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Background 

The tripod is a special device which enables the reactor building crane 
to lift heavy loads such as the reactor vessel head and the reactor 
internals. The tripod at the Three Mile Island 2 was designed in 1960 
and fabricated in 1972. The structural design of the tripod was based 
on limiting the stresses of structural members below the yield stress ·of 
the structural steel, which is 36,000 psi and the weld stresses below 
the American Insti tute of Steel construction (AISC) allowables. Several 
other tripods have been built according to the same criteria and to the 
same drawings (e.g., Crystal River 3 and Arkansas No. 1). Curing the 
inspection of the tripod at the Crystal River plant, it has been found 
that some of the welcs are smaller than those called for in the design 
drawings. In view of the anticipated use of the THI-2 tripod during the 
planned recovery operations, which include lifting the reactor vessel 
head and internals, it became necessary to verify both the design 
adequacy and structural integrity of the TMI-2 tripod. 

ihe Structural and Geotechnical Engineering Branch has been requested to 
provide the necessary technical exp•rtise in evaluating the tripoa 
design adequacy. The following summarizes the scope of our review and 
the review conclusions. · 

Scoce of Investigation 
. . 

In view of the lack of OA/OC information and original design 
calculations, the TMI-2 licensee, proposed a plan for evaluating and 
verifying the design adequacy of the TMJ-2 tripod. The structural 
ascects of this plan included verification of the sizes of welas, s!ress 
analysis and load testing as well as needed tripod repairs and 
mocifications. As a result of a series of communications between the 
staff and the licensee, it was agreed that the structural analysis wi ll 
be oer1o~ed by the licensee to satisfy the current NRC loading cr1~eria 
as ~e 1~ !S :he appl~ cable structural design codes ana scecificat ions. 
ihe ana lysis wi11 ~e ~ased on as bu i lt ccnci t ions. in aadition to the 
ana lytica l investi sation, .the tri pod wi ll be l oad :ested using 1.2 : imes 
i ts rate~ clcaci ty, wnicn is ~40 kips. Furthermore, ~he lice"see asreea 
to provide information regarding welders worKmansh ip, discuss the 
oiscosi tion of inaccessibil i ty of welds, and aaaress the conservatism 
usPd in :he tripod ces i ;n. ihe staff reauestea that the licensee 
correlate the ava il aD le information for :he Crystal ~ i ver ana the 
~r~ansas ; l ant ' s trioods wi th that of the 7M I·2 tri coa in crcer :o 
:rovice an aaait ~ c r.al bas ~ s ~cr de~ons:rati ng t~e :r~ :oc cesi~r. 
aoe~uac:t . 

--------------------~------~-------------------~-, -------
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of the Welds and 

The actual sizes of the fillet ~elds have been measured by the licensee 
to determine the minimum effective throat dimensions. These as built 
~el d dimensions are used in computing the weld stresses. 

Since the handling fixture is symmetrical both ~ith respect to 
structural load application and geometry, only one leg and one 
compression member ~ere modeled. The model included also the clevis 
plates and the gusset plates . The analysis used the finite element 
method and the ANSYS computer code. ANYS is a computer code, in public 
domain, capable of performing static and dynamic analysis of a ~ide 
range of problems and i ncludes features to handle elastic and plastic 
behavior of the material. The model consisted of 641 elements and 706 
nodes. ihe results of the analys is ~ere also used to determine aoequacy 
of tripod memcers . In order to account for a possible dynamic effect 
due to jerking of the crane cable, a load factor of 1.5 ~as used 
resulting in as kips load at the six clevis plates, and 510 kips loaa at 
the pick-up point. The computed member stresses were compare~ ~ith each 
of the allowables contai ned i n the American Institute of Steel 
Construction (AI SC) "Specification for the Design, Fabrication and 
Erection of Structural Steel for Butldings," Eighth Edition. The 
licensee provided the results of the analys i s which indicate that for 
the requi red safety factor of three -the stresses in the critical ~elds 
are belo~ the AISC all~ables. The maximum computed shear stress of 
17 .8 ksi i s located at the gusset platt to tripod leg junction ~hich is 
l ess than the AISC all ~able of 18.0 ksi, therefore, is acceptable. 

Th ree Dimensional Frame Analysis of Triood 

In order to ascerta in that the partia l structural model used in the 
orev ious ana lysi s reali stically represents the entire structure, 
accounting for some l ocali zed variations in weld orientation , another 
ana lysis was perfonr~d using a gross three-dimensional frame model . 
This analysis usee al so the AtiSYS computer code . 

The results of the analysis shew that the variations of the ax i al load 
ana oenoing mcment at the !hree legs of the tri poo from those cbtained 
in :he ~ar~~ a l ~oel ana1ysis are 0.0~~ and 0.3~;. resoec~ ~ veiy, ana are 
cons ~ oerea negligible. On :he basis of this analys~s. the staff concluaes 
that the =ar~ia l 'rip~d rnodel usea fo r evaluation of tne ~et as i s 
ac::eotaole. 
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Analysis Using the Criteria of the ANSI-N.l4.6 

The present recommendations for design of lifting devices such as the 
tripod, endorsed by the staff, are those contained in the ANSI 
N14.6-1978, •American National Standard for Special Lifti ng Devi ces for 
Shipping Containers Weighing 10;000 Pounds of More for Nuclear 
Materials,• which requires that the load bearing members be capable of 
lifting three times the combined weight of the shipping container 
without exceeding shear or tensile yield stress of the material. The 
standard also requires that a factor of five is applied to the lifting 
device without resulting in exceeding the ultimate strength of the 
material. 

The tripod was analyzed for these conditions and the results indicate 
that wi th a load factor of three the yield stress in any member of the 
tripod i s not exceeded. Similarly, when analyzed with a load factor of 
five, the stresses did not exceed the ultimate strength of the materi al . 

Loading Test of the Tricod 

The li censee committed to implement a load test pro~ram to demonstrate 
that the tripoa i s capable of car~Jing a 1.2 times the rated capacity . 
Implementation of such a test program will consti tute a positive 
verification of the structural inte~ity of the tripod for its rated 
load and, therefore, wil l provi de a-major Dasis for i ts acceptance. 

Additional Info~tion Rev1ewed for Ju~ging the Tripod Design Adeauacy 

The additional information reviewed to judge the adequacy of the tripod 
included a descri pti on of aual if ications of the welders, the details on 
the accessibility of the welds whi ch might offer a better i nsight on the 
auality of workmanship, a description of the potential effects of the 
env i ronmenta l conditions wnich prevai l ed during the TMI-2 accident on 
the material of the tripod and the conservati sm adopted in the origina l 
tripod des i gn which might compensate for the lack of the information 
related to the OA/OC i ssues. ihe results of staff evaluation of the 
aDove items fur~her suppor~ed the findings obtained, basea on the 
analyses discussed 'reviously. The staff al so took into consideraticn 
the fac~ ~hat t~e tri poa had been used several times in lift ing the 
reactor he!a ane "as not snown any detri~ental effec~ or overstressing 
of the st~Jctura l memcers,an additional bas i s for estaclisnina tne 
ace~uacy and !cceptability of the TMI-2 ~ripoa. -

Conclus ion 

3ased on the acove cescribea analyses, dis~~ssions ana findincs, :he 
staff concluaes t~at there is a re!senacle assurance :hat ~he-~II-2 
Category : :~~oca st~Jc:ure wi li successful~y carr~ its rate~ 1oaa 
wi:nout imoa i~ent of its s:rJc:url~ ~ nte~r1t~ or :he ab ii~tJ :o 
jerfo~ re~uire~ sa~e~1 ~~r.c:~or.s. 

---- ---
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