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SUMMARY 

A sculpture called Wind Tree was one of a number of public artworks produced for an International 

Sculpture Symposium held in Auckland in 1971. The location of the stainless steel kinetic sculpture is 

now Silo Park which is a public park immediately adjacent to the Auckland harbour waterfront.   

After Wind Tree had been relocated to Silo Park for a number of years, an inspection in 2014 revealed 

that there was a corrosion cracking problem on a number of welded stainless steel truss joints. Further 

investigation revealed that the weld cracking and corrosion was serious and temporary weld repairs 

were carried out on several truss joints to ensure public safety. Samples of the corroded grade 316 

stainless steel tube were removed from one truss for examination. The mechanism of the weld 

cracking was found to be predominantly due to corrosion-assisted fatigue.   

Auckland Council decided that the Wind Tree kinetic sculpture should be restored and made safe at 

Silo Park. .After reconstruction to a new design one truss was reinstated on Wind Tree in 2018. 

Inspection of the new truss after months of service showed that the new truss design should be 

structurally and metallurgically sound for many years. Construction and installation of the remaining 

316L SS stainless steel trusses continued until the Wind Tree sculpture restoration was completed in 

2019. The paper describes the restoration project carried out on the stainless steel kinetic sculpture to 

ensure that the artwork does not undergo any corrosion damage in future and the sculpture will be 

robust and durable for many years.  
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1. INTRODUCTION 

1.1   Kinetic sculptures are public artworks that are staged outdoors and exposed to the environment 

that prevails at the sculpture site. The environment where a public artwork is on display to the public 

may be persistently corrosive [1]. A kinetic sculpture made of stainless steel called Wind Tree was 

produced for an International Sculpture Symposium held in Auckland in 1971. Renowned Japanese 

artist Michio Ihara was born in 1928 and now lives in the USA. Michio Ihara was satisfied with the 

proposed reinstatement of Wind Tree and he described the artwork re-siting as a “rebirth of the 

sculpture”.  

The kinetic sculpture was first installed in Queen Elizabeth Square in Auckland City in 1977. However, 

after some years the kinetic sculpture was put into storage. The artwork was relocated and re-sited at 

a public space called Silo Park in 2011 [2]. The new location of the large artwork is a family-friendly 

park immediately adjacent to the Waitemata Harbour waterfront in Auckland. The waterfront 

environment where the Wind Tree artwork s now located is classified as ISO Category 4 corrosivity 

(ISO C4) which is a severe marine environment [3].  

Wind Tree was fabricated from AISI grade 316 stainless steel tube trusses and it was supported on 

structural steel columns and beams. The kinetic sculpture is 22 metre long, 5 metre wide and 5.5 

metre high. The four support columns and top beams of the sculpture (two-way portal frames) are 

fabricated from carbon steel that has been wall-papered with mirror finish stainless steel sheet. The 40 

grade 316 stainless steel tubular trusses that comprise the kinetic sculpture were designed to swing in 
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the wind above a shallow pool which reflects light up through the sculpture. The stainless steel Wind 

Tree kinetic sculpture claims and transforms the space through water, movement and light.  

1.2   In recent times stainless steel has become popular for fabricating large-scale public artwork 

installations around the world. The Wind Tree artist Michio Ihara is a renowned sculptor who has 

designed many large SS sculptures that are installed in cities around the world.  

1.3   After the stainless steel (SS) Wind Tree sculpture was re-sited at Silo Park for several years an 

inspection of the structure by Auckland Council staff (2014) revealed that there was visible corrosion 

and also cracking issues on a number of welded truss joints. The cracking observed on the SS trusses 

could pose a threat to public safety because children used the shallow pool directly below the 

structure for wading. Further investigation (2015) revealed that the SS tube weld cracking and 

corrosion was becoming more severe. Temporary weld repairs were carried out on some of the 

cracked welds on the trusses to shore up any risk to public safety.  

1.4  The Auckland Council Public Art Department decided that the iconic Wind Tree sculpture should 

be restored and made safe at Silo Park. The sculpture was temporarily de-commissioned, scaffolded, 

and inspected using standard non-destructive testing methods on 400 truss tube welds (2015). The 

inspection revealed that the SS structure was not safe and the SS truss tube cracking was increasing 

at an alarming rate. A Wind Tree sculpture restoration team established by Auckland Council reviewed 

the corrosion cracking investigation results from a metallurgical and a structural engineering 

perspective. It was decided (2015) to remove one truss (no.13) of 40 trusses on Wind Tree for more 

detailed examination of the SS tube welding, as a first stage of reinstating the kinetic sculpture.   

1.5   The re-design and installation of new SS trusses on the kinetic sculpture received approval from 

sculptor Michio Ihara. The original Wind Tree design by Ihara (1972) is shown in Figure 1.  

 

Figure 1.   Wind Tree original drawing, Michio Ihara, 1972 
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After construction of one truss to a new design using low-carbon (L) grade 316 SS, the no.13 truss 

was re-installed on Wind Tree (2018). Inspection of truss no.13 to assess its performance over time 

was carried out (2018-2019. A review of the truss 13 inspection results showed that after incorporating 

some minor changes the new truss design would be structurally sound and very durable. Installation of 

the new 316L SS trusses was carried out on the Wind Tree kinetic sculpture until the restoration of the 

kinetic sculpture was completed at Silo Park (2019).  

The Wind Tree kinetic sculpture is shown in Figure 2 at Silo Park as it was before restoration 

commenced. Children wade in the shallow pool immediately below the structurally damaged trusses.  

  

 

 

 

Figure 2.  Wind Tree kinetic sculpture at Silo Park before restoration [photo credit: Patrick Reynolds] 

 

2. EXAMINATION OF THE CRACKING IN 316 SS TRUSS WELDS  

2.1   A length of the grade 316 SS tube (150mm) was sectioned from Truss 13 for examination of the 

truss chord connection where the weld and 316 SS tube had cracked (Figures 3-6). The 316 SS tube 

used for Wind Tree truss fabrication was tested and confirmed to be AISI grade 316 SS [4]. In 1972 it 

was not common for low-carbon ‘L’ grade 316 SS to be employed for fabricating structures. Unless 

specified as L-grade 316 SS (at much higher cost) suppliers provided the high-carbon grade 316 SS.     

2.2   The 316 SS fixings and tubular swinging arm of the trusses at the top chord were confirmed to be 

made from grade 316 SS. Many of the 316 SS structural components of the kinetic sculpture were in 

good condition after 45 years in and out of service. The mirror polish on the 316 SS tubes and the 316 

SS fixings, assisted by frequent rain washing, minimised the formation of tea staining (brown surface 

oxidation) on the surfaces of the 316 SS tube and fittings in the severe marine environment prevailing 

at Silo Park.  

2.3   Visual and microscopic examination of the corroded fracture face of the failed austenitic 316 SS 

tube (Figures 5 & 6) revealed the presence of fatigue striations, corrosion damage and residual weld 

heat tinting, which are factors associated with corrosion-assisted fatigue. The weld failure mechanism 

was likely initiated at weld defects (stress raisers) and it was assisted by crevice corrosion occurring in 

tight fissures that developed in the weldment due to the fatigue occurring. The tightly compressed 

(squeezed) TIG welded truss joints were subject to high cyclical stresses during service because the 

trusses appeared to be fabricated to make easy the original construction methodology. In addition, the 

kinetic sculpture trusses were subjected to a continuous twisting motion during service during windy 

conditions. The longer truss members were also subject to stress cycling due to resonance oscillation 

in windy conditions.  
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2.4   It was apparent that the marine atmosphere (ISO Category C4) prevailing at Silo Park had 

provided a source of corrosive chloride ions (Cl
-
) that assisted the propagation of the corrosion-

assisted fatigue in the austenitic 316 SS tube weld connections. Austenitic grade 316 SS that is 

subjected to high stresses is vulnerable to corrosion-assisted fatigue in a marine environment. The 

corrosion cracking occurred mostly at the bottom chords of the SS trusses, which are subjected to 

more intense cyclical motion that the restrained top chords.   

 

 
 
Figure 3. Wind Tree bottom chord of 316 SS truss 
showing left to right (a) temporary arc weld repair; 
(b) cracked weld; (c) weld in good condition. 
 
 

 
 
Figure 4. Truss weld connection showing the 
original tube weld configuration with corrosion and 
cracking of the crimped 316 SS tube.  
 

 
 
Figure 5.  Sample) crimped 316 SS tube from 
truss 13 for laboratory examination (150mm long, 
25mm diameter, 1.5mm wall thickness).  
 
 

 
 
Figure 6. Fracture face morphology of cracked 
316 SS tube from truss 13. Heat tinting is visible 
on the tube at the weld.  
 

3. ASSESSMENT OF THE WELD CRACKING ON TRUSSES  

3.1   In a period of about one year (October 2015 to December 2016) the Wind Tree sculpture was 

fully scaffolded on two occasions (Figure 7) so that the structure could be subjected to full NDT 

assessments [5]. The results of the NDT assessment (Figures 7-10) were reviewed and the rate of 

cracking of the 316 SS truss tubes was estimated. More than 880 weld locations were inspected and 

corrosion-assisted fatigue cracking was observed at about 400 weld locations, i.e. approximately 45% 

of the 316 SS tube welds. Some superficial corrosion damage was observed on the SS component 

surfaces at the top of one column (out of four columns) and on several top chord-beam fixings.  

3.2   In the period of approximately one year, between the two NDT inspections, the number of cracks 

on the truss welds had increased significantly [6]. The weld cracks were classified as those being over 
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10mm in length and those over 20mm in length. On truss 13, 22 weld connections showed cracking 

and the total number of cracks was 64 of which 25 were new cracks. The number of pre-existing 

cracks that had grown in length in one year was 8. There were 17 cracks >10mm and 14 cracks 

>20mm. The NDT assessments revealed that the cracking of many welds on corrosion-affected SS 

trusses had grown rapidly. It was clear that immediate action was required to carry out restoration on 

the kinetic sculpture predominantly for public safety reasons.  

3.3   The inspections revealed that the SS top chords and the SS fixings, such as the fittings on the 

trusses, in the vicinity of the swinging arm connections to the beams, were in sound condition. There 

was no evidence of any substantial tube cracking or defects apparent at the top trusses of the Wind 

Tree sculpture after 45 years’ service, as shown in Figure 10.  

 

 
 

Figure 7. Wind Tree scaffolded for NDT inspection 
after the bottom pool was drained.  

 
 

 
 

Figure 8. Corrosion-assisted fatigue cracking in 316 
SS tube at crimped weld connection on  

bottom chord of truss. 

 
 

Figure 9. Section of 316 SS cracked tube removed 
from a truss for further examination.   

 
 

Figure 10. Top chord of 316 SS truss at  
the swinging arm connection on a beam.  
316 SS fixings were in good condition.  

 
 
 
 

4. RE-DESIGN AND FABRICATION OF TRUSS 13  

4.1   Of the 40 trusses that comprise Wind Tree, truss 13 was the most severely damaged, showing 

extensive weld corrosion and cracking. Truss 13 was extricated from Wind Tree and stored at a SS 

fabricator shop where it was examined in depth. Various joint designs were developed and each of the 

new design options was assessed by a welding engineer and structural engineer. The next stage was 

fabrication of several maquettes (small models) of the SS truss joints for weld quality and aesthetic 
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assessment. The maquette was reviewed by sculptor Ihara and the Public Art Department. In the 

public art world, a sculptor must be satisfied that any re-design and remediation carried out on an 

artwork does not change the intended artistic characteristics of the artwork.  Also, it is not usual for an 

original sculpture to be subjected to the level of intervention as occurred on Wind Tree, which is that 

the artwork was essentially to be re-constructed.   

4.2   After a number of trials and assessments had been carried out, the maquette of the truss 

connection in Figure 11 was chosen as the best design to reconstruct the 40 trusses on Wind Tree. 

The new tube-weld design was structurally evaluated and the welding procedure was metallurgically 

assessed [7]. The TIG welds on the maquette were fabricated to weld Category FA in AS/NZS 

Standard 1554 Part 6:2012 [6]. The Welding Procedure Specification (WPS) developed was reviewed 

by a welding engineer. The TIG welds on the 316 SS tube of the maquette were chemically cleaned to 

remove weld heat tints and mechanically polished to a 600 grit surface finish. The welds on the 

maquette had a tight weave, good weld profile, and the polished finish was equivalent to a bright 

annealed (BA) finish on 316 SS tube [7].  

 

 

 

 

Figure 11.  Maquette of Wind Tree sculpture showing the re-designed truss connection. The maquette 

was fabricated from 25mm grade 316L SS tube with a BA finish.  

 4.3   The next stage involved the maquette being approved by the Wind Tree sculptor. Michio Ihara 

agreed that the proposed re-design of the SS trusses would not alter the artistic characteristics of 

Wind Tree if all 40 trusses were replaced with the new truss design. In 2018 a re-built truss 13 was 

installed on Wind Tree, as shown in Figure 12 [8]. Following re-installation the new truss was left in 

service on the sculpture for about six months. After this time the truss was fully inspected by NDT 

technicians [9]. A total of 24 welds on the top chord and bottom chord along with two hanging hinge 

truss welds were inspected on-site for evidence of surface cracking, defects in the welds and heat 

affected zones, damage to fixings and damage to the parent 316L SS tube. There was no evidence 

observed of any surface cracking or corrosion on the new 316L SS truss 13 welded connections after 

the six month service period on Wind Tree during this time. A structural engineering assessment of the 

truss 13 trial confirmed that it had performed well during the trial service period.    

4.4   Following the successful trial of truss 13, Auckland Council approved construction of 39 new 

316L SS trusses. The new grade 316L SS trusses were installed on the Wind Tree kinetic sculpture 

during 2019 (Figure 13).  
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Figure 12.   Top chord of new truss 13 installed on Wind Tree during trial period.   

 

 
 
 

 Figure 13.  Wind Tree after completion of the sculpture restoration   

5.  DISCUSSION 

The use of various grades of stainless steel as the material for construction of large public artworks 

around the world has increased steadily in recent years [10]. SS sculptures are being fabricated 

predominantly in austenitic grades of SS. These types of SS, for example grades 304 and 316, have 

excellent corrosion resistance, durability, toughness, ease of fabrication, and good mechanical 

properties. All of the SS properties are important to construct an attractive and durable public artwork. 

However, kinetic sculptures made from stainless steel are by their very design often subject to severe 

wind loadings during the service life. For this reason, kinetic sculptures such as Wind Tree, require 

very robust design combined with excellent fabrication to ensure that an artwork will be structurally 

sound and not susceptible to failure mechanisms such as fatigue, or corrosion-assisted fatigue. The 

latter failure mechanism that occurred on Wind Tree is a form of environmental cracking that involves 

both metal fatigue and corrosion acting conjointly on a structure.    

The restoration of the Wind Tree sculpture demonstrated how important it is to employ industry 

standard practices during the fabrication of a large SS artwork. If the design is not exact, the detail is 

not near perfect and the fabrication methodology is not to a high standard, then it is possible that 

some form of failure mechanism may occur on the SS components. The Wind Tree restoration project 

involved application of features that are standard quality assurance practices nowadays for fabrication 

of large SS structures such as kinetic sculptures [11].  
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The features to employ for the successful construction of a stainless steel kinetic sculpture should 

include the following requirements: 

o The sculpture environment must be thoroughly assessed for the atmospheric corrosivity. 

o The grade selection for the SS, including the best SS surface finish, should be carried out 

rigorously to appropriate Standards, taking the atmospheric corrosivity into account.    

o Specific features for a kinetic sculpture, such as structural integrity during high wind 

conditions, and public safety, must be factored into the engineering design.  

o The SS welding procedure specification adopted should be tested and assessed by a welding 

engineer before fabrication of the sculpture.  

o The finishing processes for the SS sculpture should include third party inspection during the 

SS fabrication.    

o Careful handling of the SS components and precise installation of the SS structure at the 

sculpture site is an important part of the project.  

o Monitoring of the structural integrity of the SS sculpture is required as part of the ongoing 

maintenance program for a large kinetic sculpture.   

o Good record keeping at all stages of the life of a SS sculpture should be maintained.  

 

6. CONCLUSIONS  

The Wind Tree kinetic sculpture was successfully restored to give a long trouble-free service life after 

many of the 316 SS trusses failed due to corrosion-assisted fatigue. The failure of Wind Tree was 

contributed to by poor design and inadequate welding practices used at the time of the artwork 

construction in 1972.  

Structural SS for public artwork, such as a kinetic sculpture, is being more commonly specified around 

the world. A robust material selection process should precede the start of any project involving 

fabrication of a sculpture made from any grade of SS.   

The sculpture location should be assessed for corrosivity. The artwork must be of sound design that 

will not undergo corrosion or fatigue during service in the atmospheric environment to which the 

artwork is exposed.  

The design and installation of a SS sculpture should be assessed for structural integrity including 

robust assessment of the fatigue life of the structure. The structure should be assessed for good 

metallurgy using welding practices that meet appropriate industry standards.   

The SS chosen for an artwork should have the correct surface finish in order to achieve a long service 

life without unsightly tea staining forming on the SS component surfaces.  

At all stages the sculptor should be involved with the project in association with the asset owner, the 

designer and the fabricator. A SS kinetic sculpture is an artwork that is in the public domain and the 

final result must have all the aesthetic characteristics that the sculptor set out to create.  
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