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Abstract 

Engineered cementitious composite (ECC) is a cement based composite with 

pseudo-strain-hardening behavior and excellent crack control. Substitution of 

cement mortar with ECC can increase the tensile and bond strength of the 

masonry. In this paper, masonry beams were made with ECC as a bed joint. 
Fifteen masonry beams of 150 x 230 mm cross-section and 1300 mm length 

were fabricated. These masonry beams were tested for four point bending. Out 

of 15 beams, three were tested as control beam and remaining were externally 

strengthened with FRP sheets in different pattern to examine the flexural 

response. This study investigates the effectiveness of using ECC mortar as bed 

joint in masonry beam with external carbon fiber reinforced polymer (CFRP) 

and glass FRP (GFRP) strengthening. The experimental results showed that 

applying FRP sheets increased the load carrying capacity and ductility. 

Keywords: CFRP, ECC, Flexural Strengthening, GFRP, Masonry Beam,  

                   Shear Strengthening. 

 

 

1.  Introduction 

Prior to the manufacture of Portland cement, mortar was basically a mixture of 

lime, water and crushed stone or brick. In the nineteenth century, a mixture of 

cement, sand and water proved to be a stronger mortar. In this decade, ECC has 

been replacing the cement mortar due to its higher strength, tensile load carrying 

capacity, shear resistance and higher ductility. Although the materials properties 

and application of ECC for construction of bridges and retrofitting structures are 

well established, many of the researchers have studied the materials properties 

and application of ECC for latter part. Li [1] has investigated the material 

properties of the ECC and its application for repairs of the structure and concluded  
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Nomenclatures 
 

b Width of the beam, mm 

h Depth of the beam, mm 
 

Abbreviations 

BFRP Basalt fiber reinforced polymers 

CFRP Carbon fiber reinforced polymers  

ECC Engineered cementitious composite 

FRP Fiber reinforced polymers 

GFRP Glass fiber reinforced polymers 

NSM Near-surface mounted 

PPC Portland pozzolana cement 

that the shear reinforcement in concrete can be effectively replaced by the ECC. 

Yuan et al. [2] studied the flexural behaviour of the ECC/Concrete composite 

and ECC beams and observed that the FRP-reinforced ECC beams show much 

better flexural properties in terms of load-carrying capacity, shear resistance, 

ductility, and damage tolerance compared with FRP-reinforced concrete beams. 

Kyriakides et al. [3] studied the flexural strength of masonry beams retrofitted 

with ECC layer and brick-mortar interface opening and failure of the ECC layer 

below the mortar joint. Authors [3] have the use of ECC in the various 

applications of civil engineering. 

The use of fiber-reinforced polymer (FRP) for strengthening of structures has 

attracted great attention due to high tensile strength, non-corrodible characteristics 

and chemically inert properties.There is ample literature available on the use of 

FRP sheets for external strengthening of reinforced concrete structural members. 

Barros and Fortes [4], Tang et al. [5], Ambrisi and Focacci [6] studied the flexural 

strengthening of reinforced concrete beams with fiber-reinforced cementitious 

matrix. The researchers [4-6] concluded that near-surface mounted (NSM) 

technique for strengthening of concrete beam increase the flexural strength. 

Hajihashemi et al. [7] investigated the properties of concrete beams strengthened 

with prestressed CFRP strips by NSM techniques and observed that the 

prestressed strengthened beams had up to a 15 % higher ultimate load-carrying 

capacity compared to the nonprestressed specimen. Tomlinson and Fam [8] 

carried out the flexural and shear performance of strengthened concrete beam 

with basalt fiber reinforced polymers (BFRP) bars and strips. Authors [8] 

concluded that beams with BFRP strips failed in shear and ultimate flexural 

capacity increased by 55-58 % of beams without stirrups.  

There is dearth in literature on strengthening of masonry beams. Kiss and 

Kollar [9] and Moon et al. [10] have studied the flexural response of masonry 

beams strengthened with FRP strips. The effect of the FRP’s type on the failure 

load and ductility of a masonry beams was investigated. Researchers showed 

that flexural capacity and ductility of the beams increase with FRP 

strengthening [9-10]. Galal and Enginsal [11] investigated the flexural behavior 

of concrete masonry beams strengthened with GFRP rebars and concluded that 

flexural capacity and stiffness of the strengthened concrete masonry beams 

significantly improved.  
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It is observed from the above literature that the effect of ECC as bed joint on the 

structure response of FRP strengthened masonry beams has not been investigated. 

Thus, the objective of this paper is to use ECC mortar as a replacement of cement 

mortar for making of masonry beams and examine the flexural response. 

Furthermore, the flexural response of the masonry beams fabricated with ECC as 

bed joint and externally strengthening FRP sheet in different patterns is examined 

along with prediction of crack and other failure modes.  

 

2.  Experimental Program  

2.1.  Test specimens 

A total of 15 masonry beams of 150×230 mm cross-section (b×h) and 1300 mm 

length were cast. In each beam two layer of clay brick were inserted as shown in 

Fig. 1. The masonry beams have five brick units in each layer with four mortar 

joints, each of approximately 20 mm thickness. The thickness of top, bottom and 

end cover of the beam is maintained as 30 mm with ECC. The masonry beams 

were divided into four Series each made of two specimens. Control beam with no 

strengthening, which used as a bench mark was tested first. Later, beams with 

flexural strengthening using CFRP and GFRP sheets as external bonded with 

epoxy at bottom were tested. The third Series comprise of beams which were 

shear strengthened in shear spans on both sides of the beam using U-wrapping of 

CFRP and GRFP strips of width 70 mm at the spacing of 100 mm (i.e., 0.43h).  

No FRP shear strips were provided in constant moment zone. The fourth Series 

constitutes strengthened by U-wrapping of CFRP and GFRP strips without any 

spacing. It is continuously wrapped for the whole length. The corresponding ID of 

the specimens are shown in Table 1.  

 

Fig. 1. Cross-section of Masonry Beam with ECC as Bed Joint. 
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2.2.  Material properties 

2.2.1. Masonry 

The masonry comprised of 230 x 110 x 75 mm clay bricks of DEV brand locally 

available in Rajasthan, India. The compressive strength and water absorption of 

the bricks are 8.86 MPa and 12.56 %, respectively. 

 

2.2.2. Engineer cementitious composite (ECC) 

ECC mix consists of Portland pozzolana cement (PPC), micro silica sand, class-F 

fly-ash, super plasticizer and polymeric fibers to reinforce the mix. The present 

study used indigenously available polyester fibers of triangular shape with a trade 

name Recron 3S CT-2424 supplied by Reliance, India. The fibers length and 

diameter are 12 mm and 25-35 µm, respectively. The tensile strength, elongation, 

specific gravity and melting point of Recron fibers are 480 MPa, 30 %, 1.31 and 

250-265 ºC, respectively.  The mix proportion of ECC has been presented in 

Table 2. Glenium B233 provided by BASF India Ltd. was used as the super 

plasticizer. The 28 days compressive strength of the 150 mm ECC cube is 67 MPa. 

Table 1. Designation of Specimens. 

Series 

No. 

Specimen 

ID 
Specimen Details 

No of 

Specimens 

1 UMB Unstrengthened masonry beams 3 

2 CFSM Carbon fiber flexural strengthened 

masonry beams 

2 

GFSM Glass fiber flexural strengthened masonry 

beams 

2 

3 CUWMB Carbon fiber U-wraping shear 

strengthened masonry beams 

2 

GUWMB Glass fiber U-wraping shear strengthened 

masonry beams 

2 

4 CCWMB Carbon fiber continuous U-wraping shear 

strengthened masonry beams 

2 

GCWMB Glass fiber continuous U-wraping shear 

strengthened masonry beams 

2 

 

Table 2. Mix Proportion of ECC. 

Cement 

(kg/m
3
) 

Micro 

Silica Sand 

(kg/m
3
) 

Class-F 

Fly-ash 

(kg/m
3
) 

Water 

(kg/m
3
) 

Super 

Plasticizer 

(kg/m
3
) 

Recron Fiber 

(kg/m
3
) 

620 620 620 290 8.5 26 

 

2.2.3. Fiber reinforced polymers (FRP) 

The unidirectional GFRP and CFRP lamina strips were used for flexural and 

shear strengthening. The strengthening of beams was done by wet layup of one 

lamina of FRP (CFRP and GFRP) sheet with Epoxy resin. The materials 

properties of FRPs are given in Table 3.  
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Table 3. Materials properties of fiber. 

FRP Types 
Thickness 

(mm) 

Young 

Modulus 

(GPa) 

Tensile 

Strength 

(MPa) 

Ultimate 

Strain (%) 

Carbon Fiber 

strands 

0.40 104 1697 1.47 

Glass Fiber 

strands 

0.65 66 1077 2.25 

CFRP Lamina 2.0 46 690 1.82 

GFRP Lamina 4.4 29 489 3.10 

 

2.3. Test setup  

For the flexural testing, the beams were loaded under four-point bending. Load 

was applied by means of a 200 kN capacity servo hydraulic Actuator. Load and 

deflection of the beams were measured through the control system. The beam was 

tested of an effective span of 1.10 m with loading span of 100 mm as shown in 

Fig. 2. All specimens were monotonically loaded at a displacement control rate of 

0.05 mm per sec till failure.  

 

Fig. 2. Test Setup of Masonry Beam under 4 Point Bending (Series #1). 

3.  Strengthening Pattern 

3.1. Flexural strengthening  

In Series #2 (Table 1), the masonry beams were strengthened in the tension zone 

with one layer of FRP lamina. The bottom surface of the beam was cleaned for 

dust before applying epoxy adhesive. The FRP sheet is glued to the beam with 

epoxy and the rollers were used for uniform application of epoxy. Epoxy adhesive 

is allowed to cure for 15 days at room temperature prior to testing. The schematic 

diagram of series #2 beams is shown in Fig. 3. 

 

Fig. 3. Schematic Diagram of Series #2 Beam. 
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3.2. Shear strengthening 

In Series #3 (Table 1), the masonry beams were strengthened by U-wrapping 

of FRP strips of width 70 mm at the spacing of 100 mm (i.e., 0.43h) in shear 

spans on both sides of the beam. In Series #4 masonry beams were 

strengthened by complete U-wrapping with FRP strips without any spacing. 

The schematic diagrams of series #3 and series #4 beams are shown in Figs. 4 

and 5, respectively.  

 

All dimensions are in mm 

Fig. 4. Schematic Diagram of Series #3 Beam. 

 

Fig. 5. Schematic Diagram of Series #4 Beam. 

4.  Results and Discussion 

Test results of the control beams, the beam provided with FRP strips in the 

tension zone and the FRP strengthened beam in the shear as presented in Table 4. 

Control Beam, with no external strengthening, failed at average load of 22.66 kN. 

It is shown from Table 4 that external strengthening for flexural as well as shear 

using FRP sheets is very effective for clay burnt brick masonry beam. It is also 

observed that full wrapping for shear strengthening is more effective than that 

obtained for strips provided at finite spacing of 100 mm c/c. 

 

4.1. Failure mode 

It is shown in Fig. 6, in the control beams, vertical flexural cracks developed, in 

the constant moment zone followed by flexural shear cracks in shear spans. The 

normal flexural failure is observed in the control beams and is characterized by 

yielding of the ECC. Then the cracks widened in the tension zone after the ECC 

has yielded, and finally the rupture of brick at the mid span of the beam occurred. 
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It is observed that in the Series #2, cracks have originated in the shear zone 

from the top and propagated towards the end. After this, the FRP has de-bonded 

in the tension zone of the beam as shown in Fig 7. After having seen this, the 

beams were strengthened in the shear by U-wrapping as indicated in Series #3. In 

these categories, the cracks have started in the shear zone and hair cracks 

developed in the flexure as shown in Fig 8. The FRP de-bonded after the major 

shear crack developing near the mid span. In the Series #4, flexural cracks 

developed inside the FRP wrapping, and at the failure load, FRP sheet ruptured as 

shown in Fig 9. After the rupture of FRP sheets, beams have suddenly collapsed 

upon the application of further load. This indicates the effectiveness of FRP fabric 

sheet affected continuously in changing the mode of failure from shear (Series #3 

beams) to flexural failure (Series #4 beams).   

Table 4. Experimental Results of Flexural Test of Masonry Beams. 

Series 

No. 

Specimen 

ID 

Average 

Load 

(kN) 

Average 

Deflection 

(mm) 

% 

Increase 

in Load 

Mode of 

Failure 

1 UMB 22.66 12.16 0 Flexural 

2 
CFSM 82.18 13.66 262.66 Shear 

GFSM 67.05 12.77 195.90 Shear 

3 
CUWMB 70.12 18.35 209.44 Shear 

GUWMB 63.10 15.98 178.46 Shear 

4 
CCWMB 90.16 14.96 297.88 Flexural 

GCWMB 85.80 15.62 278.64 Flexural 

 

 

Fig. 6. Typical Cracks in the Series #1 Beam. 

 

Fig. 7. Shear Failure of the Series #2 Beam. 
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Fig. 8. Shear Failure of the Series #3 Beam. 

 

Fig. 9. Rupture of the CFRP Sheet in the Series #4 Beam. 

4.2. Load-deflection response 

Figure 10 depicts the load–deflection relationship for the control beam (Series 

#1). The control beam has shown linear slope up to the cracking load, beyond 

which a rapid decline in the slope of the load-deflection curve was observed. 

After the break loads, the yielding of the ECC occurred in the control beam. 

In Series #2, where one lamina of FRP sheet was provided in flexure, it 

resulted in the increase of the load capacity. After having reached the crack 

load, there was a sudden drop in load and followed by increase in load 

capacity before ultimate collapse (Fig. 11). This may be attributed to the 

yielding of ECC in tension and redistribution of the load to the FRP. In the 

Series #3 (Fig. 12), load has increased with respect to deflection and failure 

occurred because of the de-bonding of FRP sheet. Series 4 beams showed a 

similar behaviour as that of the Series #2 except that its post cracking load is 

higher than that of beams of Series #2 as shown in Fig. 13. In this case a 

sudden drop in the load was observed due to the rupture of the FRP sheet. 

Amongst all the Series, Series #4 beams showed an enhanced performance in 

accordance to the ultimate capacity and deflection. Figure 14 shows that, 

load-deflection curve of all the beams of various categories used in the study. 

It is observed that continuous U-wrapping is effective enhancing the flexural 

strength by changing the mode of failure from shear to flexural. It is possible 

that FRP strip at large finite spacing could change the mode of failure from 

shear to flexural.  
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Fig. 10. Load-deflection Relationship of the Control Beams (Series #1). 

 

Fig. 11. Load-deflection Relationship of the Series #2 Beams. 

 

Fig. 12. Load-deflection Relationship of the Series #3 Beams. 
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Fig. 13. Load-deflection Relationship of the Series #4 Beams. 

 

Fig. 14. Comparison of Load-deflection Responses of All Beams. 

5.  Conclusions 

The experimental results of masonry beams using ECC as bed joint with external 

FRP strengthening show an increase in flexural performance in terms of load 

capacity and comparison with unstrengthened/ control masonry beams. The 

following conclusions were drawn from this study: 

• Control masonry beams with ECC as bed joints without FRP strengthening 

exhibits ductile performance, signifying that masonry beams covered with ECC 

and ECC as bed joints could be used as structural beams. 

• Flexural and shear strength of the masonry beams embedded in ECC and with 

ECC bed joint significantly improved with the use of FRP fabric sheets in 

flexural and shear respectively, most importantly,  

• Use of continuous CFRP/ GFRP wrapping for shear strengthening changes the 

mode of failure from undesirable shear failure to the most desirable flexural 

failures. The change in failure mode from shear to flexural signifies ductility of 

masonry beams strengthening for shear.  
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