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Solution of Connection in Steel-Concrete Composite Elements  
using a U-Type Connector 

This paper presents a proposal for a connection for steel-concrete composite elements. It is realized using a U-shaped steel 
connector fastened with shot-in nails. Experimental tests were conducted, which confirmed the suitability of this solution for use in 
composite elements. The load-bearing capacity of the connector and its scope of application were determined. A numerical model 
of the analyzed connection was prepared, showing the compliance of the experimental results with the results of FEM calculations. 
Analytical calculations were performed, on the basis of which the required number of connectors was determined for different 
variants of steel-concrete composite beams. The proposed solution can be a supplement to the previously used methods of con-
nection in steel-concrete elements, especially in building ceilings, where solutions eliminating the welding process are preferred 
for various reasons.
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1. Introduction

Composites are increasingly used in construction, constitut-
ing an interesting alternative to traditional materials. Thanks to 
the appropriate selection of individual ingredients, it is possible 
to influence their physical and strength properties in a specific 
way, aiming to obtain better parameters than in the case of their 
traditional counterparts. A special case of composites used 
in building structures are composite structures, in which, thanks 
to the appropriate connection of the component materials, we 
obtain better strength properties (bending load capacity, stiff-
ness) than in the case of traditional reinforced concrete or steel 
elements. Research is being carried out on composites such 
as wood-concrete [1], bamboo-concrete [2,3], steel-wood [4,5] 
and polymer-concrete [6]. However, steel-concrete composites 
are most commonly used in construction as bridge girders [7,8] 
or ceiling beams. 

The key issue in this type of solutions is to ensure an ap-
propriate connection of the steel and concrete components. 
It is implemented using special connectors, the most popular of 
which are headed stud connectors [9,10]. They are characterized 
by relatively high load-bearing capacity and short assembly time, 
and are attached to a steel element by welding. Another type 

of connectors are sections of steel sections of various shapes 
[11] and perfobond shear connectors [12,13]. The connection of 
concrete and steel elements of a composite cross-section can also 
be achieved by appropriately shaping (cutting out) the web of the 
T-sections [14]. Non-welded connectors include various types 
of screws [15,16] also combined with epoxy resin [17] and Hilti 
X-HVB connectors [18]. This work presents a proposed solution 
in which the connection was made using a U-shaped steel con-
nector, which may be an alternative to previously used solutions.

2. U-type connector

To connect the steel and concrete parts of the cross-section, 
a cold-formed U-shaped connector was used. It is connected to 
the steel section using shot-in nails and anchored in the concrete 
of the ceiling slab. Shear Connectors used in composite structures 
are usually attached by welding. The proposed solution is one 
of the few in which the connector is attached without welding. 
Additionally, in the case of ceiling slabs made on profiled steel 
sheets, the attachment of the connector and the sheet occurs si-
multaneously within the same assembly operation. The connector 
geometry is shown in Fig. 1.
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Fig. 1. U-shaped connector geometry

The shape of the connector was selected in such a way 
that it could transfer the stresses resulting from the separating 
force acting at the concrete-steel interface. The bending of the 
upper walls of the connector prevents the slab from detaching 
from the steel section as a result of vertical loads. The width 
of the connector base was designed so that it could be attached 
with four shot-in nails. The length of the connector is a variable 
value and its height allows it to be used in slabs with a minimum 
thickness of 10 cm. 

3. Push-out test

In order to verify the adopted solution, experimental tests 
were carried out in accordance with the procedure contained in 
the standard [19]. Shear connection models were made in which 
the HEA 160 I-section made of S235 steel was used as the steel 
cross-section. Slabs with dimensions of 105×400×550 mm made 
of C25/30 class concrete were made on a T55×188 profiled 
steel sheet. The reinforcement consisted of a mesh of bars with 
a diameter of 10 mm and a spacing of 100 mm. Two variants of 
connectors were used: 60 mm long (the shortest length at which 
fastening with four shot-in nails is possible) and 100 mm. The 
wall thickness of each connector was 3 mm and the steel from 
which they were made was S235. Each fastener was attached 
using four Hilti ENP 2 shot-in nails. A sample for the standard 
push-out test is shown in Fig. 2.

Six test models were made, three for each connector length. 
The models were placed in a testing machine and subjected to 
loading. The loading procedure – according to [19] – consisted 
of repeatedly applying and reducing the load applied to the upper 
edge of the steel profile, which forced a shear force acting in the 
plane of the beam-plate contact. At each increase and decrease in 
force, the values of vertical displacements (slip) were read. Loads 
were applied starting from 10 kN, every 2 minutes the load value 
was increased by another 10 kN until 100 kN was reached. Then 
the model was unloaded to 10 kN, after which the load value 
was increased to 100 kN. This operation was repeated cyclically 
25 times at 90 second intervals, measuring the slip values for 

each increase and decrease in load. After 25 full cycles, the load 
value was increased by 10 kN at 90 second intervals, continu-
ously measuring displacements, until the model was destroyed. 
The maximum shear force for a single connector was: from 
80.00 kN to 83.75 kN (for 60 mm connector) and from 86.25 kN 
to 87.50 kN (for 100 mm connector). In all cases, the same form 
of destruction was observed – the plate separated from the steel 
profile. One of the models after the tests is shown in Fig. 3.

Fig. 3. Tested model

Based on the results obtained, load/slip charts were pre-
pared, on the basis of which the load-bearing capacity of the 
tested connectors was determined. The slip chart for a 100 m 
long connector is shown in Fig. 4, and for a 60 mm long con-
nector in Fig. 5.

Fig. 2. Test specimen for standard push-out test: 1 – I-beam, 2 – concrete 
slab, 3 – profiled steel sheeting, 4 – U-shaped connector, 5 – reinfor
cing bars
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Fig. 4. Load/slip diagram – connector 100 mm

Fig. 5. Load/slip diagram – connector 60 mm

The design load-bearing capacities of the connectors cal-
culated in accordance with [20] were, respectively: 54.7 kN for 
a length of 60 mm and 59.0 kN for a length of 100 mm. 

4. Numerical analysis

The numerical model of the tested connection was prepared 
in the Ansys program based on the finite element method. All 
model components were declared as 10-node Solid type. It was 
assumed that the material and geometric data of individual ele-
ments of the model are identical to the results of experimental 
tests. For all steel elements of the model, an elastic-plastic 
material model, a volumetric density of 7850 kg/m3 and a Pois-

son’s ratio of 0.3 were assumed. Other material parameters are 
presented in TABLE 1.

For concrete, an elastic-plastic material model was assumed, 
as well as a volumetric density of 2500 kg/m3, Poisson’s ratio 
of 0.2, Young’s modulus of 31 GPa and compression strength 
of 16.09 MPa.

A high convergence with the experimental results was ob-
tained, both in terms of the nature of deformations and the size 
of displacements. Stress concentration zones in profiled steel 
sheet and connector are shown in Fig. 6.

Fig. 6. Stress concentration zones in profiled steel sheeting and con-
nector

The slip curve from the experimental model was compared 
(assuming its average value from all tests performed) with 
the slip curve obtained on the basis of numerical calculations. 
A high degree of convergence of the results for both curves was 
observed, which proves the correctness of the numerical model. 
A comparison of slip curves for the numerical model and the 
experimental model (for a 60 mm joint) is shown in Fig. 7.

The obtained convergence of numerical and experimental 
test results will be maintained also in the case of changing the ma-
terial parameters of individual model components (e.g. changing 
the steel type). Changing the geometric dimensions of concrete 
slabs and their structure (e.g. slabs without profiled steel sheet) 
will result in the need to verify and validate the numerical model. 

TABLE 1
Material parameters of the steel elements of the model

Parameter
Model element

I-beam U-shaped connector Profiled steel sheet Shot-in nails Reinforcement bars
Young’s modulus [GPa] 210.00 210.00 210.00 210.00 200.00

Yield limit [MPa] 292.25 332.20 277.25 350.00 305.00
Ultimate tensile strength [MPa] 405.15 415.25 350.10 650.00 490.00
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5. Results of analytical calculations

In order for the steel-concrete composite to be treated as one 
cross-section, the key issue is to ensure adequate load-bearing 
capacity of the connection between the steel and concrete com-
ponents, which is achieved using connectors. This load-bearing 
capacity should be not less than the value of the separating force 
acting in the plane of contact between the slab and the steel sec-
tion. The discussed connecting method can be successfully used 
in steel-concrete ceiling beams. In order to assess its effective-
ness, analytical calculations were carried out to determine the 
required load-bearing capacity of the composite corresponding 
to the separating force Vl.Ed acting at the beam-slab contact and 
the required number of connectors n for different material and 
construction variants of steel-concrete composite beams.

The analysis adopted the scheme of a simply supported 
beam, with a spacing of 2.0 m, consisting of a regular I-section, 
combined with a concrete slab (concrete class C25/30), made on 
a T55×188 profiled steel sheet. The range of slab thicknesses 
considered was from 105 mm (minimum thickness of the ceiling 
slab for the T×55×188 profiled steel sheet) to 150 mm. Calcula-
tions were made for the material and geometric parameters of 
the connector identical to those in the experimental tests, for two 
connector lengths: 60 mm and 100 mm. 

In order to compare the proposed solution with those used 
so far, comparative calculations were made for two other types 
of connectors, assuming the same height or as close as possible 
to the analyzed connector. The first is the Hilti X-HVB with 
a height of 80 mm and the same method of fastening as the 
U-type connector (using shot-in nails). The second is the Nelson 
stud welding connector (the most commonly used connector in 
composite structures) with a diameter of 16 mm and a height of 
100 mm. The results are presented in TABLE 2.

The value of the separating force and, therefore, the required 
load-bearing capacity of the connection varies depending on the 
size of the steel section and the type of steel from which it was 
made. Changing the steel grade (from S235 to S275) with the 
same I-beam size increases the separating force by 15-17%. 
The difference in the value of the separating force between the 
smallest and the largest I-beam considered is 62.75% for S235 
steel and 65.23% for S275 steel, which each time translates into 
an increase in the required number of connectors. 

The smaller number of 100 mm long connectors (compared 
to 60 mm long connectors) results from their higher shear load 
capacity (approx. 8%).

Changing the thickness of the concrete slab in the consid-
ered range (105 mm - 150 mm) does not affect the value of the 
separating force. 

The load-bearing capacity of the analyzed connector is 
higher in comparison to the Hilti X-HVB connector and to the 
Nelson connector, which in each case translates into a smaller 
number of U-type connectors necessary to transfer the separa
ting force.

6. Conclusion

The value of the separating force V.l.Ed depends primarily 
on the cross-sectional size of the steel beam and the type of steel 
from which it is made. Increasing its dimensions and the steel 
yield strength causes an increase in the resultant value of tensile 
stresses in the steel element of the composite cross-section. This 
is accompanied by a shift of the neutral axis of the composite 
cross-section towards the slab/I-beam contact plane, which re-

Fig. 7. Load/slip diagram – experimental and numerical model

TABLE 2
Required number of connectors n to transfer the separating force Vl.Ed

Beam span 
[m]

Slab thickness 
[mm] Steel I-beam Vl.Ed [kN]

n
Type of Connector

U-type
60 mm [pcs.]

U-type 100 
mm [pcs.]

X_HVB
[pcs.]

Nelson
[pcs.] 

7.5 105÷150 S235

I 180 665.65 24 23 97 28
I 200 784.90 29 27 116 33
I 220 928.25 34 32 138 39
I 240 1083.35 40 37 161 46

9.0 105÷150 S275

I 180 767.25 29 27 114 33
I 200 918.50 35 32 136 39
I 220 1086.25 40 37 161 46
I 240 1267.75 47 43 188 53
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sults in an increase in the height of the slab’s compression zone 
and a more complete use of the concrete’s compressive load-
bearing capacity. As a consequence, the bending load-bearing 
capacity of the beam increases, which is accompanied by an 
increase in the value of the separating force acting in the plane 
of the joint, which translates into a larger required number of 
connectors needed to transfer it.

As long as the neutral axis of the composite cross-section 
remains within the concrete slab (this was the case in the ana-
lyzed example), a change in the slab thickness does not affect 
the value of the separating force or the number of connectors. 
The calculated numbers of connectors for all considered variants 
allow for ensuring the required load-bearing capacity of the con-
nection between the steel and concrete components and for their 
rational arrangement along the length of the beam.

References

[1]	 J. Suarez-Riestra, J. Esteves-Cimadevila, E. Martin-Gutierrez, 
D. Otero-Chans, Composites Part B 156, 138-147 (2019). 

	 DOI: https://doi.org/10.1016/j.compositesb.2018.08.074
[2]	 S. Deresa, J.J. Xu, C. Demartino, G. Minafo, G. Camarda, Open 

Construction and Building Technology Journal 15, 17-54 (2021). 
DOI: https://doi.org/10.1016/j.engstruct.2024.118599

[3]	Y . Zicheng, W. Yang, D. Hao, Ch. Jiawei, D. Mingmin, L. Guofen, 
Engineering Structures 325, 119503 (2025). 

	 DOI: https://doi.org/10.1016/j.engstruct.2024.119503
[4]	Z . Ernian, S. Qi, Y. Jing-Ru, Z. Xin, Case Studies in Construction 

Materials 21, e 04066 (2024). 
	 DOI: https://doi.org/10.1016/j.cscm.2024.e04066
[5]	 E. Appavuravther, B. Vandoren, J. Henriques, Structures 70, 

107582 (2024). 
	 DOI: https://doi.org/10.1016/j.istruc.2024.107582
[6]	Z . Zhiwen, A. Ashour, G. Wenjie, Structures 70, 107582 (2024). 

DOI: https://doi.org/10.1016/j.istruc.2024.107796

[7]	 H. Bo, Ch. Ruiyu, W. Jingfeng, H. Xiaogang, L. Lei, T. Kundu, 
Structures 50, 670-688 (2023). 

	 DOI: https://doi.org/10.1016/j.istruc.2022.11.106
[8]	 H. Wenjin, L. Zhichao, Ch. Baochun, Y. Pengyu, Engineering 

Structures 152, 607-618 (2017). 
	 DOI: https://doi.org/10.1016/j.engstruct.2017.09.035
[9]	 Q. Jianan, Z. Weihao, D. Yuxuan, Ch. Zhao, L. Shuai, L. Ming, 

W. Jingquan, B. Yi, Structures 70, 107736 (2024). 
	 DOI: https://doi.org/10.1016/j.istruc.2024.107736
[10]	Y .D. Patil, P.A. Singh, R.T. Pardeshi, Structures 46, 265-284, 

(2022). DOI: https://doi.org/10.1016/j.istruc.2022.10.074
[11]	 Q. Sheng-Yuan, G. Yu-Tao, N. Xin, F. Jian-Sheng, T. Mu-Xuan, 

Journal of Constructional Steel Research 172, 106201 (2020). 
DOI: https://doi.org/10.1016/j.jcsr.2020.106201

[12]	 J. Guosen, Z. Eryu, W. Bin, Z. Chunq, L. Shuo, Structures 57, 
105292 (2023). 

	 DOI: https://doi.org/10.1016/j.istruc.2023.105292
[13]	L . Yangqing, Y. Haiyan, L. Liujie, L. Yuqing, D. Xiaoqing, Struc-

tures 50, 1461-1475 (2023). 
	 DOI: https://doi.org/10.1016/j.istruc.2023.02.106
[14]	T . Xingyu, F. Zhi, Y. Yibin, Y. Renzhong, L. Xinhua, L. Qi, En-

gineering Structures 322, 119204 (2025). 
	 DOI: https://doi.org/10.1016/j.engstruct.2024.119204
[15]	L . Xiaoyang, B. Zijian, H. Jingyu, H. Hongsheng, L. Zhansheng, 

L. Hongwei, X. Yuanbin, Z. Kai, J. Yucai, Y. Guotao, Structures 
58, 105524 (2023). 

	 DOI: https://doi.org/10.1016/j.istruc.2023.105524
[16]	L . Chenguang, L. Jun, Z. Xinqun, D. Peng, Structures 67, 106922 

(2024). DOI: https://doi.org/10.1016/j.istruc.2024.106922
[17]	Z . Heying, Z. Zhongya, W. Chaolan, W. Hongjie, Y. Jun, Z. Yang, 

Structures 61, 106085 (2024). 
	 DOI: https://doi.org/10.1016/j.istruc.2024.106085
[18]	 ETA-15/0876 2016, European Technical Assessment for Nailed 

Shear Connector X-HVB (Berlin: Deutsches Institut für Bautech-
nik.

[19]	 Eurocode 4: Design of composite steel and concrete structures. 
Part 1-1: General rules and rules for buildings.


	K. Wójciak￼1, T. Tokarski￼1*, G. Cios￼1, A. Winkelmann￼1, R. Chulist￼2, G. Nolze￼3,4
	Unconventional Applications of Electron Backscattering Diffraction (EBSD) 
in Metallic Materials

	M.I. Al Biajawi￼1,2, M.A. Ahmed￼3, R. Embong￼1*, K. Muthusamy￼1, 
N. Hilal￼4, I.W. bt Ismail￼1, H.A. Jabar￼1
	Performance of Self-Compacting Concrete with Coal Bottom Ash under Fire 
and Post-Fire Conditions

	Chong Kah Vui￼1, N.H. Jamil￼1*, F. Che Pa￼2, Mohd. M. Al B. Abdullah￼2, 
B. Jeż￼3, W.M. Arif W. Ibrahim￼2
	Amorphous Microstructural Evolution and Impurity Removal 
in Acid-Leached Rice Husk 

	Kuang Yee Ng￼1, Noorhafiza Muhammad￼1,2*, Mohd Shuhidan Saleh￼1, 
Siti Noor Fazliah Mohd Noor￼3, Shayfull Zamree Abd. Rahim￼1,2, 
Nur Amalina Muhammad￼4, Kamalakanta Muduli￼5, S. Garus￼6
	Quantitative SEM and ImageJ Analysis of 3D Printed Polycaprolactone Surface Roughness 
for Coronary Stent Applications

	E.Ch. Chee Yu￼1, S.S. Che Abdullah￼1,2*, I.H. Wan Nordin￼3, 
S.H. M.Salleh￼1, R.A. Malek￼1,2, P. Pietrusiewicz￼4
	Enhancing Samarium-Doped Ceria Electrolytes with Manganese 
for Solid Oxide Fuel Cell

	M.I. Hakimi bin Ismail￼1*, S.S. Syed Bakar￼1, 
S. Yahud￼2, S. Chaisitsak￼3
	Impact of Dimethylformamide/Acetone Ratios and Stirring Time on Morphology 
and Electrical Properties of Electrospun PVDF Fibers

	S. Ceylan￼1, H. Zenk￼2*
	A hybrid Energy Production System Model for Electric Vehicles in Giresun Province 
and Energy Production Projection for 2030 

	M.J. Szczerba￼1*, M. Kowalska￼1, M. Dudziński￼1, 
A. Wierzbicka-Miernik￼1, Ł. Rogal￼1, A. Bigos￼1
	Effect of Annealing on Microstructure and Functional Properties 
of Ni-Mn-Ga-Cu Alloys Produced by Melt Spinning Technique

	Manoj Kumar Elipey￼1, P.S. Kishore￼1*, B. Ratna Sunil￼2
	Mechanical Properties and Machining Behavior of AZ31-Calcium Deficient 
Hydroxyapatite (CDHA) Biodegradable Composites 

	I. Adamczyk￼1*
	Environmental Protection Through the Management of SBR and PET Waste 
in the Innovative Concrete Building Block APS


