Table 4.4.4.1(d) Overturning moment (Y) 

                      without P-delta                                       without P-delta 
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Difference in Y-direction considering 1.5 (DL+SPECY) 

%change = 
(ௐ௜௧௛ ௉ିௗ௘௟௧௔ିௐ௜௧௛௢௨  ௉ିௗ௘௟ )

(ௐ௜௧௛ ௉ିௗ௘௟௧௔)
 

 

%change = 
(ଽ଴ଶସ଼ହଶ.଺଺଺ହି଻ହହଵଽ଺଼.ଶସ଴ହ)

(ଽ଴ଶସ଼ହଶ.଺଺଺ହ)
 

%change = 16.323% change in Y-direction drift between the two 

configurations. 

 

This result shows how even a global parameter like overturning moment 

gets affected when such a high degree of eccentricity is introduced in the 

model.  

M3 with just one core at the corner of the plan is high asymmetric and 

creates a big separation in center of mass and center of rigidity. It creates 

a high irregular stiffness distribution, which causes high torsion and lateral 

displacement which in turns affects overturning moment. 

This increase from 5% to 16.232% from previous models M1 and M2 to 

M3 goes to show how eccentricity can affect overturning moment. 

This happens because gravity loads interact with high lateral displacement 

which occur due to high seismic excitation. 
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4.5 Overall Comparative Discussion (X-direction) 

 M1 M2 M3 

Core eccentricity 

extent 
5 cores places 

equidistant 
2 cores placed at 

one side of the 

plan 

1 core placed at 

the corner of plan. 

Increase in 

torsional moment 

due to P-delta 

 

11.192% 
 

18.619% 
 

35.223% 

Increase in 

maximum 

displacement due 

to P-delta 

 

10.530% 

 

12.455% 

 

 

25.844% 

Increase in storey 

drift due to P-

delta 

 

10.382% 

 

11.712% 

 

23.441% 

Increase in 

overturing 

moment due to P-

delta 

 

5.230% 

 

 

5.6% 

 

16.010% 

P-delta 

amplification 

coefficient (A.F.) 

 

1.12 

 

1.14 

 

1.31 

Inter-storey drift 

stability 

coefficient (θ) 

 

0.12 

 

0.14 

 

0.31 

 

Table. 4.5 (a) Table for a comparative study of parameters in X-direction 
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4.5 Overall Comparative Discussion (Y-direction) 

 M1 M2 M3 

Core eccentricity 

extent 
5 cores places 

equidistant 
2 cores placed at 

one side of the 

plan 

1 core placed at 

the corner of plan. 

Increase in 

torsional moment 

due to P-delta 

 

9.434% 
 

14.923% 
 

20.252% 

Increase in 

maximum 

displacement due 

to P-delta 

 

6.436% 

 

14.110% 

 

 

29.463% 

Increase in storey 

drift due to P-

delta 

 

8.372% 

 

13.222% 

 

27.866% 

Increase in 

overturing 

moment due to P-

delta 

 

5.345% 

 

 

5.43% 

 

16.323% 

P-delta 

amplification 

coefficient (A.F.) 

 

1.091 

 

1.15 

 

1.38 

Inter-storey drift 

stability 

coefficient (θ) 

 

0.091 

 

0.15 

 

0.38 

 

Table. 4.5 (b) Table for a comparative study of parameters in Y-direction 
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4.6 Torsional irregularity ratio (ηt) 

 M1 M2 M3 

ηt 1.01 1.19 1.24 

 

Table. 4.6 Torsional irregularity table for all models 

 

 ηt < 1.2 states the building is pretty symmetric and stable. 

 ηt > 1.2 states the building is asymmetric and it exhibits Torsional 

Irregularity 
 

4.7 Flowchart representing correlation between core 

eccentricity and Structural response parameters 

 

Fig. 4.7 Research methodology flowchart 

Increase in core 
eccentricity 

Asymmetric 
stiffness 
distribuion 

Increase in 
separation of 
center of mass 
and center of 

rigidity 

High torsional 
response 

Unequal edge 
displacement 

Increase in 
storey drift 

Amplification of  

P-delta effect 

Increase of 
secondary 
moments 

High overturning 
moment and 
structural 
instability 
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This flowchart tries to portray as to what we’ve learned in this study.  

Models M1, M2 and M3 had increasingly more core eccentricity introduced in them 

and as result we saw how M3 was highly unstable and required high structural demand. 

Increase in eccentricity causes asymmetric stiffness distribution which in turn gives 

birth to higher torsion, higher secondary order effects and amplify P-delta, which is 

highly relevant in high-rise buildings. 

 

4.8 Engineering implications of the study 

The findings of this study highlight the practical and real-world importance of proper 

core positioning. Not just core placement but equal distribution of loading and stiffness 

regularity is also as important as core placement. 

However, in practicality, architectural and space constraints exist which cause 

designers to put core, lift shafts, staircases and shear walls in such places where they 

can produced eccentricity. 

As we’ve noticed in Model M3, buildings with core placed at one corner or unevenly 

in the plan can cause great amplifications in global parameters like Overturning 

moment, Maximum displacement and storey drift. This study also shows us that lower 

storeys in eccentric configurations are subjected to greater drift concentration and 

instability effects. This is engineeringly important as lower storeys resist the most 

gravity load cumulatively as well as seismic shear forces. Excessive drift concentration 

in these levels may lead to damage in columns, shear walls, beam-column joints and 

other lateral force resisting elements like the frame itself. Therefore, it is important for 

us designers to keep adequate stiffness and loading balance throughout the plan. 

This study further solidifies the need of P-delta analysis in tall buildings, as we have 

clearly seen even in Models M1 and M2, where eccentricity is controlled, P-delta can 

cause high %change in parameters like maximum displacement, torsion and storey 

drifts. Neglecting these effects in tall buildings can underestimate the torsional 

requirement and lateral stability needed in members to resist the forces like earthquake 

and wind.  
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CHAPTER 5 
CONCLUSIONS 
 

5.1 Major findings 

 Increase in eccentricity resulted in significant amplification of torsional 

moment and lateral deformation 

 Model M1 with the most equally distributed cores showed the most stable 

structural behaviour and relatively lower drift and torsion. 

 Model M2 showed moderate increase in torsion and displacement but was 

with torsional regularity as its coefficient didn’t go over 1.2. 

 Model M3 showed the most instability because of its single core in the 

corner, it showed torsional irregularity and high overturning moments. 

 Storey drift concentration increased towards lower storeys as we went from 

M1 to M3. 

 Lower storey drift concentration leaves lower level vulnerable to seismic 

loading. 

 Inclusion of P-delta increased torsional response even in same 

configurations with same core placement. 

 Overturning moment leaped in Model M3, showing how high eccentricity 

can cause changes in global parameters too. 

 Separation of center of mass and center of rigidity causes rotational effects 

and uneven distribution of seismic forces. 

 Balanced stiffness and symmetric core placement significantly reduces the 

parameters and increases seismic and structural performance of the 

buildings. 
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5.2 Concluding remarks 

Based on the findings of the study it can be concluded that core eccentricity plays 

a big role in structural stability of the building, especially in tall reinforced 

buildings which are susceptible to earthquakes and wind loading. 

High eccentric configuration like Model M3 is super unstable and structurally 

weak due to concentration of multiple factors like torsion, storey drift 

concentration, high over turning moment. The building becomes very 

economically and engineeringly unjustified to be designed. 

The study emphasises the importance of a balanced core and even distribution of 

stiffness and loading throughout the plan. 
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