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This is a follow-up letter in reference 10 our conversation regarding the reuse of ASTM
A=325 bolts and nuts and to the crack that was discovered and eepaired on the mobile
«  Skyscraper. -' _

. The structural stec] code allows for the reuse of non-galvanized A-325 bolts and nuts if
4 approved by the engincor rosponsible (AISC. Ninth Editlon, page 5.276(c)). We

v contacted the American Institute of Steel Construction (AISC) to pet clarification of
under what circumstance should the bolts and nuts be replaced. They said that as long as
the nut can be-band threaded onto the boft the nuts und bolts can be reused, 1f the nut

" oannot be run by hand along the entire threaded partion ol the bolt then the nut and bolt

" niust be replaced, Galvanized A-325 nuts and bolts and high strength -A-490 nuts and

* holts may not be reused, :

Because the structural code allows for the reuse of certain bolts and most normal
structures do not roplace fastenors on a regular basis the annusl replacement of fasteners
on amusement rides is arbitrary, Because it seems Lo have beeome standard in our ,
industry to replace fastencrs annually we have instituted a fastener replacement program
according to the following schedule:

. Chair to Sweep Attachment Bolts Annually
{nner to Quter Mast Attachment Bolts Every two years
Sweep Interface Attachment Bolts Annually
.. Sweep to Hub Attachment Bolts Annually
Mast Top Plate Attachinent Bolts Annuaily
“ Mast Bottom Plate Attachment Bolts Annually
All Threaded Fasteners - Every lour years

© No other fasteners need to be replaced unless they are damaged o extremely rusted. All
of the fasteners that poed to be replaced annually need not be replaced until afier the
Florida State Fair ends but before the Skyscraper is crected and assembled again.

Any cracks in the mast plates can pe rewelded. Any crack should be ground out or air-
arc gouged out before boing rewelded subject to accessibility. . There ar certain welds
along the welded mast plates where it would be difficult if aot impossible to grind out

without damaging the base metal in the tube steel. '
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- . Please contact us should you find any cracks where it would be impossible 10 grind out
- the erack so we can determing the best solution for repair.

- . | hope this answers your questions. Please foel (ree 1o contact me should you have any
Fusther questions, .

7 Sposey, - -
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Incldent #3

- Paytona Beach, Florida
120-faat Pexmanent Ejection Seat
July 2000 -
tmproperly Swaged Hoist Cable

Description of tnsident; . . | .
I, Hoist cebles were replaced on a pormanent Bjection Seat in Daytona Beach, Klotida.

" After the chalr was unched and had a Few rebounda the hoist cable slipped through the
:  Awage Tiwmhlabmmedmchcd&omthemhdcwngﬂ\ednhmwmgiNnum
v of the towers. - ]

) Two female cesage fiders were in the chair t the time of the accident. They were
" suspended sidewzys in the chair for about 90 minutes uni! the fire department was able
b brig thera down. Both girls suffeced minor injuries

" Anplysis : ‘ .
. The manufaceurer of the cable assembly was contacted and upon examination of the cable
took full responsibility for an improperfy awagod sleove on the cable. Initial reports seem
1o thow that the dead eod of the cable was nover fully inseriod into the siceve before it
wais compressod around the cable '

Cotredtive Action. '

 PBegause of this accident and other close calls with the hoisl cables in the past, Gravity

+  Works is now requiring all ride operators 1o purghase their hoist cables from Gravily
Works. We have developed 8 progrn with & manaFacturer for insuring tiat holst cables
for ths Bjection Seat ane properly niade, documented, scrialized, and proof Toaded prior to
tostllstion on any Ejection Seat. '

+  “This quality program will insure that the cabiles are ali mads from one controlied souroe
from only domestic wire rope. In addition, each cable will be dynamically tested after
the end is swaged. This laad is 200% € the safe working fosd. The safc working load is
1 4 {ons. : o '

n addn:on, the hoist cables moust be replaced mpually of soomes if the cable exhibits any -
of the wear conditions delineated in the Operation and Maintenance Manas!. '

Ride cwoers have 30 days from this directive to replace (he hoist cables with cables

provided by Gravity, Works. Oty Nerio, bnc,
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down, The sudden reversing of the wlich while the chair was still rebounding caused the
Nord winch drum to flip a wrap of cable off of the drun.

The cabie became entangled and subsequent lowering caused tho cahle to hoist la rather
than to pay out cable, ‘The holst cable was then lowered on one side and eaised on the
other, This caused the cable to kink severcly xs the winch sialled and applied fll stall
totque. This etall sorque was equat 1o | 30% of maximum torque  This condition coutd
cause the cable to sce aver 4000 pounds,

Tho breaking strength of 3/8” XIPS IWRC cable isa Littie over 15,000 pounds. The
stalled winch could mot generate enough Torce (o break the cable nnkess the eable wa
sétiously datmaged aiready. .

1. Do not hegin lowering the chiair untit the chair is no longtr bouncing up and dovwn.
All wincling systems need some weight at the end of the cable in onder for the eable
to come off Bhe winch drum covrectly. Most hoists wso o heavy balk at the cod of the

- hoistingz cable to keep some tension on the cabie for proper operation of the winch.
The weight of the bungee cords, swivsls, and chalr is more than adequata for the
propee operation of the Noed winching system. However, if the chairis still
rebounding then there is niof cnough weight on the baisting cable for cable te peel off
the winch properly.

Gravity Works is desigming a rotler system to keep the cable from flippiag ofF the
Nord winch drum should an operator begin fo lawer the chair before the bounelny has
subsided. We should bave u system ot o all ownees within the next 30 days. The
only maodification 10 your winches will be o dill iwo mounling hales in your wr.nch w——
frame. We will provide the mounting hardware with the roller systern,

B L
H

3. Grind the three Nord wingh druzn cheek plates to & full sedius. The chook plates are
3/3" thick mild stee! platex. This rounding of the plates will prevent the cable from
becoming severely kinked shonld & nialfunction ever cause the cablé to flip off the
drum. Rerove the cable completely from the winch drum before grinding the chock
plates.

Ride awners have 30 days from this directive to grind the choek plates and o install

the rofler system.

oy Watke b,
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What we Foomd was that the leg stresses are indecd low and at this poing would indicate
an atmast infinite life. The fact thal the tower failed aller less than 20,000 launches
would scem ta indicate that there were defects In the towers after manufacturing. The
insurance company is investigating the failure  Cravity Works will keep everyone
informed as more taformation is learmned. o

L o, ' _

All permanent rides are to have their leg to lange welds inspocted annually by a cedtified
NDT company. The process is to be magnetic particle  This is an easy and effective test
For Jocating surface cracks. If eny cracks arc found, Gravity Warks needs ta be notified

n order 10 specify the proper repair procedure.

in addition, any crack that would complutely sever & solid 2-inch stecl rod would have
existed for some time before the final failure, Do not bevome covrplacent bn your
inspeetions of the tower sections. Bvery 2000 taunches your towas must be inspectod
completely by your employees. : '

Incident ¥2

Pigeon Forge, Tennegsee

70-foot Permanent Ejection Seat
July 2000

Broken Haoist Cable

A toist cable was severed on 2 70-{oot permanent Bjection Seat in Pigoon Forge after the
launch was over and the eperator was lowering the chair back to the ground.

After the ride was completed the openmtor atiampted (o lower the chair but the chair
woulil not lower beyond & certain point. The operstin then tried 10 raise tho chair. The
chair rose sfightly and then the cable broke causing the chair 10 swing into thetower,

The operator lowered the chair, brought the riders o the ground, and unfoaded them The
riders suffered minor injurics and speat the rest of the following day riding the rides for
free. - ‘ ,

ig: :
iﬂ'fﬁmg with the opesator and ride owner what became apparent was that the dde
was lowered tao snon dfter the chaic was launched  The chair was still bouncing up and . Gewty Woeks. tar.
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Iuly 26, 2000

Toar Bjection Seat Rida Owner,

‘Ihere have been 2 fow incidents and accidenis this season thar bave produced some
injucies and one broken ankle. Please take thetime to read this carefully and to hold a

 safety meeting with alf your employecs so these incidents cae bu provented.

tacident #1

bake of the Orarks, Missouri ~

Fermanent 120-foot Ejsction Scat

Towers Fabricated by Cascade Manufactoriug
Jaly 2060 '

Tower Coliapsed

i : ’
One of the permanent towers coliapsed while the bungee cords were being tightened prior
1o launching the chair. The outside log of the throc-sided towor al about 40-foet up from
the ground expesienced 8 completa faifure. The leg was made from solid round bar slock
and Eailed right above the flange. [nitial roporta indicate that the leg severed rlght
through the Kllct weld, :

The tower was pulied over into the other towerdumaging both towers. Two riders were
iujured with & broken anke tie most serious injury.

Anslysis. : _ : .

Gravity Works immediately contacted ali permatent ride vwaers sod instructed them 18
heve 2n NDT centified compsay come out and inspect the wwver loy to flange welds on all
tower sections. ' ,

Al this point alt rides have been inspected with only one crack found on a ride In Guif
Shores, Alabama. This tower was al3p found to have undercut in most of the tower leg o,
flange welds, As oftoday all deficient weldz have boon repaired and are just waiting 1o
be reinspected. This tower was fubricated by ESCO) of Rurleson, Texas

“The tower that felt was designed by Chi Lee for & 76-mph wind zone. The wind loads
governed the design of the tower. 1nordet (o0 verify thut there are 00 strangs dynamics
after launching the chair that would cauge hgher cyclic loads than were enticipated, we
hived an independent firen to test for the stresa range the towes lays are subjected to.
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