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from local authorities about their current housing status at the time of 
submitting their application. They are required to have at least one year 
of temporary residence or permanent residence registration in the 
locality where the project is located. Many workers who move from 
other areas and wish to purchase social housing are deemed ineligible 
because they already own land or housing in their hometown. To obtain 
confirmation regarding homeownership or average living space, 
applicants must go to district- or provincial-level authorities. The loan 
application process also involves long waiting times. Buyers must 
register with both the investor and the management agency, which is 
responsible for verifying the applicant’s housing and income eligibility. 
In some cases, applicants may be approved to purchase or rent-to-own 
social housing but later fail to meet the criteria for loans.  

Second, regarding income conditions: the prescribed income 
limits may be unrealistic, as income adequacy varies by location. In 
Hanoi, where the cost of living (food, education, healthcare, etc.) is 
higher, a family with a total monthly income of 30 million VND may 
find it sufficient to buy social housing if they have no children. 
However, families with one or two children would have to save 
extensively to be able to pay both principal and interest.  

For example, the UDIC Ecotower social housing project located on 
lot N01 of the Ha Dinh New Urban Area in Tan Trieu commune, Thanh 
Tri district, Hanoi, is expected to begin accepting applications in 
Q4/2025. The smallest apartment size at the project is 70 m2 with an 
estimated selling price of 25 million VND/m2, resulting in a total cost of 
1.75 billion VND. Assuming a buyer borrows 80% of the apartment value 
(1.4 billion VND) over 15 years at the 2024 regulated interest rate of 
4.8%, they would need to pay about 160 million VND per year (around 
13 million VND per month). This means around 50% of the household’s 
income would go toward loan repayments, which is a high burden in 
Hanoi. While buyers may take loans of up to 25 years, they often avoid 
such long terms due to concerns over future interest rate fluctuations.  

For individuals without labor contracts or fixed monthly income, 
it is difficult to prove their eligibility under the 2023 Law on Housing. 
Additionally, although social housing can be resold after five years, 
questions remain—who will purchase it? If the government buys it back, 
what price is appropriate, and will it include the interest the previous 
owner paid? For those renting social housing, if they become financially 
capable of purchasing after five years, will they still meet income 
criteria? Their application would also need to be re-evaluated.  

Moreover, the lottery system for purchasing social housing is 
problematic. In 2023, at the NHS Trung Van social housing project in 
Nam Tu Liem District, more than 1,300 people participated in the 
lottery for just 149 units—a ratio of 1 in 9. Thus, access depends heavily 
on luck. There have also been instances where people pay extra to buy 
lottery slots. In favorable cases, such as projects located near the city 
center with well-developed infrastructure, the number of applications 
tends to be high. In contrast, for projects located in outlying suburban 
areas with inadequate infrastructure, demand for purchasing, rent-to-

owning, or renting social housing remains low. 
  

4. Conclusion  
 

Hanoi, as the capital city and a major urban center of the country, 
must urgently address housing issues to ensure social welfare in the 
current period of economic integration and development. Through 
research, it has been found that the development of social housing in 
Hanoi is influenced by three main groups of factors: (1) the legal 
framework and the State’s policies on social housing development; (2) 
the supply of social housing; and (3) the conditions for purchasing, rent-
to-owning, and renting social housing. To achieve the social housing 
development goals by 2030, Hanoi needs to concentrate resources on 
addressing challenges related to mobilizing private sector capital, and 
introduce dedicated policies that help stakeholders access preferential 
funding sources. The city should also study and propose solutions to 
shorten the approval process for investment procedures, ensure 
construction sites are integrated with appropriate infrastructure, and 
revise income thresholds in line with local living conditions. These 
efforts will help make social housing more accessible to the right target 
groups with genuine housing needs.  
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 The failure of the steel-concrete composite slab may happen at the interface of the steel sheeting profile and 
the concrete slab when the longitudinal shear force exceeds the longitudinal shear resistance. The 
longitudinal shear resistance of the steel-concrete composite slab depends on the sheeting type and the 
dimensions of the slab section. Some methods have been used to enhance the longitudinal shear resistance, 
such as mechanical anchorage, frictional interlock, frictional interlock, … and so on. In this study, the 
perfobond shear connectors were used to improve the longitudinal shear resistance to restrain the relative 
slip between the sheeting profile and the concrete slab. The longitudinal shear resistance is determined by a 
standardized semi-empirical m-k method. The bending moment capacity obtained from the bending test was 
also compared to the predicted plastic moment resistance.   
 

 
1. Introduction 

 
The shear connection has an important role in the steel-concrete 

composite structure. This compounds the structural steel and the concrete 
slab to act together. Many types of shear connections have been applied 
in practice and study. The perfobond shear connection is one among 
these. The shear perfobond connection has been used to prevent the 
relative slip between the structural steel and the concrete slab in the steel-
concrete composite structures. This perfobond shear connection has been 
widely studied with steel-concrete composite beams. Many researchers 
studied this kind of shear connector [1, 2, 3, 4, 5, 6, 7, 8, 9]. These studies 
were conducted to investigate the effects of parameters on the structural 
behavior of the perfobond shear connection. The parameters include the 
dimensions of perfobond, the number of steel bars through the perfobond 
holes, the compressive strength of the concrete, etc. The structural 
behaviors are the perfobond shear resistance, the relative slip between the 
structural steel and the slab concrete slab, and the failure mode by push-
out tests. Some authors proposed formulas to determine the shear 
resistance of the perfobond shear connector. The other authors studied T-
perfobond [10, 11, 12] and Y-perfobond [13] to enhance the shear 
resistance of the connection and reduce the relative slip between the 
structural steel and the concrete slab. Push-out tests with many small 
specimens are often carried out to determine the longitudinal shear 
resistance of the shear connection.     

The profiled sheeting should be able to transfer longitudinal shear 
to concrete through the interface to ensure the composite action of the 
composite slab. The adhesion between the steel profile and concrete is 
generally not sufficient to create composite action in the slab. Thus, an 
efficient connection is achieved with one or several of the following, as 
shown in Figure 1 [14].  

 

 
a. Frictional interlock in composite slabs 

 
b. Mechanical interlock in composite slabs 

 
c. End anchorage for composite slabs 

Figure 1. Types of interlocks [14]. 
 

The longitudinal shear resistance of the steel-concrete composite 
slab is determined by a standardized semi-empirical method called the 
m-k method originally proposed by Porter and Ekberg [14]. The factors 
m and k are obtained from standardized full-scale tests. The longitudinal 
shear resistance is determined by the formula below: 
   𝑉𝑉𝐿𝐿,𝑅𝑅𝑅𝑅 = 𝑏𝑏𝑑𝑑𝑝𝑝 (𝑚𝑚

𝐴𝐴𝑝𝑝
𝑏𝑏𝐿𝐿𝑠𝑠

+ 𝑘𝑘) 1
𝛾𝛾𝑉𝑉𝑉𝑉

  (1) 
where  k and m in N/mm2 

 b  the width of the slab 
dp the average depth of the composite slab 
Ap  the area of the sheeting 
VS safety factor 
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The m and k values depend on the sheeting type and the 
dimensions of the slab section and are generally given by profiled steel 
manufacturers [14]. 

In this study, the steel-concrete composite slab was fabricated 
from the concrete slab and plain profiled steel sheeting. The perfobond 
shear connectors were used against the longitudinal shear. The m-k 
semi-empirical method was carried out to determine the longitudinal 
shear resistance of the composite slab. 

 
2. Test program 
2.1. Specimens 
  

The m-k method specimen is shown in Figure 2. The dimensions 
of the specimen are 1000 mm in width and 180 mm in height. The 
dimensions of the perfobond shear connector and the profiled steel 
sheeting are shown in Figure 2. The profiled steel sheeting was made 
from a plain steel plate of 6 mm in thickness, 1150 mm in width, and 
2650 mm in length. The area of the profiled steel sheeting was 6900 
millimeters square. Each perfobond hole also has one steel bar of 12 
mm in diameter through the hole. The perfobond shear connectors were 
attached to the steel sheeting profile along the length of the specimen, 
as shown in Figure 3. Figure 4 presents some pictures of specimen 
fabrication. The parameters of specimens are presented in Table 1. 

 

 
a. Perfobond shear connector 

 
b.  Profiled steel sheeting 

Figure 2. Configuration of perfobond shear connector and profiled 
steel sheeting.  

 

 
a. Section of specimen 

 
b.  Detail of specimen 

Figure 3. Specimen of m-k method. 

 
a. Steel and reinforcing work 

 
b. Formwork 

 
c. After concreting work 

 
d. Installation of LVDT 

Figure 4. Specimen fabrication. 
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Table 1. The parameters of specimens. 
Specimen Area of dowel section Concrete Steel bar Quantity Shear span 

S1 4490 mm2 B25 812+13 12 1 833 mm 
S2 4490 mm2 B25 812+13 12 1 625 mm 

 
2.2. Material properties 
2.2.1 Concrete 
  

The concrete used for the specimens is B35. The aggregate 
gradation is shown in Table 2. The concrete was cured in 28 days and 
tested in compliance with TCVN 3118:2022 [15]. The concrete 
compressive strength test was carried out simultaneously with the m-k 
method test. The test results of concrete compressive strength are shown 
in Table 3. 
 
Table 2. The aggregate gradation for 1 m3 concrete. 

Material component Unit Quantity 
Saigon cement PC50 kg 385 
Sand kg 760 
Stone 1×2 (Dmax = 25 mm) kg 1040 
Water littre 200 
Addition agent (MAPEI) kg 3.7 

 
Table 3. Mechanical characteristics of concrete. 

Compressive strength fck (MPa) 35,5 
Elastic modulus (MPa) 29×103 
Elastic strain εelas (‰) 1.8 
Compressive strain limit εlimit (‰) 2,24 

 
2.2.2. Profiled steel sheeting, perfobond steel, and reinforcement 
  

The profiled steel sheeting and perfobond steel used in these tests 
is CT34. The steel bars and longitudinal reinforcement with 12 mm in 
diameter. The mechanical characteristics of these materials are 
presented in Table 4.   

 
Table 4. Mechanical characteristics of reinforcement and hot-rolled steel. 

Quantity Steel bar and 
longitudinal 

reinforcement 

Steel sheeting 
profile and 

perfobond steel 
Yield strength (MPa) 330 250 
Ultimate strength (MPa) 500 390 
Elastic modulus (MPa) 200×103 200×103 

 
2.3 Test setup 
2.3.1 Test models 
  

The m-k method test was carried out on two large-scale 
specimens. The m-k method test was conducted on bending four-point 

models complying with Eurocode 4 [16], as shown in Figure 5. LVDTs 
(Linear Variable Displacement Transducer) LVDT1, LVDT2, LVDT3, and 
LVDT4 were placed along the specimen length to measure the deflection 
of the slab. Strain gauges SG1, SG2, and SG3 were attached to perfobond 
shear connector to determine the strain of perfobond. A strain gauge 
SG4 was attached to the top surface of the slab to measure the strain of 
the concrete os slab. LVDT6, LVDT7, and LVDT8 were placed to 
measure the relative slip between the profiled steel sheeting and the 
concrete slab. The specimen was installed into the test frame, as shown 
in Figure 6. 

 

 
Figure 5. Test model. 

 

 
Figure 6. Test setup. 

 
2.3.2 Incremental loading process 
  

The incremental loading process was performed complying with 
Eurocode 4 [16]. This procedure had 3 phases, as shown in Fig. 7. 

- Phase 1: Increasing load from 0 to 40% failure load (Pmax), and 
then repeating 2 times. 

- Phase 2: Increasing load from 10% Pmax to 40% Pmax, and then 
repeat 25 times. This stage is to eliminate the adhesive force, friction, 
and residual strain of testing. 



JOMC 210

Journal of Materials and Construction Vol 15 No.01 (2025)

 
 

- Phase 3: After ending phase 2, increase load from 10% Pmax to 
failure load, continue increasing load until the load remains 90% Pmax, 
and stop testing. 

 

 
Fig. 7 Incremental loading process. 

 
3. Test results and discuss 
3.1 Test results 
  

The test results of the m-k method are presented in Table 5 with 
values of ultimate load and the deflection of the steel-concrete 
composite slabs.  
 
Table 5. Test results. 

Specimen Failure load  Deflection 
Pmax LVDT1 LVDT2 LVDT3 LVDT4 

kN mm mm mm mm 
S1 392.65 51.063 49.734 39.716 22.119 
S2 621.84 38.617 38.285  34.513 23.559 

 
3.2 Failure mode 
  

Two specimens' failure modes occurred in the tension region, as 
illustrated in Figure 8. Cracks were initiated at the bottom of the slab 
and then developed to the upper side when the load increased.    

 

 
Figure 8. Failure mode. 

 
3.3 Longitudinal shear resistance VL, Rd 

 
Table 6 presents the parameters of the specimens and the value 

Vt getting from test results. These values are used for the formula (1). 
The relation between y = Vt/bdp and x = Ap/bLs is plotted in Figure 9. 
The equation has the form:  

 
y = 0.19x + 0.9          (2) 

 
Table 6. 

Specimen Vt b dp Ap Ls 𝑦𝑦 = 𝑉𝑉𝑡𝑡
𝑏𝑏𝑑𝑑𝑝𝑝

 𝑥𝑥 = 𝐴𝐴𝑝𝑝
𝑏𝑏𝐿𝐿𝑠𝑠

 
kN mm mm mm2 mm N/mm2  

S1 196.33 1000 155 6900 833 1.267 0.008 
S2 310.92 1000 155 6900 625 2.006 0.011 

 

 
Figure 9. Derivation of m and k from test data. 

 
Since the value of k is 0.9 N/mm2 and m is 70.37 N/mm2. 
Substitute all values above into equation (1), the longitudinal 

shear resistance of the slab is:    

𝑉𝑉𝐿𝐿,𝑅𝑅𝑅𝑅 = 𝑏𝑏𝑑𝑑𝑝𝑝 (𝑚𝑚
𝐴𝐴𝑝𝑝
𝑏𝑏𝐿𝐿𝑠𝑠

+ 𝑘𝑘) 1
𝛾𝛾𝑉𝑉𝑉𝑉

 

𝑉𝑉𝐿𝐿,𝑅𝑅𝑅𝑅 = 1000 × 155(70.37 6900
1000 2500

4

+ 0.9) 1
1.0 = 259917 𝑁𝑁 ≈ 259.92 𝑘𝑘𝑘𝑘 

 
3.4 The plastic moment resistance of the composite slab 
 

Determine the bending capacity of the steel-concrete composite slab: 
Because Ncf = 3922.75 kN > Npla = 1725 kN, the neutral plastic 

axis passes through the concrete slab, as shown in Figure 10. 
Let xpl be the distance from the top surface of the concrete slab to 

the neutral plastic axis:    
𝑥𝑥𝑝𝑝𝑝𝑝 =

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝
0.85𝑓𝑓𝑐𝑐𝑐𝑐𝑏𝑏

= 1725
0.85 × 35.5 × 1000 = 57 𝑚𝑚𝑚𝑚 < ℎ𝑐𝑐 = 130 𝑚𝑚𝑚𝑚  
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Therefore z = dp – xpl/2 = (180 – 25) – 57/2 = 126.5 mm 
 

 
Figure 10. Stress distribution in the composite slab. 

 
The the predicted plastic moment resistance of the composite slab is: 
      𝑀𝑀𝑝𝑝𝑝𝑝.𝑅𝑅𝑅𝑅

+ = 𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑧𝑧 = 1725 × 126.5 = 218212.5 𝑁𝑁𝑁𝑁𝑁𝑁 ≈
218.21 𝑘𝑘𝑘𝑘𝑘𝑘 

 
Table 7. Comparison of the test results with the predicted results. 

Specimen Pmax Vt Ls MRd, test MRd, predict 
𝑀𝑀𝑅𝑅𝑅𝑅,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑀𝑀𝑅𝑅𝑅𝑅,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
 

kN kN mm kNm kNm % 
S1 392.65 196.33 833 163.54 218.21 74.94 
S2 621.84 310.92 625 194.33 218.21 89.06 

 
4. Conclusions 
  

The experimental study of bending steel-concrete composite slabs 
was conducted to determine the longitudinal shear resistance of the 
perfobond shear connectors and the bending moment capacity of the 
steel-concrete composite slabs. The test results show that: 

The location of the applied load affects the failure load of the 
steel-concrete composite slabs. The failure moment of specimen S1 is 
163.54 kNm (about 74.94% of the predicted plastic moment resistance), 
and that of specimen S2 is 194.33 kNm (about 89.06% of the predicted 
plastic moment resistance). 

The longitudinal shear resistance of the perfobond shear 
connectors determined by the semi-empirical m-k method equals 
259.92 kN. This value is not great enough for the perfobond shear 
connectors to achieve the full shear connection degree, so the failure 
moment resistances are smaller than the predicted plastic moment 
resistance.  
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