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ABSTRACT
The steel-concrete composite beams are created from the steel girder, the concrete slab, the shear
connectors, and transverse reinforcement. The shear connectors play an important role in incor-
porating the steel girder and the concrete slab working together as a unity. The existence of the
shear connectors will restrain the relative slip between the steel girder and the concrete slab. This
enhances the load capacity and reduces the vertical deflection of the steel-concrete composite
beams. There are many kinds of shear connectors, such as stud, angle, channel, hoop block, and
T connectors. One of the shear connectors used popularly in the study of the world is perfobond
shear connector. This shear connector is a rectangular steel plate and has holes and steel bars
through the holes. The perfobond shear connectors have been often placed along the steel-
concrete composite beam length at certain distances. In this study, the test program was car-
ried out on three steel-concrete composite beams using perfobond shear connectors to investi-
gate the effect of the shear connection degree and shape of perfobond shear connectors on the
bending behavior of the steel-concrete composite beams. Two steel-concrete composite beams
were attached continuously perfobond shear connectors throughout the length of the beams, and
the remaining one was placed discontinuously perfobond shear connectors. These steel-concrete
composite beams had different numbers of shear connectors and shapes. The parameters evalu-
ated here included the load capacity and the vertical deflection of composite beams. The shear
capacity of perfobond shear connector was obtained from push-out tests. The load capacity of
steel-concrete composite beam with full shear connection degree and partial shear degree were
also determined by the prediction formula to evaluate the reliability of the experiment.
Key words: perfobond shear connector, shear connection degree, shape of perfobond, steel-
concrete composite beam, bending behavior

INTRODUCTION1

The steel-concrete composite beams using perfobond2

shear connectors have been widely studied around3

the world. This shear connector has been considered4

a popular connector in the future. The load capac-5

ity of perfobond shear connectors has been obtained6

from push-out tests1–11 and then some authors have7

based on their data to develop into prediction for-8

mula 2. Some authors: P.C.G. da S. Vellasco, L. F.9

Costa-Neves, et al. focused on studying T-perfobond10

shear connectors12–15 to enhance the mechanical be-11

havior of this shear connector. Kun-Soo Kim, et al12

studied Y-perfobond subjected to cyclic loading to13

verify the effect of cyclic behavior on shear connec-14

tion using stubby Y-type perfobond rib shear connec-15

tors16. All studies were carried out on small speci-16

mens with push-out tests. These experimental studies17

evaluated the effect of parameters on the mechanical18

behavior of perfobond shear connectors. The stud-19

ied parameters included the compressive strength of 20

the concrete, the thickness of the concrete slab, the 21

dimensions of perfobond shear connector, the trans- 22

verse reinforcement passing through the holes, and 23

the hole diameter. The concrete used for tests was 24

normal, lightweight, and high-strength concrete. The 25

push-out tests for small specimens mainly investigate 26

the load capacity of perfobond shear connectors, the 27

relative slip between the steel girder and the concrete 28

slab, and the failure modes of specimens. Some au- 29

thors carried out a large-scale specimen to investi- 30

gate the bending behavior of steel-concrete compos- 31

ite beams. E.G. Oguejiofor and M.U. Hosain tested 32

six full-scale beams to evaluate the effect of the num- 33

ber of perfobond shear connectors, and the number of 34

transverse reinforcements passing through the holes 35

on the bending behavior of the steel-concrete com- 36

posite beam17. The hole of perfobond shear connec- 37

tor in this study had the shape of a circle. Gaetano 38
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Manfredi theoretically studied the ductility of com-39

posite beams under negative bending18. The author40

used a refined model to the influence of the proper-41

ties of reinforcing steel on the rotational capacity of42

composite beams under negative bending and vali-43

dated with experimental tests. The shear connectors44

used in this study were stud connectors. Jianguo Nie45

established a mechanics model based on elastic the-46

ory to investigate the stiffness of composite beams47

in negative bending regions by considering slips at48

the steel beam–concrete slab interface and concrete–49

reinforcement interface19. These results were vali-50

dated to three composite beamswith profiled sheeting51

under negative bending. G. Vasdravellis investigated52

the behavior of Six full-scale steel–concrete compos-53

ite beams using stud shear connectors subjected to54

the combined effects of negative bending and axial55

compression20. In this study, three large-scale steel-56

concrete composite beams were carried out to investi-57

gate the effect of the shear connection degree and the58

shape of the shear connector on the bending behav-59

ior of the steel-concrete composite beams. Perfobond60

shear connector was used to prevent the relative slip61

between the steel girder and the concrete slab. Per-62

fobond has the shape of � open holes to place the63

transverse reinforcement passing through the holes64

easily.65

MATERIALS66

The steel-concrete composite beams are created from67

the steel girder, the concrete slab, the shear connec-68

tors, and reinforcements. These components must69

be determined the mechanical characteristics before70

conducting bending tests.71

Concrete72

Concrete used in steel-concrete composite beams was73

M350. The aggregate gradation is shown in Table 1.74

The concrete was cured in 28 days and tested in com-75

pliance with TCVN 3118-1993 21. The concrete com-76

pressive strength test was carried out at the time of the77

bending test. The test results of concrete compressive78

strength are shown in Table 2.79

Plate, hot-rolled steel, reinforcement80

The test result of steel is presented in Table 3.81

EXPERIMENT PROGRAM82

Specimen83

The main components of steel-concrete compos-84

ite beams consist of a hot-rolled steel girder, con-85

crete slab, perfobond shear connectors, and trans-86

verse reinforcements passing through the perfobond87

holes. The steel girder was hot-rolled steel of I- 88

194×150×6×9. The perfobond shear connectors had 89

a thickness of 8mm, and a shape �with an area of 4490 90

mm2. The perfobond connectors were welded con- 91

tinuously along the steel girder length. The hot-rolled 92

steel used CT3, and the concrete slab had a thickness 93

of 100 mm, as shown in Figure 1. The number of 94

perfobond shear connectors in beams was different 95

to evaluate the effect of shear connection degree on 96

the bending behavior of the steel-concrete composite 97

beams. The number of perfobond shear connectors 98

of beam 1, beam 2, and beam 3 is twenty, fourteen, 99

and ten shear connectors, respectively. Among three 100

steel-concrete composite beams, beam 1 and beam 3 101

have identical shear connector shapes and are differ- 102

ent from the shear connector of beam 2. The capacity 103

of each perfobond shear connector was PRd = 141.42 104

kN, this value was observed by the push-out test of a 105

small specimen. There were two reinforcements of 10 106

mm in diameter passing through the perfobond holes. 107

The cross-section of steel-concrete composite beams 108

is shown in Figure 2. The parameters of steel-concrete 109

composite beams are presented in Table 4. Figure 3 il- 110

lustrates the image of a steel-concrete composite beam 111

before concreting. 112

Figure 2: Cross section of steel-concrete composite
beam

Test setup 113

Four-point bending model was used to observe the 114

bending behavior of the steel-concrete composite 115

beams, as shown in Figure 4. The load cell with a 116

load level of 2000 kN was used for the bending test. 117

The load was transferred through a steel beam. Linear 118

Variable Displacement Transducers (LVDT) 1, 2, and 119

3 were used to measure vertical deflection along steel 120

girder length, as shown in Figure 5. LVDT 4, 5, 6, and 121

7 were used to measure the relative slip between the 122
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Table 1: The aggregate gradation for 1m3 concrete

Material component Unit Quantity

Holcim cement PCB40 PowerS kg 330

Bank sand kg 495

Crushed sand kg 335

Stone kg 1115

Water littre 165

Addition agent BASF Sky 8735 kg 3.3

Table 2: Mechanical characteristics of concrete

Dimensions (mm) Failure load (kN) Compressive strength (MPa)

150×150×150 769.5 34.2

150×150×150 866.3 38.5

150×150×150 843.8 37.5

150×150×150 855.0 38.0

150×150×150 823.5 36.6

150×150×150 792.0 35.2

Average value 824.9 36.7

Table 3: The test result of the steel

Specimen Reinf. steel Plate steel Hot-rolled steel

Yield strength fy (MPa) 347 320 284

Ultimate strength fu (MPa) 488 425 389

Elastic modulus E (MPa) 200×103 200×103 200×103

Table 4: The parameters of composite beams

Detail Reinf. steel Plate steel Hot-rolled steel

Yield strength fy (MPa) 347 320 284

Ultimate strength fu (MPa) 488 425 389

Elastic modulus E (MPa) 200×103 200×103 200×103

concrete slab and the steel girder. Strain gauges were123

used tomeasure the strain of the concrete slab and the124

steel girder during loading. Figure 6 illustrates the in-125

cremental loading process. The applied load was di-126

vided into three phrases:127

Phase 1: Increasing load from 0 to 40% failure load128

(Pmax), and then repeating 2 times.129

Phase 2: Increasing load from 10% Pmax to 40% Pmax,130

and then repeat 25 times. This stage is to eliminate the131

adhesive force, friction, and residual strain of testing.132

Phase 3: After ending phase 2, increase load from10%133

Pmax to failure load, continue increasing load until the134

load remains 90% Pmax, and stop testing.135

TEST RESULTS, ANALYSIS, AND 136

DISCUSS 137

The capacities and the vertical deflections of beams 138

are presented in Table 5. 139

The load capacity 140

The effect of the shear connection degree 141

a. Determines the shear connection degree for beam 142

1 and beam 3. 143

The plastic axial resistance of the steel girder (class 1): 144

Npla = Aafy/ga 145

= [(19.4 - 2×0.9)×0.6 + 2×15×0.9]×28.4/1.0 146

3
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Figure 1: Steel-concrete composite beams

Figure 4: Model of test

Table 5: The bending test results

Specimen Pmax
(kN)

Vertical deflection (mm)

Beam 1 242.22 77.97

Beam 2 241.98 83.23

Beam 3 226.00 78.07

4
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Figure 3: Steel-concrete composite beam before
concreting

Figure 5: LVDT1, 2, and 3 attached to measure the
vertical deflection of the composite beam

Figure 6: The incremental loading

= 1066.70 kN147

The plastic axial resistance of the concrete slab:148

Nc f = be f f hc0.85fck/gc149

= 50×10×0.85×3.67/1.0150

= 1559.75 kN151

Note:152

ga = 1.0 Partial safety factor of steel153

gc = 1.0 Partial safety factor of concrete154

VIN = min (Npla; Nc f ) = 1066.70 kN155

The number of necessary shear connectors for half 156

beam: 157

N f
3 VIN /PRd = 1066.70/141.42 = 7.54 (shear connec- 158

tors). 159

As shown in Table 6, beam 1, with 20-shear connec- 160

tors, was considered a full-shear connection beam, 161

and beam 3 (with 10-shear connectors) was consid- 162

ered a partial-shear connection beam (66.67%). 163

The test results show that the capacity of beam 1 only 164

increases by about 7.17% in comparison with that of 165

beam 3. 166

b. Comparising the load capacity from the bending 167

test with that from the prediction formula. 168

Beam 1 with full shear connection degree, the height 169

of the compressive concrete slab is: 170

xpl =Npla/(be f f×0.85fck) = 1066.70/(50×0.85×3.67) 171

= 6.84 cm < hc = 10 cm (plastic neutral axis passing 172

through the concrete slab, as shown in Figure 7). 173

Mpl.Rd = Npla× (ha/2 + hc - xpl/2) 174

= 1066.70× (19.4/2 + 10 – 6.84/2) 175

= 15701 kN.cm 176

= 173.66 kN.m 177

Pmax1, pred. = 2Mpl.Rd/1.35 = 257.27 kN 178

Note: value 1.35m is the distance from applied load 179

and support. 180

Beam 3 with the partial shear connection degree 181

(66.67%) can be determined by the prediction for- 182

mula following: 183

M+red
pl.Rd = Mapl.Rd + N/N f (Mpl.Rd – Mapl.Rd)22 184

With the hot-rolled steel girder I-194×150×6×9 (ha 185

= 194 mm, b f = 150 mm, t f = 9 mm, tw = 6 mm), fy 186

= 28.4 kN/cm2, the plastic moment resistance of the 187

steel girder equals Mapl.Rd = 123.71 kN.m 188

So, M+red
pl.Rd = 123.71 + 10/15(157.01 – 123.71) 189

= 157.01 kN.m 190

and Pmax3, pred. = 2 M+red
pl.Rd/1.35 = 232.61 kN 191

Where: 192

Mapl.Rd the plastic moment resistance of the steel 193

girder. 194

Mpl.Rd the plastic moment resistance of the steel- 195

concrete composite beam. 196

M+red
pl.Rd the reduced plastic moment resistance of 197

the steel-concrete composite beam. 198

Table 7 presents the value of the load capacities of 199

beam 1 and beam 3 with test results and predic- 200

tion formula. The deviation of them is rather small. 201

Arranging many shear connectors compared to the 202

necessary number of shear connectors does not en- 203

hance the load capacity of the steel-concrete compos- 204

ite beams. 205

5
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Table 6: The load capacity

Specimen Shear connection degree (%) Pmax
(kN)

Increment
(%)

Beam 1 100.00 242.22 7.17

Beam 3 66.67 226.00 -

Figure 7: PNA passing through the concrete slab

Table 7: The load capacity

Spec. Shear connect. de-
gree (%)

Pmax
(kN)

Ppred.
(kN)

Deviation
(%)

Beam 1 100.00 242.22 257.27 5.84

Beam 3 66.67 226.00 232.61 2.84

The effect of the shear connection shape206

Beam 1 and beam 2 had different shear connector207

shapes. The perfobond shear connectors in beam 1208

were welded continuously along the steel girder, while209

the perfobond shear connectors in beam 2 were short210

intervals. There is a difference between these types211

of perfobond shear connectors. The load capacity of212

beam 1 and beam 2 is nearly the same. This can be213

explained by beam 2 with fourteen shear connectors214

(with 93.33% full shear connection degree and the215

gaps between the perfobond were filled by concrete,216

this enhanced the load capacity of beam 2.217

The vertical deflection218

The effect of the shear connection degree219

The vertical deflection of beam 1 and beam 3 are pre-220

sented in Table 8. At the mid-span, the vertical de-221

flections of each beam at the failure loads are 77.97222

mm and 78.07 mm, respectively. However, at the fail-223

ure load of beam 3, there is a significant difference in224

the vertical deflection between these beams. At this225

load level (Pmax,3), the vertical of beam 1 is only 39.80226

mm, and that of beam 3 is 78.07 mm, as presented in 227

Table 9. This means the vertical deflection of beam 228

1 equals 50.98% that of beam 3. The vertical deflec- 229

tions of beams at the other locations along the steel- 230

concrete composite beams are also plotted in Figure 8. 231

The test results indicate the effect of the shear con- 232

nection degree on the vertical deflection of the steel- 233

concrete composite beams. The higher the shear con- 234

nection degree is, the smaller the vertical deflection 235

is. This can be explained by the steel-concrete com- 236

posite beam with the higher shear connection degree 237

restricting the relative slip between the hot-rolled steel 238

girder and the concrete slab. This leads to enhanced 239

behavior together between the steel girder and con- 240

crete slab. 241

242

243

The effect of the shear connection shape 244

The vertical deflections of Beam 1 and Beam 2 at the 245

failure load are 77.97mm and 83.23mm, respectively, 246

as shown in Table 10 and Figure 9. Similar to the load 247

6
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Table 8: The vertical deflection

Spec. Shear connection degree (%) Pmax
(kN)

Vertical deflection (mm)

Beam 1 100.00 242.22 77.97

Beam 3 66.67 226.00 78.07

Table 9: The vertical deflection at Pmax,3

Spec. Shear connection degree (%) Pmax
(kN)

Vertical deflection (mm)

Beam 1 100.00 226.00 39.80

Beam 3 66.67 226.00 78.07

Figure 8: The vertical deflection of Beam 1 & Beam
3 at the failure load of Beam 3 (Pmax,3)

capacity, there is nearly no distinction in the verti-248

cal deflection between these steel-concrete composite249

beams. At the load failure of Beam 2 (Pmax,2), the ver-250

tical deflection of Beam 1 is smaller than that of Beam251

2. However, this distinction is not clear, the vertical252

deflection of Beam 1 equals 92.35% the vertical de-253

flection of Beam 2, as shown in Figure 10.254

Figure 9: The vertical deflection of Beam 1 & Beam
2 at the failure load of Beam 1 and Beam 2

Figure 10: The vertical deflection of Beam1& Beam
2 at the failure load of Beam 2 (Pmax,2)

CONCLUSION 255

Experimental studies on three steel-concrete compos- 256

ite beams with different shear connection degrees and 257

shapes, some suggestions are drawn out as follows: 258

No need to arrange over-shear connectors for steel- 259

concrete composite beams with full shear connec- 260

tion degree. This does not enhance the load capacity 261

and reduce the vertical deflection of the steel-concrete 262

composite beams. 263

The values obtained from test results are rather iden- 264

tical to those of the predicted formula. The value of 265

the experiment is reliable. 266

The shear connection degree affects the load capacity 267

of the steel-concrete composite beam, conforming to 268

the formula that determines the load capacity follow- 269

ing the shear connection degree. 270

For the steel-concrete composite beam with a full 271

shear connection degree, the shear connector shape 272

almost does not affect the bending behavior of the 273

steel-concrete composite beams. 274

7
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Table 10: The vertical deflection at Pmax,2

Spec. Shear connection degree (%) Pmax
(kN)

Vertical deflection (mm)

Beam 1 100 241.98 76.86

Beam 2 100 241.98 83.23
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TÓM TẮT
Dầm liên hợp thép-bê tông được tạo thành bở dầm thép, bản bê tông, liên kết kháng cắt và cốt
thép. Liên kết kháng cắt đóng một vai trò quan trọng trong việc hợp nhất dầm thép và bản bê
tông cùng nhau làm việc chung một hệ. Sự tồn tại của liên kết kháng cắt sẽ ngăn cản sự trượt
tương đối giữa dầm thép và bãn bê tông. Điều này làm gia tăng khả năng chịu tải và làm giảm độ
võng cho các dầm liên hợp thép-bê tông. Có nhiều loại liên kết kháng cắt được sử dụng, chẳng
hạn như liên kết chốt, thép góc, thép U, thép đai móc, thép chữ T. Một trong số liên kết kháng cắt
được sử dụng rộng rãi trong nghiên cứu trên thế giới là liên kết kháng cắt dạng perfobond. Liên
kết này là một tấm thép hình chữ nhật có các lỗ với các thanh thép đặt ngang qua lỗ. Liên kết
kháng cắt perfobond thường được đặt dọc theo chiều dài dầm liên hợp thép- bê tông với khoảng
cách nhất định. Trong nghiên cứu này, một chương trình thí nghiệm được thực hiện trên ba mẫu
dầm liên hợp thép-bê tông sử dụng liên kết kháng cắt perfobond để đánh giá ảnh hưởng củamức
độ liên kết và hình dáng của liên kết kháng cắt lên ứng xử uốn của dầm liên hợp thép-bê tông. Hai
dầm liên hợp thép-bê tông được gắn liên kết kháng cắt perfobond một cách liên tục suốt chiều
dài dầm, dầm còn lại được gắng liên kết kháng cắt perfobond không liên tục. Các dầm liên hợp
theo-bê tông này cómức độ liên kết và hình dáng khác nhau. Các đại lượng cần đánh giá bao gồm
khả năng chịu tải và độ võng của dầm. Khả năng chịu cắt của liên kết được xác định thông qua thí
nghiệm nén đẩy. Khả năng chịu tải của dầm liên hợp thép-bê tông với mức độ liên kết kháng cắt
toàn phần và một phần cũng được xác định qua các công thức nhầm đánh giá độ tin cậy của thí
nghiệm.
Từ khoá: liên kết kháng cắt perfobond, mức độ liên kết kháng cắt, hình dáng của perfobond, dầm
liên hợp thep-bê tông, ứng xử uốn

Trích dẫn bài báo này: Nhân L V P, Hòa D T. Đánh giá ảnh hưởng của mức độ liên kết kháng cắt và
hình dạng liên kết kháng cắt đến ứng xử uốn của dầm liên hợp thép-bê tông. Sci. Tech. Dev. J. - Eng.
Tech. 2025; ():1-1.

1


