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Abstract 

 

Conventional concrete is strong in compression but weak in tension. In the Conventional reinforced concrete, the benefits of 

steels are reinforced. To extract the maximum benefit of concrete and steel, a new form of sandwich construction, called steel-

concrete-steel construction, has been developed in recent years. Also, many researchers are working for the replacement of 

conventional constituents. Therefore, in this project, a new steel-concrete-steel is tried with coconut shell as coarse aggregate and 

quarry dust as fine aggregate in the production of concrete. Totally eight beams were cast and tested for flexural behavior. There 

are two cases has been taken into consideration, one is without stud and with a stud. In each case four beams were cast one with 

conventional concrete with river sand (CCS), second with conventional concrete with quarry dust (CCQD), third with Coconut 

shell concrete with river sand (CSCS), fourth with Coconut shell concrete with quarry dust (CSCQD) respectively. All the beams 

were tested for their flexural behavior and the parameters like initial crack load, ultimate load capacity, deflections, and strains 

on compression plate, tension plate and also on concrete zone were studied. Test results are shown that coconut shell concrete 

sandwich beams behaves similar to that of conventional concrete beams and are conservatives. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Concrete is the widely used number one structural material in the world today.Concrete is most widely used construction 

material in the world due to its ability to get cast in any form and shape. Concrete was considered to be a very durable material 

requiring a little or no maintenance. The assumption is largely true, except when it is subjected to highly aggressive 

environments. Concrete is weak in tension and brittle, yet it is used in the construction of bridges, tall buildings, offshore 

structures, runways, pavements, railway sleepers, tunnel lining etc. because of its versatility. It also replaces old construction 

materials such as brick and stone masonry. The strength and durability of concrete can be changed by making appropriate 

changes in its ingredients like cemetitious material, aggregate and water and by adding some special ingredients. Hence concrete 

is very well suitable for a wide range of applications. With the advancement of technology and increased field application of 

concrete and mortars the strength, workability, durability and other characteristics of the ordinary concrete is continually 

undergoing modifications to make it more suitable for any situation. The growth in infrastructure sector led to a scarcity of 

cement because of which the cost of cement increased incrementally. 

 Coconut Shell Concrete: A.

Coconut is grown in more than 93 countries. South East Asia is regarded as the origin of the coconut. India is the third largest, 

having cultivation in an area of about 1.78 million hectares. Annual production is about 7562 million nuts with an average of 

5295 nuts per hectare. The coconut industry in India accounts for over a quarter of the world’s total coconut oil output and is set 

to grow further with the global increase in demand. This will have the double advantage of reduction in the cost of construction 

material and also as a means of disposal of wastes. Most of the researchers reported compressive strength in the range of 15–25 

N/mm
2
. Information on other mechanical properties, such as splitting tensile and flexural strength, is generally available. 

However, the modulus of elasticity, the key parameter in the structural member design, is one of the least researched areas of 

coconut shell concrete, and only a few references are found on this important property [1]. 



Study On Flexural Behavior of Steel-Coconut Shell Concrete - Steel Sandwich Beam using Quarry Dust 
(IJIRST/ Volume 1 / Issue 11 / 075) 

 

 
All rights reserved by www.ijirst.org 434 

 Steel – Concrete – Steel (Scs) Sandwich Beam: B.

Composite structural materials from are often used to maximize the respective benefits of using different materials of 

construction in combination. A new form composite structural material construction has been developed in recent years called: 

steel-concrete-steel (SCS) construction. It consists of a layer of unreinforcement concrete sandwiched between two relatively 

thin steel plates which are connected to the concrete infill by welded shear stud connectors. The planes are aligned in the plane of 

bending so that they are in compression and in tension respectively, when subject to flexure. Generally, no further shear 

reinforcement is necessary and studs are provided for this purpose. This type construction is very economical, as it combines the 

advantages of both steel and concrete construction. [2]. 

 Quarry Dust: C.

The most commonly used fine aggregate is sand derived from river banks. The global consumption of natural sand is very high, 

due to the extensive use of concrete. In general, the demand of natural sand is quite high in developing countries to satisfy the 

rapid infrastructural growth, in this situation developing country like India facing shortage in good quality natural sand. 

Particularly in India, natural sand deposits are being depleted and causing a serious threat to the environment as well as the 

society. In past decade variable cost of natural sand used as fine aggregate in concrete increased the cost of construction. In this 

situation research began for inexpensive and easily available alternative material to natural sand. Some alternative materials have 

already been used as a part of natural sand, e.g. fly ash, slag limestone and siliceous stone powder were used in concrete mixtures 

as a partial replacement of natural sand. However, scarcity of required quality is the major limitation in some of the above 

materials. Now a day’s sustainable infrastructural growth demands the alternative material that should satisfy technical requisites 

of fine aggregate as well as it should be available abundantly. Fine aggregate has been replaced by quarry dust a by product  of  

stone  crushing  unit  and  few  admixtures  to  find  a  comparative  analysis  for  different parameters which  are  tested  in  the  

laboratories  to  find  the  suitability  of  the  replacement  adhered  to  the Indian  Standard  specifications  for  its  strength [3]. 

II. EXPERIMENTAL INVESTIGATIONS 

 Materials Used and Mix Proportions: A.

The materials used in the mix were ordinary Portland cement 53 Grade [4], River sand has been sieved in 4.75 mm sieve and 

quarry dust as fine aggregate and crushed granitestone aggregate of maximum size is 12.5 mm surface texture characteristics of 

the aggregate [5],and coconut shell as coarse aggregate for comparison study.Coconut shell aggregates have a relatively high 

water absorption value nearly, 24%, compared to the conventional aggregate (0.5%); hence, to prevent water absorption by the 

concrete mix, it is necessary to mix at the saturated surface dry condition (SSD) based on 24 h submersion in potable water.  

Potable water was used for mixing and curing   Water plays an important role in the workability, strength, and durability of 

concrete.properties of materials were Tabulated in table 1.CCS and CCQD, CSCS and CSCQ, minimum compressive strength of  

25 N/mm
2
 at 28 days was  fixed  as  target strength with minimum workability considerations. From many trail mixes, mix 

proportions were selected for CCS and CCQD, CSCS and CSCQ and it is shown in Table 2 
Table -2.1:  

Test on Materials 

Physical and 

Mechanical properties 

Coconut 

Shells 

Crushed 

Granite 

River 

Sand 

Quarry 

Dust 

Maximum size (mm) 12.5 12.5 - - 

Water absorption (24h) % 24.00 - - - 

Specific gravity 1.05-1.20 2.82 2.57 2.64 

Crushing value (%) 2.58 6.30 - - 

Bulk density (kg/m³) 650 1650 - - 

Fineness modulus 6.26 6.94 2.56 2.54 

Shell thickness (mm) 2-8 - - - 
Table -2.2:  

Mix Proportions 

Type of concrete Mix proportions* Cement content 

CCS 1:2.22:3.66:0.55 320 kg/m
3
 

CCQD 1:2.40:3.66:0.55 320 kg/m
3
 

CSCS 1:1.47:0.65:0.42 510 kg/m
3
 

CCQD 1:1.58:0.62:0.42 510kg/m
3
 

 *Obtained from various trail mixes 

 Fresh Concrete Properties: B.

Workability is one of the important properties of fresh concrete, which is directly or indirectly responsible for quality of concrete 

as a whole. Adequate workability on one hand improves the desirable properties of concrete such as, finish ability, degree of 
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compaction and strength, etc.whereas, on the other hand it reduces the undesirable properties like segregation and bleeding of 

concrete The fresh concrete properties of both conventional concrete and coconut shell concrete of the mix used are shown in 

Table 3 
Table -2.3:  

Fresh Concrete Properties 

Description Fresh concrete density (kg/m
3
) 

Slump 

(mm) 
Compaction factor 

Demoulded 

density 

(kg/m
3
) 

CC 2477 8 0.90 2510 

CSC 2138 5 0.88 1982 

CCQD 2586 0 0.91 2465 

CSCQD 2247 0 0.91 2091 

 

 Hardened Concrete Properties: D.

Compressive strengths were measured using a compression testing machine (CTM) with a maximum capacity of 2000 kN.For all 

tests, each value was taken as the average of three samples. Test results for conventional concrete and coconut shell concrete for 

both 3 days and 7 days and 28 days and conventional concrete with quarry dust 3 days and 7 days curing were tabulated in Table 

4 respectively. 
Table -2.4:  

Compressive Strength Results 

Type of concrete 

3 days 7days 28 days 

Density 

(kg/m
3
) 

fck 

(N/mm
2
) 

Density 

(kg/m
3
) 

fck 

(N/mm
2
) 

Density 

(kg/m
3
) 

Fck 

(N/mm
2
) 

CC 2450 16.36 2455 20.20 2470 28.70 

CSC 1950 15.84 1958 19.80 1975 26.40 

CC with Quarry dust 2590 16.50 2596 21.00 2604 31.10 

CSC with Quarry dust 2110 16.05 2120 20.55 2155 28.36 

 

III. TEST PROGRAM 

 Details of Steel Composite Beam: A.

Totally eight beams were cast and tested for flexural behavior. There are two cases has been taken into consideration, one is 

without stud and with a stud. In each case four beams were cast one with conventional concrete with river sand (CCS), second 

with conventional concrete with quarry dust (CCQD), third with Coconut shell concrete with river sand (CSCS),fourth with 

Coconut shell concrete with quarry dust (CSCQD) respectively.The width (b) and depth (D) of the beams were maintained at 150 

mm and 230mm, length of beam (2400mm) for all beams. 

 
Fig. 3.1: steel-concrete-steel sandwich beam 

 Specimen Preparation and Casting: B.

For without stud specimens, there is no proper interaction between steel plates and concrete. For with interaction specimens studs 

are welded to compression plate and tension plate like a lap joint,with and without stud specimens are shown in Fig 3.2&3.3, 

length of stud 165 mm and stud spacing 150 mm and cover 25mm maintained. For pouring concrete to the desired depth of the 

beam, gauge rods are used in 4-5 places across the length of the beam on one side. Both side ends cross sections were closed 

with steel plate of cross section 150×230 mm.These beams were tilted 90 degrees and kept concreting purpose. 
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Fig. 3.2: without stud specimen 

 

 
Fig. 3.3: with Stud Specimen 

 

 Testing of Flexure of Beam: C.

Before testing, the beam was whitewashed and the simple support and central marking were marked on the loading frame. The 

beam was placed in the loading frame as per marking. The orientation of the beam was checked using Plum bob from the center 

at the top of the frame to beam center. The lead wire from the strain gauges were connected to the ten channel strain bridge and 

then to the data logger using half bridge technique. Now the steel plate surface was rubbed with salt paper (fine) to make the 

surface smooth and even remove the corrosion, dust, TML-10mm with the resistance of 120 Ω strain gauges were used. After 

attaching the strain gauge with compression and tension steel plate of mid-span of a beam and concrete surface using glue also it 

is checked for 120±1Ω. One dial gauge was connected at the mid span of the beam to measure deflection and Linear Voltage 

Displacement Transducers (LVDT) was placed at (1/4) 
th  

of each side of the span. A schematic diagram of flexural test beam 

arrangement is shown in Fig 3.4. The load was applied at the rate of increment of 0.25 tones beams till it reaches the ultimate 

load. The value of strain and deflection were recorded by manually. 

 
Fig. 3.4: Schematic Diagram of Flexural Test Beam Arrangement 

IV. RESULTS AND DISCUSSION 

 Steel-Concrete-Steel Sandwich without Stud Beam:      A.

Since in this case, there is no proper interaction between steel plates and concrete. Before testing, it has been removed the gauge 

rods by grinning. It was observed and noticed that while grinning itself debonding of both tension and compression plate were 

started. Flexural testing without stud beam arrangement shown in Fig 4.1Once the application of the load was started, that 

debonding were extended and slip at the tension plate has been taken place and the slip of tension plate took place concrete 

element failed suddenly. In all cases such as conventional concrete with river sand (CCS), conventional concrete with quarry 

dust (CCQD), coconut shell concrete with river sand (CSCS), coconut shell concrete with quarry dust (CSCQD), the ultimate 

load was observed 9.81 kN and all the specimens were failed of the flexure zone. Specimen failure at the flexure zone of without 

stud beam shown in Fig 4.2. The bottom plate slip was measured in ranges of 100-110 mm. Since, all the specimens were slipped 
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and failed suddenly as expected, for safety consideration of the instrument and the person, the central deflection and strain 

measurements on steel plates and concrete were not taken. 

 
Fig. 4.1: Flexural Testing without Stud Beam Arrangement 

 
Fig. 4.2: Specimen Failure at Flexure Zone of without Stud Beam 

 Steel-Concrete-Steel Sandwich with Stud Beam: B.

Shear stud connectors employed in SCS sandwich beam resist any slip or separation between steel plate and concrete, there is no 

further shear reinforcement needed.In all cases such as conventional concrete with river sand (CCS), conventional concrete with 

quarry dust (CCQD), coconut shell concrete with river sand (CSCS), coconut shell concrete with quarry dust (CSCQD),Flexural 

testing with stud beam is shown in Fig 4.3. All the beams were tested for their flexural behavior and the parameters like initial 

crack load, ultimate load capacity, deflections, and strains on compression plate, tension plate and also on concrete zone were 

recorded and it is shown in Table 4.1.Fig 4.4,4.5,4.6&4.7 shows ultimate load capacity, central deflection, span ¼ deflection and 

strains on compression plate, tension plate and also on concrete zone respectively. 
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Fig. 4.3: Flexural Testing with Stud Beam  

Table-5: Parameter Study 

TYPE OF BEAMS CCWS CCQWS CSCWS CSCQWS 

Initial crack load 22.07 Kn 26.97kN 19.62 kN 22.07kN 

Ultimate load 83.38 kN 93.19 kN 80.93 kN 90.74 kN 

Theoretical load 68.37 kN 68.37 kN 68.37 kN 68.37 Kn 

Capacity ratio 1.21 1.36 1.18 1.32 

Central deflection 10.85 mm 11.15 mm 11.55 mm 12 mm 

Deflection 1/4 span 7.05 mm 7.25 mm 7.55 mm 8.15 mm 

Strian measurement 

1) Tension plate 

2) Compression plate 

3) Concrete zone 

 

436×10 
-6

 

102×10 
-6

 

1352×10 
-6

 

 

359×10 
-6

 

88×10 
-6

 

1627×10 
-6

 

 

498×10 
-6

 

116 ×10 
-6

 

3530×10 
-6

 

 

405×10 
-6

 

98×10 
-6

 

3706×10 
-6

 
 

 
Fig. 4.4: Ultimate Load 

 
Fig. 4.5: Central Deflection 
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Fig. 4.6: Span 1/4 deflection 

 
Fig. 4.7: Strain values 

V. CONCLUSION 

From the experimental investigation,the flexural behavior of steel-concrete-steel sandwich with and without stud beam. For 

without stud beam was observed,there is no proper interaction between steel plates and concrete. Once the application of load 

was started, that debonding were extended and slip at tension plate has been taken place and the slip of tension plate took place 

and concrete element failed suddenly. For with stud beam the ultimate moment obtained from the experiment CCQWS was 

approximately 11.76 % higher compared to the CCWS and CSCWS was approximately 12.12 % higher compared to the 

CCWS.The results of compression plate and tension plate strain shows that CSCQD is able to achieve its full strain capacity 

under flexural loadings. It should, however, be recognized that further research needs to be done before it can be used as a 

building material.Test results are showed that coconut shell concrete sandwich beams behaves similar to that of conventional 

concrete beams and are conservatives. Coconut shell concrete using quarry dust offers as a potential building material and 

simultaneously solving the environmental problem of reduction in solid waste. 
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