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On 22 February 1997, one of the arms of an “Octopus” amusement ride, operating at the Rylestone
Show in New South Wales (NSW), Australia, became detached from the central pylon, allowing the
passenger carriage at the end of the arm to fall to the ground. This accident resulted in the death of one of
the three young occupants. The Octopus ride is shown after the accident in Fig. 1. The ride had eight arms
that rotated along with the central pylon while also moving up and down by pivoting through an axle
attached to the central pylon. The axle pivoted in two bearings (one at each end of the axle) fitted to
housings attached to the central pylon. To allow disassembly of the arms when the ride was transported
from town to town, a cast steel bearing cap was fitted to the top of each housing. The cap was hinged to the
housing at the inboard end and bolted to the housing by a retaining bolt at the outboard end.

Detachment of the arm was found to have occurred as a result of fracture of the bearing cap and the
retaining bolt, which then allowed the axle to move out of its housing. The ride was first registered in 1956
(the year that registration became compulsory in NSW) but had been in service for some time prior to that
and may have been built as early as 1939.[1] This paper presents the findings of a metallurgical analysis of
the failure.
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Failure Analysis
The bearing cap that fractured was the left-hand

cap on the second arm of the Octopus and was
designated cap 2L.The failed cap is shown in Fig. 2
and 3, while the failed retaining bolt is shown in
Fig. 4 and 5. It can be seen from Fig. 2 that two
reinforcing straps had been welded lengthwise over
the top of the bearing cap prior to failure.

The retaining bolt was seen to have failed in the
threaded region (Fig. 4), with the fracture initiating
at the base of the second thread, propagating hori-
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zontally for a short distance, then running at an angle
of approximately 45° through the remainder of the

Fig. 1 Octopus ride after the accident. Courtesy of Peter Solness/
Network Photographers Fig. 3 Failed bearing cap viewed from inner surface

Fig. 2 Failed bearing cap viewed from outer surface. Two
reinforcing straps have been welded lengthwise along the
top of the cap. A crack in the rib is arrowed.
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section to emerge in the shank approximately 10
mm (0.40 in.) above the first thread. The section of
the shank still attached to the threaded end had been
bent backward through an angle of approximately
20° (Fig. 4). No evidence of fatigue was apparent
(Fig. 5). The characteristics of the fracture surface
and the marked plastic deformation that had accom-
panied fracture are considered to be indications that
the bolt had failed by overload.

Examination of the broken bearing cap (cap 2L)
revealed that the fracture had occurred essentially
straight across the width of the cap, through the
two threaded holes in the cap, at approximately 90°
to the inner surface (Fig. 2, 3). One of the rein-
forcing straps welded to the outer surface of the cap
had also fractured (Fig. 2). The second strap had
become detached from the cap on the rear end (hinge
end) but was still firmly attached on the front end
(bolt end) and had been bent outward (Fig. 2, 3). A
transverse crack was also apparent across the rib at
the rear end of the cap approximately in line with

the end of the reinforcing strap (Fig. 2). However,
this crack had not propagated substantially beyond
the rib or through the main section of the cap.

The fracture surface in the cap is shown in Fig. 6
and 7. Numerous macroscopic crack progression
markings were present, indicating that failure had
occurred by fatigue. Two distinct regions were
present on the fracture surface. The first was a heavily
discolored region that extended from the edge
nearest the outboard threaded hole approximately
three-quarters of the distance across the cap and
from the outer surface of the cap to a maximum
depth of approximately three-quarters of the section
thickness, except at the edge, where it penetrated
the full thickness (Fig. 6). The second region com-
prised the rest of the fracture and was much less
discolored (Fig. 6). Both regions showed macroscopic
crack progression markings, indicating that they had
both occurred by fatigue.

Fig. 4 Fractured retaining bolt. The hinge pin is shown in the
top of the figure.

Fig. 5 Fracture surface of broken retaining bolt

Fig. 7 Close-up view of mating fracture surface to that shown
in Fig. 6. A slaglike deposit was present in the region
marked “D.” Rubbing damage is evident at the edge of the
fracture in the region marked “R.” Fracture through the
weld metal can be seen, for example, in the region marked
“W.”

Fig. 6 Fracture surface of failed bearing cap
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Examination of the fracture surfaces revealed that
fatigue had occurred by the propagation of a number
of separate fatigue cracks. These cracks had initiated
from the corners of each of the threaded holes and
grown outwardly to eventually link up. Two addi-
tional fatigue cracks were identified in the regions
marked “A” and “B” in Fig. 6. The crack marked “A”
had initiated from the outer corner of the bearing
cap, while that marked “B” was associated with a
region of porosity in the cap. The latter of these
cracks had extended beyond its junction with the
crack growing out of the threaded hole, continuing
on for a distance of approximately 7 mm (0.28 in.)
underneath the final fracture surface. A second crack,
approximately 5 mm (0.20 in.) long, was also seen
on the inside surface of the bearing cap in this region,
running parallel to the fracture surface approxi-
mately 7 mm (0.28 in.) below it.

Small regions that appeared to have fractured by
overload were seen in the discolored region of the
fracture at the positions marked “X” in Fig. 6. Only
minimal overload fracture was detected at the
junction of cracks “A” and “B” and between these
cracks and the two cracks emanating from the side
of the threaded hole.

Heavy rubbing damage was seen along the outer
edge of the cap in the region where the strap had
detached (Fig. 7). Some rubbing damage was also
seen on the fracture surface below this position
(Fig. 7).

Examination of the fracture surface by scanning
electron microscopy was made difficult because of
the presence of corrosion products. However, micro-
scopic crack progression markings were seen near the

junction of cracks “A” and “B” (Fig. 8), and these
were found to have a spacing of approximately 0.5
to 1.0 µm (20 to 40 µin.). Finer detail could not be
detected, even at higher magnification, because of
the poor quality of the fracture surface.

Evidence of a weld repair could be seen at the
location of the fracture (Fig. 6, 7). Weld metal could
be seen along the side face of the bearing cap nearest
the outboard hole, penetrating up to approximately
2 mm (0.08 in.) into the cap (Fig. 7). Weld metal
was also present along the outer surface of the cap,
extending from the edge nearest the outboard hole
to a position approximately 18 mm (0.71 in.) be-
yond the central hole and penetrating approximately
2 mm (0.08 in.) into the cap and up to 4 mm (0.16
in.) adjacent to the outboard hole. No evidence of a
weld repair was seen on the inside surface of the
cap.

The weld metal had fractured and comprised part
of the fracture surface (Fig. 7). It was noted, however,
that the fractures through the weld metal were above
the plane of the fracture in the cap material by as
much as 1 to 2 mm (0.04 to 0.08 in.). A dark de-
posit, which appeared to be slag, was present in the
region marked “D” on the fracture surface (Fig. 7).
Slaglike or carbonaceous material was also detected
under the weld in some regions. It was noticed that
the outer surface of the cap had been ground where
the weld repair had been made (Fig. 9). A number
of short cracks, 2 to 3 mm (0.08 to 0.12 in.) in
length, were seen in this region associated with
porosity in the metal, while a longer crack, approxi-

Fig. 8 Scanning electron micrograph showing crack progression
markings

b

Fig. 9 Close-up view of failed bearing cap showing region where
strap had become detached. The remains of some of the
welds that had joined the strap to the cap are arrowed.

b
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mately 7 mm (0.28 in.) in length, was present run-
ning out of the weld on the inboard side (Fig. 9).

The broken reinforcing strap had fractured by
overload (Fig. 7). Noticeable thinning of the strap
was evident between the welds, indicating that gross
plastic deformation had occurred before the strap
broke (Fig. 7). Some additional cracking was detected
in the heavily deformed material on the underside
of the strap.

Examination of the second strap revealed that
failure had occurred through the weld metal,
permitting the strap to become detached from the
cap (Fig. 9-11). The weld had been run only
intermittently along the outboard edge of the strap
(Fig. 10, 11). A rub marking was seen on the
underside of the strap (Fig. 11), and this coincided
with the rubbing damage seen on the outer surface
of the cap at the edge of the fracture (Fig. 7).

Porosity seen on the fracture surface indicated that
the cap had been cast. A chemical analysis of the
cap material is given in Table 1 and shows that the
material is a cast 0.25% carbon steel. Metallographic
examination indicated that the cap had a ferritic/

pearlitic microstructure. The hardness was 155
HV20. The upper surface of the cap was seen to be
decarburized to a depth of approximately 1 mm
(0.04 in.). Energy-dispersive X-ray spectroscopy
(EDS) indicated that the strap was made from a
plain carbon steel (Table 1). It had a banded ferritic/
pearlitic microstructure but was decarburized to a
depth of approximately 2 mm (0.08 in.) on each
side. The carbon content was estimated from the
microstructure to be approximately 0.1 to 0.2%. The
hardness of the strap was 146 HV20. The EDS
analysis of the weld metal indicated that it contained
iron with approximately 1% manganese and 0.2%
silicon (Table 1). No attempt was made to determine
the carbon content, which was not measured in the
EDS analysis. The weld had a mixed ferritic/bainitic/
martensitic microstructure and a hardness of 199
HV20.

Fig. 10 Failed cap showing fractured welds (arrowed)

Fig. 11 Portion of reinforcing strap that had become detached
from failed bearing cap. The remains of some of the welds
are arrowed. Rub marks are evident in the region marked
“R.”

 Table 1 Chemical analyses in wt.%

Item %C %Mn %Si %Ni %Cr %Fe

Cap 2L(a)        0.25   0.71    …   0.02   0.01    bal
Cap 4L(a)        0.41   0.83    …   0.02   0.04    bal
Strap(b)   Not analyzed   1.2  <0.1    …    …    bal
Weld metal(b)  Not analyzed   1.1   0.2    …    …    bal
(a) Atomic absorption analysis (carbon by combustion analysis). (b) Energy-dispersive X-ray analysis
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Visual inspection of the other bearing caps in situ
on the Octopus revealed that most of these also
contained cracks at the same location as the fracture
in the broken cap. This was subsequently confirmed
by magnetic-particle inspection.[2] Many of the
bearing caps had reinforcing straps welded length-
wise over the top of the cap, as was the case for the
fractured bearing cap, as seen in Fig. 2. Evidence of
repair welding of the cracks was also apparent on
many of the caps.

One of the cracked caps was selected for further
examination. The cap chosen was the left-hand cap
from the fourth arm and is designated cap 4L. This
cap is shown in Fig. 12 and 13. It had no reinforcing
straps attached to the outer surface and did not show
any other evidence of having been repaired. The crack
was opened to reveal the fracture surface, which is
shown in Fig.14. The cap was seen to be cracked
from the edge nearest the outboard threaded hole
right up to the central threaded hole (Fig. 14).
Thumbnail-shaped cracks were also seen extending
beyond the central threaded hole from the top and
bottom corners (Fig. 14). The total cracked region
comprised approximately 50% of the cap cross
section (excluding the two holes).

Macroscopic crack progression markings were
evident, indicating that cracking had again occurred
by fatigue. Separate fatigue cracks had initiated from
all four corners of both of the threaded holes. The
separate cracks had ultimately linked up to produce
a continuous crack from the edge of the cap to the
central threaded hole. A small part of the region
between the two threaded holes appeared to have
failed by overload.

It was noticed that a small region of blue paint
was present on the fracture surfaces between the outer
threaded hole and the edge near the upper surface
of the crack (Fig. 14). This is shown at higher mag-
nification in Fig. 15. The paint was similar in color
to that which had been used to paint the bearing
cap.

Chemical analysis revealed that the cap was made
from a cast 0.41% carbon steel (Table 1). The steel
had a ferritic/pearlitic microstructure and was again
decarburized on the surface.

Fig. 12 A second bearing cap that was found to be cracked. The
arrows indicate the position of the crack.

Fig. 13 Cracked bearing cap shown in Fig. 12. The arrows
indicate the position of the crack.

Fig. 15 Close-up view of fracture surface shown in Fig. 14. The
blue paint on the fracture surface is arrowed.

Fig. 14 Fracture surface of bearing cap shown in Fig. 12 and 13
after breaking open the crack. The arrow indicates the
position where blue paint was observed that matched the
paint on the external surface of the bearing cap.
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Discussion
The results show that the bearing cap 2L failed

by fatigue. The straps then failed. One fractured
through its section, essentially by overload. The other
fractured through the welds and became detached
from the rear part of the cap. The bolt securing the
bearing cap then failed by overload.

It was clear that the fatigue crack in cap 2L had
existed for some time. A repair had been made to
the cap by running a shallow weld along the edge of
the crack on the side and top faces of the cap. The
two straps had been subsequently welded to the
upper surface of the cap to span the crack. It is noted
that the weld repair had not penetrated the full depth
of the crack but instead had only sealed the side
and top edges. Further, the crack was actually left
slightly open after welding, with the fracture faces
being up to 2 mm (0.08 in.) apart in places. The
heavily discolored region on the fracture surface
corresponded with the region where the weld repair
had been made to the crack, indicating that this part
of the crack was present when the repair was made.
The remainder of the crack appeared to have
developed after the repair. The fracture surface
discoloration appeared to have been produced by
the heat of welding.

It was clear that the fatigue cracking in cap 2L
was not an isolated case. Nearly all the other caps
showed evidence of cracking at the same location,
and many had been repaired. Opening of the crack
in cap 4L confirmed that this cracking had again
occurred by fatigue. It was also apparent that the
crack in cap 4L had been present the last time the
cap had been painted, because blue paint, similar in
color to the paint on the surface of the cap, was
present within the crack.

The comparatively small region of overload failure
in the fractured cap 2L indicates that the stress was
relatively low.

Conclusions
• The bearing cap, cap 2L, failed by fatigue initiated

from the corners of the two threaded holes. One
of the two reinforcing straps then failed by over-
load, while the second one became detached by
fracturing through the welds. The bolt then failed
by overload.

• The cracking in cap 2L was not an isolated

occurrence. Cracking was detected at the same
location in almost all the other caps on the same
device.

• The cracking had been in progress for considerable
time.

Epilogue
A coronial inquiry into the accident was held in

Mudgee District Court, NSW, Australia, in
December 1997. It was revealed that just one month
before the accident, the ride had been inspected on
site by a qualified engineer for its annual certification
inspection and had been passed as being fit for
operation. The coroner found that the crack in the
bearing cap should have been detected in routine
checks carried out by the operator as well as in the
certification inspection carried out by the inspecting
engineer. He concluded that there was gross negli-
gence on the part of both these persons and recom-
mended that they be charged over the incident. The
inspecting engineer, who was 75 at the time of the
accident, passed away before any charges were
brought against him. The operator was charged with
manslaughter but was acquitted, because the court
considered that he was entitled to rely on the result
of the engineer’s inspection.

At the time of the accident, the operation of fair-
ground rides in Australia was covered by Australian
standard AS 3553-1988.[3] This standard included
procedures for both daily and annual inspection as
well as procedures for maintenance and repair.
However, the standard was a recommended practice
only, and therefore, compliance was not mandatory.
In his findings,[1] the coroner recommended the
following to the NSW Minister of Industrial
Relations.

• Compliance with a revised version of the Aus-
tralian standard AS 3553-1997 be made man-
datory. This would include an obligation on the
owner to inspect all devices for cracking on a daily
basis throughout the operational season and to
keep a logbook of such inspections. Additionally,
owners would be obliged to put in place and
maintain a maintenance program and to record
such maintenance in their logbooks, together with
any repairs undertaken on the equipment.

• Annual nondestructive inspection be carried out
in accordance with the manufacturer’s instructions
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or, in the absence of these, AS 3533-1997, with
such inspection being carried out under the super-
vision of a certification engineer qualified under
the regulations.

• Any certification by an engineer be accompanied
by evidence of the engineer’s qualification to
provide a certificate.

• The regulating authority be empowered to refuse
certification by any particular engineers who are
otherwise qualified but do not have the fitness to
perform the tasks required for proper inspection
of amusement devices. In this regard, it is evident
from Fig. 1 that inspection of the attachment
points on the central pylon required considerable
physical agility, as was confirmed firsthand by the
author.

• Random inspection be carried out by the regula-
tory authority of devices certified by qualified

engineers, and the regulating authority be author-
ized to revoke the registration of all or some of
the devices certified by any engineer whose certifi-
cation is found to be deficient.

• Consideration be given to the licensing or accredi-
tation of operators of amusement devices in
addition to the certification and registration of
the equipment.

It is understood that the minister accepted all these
recommendations.
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