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ABSTRACT  12 
Aims: study the flexural behavior of steel–concrete–steel sandwich slabs. 
Methodology:  Ten SCS slabs full scale specimens were prepared and experimentally 
tested taking into account the variables of this study. 
Study design:  Parametric study is carried out by varying the thickness of (bottom& top) 
steel plates and types of shear connectors. 
Results:  The experimental results included ultimate load, vertical deflection at three points, 
slip between steel plate & concrete core and mode of failure. 

Conclusion:  Test results show that steel-concrete-steel slabs have good flexural 
characteristics. The failure modes observed during experiments were occurred due to 
shear studs rupture, concrete cracking and yielding of steel plates. The shear studs was 
found to be effective not only in ultimate load capacity but also in vertical deflection. 

 13 
Keywords: SCS slabs, shear studs, ultimate load behavior and load carrying.  14 

1. INTRODUCTION  15 

The need for large construction with higher specific strength and stiffness is increasing. This 16 
is found in structures such as ships, Train stations and high towers where are interest in 17 
increasing the load capacity to structure weight ratio. To deliver such structures, engineers 18 
can either find a new structural material or produce a new structural topology. In civil 19 
engineering applications, steel-concrete-steel (SCS) sandwich construction has been 20 
developed using the sandwich structure concept. It is a combination of steel and concrete 21 
materials. 22 

The SCS sandwich construction consists of two steel plates and concrete core that are 23 
connected together by mean of series shear connectors. The state-of-the-art construction 24 
forms of the SCS sandwich structures are double-skin sandwich construction (DSC) and Bi-25 
Steel sandwich construction (Bi-Steel). They are different only due to the pattern of their 26 
shear connectors, as shown in Fig.1. 27 

 28 

 29 

 30 

(a) Double-skin sandwich construction (DSC). 31 
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 32 

 33 

 34 

(b) Bi-Steel sandwich construction (Bi-Steel) . 35 

Fig. 1. The state-of-the-art construction forms of the SCS sandwich structures 36 

Being an alternative construction technique, the SCS was introduced for the Conwy River 37 
submerged-tube-tunnel crossing project in the mid-1980s. It is difficult to make reinforced 38 
concrete structure watertight, so the external steel plates provide water tightness. Although 39 
the DSC is similar to steel-concrete composite construction, but it was not qualified for this 40 
project due to the difficulties of on-site construction, especially the depth control of the 41 
sandwich core. 42 

In 2002, the research to understanding the Behavior of double skin composite construction 43 
was conducted by B. McKinley and L. F. Boswell [10]. In this paper the preliminary test 44 
results using 16 large-scale, simply supported, three-point bending tests to study the elastic 45 
and plastic behavior of this specimens. For result, there is no difference in the elastic and 46 
early plastic deformations and load characteristics. Due to the continuity of the steel in Bi-47 
Steel, it was evident that this construction could withstand larger deformations before failure. 48 
Failure of the two different types of construction was different. The studded specimens failed 49 
by studs (attached to the compression plate) pulling out of the concrete, whereas the Bi-50 
Steel specimens failed through local buckling of the compression plate. 51 

In 2005, the experimental study to obtain the static behavior of eighteen Bi-Steel beams was 52 
reported by M. Xie, N. Foundoukos, J.C. Chapman [4]. Eighteen beams having a range of 53 
span, depth, plate thickness and bar spacing, have been tested under static loading. The 54 
beams were 400 mm wide with two rows of both ended friction-welded bar connectors in the 55 
transverse direction and the concrete core was the ready-mix concrete of grade C40/50. The 56 
failure modes of beams subjected to the static load were observed and reported as a tension 57 
plate failure, a bar tension failure, a bar shear failure, and a concrete shear failure. The tests 58 
confirm that for ductile failure, beams should be designed to fail by yielding of the tension 59 
plate. 60 

The Bi-Steel form get over some of the existing on site construction problems of the SCS, 61 
both ends of a shear connector can be jointly fixed to the steel face plates. It seems to be an 62 
advantageous solution as a simplified low-cost-construction technique because it just 63 
requires simplified construction tools that are now generally available at the construction site. 64 
The SCS sandwich construction with the innovative J-J hook connectors. Considering the 65 
existing construction forms of Bi-Steel structures, it may be seen that all of the current types 66 
of shear connector are similar in alignment pattern. They all align in the vertical direction, the 67 
axis of shear connector is normal to the face plates. However, it is known that a concrete 68 
filled Bi-Steel sandwich slab under bending load suffers diagonal shear cracks. 69 
 70 
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2. Experimental Investigation  71 

2.1 Details of test specimens 72 

Ten SCS slabs, all having same cross-section and span dimension (160*30*15 cm) were 73 
tested to failure. They were simply supported over a span of 145 cm on two side. No 74 
conventional reinforcement in the form of reinforcement bar was provided in any of the slabs, 75 
which enabled the performance of shear connectors to be studies exclusively. Of the five 76 
specimens identified in the text as DSC 4-4-S1 to DSC 4-4-S5 and the other five specimens 77 
identified in the text as DSC 6-6-S1 to DSC 6-6-S5. Five specimens DSC 4-4-S1 to DSC 4-78 
4-S5 were fabricated with top and bottom plates of equal thickness of 4 mm. The remaining 79 
five specimens DSC 6-6-S1 to DSC 6-6-S5 were fabricated with top and bottom plates of 80 
equal thickness of 6 mm. Stud spacing in each of these specimens were fixed in all 81 
specimens, where Sx =10 cm and Sy = 15 cm, as shown in Fig. 2. 82 
 83 
The ten specimens have a different shear connectors. The shear studs in form of plates 84 
were installed in order to the long dimension of its x-section was perpendicular to the 85 
longitudinal axis of specimen. The details of all the test specimens are summarized in Table 86 
1. 87 
 88 
 89 
 90 
 91 
 92 
 93 
 94 
 95 
 96 
 97 
 98 
 99 
 100 
 101 
 102 
 103 
 104 
 105 
 106 
 107 

 108 
Fig. 2. A typical layout of studs and the relevant details of specimens.  109 

 110 
Table 1. Details of test specimens. 111 

Specimen tp (mm) tb(mm) hc(cm) Type of shear studs 

DSC 4-4-S1 4.0 4.0 15 Bars of 10 mm diam. 

DSC 4-4-S2 4.0 4.0 15 Bars of 16 mm diam. 

DSC 4-4-S3 4.0 4.0 15 Plates of 5*40 mm x-sec 
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DSC 4-4-S4 4.0 4.0 15 Plates of 10*20 mm x-sec 

DSC 4-4-S5 4.0 4.0 15 Bolts of 16 mm diam. 

DSC 6-6-S1 6.0 6.0 15 Bars of 10 mm diam. 

DSC 6-6-S2 6.0 6.0 15 Bars of 16 mm diam. 

DSC 6-6-S3 6.0 6.0 15 Plates of 5*40 mm x-sec 

DSC 6-6-S4 6.0 6.0 15 Plates of 10*20 mm x-sec 

DSC 6-6-S5 6.0 6.0 15 Bolts of 16 mm diam. 

2.2 Preparation of test specimens 112 

Hot rolled steel plates of Grade 37A were cut to the required dimensions. Many types of 113 
shear connectors were used with gross length of 15 cm, then they were welded at specified 114 
spacing of 10 cm to both side of steel plates. A typical layout of studs and relevant details 115 
are show in Fig.3. The studs were welded using electric arc. For this type of slabs, a strong 116 
formwork is not needed because they are act as a formwork. Concrete was poured to with 117 
the formwork in vertical position as show in Fig.4. Micro-concrete having maximum 118 
aggregate size 10 mm was mixed in the laboratory using tilting type drum mixer. Fresh 119 
concrete was poured through the specimen, and extreme care was taken to achieve 120 
sufficient compaction of concrete in the regions of studs and at corners. For DSC 121 
specimens, nine cubes (100 mm) and six cylinders (100 mm diameter × 200 mm length) 122 
were poured and compacted from the same mix. The formwork was removed gently without 123 
allowing any damage to the composite specimen. The outside plate surface was cleaned at 124 
the mid span zone to the upper and lower plates, 20 mm long strain gauges was fixed.           125 
 126 

 127 
 128 

Fig. 3. A typical layout of studs and the relevant details of DSC 4-4-S2. 129 
 130 
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 131 
              Fig. 4. Formwork in vertical position  for concrete pouring. 132 

3. Material properties. 133 

3.1 Concrete 134 

The concrete consisted of ordinary Portland cement, siliceous sand and a crushed stone 135 
course as an aggregate of 10 mm maximum size. A recommended concrete mixture is as 136 
follows: 400 Kg of Portland cement to 0.50 cubic meter of sand to 0.7 cubic meter of gravel. 137 
For moderately moist sand and gravel (the usual condition) was used, then the amount of 138 
water to be added should be approximately 170 liters per cubic meter of concrete. Trial 139 
mixes were used to determine a suitable mix design. The properties of concrete specimens 140 
were determine from nine cubes and six cylinders tests. Development of concrete strength 141 
was observed closely by testing the cubes and cylinders after 7 and 28 days. The average 142 
value of compressive strength obtained from cube tests is ƒcu = 32 N/mm2. Splitting tensile 143 
strength form cylinders tests is ƒt = 3.3 N/mm2. 144 

3.2 Steel plates 145 

The tensile properties of steel plates were determined in accordance with ASTM procedure. 146 
Three tension tests coupons for each of the test specimens were prepared as per ASTM 147 
E8/E8M-09 specification and they were cut from the same patch of the steel plates. The 148 
Mechanical properties are given in Table 2. 149 
 150 
Table 2. Mechanical properties of steel plates. 151 

Modulus of 
elasticity (E) 

(N/mm²) 

Yield stress (ƒy) 
(N/mm²) 

Ultimate tensile 
strength (ƒu) 

(N/mm²) 

Yield strain 
( yε ) % 

 

Strain at ultimate 
tensile strength 

  ( uε ) % 
 

208,900 246 365 0.50 3.5 

 152 



E-mail address: tark.elbaklish@bhit.bu.edu.eg 

4. Test Procedure 153 

The DSC slabs to be tested was placed on two supports (hinged and roller support). Care 154 
was taken to ensure that the specimen was correctly positioned in the test frame and the 155 
center of the slab was in the line with the center of the loading head of the jack. The load 156 
was applied to the specimen by using a hydraulic jack of 100-ton capacity. A load cell of 100 157 
ton capacity were used to measure the applied load. Deflections were measured using 158 
Linear Variable Deformation Transducers (LVDT) located at the center and under the two 159 
points load. The end slip between steel plates and concrete was measured at the end of 160 
steel plate and concrete core, as show in Fig 5.  Before specimen loading, all strain gauges, 161 
load cell and LVDTs were connected to a data acquisition system which was programmed to 162 
record the output data. Then a small load (not exceeding 5 percent of the expecting ultimate 163 
load) was applied slowly and removed in order to eliminate any slack in the support system 164 
so that the specimen would be properly placed on the supports. This also helped to check 165 
the load cell, strain gauge and LVDTs properly.  166 
During loading, the readings were observed and automatically recorded. The specimen was 167 
loaded every 150 kN more or less until to failure load. Close observation was made to locate 168 
the first crack, and the corresponding load was noted. Yielding in steel plates were carefully 169 
observed in order to obtain the corresponding load to the first yield. The ultimate load and 170 
the failure mode for each of the test specimens were noted and concrete cracking was 171 
marked. The test procedures adopted for all the specimens were the same. The slip 172 
between concrete and steel plates was measured for all specimens.  173 
 174 
 175 

 176 
Fig. 5. The arranged of LVTDs 177 

5. Results and Discussion  178 

The DSC specimens, for different plate thickness and different types of shear stud, were 179 
found to display various failure modes as listed below. 180 
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5.1 Concrete cracking 181 

Two types of cracks were observed. The first type occurred due to tensile stresses at the 182 
bottom side of the specimen, especially at mid span, as show in Fig 6-a. The second type 183 
occurred due to the mutual pressure between steel studs and concrete which causes a 184 
longitudinal splitting cracks of concrete at the studs line, as show in Fig 6-b. For all tested 185 
specimens, both cracking types were observed. However, the first type was noted firstly then 186 
the second type was observed suddenly at failure. 187 
The specimens DSC 4-4-S3 and DSC 6-6-S3 revealed a narrow cracks -on both side- 188 
relative to the rest of specimens as shown in Fig 9 and Fig 14 respectively. The large 189 
projected area of steel studs (5*40 mm) of specimens DSC 4-4-S3 and DSC 6-6-S3 190 
produced lesser pressure on concrete compared to the other steel studs, consequently 191 
narrow cracks were generated as mentioned.       192 

5.2 Failure of shear studs  193 

Breaking of shear studs was followed by loud sound heard during testing. This failure was 194 
observed for specimens DSC 4-4-S1 and DSC 6-6-S1. The studs welded near to mid-span 195 
were found to be intact while those near to the edges were found to have a clear 196 
deformation before breaking off.  197 

5.3 Yielding of steel plates  198 

For all specimens, the stress at mid span of bottom steel plates reached to the yield stress at 199 
failure. The yielding started from the mid-point and spread rapidly outwards. Plate rupture 200 
did not occur, but very high strains in steel plates followed by concrete cracking and studs 201 
rupture was occurred.     202 
 203 
 204 
 205 
 206 
 207 
 208 
 209 
 210 
 211 
 212 
 213 

(a) Wide flexural crack in concrete core.  214 
 215 
                                                                                                       216 
 217 
 218 
 219 
 220 
 221 
 222 
 223 
 224 
 225 
 226 
 227 

(b) Splitting cracks in concrete core. 228 
 229 

Fig.6. Mode of concrete cracking  for specimen DCS 4-4-S2.  230 
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The measured test results for the ten specimens are summarized in Table 3. Load-deflection 231 
Plots are given in Fig.7.a and Fig 7.b for plates of 4 mm and 6 mm thickness, respectively.  232 
 233 
Table 3. Summary of the test results. 234 

Specimens 
Yield 

load P y 
(kN) 

1st crack 
load 

Pck(kN) 

Ultimate lo ad 
Pu (kN) 

∆o 

(mm) 
∆u 

(mm) 
ɛ (Pu) 
µm/m 

slip 
(mm) 

DSC 4-4-S1 138 50 172 8.9 12.68 1994 18.9 

DSC 4-4-S2 187 50 228 7.46 57.56 31304 12.8 

DSC 4-4-S3 221 50 260 11 50.65 22884 18.93 

DSC 4-4-S4 168 50 229 9.96 52.58 21884 24.12 

DSC 4-4-S5 175 50 198 30.29 51.2 2335 7.1 

DSC 6-6-S1 132 80 188 5.32 9.28 1291 11.19 

DSC 6-6-S2 200 80 243 8.83 32.84 12789 9.2 

DSC 6-6-S3 226 80 276 9.45 45.3 30307 16.3 

DSC 6-6-S4 200 80 246 8.83 34.92 20451 22.3 

DSC 6-6-S5 144 80 215 8.3 48.78 9921 7.8 

 235 
It can be seen from Fig.7 that load-deflection curve deviates from linear behavior after the 236 
beginning of steel plates yielding in most cases. For specimen DSC 4-4-S1, the first sign of 237 
crack appeared in the concrete when the load reached to 50 KN. A loud sound was heard 238 
indicating the breaking of shear studs when the load reached to 172 kN. After maximum load 239 
was reached, a load reduction was observed in load-deflection curve. Strain results at the 240 
mid span showed that yielding of bottom plate started when the load reached to 138 kN. 241 
 242 
Specimen DSC 4-4-S2 compared to DSC 6-6-S2 had showed a softer behavior which is 243 
expected, at a load of 50 kN, the first sign of cracking appeared in the concrete at the mid 244 
span, then the crack were propagated and the load-deflection curve became even more flat 245 
and continued till the load failure is reached at 228 kN and deflection recorder 57 mm. The 246 
tension cracks at mid span and splitting cracks at the ends are shown in Figs. 8a and 8b, 247 
respectively. Wide cracks in the concrete at the supports indicated the presence a high 248 
pressure on concrete. 28 mm slip was observed between bottom plate and concrete at the 249 
ends.  250 
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 251 
 252 
 253 
 254 
 255 
 256 
 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 

 266 
(a) Load -deflection curves for (DSC 4-4) series ex perimental test results 267 

 268 
 269 
 270 
 271 
 272 
 273 
 274 
 275 
 276 
 277 
 278 
 279 
 280 
 281 
 282 
 283 

(b) Load -deflection curves for (DSC 6-6) series ex perimental test results 284 
Fig. 7. Load-deflection plot for all the tested spe cimens. 285 

 286 
 287 
 288 
 289 
 290 
 291 
 292 
 293 
 294 

 295 
 296 
                       (a)                                                                                         (b)  297 

Fig.8. View after failure load of the specimen DSC 4-4-S2 with wide crack in concrete 298 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 299 

(b). 300 
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For DSC 4-4-S3, the first crack appeared in concrete when the load reached to 50 kN. Small 301 
cracks appeared in the concrete at many location of mid span, then the load-deflection curve 302 
became even more flat and continued till the load failure is reached at 260 kN and the 303 
deflection was 50 mm. The tension cracks at mid span and splitting cracks at the ends are 304 
shown in Fig 9a and 9b, however these cracks were relatively narrow due to the low mutual 305 
pressure between concrete and steel studs as mentioned before. 306 

 307 
 308 
 309 
 310 
 311 
 312 
 313 
 314 
 315 

(a)                                                                                 (b)   316 
Fig. 9. View after failure load of the specimen DSC  4-4-S3 with wide crack in 317 

concrete (a), and close up view of the right side c orner showing longitudinal cracks in 318 
concrete (b). 319 

 320 
For DSC 4-4-S4, the first crack appeared in concrete when the load reached to 50 kN. 321 
Cracks appeared in the concrete at many locations of mid span then the load-deflection 322 
curve became even more flat and continued till the load failure is reached at 229 kN and the 323 
deflection was 52 mm. Splitting in concrete was also observed indicating that concentrated 324 
pressure on concrete form shear studs, as show in Fig.10a and 10b. 325 
 326 
 327 
 328 

 329 
 330 
 331 
 332 
 333 

 334 
(a)                                                                                 (b)   335 

Fig. 10. View after failure load of the specimen DS C 4-4-S4 with wide crack in concrete 336 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 337 

(b). 338 
 339 
For DSC 4-4-S5, the first crack appeared in concrete when the load reached to 50 kN. 340 
Cracks appeared in the concrete at many locations of mid span then the load-deflection 341 
curve became even more flat and continued till the load failure is reached at 198 kN and the 342 
deflection was 51 mm, as show in Fig.11a and 11b.  343 
  344 
For DSC 6-6-S1, the first sign of crack appeared in the concrete when the load reached to 345 
80 KN. A loud sound was heard indicating the breaking of shear studs when the load 346 
reached to 188 kN. After maximum load was reached, a load reducer was observed in load-347 
deflection curve. Strain results at the mid span showed that yielding of bottom plate started 348 
when the load reached to 132 kN, as show in Fig.12a and 12b.  349 
 350 

 351 
 352 
 353 
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 354 
 355 
 356 
 357 
 358 
 359 
 360 
 361 

(a)                                                                     (b)   362 
Fig. 11. View after failure load of the specimen DS C 4-4-S5 with wide crack in concrete 363 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 364 

(b). 365 
 366 
 367 
 368 
 369 
 370 
  371 
 372 
 373 

(a)                                                                         (b)  374 
Fig. 12. View after failure load of the specimen DS C 6-6-S1 with wide crack in concrete 375 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 376 

(b). 377 
 378 
For DSC 6-6-S2, the first sign of cracking appeared in the concrete at the mid span, then the 379 
crack were propagated and the load-deflection curve became even more flat and continued 380 
till the load failure is reached at 243 kN and deflection recorder 33 mm. Wide cracks in the 381 
concrete at the supports indicated the presence a huge pressure on concrete. 16.3 mm slip 382 
was observed between bottom plate and concrete at the ends, as show in Fig.13a and 13b.  383 
 384 
 385 

 386 
 387 

  388 
 389 
 390 
 391 
 392 

(a)                                                  (b) 393 
 394 

Fig. 13. View after failure load of the specimen DS C 6-6-S2 with wide crack in concrete 395 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 396 

(b). 397 
 398 
For DSC 6-6-S3, the first crack appeared in concrete when the load reached to 80 kN. Small 399 
cracks appeared in the concrete at many location of mid span, then the load-deflection curve 400 
became even more flat and continued till the load failure is reached at 276 kN and the 401 
deflection was 45 mm. The tension cracks at mid span and splitting cracks at the ends are 402 
shown in Fig 14a and 14b, however these cracks were relatively narrow due to the low 403 
mutual pressure between concrete and steel studs as mentioned before. 404 

 405 
 406 
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 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 

(a)                                                                         (b)  415 
Fig. 14. View after failure load of the specimen DS C 6-6-S3 with wide crack in concrete 416 

(a), and close up view of the right corner showing slide between concrete and steel 417 
plate (b). 418 

 419 
For DSC 6-6-S4, the first crack appeared in concrete when the load reached to 80 kN. 420 
Cracks appeared in the concrete at many locations of mid span then the load-deflection 421 
curve became even more flat and continued till the load failure is reached at 246 kN and the 422 
deflection was 35 mm. Splitting in concrete was also observed indicating that concentrated 423 
pressure on concrete form shear studs, as show in Fig 15a and 15b. 424 
 425 
 426 

 427 
 428 
 429 
 430 
 431 
 432 

         433 
   434 

(a)                                                                             (b)   435 
Fig. 15. View after failure load of the specimen DS C 6-6-S4 with wide crack in concrete 436 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 437 

(b). 438 
 439 
For DSC 6-6-S5, the first crack appeared in concrete when the load reached to 80 kN. 440 
Cracks appeared in the concrete at many locations of mid span then the load-deflection 441 
curve became even more flat and continued till the load failure is reached at 215 kN and the 442 
deflection was 49 mm ,as show in Fig 16a and 16b. 443 
 444 

 445 
 446 
 447 
 448 
 449 
 450 
 451 
 452 
 453 

(a)                                                                                 (b)  454 
Fig 16. View after failure load of the specimen DSC  6-6-S5 with wide crack in concrete 455 
(a), and close up view of the right side corner sho wing longitudinal cracks in concrete 456 

(b). 457 
 458 
 459 
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6. Parametric Study 460 

Parameter considered in this study are thickness of steel plates and type of shear studs. The 461 
effect of these parameters on ultimate load, strain, deflection and failure mode are obtained. 462 

6.1 Thickness of steel Plates  463 

For all shear studs types, using steel plates of 6 mm thickness led to increase the ultimate 464 
load capacity by a range from 6.15% to 9.3% compared to specimens with 4 mm 465 
thickness, as show in Fig 17. 466 
For shear studs (S1, S3 and S5) using steel plates of 6 mm thickness led to reduce the mid 467 
span deflection by a range from 4.7% to 26% compared to specimens with 4 mm 468 
thickness, as show in Fig 18. However, higher reducer in mid span deflection ranged from 469 
33 % to 43 % was obtained for specimens with shear studs S2 and S4. 470 

6.2 Aspect Ratio of Shear Connectors 471 

The aspect ratio of the cross sectional area of shear studs varied to study its effect on the 472 
structural behavior of tested specimen. Three values (1, 2 and 8) were used which 473 
correspond to shear studs (S1, S2 and S5), (S4) and (S3), respectively.  474 
 A significant effect of aspect ratio was observed on the ultimate load capacity y and mid 475 
span deflection, as show in Fig 19 and Fig 20, respectively. 476 
 477 
Increasing the aspect ratio from 1 to 8 led to increase the ultimate load capacity by 14 % 478 
and 13.6 % for specimens of 4 mm and 6 mm steel plate thickness, respectively. 479 
When the aspect ratio increase from 1 to 8, the mid span deflection were reduced by 12.2 480 
% and 14.1% for 4 mm and 6 mm steel plate thickness, respectively. Increasing the aspect 481 
ratio produces lower pressure on concrete. So, the specimens DSC 4-4-S3 and DSC 6-6-482 
S3 are more resistant and rigid.   483 

6.3 Cross Section of Shear Connectors     484 

For the same plate thickness, as seen in Figs 14 and 15, it can be observed that ultimate 485 
load capacity increase with increasing in cross section form 0.785 cm2 to 2.01 cm2 by 32 % 486 
as from DSC 4-4-S1 to DSC 4-4-S2 and increase by 29 % as from DSC 6-6-S1 to DSC 6-6-487 
S2. Otherwise, it can observed that cross section of connector less than 1 cm2 is found to 488 
have negligible effect on mid span deflection response.  489 
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Fig.17.Effect of steel plate thickness and shear co nnector type on ultimate load 491 

capacity. 492 
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 493 
Fig.18. Effect of steel plate thickness and shear c onnector type on the mid span 494 

deflection at ultimate load.  495 

Fig. 19. Effect of steel studs aspect ratio on the ultimate load capacity.  496 
 497 
 498 
 499 
 500 
 501 
 502 
 503 
 504 
 505 
 506 
 507 
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 508 
 509 
 510 
 511 
 512 
 513 
 514 
 515 
 516 
 517 
 518 
 519 
 520 
 521 
 522 
 523 
 524 
 525 
 526 
 527 

Fig. 20. Effect of steel studs aspect ratio on the mid span deflection at ultimate load.  528 

7. Conclusions 529 

Test results show that steel-concrete-steel slabs have good flexural characteristics. The 530 
failure modes observed during experiments were occurred due to shear studs rupture, 531 
concrete cracking and yielding of steel plates. The shear studs was found to be effective not 532 
only in ultimate load capacity but also in vertical deflection. 533 

The measured load vs. deflection curves confirm that yielding of the tension plates are the 534 
most occurred failure mode.   535 

It can be observed that ultimate load capacity increase with increase in plate thickness. 536 
Using steel plates of 6 mm thickness led to increase the ultimate load capacity by a range 537 
from 6.15 % to 9.3 % compared to specimens with 4 mm thickness. 538 

It can be observed that ultimate load capacity increase with increase in aspect ratio of the 539 
cross sectional area of shear studs. Increasing the aspect ratio from 1 to 8 led to increase 540 
the ultimate load capacity by 14 % and 13.6 % for specimens of 4 mm and 6 mm steel plate 541 
thickness, respectively. However, the mid span deflection decreased with the increasing in 542 
aspect ratio of the cross sectional area of shear studs. The mid span deflection were 543 
reduced by 12.2 % and 14.1 % for 4 mm and 6 mm steel plate thickness, respectively. 544 

It can be observed that the mid span deflection decreased with the increasing in plate 545 
thickness. For shear studs (S1, S3 and S5) using steel plates of 6 mm thickness led to 546 
reduce the mid span deflection by a range from 4.7 % to 26 % compared to specimens with 547 
4 mm thickness. However, higher reduction in mid span deflection ranged from 33 % to 43 % 548 
was obtained for specimens with shear studs S2 and S4, when the steel plate thickness was 549 
increased from 4 mm to 6 mm. 550 
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ABBREVIATIONS 554 

B, width of plate; E, elastic modulus of steel; hc, depth of concrete core; ƒcu, Cubic strength 555 
of concrete; ƒt, cylinder strength of concrete; L, length of slab; Pu, ultimate load applied on a 556 
slab; Sx, longitudinal spacing of shear studs; Sy, transverse spacing of shear studs; tb, 557 
thickness of bottom plate; tp, thickness of top plate; ∆o, deflection at mid-point for yield load; 558 
∆u, deflection at mid-point for ultimate load     559 
 560 
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