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1 Introduction 

Additive Manufacturing (AM), or 3D printing, is a layer-

by-layer fabrication process based on a computer-aided 

3D model, as defined by ASTM [1]. With growing indus-

trial interest, AM has expanded to materials like concrete 

and metals and is applied in many disciplines, including 

civil, mechanical, automotive, medical, and aerospace 

fields [2]. 

The advantages of using AM are numerous, such as 

greater freedom in design, with the potential to create 

more complex and larger geometries based on com-

puter-aided design [3], reaching greater material utiliza-

tion ratio, including the possibility to reduce energy con-

sumed and waste during production [4]. There are 

currently four main AM technologies for metals utilising 

different feedstocks: direct energy deposition (DED), 

powder bed fusion (PBF), binder jetting (BJT) and sheet 

lamination (SHL).   

Laser Powder Bed Fusion (L-PBF) is the most mature and 

advanced metal Additive Manufacturing (AM) technology 

and is now commonly utilised in the medical and aero-
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space industries [5]. With AM nowadays gaining popu-

larity in construction, it is important to understand if this 

technology is suitable for construction applications where 

load bearing demands are needed. 

One of the limitations of L-PBF are the powders currently 

available as they have been mostly developed for bio-

medical, automotive and aerospace applications. Current 

metals that can be AM using L-PBF are aluminium, stain-

less steel, titanium and maraging (tooling) steels. 

Among these available metal powders, aluminium is of 

interest for construction applications due it is high 

strength-to-weight ratio and corrosion resistant proper-

ties. The most widely used aluminium alloy that can be 

reliably additively manufactured using L-PBF is the 

AlSixMg family [6]. Recent research on the structural 

performance of AlSi10Mg in circular hollow sections [7] 

and angles [8] manufactured using Direct Metal Laser 

Sintering (DMLS), a L-PBG sub-technology, has shown 

that the AlSi10Mg alloy has excellent material properties 

and compression behaviour, and proved that the design 

code for structural aluminium, the EN 1999-1-1 [9] ap-

pears to be safe for application to AlSi10Mg. 

High-strength aluminium has remained unexplored for 

construction applications. Scalmalloy® and the 7000 al-

uminium series such as the Al7075 are two high strength 

aluminium powders available in the market with several 

more underway [10]. A major challenge in the additive 

manufacturing of high-strength aluminum alloys is their 

tendency to develop porosity and cracks during pro-

cessing [11]. To address this, process optimization, such 

as adjusting laser parameters (laser power, scan speed, 

layer thickness, and hatch spacing), can significantly re-

duce porosity and enhance printability. Building on in-

house developed and optimised process parameters for 

Al7075 that have led to crack free medium size samples 

[12], this paper presents Al7075 material and compres-

sion tests on square hollow sections (SHS) manufactured 

using Direct Metal Laser Sintering (DMLS), a L-PBF sub-

technology. The influence of various post-processing 

methods including two heat treatments and one hot iso-

static pressing (HIP-ping) process on the structural per-

formance is also examined. The ultimate objective of this 

study is to assess if the in-house developed process pa-

rameters are suitable for structural applications.  

2 Production of AM samples 

Material coupons and SHS stub columns made of Al7075 

were manufactured by DMLS using an EOS M290 metal 

AM machine at Telford Innovation Campus of the Univer-

sity of Wolverhampton which has a printing volume 

space of 250 x 250 x 200 mm. The chemical composition 

of casted Al7075 is given in Table 1 [13] and it is worth 

pointing out that the Al7075 is recognised as a cast alloy 

in EN 1999-1-1. In its cast form, the Al7075 has the fol-

lowing nominal mechanical properties: nominal Young’s 

modulus value of E= 71.7 GPa, yield stress of 503 MPa, 

and ultimate stress of 572 MPa [13,14]. 

In Robinson et al.[12] paper, twelve sets of process pa-

rameters involving laser power, hatch distance and scan 

speed were investigated. These parameters were devel-

oped using design of experiments (DOE) approach. Com-

puter Tomography on samples produced in this study re-

vealed that three sets namely #1, #11 and #12 (here-

inafter renamed #1, #2 and #3 as given in Table 2) 

enabled the successful fabrication of crack free medium-

sized components. Further information about the devel-

opment and optimisation of such process parameters can 

be found in Robinson et al., [12]. 

Table 1 Chemical composition of casted Al7075 (wt. %) 
 

Al Si Fe Cu Mn Mg Zn Ti Cr 

Bal 0.3 0.5 1.6 0.2 2.5 5.26 0.2 0.26 

 

Table 2 Processing parameters used for the additive manufacturing 

of Al7075 samples in this paper 

 

Set# 
Hatch distance  

(mm) 

Laser power  

(W) 

Scan speed  

(mm/s) 

1 0.12 252 690 

2 0.14 350 715 

3 0.12 253 680 

Thirty-three dog-bone coupons and nine SHS stub col-

umns were manufactured using the set of process pa-

rameters #1, #2 and #3. All samples were manufac-

tured on aluminium building plates and did not require 

any supporting structures. The nominal dimensions of 

the material coupons and SHS tubes are shown in Figure 

1. In Figure 1 H and B are the cross-sectional height and 

width of the tube, t is the thickness, and L is the tube 

length. All tubes had a B x H dimension of 50 x 50 mm 

and L of 150 mm. L was selected to be three times the 

cross-sectional dimension to prevent the effects of over-

all buckling [7] while allowing local buckling to develop 

fully. Three thickness t were considered: 1.5 mm, 3 mm 

and 6 mm. All material coupons were built horizontally 

with their axes parallel to the build direction (0⁰) while 

all the tubes were built upright (90⁰) as shown in Figure 

1. Repeated samples were available for material testing 

while one sample per set of process parameters and 

thickness was available for stub column testing. Three 

post processing treatments in form of two heat treat-

ments and a HIP process were applied to the samples 

prior to testing as explained below. Six material coupons 

did not undergo any post-process treatment and re-

mained in their “as built” form to be able to examine the 

effect of post-processing in the material response. 

 

Figure 1 Size designation (left) and material and SHS samples as 

manufactured on the building plate right. 
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Heat treatment is one of the key post-processes to im-

prove the mechanical properties of aluminium alloys af-

ter AM using L-PBF and including DMLS. Despite this and 

the current challenges associated with the processing of 

Al7075, limited studies reporting the effect of heat treat-

ment on the material structure are available [15-18]. 

Two heat treatments were selected from the literature 

and applied to the material samples: (i) 160°C for 6h 

and (ii) 120°C for 72 h. Each treatment was applied to 9 

material samples while still attached to the building plate 

(i.e. three for each set of parameters). Building on the 

results presented in Section 3, only heat treatment (ii) 

was applied to the 9 stub columns. Note that thermo-

gravimetric analysis of Al7075 powder has shown that 

the melting point of Al7075 powder is 650⁰C, which is 

significantly higher than the heat treatment tempera-

ture. Once material dog-bones and stub columns cooled 

down at room temperature, they were all were detached 

from their building plates using electric discharge ma-

chining (EDM). 
  

Hot isostatic pressing (HIP) is a material processing 

method that applies high temperature and pressure to 

enhances the densification of ceramic and powder met-

allurgical produced metallic materials and components 

that ultimately improves material mechanical properties. 

HIP post-treatment was carried out on 9 dog-bone sam-

ples through a commercial service at The Centre of The 

Quintus Press Design in Sweden, where the samples 

were subjected to a pressure of 150 MPa at 120°C for 3 

hours, then allowed to cool down at room temperature. 

Prior to HIPping, all samples had already been detached 

from the building plate using EDM. 

3 Experimental programme 

A series of tests were performed to determine the tensile 

behaviour of AM Al7075 using new set of process param-

eters. Uniaxial tensile testing and CT scanning were per-

formed at Telford Innovation campus of the University of 

Wolverhampton, while the stub column tests were un-

dertaken at the Sustainable Metal Structures Laboratory 

of the University of Oxford. 

3.1 Nano-computed tomography (CT) 

To investigate the influence of AM process parameters 

and heat treatment on the internal material structure, in 

particular the presence of cracks and porosity, 4 speci-

mens, one in “as-built” form and three post processed, 

were scanned using nano-computed tomography (CT) 

using a Bruker SkyScan 2211 system. Figure 2 shows a 

cross-section in the middle section in four dog-bone ma-

terial sample manufactured using set of parameters #3 

in “as built” state (a) as well as after applying heat treat-

ment (i) (b), heat treatment (ii) (c) and HIP process (d). 

The CT scan images show that two types of porosities, 

metallurgical pores and keyhole pores, are present. The 

metallurgical pores are typically spherical and small, less 

than 100 μm in diameter, while keyhole pores are irreg-

ular in shape and larger than 100 μm [19]. Keyhole pores 

and microcracks are present in the “as built” sample as 

well as in heat treated samples. However, keyholes and 

pores appear to be smaller in the sample subject to heat 

treatment (ii) of 120°C for 72h. The CT images also show 

that HIP significantly densifies the material and mini-

mises micro-cracks and pores substantially, however, 

these defects are still present. Spherical droplets rather 

were observed on all sample surfaces, a phenomenon 

known as 'balling,' common in laser-based processes like 

DMLS and caused by melt pool instability, which might 

interfere with geometry measurements. 

 

Figure 2 CT scan results of material samples (a) as-built condition 

(b) after heat treatment at 1600C for 6h (c) 1200C for 72h (d) HIP 

 

3.2 Tensile testing 

Tensile tests were carried out in all 33 studied samples 

to determine the material mechanical properties using a 

100kN Zwick Roell servo hydraulic frame equipped with 

a load cell that measures applied load. An accurately cal-

ibrated micro extensometer was used to record defor-

mation during testing, see Figure 4. Measured material 

properties including Young's modulus (E), ultimate stress 

(σu) and strain at fracture εf, are reported in Table 3 for 

the 6 “as built” samples, 9 samples subject to heat treat-

ment (i), 9 samples subject to heat treatment (ii), and 9 

samples subject to HIPping. Two repeated tests were 

carried out for the “as built batch” while three repeated 

tests were carried out for the remaining three batches 

that underwent post processing. 

Table 3 Material properties for all coupons – t=6mm 

Coupon type 
Pro-

cess # 

E 

(GPa) 

σu  

(MPa) 

εf  

 (%) 

As built 

#1 
11.7 16.20 0.136 

13.4 27.16 0.187 

#2 
11.5 9.95 0.089 

10.1 11.73 0.119 

#3 
12.7 15.93 0.140 

15.7 23.17 0.147 

160°C for 6h 

#1 

16.7 38.42 0.298 

15.1 43.68 0.545 

15.4 38.31 0.334 

#2 

12.5 32.26 0.370 

11.5 31.47 0.389 

12.7 36.24 0.615 

#3 

13.8 43.13 0.391 

16.6 42.58 0.430 

17.3 40.47 0.342 

120°C for 72h 

#1 

21.9 34.86 0.225 

20.8 43.12 0.470 
20.4 43.68 0.489 

#2 

21.7 38.42 0.559 

20.7 35.34 0.473 

21.8 35.23 0.233 

#3 

23.0 37.16 0.447 

22.5 42.81 0.402 

23.2 42.74 0.375 

HIP 

#1 

16.4 43.40 0.531 

16.3 49.12 0.596 

16.5 47.23 0.192 

#2 
13.3 41.17 0.681 
17.2 40.97 0.771 

16.7 40.19 0.569 

#3 

13.9 49.37 1.526 

18.9 45.61 1.608 

17.4 50.91 0.897 

 

pore 

keyhole 

Mico-cracks 

balling 
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The measured tensile stress-strain curves of the “as 

built” and post-processed samples are presented in Fig-

ure 3. All as-built coupons exhibited brittle behaviour un-

der tensile loading. The stress–strain curves displayed 

little to no distinct elastic region, transitioning almost im-

mediately into nonlinear behaviour. In contrast, heat-

treated coupons showed higher ultimate tensile strength 

and a greater ductility range on average, consistent with 

findings reported in [19]. However, all samples, regard-

less of treatment, demonstrated similarly low tensile 

strength and limited tensile strain at fracture, with the 

maximum tensile stress recorded at approximately 45 

MPa. This brittle behaviour is primarily attributed to in-

adequate fusion and a high density of micro-cracks, 

which compromise the material's integrity under tensile 

stress. The presence of pores and cracks in the as-built 

material resulted in lower ultimate strength compared to 

heat-treated samples [20]. Interestingly, traditional heat 

treatments, despite not significantly reducing keyhole 

defects or micro-crack density, led to a notable improve-

ment in ductility.  

The results indicate that the AM process, using the cur-

rent set of parameters, is insufficient to achieve fully 

melted and properly solidified Al7075 material capable of 

developing adequate tensile strength. This limitation is 

consistent with findings reported in the literature [20, 

21]. However, until now, tensile testing data for such 

conditions had not been available. Despite implementing 

newly developed process parameters that have been 

shown to improve build quality reducing both porosity 

and visible surface cracks in medium-scale Al7075 com-

ponents, the tensile test results presented in this study 

reinforce earlier concerns. These findings underscore the 

need for continued process development to enable the 

reliable additive manufacturing of high-strength Al7075.  

3.2 Compression testing 

To investigate the compression behaviour of additively 

manufactured Al7075 SHS, stub column tests were con-

ducted using a 600kN Instron 8804 servo-hydraulic test-

ing frame. Note again that only heat treatment (ii) was 

applied to the 9 stub columns. Prior to testing, the ge-

ometry of all specimens was measured using a digital 

calliper. Each specimen was coated with matte white 

spray paint, and two dots spaced 60 mm apart were ap-

plied to enable longitudinal strain measurement via a 

video extensometer. All tests were conducted at a con-

stant displacement rate of 0.5 mm/min. Uniform axial 

compression was applied using platens, ensuring con-

centric loading at both end of each specimen as shown 

in Figure 4.  

The measured dimensions of the specimens and the key 
compression test results, including the ultimate load Fu, 

EXP, the end shortening at the ultimate load δu,EXP, com-

pressive yield stress σ0.2 and material Young’s modulus in 
compression Ec are reported in Table 4 and 5, respec-
tively. 

 

Table 4 Measured dimensions of stub column tests 

Specimen 
H 

(mm) 

B 

(mm) 

t 

(mm) 

L 

(mm) 

S50x1.5#1 50.3 50.4 1.51 149.9 

S50x1.5#2 50.3 50.3 1.49 148.7 

S50x1.5#3 50.3 50.3 1.47 150.1 

S50x3#1 50.4 50.4 2.95 149.2 

S50x3#2 50.4 50.4 2.88 149.9 

S50x3#3 50.5 50.4 3.01 148.5 

S50x6#1 50.5 50.5 6.06 148.7 

S50x6#2 50.8 50.5 5.98 149.6 

S50x6#3 50.3 50.5 5.94 149.6 

 

Table 5 Key results of stub column tests  

Specimen 
Fu,EXP 

(kN) 

δu,EXP 

(mm) 

σ0.2  

(N/mm2) 

Ec (GPa) 

S50x1.5#1 36.5 1.58 97.8 32.85 

S50x1.5#2 37.0 1.84 92.3 33.99 

S50x1.5#3 37.0 1.80 94.8 33.44 

S50x3#1 151.5 2.74 197.5 32.28 

S50x3#2 148.1 2.50 201.8 34.02 

S50x3#3 154.0 2.86 229.8 32.78 

S50x6#1 378.5 8.08 213.6 26.83 

S50x6#2 361.7 7.94 224.4 27.63 

S50x6#3 380.0 8.21 232.2 27.70 

 

 
(a) 

 
(b) 

 
(c) 

Figure 3 Stress-strain curves (a) set#1, (b) set#2, and (c) set#3 
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Figure 4 Tensile (left) and compression test set up (right) 

 

All specimens failed due to local buckling with those sam-

ples with thickness 1.5 mm and 3 mm exhibiting half-

wave local buckling across the faces of the SHS tube. All 

specimens initially exhibited linear load–displacement 

behaviour, followed by buckling in a three-halfwave 

mode, which marked the departure from linearity. The 

onset of buckling introduced localized tensile stresses. 

Given the poor tensile resistance of the material, this led 

to the formation of a yield-line-like pattern of cracks, ul-

timately resulting in the specimens' failure. In thicker 

samples, i.e. 6 mm thick, larger plastic strains and ma-

terial yielding developed followed by cracking after the 

attainment of the onset of buckling. Figure 5 shows typ-

ical failure modes observed while Figure 6 and 7 present 

the load-displacement and stress-strain curves, respec-

tively. The reported end shortening δu,EXP measurement 

was corrected to remove the deformation of the platens. 

Overall, the compression behaviour of all tubes was sig-

nificantly superior to the material tensile behaviour, in-

dicating that, given the current state of AM technology 

and process understanding, Al7075 is more suitable for 

structural applications primarily subjected to compres-

sive loads. The different sets of process parameters #1, 

#2 and #3 did not have a significant impact on the ulti-

mate load although set #3 led to slightly higher com-

pressive loads. 

 

  
 

Figure 5 Example of observed Failure modes (left) and cracks de-

veloped (right) in S50x3#1) zo 

4 Conclusion 

This article reported experimental results on additively 

manufactured Al7075 dog-bone coupons and square hol-

low section (SHS) stub columns, produced via Direct 

Metal Laser Sintering with three sets of hatch distances, 

laser powers, and scan speeds. Samples are subjected 

to three different post processes. CT scans and tensile 

tests compared the tensile properties of as built and 

heat-treated specimens. Results show that the second 

traditional heat treatment and HIP treatment effectively 

reduce metallurgical and keyhole porosity, with HIP also 

decreasing micro-crack density. All heat treatments im-

proved stiffness, ultimate tensile strength, and fracture 

strain, although further investigations, including SEM 

analysis, are necessary to confirm these findings.  

Stub column tests examined the compressive behaviour 

of AM Al7075 SHS columns fabricated with the three pa-

rameter sets. Failure modes and compressive responses, 

illustrated in Figures 5-7, resemble those of ductile metal 

hollow sections, with an initial linear response followed 

by three-halfwave buckling and yield-line-like fracture 

patterns leading to failure. 

 
Figure 6 Load-displacement response of SHS 

 

 
Figure 7 Stress-strain response of SHS 

 

DMLS 3D-printed Al7075 shows strong potential for 

lightweight construction, but current AM technology 

faces challenges with porosity and cracking. These issues 

arise from process limitations, not the alloy itself. Im-

provement in AM techniques and process optimisation is 

needed to enable crack-free fabrication of Al7075 com-

ponents. 

Work is currently underway to (a) model the failure 

modes and failure loads using the Yield Line Theory as 

an upper-bound analytical approach and (b) model the 

stub column tests via the finite element method and val-

idate it against the experimental data. This will be fol-

lowed by a parametric study to generate additional data 

across a wider range of cross-sectional and member 

slenderness. Comparison against EN 1999-1-1 design 

provisions will also be performed. 
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