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Abstract. An innovative technique is being developed for the structural rehabilitation of Reinforced 

Concrete (RC) structures. In particular, the infill walls of RC framed structures are often identified as 

non-structural elements, but currently are considered with an important role in the structural behavior 

because they participate to the in-plane strength and stiffness of the frames and they can give very 

dangerous crashes out-of-plane. In this paper a strengthening technique aimed to repair infill walls is 

proposed. It is based on the application of outer thin layers of ultra-high ductile fiber reinforced mortar 

(UHDFRM) applied according to the shotcrete technique, including the use of embedded through 

section (ETS) connectors. This strengthening system can exhibit a high strength and ductile behavior, 

increase the load carrying capacity, energy absorption and dissipation capacities, and ultimately 

improve the structural response of RC structures when submitted to loading conditions typical of 

seismic events. An experimental program was outlined in order to assess the contribution of different 

types of ETS connectors on the behavior of the strengthening system. The experimental program 

comprised the performance of push-out tests on samples representative of the structural strengthening 

solution, namely low strength concrete samples. The experimental results are discussed in detail in order 

to highlight the effectiveness of the various types of ETS connectors tested. 

Introduction 

Buildings with reinforced concrete (RC) frames in-filled with masonry walls are a very common type 

of construction, with a worldwide dissemination. In the design process, the structural contribution of 

masonry walls in RC frames is usually not taken into account. 

Although the common disregard for the effect of infill walls in the structural analysis of buildings, the 

recently published Eurocode 8 states that the frame-infill interaction should be take into account during 

the structural analysis. Additionally, appropriate measures should be taken in consideration to avoid 

brittle failure and premature disintegration of the infill walls, as well as the partial or total out-of-plane 

collapse of slender masonry panels [1]. 

Evidence has also been found that the contribution of unreinforced infill walls for the behavior of RC 

frames is greatly compromised when submitted to reversed cyclic loading, such is the case of 

earthquake actions. This is due to the low strength, brittleness, low energy dissipation capacity and 

rapid stiffness degradation of the unreinforced masonry walls [2]–[5]. However, if both frame and 



infill are designed to be ductile, then the stiffness degradation and strength deterioration under cyclic 

loading can be minimized. 

In the scope of a research project “InoTec – Innovative material of ultra-high ductility for the 

rehabilitation of the built environment”, that involves a private research company – CiviTest – and the 

University of Minho, is being developed a new material for structural rehabilitation of buildings, 

namely for strengthening of infill walls of RC frame type structures.  

The new strengthening material, designated in this paper as “Ultra-high ductile fiber reinforced 

mortar” (UHDFRM), is a cement based material with relatively high percentage of fibers to achieve a 

ultra-high ductility in tension. The UHDFRM has the particularity of presenting tensile failure for 

strain levels relatively high (>1%), with the formation of diffuse multiple cracks patterns, and having 

a high energy absorption capacity. 

The structural rehabilitation technique is based in the application of thin outer layers of UHDFRM, 

applied by projection, on infill walls. The strengthening layers are connected, by the use of embedded 

through section (ETS) connectors made of fiber reinforced polymers (FRP), that are immune to 

corrosion effects. In this way, the strengthening system performs like a sandwich panel, with outer 

layers of UHDFRM that exhibit a high strength and ductile behavior, and high durability. This 

technique increases the in- and out-of-plane load carrying capacity of the infill walls, as well as the 

energy absorption and dissipation capacities, and ultimately improve the structural response of RC 

structures when submitted to loading conditions typical of seismic events. 

The already performed mechanical characterization of the UHDFRM [6] revealed that in flexural tests 

the material presents an high tensile strength and a high energy absorption capacity when compared to a 

commercially available strengthening mortar. The study also pointed that the UHDFRM has elasticity 

and strength levels that are compatible with infill walls made of ceramic bricks and other low strength 

substrates, assuring a good bond between the strengthening and strengthened materials. 

The present work intends to assess the contribution of different types of ETS connectors on the 

behavior of the strengthening system, by the performance of push-out tests on samples representative 

of the structural strengthening solution.  

Experimental program 

 Prototypes 

Although the presented technique was mainly developed for strengthening masonry walls, in the 

present experimental program were built prototypes with low strength concrete substrates. This 

decision was taken, in order to avoid the possibility of existence of multiple failure modes that could 

exist with prototypes of masonry walleyes substrate, which would increase the test complexity and 

could undermine the interpretation of the push-out tests results and undermine the main objective of 

this works – assess the influence of the different types of ETS connectors in the structural system. 

The prototypes substrate were made of very low strength concrete cubes ( 7.2cf MPa  at 28 days), at 

which were applied outer layers of UHDFRM with approximately 2.5cm of thickness, in two opposite 

faces of the cubes. In the center of the prototype was applied a ETS connector, with the extremities 

hooked in the UHDFRM layers, that intercepts all the prototype layers. The scheme and geometry of 

the prototypes is presented in Figure 1a. 

In order to achieve the geometric regularity of the prototypes, in the application procedure of the 

UHDFRM layers were used molds. Besides the wetting of the concrete cube faces, no surface treatment 

was applied to the concrete cubes. 

The configuration and constitution of the prototypes assures the structural simplicity of the push-out 

test and limits the existence of different failure modes (failure of the interface between the UHDFRM), 

while keeping the strengthening solution representativeness. 



The ETS connectors used are made of different materials: steel bars, with Ø8mm (type A500NR) and 

high adherence surface; fiber glass (GFRP) bars, with Ø8mm; and a hybrid connector formed with E-

glass fiber filaments and polyester resin (Figure 1b). The hybrid type of connector was specifically 

developed for this application. In the present study, were used two models of the hybrid connector 

with 20 and 50 filaments of E-glass fibers (F20/F50). In the group of the tested ETS connectors, the 

hybrid types are the ones with lower shear stiffness  
50 20F F

E E , followed by the GFRP connectors 

 50E GPa  and the steel connectors  200E GPa . The hybrid connectors were designed to develop a 

high adherence to the UHDFRM layers, due to the inclusion of hooked ends formed by Ø8mm GFRP 

bars (Figure 1b). The remaining connectors present straight ends, although is expectable that the steel 

connectors have a better adherence to UHDFRM than the GFRP bars, due to the high adherence surface 

of the steel bars used. 
 

  
a) 

 
b) 

Figure 1. a) Lay-out and geometry of specimens; b) Example of hybrid connectors. 
 

Briefly, the manufacture process of the prototypes is: step 1: fabrication and cure of the concrete cube; 

step 2: drilling a hole in the center of the concrete cube, for introduction of the ETS connector (Figure 

2a); step 3: filling of the voids between the connector and the concrete cube with high strength grout; 

step 4: application and cure of the outer layers of UHDFRM (Figure 2b). 

 a)  b) 

Figure 2. a) Position of ETS connector in the specimen; b) Specimen with UHDFRM layers. 

 Push-out tests setup 

The push-out test is based on the testing procedure presented in the Annex B of Eurocode 4 [7]. This 

test consists in the application of an axial load in the core of the prototype (concrete cube), which from 

the shear strength of the connectors and the adherence between the UHDFRM layers and the concrete 

cube transmits the load to the outer layers of UHDFRM, whose displacement are restrained at the base. 

The test setup is presented in Figure 3a). The load application system is formed by a hydraulic group, 

a servo-actuator and a load cell with a maximum capacity of 250kN. The test is performed in 

displacement control, with a velocity of the actuator of 0.02mm/s. The test ends when the first of the 

following events occurs: total loss of the load carrying capacity of the prototypes; vertical displacement 
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of the concrete cube reaches 20mm. During the test, the slip and opening of the prototypes interface is 

monitored with 4 LVDT’s. The LVDT’s positioning is presented in Figure 3b). The tests were 

performed in the laboratory of CiviTest. 
 

 
a) 

 
b) 

 
c) 

Figure 3. a) Setup of the push-out test; b) LVDT’s positioning; c) Prototype ready to be tested.  

Discussion of experimental results 

In the following section are presented the results of the push-out tests performed at 13 prototypes, from 

which 1 without any connector; 2 with steel connectors; 3 with GFRP connectors; and 7 with hybrid 

connectors (4 with F20 model and 3 with F50 model). In Figure 4a is presented the typical crisis due 

to the failure of the interfaces between the UHDFRM layers and the concrete cube. In some prototypes, 

the failure developed in only one interface, while at the other interface no significant deformation was 

recorded. This type of failure had higher incidence in the prototypes with GFRP and F20 hybrid 

connectors, due to their lower shear stiffness compared with the steel ones. Moreover, it was detected 

that the failure zone included a thin layer of concrete substrate (Figure 4b), due to its low strength. 

This fact highlights that, even without any surface treatment, the UHDFRM exhibits a very good 

adherence to low strength substrates, as is the case of masonry and low strength concrete walls. In all 

tested prototypes failure in the UHDFRM layers was never detected, while a total rupture of the hybrid 

connectors near the interface zone of the prototypes occurred (Figure 4c). On the other hand, the steel 

and GFRP connectors kept its integrity until the end of the tests. 

 
a) 

 
b) 

 
c) 

Figure 4. a-b) Typical interface failure of the prototypes; c) Failure of the hybrid connector. 
 

In Figure 5 and 6 are presented, respectively, the load-slip and load-opening relationships of the failure 

interface between the UHDFRM layer and concrete substrate. It is possible to denote that the prototype 

without connector exhibits a very fragile behavior. In opposition, the prototypes with connectors 

exhibit a post-peak ductile response, namely the samples with steel, GFRP and F50 hybrid connectors. 
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The prototypes with GFRP connectors presented the least pronounced decay of load carrying capacity 

of the interface in the post-peak range of the tests. It is possible to identify that for a load level of 

around 20kN it was detected a reduction of stiffness in the load-slip and load-opening response of the 

interface. This load level must coincide with the crack initiation stage of the interface, resulting in the 

deterioration of the bond properties between the UHDFRM and the concrete substrate, and to the stage 

where the connectors starts to be solicited. 

 

 
Figure 5. Load-slip relationship at concrete/UHDFRM interface for different connectors. 

 

In Figure 7 is presented the comparison of the average values of the maximum load registered during 

the push-out tests of the prototypes with different types of connectors. The prototypes with steel, GFRP 

and F50 hybrid connectors, as well as the prototypes without connectors, presented very similar 

average maximum load values. The prototypes with F20 hybrid connectors presented slightly lower 

mean maximum load values. In fact, it is possible to state that the use of ETS connectors did not 

improve the load carrying capacity of the prototypes. 

In Figure 8 is presented a comparison of the average values of the slip of the interface corresponding 

to the maximum load (a) and the ultimate slip values registered in the push-out tests (b). The use of 

connectors produces a significant enhancement of the deformation capacity of the prototypes in the 

pre- and post-peak stage of the load-slip response of the interface. In this context, the steel and the F50 

hybrid connectors stand out for enabling the higher increase of slip deformation in the pre- and post-

peak stage. In the pre-peak stage, the increase of slip deformation is particularly noticeable for the 

prototypes with steel and hybrid connectors. In other hand, the prototypes with GFRP connectors just 

revealed an increase of slip deformation in the post-peak stage, as in the pre-peak stage the slip 

deformation is similar to the prototypes without connectors. The increase of the interface slip capacity 

of the prototypes with hybrid connectors can be justified by the low shear stiffness of these elements. 

This behavior is particularly noticeable in the loading phase, between the crack initiation (20kN) and 

the maximum applied load, where it is registered a significant increase of slip deformation (Figure 5). 
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In respect to the steel connectors, due to its higher stiffness, in the deformation process a localized 

damaged can be induced in the concrete matrix and UHDFRM in the surrounding zones of the 

connectors, enhancing the slip deformation of the interface, mainly for high levels of the connector 

deformation. 

 

 
Figure 6. Load-opening relationship at concrete/UHDFRM interface for different connectors. 

 

 
Figure 7. Average value of the maximum load for the prototypes with different types of connectors. 

 

In Figure 9 the relationship between the sliding and opening of the interface at maximum load is 

compared. It is possible to state that the prototypes with hybrid and steel connectors present a higher 

slip deformation than opening deformation of the interface. These connectors present, indeed, a high 

adherence to the UHDFRM, enhancing the restriction for the interface to open during the test. 

Moreover, as previously discussed, the high interface slip is justified for the hybrid connectors by the 

low shear stiffness of these elements, while for the steel connectors by localized damages induced in 

0 1 2 3 4 5 6 7 8 9 10

0

10

20

30

40

50

60

70

 

L
o
a
d
 (

k
N

)

 1C

Without connectors

0 1 2 3 4 5 6 7 8 9 10

 5C

 7C

Steel connectors

0 1 2 3 4 5 6 7 8 9 10

0

10

20

30

40

50

60

70

L
o
a
d
 (

k
N

)

 9C

 10C

 11C

GFRP connectors

0 1 2 3 4 5 6 7 8 9 10
Opening (mm)

 17C

 18C

 19C

 20C

F20 hybrid connectors

0 1 2 3 4 5 6 7 8 9 10

0

10

20

30

40

50

60

70

L
o
a
d
 (

k
N

)

Opening (mm)

 13C

 14C

 16C

F50 hybrid connectors

without connectors

steel connectors

GFRP connectors

F20 hybrid connectors

F50 hybrid connectors
0

10

20

30

40

50

60

70

 

 

A
v
e
ra

g
e

 v
a
lu

e
 o

f 
m

a
x
im

u
m

 l
o

a
d

 (
k
N

)

(+
3
%

)

(-
8
%

)

(-
2
9

%
)

(-
1
%

)



the surrounding concrete and UHDFRM layer. In other hand, the GFRP connectors present very similar 

slip and opening deformation levels, exhibiting a balanced relationship between the shear stiffness and 

the adherence with the UHDFRM for the tested prototypes. 

In Figure 10 the average values of the absorption energy from the interface slip (a), calculated until a 

maximum slip deformation of 5 mm is reached, and from the interface opening (b), calculated until a 

maximum opening deformation of 3 mm is reached, are plotted. For all the prototypes, the absorption 

energy from the interface slip deformation is higher than the absorption energy from its opening. The 

dissipated energy with the interface slip is very similar for the prototypes with steel, GFRP and F50 

hybrid connectors. In other hand, the prototypes with GFRP connectors exhibited the highest absorption 

energy in the opening deformation of the interface, which could be justified by the lower adherence 

between the GFRP connector and the UHDFRM layer, allowing a higher deformability and subsequent 

dissipation of energy from the interface opening. 

 

 
a) 

 
b) 

Figure 8. Average values of slip at maximum load (a) and at ultimate slip (b). 

 
Figure 9. Slip vs. opening of the interface at maximum load for the different connectors. 

Conclusions 

In the present work the results of push-out tests on low strength concrete cubes strengthened by outer 

thin layers of ultra-high ductile fiber reinforced mortar (UHDFRM) including embedded through 

section (ETS) connectors are discussed. Such a new technique is pointed to repair infill walls and the 

experimental tests herein discussed are aimed to assess the effectiveness of different types of ETS 

connectors (glass and steel bars, hybrid connectors made of glass fiber filaments and polyester resin) 

on the shear strength of the UHDFRM layers/concrete interface.  

The experimental tests highlighted that the failure zone includes a thin layer of concrete substrate, 

which indicates that, even without any surface treatment, the UHDFRM layer presents an adequate 

adherence and compatibility to low strength concrete substrates. It was also evidenced that the ETS 
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connectors did not promote an increase of the load carrying capacity, but a significant increase of the 

deformation capacity of the interface. The steel and hybrid connectors promoted a higher slip than 

opening deformation of the interface, as result of the high adherence of both types of connectors to the 

UHDFRM layer, of the low shear stiffness of the hybrid connectors, and of the localized damages 

induced by the steel connectors in the surrounding concrete and matrix. The GFRP connectors 

presented similar levels of slip and opening interface deformation, revealing an adequate balance 

between the adherence and shear stiffness. However, in terms of absorption, all types of prototypes 

exhibited a higher energy dissipation from the interface slip than from its opening. 
 

 
a) 

 
b) 

Figure 10. Average absorption energy from the interface slip (a) and opening (b) for different connectors. 
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