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SUMMARY:  
According to the Eurocodes horizontal and vertical confining elements should be bonded together and anchored 
to masonry by manner of construction (toothing) or by mechanical connectors (dowels). Both methods cause 
problems during construction and it is a common practice, at least in Eastern Europe, in trying to avoid them. 
The authors studied the influence of three different types of connection details between the masonry panel and 
r/c tie-columns on the resistance and displacement capacity of confined masonry walls within a scope of the 
Croatian project "Seismic design of infilled frames". Confining elements around the masonry wall increased 
stiffness and lateral load capacity. Connection among the masonry wall and ties increased ductile behaviour of 
the confined masonry. Existing equations for calculation of the lateral strength in EC6 are either under- or over 
estimating the observed values.  
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1. INTRODUCTION 
 
Throughout the last centuries masonry structures were constructed according to generally accepted 
rules and experience. The modern way of design concept must include specific verification and 
computational proofs of load bearing capacity and serviceability of structures and masonry structures 
are not exception. However, inhomogeneous medium, i.e., the composite character of the masonry and 
its poor ductility considerably complicate the application of generally accepted numerical methods. 
Those were developed for construction materials and structures having definite elastic and plastic 
properties. Masonry mechanical characteristics are closely related to the skill of construction workers 
and execution control. In confined masonry structures, masonry wall is surrounded by concrete ties 
that improve the masonry behaviour. Joint connection details between masonry and ties have to be 
designed to ensure their common action during an earthquake. 
According to the Eurocode 6 horizontal and vertical confining elements should be bonded together and 
anchored to masonry by manner of construction (toothing) or by mechanical connectors (dowels). 
Both methods cause problems during construction and it is a common practice, at least in East Europe, 
in trying to avoid them. Within this study we tried to determine the influence of connection details to 
the behaviour of confined-masonry walls exposed to constant vertical and cyclic horizontal loading. 
The required size and distribution of shear connectors on the masonry-tie connection should be 
determined. Therefore, we have tested confined masonry wall one-story one-bay specimens with three 
different connection details. production and testing conditions were the same and differences came 
from detailing. For statistical reasons we tested three specimens of each connection detail. The 
behaviour of confined panels with smooth connection at the masonry - concrete interface, smooth 
connection with steel dowels in the bed joints and traditional tooth type joints were compared to the 
behaviour of control unreinforced masonry wall of the same dimensions. It has been found that 
connection type did not influence the initial lateral stiffness and resistance of specimens, but 
significantly influenced the displacement capacity of confined panels.  
 



 

1.1. Test specimens 
 
The prototype wall represents a wall in residential confined masonry building at the ground floor with 
25 m2 of attributed floor area. The wall was designed according to the Eurocodes 6 (EC6) and 8 (EC8) 
and scaled down to 1:1,5 on the basis of a true model that maintains complete similarity implying that 
the prototype and model (specimens) have the same materia
models were made (with three specimens for each type: (A) masonry wall ends in a vertical line and 
there is no additional connection between the masonry and tie
joints; (B) masonry wall ends in a toothed manner so that masonry and concrete tie interlock; (C) 
masonry wall ends in a vertical line and connection between the masonry and tie
by U-shaped stirrups (dowels). Additional Model (D) was made as unreinforced mas
tie-columns. Geometry of prototypes and specimens are presented in table 1.
 
Table1.1. Geometric data for prototypes and specimens

Model 
Type 

Description of masonry 
vertical concrete tie 

connection  
A No 
B Toothed 
C U-shaped dowels 
D No vertical ties 

 
The specimens were built by standard local materials: hollow clay bricks V
b/h/t=25/19/19 (cm) and with declared properties for compression strength 15 MPa
of 7,9 kN/m3. Tie-column concrete was 
situ” in volume proportion of cement:lime:sand=1:1:5 and 
Heights of the masonry units in specimens 
joints in the specimen and prototyp
longitudinal and transverse steel was 

 
1.2. Testing setup  
 
For each different interface connection type (A,B and C) three specimens were made (nine specimens 
altogether). One masonry wall specimen 
equipment consisted of a steel frame anchored to the strong 
 

Figure 1.1.  Test equipment and three different types of specimens
 

wall represents a wall in residential confined masonry building at the ground floor with 
of attributed floor area. The wall was designed according to the Eurocodes 6 (EC6) and 8 (EC8) 

and scaled down to 1:1,5 on the basis of a true model that maintains complete similarity implying that 
the prototype and model (specimens) have the same material properties. Three different types of 
models were made (with three specimens for each type: (A) masonry wall ends in a vertical line and 
there is no additional connection between the masonry and tie-columns except adhesion and mortar 

all ends in a toothed manner so that masonry and concrete tie interlock; (C) 
masonry wall ends in a vertical line and connection between the masonry and tie

shaped stirrups (dowels). Additional Model (D) was made as unreinforced mas
Geometry of prototypes and specimens are presented in table 1.1. 

metric data for prototypes and specimens 
asonry – 

Prototype 
l/h/t (m) 

Specimen 
l/h/t (m) 

Number of 
specimens 

2,16/2,48/0,28 1,44/1,65/0,19 

3 
3 
3 
1 

The specimens were built by standard local materials: hollow clay bricks V
b/h/t=25/19/19 (cm) and with declared properties for compression strength 15 MPa

column concrete was C30/37 (obtained fck=35,6MPa), mixed mortar was made “in 
situ” in volume proportion of cement:lime:sand=1:1:5 and with designed nominal strength of 5MPa. 

in specimens were scaled in order to ensure an equal number of bed 
joints in the specimen and prototype and they were l/h/t=25/13/19 (cm). 
longitudinal and transverse steel was yf =515 MPa.   

For each different interface connection type (A,B and C) three specimens were made (nine specimens 
specimen (D) was tested for the reasons of comparison. 

equipment consisted of a steel frame anchored to the strong floor and horizontally supported. 

Test equipment and three different types of specimens

wall represents a wall in residential confined masonry building at the ground floor with 
of attributed floor area. The wall was designed according to the Eurocodes 6 (EC6) and 8 (EC8) 

and scaled down to 1:1,5 on the basis of a true model that maintains complete similarity implying that 
l properties. Three different types of 

models were made (with three specimens for each type: (A) masonry wall ends in a vertical line and 
columns except adhesion and mortar 

all ends in a toothed manner so that masonry and concrete tie interlock; (C) 
masonry wall ends in a vertical line and connection between the masonry and tie-column is obtained 

shaped stirrups (dowels). Additional Model (D) was made as unreinforced masonry wall without 

Number of 
 

Designation of 
specimen  

A1,A2,A3 
B1,B2,B3 
C1,C2,C3 

D 

The specimens were built by standard local materials: hollow clay bricks V-5 with dimensions 
b/h/t=25/19/19 (cm) and with declared properties for compression strength 15 MPa and volume weight 

, mixed mortar was made “in 
designed nominal strength of 5MPa. 

were scaled in order to ensure an equal number of bed 
 Yield stress of the 

For each different interface connection type (A,B and C) three specimens were made (nine specimens 
was tested for the reasons of comparison. The testing 

floor and horizontally supported.  

Test equipment and three different types of specimens 



 

Four hydraulic actuators were fixed to the frame in order to simulate constant vertical and in plane 
cyclic lateral loads. The vertical load was applie
with 500kN capacity placed on a carriage that enabled them to move horizontally. 
was applied over the reinforced concrete beam b/h=27/28cm placed at the top of the wall over a thin 
teflon layer in order to evenly distribute the pressure. 
axial stress in the wall of 0.49MPa, was applied during the whole test. It was kept constant, as much as 
possible, by means of servo-valves mounted on the
by double-acting hydraulic jacks with 350kN capacity, placed laterally and fixed to the testing frame. 
The cyclical lateral forces were applied in a horizontal direction at the top and in plane of the wall. 
Each test was first conducted under lateral load control 
to the lateral displacement control when resistan
repeated twice. Loading time history 
 

Figure 1.2.  Time history of the horizontal force 
 
The test was ended when the load
lateral load as the lateral displacement increased. 
applied loads at each loading point, horizontal and vertical
slippage of the foundation beam, 
masonry-tie interface. Applied loads 

Figure 1.3 Outline of test specimen and 
 
scanned and recorded on the hard disk for later analysis by means of 
system Dewe-daqbook. An outline of test specimens and the scheme of acquired data during testing 
are presented in Figure 1.3. 
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Four hydraulic actuators were fixed to the frame in order to simulate constant vertical and in plane 
lateral loads. The vertical load was applied on the specimen by means of two hydraulic jacks 

with 500kN capacity placed on a carriage that enabled them to move horizontally. 
was applied over the reinforced concrete beam b/h=27/28cm placed at the top of the wall over a thin 

on layer in order to evenly distribute the pressure. The constant vertical load, corresponding to the 
axial stress in the wall of 0.49MPa, was applied during the whole test. It was kept constant, as much as 

valves mounted on the jacks. The lateral load was applied to the specimen 
acting hydraulic jacks with 350kN capacity, placed laterally and fixed to the testing frame. 

The cyclical lateral forces were applied in a horizontal direction at the top and in plane of the wall. 
Each test was first conducted under lateral load control at an increment rate of 10kN 
to the lateral displacement control when resistant forces start to decline. Each loading 

time history is presented in Figure 1.2. 

 
Time history of the horizontal force for the specimen B3  

The test was ended when the load-deflection curve showed a drop in load to about 80% of the peak 
lateral load as the lateral displacement increased. The specimens were instrumented to monitor the 
applied loads at each loading point, horizontal and vertical displacements at the wall ends, horizontal 
slippage of the foundation beam, diagonal displacements in both directions and strains along the 

Applied loads and all other measurements were continuously and automatically 

 
tline of test specimen and measured values 

scanned and recorded on the hard disk for later analysis by means of a computerized data acquisition 
An outline of test specimens and the scheme of acquired data during testing 
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Four hydraulic actuators were fixed to the frame in order to simulate constant vertical and in plane 
d on the specimen by means of two hydraulic jacks 

with 500kN capacity placed on a carriage that enabled them to move horizontally. Design vertical load 
was applied over the reinforced concrete beam b/h=27/28cm placed at the top of the wall over a thin 

The constant vertical load, corresponding to the 
axial stress in the wall of 0.49MPa, was applied during the whole test. It was kept constant, as much as 

The lateral load was applied to the specimen 
acting hydraulic jacks with 350kN capacity, placed laterally and fixed to the testing frame.  

The cyclical lateral forces were applied in a horizontal direction at the top and in plane of the wall. 
at an increment rate of 10kN and then changed 

Each loading cycle was 

 

the specimen B3   

deflection curve showed a drop in load to about 80% of the peak 
The specimens were instrumented to monitor the 

displacements at the wall ends, horizontal 
in both directions and strains along the 

and all other measurements were continuously and automatically  

a computerized data acquisition 
An outline of test specimens and the scheme of acquired data during testing 

10000

time (sec)



 

2. TEST RESULTS 
 
2.1. Failure type 
 
All specimens behaved in a similar way in general, with following stages: the cracks in masonry 
occurred initially at the wall corners, a pattern of diagonally oriented cracks appeared and continually 
increased, sporadic spaling of the masonry cover shells, extension of cracks from masonry into ties 
and tie-joints, extensive inner- and outer cracking of the masonry units that led to collapse. There is a 
slight difference between the stage’s occurrence time and especially between the final crack patterns. 
Specimens (B) and (C) had more small cracks and the main diagonal cracks were not so much 
pronounced. Diagonal cracks protruded from masonry into the tie-joints. Cracking pattern in (A) type 
specimens had significant diagonal cracks and many horizontal cracks in tie-columns that indicated its 
tension failure. Measured hysteresis loops were mostly wide cycles for all three types of specimens. 
Damage patterns and hysteresis loops for each type of connection ( A,B,C ) are presented in Figures 
2.1 and 2.2. The failure type of all three specimen types could be classified as hybrid (mix of diagonal 
shear and in-plane moment failure type). 
 
 
 

 

 
Figure 2.1 Final crack patterns 

 
 

 
Figure 2.2 Hysteresis loops 

 
Hysteresis loops of the specimens A, B and C initially look alike. After opening of the first large 
cracks specimen A degraded so fast so that we were not able to load it cyclically afterwards. It 
behaved in a brittle manner that can be observed also in Figure 2.4. Even after opening of the first 
large cracks specimens B and C were able to take up new loading cycles with degraded stiffness and 
fat hysteresis loops. Load capacity of all three specimens did not fall off suddenly.  
 
2.2. Lateral strength 
 
Measured maximum lateral strength, Vmax, for all specimens are presented in Figure 2.3. It is obvious 
that Vmax showed no significant dependence on the connection type. The measured average values of 
Vmax for all specimen series (1,2,and 3) and for all three specimen types A, B and C were almost the 
same although they occurred at significantly different horizontal displacements (IDR of 0,34%, 0,45% 
and 0,43% for A,B and C respectively). The measured average hysteresis for each specimen type, are 
compared in Figure 2.4. 

A2 B3 C3

 A2

-150

-100

-50

0

50

100

150

-15 -10 -5 0 5 10

d (mm)

V
 (k

N
)

 B3

-150

-100

-50

0

50

100

150

-15 -10 -5 0 5 10

d (mm)

V
 (k

N
)

 C3 

-150

-100

-50

0

50

100

150

-15,00 -10,00 -5,00 0,00 5,00 10,00

d (mm)

V
 (k

N
)



 

 
 

Figure 2.3 Comparison of the maximum horizontal resistance force, models A1-C3 
 
 
 

 
 

Figure 2.4 Average measured resistant force for series A,B and C 
 
The lateral strength of confined masonry wall panel was calculated by three different equations and 
the results were compared to the measured values. According to the EC 6 calculated were Vmax and 
pure bending moment resistance Mu with respective VM . From that the failure occurred due to Moment 
capacity and that was underestimated while the calculated Vmax was overestimated. Other two 
approaches proposed by Tomažević (1999) and Aničić (1990) were closer to the measured values. 
Complete results are shown in Table 2.1. 
 
Table 2.1 Lateral resistance verification 

 
Vmax (kN) MRd (kNm) 

Related VM 
(kN) 

VRd (kN) experimental 
(type A) 

Deviation (%) 

Vmax Vu (Vu -Vrd)/Vu 
EC6 186,57 130,6 80 

155,36 149,32 
-25% 

Aničić 129,5 - - 13% 
Tomaževič 128,3 - - 14% 

 
 
2.3. Idealization of experimental results 
 
Measured hysteresis envelopes (primary curves) of all specimens was simplified by a bilinear curve 
according to Tomaževič (1999). Ultimate resistance force, Vu, was evaluated from the condition of 
equal energy dissipation of an actual and idealised wall panel. Both loading cycles, positive and 
negative, were considered for evaluating the maximum lateral force and its degradation. Effective 
stiffness, Ke , was evaluated according to Frumento (2009.) as secant of the experimental hysteresis 
envelope at a base-shear value of 0.7*Vmax. The ultimate displacement, du , of the wall corresponds to 
displacement at which base shear decreased to 0,8*Vmax . Obtained hysteresis envelope curve and 
associated bilinear idealisation for three different specimens types are given in Figure 2.5. 
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The characteristic values of the hysteresis envelope curves and for corresponding bilinear curves of all 
tested specimens are given in Table 2.2. From the bilinear idealizations could be observed that 
cracking of all specimens occurred at IDR (inter story drift ratio) of 0,17-0,19 % and the shear forces 
at cracking, Vcr, decreased from specimens A to B to C; ultimate base shears, Vu,  decreased from 
specimens A to B to C but the ultimate story drift (Inter story drift ratio=du /h %) increased from 
specimens A to B to C; the ultimate ductility µu increase  from Type A (1,84) to Type B (2,36) and to 
Type C (3,14). Ultimate ductility factor corresponding to walls type C is 70% greater than ductility 
ratio of the specimens type A. 
 
 

 

 
 

Figure 2.5 Experimentally obtained and idealized hysteresis envelopes for one specimen of series A,B and C 
 
Table 2.2 Evaluated parameters of experimental hysteresis envelope 

Specimen  

Ke 
Vcr 
(kN) 

Vu 
dcr 

(mm) 

de  dmax du 
crack- 
story 
drift 
dcr/h   
% 

ult. 
story 
drift 
du/h   
% 

ultimate 
ductility  
µu=du/de (kN/mm) (kN) (mm) 

A1 40,74 112,80 155,86 2,76 3,82 5,70 5,70 0,17 0,35 1,49 
A2 31,64 87,42 114,49 2,76 3,62 9,94 8,70 0,17 0,53 2,40 
A3 39,33 125,01 177,62 3,20 4,52 7,49 7,36 0,19 0,45 1,63 

Mean 
value A 

37,24 108,41 149,32 2,91 3,98 7,71 7,25 0,18 0,44 1,84 

B1 35,50 117,18 161,97 3,30 4,56 7,50 7,40 0,20 0,45 1,62 
B2 26,92 91,52 129,33 3,40 4,80 12,01 12,01 0,21 0,73 2,50 
B3 34,62 90,02 119,54 2,60 3,45 10,41 10,20 0,16 0,62 2,96 

Mean 
value B 

32,35 99,57 136,95 3,10 4,27 9,97 9,87 0,19 0,60 2,36 

C1 34,48 104,07 126,90 3,09 3,68 13,00 12,23 0,19 0,74 3,32 
C2 29,07 92,09 116,30 3,19 4,00 13,59 10,70 0,19 0,65 2,68 
C3 37,67 95,50 110,53 2,35 2,93 14,47 10,00 0,14 0,61 3,41 

Mean 
value C 

33,74 97,22 117,91 2,88 3,54 13,69 10,98 0,17 0,66 3,14 
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The characteristic values of the hysteresis envelope curves and corresponding bilinear curves of all 
tested specimens are given in Table 2.2. From the bilinear idealizations could be observed that 
cracking of all specimens occurred at IDR (inter story drift ratio) of 0,17-0,19 % and the shear forces 
at cracking, Vcr, decreased from specimens A to B to C; ultimate base shears, Vu,  decreased from 
specimens A to B to C but the ultimate story drift du /h (%) increased from specimens A to B to C; the 
ultimate ductility µu increase  from Type A (1,84) to Type B (2,36) and to Type C (3,14). Ultimate 
ductility factor corresponding to walls type C is 70% greater than ductility ratio of the specimens type 
A. 
 

 
 

Figure 2.5 Deterioration of secant stiffness for series A,B and C 
 
Table 2.3 Actual stiffness in various displacement stages  

Specimen 
A (average) B (average) C (average) 

kN/mm kN/mm kN/mm 
Initial stiffness 44,20 41,72 43,45 
Average elastic stiffness (bilinear idealization) 37,24 32,35 33,74 
Secant stiffness at maximum resistance 28,48 20,41 20,75 

 
 
3. CONCLUSIONS 
 
Three different connection details between the masonry wall and confining ties have been 
experimentally investigated under constant vertical and cyclic lateral loading. Confining elements 
around the masonry wall increased stiffness and lateral load capacity. Connection among the masonry 
wall and ties increased ductility behaviour of the confined masonry.  
While in the EC6 suggested behaviour factors, q, are good for confined masonry walls with good 
interlocking between the masonry and ties, the equations for calculation of the lateral strength are 
either under- or over estimating the observed values. Other available equations seem to give better 
estimate of the lateral strength.  
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