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1. Introduction 

Concrete has become one of the most widely used 

materials in the construction industry as a result of the rapid 

development of massive infrastructure throughout the world in 

recent decades. An estimated 31 billion tons of concrete have 

been used around the world which makes concrete one of the 

biggest consumers of natural resources [1]. Natural aggregates 

are primarily obtained from rock quarries and gravel pits. The 

extraction of coarse aggregates from a range of natural 

resources, on the other hand, has had a significant and 

perpetual environmental impact [2]. Numerous studies 

indicate that the United Kingdom and other developed 

countries consumed two hundred eight million tons of crushed 

aggregates extracted from the ground. As a result, natural 

aggregates are scarce in the majority of developed and 

developing countries worldwide [3]. Lightweight aggregate 

(LWA) was developed as a partial or complete replacement for 

natural normal weight aggregates in concrete mixtures as a 

result of a scarcity of natural aggregates [4]. LWA was 

developed by researchers and engineers using a variety of 

technologies and construction waste to address the scarcity of 

natural aggregates. The LWA is made from a variety of 

materials, including clay, shale, and palm oil, which results in 

concrete that is more porous and lighter in weight [5]. Because 

of the reduction in dead loads associated with structural design 

and foundations, a reduction in horizontal inertia actions 

associated with buildings in earthquake-prone areas is 

possible. Lightweight concrete (LWC) exhibits higher 

brittleness and lower stiffness when compared to normal 

weight concrete (NWC) [2], [6]. 

The lightweight aggregate is a popular alternative that 

alleviates the impacts of using typical coarse aggregates [7-

10]. A popular alternative to using normal coarse aggregates is 

the lightweight aggregate, which is made artificially from a 

variety of sources. Low density, freeze-thaw resistance, 

thermal conductivity, smaller seismic demand, fire resistance, 

and a high strength-to-weight ratio make lightweight concrete 

(LWC) a viable alternative to conventional normal weight 

concrete (NWC) in the construction industry. Other 

advantages include lower cost, smaller cross-sections, and a 

higher strength-to-weight ratio. As a result, the use of LWC 

has increased significantly over conventional NWC due to the 

advantages and performance of structural members (such as 

beams, slabs, columns, walls, etc.). For this reason, the LWC 

has a wide range of properties and structural properties 

depending on the type of lightweight coarse aggregates that are 

incorporated into the concrete mix. [11-14]. 

LWC's mechanical properties, durability, and bond 

strength have been the subject of numerous studies previously. 

Yasar et al. [15] exploited basaltic volcanic pumice 

lightweight aggregate as a normal weight aggregate substitute, 

using 20 % fly ash as a cementitious replacement. Based on 

the results of the experiments, the researchers conclude that 

volcanic pumice aggregate can be utilized in structural 

applications. Korol and Sivakumaran [16] investigated the 

energy consumption of LWC slabs under extreme loading, the 
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results demonstrated that LWC slabs can absorb more energy 

than NWC slabs during collapse. Onoue et al. [17] carried out 

a similar experiment using volcanic pumice aggregates and 

found that lightweight aggregate concrete had a 28-41 % 

higher shock-absorbing capacity than conventional concrete. 

In contrast, Zhang and Gjorv [7] found that LWC's tensile 

strength-to-weight ratio was lower than NWC's. 

The strength of the bond between the reinforcing bars and 

the surrounding concrete is also affected using LWA in the 

concrete. Many studies have been done in the last few years on 

the strength of the bond between various types of LWA 

concrete. According to published research, the bond strength 

of LWA concrete varies depending on the type of LWA. The 

studies showed contradicting results. For instance, Bogas et al. 

[8] reported, for example, that light weight concrete made with 

expanded clay aggregates has a greater bond strength than 

NWC. Other researchers [9], [10] found similar results, 

showing that the bond strength between LWC and NWC is 

comparable.  

Previous research focused on LWA concrete's mechanical, 

flexural, and bond strength properties. [18-20]. However, little 

in the literature is documented about the shear behavior and 

strength of LWA-cast reinforced concrete beams. Weak 

aggregate interlocking is one of the key variables contributing 

to concrete shear strength. [10], [12], [13]. Many experiments 

on the shear behavior of LWA have revealed that the type of 

LWA, such as oil palm and palm kernel shell aggregate, has 

an impact on aggregate interlock action [21]. Before using 

such LWA types in casting RC beams and slabs, the concrete 

shear strength (Vc) and performance of shear deficient RC 

beams cast with LWA should be investigated. The shear 

strength of RC beams is determined by a number of factors, 

including compressive strength of concrete, shear span to 

effective depth ratio (a/d), shear reinforcement, maximum size 

of aggregate, and transition zone bond strength. Jumaat et al. 

[14] investigated RC beam specimens made of oil palm LWA 

with densities of 1650 kg/m3 and compressive strengths of 20 

MPa, respectively. The experimental results revealed that the 

beam's shear capacity was 10 % greater than that cast with 

NWC. Johnson et al. [21] conducted a similar study on the 

shear behavior and strength of RC beams constructed from 

palm kernel shell aggregates. Eight beam specimens were 

subjected to four-point loading tests, the shear strength of RC 

beams cast with LWA was found to be 24 % higher than that 

of RC beams cast with NWA. The realized shear strength of 

LWC specimens was 10-24 percent higher than that of NWC 

specimens in those investigations [14], [21] owing to its 

shorter and narrower formed cracks with rough surfaces, 

which improved and raised the shear strength of LWC beam 

specimens. When compared to normal weight concrete, LWC 

beams performed better in terms of crack spacing and 

aggregate interlock. It may also be deduced that the nature and 

source of LWA have a significant impact on RC beam shear 

behavior. Another study of the shear strength and behavior of 

sedimentary LWA was undertaken by Chao et al. [20], with 

four-point loading, twenty-four beam specimens with different 

compressive strengths were tested, the experimental results 

showed that beams made with lightweight concrete had 

comparable cracking and ultimate shear stress to those with 

normal weight concrete. For all specimens, the lightweight 

modification factor (l) specified by the American Concrete 

Institute (ACI 318-08) [22] shear design provisions were 

evaluated and ranged from 1.21 to 2.71. 

Despite their incredible potential, the use of beams 

comprised of two layers with two distinct materials in 

constructing sustainable composite beams has been limited in 

recent years. A full-scale two-layer beam and a continuous 

two-layer beam with standard strength concrete in the tensile 

zone and high strength concrete with steel fiber in the 

compression zone were recently investigated [23], [24]. Other 

researchers have concentrated on using Engineered 

Cementitious Composite (ECC) to replace the stress zone and 

improve the tensile strength of the concrete around the primary 

steel reinforcement [25-27]. Mohsin et al. [28] presented 

evaluations of a new two-layer RC beam with a high-strength 

concrete compression zone and a normal-strength concrete 

tension zone. In an experimental investigation, Dybel and 

Wałach [29] looked at the development of bond strength 

between two concrete layers. Normal concrete (NC) to high-

performance concrete (HPC) and HPC to HPC kinds have been 

established, as well as comparisons with NC-to-NC examples. 

The main objective of this research is to evaluate the 

strength and behavior of two-layer beams consisting of normal 

and lightweight concrete, the parameters have been chosen to 

investigate the effect of combining these two materials 

together in the same two-layer beams. The depth of each layer 

and compressive strength of normal and lightweight concrete 

were the main parameters of this study. 

2. Experimental program 

2.1. Materials 

Ordinary Portland cement (OPC) with a specific gravity 

and surface area of 3.0 and 390.7 m2/kg, respectively, was used 

for all mixes. All of the tests were performed with cement from 

a single delivery. Sand of sizes in the range of 0.15-4.75 mm 

with specific gravity, fineness modulus, and loose density of 

2.65, 2.64, and 1645 kg/m3, respectively was used as fine 

aggregate. Pumice with normal aggregate of sizes in the range 

of 4.75-25 mm, and 4.75-19 mm were used as a coarse 

aggregate. The other properties of pumice are shown in Table 

1.  
Table 1. The properties of Pumice aggregate. 

Property Pumice Unit 

Loose density  826 kg/m3 

Oven dry density  802 kg/m3 

Specific gravity 1.75 - 

Water absorption  10 % 

Crushing Resistance 3.6 - 

Cl  0.02 % 

SO3  0.5 % 

Total Sulphur (TS)  0.32 % 

 

Silica fume with density, specific area, and specific gravity 

of 700 kg/m3, 15 m2/g, and 2.40, respectively was used. 

Superplasticizer with a density of 1061 kg/m3 was used as a 

high range water reducer that provides long workability times. 

Table 2 gives the mix proportions and results of both the LWC 

and the NWC.  
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Table 2. Mix proportions and results of both the LWC and the NWC. 

 

SF: Silica Fume, SP: superplasticizer, f'c cylinder compressive strength, fct: splitting tensile strength, Ec: Young’s modulus 

The main reinforcement for the beams be made up of 

deformed bars with a diameter of 16 mm, while shear and 

compression reinforcement consisted of deformed bars with a 

diameter of 10 mm and a yield strength of about 620 MPa for 

both. The ratio of tension reinforcement was kept at 1.72 % for 

all the beams. However, the variable in the investigation was 

the shear reinforcement. Fig. 1 shows the stress-strain curve 

for steel reinforcement. 

 

Fig. 1 Stress-strain curves for steel reinforcement bars. 

2.2. Preparation of Test Specimens 

Sixteen reinforced concrete beams were fabricated and 

divided into four groups, based on the configurations of 

concrete layers. The beams have been reinforced with flexural 

steel bars and designed to fail in shear. All beams were tested 

as a simply supported with four-point loading as shown in Fig. 

2. The variables in each group of specimens were the ratio of 

the thickness of the lightweight concrete layer to the overall 

depth of beam (hLW/h) and concrete compressive strength 

which was (23.2, 28.5, and 35.1 MPa) for LWC and (25.2, 

33.5, 49.3 MPa) for NWC. All the specimens were tested after 

28 days. All the beams had a nominal width and height of 140 

mm and 200 mm, 1700 mm long, all the beams in groups 1, 3, 

and 4 tested with a shear span-to-depth (a/h) ratio of 2.75. 

while group 2 tested with three different shear span-to-depth 

(a/h) ratios of 2.75, 2.33, and 2. The reinforced concrete beams 

in all groups were fabricated without stirrups in one shear span 

as shown in Fig. 3 to guarantee shear failure in that side, and 

the beams were subjected to four-point loading until failure. 

The detailing of a typical beam in Groups 1, 2, 3, and 4 is 

shown in Fig. 3. Two 16 mm diameter rebars were installed at 

a depth of 167 mm from the top concrete surface on the beam's 

tension side, and two 10 mm diameter rebars were inserted on 

the beam's compression zone. The reinforcement ratios for all 

specimens were 1.72 %. The beams were reinforced in shear 

on one side of the beam's shear span with 10 mm diameter 

stirrups that were at intervals of 50 mm. The sample 

designation and detailing for each beam specimen are provided 

in Table 3.  

The designation of beams included a combination of letters 

and numbers: For example, (1S1N-1L25) 1S stands for first 

(a/h) shear span which is 2.75 beams, part 1N is the first 

normal concrete mix ID ,1L for first lightweight aggregate 

concrete mix ID and 25 indicate the ratio of lightweight layer 

thickness to overall depth of beams. 

All the beams were cast in plywood forms as shown in the 

Fig. 4. The control specimens, cylinders with a diameter of 150 

mm and a height of 300 mm for tests of compressive strength, 

splitting tensile strength and Young’s modulus. These 

specimens were cast in parallel with the beams and cured 

under similar conditions to those used for the beams. The 

parameters of the concrete utilized for the beams are 

summarized in Table 1. 
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(kg) 

coarse aggregate (kg) SF 

(kg) 

SP 

(kg) 

Density 

kg/m3 
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Ec 

(MPa) Normal lightweight 

1N 0.34 150 401 682 1007 - 35 4.80 2432 49.3 4.46 36534 

2N 0.44 185 420 718 1077 - 0.00 2.10 2412 33.1 3.12 31139 

3N 0.50 200 400 720 1054 - 0.00 0.00 2396 25.5 2.45 29194 

1L 0.60 226 300 520 - 633 23 0 1801 23.2 2.50 13952 

2L 0.40 200 450 562 - 473 50 3.95 1953 28.5 2.20 14590 

3L 0.40 226 510 880 - 371 55 4.46 2031 35.1 2.05 17295 
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Fig. 2 The experimental set-up for the reinforced two-layer beam. 
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Fig. 3 Beams’ layout and reinforcement detailing. 

 

Fig. 4 Plywood forms, steel placing and concrete casting. 
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Table 3. Test beam details and properties. 

Beam ID 
Layer thickness of 

a/h 
hLW/h 

Ratio 

Type of concrete 

NWC (mm) LWC (mm) Top layer Bottom layer 

1S1N 200 - 2.750 0% NWC - 

1S1N-1L25 150 50 2.750 25% NWC LWC 

1S1N-1L50 100 100 2.750 50% NWC LWC 

1S1N-1L75 50 150 2.750 75% NWC LWC 

1S1L - 200 2.750 100% - LWC 

1S1L-1N50 100 100 2.750 50% LWC NWC 

1S2L-1N50 100 100 2.750 50% LWC NWC 

1S3L-1N50 100 100 2.750 50% LWC NWC 

1S2N-1L50 100 100 2.750 50% NWC LWC 

1S3N-1L50 100 100 2.750 50% NWC LWC 

2S1N-1L50 100 100 2.375 50% NWC LWC 

3S1N-1L50 100 100 2.000 50% NWC LWC 

2S1N 200 - 2.375 0% NWC - 

3S1N 200 - 2.000 0% NWC - 

2S1L - 200 2.375 100% - LWC 

3S1L - 200 2.000 100% - LWC 

 

2.3. Testing Setup 

The beams were tested under four-point loadings with a 

constant effective span. For all beams the shear span to overall 

depth (a/h) ratio was maintained in Table 3. The test setup is 

shown in Fig. 2.  

A universal testing machine with a portable load cell 

capacity of 740 kN was used to test the beams. Electrical 

resistance strain gauges were used to measure the strains in the 

main reinforcements, which were then recorded using a data 

logger. The compressive strains at the concrete surface in the 

mid-span were also measured using the electrical resistance 

strain gauges. The strains on the surfaces of the concrete 

through diagonal line from load to support have been measured 

using electrical resistance strain gauges in rosette 

configurations as shown in the Fig. 2. To measure the 

deflections, linear voltage differential transducer (LVDT) was 

placed under the beam mid-span. 
  

3. Experimental results  

3.1. Observation of Cracking and Failure Modes 

The formation of cracks in all of the tested beams was 

monitored and recorded until failure. As shown in Fig. 5, all of 

the beams failed in shear as expected, due to the development 

of a typical diagonal significant crack between the loading 

point and the right-side of support (side without stirrups). 

Flexural cracks were initiated and found at the mid-span of 

beams, where the bending moment was the maximum, during 

the early stages of the loading. Fig. 5 shows the cracking 

pattern and failure modes of the selected NWC, two-layer and 

LWC beams. These cracks developed at a load level of about 

11-15 % of the ultimate load. However, in the case of LWC 

and two-layers beam, flexural cracks appeared early in the 

loading process, which could be related to the lightweight 

concrete's lower modulus of rupture.  

 

 
 

Table 4. Experimental results of tested beams. 

Beam a/h Pu Pcr Vu Pcr/Pu 

Vu

bd √f
c eq.

'

 

1S1N 2.750 85.32 12.50 42.66 14.7 % 0.22 

1S1N-1L25 2.750 75.70 10.50 37.85 13.9 % 0.21 

1S1N-1L50 2.750 68.15 9.00 34.08 13.2 % 0.20 

1S1N-1L75 2.750 68.78 8.50 34.39 12.4 % 0.23 

1S1L 2.750 68.52 8.00 34.26 11.7 % 0.25 

1S1L-1N50 2.750 79.88 10.10 39.94 12.6 % 0.24 

1S2L-1N50 2.750 81.06 10.50 40.53 13.0 % 0.23 

1S3L-1N50 2.750 83.62 10.80 41.81 12.9 % 0.23 

1S2N-1L50 2.750 67.95 9.50 33.98 14.0 % 0.23 

1S3N-1L50 2.750 67.34 10.30 33.67 15.3 % 0.24 

2S1N-1L50 2.375 118.12 15.52 59.06 13.1 % 0.40 

3S1N-1L50 2.000 144.93 21.89 72.46 15.1 % 0.52 

2S1N 2.375 143.42 17.04 71.71 11.9 % 0.36 

3S1N 2.000 179.96 22.05 89.98 12.3 % 0.46 

2S1L 2.375 74.67 11.28 37.33 15.1 % 0.28 

3S1L 2.000 95.86 16.22 47.93 16.9 % 0.36 
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Flexural cracks were more visible as the load increased, 

and as the cracks migrated into the shear span, they became 

flexural shear cracks. These cracks suddenly progressed 

toward the loading point and were inclined at an angle of 

34.8°-45.8°. Some horizontal cracks developed near the 

bottom longitudinal reinforcement, which reduced the shear 

stress and the dowel action between the concrete and steel 

reinforcement, as shown in Fig. 5. Therefore, it can be 

concluded that smaller crack width with larger number of 

cracks occurred in LWC layer. For all beams with (a/h = 2.0), 

flexural cracks did not develop but shear cracks suddenly 

appeared and run through the compression zone and produced 

collapse as shown in Fig. 5, while for the rest of the beams 

(2.75 > a/h > 2.0), the initial bending cracks were occurred and 

became inclined early in the loading stage and at collapse, 

horizontal cracks were formed and running along the line of 

the tensile reinforcement. These horizontal cracks reduced the 

shear resistance of the section by destroying the dowel force 

and reducing the bond stresses between the steel and bottom 

layer in two-layer beams as shown in Fig. 5. For all reinforced 

concrete beams, the longitudinal steel in the tension zone did 

not reach the yielding strength. It is worthy of notice that the 

mode of shear cracking of the reinforced normal, and 

lightweight beams is similar, while horizontal cracks occur 

near the support in two-layer beams. 

3.2. Load-Deflection Behavior 

The load-mid-span deflection curves for all the 15 test 

beams of normal, lightweight concrete, and two-layer beams 

with different shear span-overall depth ratios (a/h) and 

different compressive strength are shown in Fig. 6. The effect 

of layer thickness of lightweight concrete on load versus mid-

span deflection for reinforced concrete beams is shown in    

Fig. 6(a). From these figures, it can be seen that for reinforced 

concrete beam, as the layer thickness ratio (hLW/h) increases 

from 0 % to 25 %, 50 %, 75 % and 100 % the ultimate load 

capacity decreases from 85.32 to 75.70, 68.15, 68.78, and 

68.52 kN respectively, the results showed that for beams with 

(hLW/h) ranging from 50 % to 100 %, the ultimate load capacity 

was not affected by the thickness of the lightweight layer. The 

ultimate load capacity of these beams where 20 % less than 

that of the normal concrete beam. Furthermore, when the 

(hLW/h) were changed from 0 % to 25 % the load carrying 

capacity decreased by 11 %. There is no significant changing 

in ultimate load capacity by increasing the compressive 

strength of LWC in compressive zone from 23.2 MPa to 28.5 

MPa and 35.1 MPa, where the ultimate load capacity increased 

from 79.88 kN to 81.06 kN and 83.62 kN as shown in the      

Fig. 6(b), as well as unsignificant influence occurred by 

decreasing the compressive strength of NWC in the 

compressive zone from 49.3 MPa to 33.1 MPa and 25.5 MPa, 

the ultimate load capacity decreased from 68.15 kN to 67.95 

kN and 67.34 kN respectively as shown in Fig. 6(c).  

Decreasing the shear span to depth ratio (a/h) from 2.75 to 

2.375 and 2.0 increased the ultimate load capacity from 85.32 

kN to 143.42 kN and 179.96 kN respectively in the fully 

normal weight concrete beams and from 68.52 kN to 74.67 kN 

and 95.86 kN respectively in fully lightweight concrete beams, 

while it increased from 68.15 kN to 118.12 kN and 144.93 kN 

respectively in two-layer beams with 50 % of hLW/h. Also, by 

comparing the beams with same (a/h), if a/h equal to 2.75 the 

ultimate load capacity of two-layer beam is similar to fully 

lightweight concrete beams as shown in the Fig. 6(d). While 

the beams with 2.375 a/h the ultimate load capacity decreased 

from 143.42 kN for the fully normal concrete beam to 118.12 

kN and 74.67 kN for two-layer and fully lightweight concrete 

respectively as shown in the Fig. 6(e). for the a/h to 2 as well, 

the ultimate load capacity decreases from 179.96 kN for fully 

normal concrete beams to 144.93 kN and 95.86 kN for the two-

layer and fully lightweight concrete beams respectively as 

shown in the Fig. 6(f). The presence of LWC in the tension 

zone significantly decreases the ultimate load capacity of the 

two-layer beams with shear failure, conversely for the flexural 

there was slight effect for LWC in the tension zone [5]. 

As clearly shows in Fig. 7 changing a/h from 2.75 to 2.375 

and 2 the ultimate capacity increased by 68 % and 111 % 

respectively for fully NWC beams, and it increased by 73 % 

and 113 % for two-layer beams, while these percentages 

change significantly lower for fully LWC beams, the ultimate 

load capacity increased by 9 % and 40 % by decreasing a/h 

from 2.75 to 2.375 and 2 respectively. The ratio remains for all 

configurations greater than 0.17, the minimum value 

recommended by the American Standard ACI-318-2014 as 

shown in the Fig. 8. 

From the experimental data, the cracking load 𝑃𝑐𝑟, and 

ultimate load 𝑃𝑢, of all tests are summarized in Figs. 9(a-f), 

and Table 3. As shown in Table 3, the ratios of first cracking 

to ultimate load for fully normal beams is ranged from 11.9 % 

to 14.7 % with an average value of 12.9 % and standard 

deviation of 1.5 %, and for fully lightweight concrete beams 

ranged from 11.6 % to 16.9 % with an average value of 14.6 

% and standard deviation of 2.7 %, while for all other two-

layer beams are ranged from 12.4 % to 15.3 % with an average 

value of 13.5 % and standard deviation of 1 %. The shear stress 

was calculated using the following equation: 𝜈𝑒𝑥𝑝 = 𝑉𝑢/(𝑏𝑑). 

The experimental shear stress, 𝑣𝑒𝑥𝑝, has been divided by the 

root of the compressive strength, 𝑓𝑐`, as (𝑣𝑒𝑥𝑝/√𝑓𝑐`eq), where 

the 𝑓𝑐`eq is the equivalent compressive strength equal to            

(1 - (hLW/h) 𝑓’𝑐 NWC + (hLW/h) 𝑓’𝑐 LWC), the 𝑣𝑒𝑥𝑝 indicates the 

ability of diagonally cracked concrete to transmit tension and 

shear. 

3.3. Strain Results  

Figure 10 displays the collected compressive concrete 

strain (CCG) corresponding to the load at two points as shown 

in Fig. 1. the steel gauge (SG) placed at the bottom of tension 

steel reinforcement, while the concrete gauges (CCG) placed 

at 25 mm measured from the top. At failure stage, the strain 

readings of concrete shows that the failure strain is less than 

the ultimate strain of the concrete since the failure occurs due 

to the shear failure between the loading point and the 

supporting point. The measured concrete strain variants among 

beams were due to the differences in the concrete type and 

concrete compressive strength. 

Regarding the deformation on the longitudinal steels, Fig. 

10 shows the relationship between the applied load and the 

strain measured by the strain gauges on the longitudinal steels. 

In general, the longitudinal steel bars work under the elastic 

stress. The behavior of the longitudinal steel is divided into 

two stages during loading: before and after bending concrete 

cracking until the failure stage. 
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Fig. 5 Crack pattern of tested beams. 
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Fig. 6 load mid-span deflections. 
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Fig. 7 effect of shear span on maximum load capacity for normal 

concrete beam, light weight beam, and two-layer beam. 

 

Fig. 8 Comparison between experimental and the minimum value 
recommended by the American Standard ACI-318-2014. 
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Fig. 9 experimental load of the tested beams. 
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Fig. 10 Load-strain curves. 
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Fig. 10 Load-strain curves continued. 
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4. Conclusions 

Based on the experimental results the following conclusion 

can be drawn from the finding of this study:  

1. All the tested beams failed in a similar mode, due to 

diagonal tension shear crack. 

2. The behavior and trend of the load-deflection response 

curves for LWC beams is quite similar to that of NWC 

beams with insignificant increasing in the deflection in 

two-layer with hLW/h less than 50 % and significant for 

hLW/h more than 50 %.  

3. The shear failure is governed by the lower layer of concrete 

in the two-layer beams with a/d 2.75 and it is compound 

for a/d 2.375 and 2. 

4. Decreasing a/h from 2.75 to 2.375 and 2 the ultimate 

capacity increased by 68 % and 111 % respectively for 

fully NWC beams, and it increased by 73 % and 113 % for 

two-layer beams, while these percentages change 

significantly lower for fully LWC beams, the ultimate load 

capacity increased by 9 % and 40 % by decreasing a/h from 

2.75 to 2.375 and 2 respectively. 

5. The shear stress was calculated using the experimental data 

then divided by the root square of the compressive strength, 

𝑓𝑐`, as (Vu/bd√𝑓𝑐`), which indicates the ability of 

diagonally cracked concrete to transmit tension and shear. 

The ratio remains for all configurations higher than 0.17 

which is the value recommended by the ACI318-14. 
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