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Introduction

Sheffield Metallurgical Services was commissioned by || ] ] NEEElllllof North Tyneside Council to
determine the root cause of failure of a threaded M20 316 stainless steel bar section from a sculpture
fixing.

The M20 section formed part of an armature assembly securing the sculpture to the dome of a building
and was used as a complete 3000mm length with no cutting or bending performed as part of the
fabrication. The assembly was used to support a sculpture weighing approximately 65Kg with a height
of approximately 180cm. The assembly was situated in an external coastal environment.

In agreement with the client, the following metallurgical examinations were conducted to determine
the root cause of the failure:

— Visual / Binocular microscopic examination

— Scanning Electron Microscopy (SEM) Examination

— Energy-dispersive X-ray spectroscopy (EDS) analysis
— Hardness Testing

— Metallographic examination

— Chemical Analysis

Metallurgical Analysis

Visual / Macro Examination *

Two sections were received for examination measuring approximately 600mm long which were
extracted from a lower part of the armature assembly where the sculpture was secured to the dome
of the building. The as-received failed part is shown in Figure 1 to Figure 8, and a second part which
was removed before failure from the building is shown in Figure 9 to Figure 11.

Initial visual examination of the failed part showed a fracture face sited in the central region of the resin
statue section. The resin around the fracture showed a discoloured / burnt appearance. (Figure 3 &
Figure 4).

The threaded bar was removed from the resin for further visual examination, which showed a fracture
face with prominent beach marks and multiple ratchet marks at the site of initiation on the root of a
threaded region. (Figure 5 & Figure 6). The beach marks were consistent with a bending fatigue mode
of failure.

There was no mechanical damage present on the outer diameter of the threaded bar with exemption
of the fracture face.

The 20mm threaded bar had small supports / cross sections welded on which showed evidence of
excessive heat and melted regions on the outer diameter. (Figure 7 & Figure 8)

The threaded bar had been attached to a dome base plate by welding. The dome section was not
available for examination on the failed part; however, this region was visible on the statue which had
not failed. The comparison dome showed evidence of welds used to attach the dome base plate to
the base of the statue and the threaded bar (Figure 10 & Figure 11). The weld showed a burnt
appearance and was sited in a region close to where the failed material had fractured.

Document No.: 1758 Page No.: 30of 14

Author: _ Issue Date: 01/05/2025

Client: North Tyneside Council Issue No.: 2































Chemical Analysis

Chemical Analysis

Detailed chemical analysis was conducted by spark optical emission spectroscopy (OES) and confirmed

the material was comparable to that of 316 stainless steel.

C% Si % Mn% |[P% S% Cr% Mo% |Ni% |Al% Co% |[Cu% | Nb% |Ti%
0.0447 | 043 1.51 0.0052 | 0.0205 | 16.5 2.05 10.2 <0.0020 | 0.125 <0.656 | 0.0335 | 0.0057
V% W % Pb% |[Sn% | B% Ca% |Zr% Zn% |B% As% |Se% | Sb% | Fe
Bal-

0.0789 | 0.045 0.0055 | 0.0132 | 0.0032 | 0.00 0.013 0.00 0.0032 0.00 0.0101 | 0.0212 | ance
Discussion

Detailed examination of the fracture face revealed multiple beach marks indicative of a gradual

bending fatigue failure which had initiated from the surface of threaded bar. The failure was likely to

have occurred due to a combination of excessive heat applied during the welding procedure coupled

with the presence of pre-existing material supply defects, i.e. pre-existing cracking in the root of the

threads.

The fatigue crack was likely to have propagated from a pre-existing root defect and gradually

propagated over time. Windy conditions would have increased the bending moment of the bar and

accelerated the failure.

The fracture face did not show any evidence of intergranular features or oxides and EDS analysis

failed to highlight any corrosion products what would have aided failure.

The threaded bar did not exhibit any mechanical damage on the outer diameter; therefore, impact /

installation damage can be ruled out as a mode of failure.

Sectioning of the threaded bar revealed a presence of manufacturing defects, which followed the

structural flow lines in the rolling direction.

The intact threaded bar showed a reduction in hardness at the HAZ near where the bar was welded

to the dome. The lower hardness due to heat input will have reduced the structural capability of the

bar.
Conclusion

The results of the examinations conducted indicate that that the threaded bars failed due to bending
fatigue caused by a combination of material supply defects and fabrication induced overheating during

installation/manufacture.

The laboratory has tested the materials / items supplied by the client ‘as sampled’ in accordance with
the customer’s own requirements. Opinions and interpretations expressed herein are outside the
scope of the UKAS, GE AVIATION, SAFRAN and NADCAP accreditations. Samples will be stored for a

period of 1 month following completion of analysis after which the items will be disposed of.

END OF TEXT —
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