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ABSTRACT: ASTM A131 EH36 shipbuilding steel is a high tensile strength steel used in various 
shipbuilding applications. Specific low volume high mix applications of EH36 components are 
commonly required for new-builds and repair vessels. Manufacturing technologies suitable for high 
mix low volume applications, such as 3D printing, can help solve many production related woes. 
This study reports on the tensile properties of ASTM A131 EH36 shipbuilding steel processed by 
selective laser melting. Tensile test coupons were fabricated and tested to ASTM standards. 
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INTRODUCTION 
Background  
Additive manufacturing (AM, or 3D Printing) is an emerging technology that can potentially disrupt 
many industries. In (Campbell, Williams et al. 2011), AM is discussed as a technology that offers a 
new paradigm for engineering design and manufacturing. Originally termed as rapid prototyping, 
AM has evolved to a technology that can manufacture direct end use parts across a wide spectrum 
of materials ranging from polymers to exotic metals. Its benefits include (but not limited to) 
increased part complexity, digital design and manufacturing, free complexity, print on demand and 
waste reduction. These form the basis for the adoption of this technology within many industries, 
such as medical, aerospace, automotive etc. However, in the marine space, AM is considered an 
unfamiliar technology. This prompted the AM work in the marine industry.  
 
Preliminary Investigation 
The available literature in AM in marine industry is very limited. While there are interest amongst 
several maritime players, both commercial and defence , not a lot of work has been 
performed to implement the technology. One of the few groups to work on AM in the marine 
industry is (Wu, Tor et al. 2015), where the group performed a preliminary investigation on ASTM 
A131 EH36 to ascertain the feasibility of producing shipbuilding steel using AM technology. The 
results from the preliminary investigation will be used as basis to investigate the tensile properties 
of EH36 steel. 
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EXPERIMENTAL 
Material 
The ASTM A131 EH36 high tensile strength steel powder used in this investigation was supplied 
by Sandvik Osprey Limited (UK) produced by gas atomisation process using Nitrogen as the 
atomisation gas. According to the data sheet provided by Sandvik Osprey, 95.8% of the particle 

carried out and the results are shown in Table 1. It was observed that the particles are mostly 
spherical in shape, except for a small percentage of irregularities which did not cause any deposition 
issues in this study. 
 
SLM Machine and Process Parameters 
The machine used The Yb:YAG laser 
will be operating at 175W in continuous wave mode to produce the test specimens. The laser beam 
profile follows the Gaussian distribution and has a wavelength of 1.064 nm, with a focal diameter 

preheated to 100 °C to reduce the thermal gradients and thermal stresses experienced by the 
specimens during the SLM process. The scanning speed will be set to 320 mm/s and the hatch 
spacing will be set at 0.12 mm. 
 
Table 1 - Elemental composition of powder 

Element Osprey 
% 

ASTM A131 
% 

Manganese, Mn 1.14 0.9-1.6 
Chromium, Cr 0.36 0.2 (max) 
Silicon, Si 0.24 0.1-0.5 
Nickel, Ni 0.11 0.4 (max) 
Carbon, C 0.15 0.18 (max) 
Vanadium, V 0.11 0.05-0.1 
Niobium, Nb 0.03 0.02-0.05 
Molybdenum, Mo 0.02 0.08 (max) 
Aluminum, Al 0.02 0.015 (min) 
Copper, Cu 0.05 0.35 (max) 
Phosphorous, P 0.06 0.035 (max) 
Titanium, Ti <0.01 0.02 (max) 
Sulphur, S 0.007 0.035 (max) 
Calcium, Ca 0.003 0.005 (max) 
Iron, Fe Balance Balance 

 
Test Coupons 
A total of 42 specimens were fabricated according to the configuration shown in Table 2.  
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Table 2 - Number of specimens for Tensile test 

Test Coupons 
 

Nil 205 315 425 540 650 800 

Tensile Test Coupons (Machined) 3 3 3 3 3 3 3 

Tensile Test Coupons (As-Built) 3 3 3 3 3 3 3 

 
The tensile test coupons were fabricated in the horizontal position, with dimensions and test methods 

Two variations of tensile test coupons will be tested  the as built test coupons and the machined 
test coupons. Three specimens are produced for each configuration and the average values from the 
tests will be taken. 
 
Heat Treatment 
A simple heat treatment process is applied to obtain a preliminary understanding of the behaviour 
of EH36 steel after post process heat treatment. For each of the configuration of the test coupons, 
six temperatures of heat treatment are applied, with the seventh specimen receiving no heat 
treatment, which is it will be tested as-built. The heat treatment process is as follows: 

1. Heat to target temperature at rate o  
2. Hold for 2 hours 
3. Chamber cool to room temperature 

The target temperatures selected for this heat treatment investigation are 205, 315, 425, 540, 650 
 

 
RESULTS 
The SLM fabricated test coupons were observed to have no visible cracks, which is consistent with 
the results from the preliminary investigation conducted in (Wu, Tor et al. 2015). This is expected 
because the process parameters and powder used are exactly the same as in the preliminary 
investigation, where the results showed that SLM is capable of producing EH36 high tensile strength 
steel parts with a relative density of more than 97%, without cracks. Figure 1 shows the SLM built 
test coupons. The parts are built on the build plate, shown in (a), and removed via wire-cut electrical 
discharge machining (EDM) and put through heat treatment. The tensile test coupons in (b) showed 
discolouration after heat treatment. 
 

 
 

(a) (b) 

Figure 1 - SLM built test coupons. (a) As-built on build plate; (b) Tensile test coupons following 
heat treatment 
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Table 3 - Table of tensile test results for SLM built samples 

Test Coupons 
 

Nil 205 315 425 540 650 800 

Yield 
Strength 
(MPa) 

Tensile Test Coupons (Machined) 1030 996 960 980 967 645 382 

Tensile Test Coupons (As-Built) 966 972 901 952 934 670 341 
ASTM A131 Standards 355 

Ultimate 
Tensile 
Strength 
(MPa) 

Tensile Test Coupons (Machined) 1054 1057 1008 988 988 734 522 

Tensile Test Coupons (As-Built) 1045 1026 895 993 977 736 448 

ASTM A131 Standards 490 - 690 
 
Tensile Strength 
The results of the tensile tests are shown in Table 3 and Figure 2. The highest average tensile yield 
strength and ultimate tensile strength are obtained at the machined condition without post-
processing heat treatment, with values of 1030 MPa and 1054 MPa respectively. This far exceeded 
the requirements stipulated in the ASTM A131 standards, where the yield strength required is 355 
MPa and the ultimate tensile strength is 490 MPa. As the temperature for the heat treatment 
increases, it can be observed that both the yield strength and ultimate tensile strength decreases, 

nst the ASTM A131 standards, results from all 

and ultimate tensile strength for the as-built samples do not meet the standards. 
 
 

 
Figure 2 - Graph of tensile test results for SLM built samples 
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Table 4 - Table of elongation results for SLM built samples 

Test Coupons  
Nil 205 315 425 540 650 800 

Elongation 
(%) 

Tensile Test Coupons (Machined) 3 6 4 6 5 12 25 

Tensile Test Coupons (As-Built) 4 3.6 2.2 4 5.8 9.8 29 

ASTM A131 Standards 22 
 
Elongation 
The results of the elongation values are shown in Table 4 and Figure 3. The as-built samples 
without post-process heat treatment have low elongation values of less than 5%. Heat treatment 

-built samples 
improved to 9.8%. A en more significantly to 25% for 
machined samples and 29% for as-built samples. Compared to the ASTM A131 standards of 

 
 

 
Figure 3 - Graph of elongation results for SLM built samples 
 
DISCUSSION 
The SLM built test coupons were fabricated using the process parameters from the previous 
preliminary investigation, hence they were successfully built without cracks. The as-built tensile 
values obtained are relatively higher than the requirements stated in ASTM A131 (based on casting), 
elongation values lower than requirements stated in ASTM A131. This characteristics of SLM built 
steels having high tensile strength and low elongation performance is consistent with the results 
obtained from other studies (Yadroitsev, Pavlov et al. 2009, Kruth, Badrossamay et al. 2010). Based 
on the preliminary investigation, the microstructure of the SLM built specimens exhibit martensitic 
characteristics, which explains the high strength and low elongation performance (Randelius 2008). 
However, Zhao et al. has shown that an optimised heat treatment process may improve impact 
toughness performance by up to 50% (Zhao, Qian et al. 2016). The preliminary heat treatment 
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process developed in this study showed results consistent with that of the study conducted by Zhao 
et al., where the elongation values in this study significantly improved at heat treatment temperatures 
of more than 540 C. In order to further analyse the mechanism leading to such behaviour, more in-
depth microstructure characterisation work is required.  
 
CONCLUSION 

(1) Tensile test coupons were successfully built (in accordance to ASTM E8) with process 
parameters and powder identical to that of the preliminary investigation. Preliminary post 
process heat treatment was conducted. 

(2) Tensile tests were conducted according to ASTM E8 requirements. 
(3) Tensile and Elongation results showed that with heat treatment, the properties meet ASTM 

A131 requirements. Final selection of the test results as shown in Table 5. 
 
Table 5 - Final test results for SLM built EH36 steel specimen 
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