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ABSTRACT: Sandwich panel is a three layer panel, two thin layers of flat facing plates of relatively higher strength 

material and between which a thick core of relatively low strength and density is encased. These prefabricated sandwich 

elements have been used in aerospace industry and load bearing members in naval structures, presently it has gained more 

attention to be used as effective structural form in construction industries. The purpose of this research is to study the 

flexural strength of ferrocement panels sandwiched with fiber reinforced self-compacted concrete. From the experimental 

investigation it is found that the compressive strength of Self Compacted Concrete Panel (SCCP) is increased by 39% in 

comparison to CVC and compressive strength of SCC with fiber content at 0.5% is increased by 50% in comparison with 

CVC and 8% in comparison with SCCP. Test results of sandwich panels in flexure shows that the flexural strength of 

sandwich panels with double layer mesh at 0.75% is increased by 57.7% in comparison to sandwich panels with single layer 

at 0.5% fiber content. From the study it can be concluded that sandwich panel with double layer mesh with provision of 

0.75% fiber content there is an significant improvement in the flexural strength by increasing its ultimate load carrying 

capacity and reducing its crack width (at higher crack load)  and deflection. 

 

Keywords: Self Compacting Concrete, Steel Fibers, Conventional Concrete, Ferrocement. 

 

1. INTRODUCTION 
 

In recent development the pre-fabricated sandwiched structural elements gaining more importance in the 

construction industry due to high strength to weight ratio, the reduced weight and good thermal insulation characteristics. 

Sandwich panel is a three layered element comprising of two thin flat facing plates of relatively higher strength material 

and between which a thick core of relatively low strength and density is encased or it could consist of thin skin box of 

relatively higher strength material infilled with relatively weaker and lower density material known as core. This has been 

used in aerospace industries and naval structures for many years and presently it has gained attention to be used for as an 

effective structure form in construction industry. Sandwich construction form as distinct advantages over conventional 

structural section because it promises high stiffness and high strength to weight ratio[1].Hence currently every field of 

industry resorts to the use of sandwich material in building and construction. Sandwich structures have gained widespread 

acceptance within the aerospace, naval/marine, automotive and general transportation industries as an excellent way to 

obtain structures with very high bending stiffness, high strength and high buckling resistance [2, 3].  Sandwich panels 

promises high stiffness and high strength to weight ratio as compared with a solid member. It possesses excellent flexural 

and shear properties and also it has good thermal insulation. It has excellent energy absorbing characteristics under high 

velocity impact loading conditions. Sandwich structure have been considered as potential candidate to mitigate impulsive 

(short duration) loads.  

 Ferrocement is one of the relatively new cementitious composite considered as a construction material.  It is a 

type of thin walled reinforced concrete commonly consists of cement mortar reinforced with closely spaces layers of 

continuous and relatively small wire mesh (ACI 5Y9R, 1997; ACI 549 2R, 2004).  The closely-space and uniformly 

distributed reinforcement in ferrocement, transforms the brittle material into a superior ductile composite.  
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Self-Compacting Concrete (SCC) is a highly flowable, non-segregating concrete that can be spread into place, fill all the 

corners of formwork and covers the reinforcement without any mechanical consolidation. The SCC is flowable, as well as 

deformable without segregation [4]. Therefore in order to maintain deformability along with flow ability in the paste a 

superplasticizer is necessary in such concrete. Japan started out in late 1980’s the development and application of SCC in 

the construction industries that does not require vibration to achieve full compaction. Recently this concrete has gained 

wide use in many countries for different applications and structural configurations [5]. The main aim of the experimental 

investigation is to study the behaviour and properties of ferrocement panels sandwiched with Steel Fiber Reinforced Self 

Compacting Concrete (SFRSCC). 45 cubes for Conventional Concrete (CVC), Self-Compacting Concrete (SCC), and Self-

Compacting Concrete with varying percentage of steel fibre were casted and cured for 7, 14 & 28 days. These cubes were 

tested for compression strength in a compressive testing machine and six panels of size 1000 x 1000 x 100mm i.e. three 

ferrocement panels of single layer mesh and three ferrocement panels of double layer mesh sandwich with SFRSCC with 

varying proportion of steel fibres i.e. 40, 50 and 60 kg/m³ were casted and cured for 28 days.  These panels were tested for 

flexural strength in loading frame.   

 

2. EXPERIMENTAL PROGRAM 

 

The main objective of this experimental investigation is to study the behavior and properties of ferrocement sandwiched 

with varying proportion of steel fiber reinforced self-compacting in flexure SCC mix proportion equivalent to M-20 grade 

concrete is worked out and basic tests are carried out to check physical properties such as flowability test, passing ability 

test and resistance to segregation test and Slump flow test, U-tube test, V-funnel test and L-box test were also conducted 

to satisfy the acceptance criteria of SCC. 

 

2.1 Materials: 

The different materials used and there physical and chemical properties are given in Table-1 and Table-2. Different test 

were carried out on the materials at different time periods. 

Table-1: Materials and Properties 

CEMENT (OPC 53) FINE AGGREGATE (RIVER SAND) 

Specific gravity  3.125 Specific gravity  2.8 

Fineness  3% Fineness modulus  2.64 

Normal consistency  35% Grading  Zone II  

Initial setting time  100 mins  Bulk density  1715 kg/m³ 

Final setting time  5 hrs 1 min Moisture content  0.2% 

Compressive strength   COARSE AGGREGATE   

3 days  16.35 MPa Specific gravity  2.64 

7 days  32.53 MPa  Fineness modulus  6.65 

28 days  48.87 MPa Bulk density  1702 kg/m³ 
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Table-2: The properties of fly ash 

Specific gravity: 3.00 

Chemical compositions characteristics Fly ash (%wt) 

 Silica 55-65 

 Iron oxide 5-7 

 Aluminum oxide 22-25 

 Calcium oxide 5-7 

 Magnesium oxide <1 

 Titanium oxide <1 

 Phosphorous <1 

 Sulphate 0.1 

 Alkali oxide <1 

 Loss on Ignition 1-1.5 

2.1.1 Wire mesh: Galvanized wire mesh of diameter 1mm and a size of 10mm is used in this investigation. 

 

 

 

 

 

 

 

 

 

 

 

Fig-1: Mesh Used in Experimental Work 

2.1.2 Epoxy Concrete Beno:  

Specification: ASTM C881 Type 2, Grade 2, Class B & C type   

Description: ROFF CONCRETE BOND is a permanent epoxy adhesive for internal or external bonding of renderings, 

granolithic toppings, and concrete to concrete.  The ultimate bond strength is greater than the tensile strength of concrete. 

ROFF CONCRETE BOND does not shrink and provides an even and stress-free bond.  

2.1.3 Steel Fibres: Shaktiman steel fibres are being produced by M/s Stwols Co. at Nagpur, Maharastra State, India.  The 

fibres are factory crimped to improve bounding characteristic with concrete and are available in diameter ranging from 0.1 

– 0.5mm and length ranging from 25mm to 60mm.  

 

 

 

 

 

 

 

 

 

2.2 Mix Proportion for ferrocement:  

For the mortar proportion the ratio between cement and fine aggregate is kept as 1:2.  The proportion of sand finer than 

2.36mm is used.  The water cement ratio is taken as 0.45. 
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2.3 Mix Proportioning for S.C.C: 

SCC requires some special consideration in mix proportioning, since the required flowability cannot be achieved by just 

increasing the water content of the mixture. Adding more water to concrete mixture will only cause a weakening of the 

concrete besides severe segregation.  

The different mix proportions of concretes are shown in Table-3. 

Table-3: Mix proportions of CVC, SCC and SCC with fibre 

Materials 
Quantity in kg/m³ 

CVC SCC-Plain SCC-fibre 

Cement 450 450 450 

Fly ash -- 114.9 114.9 

Fine aggregate  894.5 894.5 894.5 

Coarse aggregate 766 651.1 651.1 

Water 225 225 225 

Super-plasticizer -- 1.1% of powder* 1.2% of powder* 

Steel fibre -- -- 40, 50, 60  

* Powder = (cement + fly ash) 

 

3 RESULTS 
 

Test were carried out for SCC requirements and results are as follows:  

Table-4: Properties of Self Compacting Concrete  

Sl. No Method Unit 

Test results 
Recommended Values 

Min Max 
Without 

fibres 

With 

fibres 

1.  Slump flow by 

Abram’s cone 

mm 710 670 600 800 

2.  T50 cm slump flow Sec 5 4 2 5 

3.  V-funnel Sec 7 9 5 10 

4.  T5 min Sec 3 3 0 3 

5.  L-box  H2 / H1 0.88 0.86 0.8 1 

6.  U-box H2 - H1 30 26 0 30 
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Table-5: Cube Compressive strength of different concretes. 

Curing 

period 

Average compressive strength (N/mm²) 

CVC SCC 

SCC with   

40kg/m³ fibre 

(0.5%) 

SCC with 

50kg/m³ fibre 

(0.6%) 

SCC with 

60kg/m³ fibre 

(0.75%) 

7 days 18.72 25.54 31.66 28.65 25.05 

14 days  22.31 30.44 38.58 34.71 34.47 

28 days 28.9 40.15 43.59 39.17 38.33 

 
Graph-1: Comparison on effect of compressive strength on different concretes. 

Table-6: The first crack load, ultimate load and average crack width of the panels 

Panels  First crack load (KN) Ultimate load (KN) Average crack width 

(mm) 

0.5% Fiber & Single 

layer of mesh 

16.7 22.5 0.8 

0.6% Fiber & Single 

layer of mesh 

18.2 23.9 1 

0.75% Fiber & Single 

layer of mesh 

21.1 25.4 0.9 

0.5% Fiber & double 

layer of mesh 

21.1 30.7 0.8 

0.6% Fiber & double 

layer of mesh 

22.5 32.6 0.6 

0.75% Fiber & double 

layer of mesh 

25.4 35.5 0.6 
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Graph-2: Load V/s Deflection curve for Sandwich Panel with single and double layer mesh with different % of 

Fiber 

 

4 DISCUSSION 

   
The results of experimental investigation carried out for 45 cubes of CVC, SCC and SCC with fibre specimens are 

tabulated in Table-5. It is observed that the compressive strength at 28 days of SCC is increased by 39% in comparison to 

CVC and compressive strength of SCC with fibre content at 0.5% is increased by 50% in comparison with CVC and 8% in 

comparison with SCC. 

 

The results obtained for 6 sandwich panels from table-6 shows that the ultimate load carrying capacity of 

sandwich panel with single layer mesh at 0.75% fibre is increased by 12.9% in comparison with single layer mesh at 0.5% 

fibre and 6.3% in comparison with single layer mesh at 0.6%.The ultimate load carrying capacity of sandwich panel with 

double layer mesh at 0.75% fiber is increased by 15.6% in comparison with double layer mesh at 0.5% and 8.9% in 

comparison with double layer at 0.6% fibre. On comparing the ultimate load carrying capacity of single layer mesh and 

double layer mesh at different proportions of steel fibres it is observed that the ultimate load carrying capacity of sandwich 

panel with double layer mesh at 0.5%  fibre content is maximum and it is increased by 57.7% in comparison with single 

layer mesh at 0.5% fibre content. 

 

Table-6 shows experimental data of first crack load and ultimate load of different panels. The results of first crack 

load expressed as percentage of ultimate load of the panel ranges from 20% to 45% of the ultimate strength of panel in 

flexure. It is observed that the first crack load is about 39.8% of the ultimate load of double layer sandwich panels at 

0.75% of fibre content. Table-6 also shows that average crack width in case of single layer mesh sandwich panels varies 

from 0.8 to 1 mm and in case of double layer mesh sandwich panel it varies from 0.6 to 0.8 mm. 
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5 CONCLUSION 
 

1. From the test results it can be concluded that compressive strength of SCCP is increased by 39% in comparison to CVC 

and compressive strength of SCC with fiber content at 0.5% is increased by 50% in comparison with CVC and 8% in 

comparison with SCCP. 

2. The flexural strength of sandwich panel with single layer mesh at 0.75% of fiber content is increased by 12.9% in 

comparison with single layer mesh at 0.5% of fiber content and 6.3% in comparison with single layer mesh at 0.6% of 

fiber content. 

3. The flexural strength of sandwich panel with double layer mesh at 0.75% of fiber content is increased by 15.6% in 

comparison with double layer mesh at 0.5% of fiber content and 8.9% in comparison with double layer mesh at 0.6% of 

fiber content. 

4. On comparing the flexural strength of all sandwich panels it is concluded that the flexural strength of sandwich panel with 

double layer mesh at 0.75% of fiber content is increased by 57.7% in comparison with single layer mesh at 0.5% of fiber 

content. 

5. From the study it is seen that lower crack width and higher crack loads are observed in case of sandwich panels with 

double layer mesh in comparison to sandwich panels with single layer mesh. 

6. By provision of sandwich panels with double layer mesh at 0.75% fiber content there is a significant improvement in 

flexural behavior of panel by increasing its ultimate load carrying capacity, and reducing its crack width and deflection. 
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