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Retrofitting of Masonry Wall Panels Against Out-of-Plane Bending:
An Experimental Study
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Ahstract: The authors conducted an experimental stady of trick mazsorry wall panels adopting a inear scale
factor of 3, Unreinforced masouy walls tend to have sudden britfle failure under oat-of- plane bending cansed
due to earthepabe, Wall panels of size 4502430270 muw are blt in CM 10 5 using mird abare bricks of size
FOx35=25 mm adoptingEnglishbond. The thickness of m ortar wasmaintsined around 6 to 7 mm. Wall panel s
are retrofitted against oat-oft plane hendingwith 2 strips and 3 strips of GFRP bhonded with polyester resin and
tested with ahyrdeanlic jack inducing lateral load When masoney wall is subjected to ot of-plane bending in
a built envirorem ent, the middle one third heights will undergo lateral bending causing horizontal crack along
the bed joint leadingto sudden collapse. Hence, itis decided to retrofit the wal panels against lateral bending
with GFRP lamination set in polyester resin. The lateral load is induced using a byrdradic jack with pressue
gauze fitted with it. The jack was calibrated in the TTTM to get the corresponding loads for the presaure. The
load carrying capacities of retrofitted specimens were compared with that of the v etrofitted specimen, taken
as cottrol specithets. The resdts are atrived at alogical sequence and analysedin a lucid matser,
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INTRODUCTION

Erick asz a budlding material and brick moasorey as a
structiral Component have proved themselves durable
and weather resistart. Day anciert masouy stuchires
reman as sanding ehgineering matvels to substant ate
thiz fact. In India about a major portion of the
cotistuction iz based on tick masorty strachares due to
economy. But in the event of extreme loading like
earthepale, masorey struchares attain severe damages
leading to partial to total collapse. Masorry stractares are
brittle in natare and attain sedden failure without much
warning for the ocouparts to escape to safety and hence
it is esserdial to impatt ductile behaviow to masorry by
effective strengthening OFf the 3 components of a
magorey i ding (roof, wall and foundation), the wall s are
most walnerable to damage cavsed by horizortal forces
due to earthouake. A wall topples down easily if pushed
hotizontally a the top in a direction perpendied ar to its
plane (termed weak direcion). Earthguakes produce
forces which are three dimmensional and compler in nature
as the ground shakes simultaneously in the vertical and
two horizontal directions dwring earthiuakes. Hence,

suitable retrofitting techd ques ate to be studied for brick
masoy. Here the authors make a sincere attempt in
imparting ductile behavi our to masorey wall panel and to
enhatice  the load carrying capacity  adopting  an
irmovative retrofitting techord eque using GFRTP laminati ons
set in polyester tesin coating on the externd sface of
masotuy wall (Fig, 1-4). Much resear ch works wete not
dote in brick masorwy wall panels and there were studies
ot block masorry (Hamiltonef A, 20017,

Fig 1: W4l patiel s getting ready for GFRP laminations
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Fig. 2: Polyester resin coating is applied to fix GFRP
lamination

Fig. 3: Wall patels retrofitted with 2-strip and 3-
stripGFRP laminatiofs

Fig &4 General view of masorty wall panels under cwring
MATERIAL S AND METHOD S

The wall panels which are held in bebreen teo
witidow openings atd wid chowill spat verti cally between
sill andlintel lewel retain as highly critical Normally such
a patiel will meamwe approvimately 1352135 om as seen
from tiltin ervdronthent. Henee, it i3 decided to hawve
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Fig 5 Experimerta set-upwith fre- calibrated hydrandic
jack

scaled down masorey wall panel measuring 45:45 cm
using alinear scale factor of (1:3) vsing mirdatare bricks.
Cemernt mortar of 1.5 mix was adopted with about Tmm
thick. When earthouake strikes, there will be inertia foree
which will tend to collapse the wall under o-of -plane
bending Hence, the imaginary moatimien inertia force felt
by the stractare is simulated by a hotizontal load gpplied
at mid hedght of the model wall panel, using a hydrandic
jack as shown in Fig. 5. The imaginary seiamic force is
gimuated by a byrdeaulic jack with a capacity of 20 kN,
fitted with a horizontal rectangalar rod as loading frame
atid a pressure gauge to find out the pressure of the jack
duwingloading (Ham oush of &, 20017,

The hypdrandic jack is fix ed horzontally in aloading
frame as haf of the height of the trick masoneyie at
the cetitre (at 225 mim).

The imagnaryinertia force is sitd ated by horizontal
load at the centre span of the brick masorry is
provvided by eans of hyrdralic jack (Fage, 1982,
The wall panel isheld at the top and botbom ey angle
support as simply supported to sinulate the lindel
cotwerete atd sl level masorry spport. Incretmental
loaditig was given from mirdmon to collapse load
The pressure gauge of 300 kg em™ capacity is fived
oty the hydraulic jack to show the presswe reading
duritgloading.

The jack was pre-calibrated for the loading against
the oil pressure.

Retwfitting technigue: The retrofitting  methods
suggested by Indian codes invvolve ferro cement lining
atid welded fabric reinforcement adopting Splint and
Bandage techricue. Steel reinforcement that remains
exposed to envirommental attack due to mooisture
abzorption of masorwy walls. Therefore, they are
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viAnerable to cotrosion that limits their lives, MWoreowver,
the cuality of sttensthering depends headly upon the
gkills of persormel. Recent developments in fibee
reinforced composites can solve marry of these problems.
These materials are extremely strong, with high load
carrying capacity. They are chemically inest and corrosion
resistart. Mot eower, they are very light and that facilitates
eagy implementaion at site with less supporting
structires. These methods are cleaner, simpler and the
materials used oure wery quickly. This leads to shotter
down timme of the damaged structire and requires skilled
labiour with close supervision. The authors have used E-
glass fibee sheets that have a mirdmun tensile strensth of
1900 Mipa and elastic moddus of 75000 Mpa with a
density 450 gm ™ are used. GFRP strips of 75 and 100 mm
width are laminated ot the masoroy wall panel coated with
polyester resinn, which remans as the binding materia
betareen the fibre strip and the masorey suface (Fig 30
Ore of the important properties regarding the workability
of resinis optimoen Wscosity that sinultateously enables
impregnation into the fibres and keeps the fibresin place
tohave proper botuding with m asorey,

Fibee sheets are cut tot recuired size. The cut GFRFP
fibre sheet ismade as aroll on a cirod ar spindle to make
them eagy for wrapping, It is very ith portant to choose the
right resin for wrapping applications as the resin must be
vigcous enough to hold the fitee in place. On the other
hatid, the resin must keep the fibve wet thoroughly and
thete should not be a diy pockets The wiscosity of the
resity, thetefore, 15 a trade off between these tro
cotutradi cting requuremernts. The tesitn is usially a 3-patt
thix tathely the resin accelerator atd hatdener. The tesin
shoald ot entrag air,

There are o methods of laying namely dey lap and
wet lap, the doy fibre sheet is applied on the masoey
surface coded with epoxy resin. In the wet lay wp, the
fibte sheet is kept wet with the tesin before wrapping
Although wet lay up enmares a better bonding it iz not
alwrays cotrrerd ettt to use wet lay up, especially in the hot
climate like India The sheet should not be slack at the
titn e of wrapping and care must be taken to maintain the
intended fibye direction Rolling must always be in the
directionn of fibwe. The lapped ends must be pressed
thoroughly to avoid any defects must be completed
withith the pot life period of the resinwhich iz umally
10-15 min depending wpon the guantity of accelerator
added Therefore, it iz adwisable to mix amall gquantities of
resin at a time. Care must be talen to use proper gloves
duting work. After the resinis completely oured (usually
2 I, the wrap iz inspected to tale out any defect The
wrapped brick masonty is shown (Fig 30 The retrofitting
of masorty wall specimens is done by providing glazs
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fibre sheet lamination treatment. The sheet iz wrapped on
both the sides withtwo different sizes as given below,

v Treatmert with3 strips = 73 mm width each.
Treatmert with2 strips = 100 mm width each

RESULTS AND DISCU SSION

The retrofitted specimens and the control specimens
are tested against out-ofplane bending to arive at the
maximan load carrying capacity and mavimuum mid span
deflection Masorey design codes are silent about out-oft
plane forces (Drydale ef o, 1999 created due to
earthouake and it is mandatoey for the strucharal engineer
to find an effective retrofitting techwdeue for brick
masorey to  withstand  against  the
(Anorsrmoss, 2008

lateral fotrces

Controlspecimen: The contral specittien had a brittle and
sudden faillure immediately after the dewelopmernt of
horizontal crack without any warrdng (Fig &) The
collapse load was found as 25 kM. The load Vs
Dieformation chart (Fig. 7) gives alin ost linear behav our
atud there isno plastic deformati on beyond Aeld point.

Diaflection {ewr)

Fig T:LoadV s Deflecti on Urdreated specimen
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Tahle 1: Compatisor of load o smying capacity of differert spec itens

Collapse load Defelectioc st Drefelectioriat

Specimene at fajhme 15 heizht ran tid heighd- mon
Copdrol Spe citren 2.5kH g1l 068

Tre afymerit writh 2 strips 14 4B 16 896 12.33

Tre stymerit writh 3 stoipe 16 8 LH 2142 2663

Fig &: Specim en treated with 2 strips
)
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Fig 11: Masorry exhibits doctile behavior

b1

Fig. 9:Loadwvs deflection-2 strips
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Daflection {mnd)
Fig 12: Bpecimen treated with 3 strips

- r m-
m-
Fig 10: Specitvien treatedwith 3 strips
Specimen reto fitied with 2 strip s of 100 mm wide GFRP
laminations: Az compared to control specimen the crack
formation in the retrofitted speciten iz less and the : N
hotizontal faihure ocour at marimwn loading to collapse : : LV
T 2 T 7

load of 14.4 kN (Fig. 8). The load V2 deformation chart 1
shows plastic non-linear deformation beyond wWeld point, LS 2 wirip GFRP 3 sirip GFRF
thus exhibiting ductile behawiour (Fig 9. Fig. 13: Percentage difference
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Specimen retrofitted with 3 strips of 75 mm wide GFRP
laminations: The specimens retrofitted with 3 strips
exhibited very high strength than control specimen and
the failure occurred at 16.8 kN (Fig. 10, 11 and Table 1).
The load vs. Deformation chart shows excellent ductility
(Fig. 12).

The critical wall panel held in between two window
operungs, spanning vertically between sill level and lintel
bottom is taken for study using linear scale factor of 1: 3.

CONCLUSION

Masomry wall samples retrofitted with GFRP
laminations set in polyester resin exhibited excellent
ductile  property. Ductility i3  numerically
approximated as the ratio of deformation at collapse
to deformation at yield taken from the experimental
observation. The wall panels retrofitted with 3 strips
of GFRP laminations have performed well and shown
ductility about 2.5-3.7 and where as the control
specimen had almost a ductility of unity as the
specimen failed at yield point.

Three control specimens unretrofitted, built inem 1:5
had uniform mode of failure. The failure was sudden
with a linear horizontal crack along the mortar joint.
The wall specimens retrofitted with two strips of
GFRP fibre wrappmg yielded good results with
ultimate load capacity 476% more than the control
speclmen.
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The wall specimens retrofitted with three strips of
GFRP fibre wrapping vielded excellent results with
ultimate load carrying capacity 572% more than the
control specimen.

It 13 concluded that tlus sort of strengthening
method will greatly help in avoiding sudden failure
of masomy buildings due to extreme loading
like ecarthquake The major

advantage in GFRP lamination is that it will not

conditions loads.
disintegrate due to ageing and is anti corrosive in
nature.
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