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SUMMARY:

According to the Eurocodes horizontal and vertaaifining elements should be bonded together antaaad
to masonry by manner of construction (toothing)ogrmechanical connectors (dowels). Both methodseau
problems during construction and it is a commorciice, at least in Eastern Europe, in trying toidwhem.
The authors studied the influence of three diffetgpes of connection details between the masoanepand
r/c tie-columns on the resistance and displaceroapacity of confined masonry walls within a scofeha
Croatian project "Seismic design of infilled frathe€onfining elements around the masonry wall insesl
stiffness and lateral load capacity. Connection rgrihhe masonry wall and ties increased ductile \ieha of
the confined masonry. Existing equations for caltiah of the lateral strength in EC6 are eitherarndr over
estimating the observed values.
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1. INTRODUCTION

Throughout the last centuries masonry structure® wenstructed according to generally accepted
rules and experience. The modern way of design eminmust include specific verification and
computational proofs of load bearing capacity agniseability of structures and masonry structures
are not exception. However, inhomogeneous mediw@n,the composite character of the masonry and
its poor ductility considerably complicate the apation of generally accepted numerical methods.
Those were developed for construction materials stnactures having definite elastic and plastic
properties. Masonry mechanical characteristicxcbogely related to the skill of construction worker
and execution control. In confined masonry striegumasonry wall is surrounded by concrete ties
that improve the masonry behaviour. Joint connactietails between masonry and ties have to be
designed to ensure their common action during ghaaake.

According to the Eurocode 6 horizontal and vertamaifining elements should be bonded together and
anchored to masonry by manner of construction lfing) or by mechanical connectors (dowels).
Both methods cause problems during constructiontaad common practice, at least in East Europe,
in trying to avoid them. Within this study we triéal determine the influence of connection details t
the behaviour of confined-masonry walls exposedaiestant vertical and cyclic horizontal loading.
The required size and distribution of shear cororscon the masonry-tie connection should be
determined. Therefore, we have tested confined nmgswall one-story one-bay specimens with three
different connection details. production and testoonditions were the same and differences came
from detailing. For statistical reasons we testegkd specimens of each connection detail. The
behaviour of confined panels with smooth connectabrihe masonry - concrete interface, smooth
connection with steel dowels in the bed joints maditional tooth type joints were compared to the
behaviour of control unreinforced masonry wall bk tsame dimensions. It has been found that
connection type did not influence the initial laterstiffnress and resistance of specimens, but
significantly influenced the displacement capaoitgonfined panels.



1.1. Test specimens

The prototypeawall represents a wall in residential confined nmagdouilding at the ground floor wit
25 nt of attributed floor area. The wall was designecbading to the Eurocodes 6 (EC6) and 8 (E
and scaled down to 1:1,5 on the basis of a trueeitbdt maintains complete similarity implying ti
the prototype and model (specimens) have the saateridl properties. Three different types
models were made (with three specimens for eaddt ) masonry wall ends in a vertical line &
there is no additional connection between the mgsand tie-columns except adhesion and mo
joints; (B) masonry wll ends in a toothed manner so that masonry andrete tie interlock; (C
masonry wall ends in a vertical line and connechbietween the masonry and-column is obtained
by Usshaped stirrups (dowels). Additional Model (D) waade as unreinforced nonry wall without
tie-columns Geometry of prototypes and specimens are presemtatle 11.

Tablel.l. Geanetric data for prototypes and specin

Model Descn_phon of rasonry- Prototype Specimen Numl_aer of Designation of
vertical concrete tie specimens ;
Type connection I/h/t (m) I/h/t (m) specimen
A No 3 Al,A2,A3
B Toothed Ao 3 B1,B2,B3
C U-shaped dowels 2,16/2,48/0,28 | 1,44/1,65/0,19 3 C1C2C3
D No vertical ties 1 D

The specimens were built by standard local materiabllow clay bricks -5 with dimensions
b/h/t=25/19/19 (cm) and with declared propertiasctampression strength 15 V andvolume weight
of 7,9 kN/m" Tie-column concrete waC30/37 (obtainedf=35,6MPa) mixed mortar was made *
situ” in volume proportion of cement:lime:sand=5:andwith designed nominal strength of 5MI
Heights of the masonry unita specimenswere scaled in order to ensure an equal humbeed
joints in the specimen and protoe and they were I/h/t=25/13/19 (cnVield stress of the

longitudinal and transverse steel v fy=515 MPa.

1.2. Testing setup

For each different interface connection type (Ari8l &) three specimens were made (nine speci
altogether). One masonry wapecimen(D) was tested for the reasons of comparisThe testing
equipment consisted of a steel frame anchoredetsttioncfloor and horizontally supporte
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Figurel.l. Test equipment and three different types of spems



Four hydraulic actuators were fixed to the framepider to simulate constant vertical and in pl
cyclic lateral loads. The vertical load was apd on the specimen by means of two hydraulic j:
with 500kN capacity placed on a carriage that esthtiiem to move horizontallDesign vertical load
was applied over the reinforced concrete beam k28 m placed at the top of the wall over a-
teflon layer in order to evenly distribute the pressThe constant vertical load, corresponding to
axial stress in the wall of 0.49MPa, was appliedrdputhe whole test. It was kept constant, as mag
possible, by means of servalves mounted on t jacks.The lateral load was applied to the specit
by doubleacting hydraulic jacks with 350kN capacity, platatrally and fixed to the testing fran
The cyclical lateral forces were applied in a homial direction at the top and in plane of the w
Each test was first conducted under lateral loadrobat an increment rate of 10kand then changed
to the lateral displacement control when rest forces start to declindeach loadingcycle was
repeated twice. Loadirtime historyis presented in Figure 1.2.
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Figure 1.2. Time history of the horizontal fordor the specimen B:

The test was ended when the I-deflection curve showed a drop in load to about 83%he peal
lateral load as the lateral displacement increaThe specimens were instrumented to monitor
applied loads at each loading point, horizontal @adica displacements at the wall ends, horizo
slippage of the foundation beaidiagonal displacement® both directions and strains along
masonry-tie interfacéApplied loadsand all other measurements were continuously atahstically
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Figure 1.3 Otline of test specimen armeasured values

scanned and recorded on the hard disk for latdysiandy means ca computerized data acquisiti
system Dewe-dagboolAn outline of test specimens and the scheme ofieadjulata during testin
are presented in Figure 1.3.



2. TEST RESULTS
2.1. Failuretype

All specimens behaved in a similar way in genewath following stages: the cracks in masonry
occurred initially at the wall corners, a pattefrdiagonally oriented cracks appeared and contipiual
increased, sporadic spaling of the masonry covelisstextension of cracks from masonry into ties
and tie-joints, extensive inner- and outer craclohghe masonry units that led to collapse. There i
slight difference between the stage’s occurrerroe taind especially between the final crack patterns.
Specimens (B) and (C) had more small cracks andnthim diagonal cracks were not so much
pronounced. Diagonal cracks protruded from masaorigythe tie-joints. Cracking pattern in (A) type
specimens had significant diagonal cracks and rhangontal cracks in tie-columns that indicated its
tension failure. Measured hysteresis loops weretlynesde cycles for all three types of specimens.
Damage patterns and hysteresis loops for eachdypennection ( A,B,C ) are presented in Figures
2.1 and 2.2. The failure type of all three specinyges could be classified as hybrid (mix of diagjon
shear and in-plane moment failure type).
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Figure 2.2 Hysteresis loops

Hysteresis loops of the specimens A, B and C Ihitimok alike. After opening of the first large
cracks specimen A degraded so fast so that we natreable to load it cyclically afterwards. It
behaved in a brittle manner that can be observew ial Figure 2.4. Even after opening of the first
large cracks specimens B and C were able to takeewploading cycles with degraded stiffness and
fat hysteresis loops. Load capacity of all threecgpens did not fall off suddenly.

2.2. Lateral strength

Measured maximum lateral strength, Vmax, for alcsmens are presented in Figure 2.3. It is obvious
that Vimax Showed no significant dependence on the connettjmn The measured average values of
Vmax for all specimen series (1,2,and 3) and fothake specimen types A, B and C were almost the
same although they occurred at significantly déferhorizontal displacements (IDR of 0,34%, 0,45%
and 0,43% for A,B and C respectively). The measanatage hysteresis for each specimen type, are
compared in Figure 2.4.
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Vmax (kN) 161,147 125,34 179,6 155,362 167,394 130,74 128,60 14248J667 131,34 136,425 138,811

dVmax(mm) 4,80 | 652| 550 561 6,04 1021 6,21 749 10,19 507 28 7,18
IDR (%) 029 039 033 034 037 062 038 045 062 031 038 043

Figure 2.3 Comparison of the maximum horizontaistasce force, models A1-C3
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Figure 2.4 Average measured resistant force faeséy,B and C

The lateral strength of confined masonry wall pamas calculated by three different equations and
the results were compared to the measured valugording to the EC 6 calculated werg.yYand
pure bending moment resistancgewith respective . From that the failure occurred due to Moment
capacity and that was underestimated while theutzilkd Vmax was overestimated. Other two
approaches proposed by TomaZe{d999) and Anii¢ (1990) were closer to the measured values.
Complete results are shown in Table 2.1.

Table 2.1 Lateral resistance verification

Vrq(KN) experimental L
Vi (KN) Mg (KNM) Rel(aktﬁgj \"A (type A) Deviation (%)
Vmax Vu (Vu 'Vrd)/vu
EC6 186,57 130,6 80 -25%
Anici¢ 129,5 - - 155,36 149,32 13%
Tomazewk 128,3 - - 14%

2.3. Idealization of experimental results

Measured hysteresis envelopes (primary curves)l gpacimens was simplified by a bilinear curve
according to Tomazewi(1999). Ultimate resistance force,,Wvas evaluated from the condition of
equal energy dissipation of an actual and idealisad panel. Both loading cycles, positive and
negative, were considered for evaluating the mawxintateral force and its degradation. Effective
stiffness, K , was evaluated according to Frumento (2009.)eaarg of the experimental hysteresis
envelope at a base-shear value of 0,4xVThe ultimate displacement, dof the wall corresponds to
displacement at which base shear decreased to @,8*\Obtained hysteresis envelope curve and
associated bilinear idealisation for three différgmecimens types are given in Figure 2.5.



The characteristic values of the hysteresis eneetopves and for corresponding bilinear curvedlof a
tested specimens are given in Table 2.2. From ilweear idealizations could be observed that
cracking of all specimens occurred at IDR (intenstdrift ratio) of 0,17-0,19 % and the shear farce
at cracking, V,, decreased from specimens A to B to C; ultimatgebshears, )V decreased from
specimens A to B to C but the ultimate story dfiftter story drift ratio=gl/h %) increased from
specimens A to B to C; the ultimate ductilityipcrease from Type A (1,84) to Type B (2,36) amd
Type C (3,14). Ultimate ductility factor correspamgl to walls type C is 70% greater than ductility
ratio of the specimens type A.

z 2
50 1S <
> Vimax=125,358 150 1 Vinax=128,60
— — _ —=< - - _Vu=114,488 ’0;3:/;; ””” —_——— ’_. Py — _Vus119,535
00 To8Vmax ~ 2= m e TN o[ - T i Ts
V=87,423 V=90,021 )
y /@l 2 l lg y ! = s
Lo I~ | [ o~
501 s &8 a2 f 52 o1 /e B3 SIS
NI £ A 708 £ i
/8 s Cos o 5 Gl
0 L P —d(mm), L ‘ o 2 __d(mm) ‘ Th
e
0 4 6 8 10 12 0 2 4 6 8 10 12
=
150 - % Vmax=136,425
08Vew L _ R _ _Vusuosr_ _
1004_______ ; :
=95,498 :
7 ; l
R 8 :
501 S/ i i S &
/ gg - 2 C3 i
4 L 8 ‘ g
S | N |
0 \U : L T T : d(mm) } T T :c 1
0 4 6 8 10 12 14 16

Figure 2.5 Experimentally obtained and idealizestéresis envelopes for one specimen of series AJBCa

Table 2.2 Evaluated parameters of experimental hysteresisiepe

Ke v, d, | 4o | d crack- | ult. .
Vv d story | story | ultimate
Specimen (kclil) (mcr;1) drift drift | ductility
(kN/mm) (kN) (mm) de/h | dy/h | p=dy/de
% %
Al 40,74 | 112,80 15586 2,76 | 382] 570 | 570| 017 | 0,35 1,49
A2 31,64 | 87.42| 11449 2,76 | 362 | 994| 8,70| 017| 053 2,40
A3 39,33 | 125,01 177,62 3,20 | 452 | 7.49| 7.36| 019| 045 1,63
Mean | 5594 | 10841 14932 2091 398 771 725 048 044 841
value A
B1 3550 | 117,18 16197 33d 456 7530 740 020 504 1,62
B2 2692 | 9152| 12933 3,40 480 12,01 1201 0p1 73d, 250
B3 3462 | 90,02| 11954 260 3,45 1041 1020 0,16 620, 2,96
Mean 3235 | 9957| 13693 3,0 427 997 987 019 0|60 362,
value B
C1 3448 | 104,07 12690 3,09 368 1300 1223 049,740 332
c2 2907 | 92,09| 11630 319 4,00 1359 10,70 0,19 650, 268
C3 37.67 | 9550 11058 2,39 293 1447 10,00 0014 610, 341
Mean | 5374 | 9722 11791 288 354 1369 10098 017 066314
value C




The characteristic values of the hysteresis eneetmpves and corresponding bilinear curves of all
tested specimens are given in Table 2.2. From ilweear idealizations could be observed that
cracking of all specimens occurred at IDR (intenstdrift ratio) of 0,17-0,19 % and the shear farce
at cracking, V,, decreased from specimens A to B to C; ultimateebshears, )V decreased from
specimens A to B to C but the ultimate story diifth (%) increased from specimens A to B to C; the
ultimate ductility | increase from Type A (1,84) to Type B (2,36) andlype C (3,14). Ultimate
ductility factor corresponding to walls type C 8% greater than ductility ratio of the specimenzety
A.
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Figure 2.5 Deterioration of secant stiffness fareseA,B and C

Table 2.3 Actual stiffness in various displacement stages

. A (average) B (average) C (average)
Specimen kKN/mm KN/mm kKN/mm
Initial stiffness 44,20 41,72 43,45
Average elastic stiffness (bilinear idealizatign) 7,3 32,35 33,74
Secant stiffness at maximum resistance 28,48 20,41 20,75

3. CONCLUSIONS

Three different connection details between the magsawall and confining ties have been
experimentally investigated under constant vertmadl cyclic lateral loading. Confining elements
around the masonry wall increased stiffness amuldbtoad capacity. Connection among the masonry
wall and ties increased ductility behaviour of tdoafined masonry.

While in the EC6 suggested behaviour factors, ¢g,good for confined masonry walls with good
interlocking between the masonry and ties, the t@opug for calculation of the lateral strength are
either under- or over estimating the observed wal@her available equations seem to give better
estimate of the lateral strength.
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