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Re-Wind Partners, Projects, Funding 

Network University Members:

• Georgia Tech

• City University of New York

• University College Cork

• Queens University Belfast

• Munster Technological University

Current Project Partners:

• Logisticus Group

• ENEL Green Power

• Siemens-Gamesa RE

• Cork County Council

• NYC Dept of Design and 

Construction (DDC)

• IEA Task 45
Funding (~$2m 2014-current)

• NSF (CBET, PFI, I-CORPS)

• NYSERDA

• SFI

• DfE

• ENEL Green Power
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Blade Repurposing Concepts 



BladeHousing

BladeBarrierBladePole

BladeBridge

Some Re-Wind Blade Repurposing Concepts 



What’s a wind blade?       

Exterior 

Vestas V82 from a 2004 1.65 MW turbine 

40m long blade ~ 2.5m at max chord



Interior 

46.7m long Clipper C96 

Spar Box (2 shear webs) 

37m long GE 37

I –Beam Spar (1 shear web)



Along the length  



1996 2006

Codes and Standards 



2017

https://eucia.eu/userfiles/files/Eucia_Pros

pect%20for%20New%20Guidance%20in%2

0the%20Design%20of%20FRP%20Structur

es_web2.pdf

2017

2016

https://www.ciria.org/ItemDetail?iPr

oductCode=C779F&Category=FREEP

UBS



The draft of the CEN Technical Specification (TS) ‘Design of 

Fibre-Polymer Composite Structures’ was submitted to CEN at 

the end of January 2020 for a review process by the National 

Standards Bodies. The TS, expected to be published by 2023, 

represents the second step of the general procedure 

established by CEN/TC250 in order to create a new generation 

of Structural Eurocodes. 



yM1 is the material partial factor linked to 

uncertainties in obtaining the correct material

properties. (1.0, 1.15, or 1.35)

yM2 is the material partial factor owing to 

uncertainties in material properties due to the 

nature of the constituent parts and depends on the 

production method. (1.35, 1.5, 1.6, or 2.0)

yM = yM1・yM2

Worst Case = 1.35 x 2.0 = 2.7   1 / 2.7 = 0.37

Best Case = 1.0 x 1.35 = 1.35   1 / 2.7 = 0.74

Characteristic value must be defined as:

5 % fractile if a low value for a material property 

The total conversion factor, ηc, for the limit states 

analysis should be determined from:

ηc = ηct・ ηcm・ ηcv・ ηcf

ηct is the conversion factor for temperature effects; 

(0.9 or 1.0)

ηcm is the conversion factor for humidity effects; 

(0.7, 0.9 or 1.0)

ηcv is the conversion factor for creep effects; (0.25 

to 1.0 depending on load duration)

ηcf is the conversion factor for fatigue effects

(required when fatigue load cycles is expected to 

exceed 5000)

2.3.6 Relevant conversion factors2.3.4 Material partial factors



2020



Forthcoming 2022



Wind blade material 
quantity in the UK
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What is needed for Engineering Analyses
1. External geometry – Airfoil shapes along the length, prebend and twist 

along the length.

2. Internal geometry – location and thickness of spar caps, webs, and shell 

sandwich panels along the length.  

3. Material types (e.g., glass, polyester, epoxy) and laminates (or sandwich 

laminates) for spar cap, shell and webs, Mass (or volume fractions) of 

fiber and resin in the laminates in the spar cap, shell and webs, Fabric 

types used (e.g., +-45, mats, UD)

4. Strength and stiffness in the longitudinal and transverse directions and 

shear strength and stiffness of the spar cap, shell and web  laminates; of 

the spar cap, shell and web laminates.  Bearing strength for connections. 

As-received properties and estimate of residual related to virgin.

5. Global blade structural properties along the length EIx, EIy, GJ, kAG

(where x and y and the chord axis and its perpendicular through the 

centroid of the cross-section. Principal axes and shear center.)



Re-Wind BladeMachine

BladeMachine is software that 
automates the generation of 
architectural, engineering and 
fabrication models of the wind blades 

The BladeMachine is written largely in 
Rhino/Grasshopper and python.

Patent Pending: Georgia Tech



BladeMachine – 1. LiDAR scanning 

Patent Pending: Georgia Tech



BladeMachine – 2. Geometry Construction

Patent Pending: Georgia Tech



BladeMachine 3. “Thick” Model



predicted flexural stresses from edgewise loading

BladeMachine – 4. Section Properties and 
Stress Analysis



Examples of Engineering Analyses

1. FEM of a blade section used as a roof for a 

40m2 affordable house

2. Structural analysis of an entire blade used as a 

230 kV transmission pole

3. Design and analysis of a pedestrian and cyclist 

bridge for a greenway 







Shear web 
sandwich 
panels

Shell 
sandwich 
panel

Trailing 
edge 
sandwich
panel

Spar Cap



BladePole Example 

Patent Pending: Georgia Tech



BladePole - Detailed Design 

Patent Pending: Georgia Tech





Figure 4. Diagrams for: (a) controlling axial stresses from load case 1; (c) controlling
shear stresses from load case 2



• 2016- 2017 – Initial Concepts and Alternative Designs; Specific blade identification for 

demonstration project (LM13.4 or V44), LiDAR scanning of V44 blade

• 2018 – Blade mechanical and structural properties determined; Preliminary bridge 

structural analysis and design completed 

• 2019 - First (ever) paper published on the BladeBridge analysis and design 
• R. Suhail et al., (2019), “Analysis and Design of a Pedestrian Bridge with Decommissioned FRP Windblades 

and Concrete,” Proceedings of FRPRCS14, Paper 176, Belfast, UNITED KINGDOM. 

• 2020 - N29 (LM 13.4) Blades obtained from Everun in Northern Ireland and delivered 

to Munster Technological University in Cork; Bridge design engineer Kieran Ruane

joins team; BladeBridge approved in County Cork, Ireland. 

• 2020 – N29 blades delivered to Queen’s University Belfast for 8 m test bridge.

• 2021 – Blade characterization and testing.  Bridge detailed design.

• 2021 – BladeBridge currently being constructed and installed (Oct-Dec 2021).

• 2022 – Paper at Transportation Research Board, Washington, DC (Jan, 2022)
• K. Ruane et al., (2022) “Experimental Investigation of an FRP Wind Turbine Blade for use as a

Bridge Girder”

The BladeBridge (2016 – to-date)



Nordex N29 (~13 m)

Vestas V29/A29

5-8 m BladeBridge

Vestas V44 (~21 m)

12-15 m BladeBridge

BladeBridges



BladeBridges

GE 37 (~37m)

15-25m BladeBridge

Clipper C96 (~46m)

25-35m BladeBridge



BladeBridges

Extensions Asymmetrical 



2017-2018 – Preliminary Concept and CAD model 

Why this “simple” design?

• Mass market not bespoke

• It is “simple” for structural 

analysis, design and construction

• Fits all size blades
Dr. Russell Gentry, Georgia Tech



2018-2019 – Preliminary Structural Analysis 

Dr. Raj Suhail and Dr. Jian Fei Chen, Queen’s University Belfast



2018-2019 – Preliminary BladeBridge design 

Dr. Raj Suhail and Dr. Jian Fei Chen, Queen’s University Belfast



The Cork BladeBridge - 2021 



Context



Context



Context





Span ~ 5.0

Width ~  3-4m

Skew ~ 18o

Context



Context – Original Plan



Conceptual Design

Ms. Zoe Zhang, GT



Conceptual Design



Conceptual Design

Ms. Zoe Zhang, GT



Conceptual Design



Windblade Alignment

Complexity of Geometry must be accounted for in actual designs:
Pitch of blades, straightness of blades, spacing between blades

Ms. Zoe Zhang, GT
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Sourcing Blades – Laser Scanning
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Working with the N29 Blades – MTU Structures Laboratory
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Working with the N29 Blades – MTU Structures Laboratory



52

Working with the N29 Blades – Scanning & Measuring



Working with the N29 Blades – Scanning and Measuring



Static loads Connections

54

GFRP burn-out

N29 Testing and Investigating
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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N29 Testing and Investigating – Static Load Tests
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60

N29 Testing and Investigating – Connection Tests (3 No.)

• M12 Grade 8.8 Bolts

• M12 Grade 8.8 BlindBolts

• 12 dia Threaded Bar



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)



N29 Testing and Investigating – Connection Tests (3 No.)
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N29 Testing and Investigating – GFRP Burnout & LS-DYNA FEA (GT)



N29 Testing and Investigating – GFRP Burnout & LS-DYNA FEA (GT)

Dr. Russell Gentry, GT



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development



Blade Bridge – Design Development
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