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Abstract 
 
The implementation effective mitigation strategies to improve the seismic 
performance of infrastructure is essential. Among these strategies is the use 
of local materials to reduce production costs while being easily obtained. 
An example of an energy dissipation device is the helical spring, which 
operates based on a yielding plastic deformation or displacement-
controlled mechanism. Therefore, this study aimed to determine the 
strength, stiffness, and damping ratio of a helical spring. The methods used 
included experimental testing in the laboratory as well as analytical 
calculations based on spring mechanics theory, respectively. During this 
analysis, experimental testing was conducted to obtain values for the 
damping ratio, effective stiffness, strength, and displacement when the 
helical spring yielded, and the results were compared with analytical 
calculations. The material used was locally produced steel bars with 
diameters ranging from 6 - 19 mm and numbers of coils from 1 - 4. The 
testing was conducted in a laboratory using a shaking table with a 
frequency of 0.5 Hz. The results showed that the damping values were 
relatively similar for all variations of the helical spring. However, the resulting 
damping values were lower with an increase in the number of coils. As the 
diameter of steel bars in the helical spring increased, the yield strength also 
rose, leading to greater effective stiffness. Significant differences were 
observed in experimental and analytical results for steel bars with larger 
diameters. The results showed that the helical spring could be used as a 
passive energy dissipation device for low-rise lightweight structures. 
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1.0 INTRODUCTION 
 
Seismic activity is posing significant risks as it requires 
building engineers to create effective strategies that 
improve structural resilience. Advances in earthquake 
engineering help reduce the impact of seismic events. 
These advances focus on following code standards to 
lower the risk of failure and loss [1,2,3]. Indonesia 
encounters a high risk of earthquakes because the 
country is situated in the Pacific Ring of Fire. Therefore, 
buildings should meet code standards and include 
energy dissipation devices to minimize risks. Devices 
such as seismic dampers, seismic isolators, and flexible 
connections can lessen the effects of seismic forces 
on structures. However, the development of cost-
effective energy dissipation devices is particularly 
needed for low-rise lightweight structures. The strategy 
includes using local materials to cut production costs 
while ensuring availability. Unfortunately, current 
energy dissipation study targets high-rise buildings. 
Consequently, the devices created are often too 
expensive for low-rise lightweight structure 
applications. There is limited study on affordable 
energy dissipation devices for low-rise lightweight 
structures that use simple manufacturing processes. 
Installing these devices is crucial for building 
earthquake-resistant structures. This method is part of 
earthquake protection systems, as shown in Figure 1. 
 

 
 

Figure 1 Earthquake protective systems [4] 
 
 

Metallic, friction, viscoelastic solid, viscoelastic or 
viscous fluid, tuned mass, and tuned liquid are the 
types of dampers that belong to passive energy 
dissipation. Passive energy dissipators can be simply 
categorized into two types, namely hysteretic and 
viscoelastic. Moreover, hysteretic dissipators include 
metal yielding by flexure, shear, torsion, extrusion 
(metallic dampers), and sliding (frictional dampers) as 
these mechanisms are primarily displacement-
dependent. Viscoelastic systems consist of 
viscoelastic solids, fluid orifices (fluid dampers), and 
viscoelastic fluids [4].  

Study related to energy dissipation devices is 
currently focused on development for high-rise 

buildings, such as tuned mass dampers (TMD). 
Research on the behavior of multidirectional box-
shaped shear dampers (MBSD), which consist of box-
shaped steel plates made from hot-rolled steel coils 
(SPHC), shows that MBSD can achieve sufficient shear 
strength and energy dissipation in various load 
directions [5]. Another study on the types of Slit Steel 
Damper (SSD), Tapered Steel Damper (TSD), and Oval 
Steel Damper (OSD) concerning damping capacity 
and effective stiffness using cyclic loading signified 
that all three types of dampers have relatively similar 
energy damping capacity. There are differences in 
stress and strain distribution, while the SSD damper has 
the highest effective stiffness compared to TSD and 
OSD [6]. This is similar to a study on steel frames 
reinforced with SSD, which showed a 12% increase 
compared to steel frames without SSD dampers [7]. 
Another study on Multiple Tuned Mass Dampers 
(MTMDs) in reducing the dynamic response of multi-
story frame structures equipped with viscous damping 
systems made of Thermoplastic Polyurethane (TPU) 
could effectively reduce the dynamic response of 
multi-story frame structures to dynamic loads [8]. In 
addition, similar results on a type of TMD, the 
pendulum-tuned mass damper, for reducing wind 
turbine vibrations, showed effectiveness in reducing 
vibration response by up to 12% [9]. The use of active 
TMD and Semi-Active Tuned Mass Dampers (SATMD) 
in high-rise buildings has shown effectiveness in 
reducing vibration response [10,11], and even the 
installation of TMD at optimal positions can reduce 
acceleration and displacement by up to 50% [12]. 
Considering the development of these studies, the 
analysis of passive energy dissipation devices for low-
rise lightweight structures using local materials is still 
limited. Meanwhile, a study of factory-produced 
viscous dampers with a strength of 4 kN installed in 
inter-story and cross-story models for low-rise 
lightweight structures showed effective results in 
reducing the drift of two-story timber houses 
compared to houses without dampers [13]. Based on 
these conditions, helical springs are selected as an 
alternative passive energy dissipation device for 
application in low-rise lightweight structures. The 
element, as a dissipation device, works based on a 
yielding mechanism through plastic deformation. 

A helical spring is a mechanical component made 
from coiled wire formed into a spiral shape with a 
constant pitch. The combined component is available 
in two distinct geometric configurations, cylindrical 
and rectangular. It can show open or closed coil 
types, depending on the orientation angle relative to 
the vertical axis. The geometric design of helical 
springs using metaheuristic optimization with 
compression loading signifies effective results in the 
helical spring design process [14]. Additionally, the 
design of the element using programming compared 
to spring mechanics theory, with a diameter of 6 mm, 
finds that this computational system provides 
consistent results [15]. Helical spring with rectangular 
shape, fixed diameter, and specific number of coils 
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has been shown through compression testing to 
withstand greater loads [16]. In addition to testing 
using compression methods, a study on the element 
with tensile testing was conducted through 3D printing 
using one type of diameter and number of coils. This 
study showed the importance of considering the 
nonlinear geometric effects when predicting the 
tensile performance of helical springs [17]. Various 
numerical and experimental methods have been 
used to improve the strength and mechanical 
reliability of the element, particularly through material 
selection. Several studies have shown that using 
different materials, such as carbon steel, alloy steel, 
synthetic resin, and composites, has a significant 
impact on the mechanical performance as well as 
durability of springs. Differences in material properties 
and production conditions across regions have led to 
varied performance outcomes in these results [18,19, 
20,21,22]. Studies have investigated the use of helical 
springs for seismic resistance in buildings concerning 
industrial applications. This innovation includes the 
incorporation of a TMD equipped with a super elastic 
helical spring made of shape memory alloy (SMA). The 
system has been proven to improve passive energy 
dissipation and significantly reduce structural vibration 
responses, indicating the potential of SMA-based 
helical springs in civil engineering and disaster 
mitigation applications [23,24]. 

Previous studies had shown limitations in varying 
the diameter and number of coils of helical spring, 
limiting a comprehensive understanding of spring 
characteristics in various geometries. To overcome 
these limitations, this study used steel bar diameters 
between 6 and 19 mm as well as the number of coils 
between 1 and 4. Different from previous methods 
that used compression and tensile testing methods, 
this study used a shaking table to evaluate the 
performance of helical springs (strength, stiffness, and 
damping ratio) to be compared with analytical 
calculations based on spring mechanics theory. In 
addition to geometric aspects and testing methods, 
this study applied locally sourced steel bars to 
increase practical relevance and support applying 
local material-based technology in construction. Steel 
cylinder guide bars at the helical spring controlled 
lateral movement and minimized rotation or tilting 
during testing. 

This study contributes to current knowledge 
concerning the influence of geometric parameters, 
particularly spring diameter and number of coils, on 
developing passive energy dissipation devices in 
helical spring systems. Moreover, this result provides an 
improved comprehension of spring behaviour in 
different configurations concerning strength, stiffness, 
and damping.  

 
 

2.0 METHODOLOGY 
 
The objective of this study on helical springs was to 
evaluate the characteristics of various steel bar 

diameters through experimental testing and 
analytical results. This study focused on investigating 
stiffness, strength, and energy dissipation capacity. 
The steps used during the analysis were as follows: 
a. Experimental procedure began with tensile testing 

of steel bars to determine the yield and tensile 
strengths. These mechanical properties were then 
used as input parameters for analytical 
calculations based on spring mechanics theory. 

b. Fabrication of helical spring test specimens. The 
helical spring was tested using a shaking table to 
produce hysteresis curves that reflected energy 
dissipation capabilities. 

c. After testing the helical spring, analytical 
calculations based on spring mechanics equations 
were performed to determine the relevant 
mechanical parameters. 

d. Experimental results were then compared with 
analytical outcomes to evaluate both methods. 

 
2.1 Materials and Specimens 

 
Steel bars with diameters of 6 mm, 8 mm, 10 mm, 12 
mm, 16 mm, and 19 mm were used to form the helical 
spring. Steel bars are locally produced in Indonesia 
and formed into helical springs. The helical spring was 
said to be a spiral spring made with different numbers 
of coils. The number of coils used was 1-4 coils, while 
the outer diameter of each helical spring was 2 inches. 
Moreover, several major parameters influenced the 
strength and performance of helical springs, 
particularly geometric configuration as well as 
material properties. The geometric parameters 
included the diameter of the steel bar (d), the 
diameter of the coil (D), the number of coils (n), and 
the yield strength of the steel bar (fy). Figures 2 and 3 
show these parameters as well as the detailed 
configuration of the helical spring. 
                         

                               
                           
 
                                                         n 
 
 
 
                                        D 

Figure 2 Parts of the helical spring 
 

 
2.2 Method 
 
The methods used in this study included analytical 
studies of helical springs and laboratory testing. Tests 
conducted in the laboratory included tensile testing of 
steel bars and testing of helical springs. 

 
 
 
 
 
 

d 
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(a) 

 
 
 
 

(b) 
 

                                                                      
 

                             
 
(c) 

 
Figure 3 Detailed of helical spring (a) Helical Spring part, (b) 
Top view part 2, (c) Top view part 5 

 
 

2.2.1 Analytical Studies of Helical Spring 
 

The equations used in the analysis calculations were 
based on Richard G Budynas and J. Keith Nisbett’s 
“Mechanical Engineering Design” textbook and R. 
Khurmi and J. Gai’s “Machine Design” textbook on 
spring mechanics theory. Spring mechanics theory 
included several aspects, such as spring index, 
deflection behaviour, and the strength of helical 
springs in resisting loads. Furthermore, the 
fundamental equations derived and presented in this 
study provided the theoretical foundation for the 
analytical calculations, particularly in evaluating the 
deformation characteristics and yield strength limits of 
the springs under loading. The steps in analysing the 
strength of helical spring after the parameters d, D, n, 
and fy were determined were as follows [15,25,26]: 

 
a) Calculating Spring Index C. 

This was the proportion of wire diameter to coil 
mean diameter. The spring index was determined 
by dividing the outer diameter D by the diameter 
of the spring steel bar d, as described in Equation 
1. 

                                 𝐶𝐶 =  
𝐷𝐷
𝑑𝑑

                                             (1) 
 

b) Calculating the shear stress correction factor 
value K. 
The correction factor used in calculating the 
maximum shear stress in a helical spring, known as 
the shear stress correction factor or Wahl factor, 
adjusts the theoretical shear stress. This considers 
the effects of spring coil geometry and stress 
concentration that were not considered in the 
basic formula. The correction factor for shear stress 
in spring was calculated using Equation 2.  

                                𝐾𝐾 = 1 +
1

2𝐶𝐶 =
2𝐶𝐶 + 1

2𝐶𝐶                               (2)      
 
c) Calculating the load at the yield point, F 

The yield load of spring was the maximum load that 
it could withstand before the material began to 
experience plastic or permanent deformation. The 
load F that the spring could sustain until it reached 
the yield point was determined using Equation 4. 

                             𝐹𝐹 =
𝜏𝜏 × 𝜋𝜋 × 𝑑𝑑3

8 × 𝐾𝐾 × 𝐷𝐷                                    (3)  
Where:   
𝜏𝜏 = Shear stress 
 

d) The yield deformation of spring was the permanent 
deformation that occurred when the load 
exceeded the yield strength of spring material. 
Calculating the yield deformation y was 
conducted using Equation 5. 

            𝑦𝑦 =
8 × 𝐹𝐹 × 𝑛𝑛 × 𝐷𝐷3

𝑑𝑑4 × 𝐺𝐺                               (4) 
 
e) G was the shear modulus, as the shear modulus 

described the magnitude of the shear stress 
required to produce a given amount of shear 
deformation. This process was calculated by using 
Equation 6 during the analysis. 

                                        𝐺𝐺 =
𝐸𝐸

2 × (1 + 𝜈𝜈)                                   (5) 

 
        Where:  E = Modulus of Elasticity 
         ν = Poisson’s Ratio 
 
 
2.2.2  Tensile Testing 
 
Material testing was used to obtain the yield and 
tensile strength values of reinforcing steel bars with 
diameters of 6, 8, 10, 12, 16, as well as 19 mm, which 
were essential for validating the helical spring data 
analysis. This testing used a Universal Testing Machine 
(UTM) with a capacity of 1000 kN and a loading speed 
of 2 kN/second. From the testing, values for yield point, 
strain, and modulus of elasticity were obtained. The 
stress-strain graph from the tensile test signified the 
yield strength, strain, elongation, and modulus of 
elasticity for the 6 mm diameter steel bars. Table 1 
shows the average yield strength (fy), tensile strength 
(fu), strain, elongation, and modulus of elasticity values 
for each steel bar diameter tested. 
 
2.2.3 Testing of Helical Spring 

 
Helical spring tests were conducted using steel bars of 
various diameters, specifically diameters of 6, 8, 10, 12, 
16, and 19 mm, with coil counts ranging from 1 to 4, as 
well as a constant inner coil diameter of 2 inches. The 
number of test specimens used during the analysis was 
one for each test variation. Table 2 shows the 
variations in specimen configurations during the 
process. 

 

1. Steel pipe with a diameter of 2 inches 

2. Steel pipe side (not welded) 

3. Steel coils with variations 1-4 

Lateral restraints 

4. Lateral restraints with a diameter of 16 mm 

5. Steel pipe side (welded) 

2 mm Distance 

Steel pipe thickness 2 mm 
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Table 1 Yield Strength, Tensile Strength, Strain, Elongation, 
and Modulus of Elasticity Values 
 

Dia. Elongati
on (%) 

Strain 
(ε) 

MOE 
(E, MPa) 

Yield 
Strength  
(fy, MPa) 

Tensile 
Strength  
(fu, MPa) 

6 16%  0.002 214607  510.79 671.01 
8 14%  0.002 211394  496.17 701.17 

10 16%  0.002 193335   448.64  619.12 
12 20%  0.002 221091   410.06  553.54 
16 20%  0.002 193162   429.25 623.37 
19 20%  0.002 232949    442.01 642.68 

 
 

Testing was performed dynamically 1.25 m by 1.25 
m shaking table equipped with a load cell capacity 
of 1000 kN.  An LVDT was positioned on the helical 
spring with a 30 cm length capacity. The load was 
applied using displacement control at a frequency of 
0.5 Hz to determine the achievement of energy 
dissipation. This frequency represented low 
earthquake frequencies based on the ratio of ground 
acceleration to ground velocity (A/V) [27].  Figure 2 
and 4 showed the helical spring details as well as the 
helical spring test setup. Loading was applied using 
displacement control for testing helical spring on the 
shaking table based on the target yield displacement 
of each spring as calculated from theoretical 
Equations 1 to 6. The displacement controls included 
a series of values before yield displacement, up to 
three times yield displacement. This had target 
displacements of 4, 6, 8, 10, 20, 30, 40, 50, and 60 mm, 
as shown in Figure 5.  For lower yield points, 
displacements were applied in single-millimeter 
intervals from 1 to 10 mm. Moreover, displacement-
controlled loading was performed on seven cycles, 
consisting of two preliminary series followed by five 
main sequences, all based on the target 
displacement. The yield point for each steel bar 
helical spring was determined using a method 
proposed by Park [28]. This point was identified from 
the load-displacement curve, based on the first yield 
point where the curve gradient change signified 
inelastic conditions, as shown in Figure 6. 

The energy dissipation value produced was 
represented by the area formed when cyclic loading 
occurred between load and displacement. The 
magnitude of energy dissipation in each cycle 
showed the capacity of the structure' to absorb and 
dampen the external loads. 

The system damping in the i-th cycle was 
expressed as the Equivalent Viscous Damping Ratio 
(EVDR), which was calculated by analyzing the 
hysteretic curve  from dynamic testing results [29]. 
During the analysis, the ratio (ξeq) was determined by 
examining the hysteretic curve from dynamic testing 
results. ξeq was expressed as the magnitude of the 
comparison between the energy lost and stored in a 
cycle. Moreover, the ratio (ξeq) value was calculated 
using Equation 6, where Ei represented the amount of 
energy loss, and Esi was the maximum energy that 
could be stored (Equation 7).  The magnitude of Ei was 

equivalent to the area of the hysteretic loop, while Esi 
represented half the area of the triangle formed by Δi 
and Qi. Where Δi  was the maximum displacement, 
and Qi represented the maximum force. Helical spring 
test results used for further analysis with a linear 
dynamic procedure, required an effective stiffness 
value that was calculated using Equation 9. 

 

                                 𝜉𝜉𝑒𝑒𝑒𝑒 =
𝐸𝐸𝑖𝑖

4 × 𝜋𝜋 × 𝐸𝐸𝑠𝑠𝑠𝑠
                                 (6) 

 

                                      𝐸𝐸𝑠𝑠𝑠𝑠 =
𝑄𝑄𝑖𝑖 × ∆𝑖𝑖

2                                       (7) 
 

                    𝐾𝐾𝑒𝑒𝑒𝑒𝑒𝑒 =  
|𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚|+|𝐹𝐹𝑚𝑚𝑚𝑚𝑚𝑚|
|𝛿𝛿𝑚𝑚𝑚𝑚𝑚𝑚|+|𝛿𝛿𝑚𝑚𝑚𝑚𝑚𝑚|                                     (8) 

 

 

(a) 
 
 

 
 
 
 
 
 

    
 

(b) 
 

Figure 4 The Testing of the helical spring device on the 
shaking table (a) Testing scheme of helical spring, (b) Testing 
photos in the Laboratory 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 5 The displacement control of the test 

 
Figure 6 Yield point determination [28] 
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Figure 7 Hysteretic curve of helical spring d8-3 coils 

 

 
Figure 8 Skeleton curve of helical spring d8-3 coils 

 
 

3.0 RESULTS AND DISCUSSION 
 

3.1 Yield Strength and Yield Displacement of Helical 
Spring 
 
Testing using a shaking table on each helical spring 
was used to obtain stiffness and strength values, 
including yield strength and displacement. These 
values were obtained from the hysteresis curve of the 
test, which was used to obtain the skeleton curve and 
damping value in each test. From the skeleton curves, 
the yield strength and displacement values were 
obtained for each steel-bar diameter and number of 
coils. Figure 7 shows a hysteresis curve for an 8 mm 
diameter steel bar with three coils, while Figure 8 shows 
the corresponding skeleton curve.  

The strength and displacement values at the point 
of yielding for the helical spring with 8 mm diameter 
steel bar with three coils were shown in Figure 8. For 
skeleton curves of other helical spring variations, the 
test results with different steel bar diameters and coil 
counts were shown in Figures 9 to 14. The skeleton 
curves showed differences due to variations in the 
number of coils and coil diameter derived from testing 
each coil spring. The test results showed that the 
number of coils significantly affected the skeleton 
curve combined with different diameters. Based on 
Figures 9 to 14, large-diameter bars had greater 
strength. For instance, the yield strength value was 
0.27 kN with a steel bar diameter of 6 mm and a single 
coil. 

Meanwhile, the outcome led to a 96% increase in yield 
strength, from 0.27 to 7.5 kN with 19 mm diameter and 
the same number of coils. Following this discussion, a 
similar trend was observed for four coils. The strength 
was 0.34 kN for a 6 mm diameter, increasing to 8 kN at 
19 mm, which represented a 96% increase. 

 
Table 2 Variations of helical spring test specimens 

 

No Steel bar 
diameter (mm) Number of coils 

1 

6 

1 

2 2 

3 3 

4 4 

5 

8 

1 

6 2 

7 3 

8 4 

9 

10 

1 

10 2 

11 3 

12 4 

13 

12 

1 

14 2 

15 3 

16 4 

17 

16 

1 

18 2 

19 3 

20 4 

21 

19 

1 

22 2 

23 3 

24 4 

 
 

The displacement test results further showed that 
as the steel bar diameter increased, the yield 
displacement decreased. Comparing the diameters 
of 6 and 19 mm with one coil, there was a 43% 
reduction in yield displacement. Based on the strength 
values obtained from the skeleton curve, this damper 
can be used for low-rise lightweight structures, similar 
to those studied in the previous viscous elastic damper 
study. Dampers with a force of 4 kN are used for low-
rise lightweight structures in two-story timber houses 
[13]. 
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3.2 Effective Stiffness and Damping Ratio of Helical 
Spring 

 
Figures 15 -20 show the effective stiffness of the helical 
spring during the analysis. The effective stiffness value 
increased by 98.1%, from 0.021 to 1.12, for a spring 
count of one between diameters 6 and 19 mm. An 
increase of 98.3% from 0.014 to 0.826 was observed for 
coil count two. Moreover, there was an increase of 
97.9% from 0.011 to 0.529 with three coils. The increase 
was 94.4%, from 0.011 to 0.185 for the four coils. The 
effective stiffness increased with the diameter of the 
steel bars but decreased as the number of coils 
multiplied. This signified that springs with fewer coils 
had higher effective stiffness. 

Figures 21 to 26 show the damping value (EVER) for 
each helical spring based on the hysteresis curve. For 
the same displacement, damping values decreased 
as the number of coils increased. This was because 
additional coils reduced the amount of absorbed 
energy. The number of coils provided a significant role 
in the damping value for each diameter. Furthermore, 
concerning steel bars with diameters from 6-19 mm, 
the damping value ranged from 37 - 29% (one coil), 25 
- 37% (two coils), 20 - 32% (three coils), and 15 - 28% 
(four coils), respectively. Different from previous results 
[14,16,17,18,20] that used experimental testing 
methods with static compression and tensile 
procedures, this study applied a shaking table test. This 
examination simulated dynamic loads more 
representative of actual conditions in the field during 
an earthquake, where the structure was subjected to 
repetitive loads. Consequently, the method offered 
advantages in evaluating the dynamic response of 
helical springs in a more realistic and applicable 
earthquake performance context. The results of this 
study on small test object diameters showed only a 
slight difference in values compared to previous study 
results using similar diameters with different numbers of 
coils [15]. 
 
3.3 Analytical and Experimental Comparison 
 
The strength analysis of the helical spring, based on 
Equations 1 to 5, was shown in Table 3. These values 
were then used to validate the helical spring test 
results obtained from the shaking table experiments. 
Figures 27-30 showed a comparison between 
analytical results and experimental data on the yield 
strength for different numbers of coils as well as steel 
bar diameters. The maximum percentage difference 
between analytical and experimental results at 16 mm 
diameter was 35% for specimens with a single coil, 
while the minimum difference at 8 mm diameter was 
2%. In the specimen with two coils, the largest 
difference occurred at a diameter of 16 mm, with a 
value of 45%. On the other hand, the lowest value of 
0.63% was found at 8 mm. Concerning the specimen 
with three coils, the largest difference at a diameter of 
16 mm was 35%, and the smallest difference of 0.87% 
was observed at 8 mm. The maximum percentage 
difference between experimental and analytical 

results for the specimen with four coils was found at 10 
mm diameter of 107%, and the minimum difference of 
0.58% occurred at 6 mm. 
 

 
 

Figure 9 Skeleton curve d 6 
 
 

 
Figure 10 Skeleton curve d 8 

 
 

 
 

Figure 11 Skeleton curve d 10 
 

 
 

Figure 12 Skeleton curve d 12 
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Figure 13 Skeleton curve d 16 
 
 

 
 

Figure 14 Skeleton curve d 19 
 

 
 

Figure 15 Effective stiffness d 6 
 
 

 
 

Figure 16 Effective stiffness d 8 
 

 
Figure 17 Effective stiffness d 10 

 
 

 
 

Figure 18 Effective stiffness d 12 
 
 

 
Figure 19 Effective stiffness d 16 

 
 

 
 

Figure 20 Effective stiffness d 19 
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Figure 21 Damping Ratio (EVDR) of helical spring - d 6 
 
 

 
Figure 22 Damping Ratio (EVDR) of helical spring - d 8 

 
 

 
 
Figure 23. Damping Ratio (EVDR) of helical spring - d 10 
 
 

 

 
Figure 24 Damping Ratio (EVDR) of helical spring - d 12 

 
 

Figure 25 Damping Ratio (EVDR) of helical spring - d 16 
 

 
 

Figure 26 Damping Ratio (EVDR) of helical spring - d 19 
 
 
Figures 31 to 34 show the differences between the 

analysis and experiment results for yield displacement. 
From these figures for specimens with a single coil, the 
maximum percentage difference between analytical 
and experimental results at 19 mm diameter was 30%, 
while the minimum difference at 10 mm diameter was 
7%. In the specimen with two coils, the largest 
difference occurred at 19 mm, with a value of 30%, 
and the lowest value of 2% was found at 10 mm. In 
addition, the largest difference at a diameter of 6 mm 
was 18% for the specimen with three coils, and the 
smallest difference of 1% was observed 10 mm. The 
maximum percentage difference between 
experimental and analytical results for the specimen 
with four coils was found at 16 mm diameter of 40%, 
while the minimum difference of 2% occurred at 10 
mm. The difference between experimental results and 
analytical calculations improved with increasing steel 
bar diameter. As explained in previous studies [22], this 
could be caused by variations in material 
characteristics, changes in properties due to the 
testing process, and manual production methods 
without adequate supervision. Therefore, mechanical 
production processes and proper quality control 
would be required, particularly in manufacturing 
helical springs with large steel bar diameters. 
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Table 3 Analytical calculation results of helical spring 
 

No 
Steel bars 
diameter,  
d (mm) 

Coil 
diameter, 
D (mm) 

n  fy (MPa) C = D/d K τ F (N) y (mm) 

1 6 85 1 510.79 14.17 1.04 294.91 284.26 13.06 

2 6 81 2 510.79 13.50 1.04 294.91 297.80 23.67 

3 6 76 3 510.79 12.67 1.04 294.91 316.64 31.19 

4 6 71 4 510.79 11.83 1.04 294.91 338.04 36.19 

5 8 78 1 496.17 9.75 1.05 286.46 702.40   8.01 

6 8 80 2 496.17 10.00 1.05 286.46 685.67 16.87 

7 8 79 3 496.17 9.88 1.05 286.46 693.93 24.66 

8 8 75 4 496.17 9.38 1.05 286.46 729.07 29.55 

9 10 85 1 448.64 8.50 1.06 259.02 1130.19    7.47 

10 10 86 2 448.64 8.60 1.06 259.02 1117.77 15.30 

11 10 80 3 448.64 8.00 1.06 259.02 1196.67 19.78 

12 10 77 4 448.64 7.70 1.06 259.02 1240.45 24.37 

13 12 70 1 410.06 5.83 1.09 236.75 2113.85   3.29 

14 12 85 2 410.06 7.08 1.07 236.75 1765.41   9.84 

15 12 79 3 410.06 6.58 1.08 236.75 1890.03 12.68 

16 12 80 4 410.06 6.67 1.08 236.75 1868.05 17.36 

17 16 98 1 429.25 6.13 1.08 247.83 3760.67   5.82 

18 16 95 2 429.25 5.94 1.08 247.83 3870.20 10.90 

19 16 95 3 429.25 5.94 1.08 247.83 3870.20 16.36 

20 16 93 4 429.25 5.81 1.09 247.83 3946.84 20.87 

21 19 105 1 442.01 5.53 1.09 255.20 6003.32   4.76 

22 19 99 2 442.01 5.21 1.10 255.20 6335.30   8.42 

23 19 100 3 442.01 5.26 1.10 255.20 6277.45 12.90 

24 19 98 4 442.01 5.16 1.10 255.20 6394.24 16.49 
 

 
 

Figure 27 Comparison between analytical and experimental 
result for the helical spring strength at yielding -Number of 
coils variations 1 

 
 

Figure 28 Comparison between analytical and experimental 
result for the helical spring strength at yielding -Number of 
coils variations 2 
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Figure 29 Comparison between analytical and experimental 
result for the helical spring strength at yielding -Number of 
coils variations 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 30 Comparison between analytical and experimental 
result for the helical spring strength at yielding -Number of 
coils variations 4 

 

 
Figure 31 Comparison between analytical and experimental 
result for the helical spring displacement at yielding -Number 
of coils variations 1 

 
 

 
Figure 32 Comparison between analytical and experimental 
result for the helical spring displacement at yielding -Number 
of coils variations 2 

 

 
Figure 33 Comparison between analytical and experimental 
result for the helical spring displacement at yielding -Number 
of coils variations 3 

 
Figure 34 Comparison between analytical and experimental 
result for the helical spring displacement at yielding -Number 
of coils variations 4 

 
 

4.0 CONCLUSION 
 
In conclusion, the study on helical springs showed that 
increasing the diameter of the helical spring 
contributed significantly to an increase in the yield 
strength of the material. The highest yield strength was 
recorded for the 19 mm diameter steel bar, showing 
an increase of 96 % compared with the 6 mm 
specimen. Furthermore, increasing steel bar diameter 
led to a corresponding increase in the effective 
stiffness of the helical spring, with the highest stiffness 
observed in the 19 mm diameter configuration, 
consistent with its highest yield strength. The damping 
values for the various helical spring configurations 
were relatively similar. However, a marked decrease 
in the damping values was observed as the coil 
number increased. The highest damping ratios, 
ranging from 37 to 29%, were observed for the single 
coil configuration at all steel bar diameters. The 
differences between experimental results and 
analytical calculations for steel were attributed to 
variations in material properties, changes caused by 
the testing process, as well as manual production 
methods without quality control. Therefore, 
mechanical production processes and appropriate 
quality control were necessary. Future studies should 
apply helical springs in the structural systems of low-rise 
lightweight structures, particularly because of the 
potential for improving energy dissipation, increasing 
structural resilience, and amending building 
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performance as well as safety under dynamic loading 
conditions. 
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