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ABSTRACT

An evaluation of the Virgil C. Summer reactor vessel head and internal
1ift rigs, load cell and load cell Tinkage was performed to determine
the acceptability of these devices to meet the requirements of

NUREG 0612. The evaluation consists of: (1) a comparison report of the
ANSI N14.6 requirements and the requirements used in the design and
manufacture of these devices; (2) a stress report in accordance with the
design criteria of ANSI N14.6; and (3) a list of recommendations to
enable these devices to demonstrate compliance with the intent of

NUREG 0612 and ANSI N14.6.
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SECTION 1
INTROD UCT ION

The Nuclear Regulatory Commission (NRC) issued NUREG 0612 “Control of
Heavy Loads at Nuclear Power P1ants'[]]1n 1980 to address the control

of heavy loads to prevent and mitigate the consequences of postulated
accidental load drops. NUREG 0612 imposes various training, design,
inspection and procedural requirements for assuring safe and reliable
operation for the handling of heavy loads. In the containment building,
NUREG 0612 Section 5.1.1(4) requires special 1ifting devices to meet the
requirements of ANSI N14.6-1978-"American National Standard for Special
Lifting Devices for Shifg}ng Containers Weighing 10,000 Pounds or More
for Nuclear Materials". ’n general, ANSI N14.6 contains detailed
requirements for the design, fabrication, testing, maintenance, and
quality assurance of special 1ifting devices. The Virgil C. Summer
1ifting devices which can be categorized as special 1ifting devices and
which are contained in the scope of this report are:

1. Reactor vessel head 1ift rig
2. Reactor vessel internals 1ift rig

3. Load cell and load cell 1inkage

This report contains the evaluation performed on these 1ifting devices
to determine the acceptability of these devices to meet the above
requirements.

1.1 BACKGROUND

The ‘reactor vessel head 1ift rig, the reactor vessel internals 1ift rig,
load cell and load cell linkage were designed and built for the Viryil
C. Summer Plant circa 1974-76. These devices were designed to the
requirement that the resulting stress in the load carrying members wnen
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subjected to the total combined 1ifting weight should nat exceed the
allowable stresses specified in the AISC[5] code. Also, a 125 percent
Toad test was required on both devices followed by appropriate
non-destructive testing. These items were not classified as nuclear
safety components and requirements for formal documentation of design
requirements and stress reports were not applicable. Thus, stress
reports and design specifications were not formally documented.
Westinghouse defined the design, fabrication and quality assurance
requirements on detailed manufacturing drawings and purchase order
documents. Westinghouse also issued field assembly and operating
instructions, where applicabie.
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SECTION 2
COMPONENT DESCRIPTION

2.1 REACTOR VESSEL HEAD LIFT RIG

The reactor vessel head 1ift rig[3] (Figure 2-1) is a three-legged
carbon steel structure, approximately 43 feet high and 12 feet in
diameter, weighing approximately 21,000 pounds. It is used to handle the
assembled reactcr vessel head.

The three vertical legs and Control Rod Drive Mechanism (CROM) platform
assembly are permanently attached to the reactor vessel head 1ifting
Tugs. The tripod assembly is attached to the three vertical legs and is
used when installing and removing the reactor vessel head. During plant
operation, the sling assembly is removed and the three vertical legs and
platform assembly remain attached to the reactor vessel head.

2.2 REACTOR VESSEL IMIER*ALS LIFT RIG

The internals 1ifting rig“] (Figure 2-2) is a three-legged carbon and
stainless steel structure, approximately 30 feet high and 13 feet in
diameter weighing approximately 20,000 pcunds. It is used to handle the
upper and lower reactor vessel internals packages. It is attached to the
main crane hook for all 1ifting, lowering and traversing operations. A
load cell linkage is connected between the main crane hook and the rig to

monitor loads during all operations. When not in use, the rig is stored
on the upper internals storage stand.

The reactor vessel internals 1ift rig attaches to the internals package
by means of three rotolock studs which engage three rotolock inserts
located in the internals flange. These rotolock studs are manually
operated from che internals 1ift rig platform using a handling tool which
is an integral part of the rig. The studs are normally spring retracted
upward and are depressed t~ engage the inserts. Rotating the mechanism
locks it in both positions.
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2.3 LOAD CELL AND LOAD CELL LINKAGE

The Toad cell is used to monitor the load during 1ifting and lowering the
reactor vessel head or internals to ensure no excessive loadings are

occurring. The unit is a load sensing clevis type, rated at 570,000
pounds.

This load cell is a part of the load cell Tinkage which is an assembly of

pins, plates, and bolts that connect the polar crane main hook to the
Tifting blocks of both the reactor vessel head and the internal Tift rigs.
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Figure 2-2.
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SECTION 3
SCOPE OF EVALUATION

The evaluation of these 1ifting devices consists mainly of three parts:
1. A detailed review of the ANSI N14.6 requirements
2. Preparation of a stress report

3. Recommendations to demonstrate compliance with NUREG 0612,
Section 5.1.1(4). -

Discussion of these items follows.

3.1 REVIEW OF ANSI N14.6-1978

A detailed comparison was made of the information contained in

ANSI N14.6 with the information that was used to design, manufacture,
inspect and test these special 1ifting devices. The detailed comparison
is provided in three parts:

1. Overall item by item comparison of requirements

2. Preparation of a critical item 1ist per ANSI N14.6 Secticn
3.1.2, and

3. Preparation of a 1ist of nonconforming items.
This detailed analysis is contained in Attachment A to this report.
3.2 PREPARATION OF A STRESS REPORT

Section 3.1.3 of ANSI N14.6 and NUREG 0612 Section 5.1.1(4) require a
stress report to be prepared. Special loads and allowable stress
criteria are specified for this analysis. The stress report is
Attachment B to this report.
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3.3 RECOMMENDED ACTIONS

An obvious result from the previous evaluations is a 1ist of items that
can be performed to demonstrate to the NRC that these special 1ifting
devices are in compliance with the guidelines of ANSI N14.6 and

NUREG 0612 Section 5.1.1(4). These recommendations are identified in

Section 6.
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SECTION 4
DISCUSSION OF EVALUATIONS

4,1 STWY OF ANSI N14.6-1978

A review of ANSI N14.6 identifies certain analyses to be performed and
certain identifications that are required to be made to demonstrate
compliance with this document. These are a preparation of a stress
report in accordance with Section 3.2 and a preparation of a critical
items 1ist in accordance with Section 3.1.2. The stress report is
Attachment B to this report. The critical items 1ist has been prepared
per Section 3.1.2 and is contained in Appendix A to Attachment A. This
1ist identifies the critical load path parts and welds, the materials of
these items, and the applied non-destructive volumetric and surface
inspections that were performed.

A detailed item by item comparison of ali the requirements of ANSI N14.6
and those used for the design, manufacture and inspection .f these
1ifting devices is contained as Table 2-1 of Attachment A. The
comparison shows that these devices meet the intent of the ANSI document
for design, fabrication and quality control. However, they do not meet
the requirements of ANSI N14.6 for periodic maintenance, proof and
functional testing. Thus, a tabulation of those ANSI N14.6 requirements
that are incompatible with these 1ifting devices was prepared and is
Appendix B to Attachment A. Included in Appendix B to Attachment A are

recommended actions that may be used to demonstrate acceptability to the
NRC.

4.2 STRESS REPORT

As part of the invoking of the ANSI N14.6 document, the NRC requested
utilities to demonstrate their compliance with the stress criteria with
some qualifying conditions. Attachment B is the stress report for these
devices performed in accordance with the criteria of ANSI N14.6. A
discussion is included which responds to the NRC qualifying conditions
of NUREG 0612, A1l of the tensile and shear stresses, meet the design
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criteria of Section 3.2.1.1 of ANSI N14.6, requiring application of
stress design factors of three and five with the accompanying allowable
stress limits of yield and ultimate strength, respectively. In
addition, all of the tensile and shear stresses meet the requirements of
the A1sct3) code.

4.3 RECOMMENDATIONS

The recommendations identified in Section 6 require a review of plant
maintenance and operating instructions to ensure that they contain
information relative to the identification, maintenance and periodic
testing required by ANSI N14.6. The extent of the periodic testing is
also addressed and the recommendations identify procedures which are
intended to fully meet the intent of NUREG 0612 and ANSI N14.6 with the
Teast amount of perturbation to the refueling sequence. These
recommendations do not involve any equipment changes.
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SECTION 5
CONCLUSIONS

The following conclusions are apparent as a result of this evaluation:

].

2.

4.

The ANS! N14.6 requirements for design, fabrication and quality
assurance are generally in agreement with those used for these
special 1ift devices.

The ANSI N14.6 criteria for stress limits associated with
certain stress design factors for tensile and shear stresses are
adequately satisfied.

These devices are not in strict compliance with the ANSI N14.6
requirements for acceptzn-: lesting, maintenance and
verification of continuing compliance. Recommendations are
included to identify actions that should enable these devices to
be considered in compliance with the intent of ANSI N14.6.

The application of the ANSI N14.6 criteria for stress design
factor of 3 and 5 are only for shear and tensile loading
conditions. Other loading conditions are to be analyzed to
other appropriate criteria.
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SECTION 6
RECOMMENDAT IONS

The following recommendations address the areas of ANSI N14.6 which are
incompatible with the present 1ifting devices and which are considered
most important in demonstrating the continued reliability of these
devices. They consist of suggestions and proposed responses to identify
compliance to the NRC and future considerations.

6.1 Reconmend that no changes be made to the reactor vessel internals
1ift rig should the stresses, discussed in Attachment B, be
considered excessive by others because:

The design we ght used in the stress calculations is based on the
weight of the lower internals. The Tower internals are only
removed when a periodic inservice inspection of the vessel is
required (once/10 years).

Prior to removal of the lower internals, all fuel is removed.
Thus the concern for handling over fuel is non-existent in this
particular case.

Normal use of the rig is for moving the upper internals which
weigh less than one-half of the lower internals. The design
weight is based on 1ifting the lower internals. Thus all the
stresses could be reduced by approximately 50 percent and
consiaered well within the ANSI N14.6 criteria for stress design
factors.

6.2 Review plant operating procedures to include consideration of
ANSI N14.6 Sections 5.1.3 through 5.1.8. These sections include
requirements for: scheduled periodic testing; special identification

and marking; maintenance, repair, testing and use. Westinghouse
remarks on addressing these sections are listed in Attachment A,
Appendix B, Items 5, 6, and 7.
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6.3 A proposed response to the requirement of ANSI N14.6, Section $.2.1,
requiring an initial acceptance load test prior to use equal to 150
percent of the maximum load is that the 125 percent of maximum load
test that was performed be accepted in lieu of the 150 percent load
test.

6.4

A proposed response to ANSI N14.6 Section 5.3 which requires,
annually, either a 150 percent maximum load test or dimensional,
visual and non-destructive testing of major load carrying welas and
critical areas follows. (Since the 150 percent load test is very
impractical, the approach identified in the following recommendation
is to perform a minimum of nun-destructive testing.)

Reactor Vessel Head Lift Rig

Prior to use and after reassembly of the spreader assembly,
Tifting lug, and upper 1ifting legs to the upper portion of the
Tift rig, visuaily check all welds. Raise the vessel head
slightly above its support and hold for 10 minutes. During this
time, visually inspect the sling block lugs to the 1ifting block
welds, and spreader lug to spreader arm weld. If no problems are
apparent, continue to 1ift, monitoring the load cell readout at
all times.

Reactor Vessel Internals Lift Rig

Prior to use, visually inspect the rig componente and welds while
on the storage stand for signs of cracks or deformation. Check
all bolted joints to ensure that they are tight and secure.

After connection to the upper or lower internals, raise the
assembly siightly off its support and hold for 10 minutes.

During this time, visually inspect the sling block lugs to the
Tifting block welds. If no problems are apparent, continue to
Tift, monitoring the load cell readout at all times.
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The above actions do not include a non-destructive test of these
welds because:

a. Access to the welds for surface examination is difficult.
These rigs are in containment and some contamination is
present.

b. All tensile and shear stresses in the welds are within the
allowable stress.

¢. The items that are welded remai. assembled and cannot be
misused for any other 1ift other than their intended function.

d. To perform non-destructive tests would require:

(1) Removal of paint around the area to be examined which is
contaminated.

(2) Performance of either magnetic particle inspection or
1iquid penetrant inspection and

(3) Repainting after testing is completed.
(4) Cleanup of contaminated items.

Performing non-destructive tests on these welds every refueling would
increase the critical path refueling time.

Dimensional checking is not included since these structures are large
(about 13 ‘eet diameter by 43 feet high) and the results of
dimensional checking would always be questionable. Other checks on
critical load path parts such as pins, are also not included since an
examination of these items would require disassembly of the special
1ift devices.
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6.5 Recommend that a periodic non-destructive surface examination of

critical welds and/or parts be performed once every ten years as part
of an inservice inspection outage.
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ABSTRACT

The requirements used in the original design, fabrication, testing,
maintenance aﬁd quality assurance were compared to the ANSI N14.6-1978
requirements for the Virgil C. Summer reactor vessel head and internals
1ift rig, load cell and load cell linkage. A critical items list per
ANSI N14.6 Section 3.1.2 has been prepared and a tabulation of

ANSI N14.6 requirements that are, at present, in-ompatible with the
Virgil C. Summer 1ifting devices has been prepared.
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SECTION 1
PURPOTE
The purpose of this report is to compare the requirements of the special
1ifting rigs used to 1ift the reactor vessel head and reactor vessel

upper and lower internals with the requirements coi1tained in ANSI N14.6
for special 1ifting devices.
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SECTION 2
INTRODUCTION

ANSI N14.6-1978-"American Nztional Standard for Special Lifting Devices
for Shipping Containers Weighing 10,000 Pounds or More for Nuclear
Materials" contains detailed requiremenis for the design, fabrication,
testing, maintenance and quality assurance of special 1ifting devices.
NUREG 0612 “Control of Heavy Loads at Nuclear Power Plants", paragraph
5.1.1(4), specifies that special 1ifting devices should satisfy the
guidelines of ANSI N14.6-1978. Subsequently the Nuclear Regulatory
Commission (NRC) has requested operating plants to demonstrate compli-
ance with NUREG 0612. To demonstrate comnliance with this document, a
detailed zomparison of the origiral design, fabrication, testing, main-
tenance and quality assurance requirements with those of ANSI N14.6 is
necessary.

Thus, the ANSI N14.6 document has been reviewed in detail and compared
to the requirements used to design an manufacture the reactor vessel
head 1ift rig, the -eactor vessel internals 1ift rig, load cell, and the
load cell linkage. This comparison is listed in Table 2-1.

2.1 BACKGROUND

The reactor vessel head and internals 1ifting rigs were designed and
built for the Virgil C. Summer Nuclear Power Plant, circa 1974-76.
These devices were designed to the requirement that the resulting stress
in the load carrying members, when subjected to the total combined
11fting weight, should not exceed the allowable stresses specified in
the AISC[J] code. Also, a 125 percent load test was required on both
devices, folluwed by appropriate non-destructive testing. Westinghouse
also required non-destructive tests and inspections on critical load
path parts and welds both as raw material and as finished items. These
requirements of design, manufacturing and quality-assurance were
identified on detailed manufacturing drawing and purchasing documents.
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Westinghouse also issued field assemdly and operating instructions,
where applicable.

2.2 COMPONENT DESCRIPTION
2.2.1 Reactor Vessel Head Lift Rig

The reactor vessel head 1ift rig[ll is a three-legged carbon steel
structure, approximately 43 feet high and 12 feet in diameter, weighing
approximately 21,000 pounds. It is used to handle the assembled reactor
vessel head.

The three vertical legs and control rod drive mechanism (CRDM) platform
assembly are permanently attached to the reactor vessel head 1ifting
lugs. The tripod 31ing assembly is attached to the three vertical Tegs
and is used when installing and removing the reactor vessel nead.
During plant operations, the sling assembly is removed and the three
vertical legs and platform assembly remain attached to the reactor
vessel head.

2.2.2 Reactor Vessel Internals Lift Rig

The reactor vessel internals 1ift r1g[2] is a three-legged carbon and
stainless steel structure, approximately 30 feet high and 13 feet in
diameter weighing approximately 20,000 pounds. It is used to handle the
upper and lower reactor vessel internals packages. It is attached to
the main crane hook for all 1ifting, lowering and traversing opera-
tions. A load cell linkage is connected between the main crane hook and
the rig to monitor loads during all operations. When not in use, the
rig is stored on the upper internals storage stand.

The reactor vessel internals 1ift rig attaches to the internals package
by means of three rotolock studs which engage three rotolock inserts
located in the internals flange. These rotolock studs are manually
operated from the internals rig platform using a handling tool which is

6259B8:1/032183 2-2



an integral part of the rig. The studs are normally spring retracted
upward and are depressed to engage the inserts. Rotating the mechanism
locks it in both positions.

2.2.3 Load Cell and Load Cell Linkage

The load cell is used to monitor the load during 1ifting and lowering
the reactor vessel head or internals to ensure no excessive loadings are
orcurring. The unit is a load sensing device type, rated at 500,000
pounds.

This load cell is a part of the load cell linkage which is an assembly

of pins, plates, and bolts that connect the polar crane main hook to the
1ifting blocks of both the reactor vessel head and internals 1ift rigs.
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TABLE 2-1
COMPARISON OF THE REQUIREMENTS OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements
Section

1 Scope and Definitions - These sections These sections are definitive, and not
1.1 'diTFne the scope of the document and requirements.

to include pertinent definitions of

1.3 specific items

2

3 Desi A. No design specification was written con-
3.1 DesTgner's Responsibilities - This section cerning these specific requirements.
3.1 coif’?fns requirements for preparing However, assembly and detailed manu-
to a design specification and its' contents, facturing drawings and purchasing
3.1.4 stress reports; repair procedures; 1imi- documents contain the following

tations on use with respect to environ-
mental conditions; marking and nameplate
information; and critical items list.

requirements:

(1) Material specification for all the
critical load path items to ASTM, ASME
specifications or special listed
requirements,

(2) A1l welding, weld procedures and
welds to be in accordance with ASME
Boiler and Pressure Vessel Code -
Section IX.

(3) Special non-destructive testing for
specific critical load path items to be
performed to written and approved
procedures in accordance with ASTM or
specified requirements
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TABLE 2-1 (cont)
COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES
AT T S e s el —

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements
Section

- — - ———

(4) A1l coating: tu be performed to
strict complian.e with specified
requirements.

(5) Letters of compliance for materials
and specifications were required for
verification with original specifi-
catjons.

. A stress report was not originally
required but has been prepared and is
Attachment B.

. Repair procedures were not identified.
. No limitations were identified as to

the use of these devices under adverse
environments.

. Markings and nameplate information was
not addressed.

. Critical item lists have been prepared
for each device and are identified as
Appendix A to this Attachment A.
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TABLE 2-1 (cont)

COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

9-2

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements
Section

3.2 Design Criteria 1. These devices were originally

3.2 Stress Design Factors - These sections designed to the requirement that the
to contain requirements for the use of stress resulting stress in the load carrying
3.2.6 design factors of 3 and 5 for allowable members, when subjected to the total

stresses of yield and ultimate respec-
tively for maximum shear and tensile
stresses; high strength material stress
design factors; special pins; wire rope
and slings to meet ANSI B30.9-1971; and
drop-weight tests and Charpy impact test
requirements

combined 1ifting weight, should not
exceed the allowable stresses specified
in the AISC code. A stress report
(Attachment B) has been generated which
addresses the capability of these rigs
to meet the ANSI design stress factors.

2. High strength materials are used in
some of these devices (mostly for
pins, load cell). Although the
fracture toughness was not deter-
mined, the material was selected based
on its fracture toughness character-
istics. However, the stress design
factors of ANSI N14.6 Section 3.2.1 of
3 and 5 were used in the analysis and
the resulting stresses are acceptable.

3. Where necessary, the weight of pins
was considered for handling.
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TABLE 2-1 (cont)

COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements
Section
3.3 Design Considerations - These sections Decontamination was not specifically
3.3.1 cond;n considerations for; materials of addressed. Locking plates, pins, etc.
to construction, lamellar tearing; decontam- are used throughout these special
3.3.8 ination effects; remote engagement provi- lifting devices. Remote actuation is
sions; equal load distribution; lock only used when engaging the internals
devices; position indication of remote lift ﬂ? with the internals and position
actuators; retrieval of device if disen- indication is provided from the operating
gaged; and nameplates. platform.
3.4 Design Considerations to Minimize Decontam- | Decontamination was not specifically
3.4.1 Tnation Efforts in Spec’a vice |addressed. Hcwever, the design and
to Use - Thesc sections contain cation, manufacture included many of these
3.4.6 welding, finishes, joint and machining iteas, i.e. lock devices, pins, etc.
requirements to pemit ease in
decontamination.
3.5 Coatings - These sections contain provisions| The requirements for coating carben
3.5.1 for ensuring proper methods are used in steel surfaces are contained in a
to coating carbon steel surfaces and for Westinghouse process specification
3.5.10 ensuring non-contamination of stainless referenced on the assembly and detail
steel items. drawings when applicable. These speci-
fications require a proven procedure,
proper cleaning, preparation, applica-
tior and final inspection of the coat-
ing. These requirements meet the intert
of 3.5.1 through 3.5.8. WNo provisions
were included in these designs for con-
sideration of decontamination matevials
or the use of noncontaminating contact
materials for use in stainless steel
parts.
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TABLE 2-1 (cont)

COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requ‘rements
Section
3.6 Lubricants - These sections contain On_the head lifting rig, threaded con-
3.6.1 requirements for special lubricants to neltions and 63 finishes are coated with
to minimize contamination and degradation of Fel/pro N-1000 as indicated on the
3.6.3 the lubricant and contacted surfaces drawings. On the internals lift device,
or water pools threaded connections are coated with
neolube. On the load cell linkage,
silicone grease and neolube are used where
applicable as indicated on the drawings.
1 Fabrication ATl the manufacturers welding pro-
4.1 Fabricators Re sibilities -These cedures and non-destructive testing pro-
4.1.1 sections coaii;n specific requirements Cedures #ere reviewed by Westinghouse prior
t for proper quality assurance, document to use. All critical load carrying members
4.1.12 control, deviation control, procedure require certificates of compliance for
control, material identification material requirements. Westinghouse per-
and certificate of compliance. formed certain checks and inspections during
various steps of manufacturing. Final West-
inghouse review includes visual, dimen-
sional, procedural, cleanliness, personnel
qualification, etc. and issuance of a
quality release to ensure conformance with
drawing requirements.
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TABLE 2-1 (cont)

COMPARISON OF THE REQUIREMENT OF ANSI 414.6 AND
VIRGIL C. SIMMER SPECIAL LIFT DEVICES

ANSI N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements
Section
4.2 Inspectors Responsibilities -These Westinghouse Quality Assurance personnel
4.2.1 sections contain requirements for performed some in-process and final
to a non-supplier ‘nspector. inspe ‘tions similar to those identified
4.2.5 in these sections, and issued a Quality
Release. (Also see comments to Section 4.1
above)
4.3 Fabrication Considerations -These General good manufacturing processes
4.3.1 sections contain special requirements were followed in the manufacture
to for ease in decontamination or control of these devices. However, the
4.3.3 of corrosion. information defined in these sections
was not specifically addressed.
5 Acceptance Testing Maintenance, Both the Reactor Vessel Head and Internal
and Assurance of Continued Lift Rigs were proof tested upon comple-
g}!axe #r‘sﬁ#sibﬂities - tion with a load of approximately 1.25
5.1 ons 5.1.T a 1.7 require times the design weight. ‘ipon the comple-
5.1.1 owner to verify that the special tion of the test, all parts, particularly
to lifting devices meet the performance welds, were visually inspected for cracks
5.1.8 criteria of the design specification or obvious deformation. Critical welds
by reviewing records and witness were magnetic particle inspected. In
of testing. addition, the Westinghcuse Quality Release
verifies that the criteria for letters of
compliance for materials and specifications
required by the Westinghouse drawings and
purchasing documents was satisfied.
section 5.1.3 requires periodic functional | Maintenance and inspection procedures
testing should be revised to include a visual check
of critical welds and parts during lifting
to comply with this requirement for
functional testing.
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TABLE 2-1 (conmt)
COMPARISON OF REQUIREMENT OF THE ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFY DEVICES

ANSI N14.6
Section

Description of ANSI N14.6 Requirement

Actual Special Lift Device Requirements

Section 5.1.4 requires operating procedure

Sections 5.1.5, 5.1.5.1 and 5.1.5.2
require special identification and
marking to prevent misuse.

Sections 5.1.6, 5.1.7 and 5.1.8 require
the owner to provide written documenta-
tion on the maintenance, repair, testing
and use Oof these rigs.

Operating instructions for the reactor
vessel internals 1ift rig were furnished to
the utility and vperating procedures were
prepared and are used.

It is obvious from their designs that these
rigs are special lifting devices and can only
be used for their intended purpose.

Specific identification of the rig can be
made by marking, with stencils, the rig name
and rated capacity, preferably on the
spreader assembly.

Operating instructions and maintenance
instructions should be reviewed to assure
that they contain the requirements to
address maintenance logs, repair and testing
history, damage incidents etc.
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TABLE 2-1 (cont)
COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

gliIH.G Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements

tion

5.2 Acceptance Testing and Testing to Verify The head and internals 1ift rigs were load

and Gi%gming Cﬁﬁu\ce - These paragraphs tested as indicated in Section 5. At each

5.3 require the rigs to be initially tested refueling it is suggested that a check of

5.2.1 at 1502 maximum load followed by critical welds and parts be included in the

to non-destructive testing of critical load maintenance procedures for both 1ifting

$.2.3 bearing parts and welds and also annual devices. Preferably, during the initial lift

and 1508 load tests or annual non-destructive at each refueling, a visual inspection should

5.3.1 tests and examinations; qualification of be made. Further note that with the use of

to replacement parts. the load cell for the head and internals,

5.3.8 lifting and lowering is monitored at all
times. Replacement parts should be in
accordance with the original or equivalent
requirements.

5.4 Maintenance and Repair - This section Mzintenance and repair procedures should

5.4.1 requires any maintenance and repair to be contain, as much as possible, require-

to performed in accordance with original ments that were used in the original

5.4.2 requirements and no repairs are pemitted fabrication. The critical items list of

for bolts, studs and nuts. Appendix A contains the original type of

non-destructive testing. The procedure should
also define bolts, studs and nuts as
non-repairable items.
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TABLE 2-1 (cont)

COMPARISON OF THE REQUIREMENT OF ANSI N14.6 AND
VIRGIL C. SUMMER SPECIAL LIFT DEVICES

ANSI N14.6
Section

pescription of ANSI N14.6 Requirement

Actual Special Lift pevice Requirements

5.5
5.5.1

to
5.5.2

n-destructive Testi Procedures

No
gm] g“l‘!ﬁcagms, and Acceptance
on requires non-

a - s sec

JFestructive testing to be performed in
accordance with the requirements of the
ASME Boiler and Pressure vessel Code

jal Lifting Devices for Critical
-~ These sections contain special
requirements for items handling critica?
1o0ads.

Liquid penetrant, magnetic particle,
ultrasonic and radiograph inspections
were performed on jdentified items.

These were in accordance with ASTM speci-
fications, ASME Code, westinghouse
process specifications or as noted on
detailed drawings and provide similar
ro:zlts to the requirement of the ASME

It is assumed that compliance with
NUREG 0612, Section 5.1 has been
demonstrated and therefore this section
is not applicable to these devices.
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SECTION 3
DISCUSSION

The reactor vessel head and internals 1ift rigs, load cell and load cell
linkage generally meet the intent of the ANSI N14.6 requirements for
design and manufacture. However, they are not in strict compliance with
the ANSI N14.6 requirements for acceptance testing, maintenance and
verification of continuing compliance.

Although no specific design specification was written, the assembly and
detailed manufacturing drawings and purchase order documents contain
equivalent requirements. A stress report has been prepared for these
devices. These devices, for the most part, were manufactured under
Westinghouse surveillance with identified hold points, procedure review
and personne! qualification which adequately meet these related ANSI
requirements. A 125 percent load test was performed on both the head
and internals 'ift rigs followed by the appropriate non-destructive
testing.

It is anticipated that 100 percent load test, performed on each device,

at each refueling, followed by a visual check of critical welds would be
sufficient to demonstrate compliance. This may require modification of

Virgil C. Summer operating and maintenance procedures.

Upon completion of the field assembly of the reactor vessel head 1ifting
rig, the assembly procedure calls for a 100 percent load test (1ifting
of the assembled head), with a visual inspection for any sigrs of
distortion.
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SECTION 4
CONCLUSIONS

The review of the ANSI N14.6 requirements and comparison with the origi-
nal Westinghouse requirements has shown that these ftems are generally
in agreement for the design, fabrication and quality assurance of the
1ifting devices. However, the 1ifting devices are not in strict compli-
ance with the ANSI N14.6 requirements for acceptance testing, mainte-
nance and verification of continuing compliance. These specific
requirements that are incompatible with the lifting devices are dis-
cussed in Appendix B with suggested actions. Westinghouse's objective
was to provide a quality product and this product was designed, fabri-
cated, assembled and inspected in accordance with internal Westinghouse
requirements. In general, Westinghouse requirements meet the intent of
ANSI N14.6 but not all the specific deotailed requirements.

|
i
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APPENDIX A
CRITICAL TTEMS LIST PER ANSI N14.6-1978

1. GENERAL

Scction 3.1.2 of ANSI N14.6-1978 specifies that the design specification
shall include a critical items list, which identifies critical compo-
nents and defines their critical characteristics for material, fabrica-
tion, norn-destructive testing and quality assurance.

"Critical items 1ist" is further defined in ANSI N14.6, Section 2 as:

"eritical ftems list. A list that specifies the items of a
special 1ifting device and their essential characteristics
for which specified quality requirements shall apply in the
design, fabrication, utilization, and maintenance of the
device."

Load carrying members and welds of these special 1ifting devices are
considered to be the critical items.

Tables A-1, A-2, A-3 and A-4 are the critical items list of parts and
welds for the reactor vessel head 1ift rig, the reactor vessel internals
11ft rig and the load cell and load cell linkage. These tables include
the material fdentification, and the applicable volumetric and surface
inspections that were performed in the fabrication of these special
1ifting devices. In some instances, non-destructive testing was not
specified since the materfal selection and strength result in very low
tensile stresses and thus, non-destructive testing was not justified.

The material selection for all critical load path items was made to
ASTM, ASME or special material requirements. The material requirements
were supplemented by Westinghouse imposed non-destructive testing,
and/or special heat treating requirements for almost all of the critical
ftems. Westinghouse required all welding, welders, and weld procedures
to be in accordance with ASME Boiler and Pressure Vessel Code Section IX
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for all welds. -Westinghouse required a certificate, or letter of
compliance that the materials and processes used by the manufacturer
were in accordance with the purchase order and drawing requirements.
Westinghouse also performed final inspections on these devices and
fssued quality releases for the internals and head Tifting rigs.

ra
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TABLE A-1

REACTOR VESSEL HEAD LIFT RIG, LOAD CELL AND LOAD CELL LINKAGE
CRITICAL ITEMS LIST QF PARTS

- PER ANSI N14.6-1978

Non-destructive Testing
Iton(‘) Description Material Material Finished
1.3,7 Hook Pin ASTM A564, Ultrasonic Magnetic
Adaptor Pin Type 630 Particle
Removable Pin
2 Side Plate ASTM A588 Ultrasonic Magnetic
Gr. A Q&T Particle
4,6,8 Upper Load Cell ASTM A508 Ultrasonic Magnetic
Adaptor Class 2 Particle
Lower Load Cell
Adaptor
Sling Block
5 Load Cell 17-4 pH, SS Ultrasonic Liquid
Cond. H-1100 Penetrant
9 Link Lug ASTM AS588, Ultrasonic Magnetic
Spreader Lug Gr. A, Q&T Particle
10,14, 4" Dia. Upper ASTM A434 Ultrasonic Magnetic
18,21 Sling Leg Pin AISI 4340, Particle
4" Dia Lower C1. BD
Sling Leg Pin
Upper Lifting
. Leg Pin
3 1/2" Lower
Lifting Leg Pinj
11,13, Upper Sling Leg ASTM A237, Ultrasonic Magnetic
17,20 Clevis AISIE 4340 Particle
Lower Sling Leg Steel, C1. G.
Clevis
Upper Lifting Leg
Clevis
Lower Lifting Leg
Clevis l

(8)5ee figure A-1
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TABLE A-1 (cont)

REACTOR VESSEL HEAD LIFT RIG, LOAD CELL AND LOAD CELL LINKAGE

CRITICAL ITEMS LIST OF PARTS
PER ANSI N14.6-1978

Non-destructive Testing

Itea(') Description Material Material Finished
12,19 Arm ASTM A306 Ultrasonic Magnetic

Leg Gr. 70 Particle
16 Spreader Arm ASTM Al06, - o

Gr. B

(')Soo figure A-1
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TABLE A-2

REACTOR VESSEL HEAD LIFT RIG, LOAD CELL, AND LOAD CELL LINKAGE
CRITICAL ITEMS LIST OF WELDS

PER ANSI N14.6-1978

Non-destructive Testing

Item Description Root Pass Final
8,9 Lugs to Lifting Block Magnetic Magnetic
(Full Penetration) Particle Particle
Radiograph
15,16 Spreader Arm Magnetic Magnetic
Lug to Spreader Arm Particle Particle

(fillet)
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Figure A=1. Reactor Vessel Mead Lift Rig
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TABLE A-3
REACTOR VESSEL INTERNALS LIFT RIG
CRITICAL ITEMS LIST OF PARTS
PER ANSI N14.6-1978

Non-destructive Testing
A
Itea(" Description Material Material Finished
1 Sling Block ASTM AS508, Ultrasonic Magnetic
Class 2 Particle
2 Sling Block Lug ASTM A588, Ultrasonic Magnetic
Grade A Particle
3,7 Upper Clevis Pin| ASTM AS564, Ultrasonic Liquid
Lower Clevis Pinl Type 630 Penetrant
4.6 Upper Sling ASTM A471 Ultrasonic Magnetic
Clevis Steel Forging, Particle
Lower Sling Class 3
Clevis
5 Sling Rod ASTM A306 Ultrasonic Magnetic
Grade 70 or 80 Particle
8 Spreader Lug ASTM AS16 Ultrasonic Magnetic
normalized or Particle
ASTM A637,
Grade B Q&T
9,13 Spreader and ASTM A350 LFI - -
Mounting Block Forging Ultrasonic Magnetic
Particle
10,12 Spreader Arm ASTM A36 .- --
Leg Channel -~ Visual
11 Leg Lug ASTM A516, Ultrasonic Magnetic
Grade 70 Particle
(‘)Soe figure A-2
6259B:1/032483 A-7




TABLE A-3 (cont)

REACTOR VESSEL INTERNALS LIFT RIG
CRITICAL ITEMS LIST OF PARTS
PER ANSI N14.6-1978

Itcm(')

Description

Material

Non-destructive Testing

Material

Finished

14

15,16

17

Load Nut

Rod Housing
Guide Sleeve

Retolock Stud

ASTM A276,
Type 304,
Hot Rolled,
Condition A

ASTM A276,
Type 304,
Hot Rolled,
Annealed

& Pickled,
Condition A

ASTM A564,
Type 630,
17-4 pH
H-1100

Ultrasonic

Ultrasonic

Liquid
Penetrant

Liquid
Penetrant

(a) See figure A-2
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TABLE A-4
REACTOR VESSEL INTERNALS LIFT RIG
CRITICAL ITEMS LIST OF WELDS

PER ANSI N14.6-1978

Non-destructive Testing
Item Description Root Pass Final
1,2 Lugs to Lifting Block Magnetic Magnetic
(Full Penetration) Particle Particle
Radiograph
8,9 Lug to Spreader Block Magnetic Magnetic
(Full Penetration) Particle Particle
11,12 Leg Lug to Channel Leg - Magnetic Magnetic
(fillet) Particle Particle
12,13 Mounting Block to Magnetic Magnetic
Channel Lag Par. cle Particle
(fillet)
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APPENDIX B
TABULATION OF ANSI N14.6-1978 REQUIREMENTS INCOMPATIBLE
WITH THE VIRGIL C. SUMMER LIFTING DEVICES

1. GENERAL

The comparison of the various ANSI N14.6 requirements and those of these
11fting devices has shown that these devices are not in strict compli-
ance with all the ANSI N14.6 requirements. Listed below is a tabulation
of those sections of ANSI N14.6 considered most important in demonstra-
ting the continued load handling reliability of these special lifting

devices.

Associated Westinghouse remarks are also listed and could be

used as suggested actions and/or responses to demonstrate compliance to

the NRC.

la.

1b.

2a.

Requirement:
Para. 3.1.4 - requires the designer to indicate permissible
repair procedures and acceptance criteria for the repair.

Remarks:

Any repair to these special 1ifting devices is considered to be
in the form of welding. Should pins, bolts or ocher fasteners
need repair, they should be replaced, in lieu of repair, in
accordance with the original or equivalent requirements for
material and non-destructive testing. Weld repairs should be
performed in accordance with the requirements identified in
NF-4000 and NF-5000 (Fabrication and Examination) of the ASME
Boiler and Pressure Vessel Code, Section III, Division 1 3Sub-
section NF.

Requirement:

Para. 3.2.1.1 = requires the design, when using materials with
yield strengths above 80 percent of their ultimate strengths, to
be based on the material's fracture toughness and not the listed
design factors.
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2b.

3a.

3b.

4a.

4b.

Remarks:

High strength materials are used in these devices. Although
the fracture toughness was not determined, the materiz! was
selected based on it's fracture toughness characteristics.
Hovnvir, in 1ieu of a different stress design factor, the
stress design factors listed in 3.2.1 of 3 and 5 were used in
the analysis and the resulting stresses are considered
acceptable.

Requirement:
Para. 3.2.6 requires material! for load-bearing members to be
subjected to drop-weight or Charpy impact tests.

Remarks:

Fracture toughness requirements were not identified for all the
material used in these special 1iftirg devices. However, the
material selection was based on its fracture tcughness charac-
teristics.

Requirement:

Para. 5.1 1ists Owner Responsibilities and 5.1.2 requires the
owner to verify that the special 1ifting devices meet the
performance criteria of the design specification by records and

witness of testing.

Remarks:

There wasn't any design specification for these rigs. A

125 percent load test followed hy the appropriate non-
destructive testing was performed. In addition, the Westing-
house Quality Release, may be considered an acceptable
alternate to verify that the criteria for the leiters of
compliance for materials and specifications reguired by West-
inghouse drawings and purchasing document were satisfied.
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5a.

Sb.

6a.

6b.

7a.

7b.

8a.

Requirement:
Para. 5.1.3 requires periudic functional testing and a system
to indicate continued reliable performance.

Remarks:

Maintenance and inspection procedures should include a visual
check of critical welds and par:s during 1ifting to comply with
tnis requirement for functional testing.

Requirement:
Para. 5.1.5, 5.1.5.1 and 5.1.5.2 ~equire special identification
and marking to prevent misuse.

Remarks:

It is obvious, from their designs, that these rigs are specific
1ifting devices and can only be used for their intended purpose
and parts are not interchangeable. Specific identification of
the rig can be made by marking with stencils, the rig name and
rated capacity, preferably on the spreader assembly.

Requirement:

Para. 5.1.6, 5.1.7 and 5.1.8 require the owner to provide
written documentation on the maintenance, repair, testing and
use of these rigs.

Remarks:

Operating instructions and maintenance instructions should be
reviewed to assure that they contain the requirements to
address maintenance logs, repair and testing history, damage
incidents and other items mentioned in these paragraphs.

Requirement:

Para 5.2.1 requires the rigs to be initially tested at 150
percent maximum load followed by non-destructive testing of
critical load bearing parts and welds.
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8b.

9a.

9.

10a.

10b.

Remarks:

Both the reactor vessel head and internals lifting rigs and
load cell were proof tested upon completion with a load of
approximately 1.25 times the design weight. Upon completion of
the test, all parts, particularly welds, were visually
inspected for cracks or obvious deformation and critical welds
were magnetic particle inspected. In addition the Westinghouse
Quality Release verified that the criteria for letters of
compliance for materials and specifications required by the
Westinghouse drawings and purchasing documents were satisfied.

Requirement:
Para 5.2.2 requires replacement parts t- be individually quali-
fied and tested.

Remarks

Replacement parts, should they be required, should be made of
identical (or equivalent) material and inspections as origi=
naliy required. Only pins, bolt and nuts are considered
replacement parts for the reactor vessel head and internal 1ift
rigs.

Requirement:

Para 5.3 requires testing to verify continuing compliance and
annual 150 percent load tests or annual non-destructive tests
and examinations to be performed.

Remarks

These special lifting devices are used during plant refueling
wnhich is approximately once per year. During plant operation
these special 1ifting devices are inaccessable since they are
permanently installed and/or remain in the containment. They
cannot be removed from the containment unless they are disas-
sembled and no known purposes exist for disassembly. Load
testing to 150 percent of the total weight before each use
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would require specifal fixtures and is impractical to perform.
Crane capacity could also be 1imiting. It is suggested that a
check (visual) of critical welds and parts be conducted at
inittal 1ift prior to moving to full 1ift and movement for
these devices. Further note that with the use of the load cell
for the head and internals 1ift rig, all 1ifting and lowering
ifs monitored at all times.

2. SUMMARY

The ANSI requirements for periodic checking and functional load testing
appear to be most difficult to demonstrate compliance. It is almost
impractical to perform the 150 percent load test prior to each use. It
is suggested that the proposal to the NRC include a 100 percent load
test to be performed with a minimum of non-destructive testing,
(visual=only) in the critical parts and welds.
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ABSTRACT

A stress analysis of the Virgil C. Summer reactor vesse! head and
internal 1ift rigs Toad cell and load cell Tinkage was perfcrmed to
determine the acceptability of these devices to meet the design
requirements of ANSI N14.6.
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SECTION 1
INTRODUCT ION

The Nuclear Regulatory Commission (NRC) issued NUREG 0612 “Control of
Heavy Load at 'uclear Power Plants“[]] in 1980 to address the control
of heavy loads to prevent and mitigate the consequences of postulated
accidental load drops. NUREG 0612 imposes various training, design,
inspection and procedural requirements for assuring safe and reliable
operation for the handling of heavy loads. In the containment building,
NUREG 0612 requires special 1ifting devices to meet the requirements of
ANSI N14.6-1978 "American National Standard for Special Lifting Devices
for Shipping Containers Weighing 10,000 Pounds or More for Nucl_ar
Materials”. 2] In general, ANSI N14.6 contains detailed requirements
for the design, fabrication, testing, maintenance and quality assurance
of special 1ifting devices.

This report contains the stress analysis performed on the Virgil C.
Summer reactor vessel head 1ift rig, reactor vessel internals 1ift rig
and the ioad cell and load cell 1inkage to determine the acceptability
of these devices to meet these requirements.

1.1 BACKGROUND

The reactor vessel head 1ift rig, the reactor vessel internals 1ifting
rig and Toad cell and load cell linkage, were designed and built for the
Virgil C. Summer Nuclear Power Piant, circa 1974-1976. These devices
were designed to the requirements that the resulting stress in the load
carrying members when subjected to the total combined 1ifting weight
should not exceed the allowable stresses specified in the AISC

code. Also a 125 percent load test was required on both devices,
followed by appropriate non-destructive testing. These items were not
classified as nuclear safety components and thus requirements for formal
documentation of design requirements and stress reports were not
applicable. Thus, stress reporcs and design specifications were not

62658:1/031783 11



formally documented. Westinghouse defined the design, fabrication and
quality assurance requirements on detailed manufacturing drawings and
purchase order documents, Westinghouse also issued field assembly and
operating instructions, where applicable.
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SECTION 2
COMPONENT DESCRIPTION

2.1 REACTOR VESSEL HEAD LIFT RIG

The reactor vessel head lift rigts] is a three-legged carbon steel
structure, approximately 43 feet high and 12 feet in diameter, weighing
approximately 21,000 pounds. It is used to handle the assembled reactor
vescel head.

The three vertical legs and control rod drive mechanism (CROM) platform
assembly are permanently attached to the reactor vessel head lifting
lugs. The tripod sling assembly is attached to the three vertical legs
and is used when installing and removing the reactor vessel head.
During plant operations, the sling assembly is removed and the three
vertical legs and platform assembly remain attached to the reactor
vessel head.

2.2 REACTOR VESSEL INTERNALS LIFT RIG

The reactor vessel internals 1ift r19[4] is a three-legged carbon and
stainless steel structure, approximately 30 feet high and 13 feet in
diameter weighing approximately 20,000 pounds. It is used to handle the
upper and lower reactor vessel internals packages. It is attached to
the main crane hook for all lifting, lowering and traversing opera-
tions. A load cell iinkage is connected between the main crane hook and
the rig to monitor loads during 211 operations. When not in use, the
rig is stored on the upper internals storage stand.

The reactor vessel internals 1ift rig attaches to the internals package

by means of three rotolock studs which engage three rotolock inserts
located in the internals flange. These rotolock studs are manually
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operated from the internals 1ift rig platform using a handling tool
which is an integral part of the rig. The studs are nomally spring
retracted upward and are depressed to engage the inserts. Rotating the
mechanism locks it in both positions.

2.3 LOAD CELL AND LOAD CELL LINKAGE

The Toad cell is used to monitor the load during 1ifting and Towering
the reactor vessel head or internals to ensure no excessive loadings are
occurring. The unit shall be a load sensing clevis type rated at
500,000 pounds. This load cell is a part of the load cell linkage which
is an assembly of pins, plates, and bolts that connect the poiar crane
main hook to the 1ifting blocks of both the reactor vessel head and
internals 1ift rig.
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SECTION 3
DESIGN BASIS

3.1 DESIGN CRITERIA

NUREG 0612, parayraph 5.1.1(4) states that special 1ifting devices
should satisfy the guidelines of ANSI N14.6. Further, NUREG 0612,
5.1.1(4) states: “In addition, the stress design factor stated in
Section 3.2.1.1 of ANSI N14.6 should be based on the combined maximum
static and dynamic loads that could be imparted on the handling device
based on characteristics of the crane which will be used. Thic is in
1ieu of the guideline in Section 3.2.1.1 of ANSI N14.6 which bases the
stress design factor on only the weight (static load) of the load and of
the intervening components of the special handling device".

It can be inferred from this paragraph that the stress design factors
specified in Section 3.2.1.1 of ANSI N14.6 (3 and 5) are not all inclu-
sive. Also, it zan be inferred that the specified ANSI N14.6 stress
design factors should be increased by an amount based on the crane
dynamic characteristics.

The dynamic chararteristics of the crane would be based on the main hook
and associated wire ropes holding the hook. Most main containment
cranes use sixteen (16) or more wire ropes to handle the load. Should
the crane hook suddenly stop during the 1ifting or lowering of a load, a
shock load could be transmitted to the connected device. Because of the
elasticity of the sixteen or more wire rofes, we consider the dynamic
factor for a typical containment crane to be not much larger than 1.0.

Even if the worst conditions existed, the maximum design factor that is
recomnended by most design texts (5, 6 7] 44 4 factor of two for
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loads that are suddenly applied. The stress design factors required in
Section 3.2.1.1.0f ANSI N14.6 are:

3 x (weight) < Yield Strength
5 x (weight) < Ultimate Strength

The factor of 3 specified, based on yield strength, is certainly large
enough to compensate for suddenly applied loads, where the dynamic
impact factor would be as high as 2.0.

To previde flexibility on stress design factor, the analysis of the
devices was performed with stress design factors of 1, 3 and 5. Thus,
any stress design factor may be easily applied to satisfy any concerns.

3.2 DESIGN WEIGHTS

The following design weights were used in the analysis of the lifting
devices:

3.2.1 Reactor Vessel Head Lift Rig

The design weight is 270,000 pounds which is the total weight of the
assembled head and the 1ifting device.

3.2.2 Reactor Vessel Internals Lift Rig
The design weight for:

a. The Lower Assembly, Items 13 through 17 of calculations; is
202,000 pounds.

b. The design weight for the rest of the rig is 230,000 pounds.
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SECTION 4
MATERIALS

4.1 MATERIAL DESCRIPTION

The materials and material properties for the reactor vessel head 1ift

rig, the reactor vessel internals 1ift rig and load cell linkage are
lTisted in Tables 4-1 and 4-2.
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TABLE 4-1

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE MATERIAL
AND MATERIAL PROPERTIES

Yield Ultimate
(8) Strength Strength
3 5
[tem Descripticn Material Sy (ksi) Sult (ksi)
L7 Hook Pin ASTM A564, 105 135
Adaptor Pin Type 630
Removable Pin
2 Side Plate ASTM A588, Grade A, 60 80
Q&T
4,6,8 Upper Load Cell ASTM A508, 50 80
Adaptor Class 2
Lower Load Cell
Adaptor
Sling Block
5 Load Cell 17-4 pH, SS 115 140
Condition H-1100
9,15 Link Lug ASTM A588, Grade A, 60 80
QT
10,14, 4" Dyva. Upper Sling | ASTM A434 110 140
18,21 Leg Pin AISI 4340
Class BD
4" Dia. Lower Sling
Leg Pin
Upper Lifting Leg
Pin
3 1/2" Lower Liftirg
Leg Pin
1. 13, Upper Siing Leg ASTM A237, 110 135
17,20 Clevis AISI 4340
Lower Sling Leg Steel, Class G
Clevis

Upper Lifting Leg
Clevis

Lower Lifting Leg
Clevis

(a) See figure 5-1.
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; TABLE 4-1 (cont)
REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE MATERIAL
AND MATERIAL PROPERTIES

Yield Ultimate
(a) Strength Strength
a
Item Description Material Sy (ksi) Sult (ksi)
12,19 Arm ASTM A306 35 70
Leg Grade 70
16 Spreader Arm ASTM A106 35 60
Grade B

(a) See figure 5-1.
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TABLE 4-2

REACTOR VESSEL INTERNALS LIFT RIG MATERIAL
AND MATERIAL PROPERTIES

Yield Ultimate
( Strength Strength
a)
Item Description Material Sy (ksi) Sult (ksi)
1 Sling Block ASTM A508, Class 2 50 80
2 Sling Block Lug ASTM A588, Grade A 60 80
- 4 Upper Clevis Pin ASTM AS564, 105 135
Lower Clevis Pin Type 630
4,6 Upper Sling Clevis | ASTM A471, Steel 95 110
Lower Sling Clevis | Forging, Class 3
5 Sling Rod ASTM A306, Grade 35 70
70 or 80
8 Spreader Lug ASTM A516 Normalized 38 70
or ASTM A637, Grade B,
Q&T
9,13 Spreader and ASTM A350 LFI 30 60
Mounting 8lock Forging
10,12 Spreader Arm ASTM A36 36 58
Leg Channels
11 Leg Lug ASTM A516, Grade 70 38 70
14 Load Nut ASTM A276, Type 304 30 75
Hot Rolled, Cond. A
15,16 Rod Housing ASTM A276, Type 304 30 75
Guide Sleeve Hot Rolled, Annealed and
Pickled, Cond. A
17 Rotolock Stud ASTM A564, Type 630, 115 140

17-4 pH, H-1100

(a) See figure 5-2.
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SECTION §
SUMMARY OF RESULTS

Tables 5-1 and 5-2 summarize the stresses on each of the parts which
make up the reactor vessel head, load cell and load ceil linkage and the
internals 11ft rig. Al]l of the tensile and shear stresses, meet the
design criteria of Section 3.2.1.1 of ANSI N14.6, requiring application
of stress design factors of three and five with accompanying allowable
stress 1imits of yield and ultimate strength, respectively. In
adaition, all of the tensile and shear stresses meet the requirement of
not exceeaing the allowables of the AISC[8] code.

5.1 DISCUSSION OF RESULTS
5.1.1 Application of ANSI N14.6 Criteria

Both the reactor vessel head and internals 1ift rig were originally
designed to the requirement that all resulting stresses in the load
carrying members, when subjected to the total combined 1ifting weight,
should not exceed the allowable stresses specified in the AIS(:[8 code,

The design criteria of Section 3.2.1.1 of ANSI N14.6, requiring applica-
tion of stress design factors of three and five with the accompanying
allowable stresses, are to be used for evaluating load bearing members
of a special 1ifting device when cubjected to loading conditions
resulting in shear or tensile stresses. Application of these design
load factors to other loading conditions is not addressed in ANSI
N14.6. However, these two stress design facturs have been used to
determine the stresses of the load carrying members when subject to
other loading conditions, viz. bending, bearing. This is an extremely
conservative approach and in several instances the resulting stresses
exceed the accompanying allowable stress limit.
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5.1.2 Structures Loaded in Bearing

The parts of the internals 1ift rig that do not meet the ANSI N14.6
criteria (3 and 5) when analyzed for bearing stresses are the lower
sling leg clevis (item 6), the lower clevis pin (item 7), the spreader
Tug (item 8), the leg Tug (item 11), and the rotolock stud (item 17).

However, since bearing stresses are localized stresses, they can, if
necessary, be considered under Section 3.2.1.2, which states that the
stress design factors of 3.2.1.1 are not intended to apply to situations
where high local stresses are relieved by slight yielding. None of the
bearing stresses reach the yield stress, and in fact, all of the bearing
stresses meet the design criteria of the AISCEB] code.

5.1.3 Combined Stresses

The combined tensile stress from bending and tension, in the spreader
lug (item 8), of the internals 1ift rig exceeds the Section 3.2.1.1
criteria.

Bending, however, is not a uniform stress, but a local fiber stress, and
is at maximum at the cutarmost fiber. Even if the fiber stress reached
anywhere near the yield stress, the rest of the cross-section could
assume the additional load. As indicated above, bending too can be
considered under Section 3.2.1.2. Bending contributes to the major
portion of the stress shown in the table, and, as a result, as shown,
the tensile stress without bending is extremely low and well within the
Section 3.2.1.1 criteria. The combined stress also meet the AISC code
criteria.

5.1.4 Fillet Weld Stresses

The fillet weld connecting the leg lug (item 11) to the lea channel
(item 12) on the internals 1ift rig meets the ASME criteria ‘or weld
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stresses based on base material properties. However, when applying the
ANSI N14.6 3W and 5W criteria to the numinal stress value, the ASME
allowable stress value is exceeded. But, since the ANSI N14.6 criteria
is satisfied for this weld, it is considered acceptable.

5.2 CONCLUSION

Application of the ANSI N14.6 criteria of (3 and 5) to these special
1ifting devices results in acceptatle stress limits for tensile and
s"=2ar stresses. Application of this criteria to all structural members
subject to other types of loadings tend to result in oversimplified
conservatism and with some stresses exceeding the accompanying allowable
limits. However, when using the more appropriate criteria for those
cases not addressed by the ANSI N14.6 criteria the stresses are within
the appropriate allowable 1imits. In conclusion, these special 1ift
devices meet the ANSI N14.6 criteria for tensile and shear stresses and
meet other appropriate criteria for loading conditions that result in
combined and bearing stresses.
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TABLE 5-1

SUMMARY OF RESULTS
REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

Calculated Stresses (ksi)

Material Allowable

iten'®|  Part Name Va lue ksi)
No. And Material Designation H(bj 3w 5K Sy(c) Sult(d)
1 Hook Pin Shear h 9.3 15.5 105 135
ASTM A564, Bearing on Pin 4.1 12.3 20.5
Type 630 Bearing on Side Plate 4.5 13.5 e2.%
Bending ! 11.8 35.4 59.0
2 Side Plate Tension at 7.515" hole 3.8 11.4 19.0 60 80
ASTM A588 Bearing at 6.515" hole 5.2 15.6 26.0
Gr. A, Q&T Shear Tear-out
at 7.515" hole 3.8 11.4 19.0
at 6.515" hole .2 6.6 11.0
(a) See figure 5-1 for location of item number and section

(b)
(<)
(d)

W is the total static weight of the component and the lifting device

Sy is the yield strength of the material {ksi)

S

ult

is the ultimate strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAEZ

Calculated Stresses (ksi) Material Allowable
lten(a) Part Name Value ksi)
No. And Material Designation H(b) W 5W Sy(c) Sult(d)
3 Adaptor Pin Shear 4.1 12.3 20.5 105 135
ASTM AS564 Bearing on Pin 5.2 15.6 26.0
Type 630 Bearing on Upper 5.4 16.2 27.0
Load Cell Adaptor
Bending 19.5 58.5 97.5
4 Upper Load Tension at 6.515 hole 3:3 9.9 16.5 50 80
Cell Adaptor Bearing 5.4 16.2 27.0
ASTM A508, Thread Shear 7.0 21.0 35.0
Class 2 Shear Tear-out 33 9.9 16.5
at 6.515" hole

(a)
(b)
(c)
(d)

See figure 5-1 for location of item number and section

W is the total static weight of the component and the lifting device
is the yield strength of the material (ksi)

S
¥
is the ultimate strength of the material (ksi)

S

ult
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

Calculated Stresses (ksi) Material Ailowable
Ite-(‘) Part ame Value jﬁji)
No. And Material Designation wo) W SN s,“’ $ .Y
5 Load Cell Tension 14.4 43.2 72.0 115 140
17-4 pH Thread Shear 7.0 21.0 35.0
S/S
6 Lower Load Tension at Pin Hole 3.3 9.9 16.5 50 80
Cell Adaptor Bearing 6.9 20.7 34.5
ASTM A508 Thread Shear 6.7 20.1 33.5
Class 2 Shear Tear-out 3.3 9.9 16.5
at Pin Hole
7 Removable Pin | Shear 4.2 12.6 21.0 105 135
ASTM A564 Bearing on Pin 5.1 15.3 25.5
Type 630 Bearing on Link 5.7 3.0 28.5
Bending 16.9 50.7 84.5

(a) See figure 5-1 for location of item number and scction

(b) W is the total static weight of the component and the lifting device
is the yield strength of the material (ksi)

(c) Sy

() Syye

is the ultimate strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

Calculated Stresses (ksi)

Material Allpwable

iten(® | Part ‘ame Value ksi)
No. And Material Nesignation wib) W 5W sy‘" W
8 Sling Block Tension at 6.515" hole 33 9.9 16.5 50 80
Link Shear at 6.515" hole 3.3 9.9 16.5
ASTM A508, Bearing on Pin 5.1 5.3 25.5
Class 2 Tension at Cylindrical 5.4 16.2 27.0
Section
9 Link Lug Tension at 4.015" hole 3.5 10.5 12.5 60 80
ASTM A588 Shear Tear at hole 3.5 10.5 17.5
Gd.A, Q&T Bearing at 4.015" hole 6.1 18.3 30.5
Combined Stress 5.7 17.1 28.5
from Tension and Bending
Veriical Shear 1.8 5.4 9.0
(a) See figure 5-1 for location of item number and section
(b) W is the to*al static weight of the component and the lifting device
(c) Sy is the yield strength of the material (ksi)
(d) Sult is the ultimate strength of the material (ksi)
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SUMMARY OF RESULTS

TABLE 5-1 (cont)

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

(a)

Calculated Stresses (ksi)

Material Allowable

Item Part Name Value ksi)
No. And Material Designation H(b) 3W 5W Sy(c) Sult(d)
10 4" Dia. Upper | Shear 3.8 11.4 19.0 110 140
Sling Leg Bearing on Pin 6.1 18.3 30.5
Pin Bearing on Upper 6.4 19.2 32.0
ASTM A434 Sling Leg Clevis
Bending 14.6 43.8 73.0
1 Upper Sling Bearing 6.4 19.2 32.0 110 135
Leg Clevis Thread Shear 2.7 8.1 13.5
ASTM A237 Tension at Thd Relief 1.7 1 8.5
AISI E4340 Tension at Pin Hole 5.4 16.2 27.0
Steel, Cl. G Shear Tear-out 5.4 16.2 27.0
12 Arm Thread Shear 2.7 8.1 13.5 35 70
ASTM A306 Thread Tension 8.9 26.7 44.5

(a) See figure 5-1 for location of item number and seciion

(b) W is the total static weight of the component and the lifting device

(c) S
(d) S

y
ult

is the yield strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

(a)

Calculated Stresses (ksi)

Material Allowable

item Part Name Value ksi)
No. And Material Desigrnation H"’) W 5w Sy‘d sult‘d‘
13 Lower Sling Bearing 6.4 19.2 32.0 110 135
Leg Clevis Thread Shear .7 8.1 13.5
ASTM A237 Tension at Thd Relief 1.8 5.4 9.0
AISI E4340 Tension at Pin Hole 5.4 16.2 27.0
Steel, Class G| Shear Tear-out 5.4 16.2 27.0
14 4" Dia. Lower | Shear 3.9 11.7 19.5 110 140
Sling Leg Bearing on Pin 6.9 20.7 34.5
Pin Bearing on Spreader Lug 6.4 19.2 32.0
ASTM A434 Bending 13.6 40.8 68.0

(a)
(b)
(c)
(d)

See figure 5-1 for location of item number and section

W is the total static weight of the component and the lifting device
Sy is the yield strength of the material (ksi)
is the ultimate strength of the material (ksi)

Sult
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

(a)

Calculated Stresses (ksi)

Material Allpuble

Item Part Name Value i)

No. And Material Designation w'b) M SM sym slm“)

15 Spreader Lug Bearing on 4.005" Hole 7.0 21.0 35.0 60 80
ASTM A588 Tension at Upper Hole 4.7 14.1 23.5
Gd.A Steel Shear Tear-out 4.7 14.1 23.5
Plate

16 Spreader Arm | Nominal Compression 1.7 5.1 | 8.5 35 60
ASTM AT06 Stress F, = 19545(¢)
Gd.B Seamless | Weld Shear 1.0 3.0 5.0 16!f)

(a)
(b)
(c)
(d)
(e)
(f)

See figure 5-1 for location of item number and section

W is the total static weight of the component and the lifting device
is the yield strength of the material (ksi)
Syt 15 the ultimate strength of the material (ksi)

S
y

F‘ is the compressive buckling strength of the material (ksi)
Stress limit for fillet weld from ASME Boiler and Pressure Vessel Code, Section III Division 1 -
Subsection NF 1980 Edition, Table NF-3292 1-1, page 43.




TABLE 5-1 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

Calculated Stresses (ksi) Material Allowable
iten'® |  Part Name value .
No. And Material Designation H"ﬂ k) 5K Sy‘d ult ‘
17 Upper Lifting | Bearing $.9 137 29.5 110 135
Leg Clevis Thread Shear 2.5 7.5 12.5
ASTM A237 Tension at Thd Relief 1.7 5.1 8.5
g AISI E4340 Tension at Pin Hole 5.0 15.0 25.0
i Steel, Class G| Shear Tear-out 5.0 15.0 25.0
18 Upper Lifting | Shear 3.6 10.8 18.0 110 140
Leg Pin Bearing on Pin 6.4 19.2 32.0
ASTM A434 Bearing on Clevis 5.9 17.7 29.5
Bending 12.5 372.5 62.5

(a)
(b)
(c)
(d)

See figure 5-1 for location of item number and section

W is the total s.atic weight of the component and the lifting device
Sy is the yield strength of the material (ksi)
is the ultimate strength of the material (ksi)

Sul t
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TABLE 5-1 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL HEAC LIFT RIG AND LOAD CELL LINKAGE

ZL=s

Calculated Stresses (ksi) Material Allowable
iten'®’|  Part Name Value ksi
No. Ard Material Designation H(b) k) 5w Sy(c’ S‘“'tmi
19 Leg Thread Shear 2.5 1.5 12.5 35 70
ASTM A306 Thread Tension 8.1 24.3 40.5
6d.70
20 Lower Lifting | Bearing 6.7 20.1 33.5 110 135
Leg Clevis Thread Shear 2.5 1.6 12.5
ASTM A237 Tension at Thd Relief 1.8 £.4 9.0
AISI E4340 Tension at Pin Hole 4.5 13.5 22.5
Steel, Class G| Shear Tear-out 4.5 13.5 22.5

(a) See figure 5-1 for location of item number and section

(b) W is the total static weight of the component and the 1ifting device
(c) Sy is the yield strength of the material (ksi)

(d) Syip 1s the ultimate strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG AND LOAD CELL LINKAGE

(a)

Calculated Stresses (ksi)

Material Allowable

Item Part Name Value i)
No. And Material Designation Wbl W 5W sy“’ ™
21 3 1/2" Lower Shear 4.7 14.1 23.5 110 140
Lifting Leg Pin|Bearing on Lug 8.6 25.8 43.0
ASTM A434 Bearing on Clevis 6.7 20.1 33.5
AISI 4340 Bending 18.0 54.0 90.0
Class BD

(a)
(b)
(c)
(d)

See figure 5-1 for location of item number and section

W is the total static weight of the component and the lifting device

Sy is the yield strength of the material (ksi)
t is the ultimate strength of the material (ksi)

Sul
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Figure 5-1. Reactor Vessel Head Lift Rig
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TABLE 5-2
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

Calculated Stresses (ksi)

Material Allowable

lten“’ Part Name Value ksi)
No. And Material Designation H(b) W 5H S (€) Su (d)
y It
I Sling Block Tension at 6.515" Dia. Hole 2.8 8.4 14.0 50 80
ASTM A508 Bearing at 6.515" Dia. Hole 4.4 13.2 22.0
Class 2 Shear Tear-out at 6.515"
Dia. Hole 2.8 8.4 14.0
Tension at 8.00"
Cylindrical Section 4.6 13.8 23.0
2 Sling Block Lug|Tension at 4.015" Dia. Hole 3.6 10.8 18.0 60 80
ASTM A588 Bearing at 4.015" Dia. Hole 6.3 18.9 31.5
Grade A Steel |Shear Tear-out at 4.015"
Dia. Hole 3.6 10.8 18.0
Vertical Shear at Lug
Root Weld 1.5 4.5 7.5
Combined Tension from Bend-
ing and Tension at Lug Weld 5.2 15.6 26.0

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device

(c) Sy is the yield strength of the material (ksi)
is the ultimate strength of the material (ksi)

(d) Sult
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TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

9L=5

Calculated Stresses (ksi) Material Allowable
ltel(a) Part Name Value ksi)
No. And Material Designation H(b) 3W 5w Sy(c) Sult(d'
3 Upper Clevis Shear Stress 4.0 12.0 20.0 105 135
Pin Bearing Stress
ASTM A564 on Sling Block Lug 6.3 18.9 31.5
Type 630 Bearing on Upper Sling Clevis| 5.2 15.6 26.0
Bending Stress 15.7 47.1 78.5
4 Upper Sling 1ension at 4.015" Dia. Hole 4.0 12.0 20.0 95 110
Clevis Bearing at 4.015" Dia. Hole 5.2 15.6 26.0
ASTM A471 Shear Tear-out at 4.015"
Steel Forging | Dia. Hole 4.0 12.0 20.0
Class 3 Thread Shear 4.2 12.6 21.0

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device
c) S
(c) y

(d) S

ult

is the yield strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

Calculated Stresses (ksi) Material Allowable
iten'® |  part Name Value si)
No. And Material Designation H(b) 3w 5W S’(C) S“|t(d)
5 Sling Rod Thread Shear 4.2 12.6 21.0 35 70
ASTM A306 Thread Tension 9.0 27.0 45.0
Grade 70 or 80| Tension at Thread Relief 9.7 29.1 48.5
6 Lower Sling Tension at 4.015" Dia. Hole 4.0 12.0 20.0 95 110
Leg Clevis Bearing 30.0 90.0 150.0
ASTM A471 Bending at 4.015" Dia. Hole 17.8 153.4 89.0
Steel Forging | Combined Max. Bending and
Class 3 Tension at 4.015" Dia. Hole 21.9 65.7 109.5
Thread Shear 4.2 12.6 21.0

(a) See figure 5-2 for locaticn of item number and section

(b) W is the total static weight of the component and the lifting device
is the yield strength of the material (ksi)
is the ultimate strength of the material (ksi)

(c) Sy

(d) Sult
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TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

(a)

Calculated Stresses (ksi)

Material Allowable

Item Part Name Value i)
No. And Material Designation w(d) W 5 S i TV
7 Lower Clevis Maximum Shear at Clevis 8.0 24.0 40.0 105 135
Pin Maximum Bearing at Clevis 30.0 90.0 | 150.0
ASTM A564 Bending 15.3 45.9 76.5
Type 630
Precipitation

Min. Tensile

Hardening Stain
less Steel Age
Treated at 1150°F
for 4 hours, air-
cooled 135,000 psi

Strength RC 28-31

(a)
(b)
(c)
(d)

See figure 5-2 for location of item number and section
W is the total static weight of the component and the lifting device
Sy is the yield strength of the material (ksi)

Su

it

is the ultimate strength of the material (ksi)




TABLE 5-2 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL INTERNALS LIFT RIG

Caiculated Stresses (ksi)

Material Allowable

61-5

Part Name Value
And Material Designation H(b) 3W 5W S’(c) i1t ¢
Spreader Lug Tension at 4.015" Dia. Hole 2.2 6.6 11.0 38 70
ASTM A516 Bending at 4.015" Dia. Hole 13.3 39.3 66.5
Steel Plate, Combined Tens . on and Bending | 15.4 46.2 77.0
Normalized, or | Bearing 23.1 69.3 119.5
A637, Gr. B,
Q&7
Spreader Block | Bearing on Spreader Block 3.0 9.0 15.0 30 60

ASTM A350
LFI Forging
Steel

62658:1/032483

See figure 5-2 for location of item number and section
W is the total static weight of the component and the lifting device
" is the yield strength of the material (ksi)

is the ultimate strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

Calculated Stresses (ksi) Material Allowable
iten'® | Part Name Value ksi)
No. And Material Designation w'b) W 5W sym g™
10 Spreader Arm Nominal Compression 3.0 9.0 15.0 36 58
ASTM A26 Steel| Stress F. =18 929(’)
" Leg Lug Tension 4.015" Dia. Hole 2.6 7.8 13.0 38 70
ASTM A516 Bending at 4.5" Dia. Hole 7.9 23.7 39.5
Grade 70 Steel| Comb. Max. Bending Tension
at 4.015" Dia. Hole 10.4 31.2 52.0
Bearing 18.8 56.4 94.0
Weld Stresses 9.4 28.2 | 47.0 2(f)
(a) See figure 5-2 for location of item number and section
(b) W is the total static weight of the component and the lifting device
(c) Sy is the yield strength of the material (k i)
(d) Sult is the ultimate strength of the material (ksi)
(e) Fa = allowable compression stress to prevent buckling in absence of bending moment
(f) Stress limit for fillet welds from ASME Boiler and Pressure Vessel Code, Section III, Division 1 -

Subsection NF 1980 Edition, Table NF-3292.1-1, page 43.

62658: 1/032483




TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

125

Calculated Stresses (ksi) Material Allowable
1ten'®) |  Part Name Value ksi)
No. And Material Designation H(b) I 5w Syn, sult
12 Leg Channels Tension in Legs 5.6 16.8 28.0 36 58
ASTM A36 Steel
13 Mounting Block | Bearing of Load Nut to
ASTM A350 Mounting Block 1.8 5.4 9.0 30 60
LFI Forging | Shear in Mounting Block Welds| 3.1 9.3 | 15.5 18(f)
Steel (No CWN
Test Req'd.) |
Welds: E70-18
Electrodes

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device

(c) Sy i. the yield strength of the material (ksi)

(d) Sult is the ultimate strength of the material (ksi)

(f) Stress limit for fillet welds from ASME Boiler and Pressure Vessel Code, Section III, Division | -
Subsection NF 1980 Edition, Table NF-3292.1-1, page 43.

62658:1/032483



TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

Calculated Stresses (ksi) Material Allowable
Part Name Value

(b} (c)
And Material Designation W W Sy Sult

Load Nut Thread Shear

ASTM A276 Bearing of Load Nut
Type 304, to Mounting Block
Hot Rolled,
Cond. A

Rod Housing Thread Shear

ASTM A276, at 4.00-4UNC-2A Thd.
Type 304 SST, | Thread Shear at

Hot Rolled, 5.0-6UN-2A Thd.

Annealed and Tension at Thread Relief
Pickled,
Cond. A

See figure 5-2 for location of item number and section
W is the total static weight of the component and the lifting device
Sy is the yield strength of the material (ksi)

S is the ultimate strength of the material (ksi)

ult




TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

Calculated Stresses (ksi)

Material Al lo;able

lten(‘) Part Name Value
No. And Material Designation wd) W SW s VL
16 Guide Sleeve Thread Shear 3.5 10.5 17.5 30 75
ASTM A276, Tension at Thd Relief 8.2 24.6 41.0
- Type 104 ST, | Bearing of Guide 9.9 29.7 49.5
:-’3 Hot Rc'led, Sleeve to Rotolock Stud
Annealed, and
Pickled,
Cond. A

(a) See figure 5-2 for location of item number and section

fb) W is the total static weight of the component and the lifting device
(c) Sy is the yield strength of the material (ksi)

(d) Sult is the ultimate strength of the material (ksi)

62658:1/032483




v2-S

TABLE 5-2 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL INTERNALS LIFT RIG

(a)

Calculated Stresses (ksi)

Material Allowable

Item Part Name Value ksi)
No. And Material Designation Il“) k) 5w S,(d Sult“
17 Rotolock Stud |Tension at Section A-A 19.5 58.5 97.5 115 140
ASTM AS564, Shear of Stud Lands 10.5 31.5 52.5
Type 630, Bearing on Stud Head 9.9 29.7 49.5
17-4 Precipita-|Bending in Lands 14.4 43.2 72.0
tion Hardening |Compressive Bearing Stress 29.8 89.4 149.0

Stainless Stee!
Age Treated at
1100°F for 4
hours and air
cooled T min =
140,000 psi

On Land Surfaces

(a) See figure 5-2 for location of item number and section

(b) W is the total stavic weight of the component and the lifting device
is the yield strencth of the material (ksi)

(c) S’

(d) Sult is the ultimate strength of the material (ksi)

62658:1/032483
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Figurs 5-2, Reactor Vessel Internals Lift Rig,
Load Cell, and Linkage
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_ APPENDIX A
DETAILED STRESS ANALYSIS - REACTOR VESSEL HEAD LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

This appendix provides the detailed stress ana.ysis for the Virgil C.
Summer reactor vessel head 11ft rig and the load cell and load cell
linkage, in accordance with the requirements of ANSI N14.6. Acceptance
criteria used in evaluating the calculated stresses are based on the
material properties given in Section 4,

62658:1/031783
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APPENDIX B
DETAILED STRESS ANALYSIS -
REACTOR VESSEL INTERNALS LIFT RIG

This appendix provides the detailed stress analysis for the Virgil C.
Summer reactor vessel internals 1ift rig in accordance with the
requirements of ANSI N14.6. Acceptance criteria used in evaluating the
calculated stresses are based on the material properties given in
Section 4,

62658:1/031783 B-1
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fe= 50,115 . 5199 P5T

1. b4
SPRERDER LUG Rcaring
fc= P/ac Ac ‘

Fc= lhir_)_bﬂ_._L_J' Y (23 =

10

S [bs
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LEG LVG Bearing

fc= P | Ac=dt=(400X25 -.25) TAin?
Ac

FC= Wt . =
Ac

Clevis 9(105,000 )= 4500 2 5149
Lowerclevis Pin . q(950600) = %5500 > 5149
Spreader Lug A(3%000)T 34200 2 3227

Lea Lvg A(3%000) = 39200 2 4259

All of +he above (tems SaﬂsFY +he AISC bea(‘ing
Critéecia and are Clccephbie.

However, inorder tc be conservative, the
higher numbers generated m the First set
vsed to determine the

™

of calcvlations will be
sStresses for \tems b,1,3 and |\
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LOW ER SLING LEG cLEVs (o)

Mat'L . ASTM A4 STEEL FORGING CLASS 3

0 A — 100 —

Y4 -4UNC-28

.«\\\ }, i o5 el
1 \\ b \~ |

N\
F [N

N\
! |

\
| \\ y

.00 [\

b

Ee— T T SIS S
|
h.\ . 4
b % -

wtr— 5 00

.CY43

ension @ 4.015 ¢ Hole
P / S
Av= (10.00 -S.c0 )(9.0¢ -w.&;ﬂ 4 (.cys)

Av= 2492 Int

24,92

From Spreader Joint calcvlation M= 14073
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Bending stress @ Section A-A (Pin Hole)

fbo= MC | ™= Qb,072ipan ;€= 25-2cus) = 1.2051n
—

L
I= bh? - @-4o5)2sP = b.4909n"Y
12 |2
Fos (46072Y1208) = 11,835 PsI
64909

Combined max, bending ¢ tension @
4.0iS ¢ Hole

Fmax = Fp+f¢ = 17,735 + 40132 = 21,57 P5T

Bearing Stress
Fromn the Spreaden JeinT calculat. 0

Femar= 5199 t 24512730011 PsT
Thread shear

The theead Shear 15 The zame astae Sling
fed's theead shear

fv- logara

W

fv= Y57 Psl
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LOWER CLEVIS PIN @

MatlL: AR9TM Sy TNPE b330 Precipitation Hmdp,\.‘nj
Stainlese sieel RGE TREATED AT UISO°F for Y nours,
aiftCooled 135,000 PST MIn TENS|LE 2ifenath KC 2¥-3 |

i
00 @

-

Forces and moments acting on Pin

Fu £

H
e 2/ TXY Mspreader
"y ] \/

A BN /A
SR \\/Mtqu

M‘_-Pf‘:’ddv(‘ . M Le9

- :fp\EA}FR » n-ifg we- LLEVIS

Gve W Lve

v
Al , |
b — - vertical Shear

- Horizontal Shear

MOMENTS
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I

The maximum sheapr occurs @ the clenis

el . Pafr y fv=T0d% = Tyt = 12,57 n?
Av 4 y

= 100229, = 7197Y4 PST
12,57

The maximym BPar‘mq Stress occurs at the clevs
and is Calcvlated 1nthe Spreader JownT analysjs

Femal= 5149 t 1y, %12
fcmax = 30,0" psT

eni;ng Stress
From the Sf'(‘eader =Joint analusisthe

7))

' maximum
Mement 19 Mcelevis = “Tb/077_ in-1b,

11.97

fbo= 15296 pPsT
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UCG-27€94

CALC. NO

SPREADER

X 3715 SQUARE
WALL TUBE

ASSEMBLY

goox%00

inyocsection
of leq &'s

4,63 TYP

X 4
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PAGE
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DATE
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€ NO.

pLock

I=bh
v

SPRERDER ARM - MATL.:

ASTM A-3L STEEL
- AsTM A350 LFI FORGING STEEL
(NO CyN TEST REQ'D)

SPREADER LUG MAT'L® ASTM A-Slb GRADE Y0
STEEL P! “TE, NORMALI2ED, OR AL37,CGR, B, Q4T
Fu- b‘i,SBO\bs(9AGEJ),M= 96012 n-1bs (PAGE 1b)

B EARING S TRESS

The ‘Oeacinq

FemaX= 3220 + 19,833 723061751

fe~ L = Eseal
A+ Ac

fes kY5 = LI57P5T
14.9% 3

BENDING @ Y4.015 ¢ Hole

fomax =MC - F2,637(25/3)
I L

Tension & H4.015 P Hole (Pin HelE)

= (LLLCC -y.e18) (2.5)° =7.79 in"

(2

sifess 18 calculqted
In the Spreader Joint calculatien

A2 (10.60-4.015(2.56) = 14,963 \nZ
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Fomye (226220 2.5/2) = 13,260 PsSI
.79

Combined Tension and Bendina

bconb = Fedfo= 457 + 135,260 = 15,417 P5T
SPREADE & BLOCK@

MAT'L. ASTM A350 LFT FORGING STEEL
(NO CVUN TEST REQ'D)

CEARING Own SPREADER BLock

The bear(nq on the spré’c\der nlocik 15 eayal to the
c.cmtD(‘PS"an ‘)“’febﬁ in the s‘.)rpadPr ai‘m‘"

¢ =P - BYSEO2 . 37275 Ibs
co% 30° .TEbO

Fe= 32295 =729v¢0 PST
10,93
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SIREMER ARM (D) - MAT'L. ASTM A-36 STEEL

LFROM ATSC MANUVAL 0F STETL CONSTRUCTION
7 ED, P 340 ]

Le+ L= 2453 (2Lcos 50:) = 129.26 n.
= 1.0 ¥4
Let Kg = Effective Length Ffactor
= | for a P.‘mp.n Beam
EFFECTIVE LENGTH = LKE= |0.7T¢1
From The ATSC Table

Pallowable = 205,000 (D
For Fyield = 36,000 PST

A=10.23 \n*
fdallowable = Pallpwable / A
Fallowable = 1205,000/ 1053

Fallowapl® = (|T919 Vsl
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. ) o7 | zl
| Y7 ¥ o[3F |
| ir e | A — BN
| | | et—— MOUNTING «—1 00— | |7
| et | BLOCK t
+ | ‘ e 7% — « .50 THK.
: v '
AL /4 o6 T /] ?
> /] g~ g 7 3.00
s e s v %',/4; 1
‘ /H\CO"‘\ ThK.
£~ "-'/—\‘“‘_\_":“‘_ ’ 450 Break
.So N pLE SR /‘ - A Ed’):;
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MLEG = 49,06k In-1lp

TENSIoN B 4,015 8 Hole

BENDING @ 4.015 ¢ Hole

b=

2.5( 10.00~-4.018) —,LS*

fe=p , P= W = 230000 = 32333 |bs.
At 6

-~
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® 4.01s

BEARING

@ HOIE

fecomb= Fo +fe

fecomb = 1710 + 2573 =i0HY3 PsT

CombINED MAL, BENDING AND TENSION

Pemax = 4,254t IH}53?= 17,797 PoT

The beafing stress is calcwlated in the spreader
Joint calcvlations and \s
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CHECK OF EXTREME FIBRER STRESS To ATISC CRITERIA
COMBINED TENSION AND BENDING

Combined stresses - Section S -1, b
For Lower Clevis

fa= ye22 P51
fo= 17,935 pst
R = 105,000 P51

~0r Sp‘ef\déf‘Lug @
fa = 1,157 PsI

fio= 13 260 P51
F‘I 5¢,000PsT

—~
For Lea LU«j (¢

“1;\:
b.‘

fa= Computed axial stress
Fo = computed cempressive bending
Fb= cempiress ve bending s1ress that would p <
pt S 4.
t)érm\‘Hed o ‘:<,11.,x'7 moménT alcne €x ,sTEQq,
A \ al S5Tf€ S +'l‘\.'\‘x W ",‘3 03
force alone exietea
Secti S alrensofP din erns,
vectTion . X\ on And) 7,)0\/ T
Formyula (LE=Ib) governs
y

~

permitted (f axial

-~
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e fuy 4 Eby £ \O
0.b0 FY Fbx = \,7

For ALL Three members with combined \oads +he
cross -Section 1s sol(d s2
Fb= 05 FY Pef‘ Sec \.5.1.43

clevis @

»L_Owe,d‘

fa  fh L0 - o002 = .290
bFy  5Fp b (165,000) .15 (105,0c0)

» 290 £ |0

Spreader Lug

-/ T 7 e IR T =.5L0
N L TR, 1 b(3T000)  15(8%cccC)

560 £ 1,0
LEG Lve @
fa fh ,0=2513. .10 = ,379
b Fy 15Fp ke (3%ccc) ISGT0CO)

331 £ |0
REF. MANUAL oF SIEEL CONSTRUCTICN

*hENITICN
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REE

LEG LUG WELD

REFERENCE', LINCOLN ELECTRIC CoMPANY, SOWTION
TO DESIGN oF WELOMENTS 0 71017 PAGE 3

__Y‘)MLeg
|# the vpper weld, which 15 a penetration (‘j’
weld) 15 assumed €quivalent to the qeénericall “-'f__
weaker Eillet weld for Surr\'\J‘it.tT\/, And ;51“"*_wid+n7.(x,"
1t 1S consepvatively assymed Hhat the 3
+heteat width 18 .3‘)) use “e smaller ef
.37 ot .50(.101), S0 the weld may be by
modeled by asimple Case .'. 50(.701)3535 & .37
= e
Lo 2 sw= 3 (3% +4d)
" - = 321 (307) +3.81)

o

5 =31,504(.3535) = 11,138 in3

REV

F/C?Gd:f\?z {\_L.Lf.fl = 4949 0kk
S 137

Fvshear Force= P/At ,P=w/e CR=L20)526.71)).3535= 7.4
Fushear Force = Lax0.cec/e 5017 P51
T.bY

—
-

of Fillet welds, beth stfecses afte

-—alme - ) - £ &= dnb
sV Te9%€CS oV TVEOMP pnax T Yy nendi

~

Fveombmax = 4405 +5017 = q4yr2¢Psl

NO

WESTINGHOUSE FOAM 552130

REV AUTHOR

CHK'D. 8Y
DATE




WESTINGHOUSE NUCLEAR TECHNOLOGY DIVISION

CALC. NO.

UCG-27694

PAGE

372

QF

48

DATE|CHK' O. 87

CATE

GROUP

REE

fe=2
AT

LEG CHANNELS @

For one channel

A= LS5Ed\n"T
TENS\ON IN LEGS

P=w

)

At = ACRANNEL = .53 NS

F4= 230000/k = 5594 PSI
b.253

MATIL, ASTM A-3L STEEL H.R.

Calcylayion of cross - sectional area of Leg Channels

A=CP.38-2(1.000]1(.50) +1(3.00-\.00-.5](.50)+
5 (%) (3.0-2.0Y) '
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1
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GUIDE SLEEVE //

v %

@ g
ReTO ~LOCck E X

ROTO-LOCK ASSEMBLY

The ROTO-LOCLK ASSEMBLY Sees only
we\‘c}h? w = 202 0c0lb, 50 the femaining rtems
will vse +hig desxar\ weighT instead of fhe weigm
assumed for the previcys iems

©®

feeeo LOAD NVT

RoD Housing Ny
Y/N
t&//lﬁw
MOUNTING __.\ "
BLOCK & L‘;/

STuD

+he (ntérnals

®
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MOUNTING BLOCK @

WELDS . E 10~-1T ELECTROOES

FC=PlAe, 0=w/3, Ae=T( 02-02)

fe= 2020002 = 1743 PsT

7.55

Fv=_P Av= L (50)(.207)
Av

L= L1l In®
Av=(169)(,50).707) = 2.3\ |n?

Fv =202 000/3 = 3077 PsT
2.7

SHEAR v MOUNTING BLOCK WEIDS

MAT'L, ASTM A-350 LF] FORGING STEEL (No CuN TEST REQ'D)

B EARING OF LOAD NUT TO MOUNTING BLeck

Aee B (02-07) = {(V25-450) T 37.55 102

L=ylener 2yamm) + Goo-1,5) 1 + 4(4)
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Load nuT(®)

MAT'L. ASTM ATk, -
TYPE 304, RoT | wo
ROLLED, Cond A [ | 4.00 ~qunC-1D Thd.

=13 jm

s

Thread shear

|

|
s pv__J
N\

>

fuz L Av=n DP.*c.h Q/z - Rslots”
AV

Fof a 4. qunc-1LB THO, FRoMm MARKS HANDBCOKX

Dp.kh‘S?’ﬂbm : Q,=3.oo\n '

Av = TLTRIEN3) . 3.25(.5) =1b.459 (n?
]
VT 2032.000/3 - H09q| Psl
10.459

Bearing of Loag Nut o Mounting BiceX

Blcek and 15

Fe= Weoc/z - 1043 PST
37,55

# Subtracted Yor sletcut For ‘ockc'nt) tab in red hOU‘)l‘f’\(]

The bec\mn7 stress 15 calcylaTed For the mcun*mg
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ROD HOUSING @ VS0P ~— MAT'L. ASTM A-276,
T TYPE 304, HoT ROLLED
COND. A

‘ FULLR
‘/

| . 4.00-4UNC= LA Thd,

|
|
{
|

!

—— T 1 ] —-3.b5

4769

1
i

+— 5.00~ bUN= 1A Thd.

-

Thread Shear on VPPEr 4, 00-4YuNC-2A - Thd
The Upper threads shear stress 1 thecame as
the 1cad wvie

Fv = 2W2000/3 < yoal vsl

16.459
Thread sheéar cn Lewer 5,00 ~bUN-2A THOS

fv=0 - wiy nav:ﬂop.fchil‘b
Av Av
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MARK's §-10) Dpitch= 0 -3 . 5-33
, TN g(b)
Dp.'h.h 24,7917 1n
L= 3.00-,50+= 2.501n
Av= L4933 2.90) - 19.210 n?
ol
fu= £ . w - 202.000/3 = 3505 PsT
Av Ay 14,2}

TENSION @ THREAD REL\EF

fea = Wi | Ae® §(d-dP)=T (3057 1950) = 7.057 12

A€ At
Fe=2m000/3 = 356051
g.05¢
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Thread Shear

The thiead shear 1s the same asthe \lower thd,
Shear on the reod \v\ous(ng

Fv=2 - wa = 12L0el3 = 3505 PST
Ay Av 19.2|

TENS1ON @ THOD RELIEF

Fe=P _P=w | pe= T(L.00%506) = £.1b5 In?
e >

-
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A4

d¢= 3212+ = 3.552 in,
de = 4,790 +-1.02) = 4,61 1n.

Ac= (46113552 )% Lg2 in®

Fc= 20200073
b, 1T L

fc = 1928 PST
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) ROTo - Lock $STUD @

MAT'L, ASTM ASLY TYPE 630, 1N-4 PRECIPITATION
HARDENING STAINLESS STEEL AGE TREATED AT 1\0O°F
FOR 4 HOURS AND AIR COOLEQ Tmn=® 140,000 PSL

«— 4290 § ——

| .iq X45° chamfer
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-
-

N = NUMRER OF LANDS =9

TENSION @ SECT|ON A-A
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