AP1000 Containment Vessel

Design
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Introduction

= Purpose: Review of the Design and
Analysis of the AP1000 Containment
Vessel

= Design and Analysis performed by CB&l

» CB&I has worked with Westinghouse on
AP600 and AP1000

= Current Work on AP1000 Began May,

2001
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Overview of Discussion

AP1000 Containment Vessel
Design Requirements & Geometry

Sizing Studies

Stress Analysis

Dynamic Analysis

4 » Combination of Stresses
<; m Stress Evaluation Results
\w Conclusions
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AP1000 Containment Vessel Design
Specification

» Westinghouse Specification: APP-MV50-Z0-001

" w. Meéts requirements of the AP1000 Design
3 ','Certn’ ication Document
" Desngn :Specification reviewed by CB&I

Deélg‘r'i‘“tCode ASME Section ll, Class MC,

PSR A

5 _.@ase N-284-1 Metal Containment Shell

kli’ﬁg Eesngn Methods
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AP1000 Containment Vessel Design Inputs

‘m Design Internal Pressure: 59 psig at Design
. Temperature of 300°F

"‘Desngn External Pressure: 2.9 psig at Design
: emperature of 70 °F

ri'LTemperature 300°F
Mlnlmum Service Temperature: -15°F

ey

'. 4_,'_';.IW[ .:hlpkness 1.75 |nch (Cylinder)

AP1000 Containment Vessel Design Inputs

» Inside Diameter: 130'-0"
i+ - Overall Height: 215'4"
Tan: to-Tan Length: 140™-1"
: SA738 Grade B
Deéiﬁn Code:

"’L‘ﬁ“"‘;g 2y
' Mga Section lll Division 1, Subsection NE,
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Phase I: Sizing Studies

» Review of Increased Polar Crane Loads on
.Polar Crane Girder

' Revnew of Increased Polar Crane Loads on the

_55:738 Grade B Material Evaluation and
Qpprp.\,/tal to use by ASME
elnforcement of Equip. Hatch and Personnel

kel epetratlons
ﬁf‘r?iatlon of Top and Bott. Head Thickness

1\!7:‘
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Phase ll: Vessel Design for Internal and
External Pressure

» Westinghouse Doc.: APP-MV50-52C-002
- . = NE-3300 “Design by Formula”

n-NE=3133 “Components Under External

"

2B, « . .«
00;“Design by Analysis
s

mmetric Stress Analysis for Internal

A s
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Axisymmetric Analysis for Internal Pressure

" w ANSYS Version 5.7.1 Finite Element Computer Program
.x: Linear-elastic static analysis for an internal design
" _..presSure of 59 psig.

Ee ‘w-:Shellihéad, stiffeners and crane girder modeled using

AP1000 Westinghouse CB&I 10
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Phase ll: Containment Vessel Pressure
Capabilities

.. m Westinghouse Doc.: APP-MV50-52C-003
) Bas:s - Stress lntensnty lents for Service Level

AP1000 Westinghouse CB&I

Phase IlI: Dynamic Analysis of
Containment Vessel

= Westinghouse Doc.: APP-MV50-S2C-001
L] 'De'veldpment of the Lumped Mass Stick Model

.’ i Dynamlc Behavior of the Stick and the
Axnsymmetnc Models are the same.

o

n *’:P"it-f.f‘fé' PHET
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Axisymmetric Analysis Model
T ANSYS
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Containment Vessel Stick Model

1 x| Aer_ 4 2002
AN a5,
DISPLACZMENT
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»
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FREQ=10.96

. EZA
- " AVRES=Mat
e DHX =.084007

e . . ' PSCA=107,244
. XV enl

Y =-,6122-16
DIST=99.92

Xr =-6,506

Yr =-33.632
2r_ =1%0,637
A-2S%90
Z-porres
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Phase II: Polar Crane Load Stress Analysis

» Westinghouse Doc.: APP-MV50-S2C-004: Consider:
= Polar Crane Dead Loads
-_ Polar Crane Llft Load

o
fésses a Ad displacements for the polar crane loads are

e
2 ».:su.}m‘manzedl\m this document.
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Phase Il: Analysis Using Equivalent Static Seismic
Accelerations Without Polar Crane System

= Westinghouse Doc.: APP-MV50-S2C-005

» Purpose: To study the response of the stiffened
-~containment vessel configuration to equivalent static
-seismic accelerations.

m AnaIyS|s d|d not include the polar crane system; rails,

,-u-t_.:,v; Rty

iﬁ!ﬁéagg;y gg ¢§hell modeled using shell elements ANSYS
2 SHELL6H
*\‘;‘%’z’»'g;;ﬂ:ﬂﬁ'rk}‘
Stresses ;gpd displacements for seismic loads were

1S njmanZégjé?'n Section 9.
St R
sulfé we Vglater added to the results of the polar crane
.t’!
: 39nalysvs
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Phase lll: Compile Stresses from Analysis
Results and Evaluate Stresses = -

= Westinghouse Doc.: APP-MV50-S2C-006:
-Perform and Verify Stress Evaluation of the
o Calculated Specified Load Combination
SN ,Stresses
Pr_epare and Verify Calculations Combining
he: tresses From:

+
PR3 _ itked Polar Crane Seismic Loads

AP1000 Westinghouse CB&I 18
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Stress Evaluation for Load Combinations
» Evaluated the combined stresses from the
'specified service load combinations.

PLE The ‘evaluation was performed on areas away from
enetratlons or insert plates

15
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Containment Vessel Load
Combinations and Load Factors

Lead
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Leved C Service Limit
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LCLL1 & LCLL4

LC12 e LC1.2.4

LD20.3 thre LD2.04

Stress Intensity for Stress Intensity e Stress Inteansity for
Surface :0d Sarface sod Sutfaxce d
Membrane Stresses Membrane STesses Membrane Stresses
and Buckliog for and Buckling for and Buckling for
Membrane Suesses Mambrane Stresses Membrane Sgesses
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Source of Stresses

Containment Vessel Dead Load

Polar Crane Dead Load (parked at 0°)
De5|gn Internal Pressure of 59 psig
L Desugn External Pressure of —2 9 psig

_ﬁ;,%rane Seismic Loads
SepsmlcwéEccentnmty of Masses

'Th.,-‘
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Accidental Torsion

= This section calculates the SSE seismic stresses due to
torsion caused by eccentricity of the masses.

= The stresses from this loading are combined with other

- ‘.-SSE,,‘;selsmlc stresses for the total SSE seismic stresses.
;Sou el :producing the torsion are:

¥ |u

'uu

;Accud. ntal torsion due to an eccentricity equal to 5% of the

rﬁ*-..ti’:‘x i}xetef at the Elev. of the mass

}b
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Stress Acceptance Criteria

= Acceptance Criteria: ASME NE 3220 and
32211

BQckImg Acceptance Criteria ASME Code
GdSe N-284 Rev. 1

ucklmg allowables calculated on a case by
baSIs dependlng on the nature and

AP1000 Westinghouse CBA&l 23

Five Vessel Regions That Required Additional
Buckling Evaluation

= Bottom Head in the Vicinity of the Base (Elev.
i 1’00’;0)-
.y _:Shell at the Bottom Tangent Line (Elev 104’1 V2)

AP1000 Westinghouse CBA&I 24
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Conclusion

.m The stresses in the contalnment vessel shell
and: :heads meet the design requirements of
'P1000 Spec. for the load cases

AP1000 Westinghouse CBA&!
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