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Abstract
The progressive collapse of reinforced concretecstires is initiated when one or more vertical lazdrying members are removed
due to man-made or natural hazards. The buildivgssght transfers to neighboring columns in the ctioe, leads to the failure of
adjoining members and finally to the failure of fiar or whole structure system. In which the cofleqyg system continually seeks
alternative load paths in order to survive. In ghieesent study the demand capacity ratio (DCR) offoeced concrete twelve storey
framed structure are evaluated as per U.S. GenBmVices Administratio(GSA) guidelines. The Linear static analysis is ieatr
out using softwaresTABS V9.7. The structural behavior of the buildimgprogressive collapse, a finite element mogeldnsidered
using the preprocessing function of structural gseé program. Further loading are assigned to modetording to IS codes.
Analysis is carried out for member forces and mioément details. The obtained DCR values showdblamns are safe and beams

to be reinforced additionally.
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1. INTRODUCTION

The robustness of a structure is the ability of strecture to
withstand local damage that may arise by accideattibns
without disproportional failure that is disproporiate to the
triggering cause. Progressive collapse is sucs@aportional
failure, which refers to the condition when thelde of a
local component (or localized region) leads to glafystem
failure. [1] The terminology of progressive collaps defined
as “the spread of an initial local failure fromemkent to
element, eventually resulting in the collapse of emtire
structure or a disproportionately large part of#]. After the
event of 11 September 2001, more and more researbhee
started to refocus on the causes of progressiviapsa in
building structures, seeking ultimately the estdbtient of
rational methods for the assessment and enhanceafent
structural robustness under extreme accidental tevda]
Progressive collapse of a structure takes placenwte
structure has its loading pattern or boundary door
changed such that structural elements are loadgzhtetheir
ultimate capacities and fail. When any elementsfathe
remaining elements of the structure seek alteredtiad paths
to redistribute the load applied to it. As a resother elements
may fail, causing failure mechanism. It is a dynamiocess,
usually accompanied by large deformations, in whibb
collapsing system continually seeks alternativel lpaths in
order to survive. [4 and 5] One of the importararettteristics
of progressive collapse is that the final damagendg
proportional to the initial damage.

2. GUIDELINESPROVIDED BY THE U.S.
GENERAL SERVICESADMINISTRATION (GSA)

The purpose of these Guidelines is to [6]:
« Assist in the reduction of the potential firogressive
collapse in new Buildings
« Assist in the assessment of the potentialpfogressive
collapse in existing Buildings
e Assist in the development of potential wgaps to
facilities if required

2.1 Linear Static Analysis

In the linear static analysis column is removednifrthe
location being considered and linear static anslygth the
gravity load imposed on the structure has beenechout.
From the analysis results demand at critical locegi are
obtained and from the original seismically desigrsedtion
the capacity of the member is determined. [8] Chieckthe
DCR in each structural member is carried out. & BCR of a
member exceeds the acceptance criteria, the mensber
considered as failed. The demand capacity raticutzted
from linear static procedure helps to determine gbtential
for progressive collapse of building.

2.2 Analysis L oading

For static analysis purposes the following vertloald shall be
applied downward to the structure under investigati
Load = 2(DL + 0.25LL)
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Where,
DL = dead load
LL = live load

2.3 Acceptance Criteria

An examination of the linear elastic analysis resghall be
performed to identify the magnitudes and distribtiof
potential demands on both the primary and secondary
structural elements for quantifying potential cpa areas.
The magnitude and distribution of these demands bel
indicated byDemand€apacityRatios OCR) as Eqgn. 1. [8]

DCR:@

Ocx "

QUD = Acting force (demand) determined in component or

connection/joint (moment, axial force, shear, arabsible
combined forces)

QCE = Expected ultimate,

component and/or connection/joint (moment, axiatcdo
shear and possible combined forces)

un-factored capacity of the

Using the DCR criteria of the linear elastic approach,
structural elements and connections that H2@& values that
exceed the following allowable values are considiee be
severely damaged or collapsed. [8]

The allowable DCR values for primary and secondary
structural elements are:
« DCR< 2.0 for typical structural configurations.

2.4 Scope

For the study twelve story reinforced concrete citme is
considered. The progressive collapse is initiatgdemoving
vertical load carrying members.

3. MODELING OF BUILDING

For the analysis, a typical frame model of planshewn in
Fig.1 and of height 37.5 m is modeled using ETABB7v
software. The ground storey height is taken asn8.dnd the
rest of the storey are taken to be 3.1 m high.ddtemn cross
section is taken as 0.60m x 0.30m. Beam size antak 0.3m
x 0.3 m. The floor slabs are modeled as plates .b50
thickness. Wall having 200 mm thickness is congden all
the beams. All the supports are modeled as fixgipats.
Linear analysis is conducted on each of these rsodel
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Fig.1 Plan of framed structure

Dead load [9]

Self weight of the structural elements
Floor finish = 1.5 kN/rhand

Wall load on all beams is 11.16 kN/m

Live load

On roof 1.5 kN/rf, and on floors 3.0 kN/f
Seismic loading as per IS: 1893 [10]

Zone I, 1, IV &V

Soil type Il, Response Reduction Factor = 3
Importance factor =1

The characteristic compressive strength of condfeke is 30
N/mm2 and vyield strength of reinforcing steel (fig) 415
N/mm2. Analysis and design of building for the loagis
performed in the ETABS 9.7.Twelve storey building i
designed for seismic loading in ETABS 9.7 accordioghe
IS 456:2000.

4. ANALYSIS

To evaluate the potential for progressive collapka twelve
storey symmetrical reinforced concrete buildingngsithe
linear static analysis four column removal condifiois
considered. First building is designed in ETABSA/RL1] for
the IS 1893 load combinations. Then separate lirstatic
analysis is performed for each case of column rehov
Demand capacity ratio for flexure at all storeysaculated
for three cases of column failure. Column C1, Ché £18
are removed for progressive collapse analysis fferént
cases.
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4.1 Calculation of Demand Capacity Ratio:

Capacity of the member at any section is calculateger IS
456:2000 from the obtained reinforcement detailseraf
analysis and design. Demand capacity ratio afteroval of
column is found out considering the member forgelie load
combination as per GSA guidelines. Member forces ar
obtained by analysis results carried out in ETABB 9

5. RESULTS AND DISCUSSION

The DCR values for the columns in all three casesnadt
exceed the acceptance criteria value suggested ®f G
guidelines and hence columns are safe against essige
collapse. But for a removed column adjacent bearRkR D

values exceed the acceptance criteria value swegibgtGSA
guidelines. The DCR values of unsafe beams in efinsic

zones are graphically represented

5.1 Graphical Representation of DCR

After getting all the DCR values for all cases aflunn
removal, for all zones graph is plotted DCR Vs &ysr

For column C1 removed beam B1 and B5 exceed acuapta
criteria value suggested by GSA for progressivelapse
guidelines as in Fig.2 and Fig.3 respectively.
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Fig.2 B1 beams DCR

For column C16 removed beam B23 and B24 exceed

acceptance criteria value suggested by GSA for rpesive
collapse guidelines as in Fig.4 and Fig.5 respeltiv
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Fig.3 B5 beams DCR
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Fig.4 B23 beams DCR

Fig.5 B24 beams DCR
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For column C18 removed beam B25 and B26 exceed
acceptance criteria value suggested by GSA for rpesiyve

collapse guidelines as in Fig.6 and Fig.7 respeltiv
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Fig.6 B25 beams DCR Fig.7 B26 beams DCR
CONCLUSIONS REFERENCES

Based on the limited study of progressive collamgse
reinforced framed structure the following broad dasions
can be made.

1. The DCR values of columns are less than two; it
suggests that columns are safe as per GSA guideline
for progressive collapse analysis. Hence seismyicall
designed building columns have inherent ability to
resist progressive collapse.

2. The beams whose DCR values are more than
acceptance criteria value suggested by GSA for
progressive collapse guidelines are unsafe. That
beams were found to be adjacent to the removed
column in respective cases.

3. To avoid the progressive failure of beams and
columns, caused by failure of particular column,
adequate reinforcement is required to limit the DCR
within the acceptance criteria.

The adequate reinforcement provided in extra tortseahich
are unsafe can develop alternative load paths asudept
progressive collapse due to the loss of an indaliduember.
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