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Savar Spectra sweater factory failure

Institute of Engineers Bangladesh (IEB) Investigation Report: Part I

NE9-storied sweater factory

building owned by Spectra

Sweaters Lud., located at
PalashbariVillageunder Savar Thana
of Gazipur District eollapsed in the
early hours (1.15 am) on Aprl 12,
2005 killing more than 60 and
injuring more than 100 workers. The
nation was deeply shocked by the
incident. The Honourable President
and Prime Minister of the
Government of the Peoples'
‘Republic of Banglacdesh visited the

* site a short time after the incident.

The site was also visited by political
leaders, members of [ER, RAJUK,
BGMEA, BUET, BACE and other
concerned organizations a short
time after the incident and several
times later. Sepamte investigation
committees were formed by different
organizations to find out the causes
and frame comprehensive
recommendations ta prevent this
typeof failure in future. -

This report has been prepared on
behalf of IEB by a Committee consti-
tuted by it but does not necessarily
reflectthe opinionofthe [EB,

Description of theincident
On the eastern side of the Kaliakoir-
Nabinagar Highway is the S-storied
Shahriar Garments Factory building,
whichis unaffected. The collapsed 9-
staried building is located east of the
Shahriar Garments Factory and
adjacent to a ditch further towards
the east. Both the factories belong 1o
the same owner. The collapse took
place in asudden failure without any
Warning.

Soon after the collapse the Fire
Brigade, Engineers Corps of
Bangladesh Army, and other differ-
ent agencies started the rescue
operation, which continued for 8
days (up to the 19 April 2005) till all
the debris over the fallen building
was cleared/all the trapped victims
were rescued, and the dead bodies
were recovered.

The [EB [nvestigation

Committee

Soon after the incident, Institution of
Engineers Bangladesh formed an
[nvestigation Committee Lo investi-
gate into the causes of this catu-
strophic failure. The Committee
consisted of the following members:

Dr. Enge AMM.Safiulial Convener
[Engr. M. A Sobhan, PEng Mether
Engr. Md. Mahmud Hossain — Member
Enigr. Mel. Alidur Rouf Mermber
Engr. adubHug Member

Engr. AH.MShuhiduzzaman  Member
Later the Cammittes co-opted the follow-

ing members inio the Committee:
Engr. MirZahir Hossaln Maribier
D Enge 5.1V Yasin Member
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As per the terms of reference of
IEB, the Committee is to "find the
causes that triggered the failure
process and resulted in complete
collapse of the structure”. The com-
mittee further extended its scope tn
make recommendations so that
such situation can be prevented in
future,

Methodology used for

the investigation

The investigation has been con-
ducted based on information
received through the owner, news
media, available photographs, feld
visits, and eritical observations made
during the rescue operationand after
removal of debris of the collapsed
building from the site. The following
steps were taken to find out the
causeis} of the disastrous collapse of
the building:

Step-L A layout plan and design
prepared by the Engineer employed

by the Owner wis obtained.

Sep-2In absence of the As-built
drawings, the building's layout plan
was reconstructed from the visible
column locations after the site was
cleared.

Step-3 A pre-design so0il baoring
report (of March 1994) used by the
designer was collected from the
owner, Subsequently a report on the
post-fajlure field investigations
including SPT bore log prepared on
behalf of BGMEA was collected and
super-impaseed over the pre-design
borelog.

Step-4 The test results of some mate-
rials of the collapsed building (tests
performed at BUET Taboratory)
wereobtained foranalyses.

Step-5 An account of additional
installadons in the building and
loading conditions prevailing at the
time of collapse was reconstructed
by interviewing some workers who
were on duty at the time of the inci-
dent.

Step-6 A description of the piling
work and sinking operation of the
two tube wells adjucent to the pile
foundations was obtained through
interviewing the piling and tube well
sub-contractors for use in the review
and analysis.

Step-7 A three-dimensional finite
element model of the structure was
developed to simulate different
probable failure modes and verify
those with the post-failure revela-
tions, based on the re-constructed
layout plan, post-failure survey
information and design sheets
provided by the design engineer.
Step-BThe design of the respective
foundations was checked o assess
their design adequacy. To this end,
the capacity of the pile groups was
calculated based on  the both pre-
failure and paest-failure soil explora-
tionreports.

Step-9 After completion of the nor-
mal clearance of the debris, founda-
donoftheff

nartheast end cormer column and
the pile cap was exposed by addi-
tional removal of debris and excava-
tion. The conditons thus revealed
gave evidence as to how collapse of
the building was initiated.

Observation bases formu-
lated during the

investigation

The following observation bases
were formulated through field inves-
tigitions, measurements, review of
design reports and press reports
regarding the nature of failure and
theimmediate factors that causedit:

(i) The failure of the building took
place in a very short time and with-
out any warning; so, the trapped
people didn't find adequate tme o
comeout.

(i) The structural frame for the build- *

ing consisted of flat slabs supported
by columns with no beams at any
location. Thereby, while the columns
ofthe floors collapsed and the heavy
slabs fell one over another keeping
little gap in between, killing most
people trappedinside.

(iii} The lift core at west end of the
building apparently was not con-
nected with the main building, and
50 wasn't immediately pulled down
by the falling slahs butit finally fell on
thetopoftheslabs.

(v} The roof slabs of the collapsed
structure showed that the general
motion of the building during col-
lapse was significantly to the east-
ward direction. Furthermore, a
strong sway of the collzpsed roofs of
the huilding was noted towards the
northeast direction.

it was observed after debris clear-
ancethatthe narth-cust cormerof the

ground floor slab had gone down by
about 11 feet from the surrounding
surface and there was little settle-
mentofrestofthe floors or footings.

building might have been over-
loaded on two counts, either the
construction was made for higher
stories than the structure was

/
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Schematic plan of the collapsed 9-storicd Spectra Sweater Factory Building

(vi) At the time of failure the building
was subjected to all possible live
loads associuted with full operation
ofafactory. tis alleged that brickand
building materials were staffed at the
top floar duringconstructon.

(vii) There were two deep wbe wells
operating within the building. One
deep tube well had been installed
long before the collapsed building
was constructed and the other deep
tube well was installed about three
months after the bored piles were
cast and located within as close ag
about 10 feet of the north-east col-
umn thatsank.

(viii} It is alleged that there had been
naise of the compressor housed
within the building with perceptible
vibration of the floors (this however
could notbeverified).

Failure speculations and
investigation committee

Media guesses about failure: Many
_guesses about the causes came out
through the mediaimmediately after
failures, a few of which are listed
below:

(i) The building collapsed due to
burstingofthe boiler.

(i} The building was constructed on
thesoftsoil and in the ditch/khal and
the cast-in-situ bored pile founda-
tinnhas failed.

(iii) The quality of concrete and other
construction materials, and work-
manshipwas poor.

(iv) The building was designed for 4-
storeyed but the construction was
donefor9-storied, and thus the
buildingwas overloaded.

(vl The structure was constructed
without apy proper and sound
design.

(vi) The construction wasn't super-
vised properly.

(vii) The contractor didn't follow the
design drawings.

(viii) The design was faulty.

It's natural that immediately after
such a catastrophic collapse such
guesses would appear before the
naton. The Committee however
looked into eachofthese possibilities
and by eliminating improbable ones
tried to arrive at the root causes of
thisdisastrous failure.

[ER Investigation committee find-
ings

Boiler blow ong: The issue had been
investigated and was discarded
because the boiler was found in un-
burstconditionafter theincident.

Failure of foundation: As stated
earlier, it was observed after clearing
the debris that none of the pile caps
including that of the north east
comer column showed any sign of
undesirable settlernent or failure.
Therefore, the assumption that the
failure resulted from weak soil condi-
tion and foundation failure is' dis-
carded.

Overloading of the building:
According to media reports, the

designed for and/ar, the service lnad
far exceeded the desipn loading.
Design reports received from the
designer shows that the structure
was designed as an eight-storied
building buta portion of the building
was constructed as nine stories.
Loading in excess of the design load
is likely but the extent of overloading
could notbe confirmed.
" Large variation in quality of con-
crefe: There has been considerable
variation in concrete strength as
found from test results (tests done by
BUET' testing laboratories) using
random samples from columns and
slabs. This reveals systematic and
proper quality control vperations
were not performed in canstructing
this building, Also the onsite investi-
gations suggests that the quality of
construction materials used in this
project didn't satisfy the specifica-
tion requirement. It was observed
that the brick chips were used as
coarse aggregate whereas the
designer specified stone chips for it.
However, it should be noted that
strength of samples taken belonged
to the collapsed structure; therefore,
some deterjoration in strength could
beassociated withthe collapse.
Non-availability of approved
design and As-built records: No
approved architectural or structural
drawings could be found for the
building. There has been some
confusion as to whether the col-
lapsed factory building and the
surrounding area are under the
jurisdiction of the Savar Cantonment
Board or RAJUK. The factory owner
in an interview mentoned that he
contacted the Cantonment Board for
permission to construct an eight
storey building but some officers of
the Board suggested him that the
Board would nat approve such high
rise building at the moment and that
he should apply for a four storied
building. He was suggested thatif the
design had been made for an 8-
storied building and he constructed
only four stories at that time, he
might later apply for higher storied
building and would possibly get the
approval. Therefore, the Owner
employed a graduate engineer to
design an 8-storied building ef which
he initially constructed four stories
only. Later, without any approval he
extended the building to eight stories

with astair roor above. Acopyofthe

design received from the designer of
the building suggests the building
has been designed for eight stories,
Some differences were found
between the dimensions and specifi-
cations shown in the design layout
sheetsand thatactually built,

The documents which could be
obtained from the designer were
incomplete for design review. [t
appears that the building was
designed sometimes in April 2000,
about § years back from the date of
failure. The designer relied on a flat
plate-column system as strugtural
form and adopted no beams in the

_designer'sdesignsketches,. |

- interior weight bearing structiires

“and generally the depth, of debris
_are greater when a building is said

system. Among the 33 columns,
mostof them were founded on bored
cast-in-situ piles. However, the
columns of extreme west side bay
were founded on pre-cast micro-
piles. All the floors of the building
consisted of flat slabs about 9 inches
thick. Although some reinforcement
arrangements for slabs are given, no
reinforcement and connection
details between columns and slabs
could be obtained from the

Design deficiency: Some. design .
calculations and skerchy  drawings
wereobtained from the designerof the
building, A reviewof these calculations
suggests some inadequacy in the
design assumptions, load consider-
atinnsand detailing,

Review of the structural

analysis and design

Pile foundation: The designer chose
groups of 20-inch diameter, 65 ft long
pilesas foundativnofeach column. For
each individual pile, the allowahle
capacity estimated by the designer
based onthe pre-design borelogof Fig.
i wis 98 metric wns, of which 40 tons
wis given by frictionand 58 tons by end
bearing. The pile cap levels below all

the columns were nat at the same
elevation as observed after exposing
thepilecapsbelow three columns.

The pre- and post-filure bore logs
located near the north-east comer
column of the collapsed building
showed almast identical sub-soil pro-
file, including soft clay layerin the upper
portion. An estimation of the allowable
hearing capacity of the above pile hased
anthis sub-surface soil profile showed it
was adequate, As stated earlier, the
physicalghservationsdid npt show any
defect or settlemnent of pile caps of the
building.

Structural frame and post-failure
design review: Although designer's
sketchy drawings showed some rein-
forcement armangements {or slabs, no
reinforcement and connection details
between columns and slabs could be
obtained from these. The Investigation
Committee prepared an as-built layout
planofthebuilding,

The area aver which the building
wais constructed is undulating and the
pile cap levels for the constructed
columns differed considerably. Also it
was found that no grade/tde beams
connected the columns at footing
level. Cross-sections of the columns
‘were not uniform throughoue their

respective heights and were reduced
graduallyintheupperfloors.

As per unofficial record, the pile
reinforcement consisted of s 20 mm
dia. deformed bars ded by a 10 mm
spiral reinforcement spaced at the rate
of 4 to 6 inch centres. These however
could notbeverified.

Numerical model of the building
for post-failure design review: Witha
view to find out the real causes of faflure,
theinvestgation team fistattempted w
make an independent design of the
structure by taking into considenition
the as-built column layout. adopited flat
plate-column stuctural system, mate -

ral spedificuion mentioned in the
designer's design sketches, end use of
theconstructed facility andsite location.
Ty do this, a finite elernent model of the
structure was developed in ETABS
Version 8, a general purpose finite
element analysis and design software.
The Bangladesh National Building
Code (BNBC 1993) was consulted to
assign the dead |oad, vertical five load,
wind load and earthquake loads in the
processofanalysis.

Reconstructing the collapse
sequence in the model: In order to
reconstruct the collapse sequence and

Building collapse rescue

A guide for EMTs (emergency medical techn igid}zs)‘- Part1

CLARK STATEN

Natureoftheproblem
Building collapse rescue is an often
complex and confusing situation,
It will frequently involve large
numbers of specialized rescue
personnel and equipment that
might not be generally recognized
as being part of & normal rescue
organization. [tshould also require
a combination of a variety of tech-
nical rescue skills and an advanced -
knowledge of building structures
and materials,

When a building collapses, it
generilly does so in one of two
ways. The building can be thought
of as having "exploded” or "im-
ploded”. The primary difference
hetween the two types of collapse is
the direction of force asitappliesto

‘the materials contined in the

structure. It will also assist in a

_determination of the density of the

debris thatis involvedin the rubble.
With implosion; the building
will collapse into ftself. Itis a tech-
nique that is used by demalition
specialists to minimize the spread
of debris when purposely demnl-
ishing buildings. This type of col-
lapse is likely o be caused when

lose their integrity and subse-
quently "pull” exterior walls into
the centre of the mass, The density,

tohaveimploded.

In the case of explosion, either
catised by an outward rush of force
caused by natural, mechanical, ar
chemical forces, the building will
collapse in an "outward" direction.
[t is likely that the debris will be
more wide spread in the vicinity of
the collapse, and thacit could be of
lesser density and depth. A tar-
nado or hurricane can "scatter”

~ building parts for several hundred

feet or even farther, when it causes -
a building(s} to collapse. Itispossi-
ble that victims vould be "huried”
under debris a preater distance.
fram the contre of mass,

Horizontal versus vertical

rescue
Most rescue experls agree thal
building collapse extrication must
be a process of vertical removal,
rather than horizontal movemnent
or reduction. The safest 'way to
remove debris from someone that
is buried should involve carefully
lifting the debris from above the
victim and continually "shoring”
the sides of the entrance hole or
excavation to ensure against addi-
tional collapse. This is a method
that is consistent with common
practices used for "trench rescue”.
In the case of building collapses,
the magnitude ofthe shoring efforts
and the type of equipment neces-
sary to perform the rescue may be
very different from normal extrica-

tion. [n order to facilitate vertical -
remaval of debris, it may be essen..
tial to quickly locate and urilize

various types of "cranes” and other

types of "overhead lift” capabilities. -
It is strongly suggested that every

fescue system have previous
knowledge ‘of and training for the
use of heavy construction equip-
ment. Emergency dispatchers

should have aceess to a list of con-
struction companies and ather
businesses that could provide this

type of equipment on & 24 hour a

day-seven daya week basis.

The importance of careful
overhead lifting of debris, rather
than vertical mavement, ean not
be emphasized enough. As many
as ane third of all building collapse
victims, thatare rescued, arefound -
in spaces created by the wav that
building materials penerally Fall.
Most of the collapse configura-
tions that oceur (lean-to, A-Frame,
tent, pancake) create "voids" in

which people may be trapped and

remain alive. Vertical movement of
debris will normally further col-
lapse the sides of these "protective
spaces” and can result in addi-
tional deaths of those that might
have beenrescued. :

- structure will.

General bui!ding collapse

rescue guidelines
‘(1) As one might expect, immedi-
ately after a collapse, the debris of
the building Is very unstable and
- prone to additional movement.
‘Rescuers must assess the nature of
“the scene and the pattern of the
collapse beforeenteringonto apile
ofrubble to insure their own safety
and that of those patentially bur-

ied init. Shoring may be necessary -

to prevent movement, before
‘attempting rescues.

- (2) Gather as much information
as is possible at the anset of the
incident. "Intelligence” regarding
‘the last known locations and activ-
‘ities of those believed to be in the
greatly assist in
- developing a plan for recavery .

efforts. Concentrate your prelimi-

“nary efforts on areas where people

were [ast séen or known to be. Itis
suggested that a "Command"
person be designated to interview
- those that may have escaped the
~collapse, were eyewitnesses, or
~were in the building and rescued
_early in the effort. Obtain a list of
the people normally In the huild-
ing, ifoneisavailable. .
() After ensuring rescuer safety
cand minimal movement of the
debris, send small organized
teams to the top of the pile and
systematically search the surface
in. specific grids. Use barricade
tape and markers to visually dem-
onstrate the areas that have been
searched and those that could
potentially contain victims. As
many as one-half of all building
collapse survivors have histori-
~callybeen rescued near the surface
.ofthedebris and early in the effort.
- Concentrate your efforts on those
areasthatare believed ro be the last
known locations of people, when
the collapse pccurrwf e
(4] CALL for Help! [t normally
will be necessary to activite some
gort of disaster plan for large scale
building collapses. This type of

- Tescueis very manpower-intensive

and may require large numbers of
extrication and medical person-
nel. Call for the "overhead lift"

- sound detection

“tractors/operato

thereby to narrow down the number of
failure hypothesis, the investigation
team employed pushover anabysis
technique and conducted painstaking
nonlinear analysis. To this end, the
primary direction of movement of the
collapsed structure as revealed during
the first-day field surveys and noted
earlier was taken into prime consider-
ation. Thus the investigation comunit-
tee drew the final failure hypothesis
that either the failure of the northeast
corner column or its foundation sys-
tem might have triggered the collapse
phenomena, Based onthis hypothesis,
the support of the northeast cormer
columnwas remaoved from the numer-
ical model to replicate the probable
incident. To make the analysis as much
closer as possible to the reality, the
geometric nonlinearity and large
deflection effects were considered in
the process of analysis. The pushover
analysis conducted this way generated
some interesting findings from the
developed numerical model and
maiched with the field survey findings. |
The investigation process took a for- |
wardmation.

(Part i shall appear next Fiiday 12 October 2007)

capability that you will need, as
soon a5 it con be determined that |
people are missing or still trapped. |
Remember... it is likely you will
need some method of "cutting”
concrete and the steel réinl‘urclnﬁ
bars ("Rebar") that are containe
within - most modern buildings.
“(i.e. torches, hydraulic cutting
tools, saws). 2 4 =

(5} 'Explore visually, or with
‘mechanical devices (closed cir-
cuit/fibre optic TV), all passible |
"voids" that are open or can be
reached by removing surface
debris, It is suggested that, [':1; |
approximately every hour on the
hour, all witk at'the sice be shut
down for a few minutes to listen for
calls for help, During that period,
detec devices can be |
-used to "listen” for movement or
souns deepwithin the debrls. Cail
for "Search Dn%"“gp_d handlers, as
‘they are available in your area or
region. Have the equipment and
dogs on adispatcher's resoureelist
with the heavy equipment con-

~ (6) Conlinue to remove debris
carefully and vertically, searching
each "void" orentrance to a "void"
as it becomes available to the
rescuer. Considemtion must be |
given to the fact that the rescue
effort is NOT over until EVERY
reasonable effort has been
expended. Fxpect these types of
rescues (o last days, especially
when muliiple buildings dre
involved (carthquake, avalanche,
etc). People havel CONTINUALEY

and HISTORICALLY besty four
Zlive many hotirs and days into the

rescue. Have commend, media
reladons, and logistics officers
plan for a muitiple day operation

when people are sall suspected of |
being missing and’ their bodies

have n’ot.l:men recove o
Abridged from 2 paper it Emergancy
Medical Sarvices Ma [ha auther is
Assistnt Cheet Paramedic, Chicago Fira Depl
(Ratd}, formes Chiimian, Nallinal Sodety of
EMS Administrators and fomier Chalrmar,
Emergency Managemant Somn
Associtionof EMTs. L, A
(Partlf shallappenrnaxt Friday f,?g;:‘dpwmﬂ?}



