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This study aims to compare the horizontal shear strength at the 

interface between precast prestressed concrete slabs and concrete 

toppings under three different slab surface conditions: smooth or 

unintentionally roughened (Type 1), intentionally roughened by 3mm 

latitudinal indentations (Type 2), and intentionally roughened by 6mm 

latitudinal indentations (Type 3). The theoretical values for shear 

strengths for all types of the concrete slab-topping composites were 

compared to the experimental values calculated from vertical deflection 

and strain values which were obtained using the Three-Point Bending 

Test. The characteristics of the failures were also examined. The study 

shows that the horizontal shear strength and the deflection depend on the 

roughness of the surface of the concrete slabs. When compared to Type 

1 concrete slabs under the load of 1,300kg, the concrete slabs with 

roughened surfaces showed stronger horizontal shear stress (by the factor 

of 0.898 for Type 3 and 0.953 for Type 2) and less deflection (by the 

factor of 1.113 for Type 3 and 1.053 for Type 2). The results highlight 

the importance of the roughened surface of the concrete slabs in 

enhancing the horizontal shear strength in the concrete slab-topping 

composites which could be of great benefit to engineering applications. 

© 2019 INT TRANS J ENG MANAG SCI TECH.  

 INTRODUCTION 
The globally increasing demand in housing due to population growth has posed a concern for 

modern buildings to be constructed in a fast and cost-effective way [1]–[3].  One of many possible 

solutions is to establish housing estates in which each building is constructed using the same designs 

and materials. Using economical ready-made materials such as precast prestressed concrete slabs, 

also called concrete planks or concrete slabs, can save a considerable amount of time and materials 

used during the construction process [4].  In addition, factory-made precast concrete slabs can be 

manufactured to be higher quality and can tolerate heavier loads than in-situ concrete materials. 

Because of these benefits, concrete slabs have become widely-used for floor and bridge construction 
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in modern architectures [5], [6].  After aligning concrete slabs on the floor, reinforcement steel bars 

are generally placed on top, followed by a layer of in-situ concrete in order to enhance the strength, 

increase the load capacity, and even out the weight distribution throughout the concrete slabs [7], [8]. 

There are two flat sides to the concrete slabs – one with a smooth surface and the other with a rough 

surface. In practice, in-situ concrete is poured on top of the rough sides of the concrete slabs. 

However, according to the ACI 318 Building Code and Commentary, the composite section designed 

for handling horizontal shear stress has to be clean and free of laitance and needs to have 6mm 

indentations on its rough side in order to maximize the horizontal shear strength [9]. In order for the 

precast prestressed concrete slabs to form a composite section with concrete toppings, the surfaces of 

the concrete slabs need to be sufficiently rough so that the horizontal shear force between the 

interfaces of the two materials can be effectively distributed [10]–[12]. However, in practice, the 

process of surface roughening is usually carried out when the newly-formed slabs begin to harden by 

brushing the top surface of the concrete slabs with a hard-bristle brush [13]. This gives an uneven 

texture on the surface, and the indentation pattern on the surface is generally less than 6mm. To 

highlight the importance of using concrete slabs with sufficiently roughened surfaces, this study aims 

to compare the horizontal shear strength achieved by different types of concrete slabs topped by in-

situ concrete using Three-Point Bending Test. Three types of concrete slabs were studied: 1) concrete 

slabs with a smooth surface, 2) with a 3mm latitudinally indentation pattern, and 3) with a 6mm 

latitudinally indentation pattern. 

 MATERIALS AND METHODS 

2.1 MATERIALS 

2.1.1 PRECAST PRESTRESSED CONCRETE SLABS 

 Precast prestressed concrete slabs (clean and free of laitance) have a compressive strength of 

350kg/cm2 and are 5cm thick, 35cm wide, and 210cm long. Each concrete slab was reinforced with 

4 PC-wires (4mm in diameter). The slabs were separated into three types according to their surface 

property. Three specimens of each type were used in this study. 

 Type 1: Unintentionally roughened concrete slabs  

 Type 2: Intentionally roughened concrete slabs (3mm latitudinally indented)  

 Type 3: Intentionally roughened concrete slabs (6mm latitudinally indented)  

2.1.2 CONCRETE TOPPINGS 

The 5cm-thick toppings have a compressive strength of 245kg/cm2. The same concrete 

toppings were used for all concrete slabs-topping composites. 

2.2 CONCRETE SLAB-TOPPING COMPOSITES PREPARATION 

2.2.1 PRECAST PRESTRESSED CONCRETE SLABS 

In Type 1 precast prestressed concrete slabs, the surface of the slabs was smoothened using a 

trowel to give an unintentionally roughened finish. Type 2 and 3 carry the same materials and 

dimensions as Type 1. However, they were intentionally roughened by pressing metal frames on top 

of the concrete slabs during the moulding process to create a latitudinally raked pattern on their top 

surfaces. The metal frames were created using two long parallel round bars (12mm in diameter) as 

the outer frame attached to 31 latitudinally aligned round bars (6mm in diameter, each pair is 50mm 

separated when measured from center to center of the two bars).  The indentations for the roughened 
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surface were 3mm for Type 2 concrete slabs and 6mm for Type 3 concrete slabs. The pattern designs 

for Type 2 and Type 3 are shown in Figure 1A and Figure 1B.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       
 

Figure 1: (A) Dimensions of concrete slabs with 3mm latitudinally indented surface, (B) with 6mm 

latitudinally indented surface (figures are not drawn to scale). (C) Concrete slabs in preparation 

(left: Type 1, centre: Type 2, right: Type 3) 

2.2.2 STRAIN GAUGE ATTACHMENT 

The concrete slabs were left dry for 24 hours in order for them to develop at least 75% of the 

desired strength. The metal frames were then removed and the outlines for attachment were drawn on 

the clean, polished surfaces of the concrete slabs. Seven strain gauges were then attached to the 

marked locations using cyanoacrylate adhesive (Figure 2A-B). Next, six electrical wires were 

connected to each end of the strain gauges. Each wire was tested for electrical voltages to ensure no 

faults or damages. A liquid coating material made of wax at a high temperature was applied on top 

of the strain gauges and the surrounding areas using a paint brush and left until dry (Figure 2C). 
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Figure 2: (A) The placement outline for strain gauges (not to scale). (B) strain gauges attached on 
to the cleaned and polished surface of a concrete slab. (C) Strain gauges after connected with 

electrical wires and coated with hot wax. (D) SB tape was placed underneath the six electrical wires 

extending from the strain gauges. (E) Strain gauges and wires were sealed with VM tape. (F) 

Concrete slabs with strain gauges attached were wrapped in plastic film to protect from dust (left: 

Type 2, center: Type 1, right: Type 3). 

 

SB tape was then placed under the electrical wires.  Each wire was separated and pressed to 

secure on the SB tape surface so that no pairs of electrical wires are in physical contact which can 

make short circuits (Figure 2D). Next, the devices were sealed with vinyl mastic tape (VM tape) to 

prevent water contained in the concrete topping from entering the devices (Figure 2E). The concrete 

slabs were then wrapped in plastic film to protect the materials from dust (Figure 2F). 

2.2.3 CONCRETE TOPPINGS 

Nine steel forms for pouring concrete topping were constructed using hollow rectangular tubes 

made of steel. The tube size was 2 inches wide and 4 inches long. Each formwork was drilled on its 

side to allow electrical wires to extend to the side through the holes. The nine concrete slabs (three 
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types, each type has three specimens) were then assembled into each steel form and topped with in-

situ concrete (Figure 3A). A concrete vibrator was employed to compress the concrete topping. The 

top surface of each concrete composite was smoothened using a trowel and a concrete float. Once the 

concrete toppings hardened, they were sprayed on top with a concrete curing compound and left for 

24 hours. The concrete slab-topping composites were then removed from the steel formworks and 

rested for 28 days before being tested for horizontal shear strength (Figure 3B).   

 

  
Figure 3: (A) In-situ concrete toppings were poured into each formwork. (B) The concrete slabs 

and toppings were left dry before being removed from the formworks. 

2.3 TEST OF HORIZONTAL SHEAR STRENGTH  
 The Three-Point Bending Test (in accordance with ASTM Standards Building Codes [14]) was 

employed for the test (Figure 4). A 250-tonne universal testing machine was used for pressing the 

slabs through a 10-tonne load cell. A displacement transducer was placed at the center position of the 

machine. A concrete slab-topping composite, with strain gauges embedded, was then placed on top, 

supported by two steel legs at both ends. The values for 1) load pressure, 2) vertical displacement, 

and 3) horizontal shear strain were recorded using Portable Data Logger (Model: TDS-530) with 

Automatic Switching Box (Model: ASW-50B). 

 

Figure 4: Test of horizontal shear strength of the concrete slab-topping composites  

using Three-Point Bending Test. 
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The pressure on the load bearing beam was gradually increased by 50kg until the first crack was 

observed. The characteristic of the crack on the concrete topping’s surface was examined and the 

displacement transducer was then removed from the base of the machine. The experiment was 

repeated by further increasing the load by 50kg each time until failure. The characteristics of the 

concrete slab composite and the value for a load of failure were examined and recorded. 

2.4 PARAMETERS AFFECTING HORIZONTAL SHEAR STRESS OF COMPOSITE 
SLABS 

The horizontal shear stress on the interface between concrete slabs and concrete toppings (τxy) 

can be calculated according to the following pre-derived equation [15], Equation (1). 

  τxy = 
γxyE

2(1+ν)
            (1), 

where γxy, E, and ν are the shear strain on the interface between the two concrete materials, the 

elastic modulus of the composite section, and the Poisson’s ratio of the composite section, 

respectively. 
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Figure 5: Characteristics of the concrete slab composites at their points of failure. 

 RESULTS AND DISCUSSION 
Nine concrete slab-topping composite specimens were tested for horizontal shear strength using 

the three-point bending test method (Figure 5). In all cases, the crack lines were observed near the 

middle section of the specimens. These indicate that the vertical shear strength, as well as the 

horizontal shear strength between the concrete slabs and the concrete toppings, were not large enough 

to cause the failures due to shear stress. The failures of these specimens were caused by the bending 

moment. However, the loads at failure were the highest for the specimens made of 6mm intentionally 
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roughened concrete slabs (Type 3), followed by the specimens made of 3mm intentionally roughened 

concrete slabs (Type 2) and then followed by the specimens made of unintentionally roughened 

concrete slabs (Type 1). On average, the load at failure of Type 3 and Type 2 concrete slabs were 

1.035 and 1.020 times higher than that of Type 1. 

Next, the deflections in nine concrete slab-topping composite specimens were measured and 

plotted in Figure 6. The points of the first crack varied from 1,320kg to 1,740kg, regardless of the 

types of concrete slabs. Therefore, it is inconclusive whether roughened surfaces of the concrete slabs 

could result in higher load required for the first crack to occur and further investigation concerning 

more variables and factors is needed. However, it can be observed from the figure that the slab-

topping composite specimens from the same type tend to have broadly similar deflection 

characteristics, suggesting that the roughness on the surface of the concrete slabs affects the amount 

of the deflection when the concrete slab-topping composites were suppressed by the machine. When 

the deflection values of all specimens were closely examined under the same load of 1,300kg, Type 

3 and Type 2 concrete slabs showed less average deflection by the factor of 0.898 and 0.950 when 

compared to Type1. In addition, when the same amount of deflection (2.80mm) was considered, Type 

3 showed 1.078 times heavier load capacity, while Type 2 showed 1.034 times, compared to Type 1. 

 
Figure 6: Comparison of the deflections of three types of concrete slab composites: with 

unintentionally roughened surface (Type 1, black lines), intentionally roughened by 3mm (Type 2, 

yellow lines), and intentionally roughened by 6mm (Type 3, red lines). Thick lines denote 

specimens no. 1 of each type. Dotted lines denote specimens no. 2, and dashed line, specimens no. 

3. The top ends of each line denote the points where the first cracks appeared. 

The horizontal shear stress can be obtained by substituting the measured experimental values (in 

the elastic range) into equation (1). The experimental values (τxy ) were found to be in broad 

agreement with the theoretical values ( τxy,cal ) (Tables 1-3). The horizontal shear stress was 

proportional to the vertical shear stress. Additionally, the horizontal shear stress was found to be 

highest at both ends of the load bearing beam and lowered proportionally towards the center of the 

beam. Under the load of 1,300kg and at position 0.10L, the average values for the horizontal shear 

stress for Type 3 and Type 2 concrete slabs were 1.148 times and 1.089 times stronger than that of 

Type 1.  In general, the experimental horizontal shear stresses at other positions were also in broad 

agreement with the corresponding theoretical ones. 
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Table 1: Measured shear, shearing strain, and horizontal shear stress from the concrete composite 

specimens made of unintentionally roughened concrete slabs and concrete toppings  

(Type 1, top: specimen 1, middle: specimen 2, bottom: specimen 3). 

 

 

 
 

Table 2: Measured shear, shearing strain, and horizontal shear stress from the concrete composite 

specimens made of 3mm intentionally roughened concrete slabs and concrete toppings 

(Type 2, top: specimen 1, middle: specimen 2, bottom: specimen 3). 
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Table 3: Measured shear, shearing strain, and horizontal shear stress from the concrete composite 

specimens made of 6mm intentionally roughened concrete slabs and concrete toppings 

(Type 3, top: specimen 1, middle: specimen 2, bottom: specimen 3). 

 

 

 

 CONCLUSION 
The results of this study showed that the increase in roughness on the surface of the concrete 

slabs directly affects the horizontal shear strength. Under the same load, the 6mm intentionally 

roughened concrete slabs had the greatest horizontal shear strength, the heaviest load capacity, and 

the smallest deflection, followed by the 3mm intentionally roughened concrete slabs, and then the 

unintentionally roughened concrete slabs, respectively. All the failures of the composite slabs were 

due to the bending moment and the bending moments, causing the failures to occur near the middle 

of the specimens and no slips separating the concrete slabs and the concrete toppings were detected. 

The results highlight the key role of roughened surfaces of the concrete slabs and suggest that 6mm 

indentations should be used in order to achieve the maximum horizontal shear strength of the concrete 

slab-topping composites. 
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