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Retrofitting of a Damaged School Building: A Case
Study

Shujaat Hussain Buch, Muhammad Dilawar Bhat

Abstract— A three story damaged school building which has
developed multiple cracks in floor slabs is investigated and
analyzed. The building vertical load paths are determined and
failure patterns studied. Theretrofitting (strengthening) measures
are worked out. The building is provided with suitable
strengthening features to limit the damage and prevent future
damages.

Index Terms— Cracks, retrofit, strengthening, yield-line.

I. INTRODUCTION

The large numbers of school buildings particulaniyindia
are constructed of brick masonry and unfortunatedyy of
them are non-engineered structures and typicatseptative
of traditional construction, as a result of whichmg of them
are vulnerable to some serious kind of damagequéatiy in
case of earthquakes. Keeping in view these fattsjas
decided to evaluate and rectify a school buildinghw
structural deficiencies and fortunately we wereedabllocate
one such school. The school building is locateanZskrom
Srinagar city center. It is a three story load lmepmasonry
structure with an overall floor area of 131.8 ihis 10 years
old construction. The building is complex with RGlabs at
both levels with many overhanging projections. Tdiothe
school building looks safe from outside, but thacks that
were described by the owner and later on obserugdgithe
inspection compels for thorough evaluation and idiate
retrofitting. Besides this, the building has mamgps that
were installed after the construction. These parpsmainly
provided under the cantilever
projections resulting
cantilever to simply supported, leading to reveofaitresses.
The plan of the school building is also irregulBhe school

consists of large openings and during inspectiomyma

structural cracks were found at overhang projestibat hint

towards inadequate negative reinforcement at stgppor

Many other structural checks were performed
determined analysis and retrofitting of the buitgin

Il. METHODOLOGY

The methodology of evaluating the un-reinforced onag
buildings is described by FEMA 307 [1].

beams and overharp%;,
in conversion of member frorrp

2. Monitoring is done in case where the cause of damage,
observed during visual inspection of the building aot
evident, long term observations of the buildingghavior are
many times needed to know the actual reason, Hot al
observed damage can be attributed to a single cBaséhis
purpose the structure is instrumented with displerg
strain and vibration transducers and used to mortfie
dynamic effects of structure. Settlement and gltiof the
structure are measured with geodetic methods. Tdsngs

of the cracks are measured with deformeters; wikerea
velocity transducers are in most cases used foitororg the
dynamic effects.

3. Analysis is doneEvaluation and the analysis are started
adopting the suitable methods. The various analytic
methods available for evaluation of masonry stmagiare
mainly governed by the masonry design codes 1S5 aaf
SP: 2¢he two BIS (Bureau of Indian standards). FEMA- 232
is a beautiful illustration of Homebuilders guidd.[

a. Vertical load on walls at various walls is cédded first. If
load on the wall at level 1 is ‘Wwthen pressure on solid
masonry wall ‘g’ at various levels for a thickness of ‘t’ is
given by:

W.
pl = l/txl (1)
Pressures at various levels are:
Ww. %%
Xp="ex1t Plex1 oo 2)

Horizontal load analysis is performed for eantke load
equivalent static method adopted by 1S-1893 [3];
whereby, base sheargVis

that

_ ZXIXSg
B ™ 2xRxg (3)
Z = Zone Factor, | = Importance FactoggS= Acceleration
coefficient, R= Reduction Factor.
Lateral Load distribution ‘Qis given by:
Wl'Hiz
Q = Vs x |grm] (4)

W, = Seismic Weight of story ‘i’, H= Story ‘i Height.
c. Slab Analysis is performed by ‘Yield line Anaily’s which

1. Inspectionis done by visual examination of the building,is hased on the external energy expended is egimernal

and the overall information about the structuradteyn is
obtained and possible errors regarding the stratctayout
construction and maintenance are identified. Talitimn of
the structural and non-structural elements is ietifand
possible damage documented and categorized.
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Sarva-Shiksha-Abhiyan,

energy dissipated. Ultimate moment along the Viielel for
slabs is ‘m:

nL?

2(Va+ip +/A+ i)
n = ultimate load on slab, L= span,and } = ratios of

supports to mid-span moments in two directionsofte-way

For two way slab, ‘m’ is:
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nay?
24

m = (6)

2
< |+ (23) - ]
‘a;’ & ‘b= side length of slabs.

4. Non-Destructive testingRadar tomography or impa
echo testingnd reinforcement detector is used to detec
reinforcement andqualitative data regarding the gene
structure of the masonry walls.

5. Retrofitting This is strengthening of the walls and

floors and their connections against lateral lohdteral loac
resistance is generally improved, continuity introed in
connectionsweakness removed and brittle failure avoic
Cracks can be rectified by usé epoxy and wire meshir
generally. However, local modification in walls amgenings
and global moditation in symmetry of plan is also ne to
strengthen the buildings. Besidethe connections a
modified by proper anchoring, new walls added afd
strengthened by repair and restoration.

Ill. CASE

A. Top floor plan of thdoad bearing mnry building is
given in Fig. 1.Fig. 2 and Fig. 3 depict the first floor a
ground floor respectivelyThe preliminary investigatio
states following problems: a. $lacracks in Togand first
Floor (Fig. 4a), bsome minor wall crackThis is judged due
to a. Probability of less reinforcemehtn required in slal,
b. Overhead projection without proper structural au (Fig.
4b). So the analysis is broken into wianalysis and slab
analysis.
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Fig. 1 Plan of Top Floor andUnstable Wallsin Blue
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Fig. 2 Plan of FirstFloor and Unstable Walls in Blue
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Fig. 3 Plan of GroundFloor and unstable walls in blue

Analysis for walls is performed (Stability, Earttake
considerations, compression, tension and sheaysasjphnc
checked for failure under vertical loads, the wallsch are
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A.Cracks in Slab B Overhead Projection:

Fig. 4

in red in Fig. 1 for Top floor, are susceptiblestach failure
and walls in blue are unstablimilar is the case depicted

Fig. 2 and 3From above, it is found that or7% of walls are
unsafe for vertical and lateral loads; howewmajority of

them don’'t meetthe earthquake considerations. Furtl
about 40% of walls in Top story are liable to shiedure.

B. The slab analysis is performed by breaking tabs into
individual panels and implementing yield lii [4]. For each
panel, the loaded mants are calculate(Fig. 5 and Fig. 6)
and reinforcement requireddgtermined. The reinforceme
provided is checked by bar detectbig( 7). Thereby flexural
check is performed. Besiddbe shear check and deflecti
check is performed to gain additial informatior For top
slab given in Fig. 5, the panel 6faling in flexure wtile as

for first slab given in Fig. 6, pankl, 1, J are failing in flexur

and shear after check.is seen that overall bearing stren

of soil is less than 50T/nandis safe in bearing streng

C. Retrofitting- The walls that are not safe shear are
recommended to be provided withnds that giv particular
shear strengttthis Lintel band is of dimensiotl0cm depth
x width 23cm x full length of walils provided as per : 1905

in 15% of the walls as wall shear strength [5].
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Fig. 5 Moments calculated by ‘Yield Line Analysis Top
Slab
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Fig. 7 BottomReinforcement Provided in TopFloor Slab

In 14% of the walls, corner strengthening is preddas
corner reinforcemerf 12mm dia.Fe415. Besides, in 65%
of walls the opening stiffener is provided as Jamb8mm

Published By:
Blue Eyes Intelligence Engineeri
& Sciences Publication Pvt. L




Retrofitting of a Damaged School Building: A Case tady

dia. Fe415. FEMA 547 is a commentary on rehahiitat : Top prop
techniques to be used in buildings [6]. 1 n L]

The study of the Slab cracks is done in done. Bhilone in panal p= Cradk
following stages: o

1. Pre-Retrofitting analysis vdir.

2. Retrofitting and analysis Bottom Lonang I

3. POSt-RetrOﬁtting Check 1.25m witle 1.3m wide Xdir. > Top Landing
Various structural problems are discussed: E— — Ml.ismwide

1. Panel ‘J' of First Slababove ground floor has developed Fig. 7 Panel '’ with Location of Prop and Cracking
torsional cracks as in Fig. 6 in previous page p@itiminary
investigation, it is judged that this is due to essive
unsymmetrical loading through a prop above the slab
shown in Fig. 7. The loading generated on the phatel is

LI T

shown in Fig. 8 below. It is found that the reimement :
provided is enough to support the panel, howeveretlis | 5.05m |

eccentric load from above leading to torsion. Remed

suggested is a prop below at end of landing andigiom of Fig. 8 Load Pattern on panel ‘J’
an angle section on two sides around the prop to -
considerable distance, acting composite with thé sit the =P i G s e
newly introduced slab. Due to this remedy, the mumién g slab panel J
the slab are re-distributed by 5% leading to deszreim T T ‘\"i/ —
torsion of slab. Besides there is no need of arthéu bottom  2opsiesi Tsbe - i ———
reinforcement along any direction; as already campted B T

. . . . L. £.7350
by distribution steel. There is no need for anyitialthl top 23h00

reinforcement along x-direction (Fig. 7) as the mois are )

transferred to the composite angle sections providéso, — mecroos: FE
there is no need for any additional top reinforcetredong
y-direction as moments is resisted well by the texgs I

reinforcement. The prop is designed for base sloeat of /j;rlnl , |[|_T“|

107.38 KN and a rolled steel tube ‘IS 200 Heavyriavided. L - o000 —]
A base plate 450mm x 450mm x 30mm is provided afte Tomainet 15048
designing for a critical moment of 24838.04 N-mmheT —=1 1,0000 =
complete retrofitting drawing of Panel J is showrFig. 9. | BANEL J RETEOFEITTING ‘
2. Panel ‘I' of First Slab above ground floor has also .

developed torsional cracks as in Fig. 6 in previpage. On Fig. 9

preliminary investigation, it is judged that this due to
excessive concentrated load. Moreover, on analyssseen
that there is not sufficient tensile reinforcemémteither
direction. The slab panel is cantilevered and cegédment direc
provided is less by 34% in one direction and 44%timer (i=1}
direction. Remedy suggested is a provision of tnapp at

the extremities of the cantilever projection. Theseuld .

ensure transfer of torsional moments and load¢osbil X oir- - et
through a proper foundation. An I-Beam between tthe - with

props is also provided in order to transfer theb dizad prers
uniformly to the props. It is made composite witdbspanel. Shorter :f;mivere{;l: |11;>rtion

After introduction of prop, the moments generatedslab -

panel are re-distributed and decreased. The egistin Fig. 10 Panel I with Yield Line Depiction for Props
reinforcement is enough to resist these re-dideibloads.

So, there is no need of any further bottom reirdorent == ™<= "= =
along any direction; as already compensated byiluligion T
steel. Besides, there is no need for any additidopl — Feoez=ste o
reinforcement along x-direction (Fig. 10). An Idme '
ISLB-100 is provided to resist the loads actingtofihe prop 38
provided is ISHT 200 and the base plate connedfdream ROC Footing
with slab is a 450mm x 450mm x 30mm steel platelbe4

Fig. 11 depicts the retrofitting of the Panel ‘I". 0. 4500 [
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Fig. 11
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3. Panel ‘H’ of First Slababove ground floor has developed

flexural cracks. Besides, by visual inspectionaih de seen
that there is excessive unsymmetrical concentiatet (Fig.
12). On analyzing, it was found that there is nobwgh
tensile reinforcement to resist the flexural forcesbich is
short by 19% at critical location. Remedy is prawgltwo
props at the extremities of the cantilever prottiThese
would ensure transfer of torsional moments andagarioad
transfer mechanism to through the foundation. Resiah
I-Beam along the longer dimension of the cantiléyativeen
the props which is made composite. On introduabigrops,
the moment resistance is re-distributed and deeddag 15%
at the critical location. There is no need of amytfer bottom
reinforcement along any direction; as already campted
by distribution steel. Besides, there is no need day
additional top reinforcement along shorter diractias
moment to be resisted is by far less than momesigtesl by
reinforcement provided. However, props are requited
transfer the torsional moments & concentrated loBdgher
an I-Beam is required in order to transfer the soawiformly
as presumed in the yield line analysis. I-Beam ISRIB is
provided and the props provided are ISHT 200 asvsha
Fig. 13.
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Fig. 12 Panel ‘H’ Crack and Yield lines
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IV. CONCLUSION

The case study discussed is a characteristic exaofifiow
to retrofit a damaged building. The building isesigthened
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for earthquakes and cracks are repaired and stalictu

elements retrofitted.
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