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1. INTRODUCTION

Important structures such as the reactor building and containment are, in Japan, required
to be constructed on bedrock. Depending on site conditions, the depth can be as much
as 60™. The concept investigated in this paper is a circular retaining wall of 104™
diameter with the bottom of the wall at an elevation of 60™ below grade. Inside this
cylindrical space, it is planned to house two nuclear reactors, each one enclosed by a
reinforced concrete containment vessel (RCCV). A longitudinal wall separates the two
reactors into adjacent nuclear power plants. See Fig. 1.

This paper is aimed at the main structural issues that significantly affect the selection
of the structural concept, construction scheme, planning of plant arrangement and cost.
The issues addressed are:

1. Thickness of the major structures such as the circular reactor building (RB) exterior
wall and the interior RB shear walls,

2. Effects of the longitudinal partition wall that separates the two reactor buildings on
the circular RB exterior wall.

3. Structural interaction behavior between the RB exterior wall and the RCCV

4. Behavior of the interior RB shear walls.

5. Construction techniques aimed at shortening construction schedules.

2. DESCRIPTION

The structure considered for this depth of embedment is very large in size and therefore
it is more complex than previous reactor buildings. Use of engineering judgment and
simple calculations do not provide a sound basis on which further design work could be
developed. To address the above issues adequately, a fast and simplified but technically
rigorous stress analysis using a finite element program was used. Since the main
objective of the study is to support the conceptual planning efforts, the program selected
must be able to provide fast turnaround as well as results that can be interpreted quickly
and conveniently. For these reasons, the finite element stress analysis program called
COSMOS/M (Ref. 1) was chosen.

The loads are applied statically and consist of static soil pressure combined with
seismic loads.
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shorten construction schedule, it is very desirable to reduce the diameter of the RB. One
way to reduce the diameter of the RB is to simplify the interior seismic shear walls. In
this concept, the ‘box” type shear walls shown in Fig. 1, are replaced with an ‘H”
shaped shear wall shown in Fig. 7. For study purpose, the inner diameter of the RB
exterior wall is assumed to be 94™ To study the structural feasibility, a 180° FEM
shown in Fig. 8 was developed for seismic loads applied in the x-direction and the 180°
FEM shown in Fig. 9 was used for seismic loads applied in the y-direction.

5. LOADS CONSIDERED AND EXAMPLES OF ANALYTICAL RESULTS

One of the major loads considered was the static soil pressure combined with ground
water pressure. The distribution of pressure along the height of the exterior wall is
shown in Fig. 10. The distribution and magnitude were based on a soil unit weight of
1.76 ton/m* (or 110 Ibf/ft’) plus a surcharge equivalent to 2™ of soil. The lateral soil
pressure plus its seismic inertia load of 0.6g, was calculated by the Mononobe-Okabe
equation (Ref. 4) and is shown in Fig. 11.

The results from the FEM analysis in terms of important stress components such as
hoop stress, bending stresses and shear stress were obtained and are shown in color
stress distribution plots for ease of visualization and comparison. The details are given
in an interior report (Ref. 4). A few representative examples are shown in Figs. 12
through 18.

6. HIGHLIGHTS OF ANALY SIS RESULTS

The highlights and interpretations are summarized as follows:

1. A thicker section (6™) is required near the mat-wall connection (about 5.8" in
height). This thickness is required, using the allowable values shown in Table 2, to carry
the fixed-end moment and avoid overstress at the interface due to the constraint created
at the bottom of the cylindrical wall.

2. Connection of the longitudinal wall to the circular exterior wall provides no
stiffening to the circular wall except in a localized region.

3. The stresses or forces transmitted to the RCCV due to soil pressure are small and
manageable (equivalent to approximately 17% of those stresses due to containment
design pressure, which is established at 45 psig).

4. The interior RB walls act as shear walls and require a thickness equal to 2.5 for a
height of about 12™ in order to resist tangential shear stress, avoid overstress and stay
within the allowable values shown in Table 2. A thinner wall can be used for the upper
section. )

5. The sequential construction idea is feasible based on the structural analysis
performed.

6. The interior RB shear walls can be simplified by replacing a ‘box” type arrangement
to an ‘H” arrangement. Thus, reduction of the RB diameter can be achieved provided
that the layout of other equipment and routing of pipes, ducts, etc. is feasible.

7. CONCLUSIONS
Preliminary structural design based on this level of analysis provides important

information that affects and aids the selection of a structural concept, construction
schemes, arrangement philosophy, and cost. The structural design and stress analysis
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3. STRUCTURAL LAYOUT AND FINITE ELEMENT MODELS FOR ANALYSIS

Based on a selected general RB arrangement study and the assumption that the RCCV
diameter is the same as that of the ABWR plant (Ref. 1), the structural layout is as
shown in Figure 1 with the inner diameter of the circular exterior wall equal to 104™
The major structures in this layout consist of the circular RB exterior wall, a longitudinal
partition wall, interior RB shear walls and two RCCV and floor slabs. A vertical section
through one of the reactor center line is shown in Figure 2. To address the issues (1), (2)
and (3) in Section 1, the two Finite Element Models (FEM) shown in Figs. 3 and 4 were
developed. For simplicity and conservatism, minor floor slabs are not modeled. In Fig. 3,
identified as Concept 1, the partition wall is connected to the circular exterior wall. In
Fig. 4, identified as Concept 2, all the structural elements are the same as those in Fig. 3
except that the partition wall is not connected to the circular exterior wall.

To improve construction schedule, one of the ideas investigated was to construct the
RB exterior wall in steps. It was assumed that half of the circular RB exterior wall was
built with the partition wall integral as shown in Fig. 5. To study the feasibility, a FEM,
shown in Fig. 6, was developed for a quick assessment. At certain stage of construction,
the exterior wall, partition wall, interior shear walls, RCCV, and floor slabs are
completed. During construction, the slurry wall is assumed to resist the soil pressure.
One of the significant loads to be considered during construction is the seismic load. For
this assessment, it was assumed that a 0.3g acceleration was applied to all completed
structures shown in Fig. 6. An analysis was performed to determine whether stresses
produced by these postulated loads meet the allowable values and thus determine its
feasibility. See Table 2 for allowable values.

Table 1. Properties Used in the Finite Element Model for Stress Analysis

Structure Thickness of Wall or Slab Modulus of Elasticity  Poisson ratio
Circular Exterior /Retaining Wall 3.8m 2.4*10° ton/m? 0.17
Interior RB shear Walls 2.5m 2.4*106 ton/m? 0.17
Longitudinal Part, Wall 2.5m 2.4*10° ton/m? 0.17
RCCV 2.0m 2.4*10% ton/m? 0.17
Lower Floor Slab 1.6m 2.4*10% ton/m? 0.17
Operation Floor slab 1.6m 2.4*106 ton/m? 0.17

Table 2. Allowable Values for the Study

Normal Plant Operation Seismic and Accident

Conditions Conditions
Compression (in kgf/cm? ) 0.33*Fc 0.66*F¢
Tangential Shear(in kgf/cm? ) 0.5*3.5*(Fc¢)"” 0.75*%3.5%(Fc)"”?
1800 (diam. of 51mm)
Reinforcing Steel in Tension (in kgf/em?) 2000 4000

Fc =330 kgf/cm®

4, OPTIMIZATION

The volume of excavation, building cost and length of construction schedule all depend
significantly on the RB volume. Therefore, it can be shown mathematically that, since
the RB volume varies as the square of the of the diameter, the change (in %) in the
volume is proportional to two times the change in the diameter, utilizing the binomial
theorem and ignoring high power terms. Thus, to reduce construction costs and to
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presented here serves as an example of the level of details that are very useful for this
type of work. In the early phase of a project, it is important to obtain reliable preliminary
information such as key dimensions of various structures as well as an in-depth
understanding of structural behavior such that major decisions can be made.
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Figure 12a. Hoop Stress in Exterior Wall (Inner
surface) due to static soil pressure — Concept 1
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Figure 12b. Hoop Stress in Exterior Wall (Inner
surface) due to static soil pressure ~ Concept 2

Figure 8. Model for X-direction Seismic Force
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Figure 13a. von Mises Stress in Exterior Wall due
to static soil pressure — Concept 1
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Figure 13b. von Mises Stress in Exterior Wall due

to static soil pressure ~ Concept 2
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Figure 14a. Hoop Membrane Stress in
RCCV “A”, Concept 1

RCCV “A”

Figure 14b. Hoop Membrane Stress in
RCCV “A”, Concept 2
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Figure 15. Shear Stress in Exterior Wall
Due to Earthquake During Construction
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Figure 16. Shear Stress in Exterior RCCV
Wall Due to Earthquake During Construction
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Figure 17. Shear Stress in Partition Wall of the
Simplified Concept shown in Fig. 7
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Figure 18. Shear Stress in Shear Wall of the
Simplified Concept shown in Fig. 7
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