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20kg, 25kg and 30kg. The radius of the bending die was 
120mm and the loads were applied at room temperature. The 
final geometry of the bent sheet was not similar to the 
geometry of the plate during the forming process. Thus, the 
sheet material elastically recovered after the removal of the 
load. The final radius of the deformed plate was compared to 
the radius of curvature of the punch to determine the amount 
of spring back that took place. Each sample was applied with 
the specific loads and after unloading the springback 
percentage was measured.The tensile samples were produced 
from the parent materials and tested in accordance with ASTM 
E-8 standard. A servo-hydraulic Instron 8801 tensile testing 
machine was used to conduct the tests. An extension rate of 5 
mm/min and a gauge length of 50 mm were used. The Vickers 
micro hardness of the cross sections of the samples were taken 
using model MH-3 microhardness indenter with a load of 
300g and a dwell time of 15 seconds. The indentations were 
taken at an interval of 2 mm, with all the indentations 
manually focused and read to ensure that all measurements 
were made on the specimen and not on the polyfast [material 
used to mount the specimen]. All the measurements were 
taken in the as polished condition. 

III. RESULT AND DISCUSSION 

A. Percentage Change in Radius Due to Applied Load 
The radius of curvature of the punch was 120mm but each 

formed mild steel plate attained a specific radius of curvature 
after the removal of the forming load. This attained curvatures 
were calculated using Equation (1), this is based on simple 
mathematical geometry. The springback percentage was 
calculated using the radius of curvature of the bending die.  
 

 2
 
8

                                         1  
 
where;  
R is the radius of curvature. 
h is the perpendicular height from the midpoint of the 
curvature to the midpoint of measured length s.  
S is the measured length between the two ends of the formed 
sheet.  
 
The formed steel sheet is schematically illustrated in Fig. 3. 
 
 

 
Fig. 3 Schematic showing the parameters for calculating the radius of 

curvature 
 

The measured radius of curvature after unloading and the 
calculated percentage change in the radii is presented Table I. 
 

 
 

TABLE I 
RESULTS OF MEASURED CURVATURES 

Applied Loads (L) 
kgf 

Curvature 
R (mm) 

Percentage changein 
radii (%) 

5 186.5 55.4 
10 182 51.7 
15 177 47.5 
20 175 45.8 
25 165 37.5 
30 160.2 33.5 

 
The results of the investigation showed that the radius of 

curvature of the mild steel sheets after unloading decreases 
with an increasing applied loads. Thus, the results indicated 
that the springback percentage of the plate decreases when the 
applied load is increased. The relationship between the 
springback percentage and the applied load is inversely 
proportional. The work reported by Panthi et al., [12] was in 
agreement with the result of the research investigation. They 
found that there exists an inverse relationship between applied 
load and the springback. The springback percentage decrease 
as the applied load increases thus, the linear influence of loads 
on the springback percentage increases until a saturation point. 
From the experimental result presented in Table I, the effect of 
load on the radius of curvature showed that as the load 
increases, the radius of curvature increases, this implies that 
more force is required to deform the plate to have smaller 
radius of curvature and similarly, the percentage change also 
follows the same pattern. This is further illustrated with the 
graph of the applied load against both the springback and the 
radius of curvature shown in Fig. 4. 
 

 
Fig. 4 Plot of applied load against springback and curvature 

B. Vickers Microhardness 
Seven indentations were taken for each of the formed 

sample being investigated. The results of the average Vickers 
microhardness for each sample with the percentage increase in 
the hardness value compared to the parent material is 
presented in Table II and the graphical representation is shown 
in Fig. 5.  
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TABLE II 

VICKERS MICROHARDNESS MEASUREMENT 
Depth 
(mm) 

Parent 
Material 

Applied Load (Kgf) 

    5  10  15  20  25 30
2  33  33  34  35  36  37  39 
4  33  33  34  35  37  38  39 
6  32  33  35  36  37  38 40
8  32  34  35  36  37  38  40 
10  32  34  35  36  37  38  40 
12  33  34  34  36  37  38 40
14  33  34  34  37  38  38 42

Ave HV  32.6  33.6  34.4  35.9  37  37.9  40 
% 

Increase 
‐  3.1  5.7  10.1  13.6  16.2  22.8 

 

 
Fig. 5 Plots of Vickers microhardness against depth 

 
It was observed from the investigations that the applied load 

causes the hardness across the sectional area of the plate to 
increase and as such the percentage increase in the 
microhardness values due to the applied load is directly 
proportional to the increased load, this is shown in Fig. 6. 

 
Fig. 6 Graph of applied load against hardness 

 

C. Tensile Testing of the Parent Material  
The tensile test was conducted for three samples and the 

summary of the tensile test results for the parent material is 
presented in Table III and the stress – strain graph is also 
shown in Fig. 7. 
 

TABLE III 
SUMMARY OF TENSILE TEST RESULT FOR PARENT MATERIAL 

Test 
Samples 

Y S  (MPa) UTS 
(MPa) 

% 
Elongation 

1 230 308 35.55 
2 220 307 42 
3 230 308 38 
Mean 226.7 307.7 38.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Stress – Strain Curve 
 

The tensile test results showed that the average Ultimate 
Tensile Strength (UTS) for the three samples was 308 MPa 
while the average Yield Strength and Percentage Elongation 
were 227 MPa and 38 % respectively. 

D. Ultimate Tensile Strength for Formed Sample   
The Ultimate Tensile Strength (UTS) for each of the formed 

plates were calculated based on the measured Vickers 
microhardness of the six set of formed samples.The 
relationship between the UTS and Vickers microhardness is 
expressed by Equation 2, as reported by Akinlabi et al., [13]. 

The average UTS was therefore used to determine the 
change in the UTS of the formed samples.  
 

 9.81 2.9 0.217                             2  

where, 
H= Vickers microhardness 
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N =Strain hardening index, (n=0.21 for low carbon steel – 
annealed). 
The calculated UTS for the formed samples and the 
percentage change in the UTS are presented in Table IV. 
 

TABLE IV 
 UTS VALUES FOR FORMED SAMPLES 

Load 
(Kg) 

Average 
HV 

UTS 
(MPa) 

% change in 
UTS 

PM 32.6 109.4 - 
5 33.6 112.8 3.1 
10 34.4 115.7 5.7 
15 35.9 120.5 10.1 
20 37.0 124.3 13.6 
25 37.9 127.2 16.2 
30 40.0 134.4 22.8 

 

 
Fig. 8 Graph of percentage change in UTS 

 
The plot of applied loads against the percentage change in 

the UTS showed a progressive direct relationship. This implies 
that the UTS of the material increases after the deformation of 
the sheets, as such it can be concluded that the forming loads 
are able to alter the mechanical properties of the materials by 
improving and strengthening the material properties. 

IV. CONCLUSION 
The effects of varying loads on the mechanical properties of 

mild steel sheets have been presented and discussed. The 
linear and inversely proportional relationship between the 
springback and the load makes it possible to predict the 
springback percentage of the mild steel sheets for the load 
range used in this investigation. Furthermore, the springback 
percentage may be significantly reduced when loads of larger 
magnitudes are applied. However, the investigation was only 
limited to a maximum forming load of 30 kg. The hardness of 
the material improved after the loading the process. The 
change in the hardness of the material and forming load 
showed a linear relationship, this implies that the forming 
loads are able to alter the mechanical properties of the 
material. Also, the increase in the hardness of the material due 
to the load showed that forming loads improve the mechanical 
properties of the material. Furthermore, the Ultimate Tensile 
Strength (UTS) of the material calculated from the Vickers 

hardness value increased with an increase in the forming load. 
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