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Abstract  

The purpose of this technical report is to present the overall methodology for executing the 
analysis and design of the Containment Internal Structure (CIS) and subsequently 
demonstrating the adequacy and safety of the design.  The report describes the objectives and 
outputs for each of four major tasks: two for design, and two for validation.  

Design Tasks: 

1. Structural Analysis 

2. Design Criteria Development and Design Adequacy Verification 

Validation Tasks: 

3. Benchmarking of Nonlinear Finite Element Models 

4. Pushover Analysis Using Benchmarked Models 

Development and acceptance of an overall plan of this nature is necessary for the US-APWR 
CIS because it is a complex structure that uses multiple structure types, including various 
Steel-Concrete (SC) type structural elements that provide primary and secondary shielding 
and support for the reactor coolant system (RCS) equipment.  While an extensive 
experimental and analytical database has been prepared to date in the effort to evaluate the 
performance of SC structures in nuclear plant applications, there are currently no approved 
codes or standards available in the United States for direct application to design.  Therefore 
this report seeks to establish a clear framework for incorporating the applicable research 
results into a comprehensive and integrated analysis, design, and validation procedure for the 
US-APWR CIS.  Detailed discussion of each of the four tasks that comprise this framework will 
be presented in additional technical reports and auditable calculations. 
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1.0  INTRODUCTION 

1.1  Overall Goal 

The overall goal for the methodology presented herein is to demonstrate the design adequacy 
and safety of the US-APWR Containment Internal Structure (CIS), including the Steel-
Concrete (SC) walls for which there are no current (issued) codes or standards in the United 
States.  

1.2  Report Objective 

The objective of this report is to give an overall outline of the comprehensive and integrated 
design and validation approach that will be used to: (i) perform analysis and design of the CIS 
and (ii) demonstrate the adequacy and safety of the design.  Detailed discussion of each task 
required by this approach will be provided subsequently in eight supplemental reports, as 
shown in Table 1. 

1.3  Outline of Tasks 

The comprehensive design and validation approach will consist of four major tasks: two for 
design, and two for validation.  

The fundamental design will consist of two major tasks:  

(1) Structural analysis for determining force and moment demands for all components of 
the CIS, while accounting for effects of soil-structure interaction, concrete cracking, and 
accident thermal loading.  

(2) Design of all components for the force and moment demands using design strength 
equations based on experimental test data supplemented with experimentally verified 
mechanics-based models, benchmarked nonlinear inelastic finite element (NIFE) 
models (i.e., Task 3), and other code equations demonstrated to be applicable. 

The design validation consists of two major tasks: 

(3) Development and benchmarking of a detailed NIFE modeling approach that reasonably 
predicts the measured and observed global and local behavior of: (a) the 1/10th scale 
demonstration test of a CIS structure, (b) the 1/6th scale test of the primary shield 
structure, and (c) several component level tests that are relevant to the design (i.e., 
Task 2).  

(4) Pushover analysis of a NIFE model of the actual US-APWR CIS (based on the 
benchmarked analytical models of Task 3) that: (a) demonstrates adequate global and 
local behavior of the entire structure for seismic plus operating thermal loading 
combination and seismic plus accident thermal loading combinations, and (b)estimates 
the seismic margin from strength and drift perspectives. 
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2.0  STRUCTURE CATEGORIES 

The CIS is unique among the reactor building complex structures because it is comprised of a 
variety of structure types with significant differences in their construction and expected 
behavior.  The structures in the CIS are classified into six categories to enable the use of 
appropriate analysis models and design methodologies for each of the structure categories.  
These six structure categories in the CIS include three SC-type and three non-SC type 
categories as explained in the following sub-sections.  Figures 2-1 through 2-7 show several 
plan and elevation views of the US-APWR CIS that identify the six structure categories using a 
color-coded scheme. 

2.1  SC-type Structure Categories 

The composite stiffness and strength of SC walls have been thoroughly established in 
experiments involving walls with overall thickness less than or equal to 56".  Typical SC 
designs evaluated in these experiments consist of a single concrete core  between two steel 
faceplates, as shown in Figure 2-8. The steel faceplates are typically connected to the 
concrete core using headed stud anchors or embedded steel shapes.  The two steel 
faceplates are typically connected to each other using embedded steel shapes, tie bars, or 
web plates.  The steel faceplate reinforcement ratios () in the experimental database vary 
between 1.5% and 5.0%, with  defined as follows: 
 

T

tp
2

  

where tp = single faceplate thickness and T = thickness of overall section. 

Most of the SC-type walls in the US-APWR CIS have material and geometric parameters that 
are within the range evaluated by the aforementioned experimental database.  However, some 
of the walls have overall thicknesses and/or steel plate geometries that exceed this 
range.  While an additional experiment has been performed to evaluate the thick primary 
shield walls, further study may be required to assess the stiffness and strength.  As a result 
the SC-type walls in the CIS are divided into the following three categories: 

Category 1: SC Walls with thickness ≤56".  These SC walls have material and geometric 
parameters that are within the range of the experimental database.  This category includes the 
majority of the secondary shielding walls in the CIS.  The most common SC wall is 48" thick 
with 0.5" thick steel faceplates.  

Category 2: SC Walls with thickness greater than 56". This category includes a relatively small 
portion of the CIS SC walls with thicknesses ranging from 58.5" to 67". 

Category 3: Primary Shield Walls.  The primary shield walls below elevation 35'-11" range in 
thickness from 9'-11" to 15'-4".  These walls have a multi-cellular arrangement comprised of 
two steel faceplates, a mid-thickness steel plate, and numerous transverse web plates.   
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2.2  Non-SC Structure Categories 

The non-SC type walls in the CIS are classified into three additional structure categories: 

Category 4: Reinforced concrete (RC) slabs.  Standard RC floor slabs are used at various 
elevations throughout the CIS. 

Category 5: Massive reinforced concrete.  This category includes the thick reinforced concrete 
blocks at the base of the CIS that support the steam generators and reactor coolant pumps.  
These blocks are anchored to the basemat of the reactor building complex with steel 
reinforcement. 

Category 6: Steel structures with nonstructural concrete infill.  These structures consist of steel 
plates or steel shape grillages with nonstructural concrete provided for shielding purposes.
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3.0  TASK 1: DYNAMIC ANALYSIS 

3.1  Task 1-A: Dynamic Soil-Structure Interaction Analysis 

In this task, the dynamic response of the CIS subjected to seismic loading will be computed 
while accounting for the effects of soil-structure interaction (SSI) and the effects of concrete 
cracking on the structure stiffness and damping.  

This SSI analysis will be conducted using a three-dimensional (3-D) linear elastic finite 
element (LEFE) model of the reactor-building complex including the CIS and the soil 
foundations.  The effective stiffness and damping values for the finite element model of the 
CIS will be based on its stiffness before or after concrete cracking as applicable.  For example, 
for seismic plus operating thermal loading conditions, the concrete is expected to be mostly 
uncracked, and for the seismic plus accident thermal loading conditions, the concrete is 
expected to be cracked for category 1 and 2 SC walls as well as the RC slabs (this is verified 
iteratively in Task 1-B).   

To sufficiently bound the range of stress levels and associated cracking anticipated for the CIS, 
two separate SSI analyses will be performed; one with the higher stiffness associated with 
seismic plus operating thermal loading conditions, and one with the lower stiffness associated 
with seismic plus accident thermal loading conditions.  Additional details regarding the 
effective stiffness and damping for each of these analyses are provided in Reference 1, and a 
complete explanation will be provided in the Task 1 technical report (see Table 1). 

3.1.1   Task 1-A Results 

The results from Task 1-A include: (i) the in-structure response spectra (ISRS) for equipment 
and attachments, (ii) the acceleration plots, and (iii) the translational amplified response 
spectra (ARS) in the three orthogonal directions at the base of the CIS.  These results will 
represent the envelope of responses obtained by conducting dynamic analyses of the LEFE 
models with the two stiffness and damping levels described above. 

3.2  Task 1-B: Seismic Analysis for Structural Design 

The results from Task 1-A will be used in this task to conduct equivalent static and / or 
dynamic response spectrum analysis (RSA) of the CIS and thus determine the force and 
moment demands in the various components (walls and slabs) of the CIS for design.  

These analyses will also be conducted using LEFE models of the CIS, but the finite element 
mesh will be more refined than the mesh in Task 1-A, and the loading will be defined using the 
results from Task 1-A, i.e. the acceleration bubble plots or the response spectra at the base of 
the CIS.  The stiffness and damping values for the detailed LEFE models of the CIS will be 
computed based on their effective stiffness before and after concrete cracking as applicable, 
and will be consistent with the values assigned for the two dynamic SSI analyses performed in 
Task 1-A. 

3.2.1   Task 1-B Results 

The results from Task 1-B include the magnitudes and distributions of the: (i) in-plane forces 
(membrane axial and shear), (ii) out-of-plane shear forces, and (iii) out-of-plane moments 
including twisting moment for each of the walls and slabs of the CIS. 
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4.0  TASK 2: STRUCTURAL DESIGN AND DETAILING  

4.1  Task 2-A: Basis of Design Strength Equations and Interaction Equations 

This task will focus on the development of design strength equations for each of the three SC-
type structure categories (1-3).  Design strength equations will be developed for: (i) in-plane 
force demands, (ii) out-of-plane force demands, (iii) out-of-plane moment demands, and (iv) 
combinations of in-plane force and out-of-plane moment demands.  The bases of these design 
strength and interaction equations will be demonstrated as follows:  

For SC walls (category 1), the basis of the design strength equations for in-plane forces and 
out-of-plane force and moment demands will be demonstrated using the experimental 
database from Japan, U.S., Korea, and other countries.  The basis and conservatism of the 
interaction equations for in-plane and out-of-plane demands will be demonstrated using: (i) 
experimental results, supplemented with (ii) NIFE models benchmarked using experimental 
results (in Task 3), and (iii) experimentally or computationally verified engineering mechanics 
based models.   

For the category 2 and 3 SC-type walls, it is expected that these walls will have conservative 
designs, i.e. the demand-to-capacity (utility) ratios will be very low.  The proposed design 
criteria will recognize the lack of extensive experimental data for these structure categories, 
and use conservative resistance (phi) factors to reflect this information gap.  The conservatism 
of these designs and their overstrength relative to the Safe Shutdown Earthquake (SSE) 
demands and beyond-SSE demands will be documented and discussed.  

The design strength equations for reinforced concrete sections will be used for category 2 and 
3 SC-type walls, unless further evaluation demonstrates that they may be considered as 
composite SC walls (category 1) for design.  This further evaluation will be conducted as 
follows for the category 2 and 3 SC-type walls:   

 For category 2 walls, NIFE models benchmarked (in Task 3) for category 1 SC walls will be 
used to determine the behavior of category 2 walls to in-plane forces and out-of-plane 
force and moment demands.  These results will be used to evaluate the applicability and 
conservatism of category 1 SC wall design strength and interaction equations for the 
design of category 2 SC walls.  

 For category 3 (primary shield) walls, the experimental results from the 1/6th scale lateral 
load test of the US-APWR primary shield design, and the corresponding benchmarked 
NIFE model (developed in Task 3) will be used to evaluate the applicability and 
conservatism of the category 1 SC wall in-plane shear strength equations.  The 
benchmarked NIFE models will be used further to determine the behavior of category 3 
walls to out-of-plane force and moment demands.  These results will be used to evaluate 
the conservatism of the design strength and interaction equations for the design of 
category 3 SC walls.  

For structure categories 4 and 5, which are reinforced concrete structures, American Concrete 
Institute (ACI) 349 Code equations will be used for evaluating the design strengths.  

Category 6 structures include walls and slabs consisting of steel shapes or plate members 
with non-structural concrete infill.  The design adequacy of the steel members in these 
structures will be confirmed using applicable provisions of the American Institute of Steel 
Construction (AISC) N690 Code. 
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4.1.1   Task 2-A Results 

The results from Task 2-A will include the design strength and interaction equations for 
checking the design adequacy of each structural component in the CIS.  

 

4.2  Task 2-B: Design Adequacy Check 

The results from Tasks 1-B and 2-A will be used to check the design adequacy of the various 
structure categories and components (walls and slabs) of the CIS.  Some examples of the 
design checks for individual force / moment demands are as follows:  

(a) In-plane shear: For category 1 SC walls, the beneficial effects of composite action between 
the steel plates and the concrete core will be included to develop the design in-plane shear 
strength.  For category 2 and 3 SC-type walls, the beneficial effects of composite action may 
not be included unless additional evaluations demonstrate the applicability of the category 1 
SC design strength equation.  If the category 1 SC design equation (with beneficial effects of 
composite action) is not applicable, then the design in-plane shear strength of concrete (alone) 
will be conservatively used.   

(b) Axial tension and axial compression: For axial compression on category 1, 2, and 3 SC-
type walls, the effects of concrete creep, steel plate slenderness, accidental eccentricity of 
loading, and the need / presence of confining tie bars will be included.  The axial tension 
capacity will be taken as that of the steel plates only. 

(c) Out-of-plane shear strength: For category 1, 2, and 3 SC-type walls, and category 4 and 5 
RC structures, the out-of-plane shear strength equations will consider the (size) effects of 
concrete section depth, and the ductility and spacing of the shear reinforcement (tie 
bars/stirrups).  

(d) Flexural strength: For category 1 SC walls, the design flexural strength will be based on the 
yielding limit state for the steel faceplates, and thus include the beneficial effects of composite 
action.  For category 2 and 3 SC-type walls, the beneficial effects of composite action may not 
be included unless additional evaluations demonstrate the applicability of the category 1 SC 
design flexural strength equation.  If the category 1 SC design equation is not applicable, then 
the design flexural strength of reinforced concrete (with tension steel alone) will be 
conservatively used. 

4.2.1   Task 2-B Results 

The results of Task 2-B will include the calculated demand-to-capacity (utility) ratios for each 
wall and slab in the CIS.  The demand-to-capacity ratios will be computed for each of the 
individual force and moment demands calculated in Task 1-B, and for the interaction of the in-
plane force and out-of-plane moments.  Capacities will be computed using the category-
specific design strength equations developed in Task 2-A.   

The adequacy and conservatism of the SC wall designs (particularly categories 2 and 3) for 
SSE demands will be documented and discussed.  
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4.3 Task 2-C: Anchorage/Connection Design and Adequacy Check 

The anchorage of the CIS to the reinforced concrete basemat and the connections between 
the members (walls and slabs) of the various structure categories will be evaluated using the 
design force demands calculated in Task 1-B.  These design force demands will include in-
plane membrane (axial and shear) forces, out-of-plane shear forces, and out-of-plane moment 
demands per unit length of anchorage or connection.  

For each individual demand type, a connection design philosophy will be selected from the 
following: (i) full strength with respect to connected components, or (ii) overstrength with 
respect to seismic force demands, or (iii) ductile design providing adequate structure drift 
capability.  

Clearly identifiable force transfer mechanisms (FTM) will be provided for each of the individual 
design force demand types using commonly used connectors, namely, reinforcing bars, steel 
headed stud anchors, welds, tie bars, concrete bearing etc.  These connectors will be 
designed for the individual force / moment demands and their combinations.    

Additionally, for each individual demand type, the applicable FTM and connectors will be 
detailed to ensure ductile behavior and/or sufficient overstrength for SSE and beyond SSE 
loading.  For example, the basemat anchorages will be detailed such that the available tensile 
strength is greater than 125% of the nominal yield strength of the weaker of the connected 
components, which is also required by the ACI 349 Code. 

If considered necessary, some of the anchorage and connection designs will be tested to: (i) 
demonstrate their design adequacy for individual force demands, and (ii) to provide 
experimental data for benchmarking NIFE models that can be used to further evaluate 
connection performance for combinations of force demands. 

4.3.1   Task 2-C Results 

The results of Task 2-C will include the following for each of the connection types in the CIS:  

(i) A clearly stated connection design philosophy  

(ii) Clearly identifiable force transfer mechanisms and connectors for each individual force / 
moment demand  

(iii) Connector and connection design and detailing, and  

(iv)Connection qualification for individual force / moment demands and their combinations.  

The connection qualification may involve experimental testing and / or benchmarked NIFE 
analyses using existing experimental results.  Results of this task will also include 
documentation of any connection or anchorage qualification tests that are deemed necessary.  
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4.4  Task 2-D: SC Section Detailing 

The composite sections of the category 1, 2, and 3 SC walls will be detailed to ensure 
adequate composite action between the steel plates and the concrete infill, and also to prevent 
splitting (delamination) failure of the concrete infill.  This will entail providing adequate shear 
connector size and spacing to develop composite action and delay local buckling of the steel 
plates.  This will also entail providing adequate structural integrity in the composite section by 
providing adequate tie bar size, spacing, and adequate tie bar-to-steel plate connections. 

The design requirements for both composite action and structural integrity (tie requirements) 
will be stated and achieved through design.  If deemed necessary, full-scale tests of the tie 
bar-to-steel plate connections will be conducted to demonstrate their behavior and ductility. 
These test results will also facilitate the benchmarking of NIFE models that can be used to 
further evaluate section performance and ductility for combinations of force / moment 
demands. 

4.4.1   Task 2-D Results 

The results of Task 2-D will include the design requirements for shear connector and tie bar 
size, spacing, and connections that ensure composite action and structural integrity for the SC 
wall geometries in the CIS.  Results of this task may also include documentation of any 
additional tests that are deemed necessary to qualify the performance of the section 
components. 
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5.0  TASK 3: BENCHMARKING OF NONLINEAR FINITE ELEMENT MODELS 

This task will focus on the development and benchmarking of detailed nonlinear inelastic finite 
element models that can be used to predict:  

(i) The experimental behavior of the 1/10th scale test representative of the CIS 

(ii) The experimental behavior of the 1/6th scale test of the primary shield structure 

(iii) The experimental behavior of individual SC wall components with a range of material 
and geometric parameters subjected to different in-plane and out-of-plane loading 
scenarios (including thermal loading).  

 

5.1  1/10th Scale Test 

A detailed 1/10th scale test was performed for a structure that is similar to the CIS in the US-
APWR (see Figure 5-1).  The results of this test provide a valuable demonstration of overall 
behavior and proof of concept for the use of SC walls to build a safe containment internal 
structure.  Since this test was performed nearly 25 years ago, there are some differences 
between the 1/10th scale structure and the actual CIS in the US-APWR.   

Some of these differences include the omission of the: (i) category 5 massive reinforced 
concrete structure, (ii) category 6 structures, and (iii) outer walls of the Refueling Water 
Storage Pit (RWSP).  In addition, the primary shield walls (category 3) were not modeled to 
the 1/10th scale (a scale of approximately 1/20th was used).  There are also some differences 
in the steel plate yield strengths for the 1/10th scale model. 

In spite of these differences, the 1/10th scale test provides an excellent demonstration of the 
overall behavior of a containment internal structure that uses SC walls, and valuable data that 
can be used to benchmark a NIFE modeling approach to capture the essential behavior in the 
elastic (cracking), inelastic (material yielding), and failure (inelastic buckling, crushing, and 
fracture) ranges of response.  

A detailed nonlinear finite element model of the 1/10th scale structure will be developed and 
analyzed for the same loading conditions applied in the experiment.  This model will explicitly 
account for the effects of concrete cracking, steel yielding, and composite action.  The model 
will include cyclic hysteresis relationships for the steel and concrete materials, and will be 
subjected to cyclic pushover loading similar to the test loading. 

The results from the finite element analysis will be benchmarked to the load-displacement 
curves, local strain measurements, and overall behavior observed in the 1/10th scale test. 

 

5.2  1/6th Scale Test of Primary Shield 

A 1/6th scale in-plane shear test was conducted of the US-APWR primarily shield structure 
(see Figure 5-2) in Japan.  The experimental results from this 1/6th scale test provide an 
excellent demonstration of the seismic behavior of the primary shield structure, and valuable 
data that can be used to benchmark a NIFE modeling approach to capture the essential 
behavior in the elastic, inelastic, and failure ranges of response.  

A detailed NIFE model of the 1/6th scale test will be developed and analyzed for the same 
loading conditions applied in the test. The NIFE model will explicitly account for the effects of 
concrete cracking, steel plate yielding, and composite interaction between the steel plates 
(longitudinal and transverse) and the concrete cores.  The results from the finite element 
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analysis will be compared and benchmarked using the test results.  Furthermore, the results of 
the test and finite element analysis will be used to evaluate whether the primary shield 
structure can be considered as an SC-type structure in terms of composite behavior, and 
designed accordingly. 

5.3  SC Wall Component Tests 

Numerous SC wall component tests have been conducted in Japan and other countries to 
evaluate their fundamental behavior.  Report MUAP-11005 (Reference 2) summarizes - tests 
that have been conducted in Japan, and includes English translations of the relevant 
Japanese papers published in journals and conference proceedings.  The various component 
tests that been conducted include: 

1) In-plane shear tests of SC walls with and without flange walls 

2) Axial compression + in-plane shear tests of SC walls without flanges 

3) Axial tension tests of SC wall-to-RC basemat anchorage  

4) In-plane shear tests of SC wall-to-RC basemat anchorage 

5) Out-of-plane shear behavior of SC walls  

6) Concrete cracking behavior of SC walls 

7) In-plane shear behavior of SC walls after Concrete cracking 

The experimental results from these component tests provide significant insight into the 
behavior of SC walls, and form the basis of the design strength and interaction equations 
developed in Task 2-A.  

These experimental results also provide valuable data that will be used to benchmark NIFE 
models to capture the fundamental and essential behavior of SC walls subjected to various 
loading conditions and combinations.  The NIFE models will explicitly account for the effects of 
concrete cracking, steel yielding, and composite action, and will be benchmarked for a range 
of material and geometric parameters and loading conditions (including thermal cracking).  

The benchmarked NIFE modeling approach will be used to:  

1. Evaluate the applicability and conservatism of the design strength and interaction 
equations used in Task 2B for category 1, 2, and 3 SC walls.  

2. Evaluate and demonstrate the behavior of SC wall anchorage, connections, and 
section details in Tasks 2-C and 2-D as applicable and appropriate.  

3. Further evaluate any new experiments conducted as part of Tasks 2-C and 2-D to 
demonstrate the behavior of SC wall anchorage, connections, and section details. 

5.3.1   Task 3 Results 

The fundamental outcome of this task will be a benchmarked NIFE modeling approach for 
category 1-3 SC walls, anchorages, and connections in the US-APWR CIS.  

This modeling approach will be used in Task 4 to develop a similar NIFE model of the entire 
US-APWR CIS for evaluating its overall structure performance and ductility. 
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6.0  TASK 4: OVERALL STRUCTURE PERFORMANCE EVALUATION 

6.1  Task 4-A: Overall Structure Performance for SSE Loads 

The benchmarked NIFE modeling approach developed in Task 3 will be used to develop a 
NIFE model of the US-APWR CIS.  This model will also explicitly account for the effects of 
concrete cracking, steel yielding, composite interaction between the various steel and concrete 
components, and the other various complexities of behavior including fracture.  

In Task 4-A, the NIFE model of the US-APWR CIS will be used to evaluate its overall cyclic 
pushover behavior for SSE level loads in the presence of: (i) operating thermal, and (ii) 
accident thermal loading conditions. 

The results from these analyses will also be also used to determine the overall stiffness and 
dynamic characteristics of the CIS for SSE level loads, and compare them with the 
corresponding stiffness and dynamic characteristics of the LEFE model of the CIS structure 
used in Tasks 1-A and 1-B.  

6.1.1   Task 4-A Results 

The result of this task will be the analytical demonstration of the overall behavior of the US-
APWR CIS at SSE level loads, particularly in the presence of: (i) operating thermal, and (ii) 
accident thermal loading conditions.  Additionally, Task 4-A will also validate the stiffness and 
dynamic characteristics of the LEFE models used in Tasks 1-A and 1-B. 

 

6.2  Task 4-B: Overall Structure Performance for Beyond-SSE Loads 

The NIFE model of the US-APWR CIS developed in Task 4-A will also be used to assess its 
behavior for beyond-SSE loads by conducting monotonic pushover analyses.  The global and 
local behavior of the CIS for monotonically increasing pushover forces will be monitored.  

Limit states for local behavior and failure (for example, strain limits in the plates, shear 
connectors, tie bars, concrete damage models, etc.) will be identified based on the 
experimental results and the benchmarked NIFE models developed in Task 3.  If needed, 
these damage modes and strain limits will be supplemented using values and data in research 
literature. 

These local strain limits will be used to establish the range of acceptability of the NIFE analysis 
results, and thus establish ‘analytical failure’ of the NIFE model of the CIS.  The ‘analytical 
failure’ state and the corresponding applied seismic forces and structure drift levels will be 
used to assess and demonstrate the seismic margin of the CIS structure with respect to SSE 
forces and drift. 
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6.2.1   Task 4-B Results 

Task 4-B will be used to assess and demonstrate the seismic margin of the structure, from 
strength and drift perspectives, for beyond-SSE loading.  Additionally, Task 4-B will identify the 
local failure criteria that led to 'analytical failure' of the NIFE model for the CIS, and discuss its 
potential repercussions (i.e. propagation or stabilization of local failure).   

Upon completion of Task 4, it is anticipated that a thorough understanding will have been 
gained of the structural response of the CIS to seismic loading, including the effect of 
accidental thermal loads and the response to beyond-SSE loads.  It is further anticipated that 
the benchmarked nonlinear analyses will demonstrate significant seismic margin and ductility, 
and will confirm the effective stiffness values that were used for the analyses supporting the 
structural design (Task 1). 
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8.0 TABLES 

 

REPORT TITLE TASK 

CIS: Stiffness and Damping for Analysis 1-A, 1-B 

CIS: SC Wall Design Criteria 2-A, 2-B 

CIS: Anchorage, Connection, and Section 
Design and Detailing 

2-C, 2-D 

Benchmarked NIFE Models for SC 
Components and Primary Shield 

3 

Benchmarked NIFE Model for 1/10th Scale 
CIS Test up to SSE 

3 

 Benchmarked NIFE Model for 1/10th Scale 
CIS Test Beyond SSE      

3 

US-APWR CIS Pushover Analysis Up to SSE 4-A 

US-APWR CIS Pushover Analysis Beyond 
SSE Beyond SSE 

4-B 

 

Table 1  Matrix of Supplemental Reports for CIS Design and Validation
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9.0 FIGURES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-1  CIS Structure Categories, Elevations 3'-7" to 21'-0" 
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Figure 2-2  CIS Structure Categories, Elevations 21'-0" to 35'-11" 
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Figure 2-3  CIS Structure Categories, Elevations 37'-9" to 62'-4" 
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Figure 2-4  CIS Structure Categories, Elevations 62'-4" to 76'-5" 
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Figure 2-5  CIS Structure Categories, Elevations 76'-5" to 139'-6" 
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Figure 2-6  CIS Structure Categories, Centerline Section Looking West 
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Figure 2-7  CIS Structure Categories, Centerline Section Looking North 
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Figure 2-8  Typical SC Module Geometry 
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Figure 5-1  1/10th Scale Test of Japanese Pressurized Water Reactor CIS Using SC Walls 
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(b) 

Figure 5-2  1/6th Scale Test of US-APWR Primary Shield Wall 
(a) Test arrangement; (b) Test specimen (concrete fill not shown) 




