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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.

1. 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
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

used during the construction process [4].
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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.

2. 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/cm? 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/cm?. 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.
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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: ) Ir?-sifij éoncrete toppihgs 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).

’47 0665m —>4—— 067m —>P*— 0665m —>
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Load bearing beam |

Concrete Topping

Prestressed Concrete Slab
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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 (tyy)

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

_ YxyE

By T 2a+) (@,

where yyy, E, and v 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.

Unintentionally roughened Intentionally roughened by 3mm Intentionally roughened by 6mm
(Type 2)

Specimen 1

Specimen 2

Specimen 3

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

3. 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 Typel. 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.

Comparison of Type 1, Type 2, and Type 3 concrete slabs

1,800
1,600 [ 1 _ nne s
1,400

1.200 [

1,000

800 |[* Type 1, Specimen 3

Load (kg)

Type 2, Specimen 1

&0 [° Type 2, Specimen 2

aoo0 | ; 1 Type 3, Specimen 1
---------- Type 3, Specimen 2
200 [ S — — Type 3, Specimen 3

-

1.0 2.0 300 4.0 5.0
Deflection {(mm)

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 (t4,) were found to be in broad
agreement with the theoretical values (Tyy,ca1) (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).

0.10L 0.40L 0.70L CL
Shear Yooy Ty Ty, cal Shear Yooy Ty Ty cal Shear Yooy Ty Ty .cal Shear Yoy Ty Ty .cal
113.60 0.00 0.00 0.70 88.40 0.00 0.00 0.54 63.20 0.00 0.00 0.39 38.00 0.00 0.00 0.23
179.67 0.76 0.75 1.10 15447 0.72 0.7 0.95 129.27 0.69 0.68 0.79 104.07 -0.42 -0.42 0.64
279.62 1.42 1.41 1.72 254 42 1.36 1.35 1.56 22922 1.30 1.29 141 204.02 -1.05 -1.04 1.25
323.67 1.76 1.75 1.99 298 .47 1.48 1.46 1.83 27327 1.45 144 1.68 248 07 -1.28 -1.27 152
381.27 232 230 234 356.07 1.68 1.66 218 330.87 213 212 2.03 305.67 -1.66 -1.65 1.88
432.09 2.60 258 265 406.89 226 224 2.50 381.69 213 211 2.34 356.49 -1.98 -1.97 219
481.22 2.71 2.68 295 456.02 248 246 2.80 430.82 2.38 2.36 2.64 405.62 -2.30 -2.28 249
526.96 2.88 2.86 3.23 501.76 27T 275 3.08 476.56 271 2.69 2.92 451.36 -2.56 -2.64 277
579.48 3.32 3.29 3.56 554 28 284 282 3.40 529.08 275 273 325 503.88 -2.69 267 3.09
626.91 3.73 3.70 3.85 601.71 3.60 3.87 3.69 676.51 3.48 345 354 55131 -3.19 -3.16 3.38
676.04 3.89 3.86 4.15 550.84 3.86 3.83 3.99 525.64 3.79 3.76 3.84 500.44 -3.51 -3.48 3.68
730.25 4.22 419 448 705.05 4.20 417 4.33 679.85 4.08 4.03 417 654 65 -3.80 -3.97 4.02
784.46 4.67 4.63 4.81 759.26 4.56 4.52 4.66 734.08 4.40 4.36 4.50 708.86 416 413 4.35
0.10L 0.40L 0.70L cL
Shear Yoy oy sey.cal Shear Yoy e Txy.cal Shear Yy oy Txy.cal Shear Yoy Ty Toxy.cal
113 60 000 000 0.7o 88 40 0.0o0 0o 054 63 20 0o 0o 039 3800 000 000 023
228 80 24 23 40 203 60 12 Iy | 25 175 40 09 0 09 153 20 -0.74 -073 094
286.40 3 37 ¥ 261 20 35 .34 0 236 00 32 3 45 210380 -1.08 -1.07 29
323 67 6 59 9 298.47 50 4 .83 273 27 4 -4 .68 248 07 -1.32 -1.31 52
376 22 219 23 350 _93 _92 215 325 7! _80 200 3005 -1.62 -1.61 -84
425 2.24 2.22 2.6 400 2.19 217 2.45 374.9 K -B87 2.30 349.7 -1.96 -1.94 2.15
47614 2.67 2.65 2.92 450.94 2.45 2.43 277 425.74 2.45 2.43 2.61 400.54 -2.23 -2.22 2.46
526.9 2.86 2.84 3.23 5017 2.82 2.80 3.0 476.5 277 278 2.92 451.3 -2.55 -2.63 277
57T T 3.10 3.08 3 64 5562 5 3.02 3.00 33 527 3 299 2 96 3. 24 5021 -2 86 -2 84 308
630 30 3. 68 3 65 3. 87 605 10 3.47 345 3.7 579 90 343 340 3.5 5564 70 -3.23 -3 20 340
B32 82 3.890 387 419 B57 B2 3.79 3.76 40 532 42 BB B3 3. 607 22 -3 60 -3.48 373
73195 423 4.24 4.49 T0B 75 4.23 4.20 4.34 68155 411 4.08 4. B56 35 -3 83 -3.80 403
77599 4 61 4.5 4 76 750.79 4 36 4 .33 4.61 725 59 4.30 4.26 4 45 700 39 412 -4.09 4 30
31.90 502 4.9 510 06 70 4. 65 4. 62 4.95 781.50 453 4.50 4.79 75630 -4 43 -4.40 4 64
8272 507 503 542 57.52 4.97 4.93 526 32 32 4.79 4.75 511 o7 12 -4 66 -1.62 4.95
35.24 5.39 5.34 5.74 10.04 5.31 5.27 5.58 84.84 .30 5.25 5.43 59.64 -5.06 -5.02 5.27
69.12 5.64 5.59 5.95 43.92 5.45 5.40 5.79 918.72 5.29 5.36 5.64 93.52 -5.19 -5.15 5.48
0.10L 0.40L 0.70L CL
Shear Wy Ty Dy .cal Shear Wy Ty Ty can Shear Wy T Ty can Shear Yooy T Ty cal
113 .60 0.00 0.00 0.70 88 40 0.00 0.00 0.54 63.20 000 0.00 0.39 38.00 0.00 0.00 023
238 01 36 34 1.46 212 81 20 19 31 187 61 095 095 15 162 41 -0 76 -0 76 oo
296.56 66 65 1.82 271.36 32 31 66 246.18 1.47 1.46 a1 220.96 -1.12 -1.12 36
33553 92 90 206 310.33 71 70 90 28513 1.65 1.63 75 25993 -1.38 -1.37 59
377 88 202 201 232 3562 68 1.99 1.98 216 327 48 174 173 201 302 28 -1 64 -1.63 1858
42531 2.38 2.36 2.6 400.11 2.34 2.32 2.45 374.91 27 215 2.30 349.71 -1.92 -1.90 2.15
479.53 277 275 2.94 454 33 2.60 2.58 279 429.13 242 2.40 2.63 403.93 -2.24 -2.23 2.48
528 .65 3.05 3.03 3.24 503 .45 293 291 3.09 478 25 279 277 2893 453 05 -2 57 -2 55 278
586 25 326 323 3 60 56105 317 315 344 535 85 297 295 329 510 65 -2 94 -2.92 313
633.69 3.37 3.34 3.89 608.49 3.47 3.44 3.73 583.29 3.41 3.38 3.58 558.09 -3.21 -3.18 3.42
684 51 3.97 3.94 4.20 659 31 3.89 3.86 405 634 11 375 372 3.89 608 91 -3 56 -3 563 374
726 86 428 4 24 4. 46 701 66 407 4 04 4 30 676 46 399 396 415 651 26 -3.82 -3.79 4 00
775.99 4.59 4.85 4.76 750.79 4.46 4.42 4.61 725.59 4.04 4.01 4.45 700.39 -3.98 -3.95 4.30
83529 4. 82 478 512 510.09 4 63 4 60 4.97 784 .89 459 455 4.82 759.69 ~4.48 445 4 66
879 33 512 5 08 5 39 864 13 4 82 478 5 24 828 93 4 75 471 509 803 73 -4 76 4 72 493
930.16 5.42 5.37 5.71 904.96 5.31 5.26 5.55 879.78 5.28 5.24 5.40 554.56 -5.07 -5.03 5.24

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).

0.10L 0.40L 0.70L CcL
Shear Wiy T, Ty cat Shear Voo T, Ty cat Shear Wory T, Ty cat Shear Yy T, Ty ocal
113.60 0.00 0.00 -f0 88.40 -00 0.00 0.54 63.20 0.00 0.00 0.3 38.00 0.00 0.00 0.23
227.10 33 32 3 201.90 .22 .21 .24 176.70 0.96 0.95 -0 151.50 -0.73 -0.73 0.93
274 .64 515) 64 5] 249 34 B0 .59 .83 224 14 1.33 1.32 -3 198.94 -1.09 -1.08 22
323 67 _86 85 9 298 47 64 82 83 27327 1.61 1.60 B 248 07 -1.43 -1.42 52
377 88 232 230 232 352 68 213 211 216 327 48 210 208 20 302 28 -1.83 -1.82 85
428 70 2438 2.4 283 403 50 237 235 243 378 30 231 229 232 3583 10 -2 16 -2 14 217
47 4 293 2 292 450 94 234 23 277 425 74 2 B85 2 B3 261 400 54 -2 58 -2.54 248
52 319 3 323 501 71 3.00 29 3.08 476 5 290 238 292 4513 -2 83 -2 277
579.4 3.45 342 356 554 2 342 33 340 529 0 3 37 334 325 503 8 -3 14 -3 309
63030 382 379 3 87 05 10 369 36 371 579 90 3 68 3 65 356 554 70 -3.47 -3.44 3.40
677 T4 419 415 4.16 52 54 399 39 4.0 627 34 382 379 3.85 602 14 -3 76 -3 73 369
72517 4.33 4.30 4.45 99.97 4.30 4.2 4.2 674.77 4. 4.15 4.14 649.57 ~4.11 -~4.08 3.99
¥75.99 4.83 4.7 4.76 50.79 4.65 4.61 4.6 725.59 4.3 4.35 4.45 F00.39 -4.32 -4.29 4.30
30.20 5.08 5.04 5.09 05.00 5.00 4.96 4.94 ¥79.80 5.04 5.00 4.7 754 .60 ~4.76 472 4.63
75 95 5 32 52 5 37 60 75 521 517 522 25 65 51 515 50 00 35 -5.11 -5.07 491
28 46 6571 5 67 570 03 26 5 65 5 60 5 64 78 06 5 62 547 53 52 86 -5.47 -5.42 523
75 90 587 5892 599 50 70 591 5 87 583 9256 50 5 86 5 82 56 90030 -5 75 -5 70 5562
0.10L 0.40L 0.70L CcL
Shear YWy Dy Doy, can Shear Yooy Dy Tay.cal Shear Yooy Dy sy cal Shear Yoy Doy Doy, can
113 60 000 000 0.7o 88 40 000 000 054 63 20 000 000 039 38 00 000 000 023
215.25 1.25 1.24 1.32 190.05 1.23 1.23 1.7 164.85 1.21 1.20 1.01 139.65 -0.64 -0.64 0.86
27623 1.77 1.76 1.69 25103 1.63 1.62 1.654 225 83 1.44 143 139 20063 -1.14 -1.13 123
325 36 205 204 200 300186 1.82 1.81 1.84 274 96 172 1.71 169 24976 -1.47 -1.486 153
377.88 2.43 2.4 2.32 352.68 2.21 2.19 2. 327.48 212 210 2.01 302.28 -1.84 -1.82 1.85
428 70 270 2. 263 403 50 252 250 2.4 378.30 2.4 2.44 232 353.10 217 215 217
482.91 3.01 2. 2.96 457.71 2.82 2.80 2. 432.81 2. 267 2.65 407.31 -2.57 -2.54 2.50
532 04 3.28 3.25 3.26 506.84 3.00 298 3. 481 64 2. 296 295 45644 -2 88 -2 86 280
577 78 3 64 36 3 54 562 68 34 33 339 527 38 325 323 3.24 502 18 -3 20 -3.18 308
B635.38 3.94 3.9 3.90 §10.18 3.84 3.8 3.74 584.938 3.66 3.63 3.5 559.78 -3.60 -3.57 3.43
679 43 443 4.3 417 654 23 404 4.0 4.01 629 03 394 3.81 3.8 603.83 -3.89 -3.86 370
72517 4 57 4. 54 4.45 599 97 4.4 43 429 674 77 403 4. 00 4.14 649 57 -3.81 -3.78 399
¥79.38 4.80 477 4.78 754.18 4.52 4.4 4.63 728.98 4.48 4.45 4.47 F03.78 -4.20 417 4.32
3529 512 508 512 1008 512 5.0 487 784 .89 478 474 482 759 69 -4 58 -4 54 4 66
74.25 5.43 5.39 5.36 4905 5.30 5.2 5.21 823.85 522 518 5.05 T98.65 -4.81 477 4.90
28 46 576 571 570 903 26 574 5.7 5 54 878.06 547 542 539 852 86 -5.20 -5.15 523
0.10L 0.40L 0.70L CL
Shear Yooy T Tiny.cal Shear Vicr Ty Ty cal Shear Vicr Ty Ty cal Shear Yoy T Ty cal
113 .60 0.00 0.00 0.70 88 40 0.00 0.00 0.54 63.20 000 0.00 0.39 38.00 0.00 0.00 023
215 25 1.30 29 1.32 190 05 18 17 17 164 85 094 094 01 139 65 -0 65 -0 64 0.86
283.01 1.75 73 1.74 257.81 -7a B8 .58 232.61 1.52 1.581 43 207.41 -1.17 -1.16 1.27
325 36 2.00 99 200 300.16 80 79 84 274 96 1.77 1756 69 24976 -153 -1.561 153
37619 237 235 231 35099 224 222 215 32579 207 2 06 200 30059 -1.88 -1.87 184
430.40 273 2.71 2.64 405.20 2.45 2.43 2.49 380.00 2.28 226 2.33 354.80 -2.22 -2.20 2.18
476 .14 3.07 3.05 292 450 94 291 289 277 425 74 277 275 261 400 54 2561 -2.49 246
525.27 3.23 3.20 3.22 500.07 2.95 2.93 3.07 474 87 2.82 2.80 2.91 44967 -2.76 -2.74 276
582 87 3.54 3.51 3.58 557 67 3.47 3.45 3.42 532.47 319 317 3.27 50727 -3.13 -3.10 311
626 91 393 3.80 3.85 60171 378 375 369 57651 372 3 69 3. 564 5561 31 -3.46 -3.43 338
682.82 4.18 4.15 4.19 657.62 4.06 4.03 4.03 632.42 3.94 3.91 3.88 607.22 -3.70 -3.67 3.73
728.56 458 4 54 447 T03.36 4.42 4. 39 4 32 678.16 4.4 4 37 416 652 96 -3.82 -3.79 4.01
77599 497 483 4 76 75079 4 76 473 4 61 725 59 46 4 58 4.45 700 39 -4 .11 -4 .08 430
840.37 5.14 5.10 5.16 81517 5.06 5.02 5.00 789.97 4.84 4.80 4.85 T64.77 ~4.52 -1.48 4.69
879 .33 552 5.48 539 854 13 541 5 37 524 828 93 523 518 509 803.73 -4 .76 473 483
931.85 5.78 5.73 5.72 906.65 5.71 5.66 5.56 881.45 5.47 5.42 5.41 856.25 -5.06 -5.02 5.25
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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).

0.10L 0.40L 0.70L cL
Shear Vo T Tyt Shear Vow . Taycat Shear Vor T, Ty oot Shear Vor T Ty oot
113.60 0.00 0.00 0.70 88 40 0.00 0.00 54 6320 0.00 0.00 0.39 38.00 0.00 0.00 0.23
234 37 164 163 144 20917 144 43 28 183.97 29 28 13 166 77 .04 104 0.97
276 23 1.98 196 169 25103 1.90 EE 54 225 83 56 55 39 200 63 136 35 23
327 06 220 218 201 30186 2.01 99 ES 276 66 80 79 70 25146 72 71 54
37857 247 245 233 354 37 228 226 217 32917 226 225 202 303 97 214 212 36
425 31 283 2a1 261 400 11 264 262 245 37491 255 253 230 349 71 244 243 215
475 53 314 311 204 454 33 300 298 275 42913 287 2684 263 40393 279 277 248
535 43 351 349 338 510 23 347 345 313] 48503 316 314 88| 455833 315 312 382
£71.01 75 ENE 3.50 £45.81 3.49 3.46 3.35 £20.61 331 3.29 319 49541 325 S22 3.04
625.22 08 4.04 3.84 600.02 3.96 3.93 68 574.82 3.79 3.76 3.53 £49.62 3.49 3.47 3.37
677.74 34 4.3 4.16 652.54 4.31 4.27 4.00 627.34 4.07 4.04 3.856 602.14 3.88 —3.85 3.69
731.95 68 4 64 449 70675 4 54 450 434 68155 439 436 418 656 35 -4 25 4 22 403
77599 86 482 476 750 79 483 479 461 725 59 475 471 445 700 39 4 56 = 53 430
826 82 25 521 507 80162 519 515 492 77642 506 502 476 75122 = 78 74 461
88103 557 552 541 855 83 545 540 25 530 63 533 529 510 505 43 515 ERE 494
52169 BEE 584 565 896 49 578 574 550 57129 562 558 535 546 09 557 553 519
575 90 512 608 595 950 70 602 5497 583 925 50 581 576 568 500 30 573 569 552
0.10L 0.40L 0.70L cL
Shear Y- s Tyomt Shear Y- T Tsycat Shear % T Ty at Shear Y. T Ty.omt
113.60 0.00 0.00 0.70 §6.40 0.00 00 54 63.20 0.00 0.00 0.39 38.00 0.00 0.00 0.23
262 62 177 1.76 165 22732 1.68 66 39| 20212 52 5 24 176.92 A7 .16 E
271.15 192 1.90 166] 24595 179 78 51 220 75 65 64 35 195 55 .32 31 20
327 06 223 222 201 30186 201 59 85| 27666 52 B 70| 25146 .78 .77 54
37449 257 255 230 345 29 232 230 214 324 09 2 24 222 53| 29889 205 204 53
423 62 283 289 2 60 398 42 271 269 244 37322 2 54 252 229 348 02 235 233 214
47614 3.10 3.08 292  450.94 299 2.96 277 42574 2 84 282 26 400.54 2.66 2.64 2.46
£25.27 3.55 3.62 3.22 £00.07 3.32 3.29 3.07|  474.87 ERES 3.09 2.9 449.67 2.98 2.96 2.76
577 .78 383 3.80 354 552 58 357 354 339 527 38 344 341 324 50218 330 327 3.08
62691 411 408 385 60171 3.90 87 69 576 51 374 371 354 55131 356 3563 338
677 74 448 444 416 652 54 435 32 400 627 34 403 EEE] EES 502 14 389 386 369
726 86 482 478 446 70166 57 54 430 676 46 438 435 415 65126 4 23 419 400
7581.08 518 514 4.79 755.88 93 89 464 730.68 473 4.69 448 705.48 .55 .52 4.33
§31.90 5.37 532 5.10 506.70 5.20 16 4.95 781.50 5.04 5.00 4.79 756.30 .82 .78 464
§81.03 5 62 5567 541 856 83 552 548 525 530 63 534 529 510 806 43 515 511 4 94
930 16 598 593 571 904 96 570 565 555 879 76 555 551 540 854 56 548 543 5 24
980 98 616 612 6.02 955 78 598 593 586 930 58 577 572 571 905 38 567 5 62 555
0.10L 0.40L 0.70L cL
Shear Y- Ts Toyomt Shear Y- T Tyocat Shear Y. T L Shear Y. T Tayooat
113.60 0.00 0.00 0.70 §5.40 0.00 0.00 54 63.20 0.00 0.00 0.39 38.00 0.00 0.00 0.23
238.96 1.63 1.62 147 213.76 1.60 1.59 31 188.56 39 EE] 16 163.36 —1.19 118 00
271.15 1.90 1.88 1.66 245.95 1.80 1.78 51 220.75 59 58 35 1956.55 .49 .47 20
333.83 229 227 2.05 308 63 203 2 02 59 28343 92 90 74 26823 163 .62 58
379 57 2 51 249 233 354 37 233 232 217 32917 224 222 202 303 97 203 201 86
427 01 282 2.80 262 40181 266 2 64 247 37661 249 247 231 35141 237 235 216
477 83 313 311 293 452 63 293 291 278 42743 277 275 262 40223 270 268 247
526 96 345 343 323 50176 328 325 308 47656 307 305 282 45136 301 298 277
57609 376 373 353 550 89 353 351 338 525 69 325 326 323 50049 325 323 307
528 61 A7 44 3 86 503 41 385 R 370 578 21 376 373 355 553 01 355 352 339
676.04 4.51 447 415 650 84 422 419 EE] 625.64 396 3.93 3.84 60044 3.88 3.85 3.68
730.25 481 477 4.48 705.05 4.53 4.49 433 679.85 4.33 4.30 47 654.65 .25 .22 4.02
775.99 4.93 4.89 4.76 750.79 4.89 4.85 461 726.59 467 4.63 4.45 700.39 .58 .64 4.30
528 51 537 533 508 503 31 521 17 493 77811 5.05 501 477 752 91 ~ 90 ~ 86 462
§77 64 567 5 62 538 852 44 544 540 523 827 24 535 531 508 802 04 523 519 492
925 07 579 574 568 595 87 567 5 62 552 874 67 547 542 537 840 47 541 536 521
977 59 622 617 6.00 952 39 5.00 596 584 927 19 578 574 569 90199 563 559 553

4. 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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