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CONTAINMENT ANNULUS CONCRETE DESIGN, CONSTRUCTION AND TESTING
INTRODUCTION

The Perry Nuclear Power Plant is located in North Perry, Ohio,

35 miles northeast of Cleveland, on the south shore of Lake Erie.
The plant consists of two identical units, each powered by a
Boiling Water Reactor (BWR), nominally rated at 1200 Megawatts,

electrical output.

Each of the reactors is housed in a separate Reactor Building and
contained by a steel Contaimment Vessel. The containment vessels
are free-standing right cylindrical steel shells with ellipsoidal
steel dowes, designed and fabricated by Newport News Industrial
Corporation of Ohio. The cylindrical steel shell and steel dome
comprise the pressure houndary for the sides and top, and were
designed and built in accordance with Section, 1II, Division 1 of
the ASME Code(l); but, the bottom of the pressure boundary is
formed by a reinforced concrete basemat. For this reason, the
steel portion of the contaimment was not "N" stamped, even though

it was built in accordance with the rules of ASME.

Originally, there was a five (5) foot wide annulus between the
Containment Vessel and the Shield Building for the entire height.
(See Figure 1.1). With the inclusion of safety relief valve (SRV)
vibrations for the BWR Mark III, it was necessary to fill this
annulus with concrete for a height of 23'-6" above the top of the
basemat in order to dampen vibrations in the Contaimnment Vessel
due to the SRV actuations. Safety relief valve discharge response
spectra are presented in Appendix A to this report for three
locations on the containment vessel. Two sets of response spectra
are provided for each location. The response spectra are shown
for the containment vessel with and without the annulus concrete
in order to provide an indication of the changes in response which

are caused by the annulus concrete. Since the annulus concrete
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was only required to provide stiffness to the Containment Vessel
and was initially not required for strength, the design philosophy
was to design the annulus concrete to ACI 318-71(2), This was the
same design criteria used for the concrete Shield Building.
However, since the original design, several conditiomns have
developed as a result of increased loads, the methods of applying
load calculations and construction problems. These conditions
have dictated that the annulus concrete be used for strength and
that ASME Code Case N-258 "Design of Interaction Zomes for

Concrete Contaimments Section III, Division 2"(3) pe followed.

Accordingly, the annulus concrete has been evaluated against the
ASME Code, Section III, Division 2, Subsection CC, 1980 edition
with the Summer 1981 Addenda{4). The design meets all Code
provisions as interpreted by ASME Code Case N-258(3) which states
that the steel contaimment vessel shall be designed to

Section III, Division 1 and the annulus concrete shall be designed
to Section III, Division 2. The annulus concrete also complies
with NUREG-0800, SRP 3.8.1 Concrete Containment(6) with

one exception. The exception pertains to the allowable
tangential shear stress to be resisted by the conzrete (v¢) which
is limited to 40 psi and 60 psi, depending on the load category,
in SRP 3.8.1. These aliowable values for v. are more stringent
than the values in the ASME Code. Section 3:04 herein provides
the justification for using the higher values for the Perry
concrete. In Section 3:04 it is concluded that the present
.einforced concrete design has sufficient strength and stiffness
to resist the design tangential shear forces and that the
acceptance criteria for concrete, reinforcement and the adjacent

steel contaimment vessel are met.
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The following discussion is divided into four sectionms:

Modelling considerations
Design
Materials, Testing and Construction Considerations

Conclusion
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MODELLING CONSIDERATIONS

INTRODUCTION

One of the first steps in the design process is to define the
model to be used for analysis. The model, to be complete, must
include the Contaimment Vessel, Shield Building, basemat
foundation, as well as the annulus concrete being designed.
Because the annulus concrete is to be placed after all surrounding
structures are complete, some unique modelling problems concerning
the interface between these structures and this new concrete are

introduced.

The manner in which each of these interfaces was considered is

discussed below.

The annulus concrete was analyzed using two computer programs -
ASHSDP2 and ANSYS. The ASHSD2 program was used to analyze the
Containment Vessel, annulus concrete, and ‘hield Building for
static loads, suppression pool dynamic loads and seismic loads.
The finite element model used for these analyses is shown in
Figure 2.1. Because the ASHSD2 program does not have thermal load
capability, a second finite element model was required to analyze
the response to thermal loads. The ANSYS thermal analysis wuuel

is shown in Figure 2.2

CONTAINMENT VESSEL - ANNULUS CONCRETE INTERFACE

The interface between the Containment Vessel and the annulus
concrete is represented in the ASHSD2 finite element model with
common nodes for the axisymmetric solid elements and the
axisymmetric shell elements. This representation is selected for
the mechanical loads because these loads do not produce a tendency
for significant slip at the interface, compared to the thermal

loads discussed below. Some of these loads also are
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non-axisymmetric or dynamic and ASHSD2 does allow these types of

loads.

Because ASHSD2 did not have thermal load capability, an ANSYS

model was developed for the thermal loads.

The interface between the Contairnment Vessel and the annulus
concrete is represented in the ANSYS finite element model by
modelling the vessel and adjacent annulus concrete with separate
nodes which are connected by "gap" elements. The vessel is
anchored in the annulus concrete at the embedded circumferential
stiffeners. The gap elements are used because under the accident
temperature condition, the vessel experiences a temperature
increase while the concrete through most of its thickness does
not. This discontinuous temperature distribution creates thermal
forces and moments in the vessel and in the annulus concrete which
depend on the degree of bond at the interface between the two
structures. The Containment Vessel and annulus concrete are
analyzed for this condition by using a feature of ANSYS which
considers the vertical shear stress between the vessel and between
the annulus concrete to be a function of the normal stress between
the two structures at the interface (Gap Element). If the
vertical shear stress is less than or equal to a constant
multiplied by the normal stress, no slip occurs between the two
structures. If the vertical shear stress is greater than a
constant multiplied by the normal stress, the surfaces can slip
and a sustained value of shear stress equal to the constant times
the normal stress is developed. This constant is similar to the
static coefficient of friction between concrete and steel. Two
different values of the constant, 0.7 and 0.0, were used for the
design. A parametric study indicated that for values of the
constant as large as 2.0 the forces and moments in the annulus
concrete did not change significantly from those corresponding to
a 0.7 value for the constant. This approach conservatively bounds

the actual degree of bond at the interface since a bond breaker is
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applied to the Containment Vessel before the annulus concrete is
placed. The analysis using each value of this constant produced
different critical stress values; thus creating an envelope of

maximum values for design.

As discussed above the design uses ANSYS model results with the

"gap" element for the thermal loads and combines them

non-linear
with the linear ASHSD2 model results for the mechanical loads. To
determine the acceptability of this approach, a study was made to
evaluate the effect of combining the results from the two
different finite element models used in the design. A finite
element analysis was performed using the ANSYS model with gap
elements and the dominant loads from the controlling load
combination: pressure, seismic, and thermal. Since the model is
limited to axisymmetric loads, an equivalent seismic load was used
for this analysis. The results from the above approach were
compared to a second approach which combine results from two ANSYS
models. The first model did not include tne gap elements and
analyzed the pressure and equivalent seismic loads. The results
from this model were combined with the thermal results from a
second model with gap elements. This is the same apprnach used

for the annulus concrete design.

Comparing the two approaches, reinforcing steel stresses at each
section were calculated from element stresses generated by each

approach. The maximum or design reinforcing steel stresses from
each approach are within 11%. Observation of Table 3.1 indicates

that these small differences will not effect the final design.
BASEMAT FOUNDATION -~ ANNULUS CONCRETE INTERFACE

The basemat had been placed without considering the annulus filled
with concrete; therefore, there is no mechanical connection
(dowels) between the basemat and the annulus concrete. The

original ASHSD2 analysis for mechanical loads conservatively
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2:04

modelled this condition with the base of the annulus concrete
being independent of the basemat with no restraint against either
upward or downward vertical movement. However, the Shield
Building and vessel were fixed at the basemat. This model
required the vessel and Shield Building to carry all the
transverse shear forces. The results of this analysis indicated
that the Shield Building was overstressed. The next logical step
was to more realistically model this interface area; therefore,
the basemat stiffness was added to the model removing the fixed
conditions of the vessel and Shield Building. The results of this
analysis indicated that the Shield Building was marginally within
allowables for the shear forces. Although the shear stresses were
within allowables, the decision was made to mechanically protect
the Shield Building. To achieve this, the basemat was prepared
for the new concrete by cutting a shear key to resist some of the
radial shear being transferred through the annulus concrete.
Therefore, in subsequent analyses this shear key was modelled as a

radially fixed condition at the basemat.

The analysis for the thermal loads with ANSYS incorporated a
“"gap" element to create the effect of a compression with no
tension capability boundary between the basemat and annulus
concrete. The "gap" element accurately models the actual

interface.

SHIELD BUILDING - ANNULUS CONCRETE INTERFACE

The Shield Building - annulus concrete interface was modelled as a
monolithic section, in other words, no slip is assumed to occur
along the interface. To evaluate this assumption, the interface
shear and normal stresses were reviewed for the critical load
combinations. The variation of these stresses along the height of
the annulus concrete is shown in Figure 2.3 for the
abnormal/extreme environmental condition, which is controlling.

From this figure, it is seen that for the region starting above
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section | and extending above section 7, a distance of
approximately 12 feet, the normal stresses are entirely
compressive. Over this region the maximum vertical shear stress
is 108 psi with the average stress of 55 psi. For the region
starting just above section 7 extending through 9 (4 feet), the
normal stresses are tensile with a peak value of 60 psi
accompanied by small values of shear stress (25 psi maximum).
Above section 9, (5 feet) the shear stresses increase to a maximum
of 227 psi, but these are accompanied by normal stresses at the
interface which are compressive. In the lower portion, below
section 2 (2.5 feet), the shear stresses increase to a maximum of
212 psi in conjunction with a tensile normal stress of 60 psi.
The likelyhood that these stresses would cause debonding at the

annulus concrete - Shield Building interface is discussed below.

The Corps of Engineers' report "Investigation of Methods of
Preparing Horizontal Construction Joints In Concrete"(5) presents
the results of an experimental research program on construction
joints. This report presents individual test results of tension
and shear capacity across a construction joint that is rough,
clean and dry. The age of the specimens at the time of testing
was 17 days, at which time the concrete had achieved a compressive
strength of approximately 1300 psi. The specimens contained

1-1/2 inch crushed limestone coarse aggregate, which is the same
size and type of coarse aggregate to be used for the annulus
concrete. The tension values from nine tests ranged from 130 psi
to 80 psi with an average of 105 psi. The shear values ranged
from 150 psi to 240 psi with an average of 195 psi. The minimum
test values were used to establish a reduced Mohr's failure
envelope for the interface, and the combined shear and normal
stresses from the curves in Figure 2.3 were evaluated with respect
to this criteria. From this evaluation it is expected that
debonding of the interface will not occur, except perhaps in a

local region at the base of the annulus. However, the slip in
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this area is expected to remain small due to restraint provided by

the bonded joint above and the basemat below.

The Corps of Engineers’ teport(5) also gives conclusions which are
useful in defining the surface preparation of the Shield Building
for the placement of the annulus concrete. The report concludes
that the surface should be rough, clean and dry for best results.
To obtain these conditions the Shield Building surface in the
annulus was bush hammered to produce a roughened surface with a
1/4" amplitude which will be air cleaned before placement of the

annulus concrete.

For composite flexural members, ACI 318-71(2) contains design
requirements for shear transfer across the interface of the
components which comprise the member. Generally, these provisions
permit a shear stress as large as 80 psi to be transferred across
the interface without ties, if the interface is intentionally
roughened ani clean. An exception to this allowable is if tension
normal to the interface exists. In this case ties are required to
provide a normal clamping stress necessary to develop the shear
stress. The interface between the annulus concrete and the Shield
Building differs from the interface in a composite flexural member

in several respects.

First, for a composite flexural member, if the calculated
interface shear stresses exceed the shear strength of the joint,
debonding occurs. Slip at the interface occurs and without ties,
no clamping mechanism exists to limit the slip or to develop any
significant portion of the calculated shear stress at the
interface. Consequently, composite action between the components
is lost across the entire width of the member and along its length
where this condition exists. However, this condition would not
occur at the untied interface of the annulus concrete and the
Shield Building. The annulus concrete and Shield Building can be

visualized as an inner cylinder contained within an outer
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cylinder. If debonding of the interface occurs, vertical slippage
at the roughened interface between the two cylinders will develop
a compressive clamping stress at the interface due to the

axisymmetric geometry of the cylinders. This condition will limit

slip and transfer shear without ties across the interface.

Another difference between the composite flexural member and the
annulus concrete is the variation of the calculated shear stress
at the interface. The annulus concrete interface normal and shear
stresses plotted in Figure 2.3 are peak values. These values may
occur at one location around the circumference, and they decrease
away from this location. This differs from a flexural member in
that the maximum calculated stresses are uniform across the entire
width of the member, and if these stresses exceed the joint

capacity composite action for the entire cross section is lost.

Based on the above discussion it is concluded that significant
slip at the annulus concrete - Shield Building interface is not
expected to occur. Therefore, the assumption in the analysis
model that the annulus concrete and Shield Building act as

monolithic concrete is reasonable.

The preceding discussion provides the basis for the assumption in
the finite element model that the Shield Building and annulus
concrete act monolithically. However, an analysis was performed
to demon: ‘rate that the stresses in the Contaimment Vessel are not
significantly influenced by this assumption. For the purpose of
the analysis, the vessel stresses produced by the long term LOCA
load combination were compared for the case of including the 3 ft.
Shield Building as a monolithic part of the 5 ft anunulus concrete
and for the case where the Shield Building is removed from the

model.

For the long term LOCA load combination the largest stresses are

caused by the accident pressure and temperature loads. By

Geibert / Commonweaith
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performing a plane stress analysis for these loads, the vcssel
stresses were obtained. The design pressure of 15 psig was used
with a temperature of 115 OF applied to the vessel. The value of
115 OF corresponds to the vessel experiencing a temperature
increase from its 70 OF stress free value to the maximum design
LOCA temperature of 185 O°F. For these combined loads, the net
vessel stress in the hoop direction is compressive and was
calculated as 17422 psi for the 8 ft monolithic model and

15693 psi for the model consisting only of the vessel and the
annulus concrete. This represents a 102 reduction in vessel
compressive stress, which is not significant. However, as seen
from the above results, use of the monolothic model actually gives

a greater calculated hoop stress in the vessel.
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DESIGN
LOAD COMBINATIONS

The loading conditions used for the annulus concrete design were
the containment loading combinations presented in the

FSAR including Appendix 3A and 3B. However, the design has been
evaluated using the load combinations specified in

Table CC 3230-1 of the ASME Code(4) and the Appendix to
NUREG-0800(6),

VERTICAL REINFORCEMENT

The vertical reinforcement was designed to carry the vertical
forces and moments along with the tangential shear forces as
defined by ASME Section III, Division 2, Subsection CC 3521.1.1 c.
The final design is #18 Grade 60 reinforcing bars on 15 inch
centers on both faces. To insure that the vessel and the annulus
concrete act together and to spread the reinforcment, the vertical
reinforcment next to the vessel is to be placed through holes in
the horizontal stiffeners. Figure 3.1 is a copy of a reduced

construction drawing of this steel layout.

Table 3.1 gives steel stress values for each section of the
annulus concrete for the critical load combination. The table
shows that the stresses in the vertical reinforcement range from
small compres=ion to 35.5 ksi in temsion. These stress values do
not include the tangential shear stress that is transferred to the
orthogonal reinforcement. This is discussed later in

Section 3:05.
HORIZONTAL REINFORCEMENT

The horizontal reinforcement was designed to carry the hoop forces

and moments and the tangential shear force as defined in

Gulbert / Commonweaith
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3:04

3:05

3:05.1

ASME Code, Sectionm III, Division 2, Subsection CC 3521.1.1 c¢. The
final design is #18 Grade 60 reinforcing bars spaced from 6 to

12 inches on centers on both faces. See Figure 3.1.

Table 3.1 shows that the horizontal reinforcement stresses range
from small compression to 50.8 ksi temsion. Again the tangential

shear stress has not been added.

TRANSVERSE (RADIAL) SHEAR REINFORCEMENT

The horizontal ties (shear reinforcement) were designed to carry
the transverse shear force in excess of what the concrete can
carry. Although the original design was to ACI-318, it meets the
criteria of the ASME Code, Section III, Division 2,

Subsection CC 3421.4.1. The ties are #7 bars spaced
circumferentially at each vertical bar in the bottom and every
other bar in the top section. The vertical distribution of shear
ties is as follows:

Below horizontal stiffener #1 - tie elevations
Between horizontal stiffeners #1 & #2 - tie elevations
Between horizontal stiffeners #2 & #3 - tie elevations

Between horizontal stiffeners #3 & #4 - tie elevations

w w &~

Above horizontal stiffener #4 - tie elevations

TANGENTIAL SHEAR REINFORCEMENT

Code and SRP Requirements

Using the shear friction provisions of ACI 318-71, the original
design included tangential shear in determining the reinforcement
requirements in the vertical and horizontal directions, and
inclined reinforcement was not provided. However, based on

SRP 3.8.1, inclined reinforcement is required if the tangential

shear stress is greater than 40 psi for abnormal/severe

(ibert / Commonweaith
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3:05.2

environmental loads and 60 psi for abnormal/extreme environmental
loads. These limits are very conservative when compared with the

ASME Code.

For the minimum reinforcement provided in the annulus concrete,
CC3421.5.1(a) of the ASME Code allows 107 psi before inclined
reinforcement would be required. However, the maximum calculated
tangential shear stress is 83 psi, which occurs for the
abnormal/extreme envirommental condition; therefore, inclined
reinforcement is not required by the Code. The SRP 3.8.1
requirements would result in inclined reinforcement consi: 'ng of
#5 bars at a 12 inch center to center spacing. This amount of
reinforcement seems rather inconsequential relative to the

#18 bars provided in the vertical and horizontal directioms. This
conclusion is confirmed by the results of the analysis described
in Section 3:05.3. Here it is shown that the stresses in the
orthogonal reinforcement and the strains in the concrete are not

significantly reduced by the addition of the #5 inclined bars.

The design of the annulus concrete for tangential shear was based
on the shear allowable of the ASME Code rather than the reduced
allowables presented in SRP 3.8.1 for two reasons. First, the
magnitude of the tangential shear stresses are not as severe as
those for a typical concrete containment subjected to the same
seismic input. More importantly, the results of recent research
indicates that the tangential shear allowables of the ASME Code
are conservatively low considering the magnitude of the stresses
in the orthogonal reinforcement in the annulus concrete, as

discussed below.
Tangential Shear Research
Tests on reinforced concrete specimens containing orthogonal

reinforcement and subjected to simultaneous loads creating biaxial

tension and tangential shear stresses have been performed at the

Geibert / Commonweaith
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Construction Technology Laboratories of the Portland Cement
Association (PCA) and at Cornell University. The PCA tests were
conducted on two (2) feet thick specimens containing #14 and

#18 reinforcement. The Cornell test specimens were smaller than
those tested by PCA. The results of the PCA tests are reported in
Reference 7. The Cornell test results are presented in
Reference 8 and summarized in a recent paper(”. This paper
compares the Cornell and PCA results with others performed in
Toronto and Japan. Table 3.2 presents a comparison of the
calculated tangential shear stresses occurring in the annulus
concrete with tangential shear strengths based on the conclusions
from the Cornell and PCA tests.

In Reference 9, the following expression is proposed as a
conservative estimate of the allowable tangential shear stress in

orthogonally reinforced concrete:

ve = JEo (2.7 + 0.006 pfy (1-£4/y)) (1)
where ve = allowable tangential shear strength (psi)

f. = compressive strength of concrete (psi)

p = minimum steel ratio of the two

orthogonal reinforcements.
fy = reinforcement yield stress (psi)

fg = reinforcemeut stress due to the biaxial forces

(psi)

This equation was developed from equal biaxial tension tests.

Equation (1) was conservatively applied to the annulus concrete
using the stresses and reinforcing ratios presented in Table 3.1.

The largest reinforcement stress was taken to exist on both faces

Gulbert / Commonweaith
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and used as f; in Equation (1). This resulted in the tangential
shear strength values shown in columns 3 and 4 of Table 3.2. The
tangential shear strength of the section is the minimum of these
two values and is shown in column 5. By comparing this with the
calculated tangential shear stress appearing in columm 2, it is
seen that the shear strengths are in excess of the calculated
shear stresses by the factors shown in column 9. At the critical
section 2, the strength exceeds the calculated shear stress

by 172Z.

Reference 7 (the PCA tests) concludes that the following

expression provides a lower bound estimate of the shear strength

of orthogonally reinforced concrete subjected to cyclic loads:
Vgo * 0.90 ny (I‘f./fy) (2)

where Vgo = lower bound tangential shear strength (psi)

P = minimum steel ratio of the two

orthogonal reinforcements
fy = reinforcement yeild stress (psi)

fg = reinforcement stress due to the biaxial

forces (psi)

To limit shear distortions and strains in the reinforcement, a
factor of 0.6 is recommended in place of the 0.9 appearing in

equation (2).

Gelbert / Commonweaith
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The report also establishes an upper limit on shear stress

resisted by orthogonal reinforcement as:

veo = Jfe (7.5 - £4/14300) (3)
where Vgo = upper limit tangential shear strength (psi)

fc = compressive strength of concrece (psi)

fs reinforcement stress due to the biaxial

forces (psi)

The shear strength for each section of the annulus concrete was
calculated using the above expressions. These are presented in
columns 6, 7 and 8 of Table 3.2. Column 6 represents the minimum
directional shear strength determined by Equation (2). Column 8
presents the shear strength corresponding to limiting shear
distortion. Column 7 is the upper bound on shear strength
determined b§ Equation (3). The controlling limit on tangential
shear stress is considered to be the distortion limit shown in
Column 8. When these values are compared with the caiculated
shear stress values shown in Column 2, it is seen that, as a
minimum, the shear strength exceeds the calculated shear stress
by 63%.

The results of these tests reported in References 7 and 9 are
considered to be applicable to the evaluation of the ability’of
the annulus concrete to resist the calculated tangential shear
stresses without inclined reinforcement. From these test results
it is concluded that sufficient shear strength exists and the
shear distortions will be small using only orthogonal
reinforcement in the annulus concrete. The conclusion that the
shear distortions will remain small was confirmed by applying
Duchon's{10) analytical model to the stress conditions shown in
Table 3.1. This is discussed in Section 3:05.3 below. The Duchon

model was selected because the research (7) has concluded it to

Gulbert / Commonweaith
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3:05.3

be a reasonable approximation of the shear distortions experienced
by completely cracked elements even for a large number of stress

reversals.

Duchon Model

To confirwu for the current design that the shear distortions
remain small without inclined reinforcement, Duchon's (10)
analytical model was applied to the stress conditions of the
annulus concrete. The input to Duchon model includes the

following:

Forces - Vertical
Horizontal
Shear
Concrete Area
Sieel Modulus
Concrete Modulus
Reinforcing Ratio - Vertical
Horizontal
Inclined
Angle of Inclined Steel

The vertical and horizontal forces were input as the maximum of
the inside or outside face reinforcing bar stress values at the
section from Table 3.1, multiplied by the appropriate
reinforcement area. At eack section, the shear force was input as
the product of the tangential shear stress from column (2) of

Table 3.2, times the concrete section area.

The Duchon model was also used to evalute the effect of the
addition of the #5 inclined bars which would result from the
requirements in SRP 3.8.1. The results from these analyses are
shown in Table 3.3. Columns (2), (4), and (7) are the results for
the current design with no inclined reinforcement. Columns (3),

(5), (6), and (8) are the results with #5 bars at a spacing of

(Gbert / Commonweaith

18




12 inches and inclined 45° in both directions. Adding the
inclined reinforcement reduces the vertical and horizontal
reinforcement stresses by an averge of 7%. This reduction is not
large enough to justify the addition of inclined reinforcement
considering that the orthogonal reinforcement in the current
design is not overstressed. For the #5 inclined bars in the
model, some reach yield locally as shown in column (6) of

Table 3.3. This means that the stress carried by the inclined
reinforcement would not be as great as that indicated in Table 3.3
for sections where the inclined reinforcement yields. To be
theoretically correct, the Duchon model would have to be revised
to set all inclined reinforcement stress levels above yield

(60 ksi) to 60 ksi, and then re-evaluate the equilibrium
equations. This correction was not considered important and was

not made for these analyses.

The lower allowable concrete shear stresses in SRP 3.8.1 produces
a requirement for inclined reinforcement. This reinforcement is
intended to control shear distortions, which in turn limits the
strains in the reinforcement and containment liner. It is
believed that this intent of the SRP is met by the current design.
The distortional shear strains predicted by the Duchon model are
shown in columns (7) and (8) of Table 3.3. The PCA test results
from Reference 7 indicate that the Duchon model gives a reasonable
approximation of the shear distortions experienced by completely
cracked elements even for a large number of stress reversals.
Column (7) shows that the distortional shear strain values range
from 0.00147 rad to 0.00331 rad, with an average of 0.00217 rad
for the current design. These values are small, and the

0.00217 rad average value is less than one-half of the ultimate
values of shear distortion measured in the PCA tests in

Reference 7. Comparing these results with those in column (8), it
is seen that the effect of the #5 inclined reinforcement is to
reduce the distortional shear strains by approximately 8Z%. This

reduction is not significant considering that the distortional

(Guibert / Commonweaith
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3:05.4

3:06

shear strains in the current design are not large. The addition
of the inclined steel would only slightly improve the distortional
ghear strains, but not enough to offset the problems associated

with placing the inclined reinforcement.
Conclusion on Tangential Shear

As discussed above, the current annulus concrete design for
tangential shear meets all of the requirements of ACI 318-71 and
ASME Section III, Division 2. The design does not meet the
reduced allowable shear provisions of SRP 3.8.1. However, it has
been shown that the current annulus concrete design weets the
intent of the SRP to require a design with adequate shear strength
and limited shear strains. This was demonstrated from an
evaluation of the design using tangential shear test results
obtained by PCA (7) and Cornell (9), and by applying the Duchon
analytical model (10).

REINFORCING STEEL STRAIN LIMITS

The ASME Code Section III, Division 2, Subsection CC 3410
generally limits reinforcement strains to the elastic range for
factored loads, allowing the strains to go to twice yield only in
specified cases. This constraint is more severe than ACI 318
which generally allows the steel to yield under factored loads.
Even though the annulus concrete was originally designed to
ACI-318, a check of the critical loads indicates that the strain
limits of CC 3422 are not violated. Interaction diagrams were
developed using the ASME strain limits. Service and factored load
combinations were plotted for each section on the interaction
diagrams. Figures 3.2 to 3.7 are interaction diagrams with only
the critical sections plotted. They show that all strains are
within ASME allowables.

(Gulbert / Commonweaith
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CONCRETE STRAIN LIMITS

Table CC-3421-1 and CC-3431-1 define the concrete stress limits
for the ASME Code for Section III, Division 2. The stresses in
the annulus concrete are small and fall below the allowables
presented. Figures 3.2 through 3.7 also show the concrete

stresses to be less than ASME Code allowables.

Gulbert / Commonweaith
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MATERIAL, TESTING AND CONSTRUCTION CONSIDERATIONS

REINFORCING STEEL

Purchasing, placing, and the mechanical (Cadwell) splicing of
reinforcing steel bars in the annulus area was serformed utilizing
the Safety-Related PNPP specifications for concrete and
reinforcing steel, without consideration of the ASME Code,
Section III, Division 2 rules. However, to demonstrate that
essentially all ASME Code, Section JII, Division 2, rules were
met, a third party, an Authorized Nuclear Inspector, will be
brought on-site by the Constructor. The ANI will review all
material certification and construction procedures to confirm ASME
Code compliance with the exception of several mincr items
delineated in Table 4 "Reinforcing Steel and Splicing Code
Comparison."” It will further be demonstrated that the
requirements of ASME Section III, Division 2, NCA-3461, which
requires the Constructor to survey, qualify and audit certain
suppliers, has been met with respect to the Code's intent, as
related to reinforcing steel and Cadweld splices. This will be
accomplished by producing combined Owner and Contractor records

showing numerous inspections and audits of these suppliars.
CONCRETE SUPPLY

itne concrete supply, placement, and curing will be performed in
compliance witnh ASME Section III, Division 2. Table 4.2,

' is a compilation section-by-section

"Concrete Code Comparison,'
of comparisons between the ASME Code Section III, Division 2
rules and the present PNPP construction specification
requirements., The last column in this comparison table shows the
action required by CEI to meet Code rules. The concrete testing
requirements are compared in Table 4.3. Additional review of Code
sections including Quality Assurance, Perscnnel Qualifications,

Vendor Surveillance, and third party Authorized Nuclear

Guibert / Commonweaith
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Inspection, revealed CEI's ability to mect Code mandated

practices.

TESTING

The Perry containment is scheduled to undergo a Structural
Integrity Test (SIT) in accordance with the rules of ASME

Section III, Division !, Subsection NE-6000 There are currently
no rules in the ASME Code for the structural testing of the
annulus concrete portion cf the containment shell. However, rules
for such a test have been proposed as ¢ revision to the ASME Code
Case N-258, and the Perry Containment SIT will comply with these
proposed rules in addition to those of NE-6000. The proposed
provisions require that displacement measurements and concrete
crack inspecticns be performed to a limited extent. The
displacement requirements call for radial displacements to be
measured on the vessel near che top of the annulus concrete at
four azimuths. The crack inspections zre to be performed on a

40 square ft. area of the annulus concrete. The acceptance
criteria are to be in accordance with ASME Section III,

Division 2, Subsection CC-6000. Also, strain measurements are
required in the region of the annulus concrete near the base slab
and in the vicinity of the largest penetration in the annulus

concrete,

(uibert / Commonwesit
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CONCLUSION

The concrete and reinforcing steel individually and collectively
as a unit meet fully the ASME Code, Section III, Division 2(4),
except purchasing, placing and the mechanical (Cadwell) splicing
of reinforcing steel bars. As indicated in Section 4:01 the full
intent of the Code has been followed with respect to these areas.
The design approach presented here is the best possible
considering the specifics of the Perry Containment Vessel, Shield
Building and annulus concrete. The final design developed from
this approach is a safe and economical structural system capable

of safely carrying all pos*ulated loads and load combinationms.

Gulbert | Commonweaith
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