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Abstract 

In recent days, due to the reduction in the labor force, investment in construction equipment has become increasingly 

common to compensate for the shortage of workers. Among other equipment, scaffolding—both external and internal—

plays a crucial role during the construction phase of buildings. Scaffolds are among the components that require special 

attention, as they are directly linked to the health and safety of workers. For this reason, they have received significant 

attention in recent years following frequent collapse incidents. Any defect in the construction or use of scaffolding can 

pose serious, even fatal, risks to workers. Therefore, the safety and stability of scaffolds are essential for preventing 

accidents and protecting the lives of those working on construction sites, especially those working at great heights. This 

study analyzes scaffolding with a height of 200 cm, treating it in a spatial manner to calculate the maximum load-bearing 

capacity, lateral and vertical displacements, as well as to assess the stress and deformation states in the vertical elements 

(columns). This process was carried out by applying the rules of Eurocode EN 1993-1-1, along with experimental analysis 

and calculations using the SEIMOSOFT application software. 
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1. Introduction 

Scaffolding is classified as a temporary structure, primarily used in construction to support various types of loads, 

including the workforce, work equipment, and construction materials. Based on their use, scaffolds can be external, 

mainly used to support the façade during the construction phase or for the rehabilitation of various elements, and internal 

scaffolds, which are used to support the mass of fresh concrete during the casting of horizontal, inclined, or vertical 

structural elements, where they may also function as formwork. The static analysis of scaffolds is usually performed in 

the elastic stage, where a linear relationship between stress and strain is assumed. The calculation process is similar to 

that of load-bearing structural elements: first, the load analysis is performed, followed by the determination of static 

effects. Then, the stability of the structure is checked based on the rules of design codes [1-4]. In recent years, with the 

increase in economic development, the construction of buildings with complex architectural forms has also increased, 

which has brought about a continuous need for technological advancement and improvement of formwork types, as they 

play a key role in the construction process. Formwork directly affects the time, quality, and cost of construction [5, 6]. 

The positioning of scaffolds typically consists of elements with hollow circular cross-sections, as these are easier 

to handle. Scaffolds can be made from various materials, such as steel, certain alloys like aluminum, but also from 

wood in special cases. From a configuration standpoint, scaffolds can be interconnected systems, such as pairs, or 
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standalone elements, depending on the manufacturer and the specific requirements related to their load-bearing 

capacity [7-9]. To ensure the proper stability of scaffolds and to withstand the anticipated loads, it is essential that 

the connections between elements are effective. For this reason, a study on this phenomenon has been conducted as 

part of this research [10-12]. 

In the case of connected or paired scaffolds, the position of bracing plays a significant role in their load-bearing 

capacity. A study on the effect of bracing in relation to load-bearing capacity was conducted in Do Lee et al. [13], where 

the influence of bracing position on the stability and performance of scaffolds was analyzed. Based on the method of 

ground support and the placement of bracing, the selection of the static scheme and the buckling length play an important 

role in scaffold calculations. This phenomenon, which examines the effect of buckling length and compares load-bearing 

capacity in relation to static schemes, is addressed in Takahashi et al. [14]. The positioning of scaffolds can be either 

static or mobile, depending on usage requirements. A study on the stability of mobile scaffolds was conducted by the 

authors in Kim et al. [15]. 

In cases where scaffolds are connected vertically (multi-level scaffolding), the stiffness of the joint connections has 

a direct impact on their load-bearing capacity. A study in this area was carried out by the authors in their work, examining 

how the stiffness of these connections affects the performance and stability of the scaffolding [16, 17]. When calculating 

steel elements such as scaffold columns, in addition to the many factors that influence load-bearing capacity, 

imperfections also play an important role. This phenomenon has been analyzed within the referenced studies [18, 19]. 

1.1. Research Significance 

The aim of this study was to present the behavior of scaffolds with a height of H = 200 cm, made of steel with hollow 

circular cross-sections, under the influence of axial compressive force. These scaffolds were tested as spatial systems, 

analyzing and comparing the experimentally obtained values with theoretical ones according to EN 1993-1-1 and using 

the SEISMOSOFT application software. Furthermore, the output results were interpreted, including maximum force, 

lateral displacement at the midpoint of the column span, axial displacement, as well as the values of deformations and 

stresses in the steel material. 

2. Experimental Program 

As part of this study, testing was conducted on scaffolds designed to support fresh concrete during the casting phase 

of horizontal elements, classifying them as internal scaffolds. The scaffold structure consists of two frames connected 

at three points with horizontal elements. To ensure spatial stability, the frames are linked with bracing elements forming 

an 'X' shape, as illustrated in Figure 1. All scaffold components are made of metal profiles with hollow circular cross-

sections. The vertical elements (columns) have dimensions of D/t = 48.3 / 3.2 mm along their entire length. To enable 

element continuity, the profile expands at the connection points, reaching dimensions of D/t = 57.2 / 2.9 mm. The 

horizontal elements, welded at three levels to the columns, have dimensions of D/t = 48.3 / 2.7 mm. Meanwhile, the 

bracing elements, forming an 'X'-shaped structure, have a diameter of Ф18 mm. 

 

Figure 1. Representation of the scaffold dimensions and shape 

In the block diagram presented in Figure 2, the calculation steps for steel elements subjected to axial compressive 

forces are illustrated. This process includes load calculation, cross-section classification, and verification of the stability 

condition, taking into account whether or not the phenomenon of buckling occurs [20]. 



Civil Engineering Journal         Vol. 11, No. 05, May, 2025 

1971 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flow chart for column design 

The testing of the mechanical properties of the materials was carried out in accordance with ISO 6892-1:2019 [21] 

and EN 10002-1:2001 [22] standards. The specimens were prepared using CNC (Computer Numerical Control) 

equipment to ensure precise dimensions and geometry. As illustrated in Figures 3 and 4, three specimens were taken 

from a scaffold column, including one from the welded area, to assess the impact of the welding process on the 

mechanical properties of the material. 
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Figure 3. Test units taken from the sample columns (unit: mm) 

   

Figure 4. Cutting and preparation of the tests’ samples 
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In Figure 4, the process of preparing and cutting the test tube for mechanical examination is illustrated. The first 

image shows the initial steel tube before cutting, while the second image captures the cutting process using a specialized 

machine. The final image presents the tube after being cut into a specific shape, ready for further processing and testing. 

In Figure 5, the examination of the mechanical properties of the material is demonstrated through three stages. Image 

(a) shows the extracted test specimens before undergoing any testing. Image (b) depicts one of the specimens during the 

mechanical testing process, where it is subjected to tensile force. Finally, image (c) presents the specimens after the final 

cutting, showing their shape post-testing. These steps ensure accurate evaluation of the material's mechanical behavior 

under different conditions. 

   

Figure 5. Examination of the mechanical material properties 

The testing of material properties was conducted at the accredited laboratory 'Proing' in Prishtina, which provides 

testing services in accordance with international standards. The obtained results are presented in Table 1 and include 

information on the mechanical properties of the tested materials. Table 1 presents the mechanical properties of the 

examined materials based on tensile testing of three test specimens. The table includes key parameters such as the yield 

force (Fm), cross-sectional area (A), yield strength (Rp) and ultimate tensile force (Rm).The results indicate slight 

variations in the mechanical properties among the tested specimens. 

Table 1. Examination results of materials properties 

Test tube Fm(kN) A(mm2) Rp(N/mm2) Rm(N/mm2) 

E_1* 34.89 72.1 448.5 484.1 

E_2 29.62 64.0 417.9 462.7 

E_3 24.76 55.0 405.4 450.2 

The young modulus value is used based on the literature of Es=200,000N/mm2 

Notice *- unit taken in area of the welded unit 

The testing was conducted by placing an IPE 220 metal profile in the shape of an 'H' at the top of the scaffolds. At 

the upper ends of the columns, supporting elements were installed to hold the 'H' metal profile, while at the lower ends, 

metal plate supports were placed to ensure the stability of the scaffold. This profile was used to distribute the load from 

the piston, transmitting it evenly to the heads of the vertical elements—the columns. Proper load distribution is essential 

for simulating real working conditions during the concreting process and accurately evaluating the behavior of the 

scaffolds under different loads, thereby contributing to increased safety and stability during construction phases. To 

measure scaffold displacements during testing, electronic devices called displacement sensors (LVDTs – Linear 

Variable Differential Transformers) were used: 

• LVDT1 and LVDT3, measuring the lateral displacement in the X-X direction; 

• LVDT2, measuring the displacement in the Y-Y direction; 

• LVDT4, measuring the axial displacement of the scaffold members (columns). 
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Figure 6. Experimental Setup for Scaffold Load Testing 

These measurements are crucial to obtaining accurate and reliable data on the behavior of the scaffold under loading, 

enabling a comparison between experimental and theoretical results while assessing the safety and stability of the 

structure during construction. To monitor strain and stresses in the columns, strain gauges were installed along its 

perimeter at a 120° angle relative to the applied force, as can be seen in Figure 7. These devices record strain at these 

points, providing critical data for analyzing the structural response of the column under loading. 

 

Figure 7. Placement of Displacement Sensors and Strain Gauges during Scaffold Testing 

During the testing of the scaffolds, the load was applied following the quasi-static loading protocol, aiming to 

replicate real-world loading conditions encountered in scaffolds during the concreting phases. This method ensures that 

the load is applied in a controlled manner, closely resembling the actual conditions experienced during the construction 

process [23]. Additionally, the reliability of the results is highly influenced by the method of load application. Therefore, 

it is essential to adhere to the established protocols outlined in structural testing standards to ensure that the load is 

applied accurately and in a controlled manner. This strict adherence enhances the precision and reliability of the test 

results, ultimately improving the quality and validity of the study. To ensure that the obtained results are acceptable, a 

calibration of the hydraulic piston was performed before starting the scaffold tests.  

This calibration is a crucial step to guarantee that force measurements during testing are accurate and reliable. 

To further enhance the reliability of the results, the equipment used for measuring deformations, displacements, and 
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forces is manufactured by the German company "HBK". The data collected during the tests were transformed into 

electronic form using the HBM Quantum X data logger and then transferred to a computer for further analysis. 

These devices are renowned for their accuracy and reliability, ensuring that the test data is precise and acceptable. 

In Figure 8, the deformation pattern of the scaffold is presented as a result of the vertical load application. This 

illustration demonstrates how the scaffold structure changes shape under vertical loading, including possible 

deformations and displacements in different sections. Analyzing these deformations is essential for understanding 

how the scaffold reacts to applied loads and for assessing its stability during the concreting phase or other 

construction loads that may be applied. 

   

Figure 8. Scaffold deformation pre- and post-load application 

The following section presents diagrams illustrating the test results, including the relationship between force and the 

measured displacements and deformations. These diagrams provide a detailed overview of the correlation between the 

applied load and scaffold behavior, showing how displacements and deformations vary depending on the applied force 

(Figures 9 to 13) [24-26]. 

  

Figure 9. Force-Displacement Diagram_LVDT 1 
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Figure 10. Force-Displacement Diagram_LVDT 2 

  

Figure 11. Force-Displacement Diagram_LVDT 3 

  

Figure 12. Force-Displacement Diagram_LVDT 4 
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Figure 13. Force-Deformation Diagram_SG1, SG2, SG3 

Based on Hooke's Law, which describes the relationship between stress and strain, the Table 2 presents the values 

of strain and stress at the measured positions using Strain Gauges (SG). The calculation of stresses and strains was 

performed using two force values, P = 200 kN and P = 292.40 kN. The results obtained from SG measurements show 

that under the first applied load, the entire cross-section of the scaffold column is under compression, whereas under the 

second load, part of the cross-section exhibits tensile stresses. This is also reflected in the deformation pattern of the 

scaffold, as shown in the upper sections of the study. To obtain more accurate results regarding the column's performance 

under load, the SGs were placed at different positions, forming an angle of 120° between them. 

Table 2. Deformations and Stresses at the Measured Points 

Force N (kN) ε1 (μm/mm) ε2 (μm/mm) ε3 (μm/mm) σ1 (N/mm2) σ2 (N/mm2) σ3 (N/mm2) z

y

48.3x3.2mm

SG3

SG1

SG2

 

200.00 -115.66 -452.45 -701.39 -24.15 -95.01 -147.30 

292.40 647.65 -1054.50 -1467.20 129.51 -221.34 -308.11 

σ = ε·Es; Es=200000 N/mm2 

3. Theoretical Approach 

For a steel element subjected to axial compressive force, where the phenomenon of buckling occurs as a result of 

this force, the stability condition that must be satisfied is given in the Equation 1 [3, 27]. 

𝑁𝐸𝑑

𝑁𝑏,𝑅𝑑
≤ 1.0  (1) 

where NEd is the design value of the compressive axial force, and Nb,Rd is the design buckling resistance in compression. 

The design buckling resistance in compression Nb,Rd should be taken as: 

𝑁𝑏,𝑅𝑑 =  𝜒 ⋅
𝑁𝑅,𝑘

𝛾𝑀1
  (2) 

where 𝜒 is the buckling reduction factor which should be determined as a function of the relative slenderness 𝜆
__

 of the 

compression member, for the relevant buckling mode. 

𝜒 =
𝑁𝑏,𝑅𝑑

𝑁𝑝𝑙,𝑅𝑑
  (3) 

The relative slenderness 𝜆
__

 should be taken from Formula: 

𝜆
__

= √
𝑁𝑅𝑘

𝑁𝑐𝑟
  (4) 

where NRk is the characteristic value of the resistance to compression, and Ncr is the elastic critical force for the relevant 

buckling mode based on the gross cross-sectional properties. The reduction factor of the non-dimensional slenderness 

analytically is as follows: 

𝜒 =
1+𝛼(𝜆

__
−0.2)+𝜆2

__

2𝜆2
__ −

1

2𝜆2
__ √[1 + 𝛼(𝜆

__

− 0.2) + 𝜆2
__

]
2

− 4𝜆2
__

  (5) 
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The imperfection factor  corresponding to the appropriate buckling curve should obtained from Table 3. 

Table 3. Imperfection factor for buckling curves 

Buckling Curve ao a b c d 

Imperfection factor (α) 0.13 0.21 0.34 0.49 0.76 

The Equation 5 may reduce also in the straightforward way as follows: 

𝜒 =
1

𝛷+√𝛷2−𝜆2
__  ,   where: 𝛷 = 0.5 [1 + 𝛼(𝜆

__

− 0.2) + 𝜆2
__

] (6) 

where the member which are subjected to combined bending and axial compression should satisfy: 

𝑁𝐸𝑑
𝜒⋅𝑁𝑅𝑘

𝛾𝑀1

≤ 1  (7) 

For one of the scaffold columns, Table 4 presents the relationship between the load-bearing capacity obtained from 

experimental measurements, Eurocode regulations, and calculations performed using the SEISMOSOFT software. 

Table 4. Examinations result of bearing capacity of the units – columns 

ID D(mm) t(mm) L(mm) fy(N/mm2) NExp.(kN) NEC3(kN) NSS(kN) NExp./ NEC3 NExp./ NSS 

MFRCH_2 48.30 3.20 1900 275 73.10 53.61 73.26 1.36 0.99 

Additionally, Table 5 shows the ratio between the cross-sectional load-bearing capacity and the overall load-bearing 

capacity of the column. 

Table 5. Value and ratio of the axial forces experimental force and the theoretical values of the force given by 

different computation methods 

Method N(kN) NRd,sec.(kN) N/NRd,sec. 

MFRCH_2 

Experimental 73.10 

124.28 

0.59 

SEISMOSOFT 73.26 0.79 

Eurocode 53.26 0.43 

4. Conclusions 

Based on the Analysis of results obtained from experimental comparing to the theoretical gated from the 

SEISMOSOFT software and the Eurocode it may conclude. 

• A significant difference is observed between the load-bearing capacity calculated according to Eurocode standards 

and the values obtained from SEISMOSOFT software simulations and experimental methods. 

• The numerical calculation was performed by considering only a single column, without accounting for the full 

scaffold system, which may have led to discrepancies. 

• The static scheme of the column, particularly its effective length, plays a crucial role in buckling and stability 

analysis. 

• The numerical model may not fully capture the real boundary conditions and restraints present in the experimental 

setup, leading to variations in predicted structural behavior. 

• A key factor contributing to this difference is the adopted buckling coefficient (effective length factor), which 

directly impacts the load-bearing capacity of the scaffold system. 

• The Design Code, EN 1991-1-1 defines partial safety factors for materials. However, considering the multiple 

reuses of scaffolding in construction, it is difficult to accurately determine their load-bearing capacity based solely 

on these parameters. This is because, during transportation, erection, or dismounting, scaffolding elements may 

undergo deformations that affect their structural performance. For this reason, it is recommended to conduct tests 

on various types of scaffolds currently in use and compare the obtained results with those of new, unused scaffolds. 

This approach will help establish a more reliable parameter for the overall safety of scaffold structures. 

• Experimental validation is crucial to ensuring accurate safety assessments, particularly for frequently reused 

scaffolding systems. 

• Establishing a revised safety factor based on experimental data will improve reliability and reduce risks in scaffold-

supported construction. 
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