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요 약 문

I. 제목

배관파단에 대한 웬자로내부구조물의 새로운 해석절차의 개발

II. 연구의 목적 및 중요성

원자력발전소의 배관셜계에 따단전누설개념이 적용휩에 따라 분기관와단이 새

롭게 해석대상이 되고 있으며 이로 인한 원자로내부구조물의 응답특성을 파악할 필

요가 었다. 또한 앞으로 직경 10 인치 아상의 모든 고에너지배관에 대하여 파단전누

셜개념이 적용될 경우 6인치 또는 3인치크기의 배관파단을 가정해야 되고， 이 때의

하중은 안전정지지진 (SSE: S값e Shutdown뻐hquakc) 하중에 비하여 매우 작을 것으로

예상되며 이 경우 SSE 하중에 안전여유를 고려한 값을 사용하여 원자로내부구조물의

설계하중으로 사용할 수 었으므로 초기설계단계에서는원자로내부구조물의 배관따단

해석을 하지 않고서도 설계를 시작활 수 있다는 잇점이 있다. 따라서 이를 위한 안

전여유값을 결정할필요가 대두된다. 본연구에서는배관파단시 핸자로내부구조물의열

수력학적 하중에 대한 응답특성을 규명하고， 직경 10 인치 이상의 모든 고에너지배

관에 대하여 파단전누셜개념이 적용될 겸우 배관파단하중을 위해서 SSE 하중에 고려해

야 할 안전여유값을 결정한다.



III. 연구의 내용 및 법위

원자력발전소의 배관설계에 따단전 누셜 (leak-beCore-break : LBB) 개념이 적용

됩애 따라 새롭째 해석대상이 된 환기관파단이 웬자로 내부구조물에 미치는 영향

을 검토하였다. 분기관따단 중 가장 콘 하중을 발생시킬 것으로 예상되는 14 인치

S따etyinjeαion nozzle 、의 파단시 원자로내부구조울에 가해지는 사고하중올 구하였고，

이때 고려되어야 하는 두가지 가진항 (foπing functions) 인 원자로용기의 거동과 내부

구조물의 수력학척 하중에 대한 각각의 영향을 평가하였다. 이들 결과로 부터 현자

로내부구조물의 해석과정을 간략화할 수 있는 새로운 해석절차를 제안하였고 이에

따라 해석을 수뺑하여 그 적용가능성을 입증하였다.

IV. _연구결과 및 활용에 대한 건의

앞으로 직경 10 인치 이상의 고에너지 배관에 대해 LBB 개념이 적용될 것으

로 예상되는 바， 이 경우 LBB 적용대상에서 제외되는 유일한 1차측 배관인 3 인

치 pressurizer sprny 피t 의 파단과 2차측 배관파단 발생서 원자로내부구초물에 가

해지는 하중을 구하였고， 이들 하중을 지진하중과 비교한 결과 초기셜계단계에서

는 SSE 하중에 본 연구에서 구한 안전여유값을 사용하여 원자로내부구조물의 동적

해석을 수행할 수 었다.
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SUMMARY 

I. Project Tide 

The Development of New Analysis Procedures for Reactor Internals under 

Pipe Breaks 

II. Objective and Importance of the Project 

Work on fracture mechanics has provided a technical basis for the elimination 

of main coolant loop double-ended guillotine breaks from the structural design basis 

of reactor coolant system. Without main coolant loop pipe breaks, the tributary 

pipe breaks must be considered as design bases until further fracture mechanics 

work could eliminate some of these breaks from design considerations. The 3 inch 

pressurizer spray line nozzle break is expected to be the only inlet break remaining 

in the primary side after leak-before-break evaluation is extended to smaller size 

pipes in the near future. 

III. Scope and Contents of the Project 

Investigated in this study are the horizontal responses of the reactor internals 

due to a 14 inch safety injection nozzle break which is expected to cause the largest 
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loads of the branch line pipe breaks defined for YGN 3 and 4. It examines the 

effects of two forcing terms, namely, RV motions and internals hydraulic loads, 

and suggests new procedures which can be used for the dynamic response of the 

reactor internals due to the tributary pipe break. Also, this study calculates the 

horizontal responses of the reactor internals due to a 3 inch pressurizer spray line 

nozzle break which is the only one remaining in the primary side after LBB evaluation, 

and secondary side pipe breaks such as main steam line and economizer feedwater 

line. The responses are compared with those of safe shutdown earthquake to get the 

conservative values which may be used for the pipe break loads in the preliminary 

upset and faulted condition designs. 

IV. Results and Proposal for Applications 

By comparing the responses between tributary pipe breaks and SSE, it is 

shown that SSE loads with a conservative margin may be used for the pipe break 

loads in the preliminary design. The analysis result confirms the applicability of 

suggested procedures to a small size tributary pipe break analysis. 
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CHAPTER 1 

INTRODUCTION 

1.1. Background 

In the design of nuclear power plants, many hypothetical accidents are postulated 

and the dynamic response analyses to these accidents are performed. The core 

support structures such as core support barrel (CSB), upper guide structure (UGS) 

and lower support structure (LSS) shall be designed to meet the Level D service 

limits defined in ASME Code Section III, Subsection NG-3225 for elastic system 

analysis of App. F [1]. Also, the internal structures shall be designed such that the 

integrity of the core support structures and passage of coolant flow is not impaired 

for the Level D service loading. 

Level C service loadings are derived from the combination of normal operation 

loads and the design basis pipe break (DBPB) loads. The DBPB is defined as a 

postulated pipe break that results in the loss of reactor coolant at a rate less than or 

equal to the capability of the reactor coolant makeup system (i.e. less than or equal 

to 150 GPM for YGN 3 and 4). In accordance with References 2 and 3, Level D 

service loadings are the combinations of the following loads : 
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A. Normal operation loads 

B. Branch Line Pipe Break (BLPB) loads - Either the main steam/feed water pipe 

break (MS/FWPB), or loss of coolant accident (LOCA) loads whichever are 

larger 

C. Safe shutdown earthquake (SSE) loads 

LOCA is defined as the loss of reactor coolant at a rate in excess of the reactor 

coolant normal makeup rate, from breaks in the reactor coolant pressure boundary 

inside primary containment up to, and including, a break equivalent in size to the 

largest remaining primary branch line not eliminated by leak-before-break criteria. 

The pipe break load considered in this work is one of the Level C and Level D 

service loadings. During and after pipe break, it is imperative that the structural 

integrity of the reactor internals should be assured, i.e., the core should be shut 

down, cooled down and maintained in this condition. Accordingly, deformations 

and stresses of the critical internals components must be kept within allowables 

defined in ASME Code. 

1.2 Pipe Breaks 

Nuclear power plants have been designed for the consequences of postulated pipe 

breaks since the earliest plants. The first reason for postulating a break was to 
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calculate the design basis containment pressure. The next reason was to consider 

the effect of the loss of coolant in the design basis for the emergency core cooling 

systems. These considerations are relatively independent of the mechanical details at 

a given postulated pipe break location, and governed primarily by thermal-hydraulic 

system parameters. 

More recent considerations of the mechanical and structural consequences of postulated 

pipe ruptures, including thrust forces on the piping, jet impingement on the 

surrounding compartment, internal hydraulic loads and subcompartment 

pressurization, require more precise definition of the mechanical details at a postulated 

pipe break location. 

It is emphasized that catastrophic pipe breaks are highly improbable, but are postulated 

to establish a highly conservative design basis. The stringent quality assurance 

provisions imposed on the design, the quality control provisions in the manufacturing 

process and the inservice inspection procedures employed on site provide a very 

high level of assurance that catastrophic pipe breaks will not occur in nuclear class 

1 piping. To balance these considerations against the consequences of a postulated 

accident, even though remote, the United States Nuclear Regulatory Commission 

(USNRC) and the nuclear industry standards groups have established a reasonable 

yet conservative pipe break philosophy. The basic philosophy predicts that the 

location of a pipe break should be postulated at the point of the highest stress range 

or cumulative usage factor. 
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Prior to 1983, General Design Criteria 4 (GDC-4) of 10CFR 50 Appendix A [4] 

required plant designers to consider the dynamic effects of postulated MCL breaks 

as well as tributary pipe breaks in mechanical design. Pipe break requirements for 

mechanical design have since evolved to a more reasonable technical basis than the 

full double ended guillotine break (DEGB) originally required by GDC-4. Probabilistic 

and deterministic studies performed in the 1980's under USNRC sponsorship 

demonstrated that the probability of leakage, especially a DEGB is very low and 

that flaws in pipes can be detected before the flaws can grow to a critical length 

from which a DEGB could occur. The deterministic studies utilized a fracture 

mechanics technology now termed leak-before-break. The development of LBB 

methodology culminated in NUREG-1061 Volume 3 [5], in which the USNRC 

established guidelines for application of LBB. 

In parallel, regulatory requirements evolved to the 1986 "limited scope" rule of 

GDC-4 [6], allowing the application of LBB techniques to demonstrate that 

consideration of the main coolant loop (MCL) breaks in pressurized water reactors 

could be eliminated, and to the 1987 "broad scope" rule of GDC-4 [7], allowing the 

LBB approach to extend, when justified, to all high energy piping systems in 

nuclear power plants. The USNRC Standard Review Plan (SRP) Section 3.6.3 

implements the "broad scope" rule of GDC-4 and endorses the LBB methodology 

of NUREG-1061 Volume 3. 
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In 1983, Combustion Engineering performed LBB evaluation for the MCL and 

submitted a Safety Analysis Report (CESSAR) [8], which was later accepted by the 

USNRC [9]. MCL pipe breaks are not design basis for the YGN 3 and 4 because 

those piping system is virtually the same as CESSAR plants'. Instead two inlet (14 

inch safety injection nozzle and 3 inch pressurizer spray line nozzle) and two outlet 

(16 inch shutdown cooling nozzle and 12 inch surge line nozzle) breaks in the 

primary side were postulated for the branch line pipe breaks. Of these four breaks, 

LBB evaluation is performed for the piping system with a diameter of 10 inches or 

over. Once elimination of those piping systems from consideration of reactor 

internals design is accepted based upon current LBB evaluation, only the 3 inch 

pressurizer spray line nozzle break in the primary side remains in the design basis. 

In this study, therefore, two inlet breaks of primary side are analyzed because 14 

inch safety injection nozzle break is expected to cause the largest loads after elimination 

of MCL breaks from design basis and 3 inch pressurizer spray line nozzle break is 

the only one remaining in the primary side after LBB evaluation in the near future. 

Also, the response loads are calculated for the secondary side pipe breaks such as 

main steam line and economizer feedwater line which are requested for Level D 

service loadings. 
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1.3 Scope and Outline of Report 

This report documents the detailed procedure of pipe break analysis for the reactor 

internals horizontal responses. The effects of tributary pipe breaks on the reactor 

internals horizontal responses and the sensitivity of responses due to vessel motions 

are investigated. By comparison of reactor internals responses with SSE loads, a 

simplified analysis procedure is developed and its applicability is demonstrated. 

This report is composed of six chapters including the introduction. A description of 

the reactor internals is presented in Chapter 2. A non-linear mathematical model is 

developed in Chapter 3 with fluid effect and derivation of stiffness matrix. In 

Chapter 4, dynamic response analysis is described and a simplified analysis procedure 

is suggested. Results and discussion are presented in Chapter 5. Finally, conclusions 

and future work are summarized in Chapters 6 and 7. 
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CHAPTER 2 

DESCRIPTION OF REACTOR INTERNALS 

2 . 1 . General Description 

The reactor internals are designed to support the reactor core, maintain the core in a 

coolable array, and guide the control element assemblies (CEAs) into the top of the 

core, and to constrain and protect the CEAs from coolant flow. 

The components of the reactor internals are divided into two major parts consisting 

of the core support barrel assembly and the upper guide structure assembly. The 

flow skirt, although functioning as an integral part of the coolant flow path, is 

separate from the internals and is affixed to the bottom head of the reactor vessel. 

The arrangement of these components is shown in Figure 2.1. 

The core support barrel assembly includes the core support barrel, the lower support 

structure and ICI nozzle assembly, and the core shroud. The CSB is a right circular 

cylinder supported by a ring flange from a ledge on the reactor vessel. It carries the 

entire weight of the core. The lower support structure transmits the weight of the 

core to the core support barrel by means of a grid beam structure. The core shroud 

surrounds the core and minimizes the amount of bypass flow. 
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Figure 2.1 Schematic Diagram of Reactor Internals 
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The upper guide structure assembly includes the UGS barrel assembly, the CEA 

shroud assembly, the top hat, the holddown ring, and the heated junction thermocouple 

shroud assembly. The UGS assembly provides the CEAs a protection from coolant 

flow, and limits upward motion of the fuel assemblies. 

The material used in fabrication of the reactor internal structures is primarily Type 

304 stainless steel. 

2 . 2 . Core Support Barrel Assembly 

The major structural member of the reactor internals is the CSB assembly. The CSB 

assembly consists of core support barrel, core shroud, and lower support structure/ICI 

nozzle assembly. The CSB assembly is supported at its upper end by the upper 

flange of the core support barrel, which rests on a ledge in the reactor vessel. 

Alignment is accomplished by means of four equally spaced keys in the flange, 

which fit into the key ways in the reactor vessel ledge and closure head. The lower 

flange of the core support barrel supports, secures, and positions the lower support 

structure and is attached to the lower support structure by means of a welded 

flexural connection. The lower support structure provides support for the core by 

means of support beams that transmit the load to the core support barrel lower 

flange. The insert pins on the beams provide orientation for the lower ends of the 

fuel assembly. The core shroud assembly, which provides a flow path for the 
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coolant and lateral support for the fuel assemblies, is also supported and positioned 

by the lower support structure. The lower end of the core support barrel is restricted 

from excessive lateral and torsional movement by six snubbers which interface with 

the reactor vessel wall. 

2 . 2 . 1 . Core Support Barrel 

The core support barrel is a right circular cylinder including a heavy external ring 

flange at the top end and an internal ring flange at the lower end. The core support 

barrel is supported from a ledge on the reactor vessel. The core support barrel, in 

turn, supports the lower support structure upon which the fuel assemblies rest. 

Press-fitted into the flange of the core support barrel are four alignment keys located 

90 degrees apart. The reactor vessel ledge, closure head, UGS barrel flange and 

holddown ring are slotted in locations corresponding to the alignment key locations 

to provide alignment between these components in the reactor vessel flange region. 

The upper section of the core support barrel contains two outlet nozzles that interface 

with internal projections on the reactor vessel nozzles to minimize leakage of coolant 

from inlet to outlet. Since the weight of the core support barrel is supported at its 

upper end, it is possible that coolant flow could induce vibrations in the structure. 

Therefore, amplitude limiting devices, or snubbers, are installed on the outside of 

the core support barrel near the bottom end. The snubbers consist of six equally-spaced 

lugs around the circumference of the barrel and act as a tongue-and-groove assembly 
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with the mating lugs on the reactor vessel. Minimizing the clearance between the 

two mating pieces limits the amplitude of vibration. During assembly, as the reactor 

internals are lowered into the reactor vessel, the reactor vessel core stabilizing lugs 

engage the core support barrel snubber lugs in an axial direction. Radial and axial 

expansion of the core support barrel are accommodated, but lateral and torsional 

movement of the core support barrel is restricted. The reactor vessel lugs have 

bolted and captured shims. The core support barrel lug mating surfaces are hardfaced 

to minimize wear. 

2.2 .2 . Lower Support Structure and ICI Nozzle Assembly 

The lower support structure and ICI nozzle assembly position and support the fuel 

assemblies, core shroud, and ICI nozzles. The structure is a welded assembly 

consisting of a short cylinder, support beams, a bottom plate, ICI nozzles, and an 

ICI nozzle support plate. The lower support structures made up of a short cylindrical 

section enclosing an assemblage of grid beams arranged in egg-crate fashion. The 

outer ends of these beams are welded to the cylinder. Fuel assembly insert pins are 

attached to the beams. The bottoms of the parallel beams in one direction are welded 

to an array of plates which contain flow holes to provide proper flow distribution at 

core inlet. These plates also provide support for the ICI nozzles, support columns 

and the ICI nozzle support plate. The cylinder guides the main coolant flow and 

limits the core shroud bypass flow by means of holes located near the base of the 

cylinder. The ICI nozzle support plate provides lateral support for the ICI nozzles. 
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This plate is provided with flow holes for the requisite flow distribution. 

2 . 2 . 3 . Core Shroud 

The core shroud provides an envelope for the core and limits the amount of coolant 

bypass flow. The shroud consists of a welded vertical assembly of plates designed 

to channel the coolant through the core. Circumferential rings and a top and bottom 

end plate provide lateral support. The rings are attached to the vertical plates by 

means of welded ribs and braces. A small gap is provided between the core shroud 

outer perimeter and the core support barrel in order to provide upward coolant flow 

in the annulus, thereby minimizing thermal stresses in the core shroud. Four hardfaced 

alignment lugs, spaced 90 degrees apart, protrude vertically from the top of the core 

shroud and engage in corresponding hardfaced slots in the upper guide structure 

fuel alignment plate to ensure proper alignment between the upper guide structure 

assembly, core shroud, and lower support structure. 

2 . 3 . Upper Guide Structure Assembly 

The UGS assembly aligns and laterally supports the upper end of the fuel assemblies, 

maintains the control element spacing, holds down the fuel assemblies during 

operation, prevents fuel assemblies from being lifted out of position during a severe 

accident condition and protects the control elements from the effects of coolant 
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cross flow in the upper plenum. The UGS assembly is handled as one unit during 

installation and refueling. The UGS assembly consists of the UGS barrel assembly, 

the CEA shroud assembly and the top hat. The UGS barrel assembly consists of 

UGS barrel, fuel alignment plate, UGS support plate, control element guide tubes 

and insert tubes. The UGS barrel consists of a right circular cylinder welded to a 

ring flange at the upper end and to a circular plate (UGS support plate) at the lower 

end. The flange, which is the supporting member for the entire UGS assembly, 

seats on its upper side against the reactor vessel closure head during operation. The 

lower side of the flange is supported by the holddown ring, which seats on the core 

support barrel upper flange. The UGS barrel flange and the holddown ring engage 

the core support barrel alignment keys by means of four accurately machined and 

located keyways equally spaced at 90 degree intervals. This system of keys and 

slots provides an accurate means of aligning of the core with the closure head and 

thereby with the CEA drive mechanisms. 

The fuel alignment plate is positioned below the UGS support plate by cylindrical 

control element guide tubes. These tubes are attached to the UGS support plate and 

the fuel alignment plate by rolling the tubes into the plates and welding. The fuel 

alignment plate is designed to align the lower ends of the control element guide 

tubes and insert tubes which in turn locate the upper ends of the fuel assemblies. 

The fuel alignment plate contains flow holes to provide proper pressure distribution 

at core exit to ensure fuel mechanical integrity by prohibiting excessive lateral 

pressure gradient. The fuel alignment plate also has four equally spaced slots on its 
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outer edge which engage with hardfaced lugs protruding from the core shroud to 

provide alignment. The control element guide tubes and insert tubes bear the upward 

force of the fuel assembly holddown devices. This force is transmitted from the fuel 

alignment plate through the control element guide tubes to the UGS support plate. 

2.3 .1 . CEA Shroud Assembly 

The CEA shroud assembly limits cross flow and provides separation of the CEA 

assemblies. The assembly consists of an assemblage of large vertical tubes connected 

by vertical webs in a grid pattern. The shroud assembly is mounted on the UGS 

support plate and is held in position by twelve tie rod tube assemblies which are 

welded to the UGS support plate at their lower end. The tie rods are bolted against 

plates located at the top of the CEA shroud assembly and are pretensioned. Guides 

for the CEA extension shafts are provided by the top hat. The tubes and connecting 

webs are furnished with multiple holes to permit hydraulic communication. The 

welded assembly of shroud tubes and webs are stiffened by three circumferential 

rings and horizontal ring plates. 

2.3 .2 . Holddown Ring 

The holddown ring provides axial force on the flange of the upper guide structure 

assembly and the core support barrel assembly in order to minimize movement of 

the structures under hydraulic forces. The holddown ring is designed to accommodate 
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the differential thermal expansion between the reactor vessel and the reactor internals 

in the vessel ledge region. 
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CHAPTER 3 

MODEL DEVELOPMENT 

3 . 1 . Mathematical Model 

The mathematical model of the internals consists of lumped masses and elastic beam 

elements to represent the beam-like behavior of the internals, and nonlinear elements 

to simulate the effects of gaps between components. Typical component gaps 

represented by nonlinear elements are the core support barrel, pressure vessel snubber 

gap and core shroud guide lug gap. The gaps between the core shroud and core 

support barrel or the core support plate and core support barrel are sufficiently large 

that no contacting occurs. However, for every analysis performed, this assumption 

is verified by confirming that the relative deflections of component are in fact 

smaller than existing gaps. 

At appropriate locations within the internals and core, nodes are chosen to lump the 

weights of the structure. The criterion for choosing the number and location of 

mass points is to provide for accurate representation of the dynamically significant 

modes of vibration for each of the internals components. For the beam element 

connecting two nodes, properties are calculated for moments of inertia, cross-sectional 

areas, effective shear areas, stiffnesses and length. 
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Stiffnesses for the complex internals structures such as UGS and CSB flanges, 

CSB snubber, hold-down ring and CEA guide tubes are determined by finite element 

analyses. Unit deflections and rotations are applied and the resulting reaction forces 

are calculated. These results are then used to derive the equivalent member properties 

for the structures. 

The CSB upper region is modeled to account for the possible interactions between 

the CSB upper flange, UGS upper flange, hold-down ring and the RV ledge using 

the nonlinear, hysteresis and friction elements. But if justified by analysis, it can be 

modeled as one mass point because the break size decreased. 

A dynamically equivalent representation of the CEA shroud is included in the 

horizontal model. This representation is based on a frequency analysis of the detailed 

finite element model [16,18,19]. 

J 
A typical coupled internals and core model in horizontal direction is shown in 

Fig.3.1. The actual arrangement and detail in the model may vary with the function 

of plant design, and the magnitude and nature of the pipe break excitation. For 

example, the loads on CEA guide tubes during an inlet break can be negligible 

because it is assumed that there is negligible crossflow at the outlet nozzle plenum 

for inlet break. That's why the model of CEA guide tubes is represented by single 

beam element in the analysis of inlet break. 
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3 . 1 . 1 . Core Region 

Core model in the coupled internals and core analysis accounts for the total number 

of fuel assemblies in the core. Thus, the effect of the entire core on plate motions is 

included in the model. The core is modeled by subdividing it into fuel assembly 

groupings and choosing stiffness values to adequately characterize its beam response 

and contacting under dynamic loading. Fuel assemblies are combined into various 

groupings [14]. There are various core region representations and Fig.3.1 shows a 

core region with 3 fuel assembly groupings. The outside groupings represent the 

peripheral and adjacent row of fuel assemblies in the core. The center grouping is 

made up of the remaining fuel assemblies. To simulate the nonlinear motion of the 

fuel, nonlinear spring couplings are used to connect corresponding nodes to the fuel 

assemblies and core shroud. Incorporated into these nonlinear springs is the spacer 

grid impact stiffness derived from test results. By simulating actual gaps between 

the peripheral fuel assemblies and the core shroud, the effects of impacting that can 

be fed back through the core shroud and alter the motion of the core plates are 

included in the model. 

The stiffness properties of each fuel grouping are determined by combining the 

individual fuel assembly stiffnesses added in parallel. Individual fuel assemblies are 

modeled with beam elements to represent the horizontal stiffness between mass 

points and rotational springs at each end to simulate the end fixity existing at the top 

and bottom of the core. The values used for stiffness and end fixity is based on a 
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parametric study in which analytic predictions are corrected with fuel assembly 

static and dynamic test data. The fuel assembly parameters used in the coupled 

internals and core model are basically the same as those used in the detailed core 

model. 

3.1 .2 . Damping Values 

Damping values used for the internals components are 4% of critical. These values 

are in accordance with Regulatory Guide 1.61 [13] which gives acceptable damping 

values to be used in the seismic analysis of welded steel structure. Since SSE and 

pipe break are both faulted conditions, the 4% damping value is decided to be used 

for the pipe break analysis. 

The additional damping resulting from the motion of the internals in the water 

environment is conservatively neglected. Damping values for the fuel assemblies 

are based upon results of full-scale forced vibration tests in water. 
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3 .2 . Fluid Effects 

It has been shown both analytically and experimentally [12] that immersion of a 

body in a dense-fluid medium lowers its natural frequency and significantly alters 

its vibratory response as compared to that in air. The effect is more pronounced 

where the confining boundaries of the fluid are in close proximity to the vibrating 

body as in the case for the reactor internals. The method of accounting for the 

effects of a surrounding fluid on a vibrating system has been to ascribe to the 

system additional or hydrodynamic mass. The hydrodynamic mass of an immersed 

system is a function of the dimensions of the real mass and the space between the 

real mass and confining boundary. 

The effects of fluid/structure interaction between internals components due to their 

immersion in a confining fluid are considered. The hydrodynamic mass matrix is 

applied to the analytical model representing the reactor internals structures in the 

horizontal direction. Fluid/structure interaction is characterized by the full 

hydrodynamic mass matrix including the off-diagonal hydrodynamic coupling terms 

which will affect significantly the dynamic characteristic of the solid structure with 

narrow gap or annulus. 

Hydrodynamic mass terms are calculated for the lumped mass model considering 

the solution of two concentric cylinders moving in fluid and including various 

boundary conditions associated with the fixity of the cylinders and the fluid flow of 



axial direction. The potential flow theory is used for the formulation of fluid pressures 

developed in the annulus between the two concentric moving cylinders. The fluid 

pressure includes the effects of the beam deformation of the cylinders as well as the 

axial fluid flow in the annulus. The hydrodynamic pressures are converted to 

added-mass (diagonal) and coupling-mass (hydrocoupling) terms to be added to the 

mass matrix of the lumped mass model 115|. 

The hydrodynamic characteristics for each internal and fuel component are presented 

in the following: 

A. CEA Shroud : The set of parallel cylinders have an added mass due to both 

contained and displaced water. 

B. CEA Shroud - UGSSB annulus : An effective outer radius of the CEA shroud 

is calculated such that the volume of water between it and the UGSSB is equal 

to the volume for the non-annular shape. This radius and the inner radius of the 

UGSSB are used for the hydrodynamic coupling computed. 

C. UGSSB - CSB annulus : The outer radius of the UGSSB and an average inner 

radius of the CSB are used to evaluate hydrodynamic coupling. 

D. Tube Sheet Region : The set of parallel cylinders have an added mass due to 

both contained and displaced water. 



Fuel Assemblies : Based on dynamic in-air and in-water full-scale fuel assembly 

test results, an effective added mass is evaluated. The added mass when included 

with the fuel assembly structural mass yields in-water frequencies corresponding 

to test data. 

Core Shroud : The inner fluid effect is the added mass due to contained water. 

Core Shroud - CSB annulus : An average outer radius of the core shroud and 

the inside radius of the CSB are used to evaluate the hydrodynamic coupling. 

LSS : Contained and displaced hydrodynamic added masses are computed. 

Coupling between the LSS and the CSB is neglected due to the short length of 

the annulus. 

CSB - Reactor Vessel annulus : Hydrodynamic coupling effect is evaluated 

using an average outer radius of the CSB and an average inner radius of the 

RV. 

CEA Shroud - Reactor Vessel annulus : The portion of the CEA shroud 

package extending above the UGSSB is coupled to the RV. The effective outer 

radius of the CEA shroud and an average inner radius of the RV are used to 

evaluate hydrodynamic coupling. 
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3 . 3 . Derivation of Stiffness Matrix 

The response of the internals is computed by the SHOCK code [17], which solves 

for the response of the structures represented by lumped mass and spring systems 

under a variety of loadings. The symmetric stiffness matrix is defined for the beam 

as determined in terms of the static result as 

-b u 

ay 

-by a,j 

-(dy+b.jly) b,j 

by -a,j 

d t j -Cij 

Cy 

-d.j+Cyly 

"y. 
9, 

yj 

R, 

. R j . 

(3.1) 

The coefficients are defined by holding the beam fixed at end / as: 

atJ = shear load at end / caused by a unit deflection at end j with no 

rotation, 

by = bending moment at end/ caused by a unit deflection at end j with no 

rotation, 

c = shear load at end i caused by a unit rotation at end j with no 

deflection, 

dtJ = bending moment at end/ caused by a unit rotation at end j with no 

deflection, 

l,j = the directed length of the beam (x( - Xj). 

Consider a general beam with end / fixed as shown in Fig 3.2. Using the sign 

convention of the SHOCK code (Fig.3.3) the equilibrium conditions are 
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y, = e, = o 

L = P = -P 
1 1 x j 

R ^ - M ^ - M , - ^ 

Substituting the equilibrium conditions into equation (3.1) gives 

a y + c 6 = L = - P 

Rewriting the last two equations into matrix form 

-a, -Cj 
-Cy —Qij+Cylij J 

ft 
Oj •ia 

(3.2) 

(3.3) 

Substituting the last two equations into the second one in equation (3.2) generates 

the relations as follows : 

\ b =c +a 1 (3.4) 
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The deflection and rotation at endy for the beam as shown 

PjL' Mjl? SPjL PjL2 MjL 
*J 3EI 2EI AG KA KA 

1 2EI EI KA KA KB 

where L = length 

EI = flexural rigidity 

A = cross-sectional area 

S = shear factor 

G = shear modulus 

K = end fixity factor. 

Rewriting equations (3.5) and (3.6) in matrix form 

yj = [B] Pj 

where [B] = B n B12 

B21 B22 

11 3EI AG KA 

= Ji- + -L-
2EI KA 

Bi2 = ^ r + 

- 2 8 -



B2i = -^- + -^-
2EI KA 

B ^ - k + J ^ + J -
EI KA KB 

The force and moment at end j are 

Pj 

M, 

[B]' 

• 
* • 

P/ 

= [B]1 yj 

i _ 1 
B11B22 - B12B21 

1 f 
B11B22 - B12B21 . 

B22 - Bi2 

. - B21 B n . 

B22 - B121 yj 

- B21 B u J [ Oj _ 

where 

B11B22 - B12B21 

- r L 3 , SL - ... L2 w L + l + -U , x - , x — + — ) ( — + — 
'3EI AG KA EI KA KB ' 2EI KA 2EI KA 

= -lL- + (^_ + -%)(^- + -L) + -SLZ- + 
12EI V3EI AG/VKA KB AGEI KAKB 

Equating equations (3.3) and (3.8) to find the coefficients â , cy and dy 

an - --*% = J (.L. + -L + J-) 
B11B22 - B12B21 B11B22 - B12B21 EI K A K B 



Ci = B_n = 1 / L + -L-) (3.10) 
B11B22 - B12B21 B11B22-B12B21 2EI K A 

- d + C i l , - R n 

B11B22 - B12B21 

^ = Ci \t Bn 1 ( L _ SL\ « j j \ 
B11B22 • B12B21 B11B22 • B12B21 6EI A G 

Also from the relations of equation (3.4), by is obtained as follows 

Olir>22 " D12D21 ^ C l 1N.B 

The equations (3.9) through (3.12) constitute the coefficients of the force equations 

(3.1) for a beam. The coefficients for the stepped beam which is composed of two 

different segments of constant cross-section may be calculated by the condensation 

technique of matrix and are found in Appendix A. 
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CHAPTER 4 

ANALYSIS 

4 . 1 . Input Excitations 

During a pipe break, a series of pressure waves propagate throughout the reactor. 

Among other effects, these pressure waves produce a loading on CSB, the result of 

which is a major internal pressure pulse. The dynamic loads on the CSB are 

developed from the time-varying radial pressure disturbances during a pipe break. 

These are highly asymmetric in the circumferential direction and are caused by the 

expansion wave fronts and flow redistributions acting on the surface of the barrel. 

The radial pressures acting on the CSB may be defined as a series of harmonic 

functions (Fourier series). A pressure p is given by : 

P (9) = X ( A ' c o s iG + B- sin ie) 
« = o 

= Ao + A1cos0+B,sin 0 + A ĉos 20 + B2sin 20 (4.1) 

+ A3cos 30 + B3sin 36+ 

Each term of the above series must be defined as a separate load step. A term is 

defined by the load coefficient (A( or B(), the number of harmonic waves and the 
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symmetry condition (cos id or sin i6). Note that J = 0 represents the axisymmetric 

term (AQ) and 6 is the circumferential coordinate implied in the model. The load 

coefficient for the excitation pressure distribution is determined from the result of 

blowdown load time history analysis. The pressures at each circumferential location 

are computed relative to the pressure at an interior node. 

In order to obtain these horizontal loads to be applied, the time dependent Fourier 

coefficients which define the circumferential pressure distributions are first obtained 

using the blowdown load at, at least, six axial elevations. A linear variation in 

pressure is assumed to act between each elevation. 

Except for the first cosine and sine harmonics, all of the other higher order harmonics 

result in shell structural responses, analysis for them is performed separately [21]. 

The first sine and cosine pressure distributions produce a response in the barrel 

which is analogous to a beam bending mode. Integrated over the surface area of the 

CSB, these pressures produce resultant horizontal loads which are applied to the 

lumped mass and spring model to determine the response of the reactor internals 

and fuel during a pipe break. 

Figures 4.1 and 4.2 show the delta pressure time histories for safety injection 

nozzle break and pressurizer spray line nozzle break at angle 240 degs where inlet 

nozzle is located. It is shown that the smaller pressure disturbances are occurring 

on the lower part of CSB comparing with its upper part. 
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In addition to the internals hydraulic loads, RV motions are applied to the model. 

They are determined from the RCS analysis and are acceleration time histories at the 

RV flange and snubber elevations. Since RV is very stiff, its stiffness is not to be 

included explicitly in the coupled internals and core model. However, translational 

accelerations for locations on the RV between the flange and snubbers are computed 

by linear interpolation and are input into the model. These translational accelerations 

along the vessel are required for the calculation of hydrodynamic forces. Figures 

4.3 and 4.4 show the acceleration time histories for safety injection nozzle break 

and pressurizer spray line nozzle break at RV flange and snubber locations. If the 

internals hydraulic loads are not included in the RCS analysis, the RV motions 

decreased almost one-fourth for the case when they are included. It means that 

internals hydraulic loads are more severe for the RV motions induced than jet 

impingement loads from AE. 
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4 .2 . Dynamic Responses 

The response of the internals is computed by direct integration of the equations of 

motion using a numerical step-by-step procedure incorporated in the SHOCK 

computer program [17]. The results of analysis consist of the displacement, velocity 

and acceleration time histories of fuel alignment plate (FAP), core support plate 

(CSP) and core shroud nodes which will be used for the detailed core analysis [23], 

and minimum and maximum values of shears and moments of each coupling which 

will be used for design loads. 

Several informations of the coupled internals and core analysis (for example, tape 

5, tape 10, tape 20 and tape 7 of SHOCK results) are saved for future uses such as 

a restart, core analysis and plot of responses. The analysis procedure is shown in 

Fig.4.5, which is approved by USNRC. 

4.2 .1 . Safety Injection Nozzle Break 

The 14 inch safety injection nozzle break is analyzed since it is expected to be the 

most severe one except for the main coolant loop breaks. Two forcing functions of 

RV motions and internals hydraulic loads are applied simultaneously. Two RV 

motions are obtained from RCS analysis. Internals (RV + CSB) hydraulic loads 

were considered for RCS analysis to generate the first RV motions, but not considered 

for the second motions. These two motions are input to the SHOCK code with 
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internals hydraulic loads as forcing function. The internals hydraulic loads are 

calculated using the blowdown analysis results. 

Five different combinations of the forcing functions are investigated as shown in 

Table 4.1. Case 1 uses the analysis procedure (Fig.4.5) approved by USNRC, 

where RV motions and CSB hydraulic loads are applied simultaneously. To see the 

effects of each of RV motions and internals hydraulic loads, Cases 2 and 3 are 

chosen, where only one forcing function is used in each run. Case 4 (Fig.4.6) uses 

the RV motions obtained without considering internals loads, instead RV hydraulic 

loads are applied in addition to the CSB loads. Case 5 (Fig.4.7) considers only 

internals (CSB and RV) hydraulic loads to show that the effects of RV motions on 

the internals responses are almost negligible by comparing the results of Case 4 

with those of Case 5. 

4 . 2 . 2 . Pressurizer Spray Line Nozzle Break 

The 3 inch pressurizer spray line nozzle break is analyzed because it could be the 

only one remaining in the primary side depending upon the result of LBB evaluation. 

The same five different combinations of the forcing functions are investigated for 

this break as in the safety injection nozzle break. 
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Table 4.1 Forcing Functions for Analysis 

Case No 

1 

2 

3 

4 

5 

RV Motion 

from RCS Analysis 

Yes* 

Yes* 

No 

Yes ** 

No 

Internals Hydraulic Loads 

CSB 

Yes 

No 

Yes 

Yes 

Yes 

RV 

No 

No 

No 

Yes 

Yes 

* considered internals (CSB + RV) hydraulic loads for RV motions. 

** not considered internals hydraulic loads for RV motions. 

4.2 .3 . Secondary Side Pipe Breaks 

The response loads are calculated for the two breaks such as main steam line and 

economizer feedwater line in the secondary side. For these breaks, the internals 

hydraulic loads do not exist and the only forcing function is the RV motions, which 

consist of the acceleration time histories of RV flange and snubber, and are obtained 

from the reactor coolant system analysis. The analysis procedure is shown in 

Fig.4.8. 
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CHAPTER 5 

RESULTS AND DISCUSSION 

The SRSS (Square Root of the Sum of the Squares) response loads of 3 inch 

pressurizer spray line nozzle break for all cases are included in Appendix B. The 

maximum loads of each component which will be used in design are presented in 

Tables 5.1 and 5.2. As shown in Tables 5.1 and 5.2, the results of Cases 1 and 4 

show good agreement, which means that if internals hydraulic loads are not considered 

in the RCS analysis, the hydraulic loads of CSB as well as RV should be applied. 

The comparative evaluation between Cases 2 and 3 shows that the effects of internals 

hydraulic loads are much higher than those of RV motions. Even though there is a 

little difference between Cases 1 and 5, the analysis procedure applied to Case 5 can 

be considered to be successfully used to the small size tributary pipe break analysis. 

The comparative evaluations of 3 inch pressurizer spray line nozzle break and 

secondary side pipe break loads with those of SSE [22] are made in Tables 5.3 and 

5.4, which confirm that the SSE loads with a conservative margin may be used for 

the pipe break loads in the faulted condition design. RATIO 1 in Tables 5.3 and 5.4 

is the percentage of DBPB loads (responses for the 3 inch pressurizer spray line 

nozzle break (3" BRK)) to those of SSE. RATIO 2 is calculated as the ratio (%) of 

BLPB loads (maximum responses between 3 inch pressurizer spray line nozzle 
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break, main steam line nozzle break (MSL) and economizer feedwater line nozzle 

break (EFL)) to the SSE loads. The margin may be calculated as follows : 

The load for Level C condition is 

Level C = Normal + DBPB 

From Tables 5.3 and 5.4, the conservative margins for Level C condition are 

F DBPB = (0.48) F SSE 

M DBPB = (0.69) M SSE 

where F is the shear force (lbs) and M is the moment (in-lbs). Therefore the 

calculated margins for the shear force and moment are 0.48 and 0.69, respectively. 

Or, the resulting loads for Level C condition may be expressed as follows : 

F LevelC = F Normal + (0.48) F ssr 

M w c = M Nonnal + (0.69) M SSR 

From References 3 and 4, the load for Level D condition is 

Level D = Normal + VSSE2 + (BLPB)2 
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From Tables 5.3 and 5.4, the conservative margins for Level D condition are 

** BLPB — C-^-AjJ ** SSE 

M BLPB = (2.22) M SSE 

YFSSE2+FBLPB2 = VFSSE
2 + (2 .15FS S , ) 2 = (2.37)FSsr 

VMSSE 2 +M B IV = VMSSE2 + (2.22Mssi,)2 = (2.43)MSSE 

Therefore the calculated margins for the shear force and moment are 2.37 and 2.43, 

respectively. Or, the resulting loads for Level D condition may be expressed as 

follows : 

J" Level D — ** Normal + ( 2 - 3 7 ) ** SSI. 

MLevelD=MNonnal + (2.43)Mss,; 
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Table 5.1 Maximum Shear Loads for Pressurizer Spray Line Nozzle Break 

Component 
1 

CSB Upper Flange .2026E6 
CSB Upper Cylinder .2026E6 
CSB Nozzle Cylinder . 1518E6 
CSB Center Cylinder . 1115E6 
CSB Lower Cylinder . 1156E6 
CSB Lower Flange .9949E5 

LSS .7004E5 
LSS Insert Pins (Total) . 1039E4 
LSS/CS Flexure Weld .4003E5 

UGS Upper Flange .7229E5 

UGS Lower Flange . 1860E5 
CEA Guide Tube 

(Tube Reaction) .1298E5 

CS Guide Lug (Each) .0000E0 

Core Shroud .4508E5 

CEA Guide Tube Exts. . 1603E4 
CEA Shroud Assy.(@ Base) .4430E4 

CEA Snubber (Each) . 1952E3 

CASE NO. 
2 3 4 5 

.2534E5 

.2534E5 

.15UE5 

.1291E5 

.8719E4 

.7815E4 

.1869E6 

.1869E6 

.1486E6 

.1087E6 

.1174E6 

.1011E6 

.1887E6 

.1887E6 

.1419E6 

.1071E6 

.1165E6 

.1007E6 

.1370E6 

.1370E6 

.1192E6 

.9599E5 

.9519E5 

.8748E5 

.7462E4 .7110E5 .7056E5 .6669E5 

.5899E3 .7840E3 .1018E4 .8125E3 

.6723E4 .4018E5 .3975E5 .5038E5 

.3241E5 .6843E5 .6817E5 .6802E5 

.5072E4 .1679E5 .1378E5 .1899E5 

.2688E4 .1274E5 .1315E5 .1090E5 

.0000E0 .0000E0 .000OE0 .0000E0 

.6723E4 .4410E5 .4325E5 .5038E5 

.8239E3 .1042E4 .1247E4 .1232E4 

.3408E4 .1591E4 .3092E4 .2578E4 

.1898E3 .8280E2 .1947E3 .2862E3 
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Table 5.1 Maximum Moments for Pressurizer Spray Line Nozzle Break 

Component 

CSB Upper Flange 

CSB Upper Cylinder 

CSB Nozzle Cylinder 

CSB Center Cylinder 

CSB Lower Cylinder 

CSB Lower Flange 

LSS 

LSS Insert Pins (Total) 

LSS/CS Flexure Weld 

UGS Upper Flange 

UGS Lower Flange 

CEA Guide Tube 

(Tube Reaction) 

(FromUGSSP&FAP) 

CS Guide Lug (Each) 

Core Shroud 

1 

.1459E8 

.9034E7 

.1534E8 

.1488E8 

.3961E7 

.3051E7 

.3149E7 

.1207E5 

.2964E7 

.9500E7 

.6514E6 

.3532E6 

.3206E6 

.OOO0E0 

.3687E7 

< 

2 

.2064E7 

.2050E7 

.2018E7 

.6371E6 

.3666E6 

.4222E6 

.4238E6 

.6373E4 

.3659E6 

.2554E7 

.3780E6 

.7310E5 

.6915E5 

.0000E0 

.4717E6 

:ASE NO 

3 

.1355E8 

.8011E7 

.1500E8 

.1449E8 

.4077E7 

.3122E7 

.3263E7 

.7902E4 

.3079E7 

.9524E7 

.4498E6 

.3465E6 

.3042E6 

.0000E0 

.3510E7 

I. 

4 

.1219E8 

.6764E7 

.1459E8 

.1418E8 

.4103E7 

.3183E7 

.3297E7 

.8931E4 

.3117E7 

.9648E7 

.4884E6 

.3576E6 

.2891E6 

.0000E0 

.3441E7 

5 

.1055E8 

.7993E7 

.1341E8 

.1294E8 

.3038E7 

.2484E7 

.2446E7 

.7596E4 

.2387E7 

.6257E7 

.3857E6 

.2965E6 

.2945E6 

.000OEO 

.3365E7 

CEA Guide Tube Exts. 

CEA Shroud Assy.(@ Base) 

.2617E5 .1361E5 .1667E5 .1935E5 .1969E5 

.4401E6 .3231E6 .2115E6 .2990E6 .2745E6 
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Table 5.3 Maximum Shear Loads for Pipe Breaks and SSE 

Component 

CSB Upper Flange 

CSB Upper Cylinder 

CSB Nozzle Cylinder 

CSB Center Cylinder 

CSB Lower Cylinder 

CSB Lower Flange 

LSS 

LSS Insert Pins (Total) 

LSS/CS Flexure Weld 

UGS Upper Flange 

UGS Lower Flange 

CEA Guide Tube 

(Tube Reaction) 

CS Guide Lug (Each) 

Core Shroud 

3" BRK 

.2026E6 

.2026E6 

.1518E6 

.1115E6 

.1156E6 

.9949E5 

.7004E5 

.1039E4 

.4003E5 

.7229E5 

.1860E5 

.1298E5 

.0000E0 

.4508E5 

MSL 

.5714E6 

.5714E6 

.2495E6 

.2913E6 

.2909E6 

.2694E6 

.2093E6 

.2032E5 

.1769E6 

.6838E6 

.1105E6 

.5027E5 

.6035E5 

.1769E6 

EFL 

.8485E6 

.8485E6 

.5067E6 

.3535E6 

.3748E6 

.3938E6 

.3261E6 

.1131E5 

.3487E6 

.9565E6 

.1753E6 

.1244E6 

.1550E6 

.3487E6 

SSE 

.6607E6 

.6607E6 

.5093E6 

.2546E6 

.2421E6 

.3081E6 

.2360E6 

.6044E5 

.1838E6 

.5941E6 

.1703E6 

.8140E5 

.7200E5 

.1838E6 

RATIO 

1 2 

31 

31 

30 

44 

48 

32 

30 

2 

22 

12 

11 

16 

0 

25 

128 

128 

99 

139 

155 

128 

138 

34 

190 

161 

103 

153 

215 

190 

CEA Guide Tube Exts. .1603E4 .2440E5 .1677E5 .5814E5 3 42 

CEA Shroud Assy.(@ Base) .4430E4 .7229E5 .8257E5 .1222E6 4 68 

CEA Snubber (Each) .1952E3 .3548E4 .1058E5 .3900E5 1 27 

-50-



Table 5.4 Maximum Moments for Pipe Breaks and SSE 

Component 

CSB Upper Flange 

CSB Upper Cylinder 

CSB Nozzle Cylinder 

CSB Center Cylinder 

CSB Lower Cylinder 

CSB Lower Flange 

LSS 

LSS Insert Pins (Total) 

LSS/CS Flexure Weld 

UGS Upper Flange 

UGS Lower Flange 

CEA Guide Tube 

(Tube Reaction) 

(From UGSSP & FAP) 

CS Guide Lug (Each) 

Core Shroud 

3" BRK 

.1459E8 

.9034E7 

.1534E8 

.1488E8 

.3961E7 

.3051E7 

.3149E7 

.1207E5 

.2964E7 

.9500E7 

.6514E6 

.3532E6 

.3206E6 

.0000E0 

.3687E7 

MSL 

.2612E8 

.3196E8 

.2643E8 

.2258E8 

.1724E8 

.1699E8 

.1679E8 

.2028E6 

.1600E8 

.4479E8 

.5799E7 

.1367E7 

.1349E7 

.9128E6 

.1600E8 

EFL 

.4652E8 

.4284E8 

.5054E8 

.3648E8 

.3069E8 

.2707E8 

.2657E8 

.9200E5 

.2452E8 

.6243E8 

.8997E7 

.3384E7 

.3255E7 

.2344E7 

.2452E8 

SSE 

.6004E8 

.4493E8 

.3783E8 

.2154E8 

.1817E8 

.2095E8 

.2088E8 

.1838E7 

.1754E8 

.4746E8 

.6061E7 

.2220E7 

.3547E7 

.1100E7 

.1754E8 

RATIO 

1 2 

24 

20 

41 

69 

22 

15 

15 

1 

17 

20 

11 

16 

9 

0 

21 

77 

95 

134 

169 

169 

129 

127 

11 

140 

132 

148 

152 

92 

213 

140 

CEA Guide Tube Exts. .2617E5 .4176E6 .9549E6 .1838E7 1 52 
CEA Shroud Assy. (@ Base) .4401E6 .6688E7 .7744E7 .3483E7 13 222 
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CHAPTER 6 

CONCLUSIONS 

Dynamic analyses of the coupled internals and core were performed for various 

branch line pipe breaks such as 14 inch safety injection nozzle break, 3 inch 

pressurizer spray line nozzle break (primary side), main steam line break and 

economizer feedwater line break (secondary side). The following conclusions were 

obtained: 

1. Simplified analysis procedure suggested in this study could be successfully 

applied to the dynamic analysis of reactor internals for pipe breaks. 

2. If the internals hydraulic loads are not considered in the RCS analysis, the 

hydraulic loads of RV as well as CSB should be applied in the reactor internals 

analysis for the primary side tributary pipe break. 

3. The effects of internals hydraulic loads on the reactor internals responses are 

much higher than those of RV motions for the tributary pipe break in the 

primary side . Therefore, the RV motions from the RCS analysis is negligible 

for the internals responses due to the primary side pipe breaks. 
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4. The comparative evaluation of reactor internals responses for 3 inch pressurizer 

spray line break, secondary side pipe breaks and SSE shows that the SSE loads 

with a conservative margin can replace the SSE loads plus pipe break loads in 

the preliminary design of the future nuclear power plant when LBB concept is 

applied to the primary side piping systems with a diameter of 10 inches or over. 

The calculated margins are 0.69 and 2.43 for Level C and Level D conditions, 

respectively. 
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CHAPTER 7 

FUTURE WORK 

This work has provided a dynamic response of the reactor internals due to the 

tributary pipe breaks. It deals with only beam contributions due to pipe break 

excitations among many hypothetical accidents. Therefore, further considerations 

are recommended as follows: 

- Shell response of the core support barrel is necessary to get a total response due 

to pipe breaks. 

Dynamic analysis of the reactor internals due to seismic excitations should also 

be performed for a following stress analysis of the internals components. 

Forward dynamic analysis of the reactor core is recommended for comprehensive 

study of dynamic behavior of all components located inside the reactor vessel. 
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APPENDIX A 

STIFFNESS MATRIX FOR STEPPED BEAM 

Consider the beam with two different segments of constant cross-section such as 

It is divided into two beams, each with uniform properties with a node j at the 

change in cross-section. 

Eliminating the nodey from the 6x6 stiffness matrix gives the reduced 4x4 matrix 

as follows : 

K,i 

K21 

K31 

K41 

K12 

K22 

K32 

K42 

K13 

K23 

K33 

K43 

K14 

K24 

K34 

K44 -

y. 
6, 
yk 
6k 

L, 
R, 
U 

LRk 

with the following definitions 
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K n = -aJJ + a^A + c y E 

K12 = - b y + a ^ B + c „ F 

K13 = +^0 + ^0 

K14 = + a i jD + c1JH 

K21 = - b u + bMA + d u E 

K22 = + e„ + b„B + d „ F 

K23 = + b1JC + d - G 

K24 = + b y D + d y H 

K31 = + a j kA + b j kE 

K32 = + a j k B + b j k F 

K33 = + a^ C + b^ G - a^ 

K34 = + a J k D + b J k H - c j k 

K41 = + c j k A + d j kE 

K42 = + c ^ B + <^-F 

K43 = + c j kC + d j kG-c J k 

K44 = + c j k D + d jkH + d jk-c jkl jk 

A = ( h i I c u - m J j a u ) / ( g ; | m J J - h J J
2 ) 

B = (h f l d, - mj b J / (g^ m^ - h a
2 ) 

C = ( h J J b 1 J - m J J a I J ) / ( g J u m i J - h J )
2 ) 

D = ( h J u d I J - m , c u ) / ( g J J m I J - h i J
2 ) 

E = ( h , a . J - g 1 J c 1 J ) / ( g J J m J J - h J J
2 ) 

F = (h J i^-g J |d y ) / (g J ,m J I -h J I
2 ) 
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h.. 

a , j - a^ 

= -vb* 
mi3 = • d u + C>i V d * ' b * Ijk 
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APPENDIX B 

RESPONSES OF INTERNALS COMPONENTS 

Table B.l Shear Load Summary for Pressurizer Spray Line Nozzle Break 
(lof3) 

COUPLING MAXIMUM SRSS SHEARS (LBS) 
CASE1 CASE2 CASE3 CASE4 CASE5 

1 
6 
10 
13 
16 
19 
22 
25 
28 
31 
58 
5 
9 
12 

15 
18 
21 
24 
27 
30 
33 
55 
4 
8 
55 
57 
59 

6 
10 
13 
16 
19 
22 
25 
28 
31 
34 
5 
9 
12 
15 
18 
21 
24 
27 

30 
33 
35 
4 
8 
11 
56 
58 
1 

.1225E+06 

.2283E+06 

.2304E+06 

.2306E+06 

.2317E+06 

.1904E+06 

.1823E+06 

.1802E+06 

.1823E+06 

.1807E+06 

.2026E+06 

.1105E+06 

.1518E+06 

.1109E+06 

.7473E+05 

.7545E+05 

.8884E+05 

.1115E+06 

.1076E+06 

.1156E+06 

.9949E+05 

.7229E+05 

.1249E+06 

.1860E+05 

.5783E+03 

.5129E+03 

.7457E+05 

.1225E+06 

.2283E+06 

.2303E+06 

.2306E+06 

.2316E+06 

.1904E+06 

.1823E+06 

.1802E+06 

.1823E+06 

.1807E+06 

.2534E+05 

.1049E+05 

.1511E+05 

.1340E+05 

.1134E+05 

.1195E+05 

.1291E+05 

.7659E+04 

.7179E+04 

.8719E+04 

.7815E+04 

.3241E+05 

.1036E+05 

.5072E+04 

.2093E+03 

.4319E+03 

.3613E+05 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+00 

.1869E+06 

.1122E+06 

.1486E+06 

.1062E+06 

.7084E+05 

.7105E+05 

.8760E+05 

.1076E+06 

.1087E+06 

.1174E+06 

.1011E+06 

.6843E+05 

.1234E+06 

.1679E+05 

.4296E+03 

.4306E+03 

.6775E+05 

.2285E+06 

.4260E+06 

.4299E+06 

.4304E+06 

.4323E+06 

.3554E+06 

.3403E+06 

.3363E+06 

.3403E+06 

.3372E+06 

.1887E+06 

.1128E+06 

.1419E+06 

.1007E+06 

.6844E+05 

.6801E+05 

.8255E+05 

.1044E+06 

.1071E+06 

.1165E+06 

.1007E+06 

.6817E+05 

.1233E+06 

.1378E+05 

.4538E+03 

.4570E+03 

.6907E+05 

.1963E+06 

.1717E+06 

.1520E+06 

.1317E+06 

.1151E+06 

.1041E+06 

.9004E+05 

.7207E+05 

.4614E+05 

.2360E+05 

.1370E+06 

.1046E+06 

.1192E+06 

.1015E+06 

.7863E+05 

.7105E+05 

.8009E+05 

.9599E+05 

.8581E+05 

.9519E+05 

.8748E+05 

.6802E+05 

.8828E+05 

.1899E+05 

.6591E+03 

.9090E+03 

.7529E+05 
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Table B. 1 Shear Load Summary for Pressurizer Spray Line Nozzle Break 
(2 of 3) 

COUPLING MAXIMUM SRSS SHEARS (LBS) 
CASE1 CASE2 CASE3 CASE4 CASE5 

32 
17 
20 
23 
26 
29 
11 
11 
37 
38 
39 
40 
41 
47 
48 
49 
50 
51 
42 
43 
44 
45 
46 
14 
14 
14 
36 
52 
53 
54 
3 
2 
2 
2 
2 
2 
7 
2 

35 
20 
23 
26 
29 
32 
14 
14 
38 
39 
40 
41 
32 
48 
49 
50 
51 
32 
43 
44 
45 
46 
32 
37 
47 
42 
7 
7 
7 
7 
7 
36 
52 
53 
54 
3 
11 
55 

.7004E+05 

.4508E+05 

.4595E+05 

.2207E+05 

.2653E+05 

.4003E+05 

.1298E+05 

.00OOE+0O 

.9079E+02 

.6279E+02 

.9237E+02 

.7990E+02 

.8807E+02 

.9079E+02 

.6279E+02 

.9237E+02 

.7990E+02 

.8807E+02 

.8897E+03 

.6152E+03 

.9050E+03 

.7829E+03 

.8631E+03 

.1358E+03 

.1358E+03 

.1331E+04 

.4542E+04 

.4831E+03 

.3580E+03 

.2345E+03 

.1005E+03 

.3731E+03 

.1043E+03 

.6706E+02 

.4900E+02 

.3032E+02 

.4430E+04 

.3904E+03 

.7462E+04 

.6170E+04 

.6442E+04 

.2717E+04 

.4613E+04 

.6723E+04 

.2688E+04 

.0000E+00 

.4553E+02 

.4941E+02 

.4612E+02 

.3483E+02 

.4999E+02 

.4553E+02 

.4941E+02 

.4612E+02 

.3483E+02 

.4999E+02 

.4463E+03 

.4841E+03 

.4518E+03 

.3413E+03 

.4899E+03 

.6983E+02 

.6983E+02 

.6842E+03 

.3573E+04 

.3673E+03 

.3464E+03 

.2240E+03 

.9891E+02 

.3007E+03 

.8798E+02 

.6510E+02 

.4592E+02 

.3048E+02 

.3408E+04 

.3795E+03 

.7110E+05 

.4377E+05 

.4410E+05 

.2229E+05 

.2679E+05 

.4018E+05 

.1274E+05 

.0000E+00 

.6106E+02 

.3921E+02 

.6707E+02 

.6548E+02 

.6644E+02 

.6106E+02 

.3921E+02 

.6707E+02 

.6548E+02 

.6644E+02 

.5984E+03 

.3843E+03 

.6571E+03 

.6417E+03 

.6511E+03 

.8833E+02 

.8833E+02 

.8654E+03 

.2089E+04 

.2182E+03 

.1013E+03 

.1838E+02 

.7557E+02 

.1363E+03 

.3809E+02 

.1390E+02 

.4040E+01 

.1501E+02 

.1591E+04 

.1656E+03 

.7056E+05 

.4303E+05 

.4325E+05 

.2253E+05 

.2631E+05 

.3975E+05 

.1315E+05 

.0000E+00 

.8514E+02 

.6763E+02 

.8011E+02 

.1090E+03 

.8625E+02 

.8514E+02 

.6763E+02 

.8011E+02 

.1090E+03 

.8625E+02 

.8344E+03 

.6628E+03 

.7851E+03 

.1068E+04 

.8455E+03 

.1057E+03 

.1057E+03 

.1036E+04 

.2877E+04 

.5445E+03 

.1359E+03 

.5221E+02 

.9742E+02 

.2542E+03 

.1289E+03 

.2427E+02 

.1737E+02 

.2433E+02 

.3092E+04 

.3894E+03 

.6669E+05 

.4097E+05 

.4341E+05 

.2160E+05 

.3246E+05 

.5038E+05 

.1090E+05 

.0000E+00 

.6849E+02 

.3467E+02 

.7486E+02 

.7667E+02 

.6886E+02 

.6849E+02 

.3467E+02 

.7486E+02 

.7667E+02 

.6886E+02 

.6712E+03 

.3398E+03 

.7335E+03 

.7514E+03 

.6748E+03 

.1044E+03 

.1044E+03 

.1023E+04 

.2657E+04 

.3225E+03 

.1301E+03 

.6917E+02 

.9877E+02 

.2289E+03 

.7113E+02 

.2481E+02 

.1345E+02 

.1948E+02 

.2578E+04 

.5723E+03 
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Table B. 1 Shear Load Summary for Pressurizer Spray Line Nozzle Break 
(3 of 3) 

COUPLING MAXIMUM SRSS SHEARS (LBS) 
CASE1 CASE2 CASE3 CASE4 CASE5 

55 
58 
55 
17 
17 
20 
23 
26 
29 
47 
48 
49 
50 
51 
33 
12 
55 
58 
55 
55 
58 
56 

1 
1 
58 
14 
37 
38 
39 
40 
41 
17 
20 
23 
26 
29 
34 
13 
1 
1 
58 
59 
1 
57 

.0000E+OO 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.2770E+03 

.0000E+00 

.8011E+02 

.7176E+05 

.2036E+06 

.4720E+03 

.OOOOE+OO 

.OOOOE+00 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.OOOOE+OO 

.0000E+00 

.1342E+03 

.OOOOE+OO 

.3882E+02 

.3191E+05 

.2502E+05 

.2273E+03 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2516E+03 

.OOOOE+OO 

.7278E+02 

.6764E+05 

.1882E+06 

.4299E+03 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2565E+03 

.OOOOE+OO 

.7420E+02 

.6751E+05 

.1887E+06 

.4380E+03 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.OOOOE+OO 

.2796E+03 

.OOOOE+OO 

.8088E+02 

.6759E+05 

.1383E+06 

.4606E+03 

-67-



Table B.2 Moment Summary for Pressurizer Spray Line Nozzle Break (1 of 5) 

COUPLING 

1 

6 

10 

13 

16 

19 

22 

25 

28 

31 

58 

5 

9 

12 

15 

18 

21 

24 

6 

10 

13 

16 

19 

22 

25 

28 

31 

34 

5 

9 

12 

15 

18 

21 

24 

27 

CASEl 
CASE4 

.1127E+09 

.2103E+09 

.5619E+07 

.1049E+08 

.5500E+07 

.1026E+08 

.3603E+07 

.6725E+07 

.3562E+07 

.6647E+07 

.3090E+07 

.5768E+07 

.2826E+07 

.5275E+07 

.2793E+07 

.5213E+07 

.2826E+07 

.5275E+07 

.2891E+07 

.5396E+07 

.1459E+08 

.1219E+08 

.9034E+07 

.6764E+07 

.8667E+07 

.7272E+07 

.1218E+08 

.1131E+08 

.1428E+08 

.1347E+08 

.1530E+08 

.1455E+08 

.1480E+08 

.1410E+08 

.1229E+08 

.1212E+08 

MAXIMUM SRSS MOMENTS (IN-LBS) 
AT 

.1185E+09 

.2212E+09 

.5624E+07 

.1050E+08 

.5500E+07 

.1026E+08 

.3603E+07 

.6725E+07 

.3562E+07 

.6647E+07 

.2813E+07 

.5250E+07 

.2826E+07 

.5275E+07 

.2793E+07 

.5213E+07 

.2826E+07 

.5275E+07 

.2891E+07 

.5396E+07 

.9012E+07 

.6750E+07 

.8670E+07 

.7252E+07 

.1217E+08 

.1130E+08 

.1430E+08 

.1348E+08 

.1534E+08 

.1459E+08 

.1488E+08 

.1418E+08 

.1241E+08 

.1221E+08 

.9992E+07 

.1014E+08 

LEFT AND RIGHT MEMBERS 
CASE2 
CASE5 

.1127E+09 

.1251E+08 

.5619E+07 

.4226E+07 

.5500E+07 

.3628E+07 

.3603E+07 

.2059E+07 

.3562E+07 

.1770E+07 

.3090E+07 

.1689E+07 

.2826E+07 

.1396E+07 

.2793E+07 

.1117E+07 

.2826E+07 

.7151E+06 

.2891E+07 

.3776E+06 

.2064E+07 

.1055E+08 

.2350E+07 

.7964E+07 

.2018E+07 

.7878E+07 

.1441E+07 

.1098E+08 

.1113E+07 

.1258E+08 

.8602E+06 

.1337E+08 

.6352E+06 

.1287E+08 

.5936E+06 

.1069E+08 

.1185E+09 

.9714E+07 

.5623E+07 

.4229E+07 

.5500E+07 

.3628E+07 

.3603E+07 

.2059E+07 

.3562E+07 

.1770E+07 

.2813E+07 

.1537E+07 

.2826E+07 

.1396E+07 

.2793E+07 
•1117E+07 
.2826E+07 
.7151E+06 
.2891E+07 
.3776E+06 
.2346E+07 
.7993E+07 
.2016E+07 
.7866E+07 
.1441E+07 
.1098E+08 
.1114E+07 

.1260E+08 

.8616E+06 

.1341E+08 

.6371E+06 

.1294E+08 

.5950E+06 
•1079E+08 
.5509E+06 
.7769E+07 

CASE3 

0000E+00 .OO0OE+00 

0000E+00 .OOOOE+00 

0000E+00 .000OE+00 

0000E+00 .0000E+00 

0000E+00 .0000E+00 

0000E+00 .OOOOE+00 

0000E+00 .OOOOE+00 

0000E+00 .OOOOE+00 

OOOOE+00 .OOOOE+00 

OOOOE+00 .OOOOE+00 

1355E+08 .7995E+07 

8011E+07 .8007E+07 

8002E+07 .1187E+08 

1188E+08 .1397E+08 

1396E+08 .1500E+08 

.1496E+08 .1449E+08 

1442E+08 .1232E+08 

1223E+08 .1017E+08 
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Table B.2 Moment Summary for Pressurizer Spray Line Nozzle Break (2 of 5) 

COUPLING 

27 

30 

33 

55 

4 

8 

55 

57 

59 

32 

17 

20 

23 

26 

29 

11 

11 

37 

30 

33 

35 

4 

8 

11 

56 

58 

1 

35 

20 

23 

26 

29 

32 

14 

14 

38 

CASEl 
CASE4 

.9874E+07 

.1002E+08 

.6397E+07 

.6563E+07 

.3834E+07 

.3972E+07 

.9500E+07 

.9648E+07 

.6198E+07 

.6040E+07 

.5901E+06 

.5006E+06 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+OO 

.0000E+00 

.0000E+00 

.3149E+07 

.3297E+07 

.1371E+06 

.1421E+06 

.1618E+07 

.1538E+07 

.3137E+07 

.2971E+07 

.3687E+07 

.3441E+07 

.3271E+07 

.3399E+07 

.3532E+06 

.3576E+06 

.3206E+06 

.2891E+06 

.2248E+04 

.1859E+04 

MAXIMUM SRSS MOMENTS (IN-LBS) 
AT 

.6545E+07 

.6712E+07 

.3961E+07 

.4103E+07 

.3051E+07 

.3183E+07 

.6321E+07 

.6157E+07 

.6240E+06 

.5175E+06 

.6514E+06 

.4884E+06 

.0000E+00 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.2828E+07 

.2936E+07 

.1508E+07 

.1435E+07 

.3042E+07 

.2879E+07 

.3601E+07 

.3354E+07 

.3192E+07 

.3305E+07 

.2964E+07 

.3117E+07 

.3513E+06 

.3557E+06 
•3206E+06 
.2891E+06 
.9225E+03 
.1289E+04 

LEFT AND RIGHT MEMBERS 
CASE2 
CASE5 

.5489E+06 

.7645E+07 

.3933E+06 

.5380E+07 

.3625E+06 

.2906E+07 

.2554E+07 

.6257E+07 

.7754E+06 

.4237E+07 

.3591E+06 

.5389E+06 

.0000E+00 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+00 

.3636E+06 

.2446E+07 

.1119E+05 

.1087E+06 

.2032E+06 

.1455E+07 

.4058E+06 

.2791E+07 

.4717E+06 

.3365E+07 

.3848E+06 

.3011E+07 

.7310E+05 

.2965E+06 

.6915E+05 

.2945E+06 

.1032E+04 

.1610E+04 

.3926E+06 

.5504E+07 

.3666E+06 

.3038E+07 

.4222E+06 

.2484E+07 

.7727E+06 

.4315E+07 

.3570E+06 

.6357E+06 

.3780E+06 

.3857E+06 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.4238E+06 

.2403E+07 

.1974E+06 

.1362E+07 

.4020E+06 

.2704E+07 

.4705E+06 

.3325E+07 

.3855E+06 

.2986E+07 

.3659E+06 

.2387E+07 

.7270E+05 

.2948E+06 

.6915E+05 

.2945E+06 

.8904E+03 

.6983E+03 

CASE3 

1005E+08 .6693E+07 

6544E+07 .4O77E+07 

3946E+07 .3122E+07 

9524E+07 .6278E+07 

6158E+07 .5906E+06 

5254E+06 .4498E+06 

0000E+00 .00O0E+00 

OOOOE+00 .00O0E+0O 

0000E+00 .OOOOE+00 

3263E+07 .2875E+07 

1426E+06 .1462E+07 

1567E+07 .2932E+07 

3023E+07 .3431E+07 

.3510E+07 .3294E+07 

.3388E+07 .3079E+07 

3465E+06 .3446E+06 

.3042E+06 .3042E+06 

1456E+04 .5592E+03 
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Table B.2 Moment Summary for Pressurizer Spray Line Nozzle Break (3 of 5) 

COUPLING 

38 

39 

40 

41 

47 

48 

49 

50 

51 

42 

43 

44 

45 

46 

14 

14 

14 

39 

40 

41 

32 

48 

49 

50 

51 

32 

43 

44 

45 

46 

32 

37 

47 

42 

CASE1 
CASE4 

.1319E+04 

.1593E+04 

.1686E+04 

.1288E+04 

.1800E+04 

.1934E+04 

.1921E+04 

.2213E+04 

.2248E+04 

.1859E+04 

.1319E+04 

.1593E+04 

.1686E+04 

.1288E+04 

.1800E+04 

.1934E+04 

.1921E+04 

.2213E+04 

.2203E+05 

.1821E+05 

.1292E+05 

.1561E+05 

.1652E+05 

.1263E+05 

.1764E+05 

.1895E+05 

.1882E+05 

.2169E+05 

.2219E+04 

.1641E+04 

.2219E+04 

.1641E+04 

.2173E+05 

.1607E+05 

MAXIMUM SRSS MOMENTS (IN-LBS) 
AT 

• 

.1466E+04 

.1434E+04 

.1568E+04 

.1919E+04 

.1543E+04 

.1470E+04 

.1023E+04 

.7568E+03 

.9225E+03 

.1289E+04 

.1466E+04 

.1434E+04 

.1568E+04 

.1919E+04 

.1543E+04 

.1470E+04 

.1023E+04 

.7568E+03 

.9040E+04 

.1263E+05 

.1436E+05 

.1405E+05 

.1537E+05 

.1881E+05 

.1512E+05 

.1440E+05 

.1002E+05 

.7417E+04 

.2283E+04 

.1903E+04 

.2283E+04 

.1903E+04 

.2237E+05 

.1865E+05 

LEFT AND RIGHT MEMBERS 
CASE2 
CASE5 

.8051E+03 

.1260E+04 

.1051E+04 

.8348E+03 

.8119E+03 

.1400E+04 

.104 9E+04 

.1541E+04 

.1032E+04 

.1610E+04 

.8051E+03 

.1260E+04 

.1051E+04 

.8348E+03 

.8119E+03 

.1400E+04 

.1049E+04 

.1541E+04 

.1011E+05 

.1577E+05 

.7888E+04 

.1234E+05 

.1030E+05 

.8182E+04 

.7956E+04 

.1372E+05 

.1027E+05 

.1510E+05 

.1154E+04 

.1669E+04 

.1154E+04 

.1669E+04 

.1130E+05 

.1635E+05 

.9229E+03 

.1295E+04 

.6030E+03 

.1536E+04 

.8412E+03 

.1237E+04 

.5402E+03 

.6437E+03 

.8904E+03 

.6983E+03 

.9229E+03 

.1295E+04 

.6030E+03 

.1536E+04 

.8412E+03 

.1237E+04 

.5402E+03 

.6437E+03 

.8725E+04 

.6842E+04 

.9040E+04 

.1269E+05 

.5910E+04 

.1505E+05 

.8244E+04 

.1212E+05 

.5293E+04 

.6309E+04 

.1168E+04 

.1789E+04 

.1168E+04 

.1789E+04 

.1144E+05 

.1753E+05 

CASE3 

1065E+04 .1204E+04 

9339E+03 .1369E+04 

1278E+04 .1272E+04 

.1555E+04 .6696E+03 

1456E+04 .5592E+03 

1065E+04 .1204E+04 

9339E+03 .1369E+04 

1278E+04 .1272E+04 

1555E+04 .6696E+03 

1427E+05 .5481E+04 

1043E+05 .1180E+05 

9152E+04 .1342E+05 

1252E+05 .1247E+05 

1524E+05 .6563E+04 

1413E+04 .1513E+04 

1413E+04 .1513E+04 

1384E+05 .1483E+05 
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Table B.2 Moment Summary for Pressurizer Spray Line Nozzle Break (4 of 5) 

COUPLING 

36 

52 

53 

54 

3 

2 

2 

2 

2 

2 

7 

2 

55 

58 

55 

17 

17 

20 

7 

7 

7 

7 

7 

36 

52 

53 

54 

3 

11 

55 

1 

1 

58 

14 

37 

38 

CASE1 
CASE4 

.3322E+03 

.3316E+03 

.3819E+02 

.3741E+02 

.3225E+02 

.3132E+02 

.1608E+03 

.1583E+03 

.1541E+03 

.1580E+03 

.0000E+00 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.4401E+06 

.2990E+06 

.0000E+00 

.0000E+00 

.9469E+07 

.9620E+07 

.1457E+08 

.1217E+08 

.3488E+05 

.2996E+05 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

MAXIMUM SRSS MOMENTS (IN-LBS) 
AT 

.4227E+06 

.2677E+06 

.3983E+05 

.4487E+05 

.3527E+05 

.1342E+05 

.3862E+05 

.8631E+04 

.4619E+03 

.4479E+03 

.0000E+00 

.0000E+00 

.00O0E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+00 

.0000E+00 

.0000E+00 

.4401E+06 

.2990E+06 

.0000E+00 

.0000E+00 

.9469E+07 

.9620E+07 

.1457E+08 

.1217E+08 

.3488E+05 

.2996E+05 

.0000E+00 

.0000E+00 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

LEFT AND RIGHT MEMBERS 
CASE2 
CASE5 

.6185E+02 

.2918E+03 

.6526E+01 

.3360E+02 

.8255E+01 

.2729E+02 

.6018E+02 

.1347E+03 

.2420E+02 

.1957E+03 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.OOOOE+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+00 

.OOOOE+00 

.3231E+06 

.2745E+06 

.0000E+00 

.OOOOE+OO 

.2547E+07 

.6249E+07 

.2062E+07 

.1052E+08 

.8371E+04 

.3161E+05 

.0000E+00 

.OOOOE+00 

.0000E+00 

.OOOOE+OO 

.OOOOE+00 

.OOOOE+OO 

.3324E+06 

.2473E+06 

.3027E+05 

.2658E+05 

.3414E+05 

.1283E+05 

.3687E+05 

.1146E+05 

.4374E+03 

.3922E+03 

.OOOOE+OO 

.OOOOE+00 

.0000E+00 

.OOOOE+00 

.OOOOE+00 

.0000E+00 

.OOOOE+00 

.OOOOE+00 

.0000E+00 

.OOOOE+OO 

.3231E+06 

.2745E+06 

.OOOOE+00 

.OOOOE+OO 

.2547E+07 

.6249E+07 

.2062E+07 

.1052E+08 

.8371E+04 

.3161E+05 

.OOOOE+00 

.0000E+00 

.0000E+00 

.OOOOE+00 

.OOOOE+00 

.OOOOE+OO 

CASE3 

3201E+03 .1945E+06 

3675E+02 .1800E+05 

3064E+02 .9993E+04 

1509E+03 .3128E+04 

1575E+03 .3689E+03 

OOOOE+00 .0000E+00 

OOOOE+OO .OOOOE+OO 

OOOOE+00 .OOOOE+00 

OOOOE+00 .0000E+00 

OOOOE+OO .OOOOE+OO 

2115E+06 .2115E+06 

OOOOE+OO .OOOOE+OO 

9496E+07 .9496E+07 

1353E+08 .1353E+08 

.3264E+05 .3264E+05 

.OOOOE+OO .OOOOE+OO 

OOOOE+00 .OOOOE+00 

OOOOE+00 .OOOOE+OO 
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Table B.2 Moment Summary for Pressurizer Spray Line Nozzle Break (5 of 5) 

COUPLING 

23 

26 

29 

47 

48 

49 

50 

51 

33 

12 

55 

58 

55 

55 

58 

56 

39 

40 

41 

17 

20 

23 

26 

29 

34 

13 

1 

1 

58 

59 

1 

57 

CASEl 
CASE 4 

.0000E+00 

.0000E+00 

. 0000E+O0 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.OOOOE+OO 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 
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