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ABSTRACT 
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Vol. 2, Rev. 1 

DRE 813-01749 

This document provides the results of the stress analysis of the Dresden Shroud and 
Shroud Repair Hardware, demonstrating that structural integrity limits are maintained under 
the loading and stress limits specified in Design Specification 25A5668. 
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EXECUTIVE SUMMARY 
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This report provides the results of the stress analysis of the Dresden shroud [Vol. II, i.e., 
this volume, also in Reference 1 O] and shroud repair hardware [Vol. I] when subjected 
to all applied loading including seismic, pressure, deadweight, and thermal effects. 

The shroud restraint hardware consists of four identical sets of tie rod and spring 
assemblies. The four sets are spaced 90° apart, beginning at 20° from vessel zero. 
Each set consists of the following major elements: 

1. An Upper Spring, located in the reactor pressure vessel (RPV)/shroud 
annulus at the top guide elevation. This spring provides lateral seismic 
support to the shroud at the top guide elevation and transmits seismic loads 
from the nuclear core directly.to the RPV. 

2. An Upper Support Assembly, locat~d in the annulus from the top guide 
elevation to the top of the shroud. This assembly provides a connection for 
the tie rod to the shroud top. 

3. A Middle Spring, located· in the annulus at the elevation of the jet pump 
support brackets. This spring provides lateral seismic support to the shroud, 
keeps the shroud from coming in contact with the jet pump support brackets 
during a seismic event, and restrains the tie rod movement for proper tie rod 
vibration characteristics. 

4. A Lower Spring, located in the annulus at the core plate and shroud support 
region. This spring provides lateral seismic support to the shroud, transmitting 
core seismic loads to the RPV. In addition, this spring provides a connection 
for the tie rod to the shroud support plate. 

5. The Tie Rod, which connects to the upper end of the top of the shroud and 
to the lower end of the lower spring. This component develops a thermal 
preload due to normal operating temperature, which in turn· provides vertical 
clamping forces to the shroud. 

The upper, middle, and lower spring designs have been optimized to minimize the 
seismic interaction between the shroud and RPV while still meeting stress limits . 
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The stress analysis of the overall core shroud was performed with the ANSYS code 
[Reference 1 ]. A three-dimensional finite element model was constructed which 
included the shroud from the upper flange at the shroud head joint down to the 
connections at the RPV. Because of the symmetrical behavior of the shroud under the 
applied loads, a 180° circumferential segment was modeled. 

The stress analysis of the major shroud repair hardware components was performed 
with the AN SYS code [Reference 1 ]. For the smaller components, hand calculations 
were performed. 

The load combinations and structural acceptance criteria are contained in the Design 
Specification [Reference 2]. The results of the stress analysis demonstrate that the 
·shroud and shroud repair hardware meet the requirements of that specification. 

The analysis results are reported in Volume 1 of this report for the repair hardware and 
in Volume 2 (this Volume) for the shroud . 
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IMPORTANT NOTICE REGARDING THE CONTENTS OF THIS REPORT 

The only undertaking of the General Electric Nuclear Energy (GENE) respecting 
information in this document are contained in the contract between Commonwealth 
Edison (ComEd) and GENE, and nothing contained in this document shall be construed 
as changing this contract. The use of this information by anyone other than ComEd, or 

· for any purpose other than that for which it is intended, is not authorized; and with 
respect to any unauthorized use, GENE makes no representation or warranty and 
assumes no liability as to the completeness, accuracy, or usefulness of the information 
contained in this document. 
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Inter granular stress corrosion cracking (IGSCC) has been found in the core shroud 
welded joints of several Boiling Water Reactors. Similar cracking may also exist in the 
welded joints of the Dresden Core Shroud. GENE has designed a shroud repair 
system that reinforces the shroud in the event that any or all of the seven shroud 
horizontal weld joints are cracked. The component referred herein (and in Reference 
10) as "shroud" is the internal shroud portion starting with the head flange, at its 
uppermost part, down to the level positioned at the top of the shroud support legs 
(these legs· are addressed in References 4 and 7). The stress analysis discussed in 
this report demonstrates that the shroud and the shroud repair system (refer to Vol. I of 
this report) structural integrity is maintained if any or all of these seven welded joints 
(H1 through H7) are cracked completely through their thickness and around their entire 
360° circumference. The structural integrity of the shroud and shroud repair system is 
also demonstrated in the event that the shroud is uncracked and the repair system is 
installed . 
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2.0 SHROUD REPAIR HARDWARE DESIGN FEATURES 
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The shroud repair system consists of four identical sets of tie rod and spring 
assemblies. The four sets are spaced at 90° intervals beginning at 20° from vessel 
zero. A layout of one of the tie rod and spring sets is shown in Figure 2.1. 

The tie rods are thermally preloaded to provide vertical compressive clamping forces on 
the shroud. The magnitude of the tie rod thermal preload is greater than the net uplift 
forces on the shroud due to normal operating pressures, so that no vertical separation 
of shroud sections would occur if the welded joints are postulated to be completely 
cracked. This is not the case for postulated LOCA main steam line break uplift 
pressures, which are sufficient to overcome the tie rod preload and momentarily 
separate shroud sections. 

The upper, middle, and lower springs provide a lateral seismic load path from the top 
guide and core plate to the RPV. The magnitude of the seismic loads in these springs 
is a function of their stiffness. The stiffness has been optimized to minimize the seismic 
loads while still ·meeting the stress and displacements limits. The LI-shaped upper .. 
springs consists of tapered legs that flex towards each other under lateral seismic 
loads. The taper in these legs has been optimized to produce constant stress along 
their length while providing the required stiffness. For the middle spring, the flexibility of 
the taper legs provides the needed lateral stiffness to keep the middle section of the 
shroud from coming in contact with the jet pump support brackets during a seismic 
event. This keeps the shroud from moving closer than 1 /2-inch to the jet pump support 
bracket. The rigid middle section of the middle spring also provides an intermediate 
lateral support to the tie rod. The natural vibration frequency of the tie rod with this 
intermediate support is then well removed from the flow-induced forcing frequency (flow 
induced vibration is discussed in detail in Section 7 of Volume I). For the lower spring, 
the flexibility of the Y-shaped feature at the top provides the lateral stiffness property, 
whereas the bending flexibility of the straight middle section provides the axial stiffness 
property, which in combination with the stiffness of the tie rod and upper axial 
component determines the tie rod thermal preload. 

The shroud geometry and location and designation of the seven shroud horizontal weld 
joints are shown in Figure 2.2 . 
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• Figure 2.1 Shroud Repair Hardware Layout 
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3.0 MATERIAL PROPERTIES 
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The following material properties for the primary load bearing restraint components are 
taken from Appendix I of the ASME B&PV Code [Reference 3] and GENE Testing 
Report [Reference 4]. A 550° F temperature applies to the Normal and Upset condition, 
as well as the Faulted and Emergency conditions. 

3.1 Shroud (Drawing 718E861) 

SS-304 at 550° F (oper.) 
Young's Modulus 25.5 E6 psi Table 1-6 [Reference 3] 
Thermal Expansion Coefficient 9.46 E-6 in/infF Table 1-5 [Reference 3] 
Sm 16950 psi Table 1-1.2 [Reference 3] 

3.2 Tie Rod (Drawing 112D6672) 

XM-19 at 550° F (oper.) 
Young's Modulus. 25.6 E6 psi Table 1-6 [Reference 3] 
Thermal Expansion Coefficient 8.98 E-6 in/infF Table 1-5 [Reference 3] 
Sm 29450 psi Table 1-1.2 [Reference 3] 

3.3 Spring and Upper Assemblies (Upper Spring Drawing 112D6670; Long Upper 
Support Drawing 112D6669, Bracket Drawing 112D6675; Middle Spring Drawing 
112D6681; and Lower Spring Drawing 112D6671) 

X-750 at 550° F (oper.) 
Young's Modulus 28.4 E6 psi [Reference 4] 
Thermal Expansion Coefficient 7 .5 E-6 in/in/ °F · [Reference 4] 
Sm 47500 psi [Reference 4] 

3.4 lnconel Alloy 600 (Drawings 105E1415A through D) 

lnconel 600 (N06600) at 550° F (oper.) 
Young's Modulus 28.8 E6 psi [Reference 4] 
Thermal Expansion Coefficient 7.77 E-6 in/in/°F [Reference 4] 
Sm 23300 psi [Reference 4] 

Dresden Units 2 and 3 Shroud Repair Hardware Stress Report Page 12 



• 

GE Nuclear Energy 

GENE-771-81-1194 
Vol. 2, Rev. 1 

DRE 813-01749 

4.0 LOADS AND LOAD COMBINATIONS 

The Design Specification [Reference 2] specifies that the shroud and shroud repair 
hardware shall be analyzed for the following load combinations: 

Normal I Upset 
Emergency 1 
Emergency 2 
Emergency 3 
Faulted 1 
Faulted 2 

where: ~PN 
DW 
OBE 
SSE 
~pMS-LOCA 
~pRC-LOCA 
LOCA 

~PN + DW+ OBE 
· ~p + DW +·SSE N 

~p MS-LOCA + DW 
~p RC-LOCA + DW 
~PMS-LOCA + DW +SSE 
~PRC-LOCA + DW +SSE 

= Normal Pressure Difference 
=Dead Weight Loads 
= Operating Basis Earthquake 
= Safe Shut-down (Design Basis) Earthquake (DBE) 
= Main Steam Line LOCA 
= Recirculation Line LOCA = ~PRRLB-LocA 
= Loss of Coolant Accident 

The OBE and SSE loads are reported in Reference 5. Since the configuration of the 
seismic model depends on the assumed behavior at weld joints postulated to be 
cracked, and the resulting seismic loads depend on this assumed behavior, two sets of 
SSE sei$mic loads were established. The first set corresponds to the configuration for 
normal pressure differences and was used in the Emergency 1 load combination. The 
second set of seismic loads corresponds to the configuration for Main Steam Line 
LOCA pressure differences and was used in the Faulted 1 load combination. The 
configuration of the seismic model for the recirculation line outlet LOCA corresponds to 
that for normal pressure differences, and hence the seismic loads to be combined in the 
Faulted 2 load combination for the recirculation line outlet LOCA are from the first set of 
seismic loads. 

After reviewing the FSAR, it was determined that the shroud loads due to a feedwater 
line break are bounded by the main steam line break loading and the recirculation line 
break loading. 

The appropriate deadweight loads were used in this stress analysis. The effects of the 
vertical seismic accelerations on the deadweight were also included. 

The pressure difference loads are taken from the Design Specification [Reference 2] . 
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The Design Specification specifies the following stress intensity limits in the Shroud. 

Resulting Stress Sa now 

Upset Primary Membrane Pm < 1.00 x Sm 
Primary Membrane + Primary Bending Pm+ Pb < 1.50 x Sm 
Local Primary Membrane + Primary 
Bending P1 + pb1 < 1.50 x Sm 
Primary + Secondary P+Q < 3.00 x Sm 

Emergency Primary Membrane Pm < 1.50 x Sm 
Primary Membrane + Primary Bending Pm+ Pb < 2.25 x Sm 
Local Primary Membrane + Primary 
Bending P1+ Pb1 < 2.25 x Sm 

Faulted Primary Membrane Pm < 2.00 x Sm 
Primary Membrane + Primary Bending Pm+ Pb < 3.00 x Sm 
Local Primary Membrane + Primary 
Bending · P1 + Pb1 < 3.00 x Sm 

1 This is not an ASME subsection NG requirement, rather a GE requirement for the regions in close proximity to the 
point of application of concentrated loads, e.g., tie rod loads. 

The maximum lateral deflection, relative to the core plate, of any point on the shroud 
adjacent to either the H2 or H3 weld during seismic events is limited to the following 
values [Reference 6]: 

Upset 0 < 0.90 inches 
Emergency 0 < 1.90 inches 
Faulted 0 < 1.90 inches 

The work reported in Reference 5. addresses the conformance with these deflection 
limits. 
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6.0 SHROUD ANALYSIS 

6.1 Model Description 
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The finite element model of the shroud is shown in Figure 6.1. This three-dimensional 
model was developed and analyzed using the AN SYS code [Reference 1]. The model 
uses shell elements to represent the shell portions of the shroud, and solid elements to 
represent the thicker segments, namely, the flanges or heavy rings at the shroud head, 
the top guide, and the core plate. Since the structure and deformations have planar 
symmetry, only a 1 aoo circumferential section of the shroud needs to be represented. 
Appropriate symmetry boundary conditions are applied along all of the edges of the 
model at the symmetry plane, i.e., y-translation, x- and ·z-rotation constrained. The 
shroud support plate and the shroud support legs are included in the model with 
boundary constraints applied at the vessel side of the support plate (x-, z-translation, 
and x-, y-, z-rotations constrained) and the lower end of the support legs (fixed). All 
seven welds H1 through H7 are assumed cracked for bounding the stress .analysis 
results as follows: The boundary nodes of the· shroud segments coinciding on a crack 
are coupled only in their translational degrees of freedom to model the crack. This -
enforces zero shell bending stresses across the crack faces and prevents. any transfer 
of shell bending moment across the seven welds H1 through H7. 

Five separate load sets were applied corresponding to the following bounding load 
cases: a) Normal and Upset seismic, b) Emergency 1, c) Emergency 2, d) Faulted 1, 
and e) Upset Thermal. This last set, namely (e), was done to investigate. for the 
cracked shroud the effect of the 10 upset thermal transients expected during the life of 
the plant. 

6.2 Applied Loads 

Vertical loads covering the vertical seismic, deadweight, buoyancy, and those due to 
pressure differences are applied to the model at their point(s) of action and distributed 
around the model as appropriate. The shroud head pressure uplift force, the shroud 
head forces due to deadweight and vertical seismic acceleration are applied vertically at 
the shroud top uniformly along the circumferential direction as shown in Figure 6.2. The 
net tie rod forces are applied vertically at the top of the shroud. Net tie rod forces are 
obtained by adding the appropriate components, e.g., seismic, initial mechanical 
preload, and the effect on the tie rods of the net shroud uplift force. In accordance with 
the ASME Code [Subsection NG, Reference 3] the thermal component of load causing · 
secondary stresses are not considered in the evaluation of the primary stress 
intensities. 
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Radial pressures are applied to the shroud on both the interior and exterior of the 
shroud throughout the height. These pressures represent the reactor internal pressure 
and its change as one moves radially from inside the shroud shell to its outside. 

Since the top part of the shroud is not included in the model, the internal moment and 
shear that it exerts on the modelled portion of the shroud are applied to the model as 
circumferentially varying vertical and horizontal loads along the top flange as shown in 
Figure 6.3. · 

The lateral loads covering seismic (see Figure 6.3, also Reference 10), spring 
reactions, and those due to pressure differences during a Recirculation Line Outlet 
LOCA are applied to the model at their point(s) of action and distributed around the 
model as appropriate as shown in Figure 6.4. In each case, the shear and moment 
diagrams, respectively, effected by the applied lateral loads, envelop the shroud shear 
and moment diagrams specified for the case considered. 

For Recirculation Line Outlet LOCA a spatial and time varying horizontal differential 
pressure is developed on the shroud with a resultant lateral force component. The 
initial acoustic phase of this LOCA transient is very abrupt relative to the shroud 
vibration frequency with a very small dynamic amplification factor, implying only a small 
equivalent static force. The remainder of the pressure transient extends over a relatively 
large time span and as such can be considered as a static load. The resulting lateral 
forces of the two sets, namely, the acoustic and the transient sets were compared and 
the transient forces (blowdown loads) were found to be the bounding force set. This 
bounding horizontal LOCA force set due to the transient pressures is applied to the 
model as static loads in the manner shown in Figure 6.4. 

Pressure differentials including loads of the Recirculation Line Outlet LOCA are 
contained in References 2 and 9. Seismic loads can be found from the Dresden 
Shroud Repair Seismic Report [Reference 5]. The bounding seismic loads ·an the 
restraint components are also included in the Design Specification. 

6.3 Results and Comparison to Allowables 

The shroud stress intensity results and their comparison to allowables for the required 
load combinations are reported in the following paragraphs. As will be noted, the 
Pm+Pb and Pl+Pb stress intensities are generally less than the allowable value on the 
Pm stress intensity alone. The stress intensities and comparisons to the allowables 
are: 
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The maximum Pm+Pb stress intensity above the core plate level, occurs in the shroud 
shell at the middle spring location: 

Pm+ Pb= 8280 psi < 1.0 Sm of 16950 psi (limit for Pm alone), 
allowable is 1.5 Sm of 25400 psi 

The next highest stress intensity in this zone is only Pl+Pb= 3870 psi and is located at 
the upper shroud shell immediately under the head flange where the tie rod with the 
highest load engages. In this case, in the lower' areas, a maximum stress intensity can 
be found at the shroud juncture with the shroud support leg for an uncracked shroud in 
an OBE event with 

Pl+ Pb= 12000 psi < 1.0 Sm of 16950 psi (limit for Pm alone), 
. allowable is 1 .. 5 Sm of 25400 psi 

Upset Thermal 

A shroud model coupled with the tie rods (rather than applying external tie rod loads, 
strut elements with the properties of the tie rod assemblies were added to the model ) 
was analyzed to determine the highest stresses in the shroud in an Upset Thermal 
event. The temperature distribution for this event was applied along with the Normal 
pressure (conservative simplification) and weight loads .. In addition to stress results 
which help pinpoint the highest stress location in the shroud for fatigue usage 
evaluation, this analysis produces resultant tie rod forces for the condition analyzed. 

Shroud leg contraction (relative to the RPV) effects are not included in this analysis to 
produce higher tie rod loads, and therefore higher stresses. 

In this model, the H2, H3, H4, HS, and H6 welds are assumed cracked. The results 
show that the stress for this model and loading are highest in the top guide flange (refer 
to the end of this subsection). The discussion that follows is in relation to this stress. 
The pivot or contact location between flanges of the top guide and core plate and their 
adjoining cylindrical shells is located one inch from the centerline of the shells; i.e., 
where it would be if the finite (1 in.) size of the fillet weld was ignored. Although this 
pivot location is at the same radial position as in the case in which cracking is in the 
shroud shell at the top of the fillet welds, the results of the case considered are more 
conservative than this latter cracking scenario. This is because the cross section of the 
monolithic segment bounded by the cracks and comprised mainly of the flange 
(includes in the latter case, the welds as well as possibly a small shell segment) is 
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larger and stiffer in the latter case and leads to lower stresses. Even if the cracking is 
such that the fillet weld separates from the flange but remains attached to the cylindrical 
shell, the pivot locations will be at the toe of the fillet welds with the radial offset of the 
two resulting pivot locations (one above and one below the flange) being smaller than 
the case analyzed. A smaller radial offset renders a higher flange stiffness and lower 
stresses. 

The maximum stress intensity (which is not limited from a structural strength standpoint, 
because it is a secondary stress) in the model from this analysis occurs at the top guide 
flange under the tie rods. This stress intensity is 

P + Q = 14910 psi < 3 Sm of 50800 psi 

The yield stress is 20300 psi at 433 degrees F implying no yielding, and therefore no 
permanent deformation of the shroud for this event. Yielding would have adverse 
implications relative to the opening of a gap at a cracked H6 weld during normal 
operation. 

Emergency 1 (.1.PN +OW+ SSE) 

The maximum Pm+Pb stress intensity above the core plate level, occurs in the shroud shell at 
the middle spring location: 

Pm + Pb = 15930 psi < 1.5 Sm of 25400 psi (limit for Pm alone), 
allowable is (2.25 Sm) 38100 psi. 

The next highest stress intensity in this zone is only Pl+Pb= 7330 psi and is located at 
the upper shroud shell immediately under the head flange where the tie rod with the 
highest load engages. In this case, the other high stress areas have: Pm+Pb= 10410 
psi stress intensity for the zone between the core plate and the shroud support plate 
levels; and below this zone, a maximum stress intensity can be found at the shroud 
juncture with the shroud support leg for an uncracked shroud in an SSE event with 

Pl + Pb = 22300 psi < 1.5 Sm of 35000 psi, limit for Pm alone, 
< · Allowable is (2.25 Sm) 52400. psi 

Emergency 2 and 3 (.1.P MS-LOCA + OW) & (.1.P RC-LOCA + OW) 

The governing loading condition is that of the MS-LOCA case. For conservatism, the transient 
lateral loads of the RRLB LOCA have been included with the MS-LOCA loads in the analysis. - . 
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In this case, the shroud model is severed from its lower portion at weld H6, where the high 
pressure induced loads at the core plate level are expected to lift it. The lower edge of the 
element nodes coinciding with the H6 weld are unconstrained. The lateral loads are reacted in 
this case by the upper, middle, and lower springs which have been introduced as springs that 
form the lateral restraint system. 

The maximum .Pm+Pb stress intensity above the core .plate level, occurs in the shroud shell at 
the middle spring location: 

Pm+ Pb= 12700 psi < 1.5 Sm of 25400 psi limit for Pm alone, 
< Allowable is (2.25 Sm) 38100 psi 

In this case, the next highest stress area of concern has only a Pm+Pb= 3400 psi 
stress intensity and is located in the shroud cylinder near and above the point of 
application of ~he lower spring load. 

Faulted 1 and 2 (L'.lPMs-LocA +OW+ SSE) & (LlPRRLB-LOCA +OW+ SSE) 

The governing loading of the Faulted condition is that of the MS-LOCA case. For 
conservatism, the transient lateral loads of the RLLB-LOCA have been included with the MS
LOCA loads in the analysis. Both cases were analyzed and results confirmed this, except at 
the middle spring which was slightly higher for Faulted 2. Therefore the results reported here 
are from Faulted 1 except for the middle spring contact point. The maximum Pm+Pb stress 
intensity above the core plate level, occurs in the shroud shell at the middle spring location: 

Pm+ Pb= 22590 psi, for Faulted 2 
Pm+ Pb= 22420 psi, for Faulted 1 

both < 2 Sm of 33870 psi limit for Pm alone, 
< Allowable is ( 3 Sm ) 50800 psi. 

In this zone and for this loading case, the next highest stress area of concern has a 
Pl+Pb= 8520 psi stress intensity and is located at the shroud upper shell region under 
the location of the highest tie rod load. The other high stress areas have: Pm+Pb= 
· 12900 psi stress intensity for the zone between the core plate and the shroud support 
plate levels; and below this zone, a maximum stress intensity can be found at the 
shroud juncture with the highest loaded shroud support leg for an uncracked shroud in 
an SSE event with 

Pl + Pb = 27000 psi < 3 Sm of 69900 psi (limit for Pm+ Pb) 
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Detailed Analysis of the Shroud Support Plate: (all Cases) 

To investigate the plate stresses in the shroud support plate in the vicinity of the tie rod 
system attachment due to the tie rod axial loads, separate ANSYS finite element 
analyses were completed. A description of the models and additional information can 
be found in Reference [1 OJ. The stress in the plate due to the tie rod load is very 
localized and highest at the RPV-support plate juncture since the heavy RPV is close 
by. The resulting stress intensities (caused by tie rod force, pressure, and dead weight) 
and their comparisons to allowables follow. These results cover the two scenarios of 
the HB horizontal weld locally cracked as well as uncracked. Stresses for fatigue 
evaluation are covered in the overall RPV stress report since the highest stress falls at 
the RPV-support plate juncture which is addressed in Reference 7. 

Normal+ Upset: (LiPN +OW+ OBE) 

HB cracked HB uncracked 
Pl = 7300 psi 6600 psi .< Sm of 23300 psi 
Pm + Pb = 24300 psi 19300 psi < 1.5 Sm of 34950 psi 

Upset Thermal: · 

Contraction of the legs (relative to the RPV) was evaluated as causing a reduction in 
the tie rod load magnitude and the stress and was ignored. The highest.stress .occurs 
at the RPV-support plate juncture, and determines the fatigue usage for the shroud. 
This stress and the fatigue usage calculation is presented in Reference 7. 

Emergency 1: (LiPN + OW+ SSE ) 

HS cracked HS uncracked 
Pl = 14300 psi 13000 psi 
Pm+ Pb= 47000 psi 37600 psi 

Emergency 2: (LiPMS-LocA +OW) 

HB cracked HB uncracked 
Pl = 5100 psi 4600 psi 
Pm+ Pb= 17400 psi 13600 psi 

Emergency 3: (LiPRc-LocA +OW) 

Dresden Uriits 2 and 3 Shroud Repair Hardware Stress Report 
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Stresses are less than the Emergency 2 combination. 

Faulted 1 & 2: (.1PMS-LOCA +OW+ SSE) 

H8 cracked H8 uncracked 
Pl = 14400 psi 13000 psi 
Pm+ Pb= 47400 psi 37800 psi 

6.4 Gap at a Cracked H6 Weld 

. GENE-771-81-1194 
Vol. 2, Rev. 1 

DRE 813-01749 

< 2 Sm of 46600 psi 
< 3 Sm of 69900 psi 

One of the concerns during normal operation is the possibility of flow out of the shroud . 
interior through a gap that develops at a cracked H6 weld. A shroud model (see Figure 
6.1) coupled with the tie rods was developed and analyzed to determine whether a gap 
would open at the cracked H6 weld during normal operation. In this model, the H2, H3, 
H4, H5, and H6 welds are assumed cracked. The model is severed at weld H6 (the 
edge nodes, positioned on this weld, of element rows falling above and below this weld 
are fully uncoupled from each other) to investigate whether a gap would open at a fully
cracked H6 weld. This model is also severed at weld H8 (the edge. nodes, positioned 
on this weld, of the baffle plate elements are fully uncoupled) for conservatism. 

The pivot or contact location between flanges of the top guide and core plate and their 
. adjoining cylindrical shells is located at the intersection of the flange surface and shell 
centerline; i.e., where it would be if the finite sizes of the fillet weld and shell are 
ignored. In relation to the path of vertical loads, these pivoting locations have larger 
radial offsets at each flange than those for any of the postulated cracking scenarios 
(even for the case in which the cracking is in the shroud shell at the toe of the welds). 
Therefore, the resulting vertical flexibility of the shroud which is proportional in 
magnitude to the square value of these larger offsets renders conservative results. 

The assumptions used to make the determination are: 
1) All mechanical or other operations that affect the vertical deformations in the 
shroud, e.g., the pre tensioning of the core plate fasteners, take place prior to the 
pre tensioning of the Tie-rods. 

2) The H8 weld, even if cracked will transmit the vertical loads exerted by the 
pressure differential on the shroud support (baffle) plate as a shell hinge
connection to the lower shroud and stilts (shroud support legs). In this analysis, 
the effect of this load transmittal is ignored leading to conservative results since 
the stilt stretching, due to the transmitted upward load, that tends to close the -
gap is ignored. 
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3) Loads and temperatures for the Normal operating condition are applied to 
a) the lower portion of the shroud severed from the upper part at weld H6; 
b) the upper portion of the shroud severed from the lower part at weld H6. 

If the analysis shows that the resulting displacements of the edges at weld H6 of 
"a" and "b" indicate an overlap of the severed upper and lower parts at H6, it can 
be concluded that a gap will not open. 

Because this analysis indicates an overlap (larger than 0.004 inch) of the free edges 
(resulting from severing the model at H6) in the normal operating condition, it is 
concluded that a gap will not open in this condition at a cracked H6 weld. 

In the Upset Thermal case, the thermal strains from the temperature distribution cause 
a higher load in the tie rods than would exist under normal operating condition (in 
absence of seismic loads). This makes the normal operating condition the more critical 
case (more prone) relative to opening of a gap at a cracked H6. And, the thermal 
Upset condition becomes the more critical case (more prone) relative to over stressing 
the shroud due to the higher tie rod loads . 
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Figure 6.1 Shroud Finite Element Model 
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@ . 
Figure 6.2 Application of Tie Rod Fo~ (at 4 nodes per tie rod), and Uniform Vertical 

Forces at the Shroud Head\ distributed equally among the nodes shown ID 
Top Guide©(distributed equally among the no~es shown) and Core Plate . 
(distributed equally among the nodes shown) Flanges. 
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Figure 6.3 Application of Seismic Lateral Forces and Moment of Shroud Head 
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Frgure 6.4 Application of RC LOCA Lateral Forces. 
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