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ABSTRACT

Srengthening of masonry againgt seismiceventsisvery essential and gettingmaximum
attention of researcher saround theglobe. An extensive experimental program was
carried out to study the in-plane lateral performance of un-reinforced masonry,
strengthened and retr ofitted masonry wall panelsunder later al cyclicloading. Twenty
testswerecarried out; four testsunder monotoniclateral loading, twelvetestsunder
static cyclic loading and four testsunder pure compression. Thetest resultswere
analyzed in fivegroupsand thispaper presentstheanalysisof group 4, which deals
with effect of axial pre-compression on masonry seismic performance. Threesingle
leaf panelswith aspect ratio of 0.67 having size 1.65x1.1m wer e constr ucted using
samematerial and wor kmanship.All thethreeun-reinforced wallswer etested under
0,0.5and 1.0M Pavertical pre-compression and displacement controlled static cyclic
loading. Thewall tested under 0.5M Pa pre-compr ession wasr efer encespecimen. The
key parameter sstudied werehystericsbehavior, peak lateral load, ultimatelateral
displacement, ener gy dissipation, ductility, responsefactor and dampingratio. It was
observed that level of axial pre-compression hassignificant effect on lateral capacity,
failuremodeand performanceof masonry. In caseof zero pre-compression thelateral
capacity wasvery lessand wall went intorockingfailureat early stagesof loading.
Increasein pre-compression to 1.0M Pa enhanced thelateral capacity by afactor of
1.92 times. After analysis of test results, it isfound that pre-compression hasvery
significant effect on lateral strength, energy dissipation and overall seismic
performance.

KeyWords: Masonry Walls, Srengthening Technique, Confinement.

1 INTRODUCTION

n Pakistan, majority of residentia structures, buildings
inold partsof citiesand monumental buildingsare of
URM (Un-Reinforced Masonry). Due to aging and
lack of maintenance, alarge number of the buildingshave
been declared dangerous. As per L ahore City Government
Officia record 540 buildings have been declared dangerous
out of which 70 buildings are very dangerous and require
immediate demolition [1]. Moreover, during 8th October,

2005 earthquake, which struck Northern Areas of Pakistan,
alarge number of masonry structureswere damaged [2-4]
and author developed a simple and cost effective
techniqueto combat this problem [5-6]. Themain structural
elementinan URM gtructureisthewall, whichisprimarily
designed to sustain the gravity loads only and is very
vulnerable against seismic events. Under earthquake
loading the URM wall can experiencein-plane or out-of-
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planeforces causing in-plane and out-of-planefailure. The
masonry wall under in-plane lateral load can experience
diagonal shear cracking, sliding, rocking and toe/heel
crushing asshownin Fig. 1. Thefailure mode of masonry
wall mainly depends upon the level of pre-compression,
aspect ratio and shear strength of masonry wall panels. It
is well-known fact that level of pre-compression has a
significant effect on masonry lateral strength and its
seismic performance. AlImost all theempirical relationships
developed by different researchers and given in different
codes have catered for the axial load factor in their
equations. Matsumura, [ 7], Shing, et. d. [8], N2S4230[9],
Anderson, et. ., [10], UBC[11] and Australian Masonry
Standard [12] haveincluded the contribution of axial pre-
compression towards determination of masonry lateral
resistancein their proposed expressions. Matsumura, [13]
conducted tests on masonry wall panelsto study different
parameters and concluded that the lateral resistance of
masonry walls increased at a rate of approximately 0.2
times the vertical stress. The lateral capacity of piersin
case of shear mode of failureis mainly influenced by the
masonry compressive strength, the level of axial pre-
compression and aspect ratio with very little influence of
vertical steel distribution [14-15]. Woodward [16-17]

concluded that the effect of block and mortar strength on
shear capacity wasalmost negligiblein case of wallstested
under lower levels of axial pre-compressions and it
increased withincreasein level of axial pre-compression.
Thelateral cracking load and maximum lateral resistance
increased at lower rates with increasing axial load and
increase in axial load from 2-26% the increase in shear
strength was in the order of 1.6-1.66 times [18].
Kaminosono [19] concluded after the experimentation
that increase in axial load and decrease in shear span
ratio resulted in increase in lateral capacity with
reduction in deformation capacity of masonry walls
experiencing shear failure. Shing [20] found that an
increaseinwall flexural strength was also observed with
increase in level of applied axial load but increase in
axial load may also cause reduction in ductility capacity.
A simpleinexpensive effectiveretrofitting techniqueis
still required. This paper investigates the effect of axial
load on in-plane behavior of masonry. Thefailure mode
isvery important in performance eval uation of masonry.
The in-plane failure mode mainly depends upon the
level of pre-compression, aspect ratio, material
properties and shear resistance.

—> —>|
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FIG. 1. DIFFERENT FAILURE MODES OF MASONRY: (a) DIAGONAL SHEAR CRACKING, (b) SLIDING, (c) ROCKING,
(d) TOE CRUSHING
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2. AlM OF RESEARCH

The basic aim and objective of researchisto find out the
roleof axial load on seismic performance of masonry inthe
local environment. The in-plane cyclic performance of
masonry under different level of pre-compression is
assessed to establish its effectiveness. The experimental
observations and analysis of data for lateral strength;
lateral deformation, hysteretic behavior and energy
dissipation are the basis for establishing performance of
masonry.

3. EXPERIMENTAL PROGRAM AND
TEST SET UP

Thisexperimental program investigatesthe effectiveness
of axial pre-compression onin-plane seismic performance
of un-reinforced masonry walls. The designation of all the
three un-reinforced wallsis given in Table 1. Wall-8 was
referencewall tested under 0.5M paand Wall-6 and Wall-9
were tested under 0 and 1.0Mpa axia pre-compression
respectively. Each wall panel rested on RCC foundation
beam, which was anchored to the strong floor. RCC cap
beam was placed at top of wall panel with the help of S
type mortar for application of lateral and vertical load
uniformly. The specimensweretested as cantilever walls
and it was fixed at the bottom with the help of bottom
anchor and free to move at the top. Manual reversible
hydraulic jacks were used to apply lateral load. A
combination of vertical compression (representing loads
from the building above) and in-plane cyclic lateral load
was applied to specimens. A constant vertical pre-
compression was applied through connected vertical
hydraulic jack. A bridge bearing assembly was used to
keep this vertical pre-compression near to constant but

till upto 15-20% of variationin vertical load was observed.
Thelateral cyclicload wasapplied through hydraulic jacks
from boththelateral direction of thewall. Thelateral loading
was applied at the cap beam, which transferred it to the
wall. Both sides of the walls were designated as positive
and left side to distinguish the wall behavior in both the
direction under cyclic loading. The detailed test set up is
showninFig. 2 and materia propertiesare summarizedin
Tablel.

4, TEST SPECIMEN

The test specimens were constructed in the laboratory to
represent the typical on going construction practice in
Pakistan. Three singlewythewallswere constructed using
clay brick masonry unitswith dimenson of 228x 115x 76mm.
Theeffective moment/shear ratiowas 0.67 with dimensions
of 1.6x1.1m. The test specimens were constructed on a
concrete filled steel U-channels as shown in Fig. 2 and
placed on the bottom anchor beam. All the specimens
were cured for 28 days and tested.

5. LOADING HISTORY AND
INSTRUMENTATION

LV DTswereused for measuring thelateral displacement;
load cells and LVDTs were also used at strain mode for
measuring strain in masonry as shown in Fig. 3. Strain
Smart 5000 data acquisition system was used to record al
data and during testing sixteen channelswere utilized. In
all the tests, the loading was applied under displacement
control to allow monitoring of the complete load
deformation response. Keeping in view very less elastic
displacement theinitial incrementswere kept as 0.25mm
and later rate of increase was kept as 1mm per cycle. The
completeloading history isshowninFig. 4.

TABLE 1. MORTAR CUBE AND MASONRY PRISM TEST RESULTS

. . . Average Compressive
Specimen Wall Designation Strength (MPa)
Wall 8 (Reference) URM at 0.5MPa 19.34
Mortar Cubes

Wall 6 URM at OMPa 13.98

(ASTM-89 C-109)
Wall 9 URM at 1.0MPa 16.67
. Wall 8 URM at 0.5MPa 9.66

Masonry Prisms

Wall 6 URM at OMPa 6.6

(ASTM-89 C-1314)
Wall 9 URM at 1.0MPa 8.86
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FIG. 2.TEST ARRANGEMENT AND LEGEND
LEGENC:
A Strong Floor F Lateral Load Jack and Load Cell | Horizontal Reaction Anchor Bolts
B R.C.C. Foundation Beam G Vertical Load Jack and Load Cell J Strong Frame
C Anchoring Bolts H Bridge Bearing Assembly P Top bracing anchors
D Base lateral anchors Q Frame stiffener R Frame for compression load
E R.C.C.CapBeam S U-steel channel for lifting T Load cell anchor assembly
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B R.C.C. Foundation Beam
C Anchoring Bolts

D Masonry Wall Panel

E R.C.C.Cap Beam

FIG 3 INSTRUMENTATION OF MASONRY WALL PANEL

F Lateral Load Jack and Load Cell
G Vertical Load Jack and Load Cell
H Bridge Bearing Assembly
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J Strong Frame

K LVDT at top

L Vertical and Horizontal LDT at strain mode
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FIG 4. LOADING HISTORY
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6. EXPERIMENTAL TEST RESULTS

The experimental datawas recorded and analysed to study
the seismic behaviour of un-reinforced walls at different
levels of pre-compressions as under:

6.1 WALL 8-URM at 0.5MPa

The Wall 8 was un-reinforced reference specimen tested
at 0.5Mpa pre-compression. The peak lateral load was
88.9kN and ultimate displacement at 80% degradation was
3.31mm. Thewall exhibited diagonal shear failureand first
flexure crack appeared in 9th cycle at middle of thewall at
positivedirection. The crack was extended from middle of
wall to bottom on positive side. On further cycling the
cracks propagated on negative and positive directions.
Thelateral forceat yield was 78kN and displacement was
1.63mm. Very less drift ratio was recorded at yield and
ultimate stage, which was in the order of 0.15 and 0.3%.
The ultimate stage occurred soon after yielding that isthe
lateral load was 71kN at an ultimate displacement of
3.31mm. At failurethediagonal cracksin boththedirection
were observed as shown in Fig. 5(a-b).

6.2 WALL 6-URM at OM Pa

Thewall 6 wasun-reinforced tested at zero pre-compression.
The peak lateral load of 14.15kN with 6.4mm ultimate

displacement was recorded. The wall exhibited rocking
failure and started to rock between last and 2nd last coarse
at very early stages of loading that isduring 2nd cycle. No
cracking or toe crushing was observed during cyclic test
due to zero pre-compression. The lateral force and
displacement at yield and peak was almost same. At peak
stage very less drift ratio of 0.09% was recorded which
increased to 0.58% at ultimate stage. The lateral load and
displacement at ultimate stage was 11.3kN. The wall
experienced rocking failuremode asshownin Fig. 6(a-b).

6.3 WALL 9-URM at IMpa

The wall 9 was tested at IMPa. The peak 10ad recorded
was 170.5kN with ultimate displacement of 8.6mm. The
wall experienced brittle shear failure due to heavy pre-
compression cracks mostly passed through the bricks.
The first crack appeared in second last coarse towards
positive direction during 9th cycle. Later new cracks
passing through bricks appeared at middletop and towards
negative direction. Yielding force and displacement was
155kN and 2.1mm. Slight sliding and rocking was also
observed at later stages as shown in Fig. 7(a-c) causing
higher ultimate displacement. On further cycling, some
cracking at wall bottom on both directionswere observed

FIG 5. WALL 8 AT FAILURE (A) DIAGONAL CRACKS AT NEGATIVE SIDE (B) DIAGONAL CRACKS AT CENTER TOP

(b)
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with widening of existing cracks. Very few cracks passed
through the mortar. At ultimate that is 80% degradation,
the test was stopped and the lateral load was 137kN.

7. DISCUSSION ON TEST RESULTS

The lateral cyclic behavior of the masonry walls with
varying levelsof pre-compressionisdiscussedin detail in
succeeding paragraphs. The different characteristics

discussed are lateral force-deformation behavior,
hysteretic behavior, energy dissipation, ductility factor,
response factor, damping factor, stiffness degradation and
behavior of wall at failure.

7.1  Lateral Force-Displacement Behavior

The comparison of lateral strength of reinforced wallswith
un-reinforced wall isgiven in Table 2. Thelateral load is

(c)

FIG. 7. WALL 9 AT FAILURE (A) UPLIFT AT POSITIVE SIDE (B) CRACKS PASSING THROUGH BRICKS (C) CRACKING AT TOE
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normalized in order to remove variation in the masonry
strength from one wall to another. The equation 1 isused
to normalizethelateral load. In this equation gross cross-
sectional areabeing constant isnot taken into account for
all the specimens. Thefactor 0.22 fm0.5isused to cater for
variation of masonry strength. The factor for reference
wall was cal culated and ratio for other two wallswasfound
out in comparison to reference wall.

. Lateral Load 3
Normalized Lateral Load = —  x100

0221 Ag @)
where Ag is Gross cross-sectional area, and f_ is

Compressive strength.

Fig. 8 shows the backbone curve of al the walls in both
the directions and Fig. 9 shows the critical backbone
curves. It is very clear that Wall 9 as expected showed

TABLE 2. SUMMARY OF TEST RESULTS

very steep rise in strength and then sudden reduction in
strength at the end. Wall 9 with 1M pa pre-compression
has showed maximum strength increase of 92% as
expected and least lateral strength is observed in case of
Wall 6, which is just 16% of the reference wall 8. The
ultimatelaterd displacement of URM wall wasjust 3.31mm
and lateral displacement for Wall 9 and Wall 6 were
increased by afactor of 2.6 and 1.93 respectively asshown
inFigs. 10-11. For Wall 9thelateral displacement at yield
and peak was 1.39 and 2.43 times higher than thereference
specimen whereas, the lateral displacement was just 0.6
and 0.35 times of reference wall displacement in case of
Wall 6. Theyielding and peak lateral forceand displacement
of Wall 6 was ailmost same. The higher value of lateral
resistance for Wall 9 is primarily due to high pre-
compression and higher displacement isdueto extensive
cracking of bricks.

Parameters Wall Specimens
Wall 8(Reference) Wwall 9 wall 6
Lateral Load at Yield (kN) 78 155 14.1
Increase wrt URM 1 1.99 0.14
Peak Lateral Load (kN) 88.9 170.5 14.15
Increase wrt URM 1 1.93 0.16
Ultimate Displacement (mm) 3.31 8.6 6.4
Increase wrt URM 1 2.6 1.93
Displacement at Peak (mm) 2.89 7.03 1.0
Increase wrt URM 1 2.43 0.35
Displacement at Yield (mm) 1.63 2.1 0.97
Increase wrt URM 1 1.39 0.6
Ductility 2.03 4.1 6.6
Increase wrt URM 1 2.02 3.25
Cumulative Energy Dissipation (kJ) 1.496 0.94 13.3
Maximum Energy Dissipation Per Cycle (kJ) 0.459 0.125 2.13
Damping Factor (%) 31.8 25 24.7
Maximum Lateral Wall Drift (mm) 1.983 5.23 0.9424
Response Factor (%) 1.75 2.68 3.49
Stiffness Degradation Ratio at Yield (%) 64.28 32.93 100
Stiffness Degradation Ratio at Peak (%) 44.93 21.69 12.51
Maximum Uplift at Wall Base 0.35 2.307 12.1
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Due to some rocking and sliding after the yielding, the
wall has maintained the force in in-elastic region after
which there is sudden fall in strength dueto crackingin
thetoe/heel region. After yielding at 2.1mm the peak stage
has been delayed till 7.03mm due to rocking mode of
failure. The higher pre-compression facilitated higher
strength initially and then rocking/sliding delayed the
sudden degradation of wall. Wall 6 showed very less
strength gain due to absence of pre-compression. At
earlier stagesthewall started rocking and theincreasein
strength was seized and yielding stage occurred very
soon. It maintained the strength after yielding for higher
displacement and strength degradation was very slow.
Wall 8 also showed sudden strength increase followed
by sudden reduction in strength due to heavy cracking.

Very lessdrift ratio of 0.097% was achieved for Wall 6 at
yielding stage as shownin Fig. 12. However, at ultimate
stage, the drift ratio increased to 1.9 and 2.6 times as
compared to referencewall.

7.2  HystereticBehavior

The hysteretic behavior of al thethreewallsis shownin
Figs. 13-15. The nonlinear elastic response of Wall 8 is
quite evident but the inelastic response is very poor due
to sudden fall in strength. The wall reached its peak load
and than thereisasudden dropinlateral strength showing
typical brittle behavior. The narrow hysteretic loopisdue
tolower residual displacement prior to cracking whereas,
it get quite high after initiation of cracking. Uptill elastic
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FIG 11. COMPARISON OF NORMALIZED LATERAL STRENGTH AT DIFFERENT STAGES
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FIG 12. COMPARISON OF DRIFT RATIO AT DIFFERENT STAGES
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stage the behaviour of Wall-9 isquite similar to reference diding. After the peak the wall experienced sudden drop
wall with higher lateral strength but after yielding, the in strength, a typical characteristic of URM wall. The
hysteretic loops are quite widened due to slight rocking/ residual displacement was also higher.
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Thehystereticloop of Wall 6 isquiteinteresting. Yielding
and peak stage occurred at the end due to excessive
rocking. The peak load lateral |oad achieved was quitelow
due to start of rocking at very early stages of cycling.
After start of rocking the wall maintained the force and
dissipated the energy through displacement increase. The
loop is fanned out at the top but narrowing at bottom.
However, the width of hysteretic loops for all the three
wallswas narrow with less energy dissipation, a peculiar
characteristicof URM wall. Theresidua displacement after
each cycleisshowninFig. 16.

7.3  EnergyDissipation

High-energy dissipation is a desirable property when a
structure is subjected to a severe seismic event. The area
enclosed by the hysteretic loop represents the energy
dissipated by the specimen. The cumulative energy
dissipation of the specimens can be calculated by adding
energy consumed during each loading cycle.

Figs. 17-18 show the energy dissipated during each cycle
and cumulative energy absorbed in all the cycles. The
energy dissipated during cyclic loading mainly depends
upon the friction along joints, widening/new cracks
formation, crushing of bricks; rocking and toe crushing.

The failure mode also affects the amount of energy
dissipated. If thewall experiencerocking or diding failure
then energy dissipated will beless despite of higher lateral
strength asrocking failureischaracterized by the property
of specimen to come back to its origin. Whereas, in case
of cracking the residual displacement will be more and
despite of lesslateral force energy dissipated will bemore.
The Wall 8 experienced cracking failure but its energy
dissipation waslessdueto sudden drop in lateral strength
and absence of inelastic branch. The wall dissipated
maximum of 0.459kJenergy in onecycleanditscumulative
energy dissipated during all the cycleswasjust 1.496kJ.

The energy dissipated per cycle by Wall 6 was much less
than reference wall due to sudden start of rocking and
lower lateral strength. 0.125kJwas the dissipated energy
per cycleand cumulative energy for Wall was 0.94kJ. Wall
9 experienced higher energy dissipation of 2.13kJper cycle
and its cumulative energy dissipated was 13.3kJ, which
wasmuch higher than thereferencewall. The higher energy
dissipated is attributed to higher lateral strength, higher
residual displacement and the wall also sustained the
stiffness during inelastic branch and peak stage occurred
later. Table 2 summarizes test results obtained for all the
specimens.

& wall 9
& wall 6
@ wall 8

L QS NS WS W QS W QR GEE N\, 8\ )
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Cycles
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FIG 16. COMPARISON OF RESIDUAL DISPLACEMENT/CYCLE
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7.4  Dictility and Response Factor

Ductility is the most important factor of performance of
any structural system in the seismic prone area. The
displacements at yielding, peak and ultimate stages were
cal culated by using amethod proposed by Mugruma[21].
Using these displacement val ues the displacement ductility
was calculated for all the specimens. Ductility of the test
specimensis compared in Fig. 19. The failure mode also
affectstheductility. In rocking failure the specimen tends
toreturntoitsorigin and the peak stageisdelayed. Higher
ductility factor in order of 3.25and 2.02 timeswererecorded
in case of Wall 6 and 9 respectively. The higher ductility
factor in case of Wall 9 was due to extended inelastic

branch as the wall went into rocking and dliding after
yielding. In case of Wall 6 higher ductility factor is
attributed because the yielding occurred very soon at just
0.97mm of displacement and ultimate displacement was
64mm.

Responsefactor isanimportant factor in seismic designing
of any structure behavior of shear walls. The response
factor of the specimens is determined by using the
Equation (2) provided by Paulay and Priestley [16].

Re =4/(2u4 -1) v

2.5+ —— VAl 8
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FIG. 17. COMPARISON OF ENERGY ABSORBED PER CYCLE
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FIG. 18. CUMULATIVE ENERGY DISSIPATION IN ALL CYCLES
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Where i, isthe ductility factor. Higher value of response
factor wasachieved in case of Wall 6 dueto higher ductility
factor. Anincreasein response factor of 99 and 53% was
calculated for Wall 6 and Wall 9 respectively asshownin
Fig. 20.

7.5  DampingFactor

An approximate value of the equivalent viscous damping
of the specimens, was also obtained by using equation 3
which was used by Elgawady [22]:

whereA | isenergy dissipatedinacyclei.e. areainsdethe
loop and A, is strain energy measured at the peak force of
the same cycle (sum of hatched area), i.e. the sum of the
hatched areasunder thetriangles. Fig. 21 showsthe method
to cal culate the equivalent viscous damping of al thethree
specimensasafunction of lateral displacement. A damping
value of 7-10% is quite reasonable for design of un-
reinforced masonry. The damping factor valuefor reference
wall was quite high that is 32% due to severe diagonal
cracking. Elgawady [22] hasa so quoted 30% damping factor
for URM wall asshownin Fig. 22. The maximum damping
values of 25 and 24.7% were recorded for Wall 6 and 9
respectively. Lessvaluesfor both thewallswere primarily

C=12rn(A /A)) (€) dueto rocking modeof failure.
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76  SiffnessDegradation

The equivalent elastic-perfectly plastic model proposed
by Mugruma[21] was used to determine yield, peak and
ultimate load stages from the load-displacement curve.
Stiffness degradation ratio (C,) is the rate of stiffness
reduction beyond yield. The ratio of secant modulus at
specified displacement (K) to the secant modulus at yield
(K,) isshownin Equation (4).

C, = KIK, 4

WhereK  isthe slope of line passing through origin and
yield point. Stiffness degradation ratios at peak (Kp) and
at ultimate stage (K ) were calcul ated by determining the
slopes of lines passing through peak and ultimate point.
C, at peak and ultimate was calculated and plotted in
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FIG. 21. METHOD FOR DAMPING FACTOR CALCULATION

Fig. 23. In case of Wall 6 the stiffness degradation was 100
and 33% for wall 9. At ultimate stage the stiffness
degradation of Wall 6 and 9 was quite less than the
referencewall.

Stiffness degradation trend for all thethreewallsisshown
inFig. 24. A sudden downward stiffness degradation trend
for referencewall wasrecorded dueto its brittle behavior.
Wall 9 also showed sudden fall after the peak but later
some recovery isvisible dueto start of rocking.

Wall-6 showed very mild downward trend due to start of
rocking at initial stages.

77 Behavior Wall at Failure

The lateral drift and uplift of wall are the important
parameters for describing the failure mode of the wall.
Figs. 25-26 show the maximum lateral drift and base uplift
of wall during the cyclic test. Asthe Wall 6 experienced
rocking failureits base uplift was maximum that is upto
12mm and lateral drift wasminimum 0.94mmwith peculiar
characteristics of rocking mode of failure. 2.31mm and
5.23mm wasthe recorded values of base uplift and lateral
drift of Wall 9 asthewall experienced cracking with some
rocking after yielding. Reference wall experienced
diagonal failure with no rocking and recorded values of
wall lateral drift and base uplift were 1.983 and 0.35mm
respectively, whichisapeculiar characteristic of diagonal
shear failure.
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8. CONCLUSIONS 0)

The static cyclic tests were conducted on un-reinforced
masonry wall panels to compare the effect of pre-
compression on seismic performance of masonry under
cyclic loading. It was found that the level of pre-
compression playsan important role on lateral resistance,
displacement, ductility and energy dissipation. The
conclusions and observations made after the tests are as

By doubling the pre-compression the lateral
strength has increased by a factor of 1.93 times
and at zero pre-compression the lateral strength
was just 16% of reference wall. The lateral
displacement at ultimate stage was 2.6 and 1.93
times more than that of reference wall. The
increasein lateral displacement isprimarily due

to rocking mode of failure.
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(if)

(i)

The energy dissipated by URM wall tested at
1.0Mpa pre-compression was 8.9 times higher
than referencewall asit experienced cracking at
toe, cracking of bricks, rocking after yielding
causing dlightly prolonged inelastic branch and
delayed peak stage. Energy dissipated by URM
wall tested at 0.0M pa pre-compression wasvery
less than the reference wall due to lower lateral
strength.

The displacement ductility of URM wall tested
at 0.0M pa pre-compression and in case of URM
wall tested at 1M papre-compression it was 3.25
and 2.02 times more than that of reference wall
respectively. It is observed that strengthened
masonry walls showed very good ductility as

(iv)

(v)

compared to URM. The response factor
improved by afactor of 99 and 53% for Wall 6
andWall 9.

A higher value of 32% as damping factor was
recorded for URM wall due to severe cracking
and lesser values of about 25% were recorded
for other two walls as both of them went into
rocking.

Thefailure mode a so plays an important rolein
seismic behavior of masonry and it depends upon
the boundary condition, level of pre-
compression and shear strength of masonry. By
controlling the failure mode, the desired
behaviour can be achieved.
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