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Research topics in „Institute for Steel Construction“

◼ Robotic welding

◼ Wire and arc additive 
manufacturing (WAAM)

◼ 4D printing (functional
materials and structures)

◼ Wind turbines/bridges

◼ Lifetime assessment & 
extension (strengthening)

◼ Critical components: 
welded, bolted and grouted
& bonded joints)

◼ Structural health monitoring

◼ Critical components

◼ Integrity and fatigue

◼ Digital twin

◼ Design for AM

◼ Shape and topology
optimization

Advanced Structural
Steel

Simulations and 
optimization

Steel support 
structures  

Automated/robotic/
additive steel

◼ Memory Smart Steel, 
Shape memory alloys
Additive manufactured
(e.g., WAAM) steel

◼ Fibre reinforced polymer 
composites (CFPP, GFRP)

◼ Epoxy adhesives

Research objectives

◼ Sustainability in construction 
toward Net-Zero 2050

◼ Industry 4.0 and the next 
construction revolution
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◼ New materials (e.g., smart alloys/composites)

◼ New technologies (e.g., metal 3D/4D printing)

◼ New approaches (e.g., digital twin)
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Technological evolution in construction industry

There is a need for more radical changes and paradigm shifts in 
the technologies and approaches used in construction!
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Aerospace/Mechanical sector

• Expensive metals (e.g., titanium, Inconel, 
…)

• Weight reduction results in substantial 
subsequent saving because:

Less of expensive metal

Lighter products requires less of fuel (e.g., planes)

• Product performance/weight is more
important than cost

• Often small-scale

Construction sector

• Cheap metals (e.g., steel)

• Weight reduction does not often result into
substantial saving (e.g., cheap metal) except
at very large scale

• Cost is often very important for asset owners

• Large-scale production might be challenging

WAAM across different sectors
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Successful designs in construction

A successful design of WAAM in construction depends on three 
aspects:

➢Structural performance (e.g., fatigue, fracture, stability, 
etc.)

➢Cost (very important in civil engineering)

➢Environmental footprints (becoming important due to 
sustainability goals in construction)
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Conventional manufactruring vs. WAAM

Steel billet 
production

Hot rolling

Wire 
drawing

deposition 
process

Finishing

1 kg
CM

(Hot rolling)

Wire-arc
DED 1 kg

  

  

Input: energy Output: waste and emissions

Design optimisation for hybrid metal

additive manufacturing for sustainable

construction, MH Baqershahi, C Ayas, E 

Ghafoori, Engineering Structures 301, 

117355

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:eMMeJKvmdy0C
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Carbon emissions per 1 Kg of WAAM 
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Primary production
Hot rolling
Wire Drawing
deposition

10.1016/j.jclepro.2017.12.148

10.1016/j.jclepro.2023.136071

10.1016/j.cirp.2020.04.010

Carbon steel Stainless steel

Quiz

How much approximately (in percent) our WAAM 
design compared to hot-rolling design should be
lighter to have the same carbon emission?

(A) 20%    (B) 40%     (C) 60%

For carbon steel?

For stainless steel ?

Design optimisation for hybrid metal additive 

manufacturing for sustainable construction, MH 

Baqershahi, C Ayas, E Ghafoori, Engineering 

Structures 301, 117355

Conventional manufactruring vs. WAAM

9

12.2

3.8

7.4

Topology optimisation for large-scale wire-arc directed

energy deposition considering environmental impact

and cost, MH Baqershahi, C Ayas, E Ghafoori,  

Automation in Construction 177, 106313

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:eMMeJKvmdy0C
https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:BwyfMAYsbu0C
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Hybrid conventional & WAAM

Conventional Manufacturing
Additive Manufacturing

Hybrid Manufacturing

Alternative designs for the same structural performance (stiffness)

𝑊1 > 𝑊2

𝐶𝑜𝑠𝑡1 ? 𝐶𝑜𝑠𝑡2

𝐶𝑂2 𝑓𝑜𝑜𝑟𝑡𝑝𝑟𝑖𝑛𝑡1 ? 𝐶𝑂2𝑓𝑜𝑜𝑡𝑝𝑟𝑖𝑛𝑡2

Conventional Manufacturing (hot-rolling) Additive Manufacturing (WAAM)

Steel 
Production

Billet

Hot-rolling
I-sections

Finishing
Standard
I-beam

Steel 
Production

Billet

Hot-rolling
Rods

WAAM
Wire Drawing

Wires
Finishing WAAM Beam

Conventional I-beam production steps

WAAM beam production steps
extra steps

Topology optimisation for large-scale wire-

arc directed energy deposition considering

environmental impact and cost, 

MH Baqershahi, C Ayas, E Ghafoori,  

Automation in Construction 177, 106313

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:BwyfMAYsbu0C
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Funded by Federal Ministry for Economic Affairs 
and Energy (BMWE)

JAM│ Jacket Additive Manufacturing

JAM – Wire Arc Additive Manufacturing for Innovative and 
Optimised Jacket Support Structures of Offshore Wind Turbines

Institute for Steel 
Construction

Project Partners

Associate Partners

Institute for Steel 
Construction
LU Hannover

Project leader
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Thermomechanical process simulation

Thermal Simulation Mechanical Simulation
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Effect of path planning on residual stresses

S pattern

Spiral (out-in)
Case 6

Spiral (in-out)

Dwell time (for layer)= 60s
TS= 10 mm/s

Reduce residual stress

Shape design

Process parameters

Path planning

Optimization of process parameters in 

wire arc additive manufacturing for

strengthening cracked steel plates: A 

thermo-mechanical study, H Dahaghin, 

H Moshayedi, SM Zahrai, M Motavalli, 

E Ghafoori, Journal of Materials 

Research and Technology, 2025/9/21

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:lmc2jWPfTJgC
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WAAM material: Fatigue and fracture characterization

Specimens

➢Waviness and Roughness

➢Material ratio curve

Surface Analysis Numerical Analysis

Scanning
HCF test with RS 
relaxation monitoring

Residual Stress 
Measurements

CAD modeling

Fatigue testing and analysis of steel plates manufactured by wire-arc directed energy deposition, C Huang, L Li, N Pichler, E Ghafoori, L Susmel, L Gardner, Additive Manufacturing 73, 103696

Point Method (PM)

(a) 

Line Method (LM)

(b) 

Theory of 
critical distances

(d) 

EC / IIW / DNV

Radaj 1 mm Method

(c) 

Implicit Gradient Model 
(IGM, (Peerlings, 1996))

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&cstart=20&pagesize=80&citation_for_view=t8Tig6oAAAAJ:eJXPG6dFmWUC
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Large-scale testing and transfer to industry

Fatigue testing setup
(TTH/IWES)

Robotic 3D scanner
Automated weld-geometry optimization of tubular joints for fatigue design using surrogate models

T Brömer, E Ghafoori Marine structures 109, 104115

https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:xtoqd-5pKcoC
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4D-Printing of Shape Memory Alloys

Source: I.O. Felice et al, Wire and arc additive 

manufacturing of Fe-based shape memory alloys: 

Microstructure, mechanical and functional behavior, 

Materials & Design 231 (2023) 112004.

Microstructure, Thermomechanical, and Functional

Performance of Wire-Arc Additively Manufactured Fe-

Mn-Si-Cr-Ni-VC Shape Memory Alloy, H Moshayedi, M 

Loewe, M Hilscher, Z Zolfkhani, A Bauer, M Faßhauer, 

...Available at SSRN 6844018

Shape memory effect

Source: Jafarabadi, A. et al., 2023. 4D Printing of 

recoverable buckling-induced architected iron-based 

shape memory alloys. Materials & Design, p.112216.

https://www.sciencedirect.com/science/article/pii/S0264127523004197
https://scholar.google.com.au/citations?view_op=view_citation&hl=en&user=t8Tig6oAAAAJ&pagesize=80&sortby=pubdate&citation_for_view=t8Tig6oAAAAJ:5qfkUJPXOUwC
https://doi.org/10.1016/j.matdes.2023.112216
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Source: Jafarabadi, A. et al., 2023. 4D Printing of recoverable buckling-induced architected iron-based shape memory alloys. Materials & Design, p.112216.

4D-Printing of Shape Memory Alloys

Chevron 

brace

(c) Structural Frame(a) Reusable rockets

Landing 

legs

(b) Car bumper

Bumper 

beam

Nacelle

(d) Wind turbines

Responsive, Reconfigurable, Mechanically Tunablable (programmable shape-
changing); Self-Assembly and Deployable Steel Structures

https://doi.org/10.1016/j.matdes.2023.112216
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• For making WAAM work in construction, we need to make a balance between 
structural performance, cost and sustainability aspects.

• Pure WAAM products have generally higher cost and CO2 emission!

• For a pure WAAM product to have the same carbon emission as a conventionally made 
hot-rolled steel, it should have nearly 60% weight reduction. 

• Hybrid conventional/WAAM products has a potential in construction. 

• Even though WAAM products have higher cost and CO2 emission, a clever global design 
may result in a reduced global cost and CO2 emission!

Conclusions
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Thank you very much for 
your attention!

Scan to follow us LinkedIn
Institute for Steel Construction, Hannover

Subproject Coordinator:

Team Members 
(and main focus point):

Christoph Abraham

(JAM Coordinator, 
fatigue tests of 
nodes at TTH)

Finn Kielhorn

(Process simulation, 
fatigue assessment)

Hessam Moshayedi

Hassan Baqershahi

(Parametric modeling, 
Shape optimization)

Maximilian Loewe

(Residual stress, 
Mechanical 
characterization)

Tim Brömer

(Numerical fatigue 
assessment)

Institute for Steel 
Construction

Institute for Steel 
Construction

Institute for Steel 
Construction

Institute for Steel 
Construction

Institute for Steel 
Construction

Elyas Ghafoori: Ghafoori@stahl.uni-hannover.de
https://www.stahlbau.uni-hannover.de/

https://www.linkedin.com/company/institute-for-steel-construction-leibniz-university-hannover/posts/?feedView=all&viewAsMember=true
mailto:Ghafoori@stahl.uni-hannover.de
https://www.stahlbau.uni-hannover.de/

