© 2020 JETIR August 2020, Volume 7, Issue 8 www.jetir.org (ISSN-2349-5162)

ASSESSMENT OF PROGRESSIVE COLLAPSE
INASYMMETRIC MULTISTORY BUILDING

LAmit Kumar, ?Nitesh Kushwaha

IM.Tech Scholar, 2Assistant Professor & Head,
1.2 Department of Civil Engineering,
L2 Millennium Institute of Technology & Science, City, Country.

Abstract: The structures generally get collapse due to the failure of one or a few structural components which then progresses over
the successive of other components. This process is referred as progressive collapse of the structure. Local damage that initiates
progressive collapse is called initiating damage. In order to study the collapse in analytical way, loading pattern or boundary
conditions are required to be changed so that other structural elements within the structure are loaded beyond their capacity. This
leads to development of alternative load paths to initiate the redistribution of loads. A typical model of a 12 storey structure is made
on ETABS Software and analysis of reinforced concrete framed structure under critical column removal has been carried using the
linear static analysis methods as per the guidelines provided in GSA (2003) and FEMA: 356 guidelines respectively taking into
consideration the provisions of 1S1893:2002 codes to simulate dynamic collapse problems. The results are then compared for the
parameters such as Demand capacity ratio PMM ratio and Robustness indicator were checked for the acceptance criteria provided
in GSA 2003.Based on results and comparing DCR values of different beams and columns with acceptance criteria given in GSA
2013 and American Society of Civil Engineering (ASCE) 41 [10].

Index Terms - Progressive Collapse, GSA, Demand capacity ratio, Robustness indicator, ETABS, PMM ratio.

. INTRODUCTION

The term “Progressive Collapse” can be simply defined as the ultimate failure or proportionately large failure of a portion of a

structure due to the spread of a local failure from element to element throughout the structure.

Progressive collapse happens when relatively local structural damage, causes a chain reaction of structure elements failures,
disproportionate to the initial damage, causing in partial or full collapse of the building. Local damage that initiates progressive
collapse of building is called initiating damage. In general, progressive collapse occurs in a very short time in seconds. It is also
possible that it can be characterized by the loss of load-carrying capacity of a relatively small portion of a building due to a typical
load which, in turn, initiates a fall of failures affecting a main portion of the structure.

A progressive collapse is forceful event as it comprises of the vibrations of structural components and results in forceful internal
forces. These internal forces could be such as inertia forces etc., whose intensity is not absorbed by the building structure.
Progressive collapse is a natural non-linear event, in which structural components are stressed beyond their elastic limit to occur
the failure.

Progressive collapse is the spread of local damage, from an initiating event, from element to element resulting, eventually, in
the collapse of an entire structure or a disproportionately large part of it; also known as disproportionate collapse (Bruce R.
Ellingwood, 2007, p. 1). As can be seen the different norms approach the progressive collapse in different ways, but they have
in common some limits for the extent of the damage. Typically destruction in such a collapse would extend one structural part,
100 m2 of floor area, or two stories. That kind of crash can be initiated by many causes, including design and construction
mistakes and load events that are over design dimensions or are not taken into account. Such events would include abnormal

loads not usually considered in a project.

The potential abnormal loads that can cause the progressive collapse are categorized like that:

a. Pressure Loads

e Internal gas explosions
e Blast
e  Wind over pressure

e  Extreme values of environmental loads
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b. Impact Loads
e Aircraft impact
e Vehicular collision

e  Earthquake Overload due to occupant overuse Storage of hazardous materials
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Figure 1: Process of Progressive Collapse
In the above figure the general process of progressive collapse in explained .let us assume a column of 18" floor in any 22
storey building is lost due fire or explosion of LPG cylinder in the kitchen (as shown in fig a. ) the building is a multistory
building may be of precast concrete panels. This failure may lead to the failure of building elements (beams and columns)
near to this damaged column of 18" floor that will form a chain reaction of failure (shown in fig b.).
The similar phenomenon can be happen due to explosion of outer column in a terrorist attack on any high rise building (as
done in WTC 9/11).

Il. THE GSA (GENERAL SERVICE ADMINISTRATION)

The aim of General Service Administration (GSA) guidelines is to minimizing potential for the progressive collapse and
provides help for evaluating the progressive collapse risk in new and existing buildings. The GSA (General Service
Administration) provides a step-by- step guidance for the structure analysis which is subjected to a sudden removal of load
carrying structural element. This guideline also provides provisions for removal of the columns including external and internal

columns and load-bearing walls.

The purpose of these Guidelines is to:
« Assist in the reduction of the potential for progressive collapse in new Buildings.
» Assist in the assessment of the potential for progressive collapse in existing Buildings.

» Assist in the development of potential upgrades to facilities if required.

The GSA (2003) Guidelines Recommended Missing Column Scenario:
The potential for progressive collapse is evaluating using linear static analysis and nonlinear static analysis in four damage

analysis cases. These four damaged column cases are shown in the fig. below:
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The loss of an exterior column located near the middle of the short side (case C1).
The loss of an exterior column located near the middle of the long side (case C2).

The loss of a corner column (case C3).

The loss of an interior column (case C4).

111. SOME TERMINOLOGIES USED IN THIE STUDY

e Robustness Indicator:

Robustness indicator (R) is defined as the ability of building to survive the local failure to withstand the loading and does not

cause any disproportionate damage.

R=Vd/Vi

Where,

Vd is the Base shear of damaged building,
Vi is the Base shear of intact building.
The value of Robustness indicator must be equal to 1, then the structure is able to provide an alternative load path.
e Demand-Capacity Ratio:

The magnitudes and distribution of potential demands on both the primary and secondary structural elements have been
identified through linear elastic analysis to quantify the potential collapse areas. These magnitude and distribution of
demands are being indicated by Demand-Capacity Ratios (DCR).

Acceptance criteria for the primary and secondary structural components is determined as:

D.C.R.= QUD/QCE

Where,
QUD = Demand force (acting) such as bending moment, axial force, shear force
QCE = Expected ultimate, un-factored capacity of the component and/or connection/joint (moment, axial force, shear and
possible combined forces)
The load bearing structural elements are considered to be severely damaged or collapsed if their DCR values through linear
elastic approach, exceeds the allowable values. These, the allowable values of DCR are:

DCR < 2.0 for typical structural configurations (GSA 2003 Section 4.1.2.3.2)
DCR < 1.5 for atypical structural configurations (GSA 2003 Section 4.1.2.3.2)

e Compression-bending Ratio (PMM ratio):
The Compression-bending Ratio (PMM ratio) is the sum of axial force demand /capacity ratio and the maximum bending
moment demand /capacity ratio. The PMM ratio for any member is the compression-bending ratio considering Euler and

Lateral-torsional buckling based on the interaction equations.
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Where,

PMM ratio = P ratio + M ratio

P ratio = Axial force demand / capacity ratio
M ratio = Bending moment demand capacity ratio

Acceptance criteria for the primary and secondary structural components is given as
PMM ratio =P ratio + Mratio< 1.5

IV. OBJECTIVES OF THE STUDY

The main objective of this work is to do the Progressive Collapse Assessment of an asymmetric G+11 HOTEL BUILDING

situated in zone Il and of India. The same structure is modeled and analyzed by ETABS software

Following are the objectives of this work-

1)  To identify the critical columns for the progressive collapse analysis of a multi-storey building.

2) To determine the DCR (demand capacity ratio) for beams neighboring to removed columns in both shear and flexure

criteria.

3) To determine the PMM Value (Column forces) for columns neighbouring to removed columns and determine the

percentage increment in the forces as compared to the intact conditions.

4)  To plot the maximum displacement curve for all the structures.

V. METHODOLOGY

In this work, the analysis based on linear static method is used to investigate Progressive Collapse Assessment of High rise

Asymmetric building under Accident loading and its Modelling Using Etabs Software as per 1S-standards. In order to

study the effect seismic force on Progressive Collapse Assessment zone Il of India is considered.

Table 1: Cases Considered for the Study

(L Shaped)

Software used Configuration of Model Dimensions Storey Remarks
Building
Seismic forces of
ETABS Asymmetrical 30m X40m 12 Zone Il as per IS:

1893:2002.
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Table 2: Description of the Structure

Specifications Data
Typical Storey Height 3m
Base Storey Height 3.0m
No. of Bays along X-Direction 4
No. of Bays along Y-Direction 5
Bay Length along X-Direction 7.5m
Bay Length along Y-Direction 8.0m
Concrete Grade M-30
Density of R.C.C. 25 KN/m?®
Density of Masonry 20 KN/m®

Columns (perimeter)

600 mm x 600 mm

Columns (interior)

600 mm x 600 mm

Beams

250 mm x 550 mm

Slab Thickness 150 mm
Bottom Support Conditions Fixed
Live Load-
Roof 1 KN/m?
Rest of the structure 2 KN/m?

Soil Conditions

Type 2 Soil (medium)

Damping Ratio

5%, asper 1S-1893: 2002 (Part-1)

Poisson Ratio 0.2
Response Reduction Factor 4
Importance Factor 1

Zone Factor

As per 1S1893- 2002 (Part 1) for
different_Seismic_Zones
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Figure 2: Plan view of the structure
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Figure 3: 3-D view of the structure
Cases considered for analysis

The following cases has been considered for the analysis of work. Modeling has been carried out using ETAB 16.2.1.

CAsE (1) ASYMMETRICAL BUILDING SUBJECTED TO SEISMIC FORCES IN GENERAL CONDITION

Case (2) Column is lost due to Gas explosion — In this Interior column will be lost.

VI. RESULTS
(1) DETERMINATION OF DCR (DEMAND CAPACITY RATIO) VALUES FOR THE BEAMS NEIGHBORING TO

REMOVED COLUMNS:

In this case we consider that interior column C 10 of ground floor is suddenly removed. The effect of that on the
neighbouring elements is explained in the form of parameters discussed below.

DCR VS STOREY for flexure

Storey 11

Storey 9

Storey 7

Storey 5

Storey 3

Storey 1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Storey | Storey | Storey | Storey | Storey | Storey | Storey | Storey | Storey | Storey | Storey | Storey
1 2 3 4 5 6 7 8 9 10 11 12

mDCR-B22| 43 3.9 3.8 | 3.73 | 3.65 2.9 2.65 | 2.45 2.3 2.3 2.1 3.5
mDCR-B21| 4.28 | 3.72 | 2.68 | 2.62 2.5 24 | 239 2.3 2.33 2.3 24 | 3.19
mDCR-B5 4.2 | 395 | 3.65 | 3.37 | 295 2.9 285 | 2.65 | 235 | 215 21 | 3.05
mDCR-B44| 4.17 | 3.37 2.9 2.66 | 2.55 24 | 238 | 228 | 2.23 | 2.26 2.3 3.19

Figure 4: DCR values for flexure
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DCR VS STOREY for Shear

Storey 12
Storey 11
Storey 10
Storey 9
Storey 8
Storey 7
Storey 6
Storey 5

Storey 4

Storey 3
Storey 2

Storey 1

0 0.5 1 1.5 2 2.5 3

Storey |Storey |Storey |Storey [Storey | Storey |Storey | Storey | Storey | Storey | Storey | Storey
1 2 3 4 5 6 7 8 9 10 11 12

275 | 2.6 | 255 | 25 2.1 | 2.05 2 198 | 195 | 1.85 | 1.8 2
257 | 24 | 206|191 | 186 | 1.77 | 1.68 | 1.65 | 1.65 | 1.6 | 1.56 | 2.3
231 | 22 (218 | 21 | 205|198 | 1.9 1.7 | 1.65 | 1.6 2
221|206 | 191 | 182 | 177 | 1.8 | 176 | 1.69 | 1.65 | 1.6 | 2.04

m DCR-B 22
m DCR-B 21
mDCR-B5

mDCR-B44

Figure 4: DCR values for Shear

(2) DETERMINATION OF PMM (COLUMN FORCES) VALUES FOR THE COLUMNS NEIGHBORING TO REMOVED COLUMNS

Table 3: Column forces (in C-9) for the case of removal of critical column C-10

Building parameters related Value in Damaged Value in Intact .
. .8 Increment in Percentage
to C-9 condition condition
Axial load (kN) 6220.20 4120.77 50.94%
Bending moment (KN-m) 288.98 185.54 55.75%
Shear force (kN) 112.47 54.22 107.43%

Table 4: Column forces (in C-8) for the case of removal of critical column C-10

Building parameters related Value in Damaged Value in Intact .
- . Increment in Percentage
to C-8 condition condition
Axial load (kN) 6234.20 4137.23 50.68%
Bending moment (kN-m) 258.98 184.69 40.46%
Shear force (kN) 106.47 54.39 95.78%
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(3) DETERMINATION OF MAXIMUM BASE SHEAR REPRESENTATION FOR ALL THE STRUCTURES

Maximum Base Shear
2000

1800

1600
1400
1200
1000
800
600
400
200
0

Base Shear In X direction Base Shear In Y direction

B For Intact Condition M For damaged Condition

Figure 5: Maximum Base Shear in X &Y direction

(4) DEFORMED SHAPE REPRESENTATION FOR ALL THE STRUCTURES

Fig 6 Deformed shape of Structure When No column is lost
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Fig 7: Deformed shape of Structure When Interior column C-10 is lost

VII. CONCLUSIONS

Linear static analysis for progressive collapse resistance of a 12 storey Asymmetric RC building has been done for column
removal cases namely interior as per General Service Administration (GSA) 2013 guidelines. It can be concluded that Sudden

removal of Interior column leads to the generation of progressive collapse in Asymmetrical building subjected to seismic

forces. The Demand Capacity ratios (DCR) for all the beams in flexure is very high (maximum 4.5 to minimum 3.5) that is
approximately double of the limiting value 2.0 given by GSA 2013. Hence flexure in beam is the critical criteria for ground
floor column removal case in progressive collapse process of building. The Demand Capacity ratios (DCR) for all the beams

in Shear are just more than 2 (not exceeded by 2.6). Hence Shear in beam is not critical for ground floor column removal

case in progressive collapse process of building. The base shear in the building (Interior column removal case) is increased

by 61.44 % in X direction and 58.59 % in Y direction after the sudden removal of interior column. Redesigning of beams in

flexure is required to prevent the progressive collapse of building.

VIIl. ACKNOWLEDGMENT

My thanks are due to Professor Subhadra Yadav, Executive director MGI, for her encouragement, Shri.R.S.Yadav, chief

administrative officer and Er.Shishir Nigam, CEO for their support. My special thanks to Dr. R. N. S. Yadav, Group Director

MGlI, for overall guidance. | am very much grateful to Er. Vinod Yadav, Chairman MGI for providing me a Platform for

completion of my thesis. | am thankful to, Principal MITS for providing the platform to complete my dissertation work. | express
my sincere thanks to professor Dileep Suryavanshi, supervisor (CE) and Prof. Nitesh Kushwaha H.O.D.(CE).At last but not least,
I would like to convey my thanks to all the faculty members of Civil Engineering Department MITS Bhopal who helped me in

completion of the dissertation at every stage.

REFERENCES

[1] S. Mohan Kumar, R. Jeyanthi — “Progressive Collapse Analysis of a Multi-storey RCC building using Pushover Analysis” -
International Journal of Engineering Research & Technology (IJERT), Department of Civil Engineering MNM Jain
Engineering College Chennai — 600 097, INDIA, March 2016, Vol. No.- 5, ISSN: 2278-0181.

JETIR2008405 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 764


http://www.jetir.org/

© 2020 JETIR August 2020, Volume 7, Issue 8 www.jetir.org (ISSN-2349-5162)

[2] Shaikh Akhibuddin, L.G.Kalurkar — “Evaluation of Progressive Collapse Resistance of MultiStorey RC Building by Linear
Static Analysis Method” - I0OSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), Department of Civil
Engineering, JNEC College, Aurangabad, India, Jul. - Aug. 2016, Volume 13, Issue 4 Ver. VI, e-ISSN: 2278-1684, pISSN:
2320-334X.

[3] Shubham Tripathi, Dr A K Jain." Progressive Collapse Assessment of RCC Structure under Instantaneous Removal of Columns
and its Modeling Using Etabs Software.” IOSR Journal of Engineering (IOSRJEN), vol. 09, no. 10, 2019, pp. 27-36

[4] A. Choubey and M.D. Goel — “Progressive Collapse Analysis of Rcc Structures” - International Journal of Optimization in
Civil Engineering, 2016; 6(2): 287-301.

[5] Syed Asaad Mohiuddin Bukhari, Shivaraju G D, Ashfaque Ahmed Khan — “Analysis of Progressive Collapse InRc Frame
Structure For Different Seismic Zones” - International Journal of Engineering Sciences & Research Technology, Department
Of Civil Engg, MVJ College Of Engineering,Bengaluru, India, June-2015, ISSN: 2277-9655.

[6] .Mahmadsabeer and D. GousePeera — “Comparison Design Result of Rcc Building Using Staad and Etabs Software” -
International Journal of Innovative Research in Advanced Engineering (IJIRAE), INTUA, Anantapura Department of civil
engineering, August 2015, Volume 2, ISSN: 2349-2163 Issue 8.

[7] .Shefna L Sunamy, Binu P, Dr.Girija K — “Progressive Collapse Analysis Of A Reinforced Concrete Frame Building” -
International Journal of Civil Engineering And Technology (ljciet), Volume 5, Issue 12, December (2014), ISSN 0976 —
6316(Online).

[8] Rakshith K G, Radhakrishna — “Progressive Collapse Analysis of Reinforced Concrete Framed Structure” - International
Journal of Research in Engineering and Technology, issue in Nov 2013, eISSN: 2319-1163 | pISSN: 2321-7308.

[9] Raghavendra C and Mr. Pradeep A R — “Progressive Collapse Analysis of Reinforced Concrete Framed Structure” -
International Journal of Civil and Structural Engineering Research, Department of Civil Engineering, Sri Siddhartha Institute
of Technology, Tumkur, India, April 2014 - September 2014, ISSN- 2348-7607.

[10] Mojtaba Hosseini, Nader Fanaie and Amir Mohammad Yousefil — “Studying the Vulnerability of Steel Moment Resistant
Frames Subjected to Progressive Collapse” - Indian Journal of Science and Technology, Place- Lorestan University, Lorestan,
Iran, Vol. No.7, 335- 342, March 2014, ISSN (Print): 0974-6846, ISSN (Online): 0974-5645

[11] Srinivasu, and Dr. Panduranga Rao. — “Non-Linear Static Analysis of Multi-Storied Building” - International Journal of
Engineering Trends and Technology (IJETT), Department of Civil Engineering, V.R. Siddhartha Engg. College, Vijayawada,
A.P, India, Volume 4 Issue 10 - Oct 2013, ISSN: 2231-5381.

[12] H.R. Tawakoni, and A. Rashidi Alashti — “Evaluation of progressive collapse potential of multistory moment resisting steel
frame buildings under lateral loading” - Sharif University of Technology, Department of Civil Engineering, Babol University
of Technology, P.O. Box 484, Babol, Iran, 24 October 2012.

[13] Miss. Preeti K. Morey and Prof S.R.Satone — “Progressive Collapse Analysis Of Building” - International Journal of
Engineering Research and Applications (IJERA), Department of Civil Engineering KDKCE, RTM University, Nagpur-09,
Vol. 2, Issue 4, June-July 2012, ISSN: 2248- 9622

[14] T.S. Moldovan, L. Bredean and A.M. loani — “Earthquake and Progressive Collapse Resistance based on the Evolution of
Romanian Seismic Design Codes” - World Conferences on Earthquake Engineering (WCEE), Technical University of Cluj-
Napoca, Romania, 2012.

[15] A.R. Rahai, M. Banazadeh, M.R. SeifyAsghshahr and H. Kazem — “Progressive Collapse Assessment of RC Structures under
Instantaneous and Gradual Removal of Columns” - World Conferences on Earthquake Engineering (WCEE), Department of
Civil Engineering, Amirkabir University of Technology (Tehran Polytechnic), Iran, 2012.

[16] A. Marchis, M. Botez and A.M. loani — “Vulnerability to Progressive Collapse of Seismically Designed Reinforced Concrete
Framed Structures in Romania” - World Conferences on 66 | P a g e Earthquake Engineering (WCEE), Technical University
of Cluj-Napoca, Faculty of Civil Engineering, Cluj-Napoca, Romania, 2012.

[17] Alireza Kazem, Hossein Kazem and Benyamin Monavari — “Effect of Progressive Collapse in Reinforced Concrete Structure
with irregularity in height” - World Conferences on Earthquake Engineering (WCEE), University of TarbiatMoallem
(Kharazmi), Tehran, Iran, 2012.

[18] Abhimanyu Abitkar, and Rajendra Joshi — “Progressive Collapse of RC Buildings — Sustainable Analysis Procedures and Their
Effects” - Civil Engineering Systems and Sustainable Innovations, College of Engineering Pune, Shivajinagar, Pune,
Mabharashtra, India, 2011, ISBN: 978-93-83083-78-7.

[19] Yash Jain“Simulation of Progressive Collapse Process of Multi-Storey RC Framed Structure by Linear and Non- Linear Static
Analysis Technique Using ETABS Software”, National Institute of Technical Teachers Training and Research, Bhopal, M.P.,
(2018).

[20] O. Yagob, K. Galal and N. Naumoski — “Progressive collapse of reinforced concrete structures” - Structural Engineering and
Mechanics, Department of Building, Civil and Environmental Engineering, Concordia University, Montréal, Québec, Canada,
June 12, 2009, Vol. 32, No. 6 (2009) 771-786.

[21] S. M. Marjanishvili, - “Progressive Analysis Procedure for Progressive Collapse” Journal Of Performance Of Constructed
Facilities © ASCE, Vol. 18, No. 2, May 1, 2004. ©ASCE, ISSN 0887-3828/2004/2-79-85.

JETIR2008405 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 765


http://www.jetir.org/

