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1.1 INTRODUCTION

This report is an attempt at modeling deformations in the
Columbia Plateau (CP), primarily their kinematics, but also
with some considerations of their dynamics. Detailed
information available on the Columbia Plateau itself,
especially information contained in WPPSS PSAR Amendment 23
(1977) is presented first. However, in the course of
analysis it soon became evident that the interpretation must
be enlarged to involve the behavior of the surrounding
tectonic units and their relation to the plate boundaries.
The scope of the analysis had to be widened in both space
and time. The central theme remains Columbia Plateau
deformation, and it is modeled in more detail and
sophistication than the regional frame.

A articular problem is the deep structures associated with
observed surface deformation. For an educated guess - and
this is all that is possible at present — geological and
geophysical information must be combined and viewed in
combination with what is known about similar situations in
other parts of the world. These deep structures are
important, of course, for earthquake generation, and deserve
considerable interpretational effort.
2.1 THE REGIONAL FRAME

An up-to-date review of the geological development of the
Pacific NW in the light of plate tectonics concepts is given
by, Davis {1977), and is accompanied by an extensive
bibliography.
Eaton (1979) has attempted to fit late Cenozoic structural
events, and particularly spreading, in the western United
States into a plate tectonics framework. The time of
initiation of spreading in the southern Basin and Range
province is not well fixed though extensional block faulting
seems to have begun about 17 my ago. It began to wane 10 my
ago. Extension in the northern Basin and Range (BR)
province, including the Columbia Plateau (CP), also began
about 17 my ago, while the Mendocino triple junction lay fart th south. Spreading in large parts of the western US
continues'oday, but with a spreading direction different
from that active at earlier times {Eaton, 1979, Figure 7) .

The relations between the North American, Farallon and
Pacific plates underwent various, sometimes drastic changes
in the course of events. As a consequence, the various
regions of late Cenozoic extension today differ greatly in
their topography, structure, and geophysical properties.
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This is particularly true for the Columbia Plateau. Between
17 and 14 my ago it was extended in a WSW direction as
evidenced by the dyke swarms associated with the Columbia
River (CR) basalts. This extension direction agrees with
the general direction of extension in the western US at that
time (Eaton, 1979, Figures 2a, 3b, 7b) . The subsequent
deformation of the CR basalts, which is the main concern of
this report, is of an entirely different nature, and yet is
evidently related to the other plate boundary deformations
in the western US. In Eaton's perspective (1979, Figure
7d)), dextral shearing along the pacific-North America plate
boundary now drags along and rotates dextrally a number of.
splinters of the North American Plate around a pivot
somewhere in Manitoba. This regional picture agrees in
important ways with the inferences based on the local
analysis of CP deformation. In the south, lithospheric rock
masses were moved away from the great centers of rifting and
crustal stretching such as the Rio Grande rift and the
Battle Mountain thermal high-Snake River plain, and were
piled up in the north against the highlands of northern
Washington and British Columbia. The result is a NNW

directed compression in the Columbia Plateau, in agreement
with the predominant ENE trend of its folds and also with
inferred dextral and sinistral movements along NW and NE
trending lineaments, respectively. The Neogene kinematics
of the Pacific NW in this view is dominated by adjustments
within a mosaic of blocks subjected to NNW compression.
Release of this compression to some extent followed
pre-existing structures (zones of low strength) though it
was dominated by the regional stress field. The structures
reflect the stress trajectories and boundary constraints,
which, in turn are governed by inherited structures, though
often in a complex and unexpected way.

3.1 KINEMATIC MODELING: THE GENERAL PROBLEM

Geologic deformation is characterized by b'elts of
concentrated deformation, separating slightly deformed,
virtually rigid domains. Globally, this principle is a
central tenet of plate tectonics, but similar observations
are valid on a smaller scale. Plates and plate boundary
zones may be sub-divided into sub-plates and blocks and
sub-blocks. These in turn may be recognized to consist of
even smaller sub-units with their own comparatively mobile
boundary zones etc.

In modeling the kinematics of a region in terms of a block
mosaic the first choice concerns the degree of refinement
that is desirable for a specific purpose. In this report
the Columbia Plateau will first be treated in a
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semi-detailed way, then it will be embedded in a more
crudely defined belt of blocks that connects the B a R with
the Pacific plate boundary. In addition, there will be some
considerations which transcend these levels of refinement
both towards an even higher regionality on the one hand, and
towards local details on the other.

Rigid-block kinematics consist of translations and rotations
which, except for trivial cases, are geometrically not quite
compatible among the various blocks of the system. It is
these imcompatibilities of rigid motions that must be
adjusted for in the deformation zones. Large-scale
incompatibilities in the brittle domain are accommodated
along block boundaries of decreasing grain size down to
fault gouge. As modeling requires discretization
(dissection of the continuum into rigid blocks) of limited
resolution, incompatibilities cannot be completely
eliminated but will be shown and discussed (compare
Hildebrand-Mittlefehldt, 1979) .

The type of difficulty that arises is well illustrated by
McGill and Stromquist (1979), e.g. Figure 7b, which depicts
an experiment. In that figure (redrawn as Figure 2 of this
report), the mass that has moved to the left with respect to
its surroundings may as a first approximation be considered
as one block, bounded on the right by an extensional fault,
and near the upper and lower margins of the figure by
dextral and sinistral strike-slip ("transform") faults
respectively. On the left, the mass moves into free space;
in nature this would be a thrust fault if the free space is
occupied by some competent material, or it may be an island
arc that is largely decoupled from a receding subduction
zone (e.g. Cascades; compare Figure le) and overrides the
subducted slab with little frictional resistance, leaving in
its wake an extended back-arc domain; or it may be space
offered by a plate moving away from a ridge (e.g., Juan de
Puca Ridge).

This first-approximation block is subdivided by a network of
faults into ever finer sub-units,'and its boundaries are
broad zones of distributed deformation rather than single
clear-cut faults. This is particularly true for the lateral
strike-slip boundaries which are a clear kinematic .necessity
though hard to define in the experiment and would not be
directly mappable in nature; here they must be inferred from
the general distribution of mapped faults and folds.
Poorly defined boundaries of this type are the "postulated
distributed transform structures" of Eaton (1979, Figure 1
and Table 1) and also the block boundaries of the CP and
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its surroundings are of this nature. Such boundaries cannot
be simply mapped but clearly exist and play a key role in
the kinematic development.

In choosing boundaries of blocks and subblocks there may be
a degree of arbitrariness as one lineup of apparently (on
the mapping scale) unconnected structures is preferred to
another. This difficulty arises in block modeling generally
and in the blocks surrounding the CP in particular. The
reasons for choosing such boundaries will be given, but
there is doubtlessly much room for improvement. However,
the aim of the exercise is to sketch the general
relationship of deformation in the CP with the plate
boundary, and this is not sensitive to a large variation in
the block boundaries.

While none of the block mosaics occurring in nature consists
of discrete, rigid bodies, it is nevertheless necessary to
begin considerations with simple rigid bodies and relax this
condition of rigidity as the necessity arises. The more
important topics to be discussed are:

1. Material balance.

2. Stress field and transport field (deformation
permitted at block boundaries).

3. Relationship of various parts of a transport field.
3.1.1 MATERIAL BALANCE

Matter is conserved during deformation. For shallow
deformation down to .a depth of about 10 km this implies
conservation of volume or, on a cross section, of area,
wi'thin the limits of observational errors. Particular
applications are:

a) Matter accumulated in compressional features (which
are sinks in a transport field) must be taken away
from extensional areas {the sources of the field).

~ Sources and sinks in a closed system are of equal
magnitude. If the system is not closed, movement
of matter across its boundaries may be estimated.
(Figures 3, 4.)

b) Compression (shortening) may be estimated on cross
sections (Figure 4.}:
1) Curvimetrically, by restoring the undeformed

continuation of beds and measuring the
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difference in distance across the deformed
feature before and after deformation (Ds) .

2) Volumetrically (actually areally on cross
sections), by measuring the volume of matter
squeezed out above the undeformed horizon (Dv) .

Dv/Ds gives a figure for the thickness (z) of
section involved in the deformation. This is
particularly important for the question of how much
decollement on the base of the Yakima basalts is
involved in CP folding. This is one of the rules
for the construction of "balanced sections."

3.1.2 STRESS FIELD AND TRANSPORT FIELD

Principal stress trajectories and the geometry of the stress
field: the geometry of deformational features in a general
way defines the stress field in which deformation has taken
place. Although all structures with finite displacement
grow in a stress field that varies with time, phases of
movement may often be recognized where deformation took
place under reasonably constant conditions. In particular:

a) The overall bearing and plunge of anticlinal axes
and strike of normal and thrust faults coincides
with the intermediate principal stress trajectory
sigma 2. In shallow, deformation another trajectory
also is horizontal and perpendicular to sigma 2.
For anticlines and thrusts the other horizontal
trajectory is the principal compression or sigma l.

b) Deflection of structures, particularly folds,
define local or regional boundary conditions for
the stress and more pronouncedly the transport
field, such as pre-existing material, irregular-
ities (faults, edges of incompetent beds, etc.), or
block boundaries of a higher order. This is a
geological application of the "de Saint-Venant
principle" of mechanics, which states that the
domain of influence of an irregularity on the
stress field is of a size comparable to that of the
irregularity itself.

3.1.3 RELATIONSHIP OF VARIOUS PARTS OF A TRANSPORT FIELD

The local vectors of the transport field are assumed to have
the direction o'f sigma 1 or sigma 3 (in extensional areas)
and a length corresponding to the amount of deformation as
established by material balance calculations. A general
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field of transport is very complex. Fortunately for shallow
geological deformations, several simplifications are usually
possible:

Compression and extension (sinks and sources) may
often be assigned a geometrically simple
distribution, at least at the level of quantitative
sophistication called for by the quality of
geological and geophysical data. Often their
domains are separated, and frequently they are
confined, particularly to boundaries of blocks (or
plates) of insignificant internal deformation.
These block boundaries are, in fact, always diffuse
to .some extent, even if shown on a map as a line,
and sometimes they cannot be defined by direct
observation: They often must be inferred from
evident differences of movement across a zone of
some width (compare p. 3). In other words: block
boundaries may sometimes be approximated by first
order discontinuities in the vector field of
transport, and more often by second or higher order
discontinuities. In these cases, there is a finite
gradient across the boundary. Thus, the CP may be
subdivided into a number of blocks of different
orders of importance, and with boundaries of
different orders of discontinuity. The same holds
for the surroundings of the CP (IDOL - mosaic,
Figure 14).

b) 'The 3-dimensional field of transport may be
separated to a large extent into component
2-dimensional fields that may be modeled on a map
view or cross section. Thus, the distribution of
sinks (compression in folds and thrusts) and
sources (extension particularly across normal
faults) in the CP region may be modeled on a map,
and the distribution of vertical components of
movement may be superposed on cross sections.

c) The rigid blocks or polygons in a plane
2-dimensional field move by a superposition of
translations and rotations. In the general case
this leads to an extremely bewildering result.
However, there usually is a hierarchy of
quantitative importance of both translations and
rotations, and a rational analysis demands that thefirst order ones be dealt with first, that the
error between a first order model and observed
quantities be estimated, and that this error be
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then reduced by superposing second order movements
— again an iteration procedure that should be
continued only as far as the quality of the
information warrants and the occasion demands.
With some experience, the first guesses may not be
too bad, although generally some trials are
necessary. The process should begin with first
order translation as it is both easier to model and
geometrically simpler to accommodate in nature.
Rotations invariably lead to rigid-body
incompatibilities in compressional domains which
are eased by dilatancy on the one hand, and
diffusion of adjustments on the other.

4.1 MODELING EN ECHELON FOLD BELTS

One of the many difficulties in modeling is that of en
echelon fold belts such as CLEW. Because of their
3-dimensional complexity and non-linear development
(changing material distributions and boundary conditions)little is known about them theoretically. Insight of a
largely qualitative and intuitive nature must be sought by

, comparison with known natural and experimental belts.
Intriguing cross-sectional and plan-view deformational
pictures are provided by the sandbox experiments of Emmons
(1969) although the boundary conditions of his divided
container are not very realistic. The main point that is
illustrated is oblique and non-parallel mass transport on
warped fault surfaces which anastomose and dissect the sand
body into an ever finer mosaic of quasi-rigid blocks
("reticulation" ) . Due to the complex mass transport,
domains of compression are followed closely by domains of
extension.

Evidently, mass balance considerations on cross sections .are
rather inadequate in this situation, and only semi-
quantitative estimates are possible.
Comparison with such illustrations as Figure 6 of Harding
and Lowell (1979), here redrawn as. Figure 5, and Figures 3
and 4 of Emmons (1969), suggest an estimate of depth for the
basal shear that drives the en echelon. deformation. The
compressive deformation is contained in a wedge whose
boundary dips at about 45o (a little less in Figures 3 and
4 of Emmons) . The depth to basal drive is consequently
about half the width of the fold belt. Similar results may
be inferred from other publications.
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En echelon structures are common because blocks and
'subblocks of the earth's crust usually move somewhat
differentially, and the earth is generally horizontally or
subhorizontally layered to some extent with prominent
competent and incompetent intervals at various levels.

It follows that en echelon belts of different depths of
decollemen t may be superposed.

In CLEW this is clearly the case. The total width of the
belt is 30 — 40 km but the subbelt designated as RAW in
Figure 15e consists of brachy-anticlines less than 5 km or
even 3 km wide which points to a depth of decollement of
less than 2 km or approximately at the base of the Yakima
(CR) basalts. There may be local decollement horizons or
even gradational decollement intervals at intermediate
depths. This is suggested, e.g., by the Selah Butte trend
of brachy-anticlines (see Figure 15, Stage 7 and Figure 24).

In addition to variations in the depth of superposed en
echelon belts, there is a variation of angle between the
axes of individual brachy-anticlines and the average strike
of the entire belt. Angles of 30o or 40o are frequent
(Wilcox et al., 1973, Figure 9, Figure 11) but angles of
less than 20o or even 10o are characteristic of some
belts such as the Newport-Inglewood trend (Harding, 1973,
Figure 7) . Much seems to depend on the relation of the
local stress field to local inhomogeneities such as faults,
or basins and highs; later en echelon folds tend to have
smaller angles (Wilcox et al., 1973, p. 79). For the deep
en echelon belt of CLEW the angle is typically a little more
than 20o (Yakima Ridge, Rattlesnake Hills) but for RAW it
is usually less than 10o. For HOOK it is again 20o to
30o.

While short folds (brachy-anticlines) are typical for
oblique shear with a compressive component (oblique-
convergent boundary), they are not the only structures but
are usually affected by and interfere with a maze of other
complex faults (compare Harding, 1973, Figure 7; Harding and
Lowell, 1979, Figure 6). In experiments such faults seem to
have various origins. In the clay experiments of Wilcox et
al. (1973) a pattern of conjugate shears develop (synthetic
and antithetic with respect to the master shear, also called
Riedel shears and conjugate Riedel shears) and bear the
usual Mohr relationship to the strain ellipse. Although
often irregular in detail, they are very regular as a set.

In the CP the situation is more complex. Wrench movement in
RAW is superposed on that in CLEW, and the Y'akima folds
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affect a large domain that includes CLEW. Each
deformational system may be expected to develop its own set
of shears which compete and influence each other mutually.
Closely spaced joint and shear patterns criss-crossing the
CRB are evident from the air and are well represented on
topographic contour maps (e.g. sheet Walla Walla,
1:250'000). Topograhic features suggest that RAW is
affected by small synthetic Riedel shears similar to those
shown by Harding (1973, Figure 7) for the Newport-Inglewood
trend. It is possible that the'hrall-Wymer-Selah Butte
cross-trend of CLEW developed on an early synthetic Riedel
shear that subsequently influenced the main deformation (see
Figure 15, Stage 7) .

As displacement increases, the faults acquire the complex
geometry (3-dimensionally warped, reticulating system) and
variable kinematic function typical for mature wrench zones
(Emmons, 1969).

In conclusion, it is obvious that in the modeling of en
echelon zones drastic simplifications are necessary to keep
them manageable.

5.1 LOCAL OBSERVATIONS

5.1.1 DEFORMATION STYLE AND REHOLOGY

Observation on good outcrops bears out what is known from
other areas that have been deformed under small overburden
and at low temperature, and agrees with the results of
deformation experiments under similar conditions in the
laboratory. Basalts, as well as inter-flow sediments
deformed in an essentially brittle manner. Several types. of
brittle failure have been observed, and they are
schematically illustrated in Figure 6. They are commonly
superposed on each other, and sometimes the sequence of
superposition may be demonstrated. Mohr-Coulomb type
thrust-faults cut bedding at an angle less than 45 degrees
(usually even less than 30 degrees) with little or no
rotation of the beds. On the other hand, they often occur
within a sequence of rotated or folded beds while still
maintaining their angular relationship with bedding; these
thrusts were rotated or even folded after they had formed.
Such folded thrusts are well documented from many fold
belts. Particularly interesting are those that may be
observed on Manastash Ridge along Interstate 82 and its
surroundings. The main thrust exposed in the roadcut is
doubtless the one that emplaced lower Yakima on middle
Yakima rocks (Bentley, 1977, Figure 18 and 19) . It is cut
by minor secondary thrusts and is accompanied by
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smaller-scale deformation both in basalts and sediments.
Interestingly, the direction of thrusting is from north to
south, from north of the Manastash fold through its limb
towards the core of the fold. Based on the results of
mapping by Bentley (oral communication), the examination of
aerial photographs, and inspection from the air, other more
or less parallel thrusts of the same general nature are
present and are responsible for the peculiar topography of
Manastash Ridge in this area. The thickness of the section
repeated by the main thrust may be estimated from Bentley's
figures at 200 m to 300 m, which on the assumption of an
original dip of thrust of 30 degrees (now somewhat
distorted) results in a horizontal compression of 350 m to
520 m. The other thrusts are smaller, and together the
amount of thrusting prior to folding is estimated at about
700 m. This is considerably more than the subsequent amount
of compression by folding which, after Bentley (1977, Figure
9), is less than 300 m.

On the map (Shannon 6 Wilson, 1978), the strike of the
thrust faults intersect the strike of the north limb of this
typically asymmetric fold at an angle of 20 degrees to the
southeast, which demonstrates that between thrusting and
folding, the geometry of the stress field. at this locality
had changed (compare the data from Emmons, 1969, for
changing patterns of deformation in strike-slip zones).-

Folding is often considered a ductile process, but this is
not so under the conditions present when the CP folds were
formed. Beds are usually fractured to some degree, and in
the more steeply-dipping parts of anticlinal limbs they are
often thoroughly brecciated. The folds have usually sharp,
although rounded hinges, and as a rule are monoclines rather
than anticlines, features which,set them apart from the
sinusoidal concentric folds of folding theory and
schematical textbook illustrations. The CP type folds are
the result of shearing, similar to kink bands, with the
shear couple acting on layers of competent beds which are
rotated. The optimum dip angle for the hinge planes is
about 60 degrees (compare Paterson and Weiss, 1977) rather
than the 30 degrees for Mohr-type thrust faulting. When the
hinges are ruptured, a steep reverse fault may result and be
of the type that has been reported from the base of some
monoclines, e.g., Saddle Mountain. Although CP folding was
accompanied by fracturing of the beds which implies sudden
release of elastic energy, displacements are small and
distributed through large volumes of rock. Of the other
types of faults observed, the strike-slip faults are
particularly noteworthy. They are easily identified when
horizontally striated; however, striations along strike-slip
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faults of known displacement are not always well developed,
and sometimes later movements of insignificant strength
overprint them. Any steep fault plane or breccia zone may
be taken as suggestive of strike-slip faulting. The amount
of strike-slip displacement can usually be determined only
by mapping and,subsequent kinematic analysis (compare Figure
12) .

'.1.2 THE TIME OF DEFORMATION

The folds are composed of elements of different trend for
which, in some instances, a time sequence can be inferred.
The question arises whether the CP fold system is the result
of the superposition of deformations due to entirely
different stress systems associated with regionally
different orogenic situations. A first inspection shows
this to be highly improbable. Intra-Yakima unconformities
have been reported from isolated locations, e.g., a
pre-Pomona one from the Yakima ridge northeast of Yakima
(Bentley, 1977, Figure 15.). These local unconformities are
probably due to landslides or tilting of blocks at the time
of the basalt flows. Important interflow compression does
not seem reflected in the overall structural relief.
Generally the entire Yakima-Ellensburg sequence, including
the Clemans Formation and probably also the Thorp Formation
(though this is less certain because of lack of good
outcrops on the ridge flanks), are folded conformably.
Changes of deformational style (thrusts/folds) and of the
geometry of the stress field (especially locally) are
commonplace in the course of one individual orogenic event
and are easy to understand on general grounds: Each break
in continuity because of early faulting and any change of
geometry because of folding, create new boundaries and
boundary conditions. Folds must be visualized as growth
features with nonlinear development. Superpositions like
those described from Manastash ridge are attributed to
different states of the same orogenic event. The test for
this conclusion, which is based on inspection, is whether or
not the essential features of the CP system can be fitted
into a unified kinematic model. A layer of the Thorp
Formation has been dated as 3.7 my (Bentley, 1977, Table
1) . On Craig's Hill in Ellensburg (Bentley, 1977, page 12)
the Thorp Formation is overlain unconformably by the Naneum
Conglomerate which is composed of coarse basaltic pebbles
suggesting the existence at that time of Yakima basalt
ridges although the unconformity may be due to scouring by
tributary streams that carried pebbles fro'm the Wenatchee
Mountains (Bentley, 1977, page 12). Similar basaltic
conglomerates or coarse gravels are found on some of the
ridges (oral communication by F. Kienle), and were shown to
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me on top of the Horse Heaven ridge where it is crossed by
the McBee road by S. Farooqui. Unfortunately there is no
way to exactly date and correlate these conglomerates. On
Craig's Hill, the,Naneum Conglomerate is topped by loess
which surprisingly shows remanent magnetism, with reversed
polarity, and is, therefore, considered older than 750,000
years (R. Bentley, oral communication). On this very
tenuous stratigraphic evidence the main part of Yakima
basalt deformation north of Yakima took place between about
3 my and 1 my with some deformation continuing into the
younger Pleistocene. Microearthquake activity (Washington
Public Power Supply System PSAR Amendment 23) would indicate
that the system is still active to some extent even at
present.

In some places, deformation seems to be somewhat older. A
Thorp gravel layer (3-7 my), apparently undeformed, is
reported from the flank of Manastash ridge, and faults near
Goldendale are bracketed by lavas of 4.5 and-3.5 my, resp.
(compare Davis, 1977, page C-24). Perhaps the main
movements 10 — 7 my ago on the John Day fault (Robin, 1977;
Davis, 1977, page C-24) should be viewed in this
perspective: on the whole, Yakima deformation seems to have
begun on the south of the Yakima block (page 33 and
following, see also Figures 15 and 16) and proceeded to the
north, although exceptions to this rule should be expected.

6.1 A QUALITATIVE ASSESSMENT OF CP KINEMATICS BY INSPECTION

For the sort of iterative, quantitive approach to kinematic
analysis as outlined in the introduction, an educated guess
by inspection must be made for an initial input.'n
excellent impression of the entire structural system of the
CP may be obtained by looking at the plastic relief map
(Figure 7). Because of the young age and the slow erosion
of the structures in the desert, topographic relief
expresses structural relief semiquantitatively. .The CP
appears to be subdivided into four main regions:

Region 1:

The topographically (and structurally) most conspicuous
region occupies a belt up to about 40 km wide which is
present from about Cle Elum in the northwest to Wallula gap
on the Columbia River in the southeast. This Cle
Elum-Wallula belt — or CLEW for short - is traditionally
considered a part of the larger Olympic-Wallowa lineament
(OWL) (Bentley, 1977, page 3). The existence of this
lineament, at least in the often-voiced sense as a boundary
between oceanic and continental crust, has been questioned
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by Davis (1977, Page 53) and for the time being it would
appear wiser to confine it to CLEW which not only exists but
is clearly the most conspicuous structure of the CP. It is
composed of a system of mostly faulted east-southeast-
trending folds, or of fold segments deflected in that
direction, where the long east to east-northeast-trending
folds enter CLEW. This pattern forms a right-lateral en
echelon belt. It indicates deep-seated right-lateral shear
that drives a deformable sequence of partially decoupled
more superficial layers (Emmons, '1969; Wilcox et al., 1973;
Harding 6 Lowell, 1979) . The process is easily demonstrated
by pasting tissue paper with some sticky fluid to stiff
board that had previously been sawed in half, and moving the
board along the cut in' horizontal, right-lateral sense.
This demonstration helps visualize the process, but should
not, of course, be taken as an experiment reproducing
mechanical conditions in the earth. As the paper is folded
in some places, it must be stretched in other places to
maintain material balance. In the CLEW, compression far
exceeds any extension that may also be present. Thus, the
two most important components of motion are dextral
strike-slip along and compression across CLEW.

Region 2:

The triangular region southwest of CLEW, bordered on the
other two sides roughly by the Columbia River and the
eastern margin of the Cascades, is characterized by a series
of long, narrow ridges with an impressively regular spacing
of 30 km. The ridges, although somewhat undulating,
maintain,a generally parallel east-northeast trend up to
CLEW where they are deflected, sometimes abruptly, to the
southeast. These regular ridges mark anticlines that
indicate a rather regular stress field with the trajectories
of maximum compression trending north-northwest. The
kinematic (transport) vector points to the north-northwest
as the folds are deflected dextrally at CLEW. Movement with
respect to the northeastern region has been to the
north-northwest. The regularity of the features implies
horizontal translational movement, and the smaller
superposed irregularities suggest some degree of superposed
rotation. The direction of movement has a component of
compression across CLEW, and a component of dextral .

strike-slip along it, which is consistent with the findings
on CLEW itself.
The narrow ridges are superposed on broad, gentle structures
that are about 30 km wide and may be parallel to the ridges,
or parallel to CLEW. This bimodal distribution of
structural width. suggests a bimodal distribution in the

1
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thickness of crustal layers involved in the deformation
which, in turn, implies a certain amount of decoupling or
detachment at two levels (compare Figure 8, 8a, 16). Such a
detachment is already intimated by the en echelon fold belt
on CLEW (see above). A first guess would be that the narrow
features are due to local decollement at the base of the
Yakima basalts, and that the wide blocks have a vertical
thickness of at least 10 km and possibly as much as 20 km.
The overall structural relief suggests that vertical
movements are superposed on the compressional, horizontal
ones. As is evident from the geologic history as well as
geophysical data, CP has been involved in isostatic
adjustments to tectono-thermal events since the beginning of
the Tertiary (see p. 27-51) .

Region 3:

The northeastern region, again a triangular area, is
bordered on the southwest by CLEW, on the east by a line
that trends approximately north from Pasco to the northern
margin of the CP, and on the northwest by the margin of CP
(for a more detailed argumentation of block boundaries in
the IDOL mosaic that contains this region, see p. 22 and
following). In many ways it resembles a subdued replica of
the southwestern region, inasmuch as some narrow, widely
spaced ridges are present, the most conspicuous one being
Saddle Mountain. On the average they strike about east-west
and are dextrally deflected at CLEW. Badger Mountain, the
very small northernmost fold near Wenatchee strikes
northwest. On the average, horizontal translational
movement to the north seems to predominate.

Region 4:

The eastern region comprises the rest of the CP to the east
of the northeastern region. It is deformed only slightly
and might be considered practically underformed (although in
Figures 13, 14 it is subdivided as part of the IDOL block
mosaic) . This implies that its western boundary is a zone
of slight dextral strike-slip which must be dispersed as no
fault is readily discernible.
In order to fully define a kinematic model operative in the
CP, all of its boundaries and relative motions with respect
to surrounding terranes should be defined as well. In
Figure 14 and the accompanying tables and explanations, an
attempt is made to define an internally consistent kinematic
model. Here it should suffice to say that in principle a
variety of boundary movements is compatible with the
kinematics of the CP itself. For example, a particularly
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.simple solution interprets the CP deformations to be nested
in a nook of an N-S trending strike-slip system: this
solution in its most elementary form was proposed in a
previous, preliminary draft of this report for want of more
precise information (see Figure l(d) and Davis, 1977,
Figure 7); indeed one may maintain that as a rule in
scientific synthesis, that solution should be envisaged pro
tempore which offers the simplest explanation. In the case
of the CP, subsequent information called for a more complex
solution which is presented in the conceptual framework of
block mosaic kinematics in Figures,14 and 14a. However, in
principle, even in this more complex solution, the CP folds
are still in a nook of the dextral strike-slip system that
characterizes the western boundary region of the North
American Plate (Figure 9) . In addition, it should be noted
that a predecessor of CP compression formed the late
Oligocene -'arly Miocene Kachess-Naches-Blue Mountains-
Aldrich Mountain system (Davis, 1977; see Figures 1(a) and
15, Stage 1 of this report). Although known only in
fragments, this system bears a resemblance to the early
kinematic model (compare Figures 1, 9) inasmuch as it calls
for reactivation on the southern part of the Straight Creek
fault zone which at„Cle Elum bends into CLEW; what happens
below the CR basalts is not known, but south of it there was
compression with an average N-S direction.
7.1 A QUANTIFICATION OF THE KINEMATIC MODEL

Magnitudes of shortening may be obtained by measuring
cross-sections according to the method sketched on p. 3-4.
Their quality depends on the quality and quantity of the
sections available. Both are generally poor. Supplementary
information may be obtained from the topographic relief of
the ridges. 'Strike-slip displacement is not quantifiable
directly, as no correlatable features are known that have
been dissected, but must be inferred from the difference in
compression on the two sides of a boundary. Rotations are
even harder to quantify and must often be introduced as
corrections of errors created by modeling pure translation.
This is the procedure followed in this report: First, pure
translation will be quantified. Then the more serious
deviations from nature will be corrected by rotations where
suggested by inspection.
7.1.1 THE COMPRESSION OF INDIVIDUALFOLDS (FIGURE 10)

The quality of the information available may be gathered
from Shannon a Wilson (1973), Figure 4, which shows a cross
section through the Columbia Hills ridge near its maximum
development. All that can be safely said is that
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correlative members of the Yakima basalt sequence are
displaced vertically by about 500 m. The slope is covered
by landslides, and the nature of the structure must be
interpreted from insight gained elsewhere. 'hown on
Figure 4 is a normal fault with extension reduced by drag.If instead it were a monocline with a dip of 60 degrees the
compression would be 290 m, if there were a reverse fault
dipping 60 degrees the compression would be 290 m also, butif it were a clean-cut Mohr-type thrust dipping 30 degrees
the shortening would be 870 m. A thrust fault with 500 m
displacement was penetrated by a drillhole according to R.
Deacon (personal'comm.). East-northeastward the ridge
(Alder Ridge) loses relief and gradually disappears near
Umatilla, where on a small but clearly discernible
north-south-striking faulted ridgelet, a new east-northeast
striking small ridge reappears at Sillusi Butte. Prom the
figures in Shannon & Wilson (1973) topographical relief
largely corresponds to structural relief. Thus, compression
along this trend seems to fluctuate between 0 m and 500 m.
The fluctuations must be due to either rotations or transfer
of movement to other ridges 'by distributed shear. On
p. 35-36 (comments on Figure 15) the framentation of the
Columbia Hills structure is discussed. Outcrops do not
permit a detailed analysis, and for a first rough
quantification, an average of 300 m of shortening along the
entire trend would appear reasonable. The Horse Heaven
Hills have a relief of only about 1000 feet. Much of their
north flank is hidden by landslides, but seems to dip
steeply to the north. A 60 degree monocline would give 170
m of shortening, and I assign about 200 m of compression the
Horse Heaven Hills in the model. Toppenish Ridge, like
Columbia Hills, decreases in relief from west to east, and
is a little smaller than Columbia Hills. It should not
exceed an average of 200 m of shortening. The western part
of the Rattlesnake Hills (Ahtanum Ridge) is more of an
anticline than the monoclinal ridges dealt with so far, andit may in some places have as much as 400 m of shortening.
East of Union Gap, the Rattlesnake Hills develop .into a
tilted monocline with a steep north limb with 300 m relief,
and only at its deflection point on CLEW does it rapidly
increase relief to more than 2000 feet. The new detailed
maps by Shannon a Wilson (1978), show that this area is very
complex structurally, but for a first approximation to the
translational model, an average shortening of 300 m would
appear adequate. Yakima Ridge seems more important. At
Selah Gap its relief is subdued, as happens wherever the
ridges leave CLEW (compare p. 52, 53), but also because it
branches out, in a somewhat diffuse way, into the Selah
Butte anticline. (For its relation to the most conspicuous
anticline of the whole CP fold set, Cleman Mountain, with a
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relief of 3000 feet and an overturned southwest limb, see
Figures 15, 16) . On the average, a shortening of 400 m
should be reasonable for Yakima Ridge.

For the ridges following to the north, cross sections do
exist, and some may be directly observed in Yakima gorge.
They permit more reliable estimates of shortening. Sections
through Umtanum Ridge are presented by Bentley (1977, Figure
21 and Figure 25) . In the Yakima gorge, at Wymer, Umtanum
Ridge is formed by a well exposed, somewhat box-shaped fold
with a steeper, faulted north-limb. A shortening of about
700 m may be measured on the section, and the Dv/Ds method
referred to in the introduction gives a rough depth to the
decollement of about 1300 m below the Vantage horizon, which
is near to the base of the Yakima sequence. At Priest
Rapids the shape of the fold forming Umtanum Ridge
approaches that of a tipped monocline with a steep north
limb that is cut by. a reverse fault. Shortening is about
600 m,- and an average of about 6 km of the rock column is
involved. This figure is, however, a mixture of basement
involved in the tilted south limb, and folding above the
base of Yakima. Umtanum Ridge is assigned an average
compression of 600 m. The structure of Manastash Ridge at
Interstate 82 was discussed on p. 9. A series of southward
directed thrust faults was subsequently folded into the
north limb of a monoclinal structure. The sum of the
structures approaches 1000 m of shortening. However, the
thrusts cut the monoclinal axis obliquely and shortening is
reduced along the ridge both to the east and west. In the
east near Badger Gap, Manastash Ridge approaches the Saddle
Mountains which follows it to the north and is separated
from it by slight topographic relief and the Hansen Creek
fault zone (Bentley, 1977, Figure 12). Exposures are poor,
the aerial photographs are not very helpful, but mapping by
Bentley (1977, Figure ll and Figure 12) discovered a
structural relief that, here, far exceeds topographic
relief. If Manastash Ridge is to maintain a level of
shortening comparable to that found on Interstate 82, then
the Hansen Creek fault must have more of a thrust fault
character than assumed by Bentley (1977, Figure ll), which
on the information available is quite possible. Before it
reaches the Columbia River, the Manastash-Hansen Creek
structure swings to the southeast and somehow joins Umtanum
Ridge. An average of 800 m of shortening is assumed.
Saddle Mountain (Bentley, 1977, Figure 27) is an
asymmetrical, somewhat box-shaped anticline with a steeper
north limb that is cut by a reverse fault. Its structural
relief is 280 m; its measurable shortening is 230 m, and the
estimated depth to decollement below Saddle Mountain is
1500 m, again somewhere near the base of the Yakima basalt

'I
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group. Saddle Mountain is by far the most important
structure of the northeas'tern region 3, and east of Sentinel
Gap its relief begins to diminish until it is hardly
recognizable east of Skootenay Lake. The eastern boundary
of region 3 would pass between Skootenay Lake and Paradise
Flats. West of the Columbia River, at the margin of the
Kittitas Valley depression, the Saddle Mountains
disintegrate into a series of dextral en echelon
brachyanticlines: Boylston, East Kittitas, and Whisky Dick
ridges. Thereupon it passes into the structures of the
Wenatchee Mountains which are a broad uplift bordered by
flexures and somewhat faulted internally. The rest of the
little folds of the northeastern region 3 are of insignifi-
cant shortening which probably totals less than 200 m.

To summarize, the total translational shortening between the
Columbia Hills structure in the south and the Kittitas
valley depression in the north may be estimated at 2.8 km,
and if the Saddle Mountains-Mission Ridge (Wenatchee
Mountains) to the north is added, the total is about 3 km.
The information on which these estimates are based is poor
except where structures are cut by rivers or highways, but
nevertheless the order of magnitude s'hould be correct as
structural relief is small and material balance
considerations do not permit drastic deviations. Even if a
revision on more detailed and reliable data were to increase
the figure to 5 km, this would still be small compared to
other compressional belts.
These figures, then, are our best and fairest input into the
translational part of the iterative procedure to approximate
the true kinematics quantitatively. If these
NNW-translations are performed on a cut-paper model (see
Figure 12 and explanations on page 19) with the further
assumption that both CLEW and HOOK are fixed boundaries,
discrepancies with nature are obvious. The most glaring
discrepancy, noticed immediately by comparison with any
geological or topographic map (e.g. Figure 7), is the
piling-up of shortening components in the southeastern part
of CLEW and the SW part of HOOK by the translational model
(oblique convergence, compare Figure 3). There are several
possible contributions that help remove this discrepancy,
but along CLEW the most important are probably dextral
rotations. Their pivots should be somewhere north and west
of the southern part of CLEW, if the desired correction is
to be achieved. This, fortunately, harmonizes with the
generally dextral system of the Pacific NW. Indeed, the
dextral couple acting across the Columbia Plateau makes a
certain amount of dextral rotation all but inescapable.
Discrepancies may be eased also by lateral escape of matter
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in adjacent blocks of the incasing block mosaic, and this
seems to apply particularly to HOOK, see Figure 14a and
p, 40

'or

a crude assessment of the magnitude of the rotation,
Rattlesnake Hills will be examined as an example (Figurell). For a first attempt take the pivot at the base of the
"R". The southeast trending part of the Rattlesnake Hills
should have a shortening component of,200 m perpendicular to
strike, according to our tentative translational model. In
reality, there is a remarkable axial plunge to the southeast
and shortening is reduced to practically nil at the
southeast end of Red Mountain, 25 km from the pivot. This
reduction is achieved by a clockwise rotation of a little
less than 1/2 degree. The same rigid rotation adds another
150 m of shortening to the 300 m translational shortening at
point 3629, an addition that is probably distributed in the
overall complication of the area. By shifting the pivot and
introducing other refinements, better results may be
obtained, but this is not called for by the quality of the
information. By applying such very slight rotations to the
other ridges on CLEW, with modifications appropriate for
each case, the observed axial plunge of the folds as they
cross CLEW is achieved.

To reduce compression normal to CLEW to essentially zero at
Wallula Gap in correspondence with observation, a regional
rotation must be superposed on the local ones, compare
p. 38-40.

Such simple kinematic concepts are best modeled on a
transparent sheet of paper (Figure'2). A simplified map of
the main structures is drawn, and the paper is cut along a
combination of structures assumed to have moved as a
kinematic unit. The area (= block; for simplicity usually a
polygon) is then moved by the required amounts of
translation and rotation, either to scale, or at an
exaggerated scale as in Figure 12. The stages of kinematic
sequences are added one after the other, and at each stage a
copy is made for record. In this way, a quantitative
kinematic sequence model is obtained.

In Figure 12, the sequence is assumed to have proceeded from
N to S whereas on p. 32 and following a more. complex
development is favored, with the ridges forming essentially
in the opposite (inverse) order. However, for illustration
of concepts and techniques this is irrelevant. The amounts
of movement are easily read as (if copied on a blank
background) shortening (superpositions) result in light-gray
stripes, extensions (where the background is exposed) result
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in black stripes (not shown in Figure 12), strike-slip
motion appears as displacement of the original margins of
the sheet, and rotations both as tapering stripes of
shortening and angular misf its on the original margins. It
is obvious that by combining the translations with slight
rotations, shortening along CLEW can be made to vanish at
Wallula Gap. Compare Figure 7.

Such models are useful for visualizing the tectonic
consequences of rigid body motions. They do not permit, of
course, modeling distributed deformation such as that of
Figure 2, or the Columbia Plateau realistically.
8.1 THE IDOL BLOCK BELT

For an introduction into the kinematic problems of the
terranes encasing CP, see Figure 9. Shown in solid lines is
the simplest dextral system which is compatible with the
Yakima folds, as shown by Laubscher (1977, Figure 5). The
reader was cautioned at the time "that nature must be
expected to be much more complex than that. All that the
extrapolations imply is that some sort of dextral shear-
perhaps widely distributed - should be looked for north of
the western margin and south of the eastern margin." Figure
9 illustrates the concept of block mosaic kinematics as a
means for such a distribution of motion, in relation to the
elementary shear system. The distributed block boundaries
are shaded. The block mosaic actu'ally chosen (IDOL) is
shown in Figures 13 and 14 and discussed in Tables 1 and 2.

Figures 1, 9, 13, 14 illustrate three important points:

1) The dextral motion in the Pacific NW may be
distributed in various ways.

2) N-S compression sometimes squeezes matter upward
into free space, as in the Yakima folds, and
sometimes squeezes it sideways to the west, as in
some of-the surrounding blocks: this requires
sinistral as well as dextral block boundaries.

3) Depending on the boundary conditions obtained in a
certain time interval, comparable stress systems
may activate different mosaics. Thus the
presumably late Oligbcene Naches-Blue Mountains
system (see Figure l(a) and Figure 15, Stage 1)
reactivated the southern part of the Straight Creek
fault (Kachess Lake fault, Clayton and Miller,
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1977) which was subsequently plugged by the
Snoqualmie batholith and not activated again to any
significant amount by Yakima deformation.

8.1.1 THE IDOL BLOCK BELT (FIGURES 13 i 13)

The Yakima block is one of a series of blocks which may be
arranged in a belt that constitutes the northern margin of
the BR province (Idaho - Olympic belt, or IDOL). Figures
13, 14, and Tables 1 and 2 provide a brief definition and
description of the blocks and their boundaries. They are
based on the detailed geological and geophysical surveys
contained in WPPSS PSAR A 23 and their supplements,
complemented by the geological map 1:2,500,000 of the U.S.
(USGS, 1974) and the topographical maps 1:250,000 and
1: 500,000.

Such blocks and their boundaries are not sharply defined
even farther south in BR (Eaton, 1979) where large movements
are involved. Here in the IDOL belt, movements are small
and structures are often discontinuous, resulting in
boundaries that are subject to argument. However, the basic
tenet here is that zones of movement, however diffuse, must
be part of.a continuous and compatible system. In the
particular. case of IDOL, isolated structures, especially
faults w'hich affect Miocene rocks, are considered parts of
continuous block boundaries that connect kinematically,
however diffusely, with the deformations of the CP.

Table 1 lists the chosen block boundaries and their
definitions, and Table 2 is a list of the blocks themselves
and their definitions. For ease of reference the elements
are given symbols which are also used on the maps.
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,TABLE 1: The block boundaries of IDOL

Map S mbol Name Descri tion Comments

ON Olympic-Na ches Faulted Neogene sediments along
Straits of Juan de Fuca. Young
block faulting bordering the
deep Seattle low in the Puget
Sound depression (gravity).
Deformed Miocene in the Green
River-Naches River domain.

the Northwestern part of the
Olympic-Ma llowa lineament
(OML, Raisz 1945, Bentley
1977, Hammond 1979)

Cle Elum-Wa1 lula
Gap

Northeastern boundary of main
Yak ima folds, with dextral
deflections and en echelon
folds which form a belt
30-40 km wide. Intermittantly
faulted.

Central part of OML,
bordering Yakima block and
therefore kinematically
distinct and topographically
prominent.

BL

NS

Boise-La Grande

North Snake River

Begins in the southeast as
a prominent boundary fault zone
between the western Snake River
plain and the Idaho batholith,
and then trends as a belt of apparent-
ly 'discontinuous faults through the
border zone of the Wallowa mountains
and the La Grande depression, into
the Vansycle-Walla Walla fault zone,
to join CLEW at Wallula Gap.

Continues BL to the southeast.

This is a gross simplifica-
tion as faulting north of
the Snake River plain is
very distributed. Neverthe-
less, it appears that the
Mallowa mountains are less
faulted than the area to the
SW and are therefore kinema»
tically bounded by a distri-
buted zone of motion. Con-
tains the southeastern part
of OML.

00

O

PG Boise-Payette-
Grangeville

Hain border zone between CR basalts
and Idaho batholith.

Trends towards the Lewis and
Clark line (LC, Eaton 1978,
USGS Prof. Papers 1100).



LC Lewis and Clark
Line

"A 16 to 50 km-wide zone of en echelon right lateral and oblique
slip faults marking the northeast limit of Late-Cenozoic
basin-range faulting" (Eaton 1979, p. 11) ~ To the west it
disappears below the CP basalts but is recognizable as a belt of
increased gravity gradient that crosses the basalts towards the
Beezley Hills Rock Island Dam, and Wenatchee Mountains. In a
vague way it forms the border zone of the CP and the Okanogan
Highlands (Smith 1978, Fig. 6.2).

HI Hite 'fault zone The Hite fault is the main structure of the border zone between
the CP and the eastern Blue Mountains. Towards the NE it becomes
indistinct but as a zone seems to trend into LC. Approximate
eastern boundary of thin CP crust.

Comment: The gravity
picture of the junction
HI-CLEW is complex.

Wallula Gap-Moses
Lake

A prominent belt of steepened gravity gradient. Passes through the
eastern limit of Saddle Mountain and Frenchman Hills structures
and interferes with LC north of Moses Lake. North of LC there is
a belt of rather irregular structures in the CR basalts that
trends into the Republic graben of the Okanogan Highlands. The
belt is 20 to 30 km wide and composed of several strands, the
western of which coincides with the east-end of Gable Mountain,
and an axial decay of Saddle Mountains, Frenchman Hills and
Beezley Hills.

EK East Kit titas A structural belt between the Kittitas Valley and the Columbia
River, coincides with a north-trending belt of steep gravity
gradient parallel to WM but opposite in sense. The gravity belt
extends south as far as the CR west of Umatilla, and may even
interfere with the Blue Mountains farther south. However, it has
played no important role in CRB deformation south of CLEW.
Structurally, EK is characterized on its western border (Kittitas
Valley) by a dextral array of en echelon brachyanticlines and some
flexures and smaller faults which extend as far north as the
western end of the Eocene Chiwaukum graben (Leavenworth fault).
Its eastern border is marked by a dextral array of axial flexures





of Manastash Ridge, Saddle Mountains, and Frenchman Hills
structures, as well as some short fault segments; in the north
particularly by the steep Rock Island structure (USGS prof. papers
100, 1978); there it interferes with LC, and one strand heads NNW

into the Entiat fault (E-border of Chiwaukum graben).

Comments: Seems to be the
partly reactivated southern
continuation of Chiwaukum
graben, compare. The
eastern border coincides in
part with "Hog Ranch Butte
arc» of Mackay.

SO Shelton-Olympia . A belt of steep gravity gradient bordering on the northeast the
Shelton-Olympia high of Danes et al (1965). Crosses the southern
Puget depression into the Coast Ranges.

SC South Bend-Chehalis. An EW-trending fault belt affecting marine Mio-Pliocene and
coinciding with a pronounced gravity step that limits the
Shelton-Olympia high to the south. It joins SO east of Chehalis.
From this point eastward the situation is unclear in the Eocene
volcanics between the Cowlitz and Nisqually rivers, though an
eastward trending gravity step penetrates into the Cascades where
it joins apparently discontinuous fault zones W and S of Mount
Rainier (WR, RL, HS).

TA

WR

Tacoma

West Rainier

The Tacoma gravity step separates the Kitsap high and the Tacoma

low of Dames et al. (1965) and crosses the Puget Sound depression
from the Olympic Peninsula into the Cascades where it joints ON

and WR.

A north-trending belt of apparently discontinuous faulting that
marks the western border of the Cascades E of Tacoma.

C

lh

O

Rainier-Lost Horse Summarizes a broad belt of deformation with SE-trending faults and
folds that from S of Mt. Rainier passes through the Goat Rocks
area towards the lost Horse plateau where it joins HOOK.





HS Hood River-Skate
Mountain

A belt of N to NNW trending faults and folds joining the Hood River
graben at the Columbia River, then passing W of Mount Adams into
the faulted region SW of Mt. Rainier where it joins SC and RL.

Comments: apparently one of
the important young + NS

trending fault zones of the
Cascades.

HOOK Hood River-
Delley Hollow

Western boundary of the Yakima folds which along this trend are
deflected in a sinistral sense. NOT mapped as a continuous fault
or fault belt but obviously of great kinematic importance for
Yakima deformation.

TN Tieton-Naches A north-striking belt of discontinuous small faults that connects
HOOK (s. of Tieton Reservoir) with CLEM-ON at the Naches River.

Comments: apparently one of
the Cascadian NS trends but
of minor importance.

WJ Willapa BayWt.
Jefferson

Tygh-John Day

A belt of predominantly SE trending faults and topographic
lineaments that crosses the Willamette depression near Portland
and joins the important NS faults (SI) of the Cascades near Mt.
Jefferson. A continuation of sorts of the Brothers fracture zone
(BR) that enters SI about 70 km farther south. r

From the. Hood River graben at the Columbia River along a SE

trending, gravity step through the SE trending W-end of Tygh Ridge
towards the John Day River at about Sutton Mtn. and into the John
Day fault. Here it enters the maze of distributed faults of BR

where the somewhat arbitrary but kinematically useful HA, AW, SS,

WS are defined.
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Comments: postulated for
gravimetric and kinematic
reasons. The Blue Mountains
gravity step is interrupted



at the John Day River'gap.
From there to the NW a
NW-trending gravity step
first passes through Tygh
Ridge and then joins HS at
the Columbia River. In this
area it gets lost in the
Cascades gravity picture.
This belt has an old history
and has been reactivated
repeatedly in various ways.

JS John Day-Snake
River

On the Geological Map of the US (1974) a 100 km-wide belt of
closely spaced NW trending faults characterizes the NW end of the
Snake River depression. It virtually dies out at AW (one of the
justifications for choosing this boundary zone), and north of the
La Grande depression is continued only by the field of small
faults SE of Wallula Gap. JS is its SW border zone, as BL is its
NE one.

HB Hite-Blue Mountains Northern border zone of intensive La Grande-Baker faulting.

WW Wallula-Wal iowa A belt including the Wallula and Milton-Freewater faults.
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Table 2: Blocks of the IDOL Mosaic.

In order to better describe the kinematic and dynamic position of the Yakima block
between the North American and Pacific plates, and within its border zone (Basin and
Range province, Juan de Fuca plate), the IDOL block mosaic is defined. The block
boundaries are the lineaments and border zones defined in Table l. Except for the
Yakima block (8) and the region immediately adjacent to the north no attempt at
detailed modeling is made. They are treated in a generalized way only.

Number/S mbol Name Comments

1 SD1 Southwestern domain Contains most of the Oregon Coast Range and Cascades, and the
Basin and Range province south of BR. .Treated as a reference
domain to better define the relative kinematics of IDOL
transform mosaic.

2 AM2 Aldrich-Malh cur Dominated in the north by 'the pre-Tertiary rocks of the
Aldrich-Strawberry domain, in the south by the young
Newberry-Snake River volcanic depression. This is evidently
a complex block with a complex history; nevertheless, the
boundary zones here chosen seem to display more movement than
the interior of the block, and to set it off against the
surrounding blocks.

3 TI3

4 OW4

Turnbill-Ironside

Owyh ee

A disturbed block dominated by north-trending faults which
distinguish it from its surroundings-

At the junction of the Steens Mtn. and the Western Snake
River belts.

C

5 IB5

6 WA6

7 LB7

Idaho Batholith

Wallowa

La Grande-Bak'er NW end of western Snake River depression. Broken internally
by closely spaced NW-trending faults. Actually a submosaic
of distinctive character, except for the northwestern corner
domain N of HB which may be separated as PM7a.
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Number/S mbol Name Comments

7a PM7a

8 YA8

Pendleton-Milton-Freewater

Yakima The focus of this study. The northern half is distinctly
characterized by the Yakima folds, the so'uthern half by the
broad Blue Ridge structure with its pre-Tertiary rocks and a
gravity low characteristic of a "continental crust of normal
thickness". This is also borne out by the crustal isopachs.
Actual folding and important post-CRB folding and faulting
are virtually absent in this southern half which thus is the
stable hinterland of the Yakima folds. This is important for
kinematic-dynamic modeling. Though geologically
heterogeneous, the block is a kinematic unit for post-CRB
deformation.

9 OC9 Ochoco Relatively rigid, with only moderate internal faulting
according to the Geological Map of the U.S.

10 C010 Cowlitz Clearly heterogeneous as it straddles such separate tectonic
domains as the Cascades and the Coast Ranges. These,
however, apparently are subduction-related units of secondary
importance for transform~osaic kinematics.

ll GH11

12 OP12

13 TA13

14, 15

Grays Harbor

Olympic Peninsula

Tacoma

No name 'Small blocks within C010, accommodating deformation around
Mt. St. Helens.

C

C
lO

I

g0
16 MA16

17 MR17

Mt. Adams

Mt. Rainier



Number/S mbol Name

17a BE17a Bethel Ridge

Comments

Has probably played a somewhat separate role in the detailed
kinematics M of HOOK.

19
to
22 Small blocks that are relevant only for the detailed

kinematics northeast of CLED.

23 RI23

24 ND24

Ritzville

Northern Domain

The virtually undeformed part of CP south of LC.

Is considered firmly attached to the North American Plate.
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9.1 THE KINEMATICS OF THE IDOL BLOCK MOSAIC (FIGURE 14)

Each of the blocks defined above is treated as a rigid body
and given a translational vector Ti. To complete the
picture, each should be assigned a rotational vector also;
analysis reveals the probability of small clockwise
rotations (s. p. 18-19 and Figure 12). These, however, seem
complexly distributed, and as rotational kinematics is not
as apparent it is left out in view of its minor significance.

. The following procedure was chosen. YA8 has been studied in
some detail, and its Ti is believed the most reliable. It
was used as a starting point. The relative motions across
its boundaries were very roughly estimated as to shear,
extension, and compression. Proceeding thus from block to
block, the vector field shown in Figure 14 was constructed.
YA-8 was treated as a single rigid block in Figure 14,
whereas in Figure 14?, 15, and 16 only the subcrustal
lithosphere is assumed rigid, the crust being detached and
deformed (Yakima Ridges; see p. 38, 40).

Here are some arguments and comments about the resulting
k inematics.

YA8 is characterized by compressive ridges in its northern
half indicative of NNW translations of about 3 km,
decreasing northward as shortening is absorbed by each
succeeding ridge. For the block boundaries this has varying
complications. Along CLEW, the normal component of Ti, or
Tn, is absorbed by shortening that is periodically
relieved or redistributed by rotation (not considered
here). Along HOOK Tn was largely used to push the
adjacent block mosaic to the NW. The main effect is right
slip along ON with minor shortening across ON.

Turning to the southern boundaries of YA8, they must have
permitted transfer of Ti from the adjacent block unless
the transport dynamics was frictional coupling with
asthenospheric convection below, which looks unreasonable on
regional grounds.

Consequently, the Ti of OC9 and LB7, and probably also of
AM2, TI3 and OW4 have components in the direction of, and as
long as< Ti (YA8) (the total translation of YA8).
Furthermore, they have components of relative motion at
their boundaries (shear and convergence or divergence) which
is estimated by inspection of such maps as the Ge'ological
Map of the US (1974) or of Washington Public Power Supply
System, 1977, where available. For TJ it consists mostly of
dextral shear with probably slight convergence (Tygh Ridge),
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for AP it consists of sinistral shear with divergence in an
ENE direction. The nature of the component LB7 - YAS is
recognized along HB where most of the extensional faulting
of LB7 dies out. However, the transition from compressional
tectonics in YA8 to extensional tectonics in LB7 through the
intermediate block PM7a requires clockwise rotation of YAS,
OC9 and AM2, in addition to the translations shown in Figure
14. The southwestern boundary BF of OC9 and AM2 seems to be
one of mainly dextral shear, and Ti {SDl) permits, by
shearing along BF, the movement of both OC9 and YAS in the
required direction. The most prominent zone of boundary
divergence is across SI and HS - the essentially NS striking
graben zone of the Cascades which permits EW extension
towards the free boundary in the west (compare also Figure
14a) .

Quantitatively, all Ti's except Ti (YAS) are educated
guesses based on insufficient information. In reality the
quantities may be somewhat larger than shown in the Figure;
they need not be in order to give a consistent picture that
harmonizes with the small deformations mapped in the area.
Ti {SD1) then turns out to be directed to the NW and
nearly parallel to IDOL {or BF, WJ; ON, CLEW). IDOL is a
kind of megabreccia accommodating dextral shear of about 7
km, distributed over a zone 200 - 400 km wide, or an average
shear strain gamma of about 0.02.

As to the average clockwise rotation of YAS and LB7 around a
pivot at the northern tip of YAS, it turns out to be no more
than 1/2 degree, corresponding to an extension of 2 km in .
the northern part of LB7.

The reliability of this attempt at embedding Yakima
deformation in the kinematics of a surrounding block mosaic
depends on several assumptions which need further study.
One difficulty, not sufficiently dealt with, is the
3-dimensional relation between lithospheric and crustal
kinematics, compare Figures 14a, 15, and 16.

In Figure 14a this problem is illustrated. According to
Figure 16 the master shear of the Yakima folds descends into
the deeper lithosphere under the Blue Mountains: this would
be the proper location of the northern lithospheric block
boundary for Yakima deformation proper. North of it, and
disharmoniously underlying the Yakima folds, is another
lithospheric block YA-8a, whose NE boundary is CLEW.

The strike of the Yakima ridges gives the direction of
relative motion YA-8/YA-Sa, but does not contain information
on lithospheric motion along CLEW. Assuming on Figure 16f,g
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that part of the surface deformation measured in the Yakima
gorge is the surficial expression (flower structure) of
lithospheric motion along CLEW, th'e transport vector Ti
(YA-8) of Figure 14 may be reinterpreted and modified as
composed of two lithospheric vectors Ti (YA-8) and Ti
(YA-8a). A modest amount of lithospheric motion parallel to

CLEW has been added, which would be insufficient to produce
conspicuous transcurrent faults at the surface, being hidden
in the overall en echelon fold belt.
The vector field of the block mosaic may then be adjusted to
the new Ti (YA-8) (total), Figure 14a. A considerable
extension (pull-apart) results across HOOK and WR-HS.

10.1 DYNAMICS OF A-BLOCK MOSAIC

Boundary stresses and resulting relative block movements are
sensitive to overall boundary conditions which change with
time. A complexly wobbling movement is induced which is
typical for smaller-scale fault breccias: they often exhibit
superposed striations of diverging directions and, in
limestones, stylolites and extension cracks that also vary
with place and time. Inasmuch as most of CRB deformation
seems to have occurred. within a small time interval relative
to the total and still active B & R movements it is not easy
to place it exactly within developmental history of the
B G R. For example, the Picture Gorge dykes and associated
extensional features reveal a kinematic and dynamic pattern
of early B 6 R tectonics that differed greatly from that of
CRB deformation (compare also Eaton, 1979), whereas
present-day tectonics as revealed by earthquake
distributions and focal mechanisms are different again: a
present-day pivot seems to be in the Yellowstone-Helena
region. However, earlier block mosaics are never entirely
discarded as inherited distributions of material properties
always influence stress and strength distributions, and
consequently the distribution of potential faulting, to some
extent.

Block boundaries tend to interfere with each other during
motion, which results in inactivation of old and activation
of new boundaries. However, some composite zones of
movement by addition of small branch faults that help to
overcome local obstacles, may develop some sort of strain
softning.
11.1 MAPS OF KINEMATIC DEVELOPMENT IN 8 STAGES (FIGURE 15)

(Compare the cross-sectional development, Figure 16, and the
block mosaic IDOL, Figures 14 and 14a).
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11.1.1 INITIALMOVEMENTS AT THE BOUNDARIES OF YAKIMA
BLOCK YA-8

Stage 1: CLEW

Between the stress concentrators of the La Grande Gap in the
sou theas t (apex o f block near Wallula Gap) and o f the
Kachess-Naches area (bend in the Paleogene Straight Creek
fault system near Cle Elum) the CLEW lineament in the CR
basalts is nucleated. It initially consisted of broad and
gentle dextral en echelon brachyanticlines (short folds)
similar to those shown by Hardin and Lowell {1979, Figure
SA). This belt has a width of 30 - 40 km and represents the
base of an inverted triangle of deformation that converges
downward, with an apex at a depth of 15 - 20 km {wedge
boundaries at 45'or simplicity, compare Figure 5). This
point coincides with a mechanically weak zone, or a
mechanical discontinuity, near the base of the crust. If
interpreted according to the Riedel model (compare p. 6-8)'f en echelon belts, the discontinuity marks the level of
disharmony between a more concentrated wrench fault in a
comparatively competent lithosphere slab below and the
distributed {diffuse) deformation in the crust above.

I

The amount of dextral motion in this initial stage was
minute {"incipient" to "early stage wrench fault," Harding
and Lowell, 1979, Figure 5): a fraction of the measurable
total deformation across CLEW, which is not more than 2 km.
Due to this initial break across the Columbia Plateau crust
and lithosphere, a mechanical discontinuity (boundary) is
created which had not necessarily existed before (it cuts
across gravity trends and crustal isopachs) of probably
Eocene age, see p. 47-48; there is'a possibility, however,
of an Oligocene Kachess-Naches-Blue Mountains system that
had also followed CLEW. Because of the small displacement,
this boundary represents no insurmountable obstacle althoughit makes itself felt during subsequent deformation.

There are various reasons for postulating such an initial
break along CLEW, the foremost being that the Yakima foldsall terminate against, or are deflected, or otherwise
influenced by CLEW which thus must have an earlier origin.
A further argument though less cogent is based on the fact
that the Yakima block is part of a lithospheric block mosaic
(IDOL) At the northern end of the Basin-Range block mosaic,
which affects the entire lithosphere. The boundaries of the
lithospheric block YA-8, and particularly CLEW and HOOK,
were subject to forces exerted by all the surrounding blocks
of the mosaic. Crustal decollement on the other hand, is
obviously due to driving forces only at the southern

2. 5-0-3 3





WNP -2 AMENDMENT NO. 18
August 1981

boundary, the other boundaries playing the role of passive
constraints. It would therefore seem reasonable to assume
an early development of the lithospheric block boundaries
and their obstruction soon after initial motion, probably at
the northern tip of the block; this, in turn, increased
internal NNW compression to the point of yielding along the
weak layer at the base of the crust.
11.1.2 INTERNAL DEFORMATION OF THE YAKIMA BLOCK YA«S

As convergent dextral strike-slip motion along CLEW is
increasingly obstructed by interference of other faults (for
instance HOOK), 6N and 6E (the N and E trending
horizontal principal stresses) increase, the latter
surpassing 6y (the vertical principal stress) , in
magnitude; this is a situation that develops into a
thrusting instability at a higher stress level.
The kinematic and dynamic theory thus presented is; first,
formation of the Yakima lithospheric block boundaries, and
second, internal deformation of the Yakima block at higher
stress levels.
The sequence of events during this second internal
compressional deformation is depicted in stages 2 - 8.
Deformation is assumed to begin in the south and propagate
northward for various reasons (compare Figure 16):

1. The most important factor in the sequence of events
described below is that the Blue Mountains part of
the Ya k ima block seems to have been the most
stable. This correlates with a change in crustal
composition according to geophysics (compare
Figures 13 and 17), the material interpretation of
which is offered on p. 44-46. It probably acts as
an indenter type stress concentrator in the map
view as well as in the cross-section view (Figure
16); the northward tapering thick crustal wedge is
pressed against the CP crust with its presumably
weak base. It would appear reasonable to assume
that stresses were highest in the south, and there
caused the first thrust fault to form.

2. Yakima folds have a tendency to be convex to the
north which again suggests they were formed by
indentation-type deformation propagating from the
south.
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3. Inactivation o f CLEW-OWL calls for activation o f
breaks, permitting block movements towards the free
Juan de Fuca plate boundary farther south (compare
Figure 14a) .

4. The individual Yakima folds seem to emanate from
the brachyanticlines of CLEW, and thus to be
related to the same mechanical discontinuity, a
decollement level at 15 - 20 km depth. Slip area
on this decollement layer increases for northerly
structures which thus should be more stable and be
initiated only after inactivation of the more
southerly ones.

Spacing of the Yakima folds, except for Yakima=Ridge
anticline, is surprisingly regular (25 - 30 km), and this
regularity requires an explanation. There are several
possibilities or combinations of possible factors, but the
most plausible at this time seems their apparent
relationship with the broad brachyanticlines of CLEW. It is
therefore proposed that as decollement instability at the
base o f the crus t .spread to the nor th, the pre-existing,
periodically arranged brachyanticlines on CLEW, compare
Harding and Lowell (197 9, Figur e 5) and Wilcox e t .al.,
(1973, Figure ll), or rather the corresponding deep faults
(compare Figure 5), were stress concentrators on the
decollement surface from which thrusting spr'ead sideways
(similar pre-existing features on HOOK are not evident).
The relationship of surface folds and decollement surface is
shown in Figures 15 and 16.

Stage 2: Columbia Hills Anticline.

The thrust emanating from the base of the Blue Mountains
crust compare profiles Figure 16 surfaces almost directly,
without significant decollement, at the Columbia Hills
fold. The crustal wedge above the thrust is segmented into
sub-blocks, indications of which appear on the tectonic
maps, but they are even more striking on detailed
topographic and gravity maps which correlate in many ways.
The structurally lowest sub-blocks are the Dalles and
Umatilla sub-blocks. They are separated by the high
Condon-Wasco sub-block which occupies a position immediately
north of the John Day River gap in the Blue Mountains
gravity structure. The Bouguer anomaly gradient forms a
belt along the northern foot of the Blue Mountains beginning
south of Wallula Gap (at La Grande Gap), and extending WSW

to the John Day River. There it becomes irregular, but
reforms as a belt again after a short interval, this time
striking NW, and is displaced at Tygh Ridge. These
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relations, not analysed in greater detail, suggest slightly
increased NNW movement west of the Umatilla sub-block, with
increased shortening of the Columbia Hills fold (which north
of the Umatilla sub-block has only minor shortening) .

The average trend of the Yakima structures, generally, and
the Columbia Hills anticline, in particular, demonstrate
that the direction of principal shortening was to the NNW.
The gravity gradient in the Blue Mountains proper, east of
the John Day River, is reasonably parallel to this direction
and suggests a cross section as shown in Figure 16. This
does not hold for the gradient west of the river, and here a
certain amount of dextral strike-slip along with compression
should be expected. Tectonic behavior should accordingly be
more complex, and this is manifested by the Tygh Ridge
structure, which is nested within a kink of the pronounced
gravity gradient belt, and faces south: although a
compressive structure should be formed at this kink, no
simple thrusting relation with deep crustal structure is
obvious.

The NW trending gravity belt intersects the anomalies due to
the Cascades volcanoes, but structurally seems to end at the

'Hood River graben. The latest fault movements within the
graben seem to be younger than the Yakima folds, but as the
gravity belts and the HOOK lineament. emanating from it to
the northeast have strongly influenced the Yakima folds,
they must in some way have existed from the very beginning
of Yakima deformation.

The Columbia Hills structure is strikingly segmented by
cross-structures, particularly in the west. The narrow
width of the fold in the Columbia River gorge north of the
Dalles calls for a limited amount of shallow decollement
approximately at the base of the basalts as shown in the
cross section Figure 16. The dextral displacement of some
of the sequences shown, for example, by Newcomb (1970) is
thought to be due to later movements affecting the western
corner of the Yakima block and is not shown at this stage.
However, the changes of vergence NE of the Dalles must be a
primary, though local, dextral feature. The sinistral
apparent displacement near Goldendale is not understood in
detail but lies on a sinistral lineament (Horse Thief Point
— Goldendale Lineament, or HOG), which has affected all the
Yakima ridges in various ways, though less severely than
CLEW or HOOK. lt seems that this cross-structure is also an
early feature, possibly a sub-block boundary associated with
W (NW) stretching (see Figure.14a) .
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It has been mentioned that the sub-blocks of this stage of
movement are reflected in the gravity picture which because
of the minute amount of movement (about 500 m north of the
Dalles, at most 200 m north of Umatilla) must be an
inherited feature: it probably influenced the position and
shape of the thrust,and consequently the deformation of the
hanging wall block.

Considerable irregularities affect the Yakima ridges where
they enter CLEW, and this is certainly true for the Columbia
Hills fold. At Sillusi Butte, near Umatilla, a S-striking
fault, associated with folds, trends toward the, Blue
Mountains though its fate there is unknown. East of it, the
fold seems to split up and also increase its compression.
Apparently the easternmost part of the slipped domain, like
the Western- half, moved a little farther than the Umatilla
sub-block.

The increased complexity of CLEW is understandable in view
of the pre-existing complications along CLEW.

F

Stage 3: The Horse Heaven Hills Structure

The Columbia Hills structure was inactivated at a modest
level of development; instead the base-crust decollement
spread to the north, and a new crustal thrust was nucleated
at CLEW and propagated to the WSW. The reasons for this
development are open to speculation, and some pertinent
conjectures are offered on p. 33.

The hanging wall, or upper plate, of the Horse Heaven Hills
thrust again shows subdivision into subblocks which are
particularly evident on the topographic maps where domains
of different shape and drainage character may be
distinguished. However, no sharp fault boundaries have been
mapped.

The most prominent irregularities are found: 1) on CLEW, 2)
on HOG (or north of the Waco-Condon-subblock of stage 2),
and 3) on HOOK.

Stage 4: Toppenish Ridge

Again the Horse Heaven Hills thrust was inactivated af ter a
displacement of no more than 300 m - barely sufficient to
make a dent in the gravity picture - and decollement spread
another 30 km to the north. Nucleation of Toppenish Ridge
on CLEW is somewhat less plausible because HOG here
interferes with CLEW, and Toppenish Ridge proper disappears
east of HOG to be replaced, after a sinistral offset, by
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Snipe Mountain which somehow deteriorates in the wide bulge
of CLEW south of the Rattlesnake Hills structure. The
corresponding modest compression of no more than 300 m is
here somehow absorbed by a distributed network of minute
displacements, but is concentrated again to some degree at
the small but pronounced faulted fold trending to the NW ~

from the NW corner of the Horse Heaven Hills structure.
Stage 5 Rattlesnake Hills Structure

As the front of crustal decollement approaches the apex of
Yakima block, the influence of CLEW and HOOK becomes
dominant and a pronouncedly arcuate ridge containing
numerous irregularities results. There are multiple
subparallel SW-striking features that accompany the western
part of Athanum Ridge, which is the western part of the
Rattlesnake Hills structure.
At Union Gap the structure enters CLEW. Concomitantly to
being superposed on a CLEW bulge, it splits up into a number
of substructures. These become extremely entangled where .

they interfere with HOG in addition to CLEW. There seems to
be some question as to how much landsliding affects the
northeastern corner of Rattlesnake Hill structure but most
of the irregularities seem to be structural. Although the
apparent displacement along HOG is dextral, the en echelon
wrinkles and apparent drag in'the Rattlesnake Hills
structure immediately west of HOG are sinistral. As the
Rattlesnake Hills structure, like other Yakima folds, are
strongly influenced by HOG, this latter must have formed at
an earlier stage in this area too. All offsets and drags
are apparent as the structure developed irregularities from
the very beginning. However, there may have been some
slight sinistral movement along HOG which is the most
prominent subblock boundary.

The Rattlesnake Hills-Wallula Gap (RAW) trend of
brachyanticlines and concomitant small faults was superposed
on CLEW, which it roughly parallels, at this stage. It is
more external than the eastern borders of Toppenish-Horse
Heaven Hills stages which fits into a picture of an
expanding area of decollement slip. The narrow
brachyanticlines are rooted at a shallow level, and there
probably is a more concentrated fault structure below the
Yakima basalt. It presumably has a limited strike slip and
negligible dip-slip displacement. On the other hand, as the
whole structure is rooted at a deeper level, the base-crust
decollement, reactivation, and accentuation of the broad
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CLEW warps occurred simultaneously, resulting in the
superposition of the narrow RAW on an accentuated, broad
CLEW segment.

Stage 6: Yakima Ridge

Yakima Ridge is virtually superposed along its entire length
on HOOK and CLEW. Cowiche Mountain-Sedge Ridge on HOOK
strikes SW and is immediately adjacent to the west end of
Ahtanum Ridge, separated only by a very straight feature
along the South Fork of Ahtanum Creek. Yakima Ridge isfirst interfered with by an appendage of CLEW at the
southeast trending east end of Cowiche Mountain. East of
Yakima, the ridge enters the main CLEW bulge, enhancing CLEW
and breaking it into weakly defined sub-blocks. The east
end of Yakima Ridge splits,up into a series of
east-plunging, narrow en echelon ridges. There is no
pronounced obvious eastern border of the slipped area as
there is for Rattlesnake Hills, and it seems likely that the
eastern border is a broadly distributed zone of deformation
further heightening the CLEW warps and possibly becoming in
places more concentrated on joining RAW. On the other hand,it is abundantly clear for this stage as well as the
following ones that there is a lack of compression across
the lateral boundaries {compare p. 18 and 19). For the CLEW
slight clockwise rotation has probably reduced compression,
but this rotation increases compression on HOOK unless
blocks M,-16 and MR-17 simultaneously move away to the NW
(Figure 14a) .

Stage 7: Umtanum Ridge

At this stage decollement begins to transgress the borders
of the Yakima block. Most of it is still limited by CLEW;
however, the easternmost part - Gable Mountain-Gable Butte-
now affects a small domain NE of CLEW (22 in Figure 14).
The eastern edge of the area of decollement is not bounded
by an observable structure, and it is assumed that a zone of
distributed dextral shear joins the east end of Gable
Mountain with CLEW (compare p. 43 and following).
Umtanum Ridge, affected by several vicissitudes, follows
CLEW to the northwest beyond the HOOK-CLEW join; it
transgresses the borders of Yakima block also in the same
direction. It is uncertain how much of this movement now
again follows OWL {ON; compare Figure 14); it is possible
that at least some of it is bounded on the west by a vague
NS-lineament (NI in Figure 14), with a small amount of
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extension o f the decollement beyond HOOK (17a in Figure 14),
similar to the small amount of extension (22) beyond CLEW in
the Gable Mountain area.

Southeast of priest Rapids, Umtanum Ridge interferes with
HOG where it leaves CLEW. It seems likely that the Umtanum
Ridge feature splits up there, one (reduced) part continuing
into the Gable Mountain branch, and the other poorly defined
part following CLEW to the southeast. One reason for this
assumption is the apparent decrease in shortening across
Gable Mountain; another reason is the apparent divergence of
movement between the Yakima block and the Gable Mountain
subblock. This divergence is obvious regionally and may be
due to the fact that the component of Ti (YA-8) normal to
CLEW (directed NE) was more important in pushing blocks
18-22 than the total transport vector. This in turn implies
simultaneous dextral shearing along CLEW. Stages 8 and
following would than not be kinematically independent of
State 7.

S tage 7a: Umtanum-Manastash

Umtanum and Manastash Ridges are closely associated and in
some places are not easily distinguished as separate
kinematic units. Both units are therefore treated
simultaneously in Figure 15. Manastash Ridge does not
appear to cross the Columbia River, instead joining Umtanum
Ridge in some way at Priest Rapids. At the northwest end,
northwest of Wenas Valley, it has not been possible to
separate the Manastash, Umtanum and Cleman Mountain features.

Using this information it would appear that decollement
affected all these structures nearly simultaneously, but in
a highly uneven way because of the pre-existing
irregularities of CLEW, which here interferes with HOOK and
HOG. Another possibly important interference is that of
CLEW with the East Kittitas belt of Bouguer gravity gradient
(EK of Figure 14, see also Figure 24), suggesting crustal
inhomogeneities.

II

This is the most concentrated belt of shortening. It has an
estimated 1.5 km of shortening in the Yakima gorge section
which is about'the same as all the other Yakima ridges taken
together. This shortening, according to recent mapping,
decreases both towards the Priest Rapids section in the
southeast and the Cle Elum section in the northwest. In
fact, the first impression is that it is concentrated around
the northern tip of the Yakima block. This would require
that the Yakima block, at this stage, was further pushed to
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the nor th, creating a comparatively s trong frontal
shortening, but simultaneously avoiding corresponding
shortening at its lateral boundaries (see. p. 38) .

Stage 8: Saddle Mountain

The Saddle Mountain stage expands the area of decollement
farther beyond CLEW to incorporate particularly domains 19
and 21 of Figure 14. While the situation on both sides of
the Columbia river gorge is quite clear and measurable
shortening is about 230 m (see p. 17). complications are
manifest in the East Kittitas zone (EK of Figure 14) in the
W and WM (Figure 14) in the E. Distributed dextral shearing
is implied in both WM and EK, accentuated in the latter by a
series of dextral en echelon brachyanticlines (see p. 17).

A part of the Stage 8 movements to enter the Wenatchee
Mountains, beyond the simplified domain shown in Figure 16.
At Boylston, one of the branch ridges is deflected to the SW

and this is taken to suggest a quantitatively insignificant
branch of Stage 8 motion that joins HOOK via SE end of
Cleman Mountain.

Further stages of propagation of decollement to the N could
be added (see Figure 14a) but they are insignificant
kinematically. However, according to the model they are the
youngest and may therefore be the seismically most active
ones today.

11.1.3 SUMMARY OF IMPORTANT POINTS IN THE MAP-VIEW
KINEMATICS OF THE COLUMBIA PLATEAU

1. Distribution of com ression:

Distribution of shortening away from some
comparatively rigid indenter is commonplace in
tectonics. On a small scale, I have investigated
the phenomenon in the Jura (Laubscher, 1980). On a
continental scale compare Molnar 6 Tapponnier

'1975).Shortening was comparatively concentrated
at the tip of block YA-8a during Stage 7-7a ("Wymer
Knot" ) .

2. Lateral extenstion:

At no stage compression at the lateral boundaries
is commensurate with NNW translation. This implies
lateral stretching.
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3. Clockwise rotations:
Particularly Stages 6 and 7 show a decrease of
shortening eastward, implying a slight clockwise
rotation.

12 1 DEVELOPMENT OF THE YAKIMA FOLD SYSTEM@ CORSS SECTIONS
(FIGURE 16 )

Mapped deformation, the Bouguer gravity map and the regional
crustal isopachs (Smith, 1978) are combined for a schematic
model of deep deformation (for the development of mechanical
conditions at depth see p. 51) .

Mapped deformation suggests three levels of localized to
regional decollement and decoupling which are supposed to be
connected by ramps. Gravity and crustal isopachs in turn
suggest these to be:

l. The base of lithosphere (sub-Moho velocities here
8.1), perhaps at 50 - 60 km depth. The thickness
of the lithosphere may here be somewhat reduced
because of the particular setting of CP in a domain
of Eocene to Miocene extension.

2. The basal part of CP crust, appx. 20 km. The
mantle V of 8.1 km/sec suggests peridotite and
at a dep h of 20 km this could be serpentinized.
With a thermal gradient of 25'/km, the rocks at a
depth of 20 km would be in the transition zone
serpentinite-peridotite plus water where frictional
heat, e.g., could produce a layer of high pore
pressure propagating with decollement.

3. The Yakima ridges are relatively narrow wrinkles
superposed on wider pedestals due to decollement on
the second level. The ridges imply localized
decollement at depths of 1 - 3 km, probably at the
base of the Yakima sequence which is a mechanical
discontinuity. Below this discontinuity strata
were deformed and broken before the basalts were
extruded (p. 48-49); above the discontinuity there
is a layered sequence of alternating competent and
incompetent, beds of surprising regularity.

Stage 1:

The Yakima block moves as a lithospheric plate, probably
part of a primary IDOL'Figure 14) . The underlying
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reasoning is presented on p. 32-34. Some aspects of this
stage that are particularly relevant for the cross-section
are:

zones of dextral shear with a compressional component
(dextral-convergent boundaries) commonly develop broad
en echelon folds in a deformable layer before faults of
noticeable size break to the surface.

the broad en echelon folds that compose CLEW may be
correlated with concentrated dextral shear below 20 km,
which would be in the lithosphere.

Consequently, CLEW in this first stage is represented as a
"flower structure" typical for en echelon folds (see
Figure 5 and Harding a Lowell, 1979): a lithospheric stem
(fault) which in the crust branches out into a broad zone of
deformation. The branch faults are small and tend to
dissipate towards the surface, thus producing broad,
apparently unfaulted brachyanticlines.

Stage 2:

The compressive stress level inside the block increases to
the breaking point. It is higher in the south towards the
active plate boundary. The thicker Blue Mountain crust is
stronger than the Yakima crust to the north; the first break
therefore emerges as a 30 degrees Mohr-type shear from the
northern base of the Blue Mountain crust, probably with a
slight amount of decollement at levels 2 and 3. The
justification for such a Mohr-type shear is taken from the
COCORP results in the Wind River structure (Smithson et al.,
1979), and the polygonal shape of the shear surface as a
combination of Mohr (ramp) and decollement segments is
documented from many parts of the world, e.g., Rich (1934),
Rodgers (1949), Charlesworth (1961), Bally et al., (1966),
Royse et al., {1975), Roeder and Witherspoon (1978),
Laubscher (1973) . For nucleation of kink-type near-surface
folds see Thompson (1978), Laubscher (1977) (Figure 8 of
this report) .

Stage 3:

Activation of level-2 decollement proceeds to produce the
Horse Heaven fold. The question of why the Columbia Hills
fold was inactivated in favor of the more distant Horse
Heaven fold is delicate: active and resisting forces on the
whole boundary of a potential shearing surface play a role,
and as faulting proceeds at a finite velocity, the scenario
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is one of three-dimensionally competing rate processes with
changing alliances. The tectonic picture suggests the
following general reasons:

near-surface deformation is highly frictional in
kink-,like folds beyond moderate widths and dips.
Thrusts which may be lubricated at depth e.g. by pore
pressure are resisted by dry friction at the surface.

the base-crust decollement should be nearly
frictionless if it is to succeed over surface
deformation of very modest amounts. The
de-serpentinization process as envisaged would fit.
localized activation of the base-crust decollement zone
is already present all along CLEW as suggested by the
brachyanticlines. It has a tendency to spread
laterally into the Yakima block, there to combine with
the northward spreading decollement surface at the base
of the crust. Within this mechanism also lies the most
plausible explanation for the periodicity and location
of the Yakima folds: they are localized by the
pre-existing, periodic en echelon folds of CLEW that
propagated laterally on top of the nascent base-crust
decollement.

For Stages 4 and 5 the same explanation holds.

At stage 6 decollement and folding approaches the north tip
of the Yakima- block.. Here the periodicity breaks down
because of the proximity of the block boundary whose
influence on the tectonics of the Yakima Ridge is documented
by surface mapping.

Stage 7:
0

Although CLEW is a pre-existing boundary slightly impeding
further propagation of base-crust decollement, it is a weak
obstacle for two reasons:

Neither geology nor gravity nor crustal isopachs imply
any important change of crustal structure across CLEW.
For that reason, it was inferred that CLEW is probably
not a discontinuity inherited from pre-Oligocene -times
but rather a newly formed break connecting distant
inherited stress concentrators. Although its formation
preceded actual Yakima folding it did so by a
geologically minute time interval. A first weak
discontinuity may have been formed during the Oligocene
Kachess-Naches-Blue Mountains compressional phase (see
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Figure 1{a) and p. 32) . However, its main development
as part of the IDOL system is probably due to Stage 1
of late Miocene Yakima tectonics.
The base of CP crust is a potential decollement horizon
beyond CLEW and was interrupted by a very small amount
on CLEW.

Stage 7 represents all the beyond-CLEW stages such as Gable
Mountain-Gable Butte, Saddle Mountain, Frenchman Hills, etc.
Near the northern end of the particular cross-section
chosen, CLEW approaches the northern border of the Yakima
basalts and, simultaneously, the domain of thin CP crust.
Further northward spreading of decollement is severely
restricted.
The North Kittitas flexure {shown on Figure 15, Stage 8)
may, in a way, be similar to the Blue Mountains: a
deformation due to the end of crustal decollement. I have
symbolically represented it as an underthrust wedge common
at the front of decollement plates {Habicht, 1944;
Laubscher, 1977; Thompson, 1981; Pr ice, 1981) .

13.1 THE DEVELOPMENT OF,. CRUSTAL STRUCTURE IN THE CP AND ITS
INFLUENCE ON THE DYNAMICS OF YAKIMA DEFORMATION AT
DEEP LEVELS

13. l. 1 A COMPLETE DEFORMATIONAL SYSTEM CAN BE MODELED, EVEN
SCHEMATICALLY, ONLY IF VARIATION WITH DEPTH IS
INCLUDED

Information placing some constraints on deep structure is
contained;

1. in the aspect of surf icial structure as explained
on p. 12 and following and p. 40-41.

2. in geophysical information on present-day
distribution of some rock properties, particularly
gravity, seismology, and geothermics.

3. in overall structural history that gives some
rationale for placing present crustal structure
into a historical perspective, permitting an
educated guess about crustal structure at the time
o f Yakima deformation.
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13.1.2 PRESENT-DAY CRUSTAL STRUCTURE IMPLIED BY THE
GEOPHYSICAL DATA (COMPARE FIGURES 13, 17)

Seismic data

Smith (1978) and Hill (1978) compiled and reviewed
much of the seismic information presently
available. Directly pertinent for the CP are
Figure 7.6 — 7.10 of Hill and Figures 6.2 and 6.3
of Smith.

P

Figure 6.2 of Smith (compare Figure 13 of this
report) shows a crustal thickness of less than 25
km for much of the Columbia Plateau; a corridor of
thin crust across the Columbia River structural low
in the Cascades, a comparatively steep gradient to
a thickness of up to 40 km in the Blue Mountains,
and a southeast plunging nose of thick crust (up to
more than 50 km) continuing from Vancouver Island
across the Juan de Fuca strait and Puget Sound into
the Cascades (this particular feature has been
challenged by Riddihough, 1979)'., This picture must
be greatly generalized in view of structural and
gravity data, but nevertheless it correlates in a
striking if overall way with CP tectonics.

Figure 6.3 of Smith shows that the minimum crustal
thickness of the CP coincides with a V~ maximum
of 8.1 for the Moho. This in turn implies a
comparatively cool upper lithosphere, which
correlates with a relative heat flow minimum in the
area (Blackwell, 1978; compare p. 49) .

Figure 7.6 of Hill gives Vp and earthquake-
frequency data for the Puget Sound region which
according to Smith's Figure 6.2 is on the 40 km
isopach of the Vancouver Island nose. An
earthquake frequency minimum at an intermediate
depth of about 15 km at a level of lower crustal
velocities (6.7 km/sec), and an almost complete
cut-off at 30 - 40 km are remarkable. A low-
velocity channel't the base of the crust is
another feature of possible importance for crustal
mechanics in this area.

Although most of the earthquakes occur, above 40 km,
some earthquakes, including the largest ones, occur
to depths of 80 km, in contrast to shallow-focal
depths elsewhere in the conterminous US. No clear
relation to structures is reported, but it seems
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plausible that they correlate with the Vancouver
Island crustal nose. However, the structure of
Figure 7.6 is not undisputed because it is based on
an assumption of plane layers whereas gravity data
(Danes and others, 1965; Weston Geophysical, 1979)
implies strong lateral variations.
Figure 7.7 of Hill (compare Figure 20 of this
report) shows the crustal structure below the
central CP (Pasco basin) with, in the center, an
upper 10 km layer of 5.2 km/sec (probably sediments
and volcanics), then 15 km of Gd km/sec, which is a
"granitic velocity", including granitic gneisses.
This is the crystalline part of the continental
crust, commonly above 30 km thick, here reduced to
about 1/2 by a process discussed on p. 49.

In the absence of direct. information we may
assimilate crustal structure in the Blue Mountains
to that given for the western Snake River plain.
Figure 17 emphasizes the dramatic changes in
crustal composition occurring on the boundaries of
the Columbia Plateau.

Gravity structure
(New Bouguer anomaly map by Weston Geophysical,
1979) .

The extent of the seismically defined CP concides
approximately with the domain of moderately
negative Bouguer (1. t. -90 mgal) anomalies which in
turn approximately coincide with low elevation (and
therefore suggest isostatic compensation) . The
western border zone along HOOK and the Wymer apex
of the Yakima block have Bouguer anomalies as low
as -100 mgal with an undulating band of steep
gradient. Other striking steep gradient belts are
along the north slope of the Blue Mountains and,
west of the John Day River gap, along the Tygh
border - all of which mark zones that seem to have
been important for Yakima deformation.

The interior of CP is segmented by a series of more
or less pronounced belts of steep gravity
gradient. The most striking are the + NS trending
belts between the Kittitas depression and the
Columbia River (EK of Figure 14), and farther east
between Wallula Gap and Moses Lake (WM of Figure
14) . They abut against an EW trending belt ending
in the west around Wenatchee (LC of Figure 14) .
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Superposed on these conspicuous features are less
pronounced structures, particularly one trending
from the Walla Walla belt east of Wallula Gap,
towards the Rattlesnake Hills. This coincides with
the RAN part of CLEW.

A somewhat more diffused and patchy belt may be
recognized in the NW part of CLEW. Superposed on
all these features are weak irregularities which
generally produce weak wrinkles in the contours and
which coincide with the Yakima ridges - they may
even be due to correction techniques — and
demonstrate the shallow character and
insignificance of these ridges in comparison with
total crustal structure.
From these gravity data it would appear that
crustal structure tends to change in a stepwise
fashion, rather than gradually, from the Central
Pasco basin towards the surrounding highlands, a
feature reminiscent of foundered crustal blocks
with a central deep graben and corresponding
crustal thinning ~ (Figure 20; compare Ziegler, 1977,
Figure 7, Ramberg and Smithson, 1971, Figure 6).
This feature evidently must have developed prior to
CRB outpour and most plausibly during the climactic
volanic activity in the Eocene (Armstrong, 1978).
(Although even older crustal inhomogeneities are
implied in the Paleozoic-Mesozoic history of the
area, Davis, 1977) .

Assigning seismic velocities to rock'ypes is not
unique but a plausible picture emerges
nonetheless. It may be conjectured that, the 5.2
km/sec layer is a volcanic-sedimentary fill in a
subsiding graben, and thus is most probably of
Eocene age. The Pasco graben strikes north and
points to the Republic graben although interrupted
and shallowed by the EW striking 'Wenatchee step
(LC) . The gravity correlation to structure is
somewhat confused not only by the superposition of
structures of probably different origin but also by
the opposing effects of thickened CRB in the Pasco
Basin (positive), thick graben fill (negative) and
shallow M (positive) in the graben areas, and will
have to be quantitatively modeled for greater
certainty (compare the note on p. 50).
Some of the cross-structures modifying or
terminating the crustal pull-apart such as the Blue
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Ridge or the Wenatchee belt {LC) may have played
the role of transform-fault zones bounding and
displacing the intra-arc (back-arc?) spreading.
Compare this Eocene situation north of the Blue
Mountains with the Neogene situation (B a R) south
of the Blue Mountains (Pasco Basin similar to Rio
Grande Rift; also compare the suggested transform
zones with the transform zones of =Lawrence, 1976
and Eaton, 1979).

Cenozoic Qeolo ic Histor of the Pacific NW and
Crustal Deve o ment

The particular crustal structure of the CP, settingit apart from other domains of the North American
Cordillera, apparently began in the late Cretaceous
(Coney, 1978, page 42). The complex and puzzling
set of information that has been published about
the Pacific Northwest has engendered a number of
sometimes complementary, sometimes conflicting
syntheses. In evaluating them I start from the
Columbia Plateau and its surroundings, and the vast
amounts of detailed information amassed in NPPSS
Amendment 23 to the WNP 1/4 PSAR.

A very recent synthesis by Hammond {1979) bears
greatly on the problems discussed here. The gist
of his thesis is that a Coast Range - Klamath
Mountains block (with the Cascade volcanic arc on
its back) rifted from the continent along the
Olympic-Wallowa Lineament (OWL) and rotated about a
pivot in the Olympic Mountains) . This rotation
supposedly took place between 50 and 15 my bp.
Such a large-scale rotation was postulated by
Simpson and Cox {1977) on paleomagnetic grounds in
the southwestern part of this block, but Beck and
Burr (1979) found paleomagnetic evidence for much
more modest dextral rotation in the Washington
coast ranges and they doubted the rigid rotation
postulated by Hammond and Simpson and Cox.

Geological and geophysical evidence in the CP andits surroundings are hard to reconcile with
Hammond's rotation. Upper Cretaceous-Eocene
continental sedimentation occurred in extensional
grabens in pre-Tertiary metamorphic and igneous
complexes. These grabens converge towards the N
end of the Pasco Basin and have no relation with
OWL except at the southwest border of what here is
called the Roslyn graben, formed by the Lake
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Kachess-Hicks Butte fault system (subsequently
compressed in the Naches-Blue Mountains stage not
much more than 20 my ago). The Swauk Formation
does not transgress this boundary according to
recent mapping by Clayton and Miller (1977).
Though the environment of sedimentation has been
described as a "forearc basin" (Hammond, 1979, page
231), the plate tectonic framework of that time

,interval is not easily defined in such terms.

This is evident from work of Armstrong (1978) and
Coney (1978). Volcanism of that time, the "Challis
episode" of Armstrong (see his Figure 12-3) occurs
in a belt several hundred kilometers wide, east of
the Columbia Plateau. If this wide belt of
volcanism is considered an arc, then the grabens
north of the Columbia Plateau are intra-arc to
back-arc.'rmstrong implies that the grabens had
once been continuous into the volcanic fields of
Idaho, but are now covered by the CR basalts.

Coney (1978, p. 42 and following) provides a plate
tectonic frame for this peculiar distributed
volcanism. He states that "the simple pattern of a
well-defined volcano-plutonic belt of arc affinity
along the Pacific margin began to break up in Late
Cretaceous time, about the same time that the
initial effects of the Laramide orogeny began in
the Rocky Mountains foreland" (p. 42). To me this
seems a very important tectonic. fact: the regional
tectonic'(and thermo-volcanic) activity was in a
state of reorganization during this stage. The
prominent event is the development of the Laramide
Rocky Mountains, and the grabens of the Columbia
Plateau region are in the hinterland of the north
end of this eastwards bulging arc. The Late
Cretaceous was generally quiet in the Pacific NW,
but there was a violent burst of igneous activity
in the Eocene.

This general plate tectonic picture harmonizes
better with the geological and geophysical
information in the CP and its surroundings.
Crustal isopachs (Smith, 1978) and detailed gravity
(Weston, 1979) fail to support the notion that OWL

is the locus of a fundamental change of crustal
composition. Although thinning, the crust

steep gravity gradient predominantly trend NW and
EW without much relation to the trend of OWL.
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Comparative anatomy of the CP and similar
structures from other parts of the world suggest a
different picture.

\

14.1 A COMPARISON OF SUSPECTED EOCENE CP GRABENS WITH
SIMILAR STRUCTURES. ELSEWHERE (FIGURES 18 — 20

The Upper Cretaceous-Eocene grabens present in the region
from the Northern Cascades to the Okanogan Highlands are
filled with continental deposits containing coal. Though
subsequently compressed to some degree, they were, at the
time of formation, extensional features that may be compared
with other grabens. The trends of the grabens converge
toward the Columbia Plateau but it is not known what happens
to them below the basalts. A combination of arguments based
on geological-historic, tectonic and geophysical data, and a
comparison with other grabens is helpful.
Fan-shaped arrangements of smaller grabens are typical at
the end of a larger graben. This pattern has been found to
hold for many graben structures the world over by H. Cloos
(1939). He has shown, moreover, that the main graben is
located, at least during initial stages, in the center of a
domal uplift, and that its fan-shaped splitting into smaller
grabens occurs where it extends beyond the dome. He was
able to reproduce this pattern experimentally. It is also
plausible on more theoretical grounds (geometry of stress
trajectories'n ellipsoidal domal uplifts).
The lenticular mass (cushion) uplifting the dome was
interpreted to be a magmatic intrusion at the base of the
crust, and this picture has been corroborated by later
geophysical investigations in many graben areas (e.g.
Ramberg and. Smithson, 1971; Ziegler, 1977; Ramberg and
Spjeldnaes, 1978; Rhinegraben Research Group for Explosion
Seismology, 1974; compare also Cook et al., 1979; Seager and
Morton, 1978, Figure 7; Keller et al, 1979, Figure 6 for the
Rio Grande rift) . Under all these grabens the thickness of
the crust is reduced by up to 10 km, and the subcrustal mass
has physical properties that depend on the age of the rift.
These properties correlate with a plausible cooling history
of an intrusive mass, and with isostatic subsidence as
inferred from the geological record. The latter is
particularly complete and well documented for the North Searift system because of the search for oil (Ziegler, 1975,
1977, 1978a, 1978b). It demonstrates that where once there
had been a dome due to isostatic uplift by a hot intrusive
mass, there later developed a basin because of the cooling
of this mass under a thinned-out crust. Whereas subcrustal
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velocities in active rifts are typically about 7.4 — 7.8
km/sec (compare Smith, 1978, Figure 6-3) they exceed 8 km/s
in subsided rift terrains (Ziegler, 1977, Figure 7) .

The rifts in the highlands to the north of the Columbia
Plateau have been inactive for about 40 my. The subcrustal
velocity under the Columbia Plateau is 8.1 km/sec (Smith,
1978, Figure 6-3), and the central part of the Columbia
Plateau has a crustal thickness (l.t. 25 km, Smith, 1978,
Figure 6-2) that is about 10 km less than that of the

'urroundinghighlands. The central part of the plateau has
subsided with respect to sea level by probably more than 2
km since the initiation of rifting.
All these data combined - the geological record, the
tectonics implied in the geometry of the grabens, the
geophysical configuration and history - fit the model of an
Eocene, central graben, now inactive, in the Pasco basin,
centered over a region of thin crust.
This concept deserves consideration when interpreting the
detailed gravity maps of Weston (1979). The gravity field,
reflects the superposition of effects arising from 'anomalous
masses at various depths. The geological history and the
resulting distribution of anomalous masses are exceedingly
complex in the Columbia Plateau and it will not be possible
to unambiguously separate all of their contributions to the
gravity field. However, it should be noted that bands of
steepened gravity gradients like EK and WM resemble that at
the western border of the Oslo Graben (Ramberg and Smithson,
1971, Figure 1) which most probably originated at the base
of the crust. The width of the belts (approximately 50 km
and more) and the gravity step (50 — 90 - mg in the Oslo
graben, 20 - 40 mgal for WM and EK) are of the same order.
A rough estimate, neglecting all other contributions, shows
that a step of less than 5 km in the Moho could produce the"
correct gravity effect (Nettleton, 1940, pages 112 and
following). The width of the Pasco graben measured between
mid-points of WM and EK is about 70 km. This is wider than
the Rhine graben at the surface (40 km) but less than its
low velocity cushion; it also compares well with the Oslo
graben at the base of the crust (85 km) and the Rio Grande
Rift (e.g. Reilinger et al., 1979; Kelley, 1979, Figure 1).
The southern end of the Pasco graben is the E-W gravity high
extending westward through the Columbia River gap in the
Cascades. It might have been an Eocene transform zone
(sinistral) but speculation is moot at this time. Small
branches of a southern graben fan are possibly the La Grande
and John Day River gaps in the Blue Mountains gravity belt.*
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There are several possible mechanisms for this crustal
thinning that are not mutually exclusive. Each mechanism
may contribute to the total thinning, but by differing
amounts.

*Note: After completion of this report a draft for a report
on "Determination of three-dimensional structure of
eastern Washington from the joint inversion of
gravity and earthquake travel time data" by RODI et
al. (1980) was brought to my attention. The authors
point out the considerable freedom that exists in
selecting a particular model (especially pp. 114 and
following). So far as I can see the geological
concepts here developed are compatible with the data
used by the authors.

l. The crust is certainly stretched in a horizontal
direction as established by the well-known normal
faults, although by an order of magnitude too small
to account for its,geophysically established
thinning (the models proposed by Lachenbruch and
Sass, 1978, for B & R thinning do contribute little
to thinning in the Rhine Graben, the North Sea
Graben, and the Oslo Graben).

2. Uplift of the dome causes thinning by erosion; but
in none of the examples cited and certainly not in
the Rhine Graben, can erosion account for more than
1 or 2 km of crustal thinning.

3. Some process of "subcrustal erosion" can also
contribute to crustal thinning. The domes are
associated with elevated heat flow due to rising
magma and this may conceivably lead to elimination
of the lower crust, e.g., by stoping when it isstill cool and brittle (Laubscher, 1975) or bylateral flow when it is hot and ductile (Sclater et
al., 1979, see also Keen and Barrett, 1981). Such
a mechanism could account for considerable thinning
with modest stretching. Stretching could provide
avenues for creeping masses of crystalline
peridotite that might "delaminate" the lower crust
and form laccoliths at some. intermediate crustal
level (compare Bird, 1979).

To summarize, the various avenues of reasoning make it
appear plausible for the Columbia Plateau that;

l. It has a reduced thickness of continental crust and
is not underlain by oceanic crust.
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2. The top of the lithosphere (M) is peridotite, and
the base of the seismic (not petrological) crust
possibly serpentinite.

3. The nature of the crust does not change across OWL,
or CLEW, though its thickness increases stepwise
particularly along NW and EW trending steps.

4. The basal boundary conditions for the Yakima
deformation are

a possible incompetent serpentinite layer at the
base of the crust for potential decollement and

a stepwise changing level of the decollement
surface causing stress concentration.

5. The strength of the potential decollement series is
greatest where crustal thickness is greatest, i.e.,
in the frame surrr Ying Cp.

15.1 DEEP STRUCTURE OF YAKIMA DEFORMATION: A COMPARISON OF
CLEW WITH THE ANDES OF VENEZUELA (FIGURES 21 - 24)

Similar to CLEW, the Andes of Venezuela are thought to be
the result of dextral strike-slip plus a compressional
component (Rod, 1956; Schubert and Sifontes, 1970) . Both
components are on the order of te'ns of kilometers, perhaps
twenty times those postulated for CLEW. A comparison
provides some useful insights.
The overall structure of the Venezuelan Andes, based on
surface drilling and geophysical data is given by Wittke
(in: Bonini et al., 1977), see Figure 21. It shows a
crustal thickness of 30 - 35 km.'part from the faulting,
there is a crustal fold consisting of a central high flariked
by depressions. Total amplitude i's slightly less than 20 km
in the north and 10 km in the south (the structure is not
quite symmetrical). The high is more pronounced than the
lows; the latter amount to about 8 — ll km in the north, and
about 4 — 6 km in the south. The width of the positive
raised part of the structure is about 70 km, or twice the
crustal thickness, and the Q.anking depressions are slightly
narrower (50 — 60 km, depending on position on the map).

By comparison CLEW (Figure 22) has an overall width of about
40 km, it is flanked by depressions about 30 km wide;
however, because these depressions interfere with structures
of comparable relief but different origin, their expression
is not well defined (compare Figure 24.) The maximum
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structural relief on CLEW is about 1400 m positive and
1600 m negative (Bentley, personal communication) or about a
tenth to a twentieth that of the Venezuelan Andes,
comparable figures considering the relative amounts of
movement in the Andes and along CLEW. CLEW should affect
about 20 km of crust in comparison with the Andes, as indeed
seems to be the case (Figure 23).

Without pushing the comparison too far, I think it supports
the interpretation of the kinematics and deep structure of
CLEW presented above. In contrast to the Andes, the minute
deformation which competes with similar and stronger crustal
structures, is barely visible on the detailed gravity map.

16.1 CONCLUSIONS

Yakima deformation may be modeled qualitatively to
semi-quantitatively within the conceptual framework of the
IDOL (Idaho-Olympic) block mosaic, which is a submosiac of
the Basin and Range province. This province in turn is the
product of dextral-convergent interaction between the
Pacific and North American Plates.

The IDOL submosiac, a NW trending belt, is the northern
border zone of the Basin and Range province, and its
structures exhibit the results of distributed
dextral-convergent shear along its NW strike, slight dextral
rotation, and approximately N-S compression (Yakima ridges)
an EW extension or pull-apart (particularly Cascades faults,
e.g. Hood River graben) . This extension suggests decoupling
of the Juan de Fuca subduction zone which should be slightly
receding to the W in order to accommodate the B 6 R masses
moving westward.

In the development of the Yakima structure three levels of
decollement are apparent: asthenosphere, base of reduced
crust, and base of Columbia River basalts. A ramp under the
Blue Mountains connects the asthenoshpere with the base of
CP crust, and shallower ramps branch off the base-crust
decollement zone to reach the base of the flood basalts
under the Yakima ridges where they produce folding by
partial detachment.

The time sequence seems to be:

1. The lithospheric break at the NW-SE trending Cle
Elum-Wallula Gap belt (CLEW) with slight dextral
convergent displacement and the formation of broad,
gentle, periodic en echelon brachyanticlines (NE
border zone of Yakima block).
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The lithospheric break starting from the Hood River
graben in the SW in a northeasterly direction to
join CLEW at Cleman Mountain-Kelly Hollow (HOOK).
This break is a branch of a general pull-apart zone
in the Cascades and is the NW border of the Yakima
block.

2. After slight initial motion along its lithospheric
boundaries the Yakima block got stuck and internal
compression built up to produce the
decollement-ramp-fold system of the Yakima ridges,
beginning in the south and propagating northward.
The first ridges developed within the block
boundaries which were used as lateral rails for the
decollement sheet; they exhibit the same.
periodicity as the broad en echelon folds on CLEW
and may have been nucleated by them. During later
stages decollement spread beyond the block
boundaries, guided by Eocene graben tectonics now
hidden by the -Columbia River basalts. Some motion
may still continue today, particularly in the
northern folds. The total amount of motion for the
last 5 my or so is very small (probably less than 5

km) .

The special tectonic'ehavior of the Columbia Plateau may be
correlated with its special crustal structure for which
gravity and seismic data combined with regional geologic
history suggests an Eocene origin. At that time a graben
complex was formed with thermal activity that caused uplift
and stretching (thinning) of the crust. After cooling the
area subsided, providing the basin for the accumulation of
the Yakima basalts. The base of the thin crust may be
serpentine which would be suitable for decollement.
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TABLE 2.5-0-3

FIGURE CAPTIONS

Figure 1: The Cenozoic kinematics of the Pacific NW, from
Eaton (1979). Elements of Columbia Plateau
deformation added.

(a) Period 30 - 20 my b.p. (~up Oligocene).
Widespread rifting in the south, associated
with compressional tectonics and dextral
strike-slip in the north: the Straight
Creek-Kachess-Naches-Blue Mountains system
(added).

(b)

(c)

Period 20 - 10 my b.p. (Lower and Middle
Miocene). Main extensional period of B & R.
Extension spreads northward into the Columbia
Plateau; feeder dykes for the CR basalts
(dotted) .

Period 10 - 0 my b.p. Rifting in the B G R
continues but main activity is shifted to new
zones (e.g. Intermountain Seismic Belt). The
pole for dextral rotation and spreading
shifts towards the Helena-Yellowstone area.

(d) and (e) Present: If the Rio Grande rift and the
Eastern Snake River plain are accepted as
"spreading ridges" or sources of material
transport, then a rotation pole somewhere in
Manitoba results. Masses drifting away from
the ridges move to the Pacific Northwest and
there are, dependent on the direction of
faults, dextrally compressed. In (d) a
former model (see Davis, 1977) for Yakima
deformation in this context is shown; it
resembles the situation of period (a). In
(e), the model developed in this report is
sketched: the deformation of the Yakima block
(Y, dotted) is embedded in a block mosaic
that permits matter moving from the spreading
centers to the NW to escape laterally upon
the decoupled Juan de Fuca (Cascades)
subduction zone by distributed dextral
shear. As discussed in the report, dextral
shear is associated with pull-apart along
some block boundaries and compression along
others. Although rigid rotation as envisaged
in Figure 1 is considered an oversimplifica-
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FIGURE CAPTIONS (Continued)

tion, it nevertheless provides an overall
k inemat ic mode 1. Dynamically, the dex tra 1
couple driving rotations is attributed to the
dextral plate interaction between the Pacific
and North American Plates. However, no
detailed analysis is given.

Figure 2: Experimental extensional block mosaic, after
McGill and Stromquist (1979). Compare Figure 9.

Distributed shear zones bounding the moving mass are
shaded. In the Pacific Northwest, space for the westward
moving masses may be provided by a receding Juan de Fuca
subduction zone. For another example of a receding
subduction see Angelier and Le Pichon (1980; the Cretan arc
in the Mediterranean).

Figure 3.- Elements of rigid .block motion, from Laubscher
(1965), map view.

This Figure illustrates the essence of material balance in
the map view (a) superposition of translation and rotation;
(b) translation with dextral shear boundary on the right and
an obliquely covergent, or compressive sinistral, or
transpressive sinistral boundary on the left. In the
Pacific Northwest, the surroundings of the moving block are
composed of other moving blocks (block mosaic) instead of
being a fixed reference frame as in Figure 3.

Figure 4: Elements of decollement Kinematics, cross-
section, from Laubscher (1965) .

Material balance for the simple case of plane deformation of
a rectangular mass on a basal decollement horizon.

Figure 5: "Flower-structure" in a wrench fault zone, from
Harding and Lowell (1979).

An important aspect of this type of deformation is'hat the
faults branching off from the stem tend to terminate blindly
in the subsurface, often at places where an interval is
split (Msp), with horizons on the two sides of the fault
diverging. Kinematically, wedges bounded by the blind
thrusts below and bedding parallel slip above are required
in order to fill the space provided by the diverging
horizons. In three dimensions, the faults are curved and
form an anastomosing complex ("reticulation" ) .
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FIGURE CAPTIONS (Continued)

Figure 12: A cut-paper kinematic model of rigid-body Yakima
tectonics.

The arrow shows the direction of translation. In contrast
to Figures 15 and 16 deformation is shown to begin in the
north. Amounts of movement exaggerated (about 10 times) .
(a) Manastash Umtanum: The CLEW boundary is dextral
covergent with respect to translation. In order to
eliminate shortening at Wallula gap (right margin) small
dextral rotations are added. (b) Yakima, (c) Rattlesnake
Hills, (d) Toppenish, Horse Heaven and Columbia Hills.
Figure 14: Kinematics of the IDOL block. belt.
Heavy arrows are translational vectors with respect to the
North American Plate (NA) of idealized rigid blocks
comparing the mosaic (scale in YA-8). Dashed arrows are
translational vectors of neighboring blocks. Thin lines are
difference vectors. The differences cause boundary zone
deformations. (a) Starting point is a 3, km NNW translation
of YA-8 with respect to NA, and relative motions with
respect to NA are crudely estimated. A divergent transport
field results with approximately NS shortening, EW extenion,
and dextral shear in the western part. The mosaic ought to
be refined, but this is not warranted by the data. Improved
modifications of thi.'s basic pattern would involve rotations
of subblocks, individual blocks and block groups (compare
Figure 12) . (b) As explained in the text, the Yakima folds
are believed to be decollement features not involving the
lithosphere except south of the Blue Mountains where the
fold-thrust-decollement system is belived to ramp through
the lithosphere into the asthenosphere. Consequently, the
Yakima block is subdivided into a southern lithosperic block
YA-8 whose leading edge are the decollement features of the
Columbia Plateau, and a northern lithospheric block YA-8a
which was not subject to the 3 km NNW translation of YA-8.

Inasmuch as there seems to be some dextral lithosphere
motion on CLEW (Figure 15, stage 1), a NW-directed
translation of YA-8a is added, and the vectors of the
surrounding blocks are adjusted. The amount of dextral
lithospheric motion at CLEW is believed not to exceed 2 km
in view of the embryonic deformation observed. The
difference vectors between YA-8a and the surrounding blocks
imply a pull-apart of slightly more than 2 km between HOOK
and HS-WR (compare the Hood River graben). It is these
pull-apart features that may provide space for the
decollement sheet overlying YA-8a to move latterally into.
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FIGURE CAPTIONS (Continued)

The cross-hatched boundary zones separate domains of
additional 2 km lithospheric NW translation (in the SW) and
the groups of blocks not affected by YA-8 compression
(YA-8a, MA-16, MR 17, 17a) but instead subjected to
pull-apart. This extension across N-S striking faults is
characteristic of the Cascades where it provides avenues for
magmatic activity: it is more widespread than shown in this
simplified model (compare also S I).
The IDOL mosaic is a sub-mosaic (north-western boundary
zone) of the BR mosaic and should be adjusted to its
constraints. Ths may require modification particularly. of
the eastern blocks.

Figure 15: Map view of kinematic development in the western
Columbia Plateau (Yakima folds).

For each stage structures formed in the preceding stage are
shown in blue, new structures in red (including reactivated
lateral boundaries). The main folds and. faults are outlined
in a simplified fashion, zones of steepening by double
lines. Structures taken directly from Shannon & Wilson are
in black. The writer has tried to coordinate field
observations supplied by Shannon 6 Wilson (not necessarily
their map symbols, which are already an interpretation),
topographic and geophysical data for a kinematically
plausible interpretation.
Figure 21: A deep crustal section through the Venezuelan

Andes (Wittke, 1977).

Similarly to subduction zones, the lithosphere is bent down
while the crust is arched up. The crustal high is flanked
by marginal basins. The structural interpretation by Wittke
does not portray the complex pattern of faulting observed at
the surface, nor the kinematics inferred on several lines of
evidence (compare Figure 23 with "Flower structure" as in
Figure 5) .

Figure 22: CLEW, simplified as a small-amplitude crustal
fold.

The flanking lows are so shallow that they are barely
distinguishable on the background of deformations of
comparable or greater intensity (compare Figure 24) . The
down-fold of M is not observable at the present level of
seismic information; it would be on the order of the

2. 5-0-68
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August 1981

FIGURE CAPTIONS (Continued)

kilometer, and would be superposed on irregularities of M on
the order of 5 - 10 km due to Eocene crustal thinning and
subsequent events.

Figure 23: A superposition of Figures 21 and 22.

It illustrates the basic geometrical similarity in spite of
differences in scale. Flower structure of faulting in
Andean crust added.

Figure 24: CLEW crustal upfold and flanking downfolds.

The Yakima ridges become narrow dams where they cross
depressed areas on both sides of CLEW. Although these
flanking lows are modest features in an area of complex
crustal development, they are nonetheless striking enough to
demand an explanation.
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Introduction:

The following pages contain the design for the Suppression
Chamber bottom head, including the applicable design:drawings
labeled Figures II.6.1, II,6.2, and II.6.3.
The report is divided into four articles. The first article
deals with the loading combinations which will be examined
in articles 2 and 3. The approach taken here was to eliminate
certain "non-critical" design conditions, using

either'bbreviatedcalculations or some logical rationale, and base
the head design on the four combinations presented on page
II..6.1.1.
Articl'e 2 examines the bottom head as if it were buried in
concrete from the knuckle-sphere intersection down. This is
a conservative design approach in that the knuckle from
Elevation 446'-0 down is fixed against movement because the
structural T's attached to the shell are buried in the ins'ide
concrete. Conservative results are therefore obtained for
the knuckle section as well as the support skirt and anchorage
system below (See Section II, Subsection 7 of this Final
Stress Report). Article 2 also examines the first 3 loading
c'ombinations mentioned above, and judges that the head presented

.in the enclosed figures is adequate.
1 I

Article 3 examines loading combination 4, assuming that the
head is fixed at Elevation 446'-0. Thermal as well as pressure
loadings are applied to 'the model and the resulting discontinuity
stresses at the fixity are examined using .an elasto-plastic
approach as presented in the ASh!E Code (Reference 2).
Discontinuity stresses produced are judged within their prescribed
a llowab les.

Article 4 examines the inner seismic support skirt and
anchorage system for the loadings given on drawing 8-794 of
the Specification (Reference 1). All stresses are within
prescribed allowables, and the support system is, judged adequate,

Conclusion;

The bottom head "and inner seismic skirt appearing in the
enclosed figures satisfies the design considerations prescribed
in 'the Design Specification (Reference 1).
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P ITTS8URGH-DES MOINES STEEL COMPANY AXISYMMETRI C SHELL PROGRAM AX2
PAGE LE

X-4
'R-4'ANFDRDNO~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LO'NER COURSE OF CYl INDER

NUMBER OF NODES ~ 39 NUMBER OF BODIES ~ 38

NODE COORDINATE
NDo R

,. COORDINATE
Z

OBLIQUE AXIS
ANGLE

FIXITY
CODE

101
1.02
l03
104
200
105
201
203
202
106
107
L08
109
L10
LlL
112'L3
300
70L
400
402
403
404
405
406
407
408
409
410
41l
412
413
414
301
500
501
5D3
600
601

0 '87636E 02
0 746808E 02
0 100540E 03
0 '26321E 03
0~139174E 03
0 ~ 152000E 03
0~ 152000E 03
0~152000E 03
Oal67108E 03
0 ~ 182170E 03
0 ~ 212 135E 03
0 ~ 241 871E 03
0 271345E 03
0~300525E 03
0 329380E 03
0 ~ 357878E 03
0 '77500E 03
0 384000E 03
0 '00232E 03
0 416316E 03
0 416456E 03
0 435753E 03
0 '52077E 03
0 '66891E 03
0 '80000E 03
0 '88620E 03
Oa496LL7E 03
0, 501488E 03
0 '06007E 03
0+509650E 03
0 '12771E 03
0 '14653E 03
0~51528LE 03
0 480000E 03
0 515281E 03
De499500E 03
0 515281E 03
Oe515219E 03
0 ~ 515219E 03

-0~ 256442E 03
-0 '54721E 03
-Oe252278E 03

.-0~249116E 03
-0 247266E 03
-0 245236E 03
-0 '29500E 03
-0 '09261E 03
-0~2426LLE 03

.;0 239736E 03
-0 233248E 03
-0 ~ 225777E 03
-0~217331E 03
-0 20792LE 03
-0 197555E 03
"0 '86246E 03
-0 1778 l 8E 03
-0 174907E 03

„-0 ~ 167376E 03
-0 159549E 03
-0~ 159828E 03
"0 148633E 03
-0 '3634LE 03
-0 L22265E 03
-0 106591E 03
-0 938918E 02'-0 805000E 02
-0 '88347E 02
-0~568137E 02
-0 '44996E 02
-0 '984I.3E 02
-0 14973OE 02

pep
-0~ 329500E 03

0 436875E 02
0 436875E 02
Oa 117406E 03
0 L17406E 03
0 200250E 03

-0 300000C 0 1

-Oe459700E 01
-0 ~ 619500E 01
-0~77920,0E 01
-0 ~ 859 100 E 01

0 ~ 0
0 ~ 0
0 0

-0 ~ 103320E 02
-0 ~ L 12750E 02
-0 '31610E 02
-0 150470C 02
-0 169310E 02
-0 L88170E 02
-0 '07030E 02
-0 '25880E 02
-0 '390IOE 02

0 0
-0 '54400E 02

0 0
0 0
Oop
0 ~ 0-
0 0
0 ~ 0
0 0
0 0
0~0
0 ~ 0
0 0
0 0
0 0
0 0
Oop
0 0
0 0
0 ~ 0
0 ~ 0
0 0

0
0
0
0
0
0'10

0
0
0

I, 10
0
0
0
0'

0

0
0
0
0
0
0
0
0

110
0
0
0
0
0





HANFORO NO ~ 2 CONTAINMENT

P ITTSBURGH-DES MOINES STEEL COMPANY AXISYHHETRIC

VESSEL

SHELL. PROGRAM AX2
PAGE 2

X.A.2= 1

ANALYSIS

NODC
NO

BOTTOM HEAD AND LOWER COURSE OF

CLASTIC FOUNDATION CONSTANTS
R-DIRi 2-DIR

CYLINDER

ROTATION

101
102
103
104
200
105
201
203
202
106
107
1,08
109
110
111
112
113
300
70i
400
402
403
404
405
406
407
408
409
410
411
412
413
414
301
500
501
503
600
601

0 0
0 ~ 0
0 ~ 0
0 '
0 0
OoO
OoO
0 ~ 0
0 ~ 0
0 0
Oo0
0+0
0 ~ 0
0 0
Oe0
0 '
0 ~ 0
Oo0
Oo0
Oo0
0 ~ 0
0 0
OoO
0+0
OoO
0 0
OoO
0 0
0 0
Oo0
0 ~ 0
0+0
0 ~ 0
0+0
0 0
0 '
0 0
0 0
0 '

0 0
0 0
Oo0
OoO
0+0

'Oo 0
0 ~ 0
0 '
0 0
Oo0
Oo0

,Oo0
Oo0
Oo0
0+0
0 0
0 0
0 0
OoO
0 0
0 0
Oo0
OoO
0 0
Oo0
Oo0
0 ~ 0
0+0
Oo0
Oo0
0 0
0 ~ 0
0 0
0 ~ 0
0 ~ 0
0+0
0 0
0 ~ 0
0 '

0 '
0 0
0 '
0 '
OoO
a.o
0 '
0 '
0 ~ 0
0+0
0 ~ 0
0 '
0 ~ 0
0+0
0 '
0 '
0 ~ 0
OoO
0 '
0 '
0 0
0 ~ 0
0 ~ 0
OoO
0 '
0 '
0 '
0 0
3+0
0 ~ 0
0 '
0 '
0 '
0 ~ 0
0 '
0 0
0 '
0 '
0 '
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I IT SBURGH-DES %DINES STEEL,. COMPANY AXI SQNHETRI C 'SHELL PROGRAM A'X2

PAGE 3 ~

HANFORD

ANALYSIS

NO ~

OF

2 CONTAINMENT.VESSEL

BOTTOM HEAD AND LOWER COURSE OF CYLINDER

NODE
NO ~

PRESCR IBED DI SPLACEMENTS
R-DIR~ 2-DIR0 ROTATION

101
102
)03,
104
200
105
201
203
202
106
107'08

109
110lll
112
113
300
701

~ 400
402
403
404
405
406
407
408
409
410
411
4l2
413

30l
500
501
503
600
601

0+0
Qo0
Os 0
Oo0
0+0
OoO
0 0
0 ~ 0
0 ~ 0
OoO
Oo0
OoO
0+0
0 0
Oo0
0 ~ 0
0 ~ 0-
Oo0
0+0
0 0
0 ~ 0
Oe0
OoO
0+0
Oo0
0 0
0 ~ 0
Qo0
Oo0
Oo0
OoQ
0 '
Oo0
0 ~ 0
0 0
0 ~ 0
Oa0
0 ~ 0
0 ~ 0

-0 '50000E-01
-0~550000E-01
-0» 550000E-01
-0~ 550000E-01
-0~550000E-01

OoO
0 0
0 ~ 0

-Oe550000E-01
-0+550000E-Ol
-0%550000E-01

0~550000E-01.
-0 550000E-01
-0 550000E-01
-0 ~ 550000E-01
-0~550000E-Ol

Oo550000E 0'1

0 0
-0 ~ 550000E-01

OoO
Oo0
Oo0
0 ~ 0
OoO
0 0
0 0
0 0
OoO
Oo0

.. Oo0
0 0
OoO
Oo0
OoO
Oo0
Oo0'oO

0 0
0 0

0 ~ 0
D 0
DoO
0 '
0 ~ 0
OaO„
0+0
0 '
0 '
DoO
0 '
0 '
0 0
OoO
0 ~ 0
0 '
0+0
0+0
DiO .

0 '
0+0
OoO
0 '
0+0
DE 0
0 '
0 '
0 '
0+0
0~0
0 '
0 ~ 0
0 0
0 ~ 0
0 0
0 ~ 0
0 '
0 '
0 0





PITTSBURGH-OES MOINES STEEl COMPANY AXISYMMETRlC SHELL PROGRAM AX2
PAGE 4

HANFORD NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

BODY NO ~ 101 -- BODY TYPE 4e OPEN CROWN SEGMENT OF A SPHERE

EDGE NOOFS ARE 102 AND 101

THICKNESS ~ 0 812500E 00 RADIUS ~ Oe931671E 03

ANGLE PHI-A ~ Oa175402E 03 ANGLE PHI-8 "-0 177000E 03

E + Oo 279000E 08 NU + Oo 300000E 00 ALPHA 0 ~ 650000E 05

BODY NO+ 102 —BODY TYPE 4r OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 103 AND 102

THICKNESS ~ 0 812500E 00 RADIUS ~ Oe931567E 03

ANGLE PHI-A 0 173804E 03 ANGLE PHI-8 0 175402E 03

E = 0~279000f 08 NU .~. 0~30000OE 00, ALPHA ~ 0~650000E-05

BOOY NO 103 -- BODY TYPE 4 ~ OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 104 AND -103

THICKNESS = 0 812500E 00 RADIUS = Oa931852E 03

ANGLE PHI-A = 0 ~ 172209E 03 ANGLE PHI-8 ~ 0 173806E 03

E = Oo279000E 08 NU ~ 0 '00000E 00 ALPHA ~ 0 '50000E-05

BODY NO 104 -- BODY TYPE 4 OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 200 ANO 104

THICKNESS = 0~8I2500E .00 RADIUS ~ 0~931790E 03

ANGLE PHI-A = 0~171410E 03 ANGLE PHI-8'= 0 172209E 03

E + Or 279000E 08 NU ~ Oe 300000E 00 ALPHA Oe 650000E 05



P ITTSBURGH-OES MOINES STEEL. COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 5o

HANFORO NOD 2 CONTAI,NMENT„VESSEL

ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINQER

BODY NO~ 202 -- BOGY TYPE 4e OPEN CROWN'EGMENT OF A SPHERE

EDGE NODES ARE 105 ANO 200

THICKNESS = 0 ~ 812500E 00 RADIUS > 0~931b97E 03

ANGLE PHI-A ~ 0~ 170611E 03 ANGLE PHI-8 = 0~ 171409E 03

E = Oe279000E 08 NU ~ Oe300000E 00 ALPHA = 0 '50000E-05

BOOY NO 105 —BOGY TYPE 4 OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 107 ANO 106

THICKNESS = Oe812500E 00 RADIUS ~ 0 ~ 931775E 03

ANGLE PHI-A 0 166840E 03 ANGlE PHI-8 = 0 168726E 03

E = 0 279000E 08 NU.... 0 '00000E 00 ALPHA = 0 '50000E-05

BOOY NO 106 -- BODY TYPE 4q OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 108 AND 107

THICKNESS = 0 ~ 812500E 00 RAOlUS = 0~931719E 03

ANGLE PHI-A ~ Do164954E D3 ANGLE PHI-8 = 0 166839E 03

E = 0 279000E 08 NU & 0 300000E '00 ALPHA M 0 650000E-05

BODY NO ~ 107 -- BODY TYPE 4 ~ OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 109 ANO 108

THICKNESS = 0 ~ 812500E 00 RADIUS 0 931646E 03

ANGLE PHI-A ~ Oa163067E 03 ANGLE PHI-8 ~ 0 ~ 164953E 03

E = 0 279000E 08 NU 0 300000E 00 ALPHA 0 650000E-05



P ITTSBURGH-OES HOINES STEEL COHPANY AXISYHHETRIC SHELL PROGRAM AX2
PAGE 6

HANFORD NO~ 2 CONTAINHENT VESSEL

ANALYSIS OF BOTTOH HEAD ANO LOMER COURSE OF CYLINDER

BODY NO 108 BODY TYPE 4t OPEN CROMN SEGHENT OF A SPHERE

EDGE NODES ARE 110 AND 109

THICKNESS = 0 ~ 812500E 00 RADIUS = Oe931760E 03

ANGLE PHI-A 0 161184E 03 ANGLE PHI-8 -"0 163069E 03

E = 0~279000E 08 NU M 0~300000E 00 ALPHA = 0 650000E-05

BODY NO ~ 109 -- BODY TYPE 4 OPEN CROMN SEGHENT OF A SPHERE

EDGE NODES ARE 111 AND 110

THICKNESS = Oa812500E 00 RADIUS ~ 0~93l.688E 03

ANGLE PHI-A ~ Oe159297E 03 ANGLE PHI 8 ~ 0+161182E 03

E ~ 0 ~ 279000E 08'U,p Oe300000E QQ,. ALPHA ~ 0~650000E-05
~

~

BODY NO 110 -- BODY. TYPE 4g OPEN CROMN SEGMENT OF A SPHERE

EDGE NODES ARE 112 AND 111

THICKNESS = 0 ~ 812500E 00 RADIUS ~ 0 ~ 931740E 03

ANGLE PHI-A = 0 ~ 157412E 03 ANGLE PHI-8 = 0 159298E 03

E ~ 0~279000E 08 NU ~ 0~300000E 00 ALPHA = 0~650000E-05

BODY NO ill — BODY TYPE 4t OPEN CROMN SEGMENT OF A SPHERE

EDGE NODES ARE 113 AND 112

THICKNESS ~ 'a 812500F 0() RADI US = Oe 931 740E,03

ANGLE PHI-A > Oo156099E 03 ANGLE PHI-B i 0 157412E 03

E = Oe 279000E 08 NU ~ 0 300000E 00 ALPHA ~ 0» 650000E-05



PITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 7-

~ 4o.Z„LZ.

AkALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

BODY NO 112 —BODY TYPE 4e OPEN CROblN SEGMENT OF A SPHERE

EDGE NODES ARE 300 ANO 113

THICKNESS ~ 0~812500E. 00 RADIUS = 0 931727E 03

ANGLE PHI-A ~ Oe 155661E 03 ANGLE PHI~B ~ 0 ~ 156099f 03

E = 0 279000E 08 NU ~ Oa300000E 00 ALPHA = 0 '50000E-05

BODY NO+ 200 —BODY TYPE 0i OPEN CROMN SEGMENT OF A SPHERE

EDGE NODES ARE 202 ANO 105

THICKNESS =, 0 ~ 812500E 00 RADIUS ~ 0 ~ 931723E 03

ANGLE PHI-A = 0 ~ 169668E 03 ANGLE PHI;B ~ 0~170611E 03

E ~ 0 '79000E 08 NU ~ 0 '00000E 00 ALPHA ~ De650000E-05

BODY NO 200 -- BODY TYPE 4g OPEN CRO'HN SEGMENT OF A SPHERE

EDGE NOOFS ARE 106 AND 202

THICKNESS ~ Oo 812500E 00 RADIUS > 0+ 931 728E, 03

ANGLE PHI-A = Oa 168725E 03 ANGLE PHI-B = 0 169668E 03

C = 0 279000E 08 NU ~ 0 ~ 300000E 00 ALPHA' 0 650000E-05

BODY NO 201 -- BODY TYPE le CYLINDER

EDGE NODES ARE 105 ANO 201 THICKNESS = 0 937500E 00

RADIUS ~ 0 152000E 03 LENGTH = 0+8%26%DE 02

E = 0~279000E 08 NU ~ Oa300000E 00 ALPHA ~ 0 '50000E-05'
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HANFORD NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

3D< .z >E

BODY NOi 203 -- BODY TYPE 1 ~ CYLINDER .

EDGE NODES ARE 203 ANO 105 THICKNESS ~ 0~937500E 00

RADIUS = Oo152000E 03 LENGTH > Oe359746E 02

E > 0+279000E 08 NU > 0 '00000E 00 ALPHA > 0 '50000E-05

BODY NO ~ 302 -- BODY TYPE 4y OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 701 ANO 300

THICKNESS = 0 ~ 812500E 00 RADIUS ~ 0 931715E 03

ANGLE PHI A ~ Oa 1'54560E 03 ANGLE PHI B = 0 155661E 03

E ~ 0 ~ 279000E 08 NU ~ 0 ~ 300000E 00 ALPHA ~ Oe650000E-05

BODY NO 300 -- BODY TYPE 4~ OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 400 AND 701

THICKNESS = 0 ~ 812500E 00 RADIUS = 0 931715E 03

ANGLE PHI-A = 0 153460E 03 ANGLE PHI-B = 0 ~ 154560E 03

E = Oe279000E 08 NU ~ Oi300000E 00 ALPHA = 0~650000E-05

BODY NO 301 "- BODY TYPE 1t CYLINDER

EDGE NODES ARE 406 ANO 301 THICKNESS ~ 0 ~ 687500E 00

RADIUS = 0~480000E 03 LENGTH & 0 222909E 03

E = 0 279000E 08 NU ~ 0 '00000E 00 ALPHA = 0 650000E-05
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PAGE 9

HANFORO NO 2 CONTAINMENT,VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLlNDER

BODY NO 401 —BODY TYPE 9y RIGID CONNECTOR

EDGE NODES ARE 402 AND 400

BODY NO 402 —BODY TYPE 4 . OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 403 ANO 402

THICKNESS ~, ~ Oe l.43750E 01 RAD I US ~ Oe 849 1 96E 03

'ANGLE PHI-A 0 149127E, 03 ANGLE PHI-8 = 0 150632E,03

E -" Oe279000E 08 NU ~ 0~300000E 00 ALPHA = 0~650000E-05

BODY NO 403 -- BODY TYPE 4g OPEN CROWN SEGMENT OF' SPHERE

EDGE NODES ARE 404 AND 403

THICKNESS = 0 ~ 143750E 01 RADIUS ~ 0 738042E 03

ANGLE PHI-A ~ Oo 142227E 03 ANGLE PHI-8 = 0 ~ 143813E 03

E ~ 0 279000E 08 NU '~ Oo300000E 00 ALPHA = Oo650000E-05 t

BODY NOD 404 —BODY TYPE 4 OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 405 AND 404

THICKNESS = 0 143750E 01 RADIUS ~ 0 667137E 03

ANGLE PHl-A = 0 ~ 135586E 03 ANGLE PHf-8 = 0 ~ 137341E 03

E = 0 '79000E 08 NU ~ 0 '00000E 00 ALPHA = 0 '50000E-05'



PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL'ROGRAM AX2
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HANFORO NO ~ 2 CONTAINMENT, VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

ZL Co>Z:.lQ

BODY NO ~ 405 -- BODY TYPE 4 OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 406 ANO 405

THICKNESS = 0 143750E 01 RADIUS ~ Oe617292E 03

ANGLE PHI-A ~ Oe 128960E 03 ANGLE PHI-8 = Oa I:30856E 03

E = 0~279000E 08 NU = Oa300000E 00 ALPHA = Oab50000E-05

BODY NOa 406 - BODY TYPE'4t OPEN CROWN SEGMENT OF' SPHERE

EDGE NODES ARE 407 ANO 406

THICKNESS ~ 0 ~ 143750E 01 RADIUS = 0 585391E 03

ANGLE PHI-A 0 123417E 03 ANGLE PHI-B 0 124919E 03

E = Oe279000E 08 NU ~ 0+300000E 00 ALPHA i 0 650000E-05

BODY NO 407 -- BODY TYPE 4 OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 408 AND 407

THICKNESS = 0 143750E 01 RADIUS = 0 564326E 03

ANGLE PHI-A = 0 118462E 03 ANGLE PHI-8 = 0 120020E 03

E = 0 279000E 08 NU 0 300000E 00 ALPHA = 0 '50000E-05

BOOY NO 408 -- BODY TYPE 4 OPEN 'CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 409 AND 408

THICKNESS = 0 143750E 01 RADIUS = Oe549169E 03

ANGLE PHI-A = 0 ~ 114052E 03 ANGLE PHI-B = 0 115392E 03

E ~ 0 '79000E 08 NU ~ Oe300000E 00 ALPHA > Oob50000E-05



PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE - 11

HANFORD NQo 2 CONTAINMENY„,VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

Zj:.c .z.54

BODY NO~ 409 - BODY TYPE 4y OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 410 ANO 409

THICKNESS ~ Oel43750E 01 RADIUS ~ 0~538205E 03

ANGLE PHI-A ~ Oe)099)9E 03 ANGLE PHI-B ~ 0 111286E 03

E ~ Oa279000E 08 NU ~ 0+300000E 00 ALPHA = 0 ~ 650000E-05

BODY NO~ 4)0 -- BODY TYPE 4 ~ OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 41) AND 410

THICKNESS ~ Oe)43750E 01 RADIUS = 0 ~ 529625E 03

ANGLE PHI A + Oe 105786E 03 ANGLE PHI 8 + 0 ~ 1071 756 03

E ~ 0~279000E 08 NU m 0~300000E 00 ALPHA = Oa650000E-05

BODY NO 4)l -- BODY TYPE 4e OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 4)2 AND 411

THICKNESS = 0 143750E 01 RADIUS ~ 0 ~ 522724E 03

ANGLE PHI-A = Oe)0))99E 03 ANGLE PHI-8 = 0+)02842E 03

E ~ 0 '79000E 08 NU = Oe300000E 00 ALPHA = 0 650000E-05

BODY NO ~ 412 —BODY TYPE 4~ OPEN CROWN SEGMENT OF A SPHERE

EDGE NODES ARE 413 AND 412

THICKNESS = 0 ~ )43750E 01 RADIUS ~ 0 ~ 517865E 03

ANGLE PHk-A 0 '63845E 02 ANGLE PHI-B * 0 '80427E 02

E ~ 0 '79000E 08 NU ~ Oe300000E 00 ALPHA = Oe650000E-05
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HANFDRO NO ~ 2 CONTAINHEN7 VESSEL

ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE Of CYLINDER

BODY NO~ 413 —BODY TYPE 4y OPEN CROMN SEGHENT OF A SPHERE

EDGE NODES ARE 4l4 AND 413

THICKNESS = 0 143750E 01 RADIUS = Oa515474E 03

ANGLE PHI-A = 0~915686E 02 ANGLE PHI-B ~ Oa932344E 02

E + 0 ~ 279000E 08 NU + Oe300000E 00 ALPHA + 0 650000E 05

BODY NO~ 414 —BODY TYPE ly CYLINDER

EDGE NODES ARE 500 ANO 414 THICKNESS ~ 0~143750E 01

RADIUS = 0 ~ 515281E 03 LENGTH ~ 0+436875E 02

E = Oo279000E 08 NU > Oe300000E 00 ALPHA > Oo650000E-05

BODY NO ~ 500 --BODY TYPE 3t FLAT ANNULUS

EDGE NODES ARE 501 ANO 500 THICKNESS ~ 0 ~ 375000F 00

INSIDE RADIUS =0 '99500E 03 OUTSIDE RADIUS = 0 '15281E 03

E ~ 0 279000E 08 NU = 0~300000E 00 ALPHA = 0 '50000E-05

BODY NO ~ 502 —BODY TYPE le CYLINDER

EDGE NODES ARE 503 AND 500 THICKNESS ~ 0+143750E 01

RADIUS' 515281E 03. LENGTH 0 737188E 02

E ~ 0+279000E 08 NU ~ 0 300000E 00 ALPHA = 0 ~ 650000E-05
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HANFORD NOa 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LONER COURSE OF CYLINDER

BODY NO 503 -- BODY TYPE 9 RIGID CONNECTOR

EDGE NODES ARE 600 AND 503

BODY NO ~ 600 -- BODY TYPE lg CYLINDER

EDGE NODES ARE 601 AND 600 THICKNESS ~ 0 131250E 01

RADIUS = 0 '515219E 03 LENGTH = 0~828438E 02

E = 0~279000E 08 NU ~ 0 300000E 00 ALPHA = 0 '50000E-05
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HANFORD NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE E»Q» + I»P» +" S»C» MATER

BODY LOADS

~ ~g.(Q

BODY NO ~ 101 BODY TYPE 4 X = MERIDIAN ANGLE

PN = { 0 '47900E 02) + ( 0 0

+ ( 0.0 )«costx)«costx)

)«COS{X)

PPHI = ( 0 0 ) «SIN(X) + ( 0 ~ 0

T i ( 0»0 +t00 )«Z/H)

)«SIN(X)«COS(X)

+ ( 0 ~ 0

+ ( 0»0

+ t 0»0

+ t 0»0

) «Z/H) «X

)«Z/H)«X«X

PN M ( 0 647200E 02) + ( 0 0

+ l 0 0 )«COS{X)«COS(X)

BODY NO 102 BODY TYPE 4 X ~ MERIDIAN ANGLE

)«COS(X)

PPHI ~ ( 0 0

T = ( 0 0 + t 0 0 )«Z/H)

)«SIN{X)' ( 0 0 )«SIN(X)«COS(X)

+ l 0 ~ 0

+ l 0 '
+l0.0
+ { 0 ~ 0

)«Z/H)«X

)«Z/H)«x«X

BODY NO 103 BODY TYPE 4 X ~ MERIDIAN ANGLE

PN = ( 0 646100E 02) + ( 0 0 )«COS(X)

+( 00
PPHI = l 0»0

T = l 0 0

+ { 0»0

+ ( 0 ~ 0

+ l0-0
+ t 0.0

+ (0.0

) «Z/H)

) «Z/H) *X

)*Z/H)«X*X

)«castx) «costx)

)«SIN{X) + l 0.0 )«SIN(X)«COSlX)
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HANFORD NO 2 CONTAINMFNT VESSEL X.4.Z.. Kea

ANALYSIS OF BOTTOM HfAD AND LOHER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE E ~ 1 + I ~ Pa + Sac~ WATER

BODY LOADS

BODY NO 104 BODY TYPE 4 X = MERIDIAN ANGLE

PN = ( 0 644700E 02) + l 0 '
+t 00 ) ¹COS(X) ¹COS{X)

}¹COS(X)

PPHI.= t 0 0 ) ¹SIN(X) + t 0 0 ) ¹SIN{x)¹COS {X)

0 0 + t 0.0 )¹Z/H)

+( 0.0

+ ( 0.0

+ t 0.0

+{0.0
)¹Z/H)¹X

) ¹Z/H) ¹X¹X

BODY NO ~ 202 BODY TYPE 4 X ~ MER IDI AN ANGLE

PN = t 0 ~ 643900E 02) + l 0 ~ 0 )¹COS (X)

+t 0.0 )¹COS( X) ¹COS{ X)

PPHI ~ l 0 ~ 0

T = t 000 + (0.0 )¹Z/H)

)'~SIN(X) + t 0 0 ) ¹S IN( X ) ¹Cos (X )

+ t 0 ~ 0

+ { OoO

+ t 0.0

+I 0-0

)¹Z/H)¹X

)¹Z/H)*X¹X

BODY NO 105 BODY TYPE 4 X = MERIDIAN ANGLE

PN "- ( 0 640700E 02) + ( 0 ~ 0 )¹COS{X)

+ ( 0 0

PPHI = t 0 0

T = ( 0~0

+ { 0.0

+ t 0.0

)¹COS{X)«COS{X)

) ¹SIN(X) +

+{00
+(00
+ t 0.0

0~0

)¹Z/H)

) ¹Z/H) ¹X

)*Z/H)¹X*X

)¹SIN{X)¹COSl X)
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HANFORD NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOMER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE ED Q + IHIP+ + SeC MATER

BODY LOADS

W.c .z.~<

BODY NO 106 BODY TYPE 4 X = MERIDIAN ANGLE

PN = t 0 637800E 02) + ( 0 0 ) ICOS (X)

+ ( 0.0 )+COS(X)+COS(X)

PPHI = t 0 0 ) ~SIN(X) + ( 0 0 )+SIN(X)ICOS(X)

T > ( Oo0

+ ( 0 0 + (0.0 ) 4 Z/H) 4X

+ ( 0.0 )4Z/H)

0 0 '4Z/H)~X~X
X =, MERIDIAN ANGLE

)+COS(X)

+ t 0.0 + (

BODY NOe 107'ODY TYPE

PN = t 0 634600E 02) + t 0 0

'

+ (0.0 )+COS(X)+COS(X)

PPHI = ( 0 0 'CSIN(X) + l 0 ~ 0 ) CSIN(X)+COS,(X)

T = ( 0%0 + t 0 ~ 0 ) 4Z/H)

+ ( 0 ~ 0 + ( Oi0

+t 00 +(00 ) 4Z/H) 4X

)4Z/H)+X+X

BODY (0 108 BODY TYPE 4 X ~ MERIDIAN ANGLE

PN = l 0 ~ 631000E 02) + ( Oa0 )+COS(X)

+ t 0.0

PPHI = ( 0 ~ 0

)*COS(X) «COS t X)

)+SIN(X) + ( 0 0 )<SIN(X)+COS(X)

T = l 0 0

+(00
+ l 0.0

( 0 0

+ ( 00
+ l 0.0

)+Z/H)

)4Z/H)~X

)4Z/H)~X4X
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HANFORO NO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LONER COURSE, OF CYLINOER
I

VESSEL SUSJECTEO TO 1/2 SSE E Qe + I~Pa„+ S C MATER

BOOY LOAOS

X.c .z~~

BOOY NO ~ 109 BOOY TYPE 4 X = MERIOIAN ANGLE

PN = ( oa 626900E 02) + ( 0 ~ 0

+ ( 0.0 )«COS(X)«COS(X)

)«COS(X)

PPHI = ( 0 ~ 0

TF(00
)«SIN(X) + ( 0 ~ 0

+ ( 0 0 )*Z/H)

)«SIN(X)¹COS(X)

+ ( 0 ~ 0

+( 0.0

+ ( 0.0

+ ( 0+0

)¹Z/H)¹X

)«Z/H)«X¹X

BODY NO ~ 110 BOOY TYPE 4 X ~ MERIOIAN ANGLE

PN = ( 0 622400E 02) + ( Oeo

+(0.0 ) «COS( X ) «COS ( X)

) «COS (X)

PPHI ~ ( 0 0.

r ( o.o

) «SIN(X) + ( 0 0

+ ( 0 0 , )«Z/H)

) «SIN(X) «COS( X)

+( 00
+(00

+ ( 00
+(0.0

)«Z/H)¹X

)¹Z/H)«X«X

SOOV NO. 111 BOOY TYPE + X = MERIOIAN ANGLE

PN = ( 0 ~ 617500E 02) + ( 0 0 )«COS(X)

+ ( 0 0

PPHI = ( 0 0

) «COS(X) «COS(X)

)«SIN(X) + ( 0 0 )%SIN(X)¹COS(X)

r=(00
+( 0.0

+ ( 0.0

+ ( 0.0

+(00
+ (00

)¹Z/H)

)¹Z/H)¹X

)*Z/H)«X¹X
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HANFORO NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

VESSEL SUBJECTED TO I/2 SSE EaQe + I ~ Pe + S v WATER

BODY LOADS

BODY NO ILZ BODY TYPE 4 X MERIDIAN ANGLE

PN = ( 0 ~ 613800E 02) + (. 0 0 )¹COS(X)

+ ( 0.0

PPHI = ( 0 0

T ~ ( 0 '
+( 0.0

+ ( 0 ~ 0

+ (0.0
+(0.0
=+(00

)¹Z/H)

)¹Z/H)¹X

)¹Z/H)¹X¹X

)¹COS(X)¹COS(X)

).¹SIN (X) + ( 0 0 )¹SIN(X)¹COS(X)

BODY NO ~ 204 BODY TYPE 4 X ~ MERIDIAN ANGLE

PN ~ ( 0 '43000E 02) + ( 0 ' ) ¹COS (X)

+ ( 0 0 )¹COS(X)¹COS(X)

PPHI = ( 0 0' ¹SIN(X) + ( 0 0 ) ¹S IN{X) ¹COS(X )

T = ( 0 '
+ ( 0.0

+( 0.0

+ ( .0.0

+ ( 0.0

+(0.0

)¹Z/H)

)¹Z/H)¹X

)¹Z/H)¹X¹X

BODY NO 200 BODY TYPE 4 X ~ MERIDIAN ANGLE

PN = ( 0 641900E 02) + ( 0 0 ) ¹COS (X)

+(0.0
PPHI = ( 0 0

T = ( 0 0

+( 0.0

+ ( 0.0

+(00
+ (0.0
+(0.0

)¹Z/H)

) ¹Z/H) ¹X

)¹Z/H)¹X¹X

)¹COS(X)¹COS(X)

)¹SIN(X) + ( 0 0 )¹SIN(X)¹COS(X)
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, X,.c z.~HANFORD NO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

VESSEL SUBJECTEO TO 1/2 SSE E ~ Qe + IaPo + SoC ~ WATER
I

BODY LOADS

BODY. NO 201 BODY TYPE 1 X = Ol SANCE ALONG MERIDIAN FROM 'A'DGE

) + ( OoOPN» ( 0+0

PPHI = l 0 ~ 0

T = ( 0 0

)«X
',I'e)+(00 )«X

+ ( 0.0 )«Z/H)

)«Z/H)«X+ t 0.0

+( 0.0

+(0.0
+ l 0 0 ) «Z/H) «X«X

BODY NO 203 BODY TYPE 1 X DISANCE ALONG MERIDIAN FROM 'A'DGE
PN=(00
PPHI = ( 0 .0

r = (,0.0
+ t 0 ~ 0

+ ( 0 ~ 0

}+ (0.0
)+(0.0

+ ( 0.0

+ (,0.0
+ ( 0 0

)«X

)«X

)«Z/H)

)«Z/H)«X

)«Z/H)«X«X

BODY NO 302 BODY TYPE 4 X = MERID IAN ANGLE

PN = ( 0 ~ 612600E 02) + ( 0 ~ 0 )«COS(X)

+ ( 0.0

PPHI'» ( 0 0

T = ( 000

+ (0-0
+ ( 0 0

+ t Oo0

+ t 0.0

+ ( 0 0

) «Z/H)

)«Z/H)«X

)*Z/H)«X«X

)«COS(X)«COS(X)

)«SIN( X) + ( 0.0 ) «S IN(X ) «COS l X )
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'ANFORDNO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE, ED Q + I P + S CD MATER

BODY LOADS

BODY NO 300 BODY TYPE 4 X > MERIDIAN ANGLE

PN ~ ( 0 '09300E 02) + ( 0 ~ 0 )¹COS(X)

+ ( 0.0

PPHI = ( 0 0

T = ( 0~0

+ ( 0 ~ 0

+ ( 0 0

+ (0.0
( 0.0

~(0.0

)¹Z/H)

)¹Z/H)¹X

)¹Z/H)¹X¹X

)¹COS(X)¹COS(X)

)¹SIN(X) + ( 0 ~ 0 )¹SIN(X)¹COS(X)

BODY NO 301 BODY TYPE L

PN=(00
PPHI = ( 0 0 )¹X) + ( 00

X = DISANCE ALONG MERIDIAN FROM 'A'DGE

0 0 )¹X

r = ( o.o

+ ( 0.0

+ ( 0.0

+(00
+ ( 0.0

+ ( 00

)¹Z/H)

)¹2/H)¹X

)¹Z/H)¹X¹X

BODY NO 402 BOGY TYPE 4 X = MERIDIAN ANGlE

PN = ( 0 606000E 02) + f 0 0 ) ¹COS (X)

+ ( 0.0

PPHI = ( 0 0

T = ( 0 0

+(0.0
+(0.0

+ (0.0
( 0.0

+ ( 0 0

)¹Z/H)

) ¹Z/H) ¹X

) ¹Z/H) '«X¹X

) ¹COS(X) ¹COS(X)

) ¹SIN(X) + ( 0 0 )¹SIN(X)¹COS(X)
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X.4 M~HANFORD NO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOHER COURSE OF CYLINDER

VESSEL SUB JEC TED TO 1/2 SSE E ~ Qo + I ~ Pe + S ~ C ~ 'HATER

BODY LOADS

BODY NO ~ 403 BODY TYPE 4 X = MERIDIAN ANG{.E

PN = { 0 601200E 02) + ( 0 ~ 0 ) ¹COS ( X)

+ t 0.0 )¹COS(X)¹COS(X)

PPHI = t 0~0 ) ¹SIN(X) + t 0 ~ 0 )¹SIN{X)¹COS{X)

T~{ 00 +( 0.0 )¹Z/H)

+ t 0.0

+ t 0 0

+ ( 0.0

+ ( 0.0

BODY NO~ 404 BODY TYPE 4 X ~ MERIOI

PN = t 0 ~ 595700E OZ) + ( 0 0

)¹Z/H)¹X

)¹Z/H]¹X¹X

AN ANGLE

) ¹COS (X)

+ ( 0.0

PPHI = ( 0 0

T = ( 0 ~ 0
P

+ t 0+0

+{0.0

,) ¹COS{ X) ¹COS(X)

, )¹SIN{X) + (

+ (0.0
+ ( Oe0

+ (0.0

0+0

) ¹Z/H)

) ¹Z/H) ¹X

)¹Z/H)¹X¹X

l¹SIN(X)¹COS(X)

BODY 40 ~ 405 BOt)Y TYPE 4 X ~ MERIDIAN ANGLE

PN = t 0 589800E 02) + ( 0 0 )¹COS{X)

+( 0.0

PPHI = ( 0 ~ 0

i = ( 0 0

+ (0.0
+ t 0 0

+ (0.0
+(0.0
+ ( 0 0

)¹Z/H)

)*Z/Hl¹X

)¹Z/H)¹X¹X

)¹COS(X)¹COS{X)

)¹SIN(X) + ( 0 0 )¹SIN(X)¹COS(X)
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'ANFORONO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

~ 4s.Z.WQ

VESSEL SUBJECTED TO I/2 SSE E ~ () + I P + S AC MATER

BODY LOADS

BODY NO 006 BODY TYPE 4 X = MERIDIAN ANGLE

PN —" ( 0 583000E 02) + t 0 '
+ ( 0 0 )¹COStX)¹COS(X)

PPHI = ( 0 ' )¹SIN(X) + t 0 0

)¹COS(X)

)¹SIN(X)¹COS(X)

T = ( 0 '
+ ( 0.0

+ ( 0 0

+ l 0.0

+ ( 00
+ ( 0 ~ 0

) ¹Z/H)

)¹Z/H)¹X

)¹Z/H)¹X*X

BODY'O 407 BODY TYPE 4 X ~ MER IO I AN ANGLE

PN = ( 0 577500E 02) + ( 0 ' ) ¹COS (X)

+ l 0.0 )¹COS(X)ICOS(X)

PPHI = t 0 0 )¹SIN(X) + ( 0 0 )¹SIN(X)¹COS(X) .:
T = ( 0 0

+ t 0.0

+ t 0 0

+ (0-0
+ t 0.0

+ ( 0 0

)¹Z/H)

)¹Z/H)¹X

)¹Z/H)¹X¹X

BODY NO- 408 BODY TYPE 4. X ~ MERIDIAN ANGLE

P t = ( 0-571700E 02) + ( 0.0 ) ¹COS (X)

+( 0.0

PPHI = ( 0 0

T = ( 0 0

+ t 0 0

+ t 0 0

+ t 0 0

+ ( 0.0

+ ( 0 0

) ¹Z/H)

) ¹Z/H) ¹X

)¹Z/H)¹X¹X

)¹COS(X)¹COS(X)

)¹SIN(X) + ( 0 0 )¹SIN(X) ¹COSlX)
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'ANFORDNO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LO'HER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE E ~ 0 ~ + I'a + S AC MATER

BODY LOADS

~.c Z.z.M

BODY NO 409 BODY TYPE 4 X ~ MERIDIAN ANGLE

PN = ( 0 566600E 02) + ( 0~0 )+COS(X)

+ ( 0 ' )+COS(X)+COS(X)

PPHI = t 0 0 )CSIN(X) + ( 0 0 ) <SIN(X) +COS(X)

T = ( 0 0

+( 0.0

+ t 0.0

+ t 0.0

+(0.0
+ t 0 0

)>Z/H)

)~Z/H)~X

}4Z/H)wX4X

BODY NO ~ 410 BODY TYPE 4 X "- MERIDIAN ANGLE

PN = { 0 561400E 02) + ( 0 ~ 0

+ t 0 0 ) 4'COS(X) +COS(X)

PPHl = ( 0 0 )+SIN{X) + ( 0 ~ 0

) 4'COS (X)

)+SIN(X)ICOS(X)

T = { 0'0

+ t 0.0

+ t 0.0

+ (00
+ ( 0.0

+ ( 0.0

)~Z/H)

) 4Z/H) 4 X

}+Z/H)>X+X

BODY NO 411 BODY TYPE 4 X = MERIDIAN ANGLE

PN = { 0 556100E 02) + ( 0 ~ 0 ) 4'COS ( X )

+ t 0.0

PPHl = t 0 0

T = { 0 0 + ( 0 0 ) AZ/H)

)ICOS(X)+COS(X)

)CSIN(X} + ( 0 ' )<SIN(X)>COS(X)

'e

+( 0.0

+(0-0
+ ( 00
+ t 0 0

)~Z/H)~X

)+Z/H)>X*X
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HANFORD NO ~ 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE ED Q ~ + I PE + S C WATER

BODY LOADS

BODY NO ~ 412 BODY TYPE 4 X = MERIDIAN ANGLE

PN = ( 0 549700E 02) + ( 0 0 )~COS(X)

+ ( 0.0 )<COS(X)«COS{X)

PPHI = ( 0 ' )+SIN(X) + ( 0 ' )+SIN(X)+COS(X)

T = ( 0 0

+(0.0
+ t 0.0 + (0.0 )+Z/H)4X4X

+{ 0.0 ) 4LZ/H)

+ ( 0.0 )+Z/H)4X

BODY NO 413 BODY TYPE 4 X = MER ID I AN ANGLE

PN = ( 0 543300E 02) + { 0 0 )+COS(X)

+ ( 0.0 )4'COS{X)4'COS(X)

PPHI = ( 0 0

( 0 ~ 0

+( 0.0

+(0.0
+ ( 0 0

+(0.0
)*Z/H)~X

)4Z/H)<XoX

)CSIN(X) + ( 0 0

+{0.0 ) ~Z/H)

)+SIN(X)+COS(X)

BODY NO 414 BODY TYPE 1 X = DISANCE ALONG MERIDIAN FROM 'A'DGE

PN = { 0 517820E 02) + ( 0 ~ 433000E-01) +X

PPHI = ( 0 0

T = { 0 0

+ { 0.0

+(00

)+(0.0
+ { 0 0

+ (0.0
+ { 0.0

)4X

)+Z/H)

)*Z/H)~X

) eZ/H) WX4 X
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HANFORD NO 2 CONTAINMENT VESSEL

ANALYSIS OF BOTTOM HEAD AND LOMER COURSE QF CYLINDER

VESSEL SUBJECTED TO 1/2 SSE ED 0 + I P + S C MATER

BODY LOADS

BODY NO 500 BODY TYPE 3 X = RADIUS

PN={00
PPHI = ( 0 0

T = ( 0 0

+ ( 0.0

+ t 0.0

)+ t 0.0

)+{0.0
+ (0.0

+(0.0
+(00

)eX

)AZ/H)

)~Z/H)~X

)42/H)4'X4'X

BODY NO» 502 BODY TYPE

PN ~ ( 0 'S5900E 02)

). X = DISANCE ALONG MERIDIAN FROM 'A'DGE
+ ( 0»433000E-Ol.)+X

PPHI = { 0 0

r ( 0.0

+ t 0.0

+{ 0.0

)+(00 )X

+ (0.0 ) 4'Z/H)

+ t 0.0 )~Z/H)~X

+ ( 0»0" ) +Z/H) +X+X

BODY NO b00 BODY TYPE I X = Dl SANCE ALONG MERIDIAN FROM 'A'DGE
PN = { 0 '50000E 021 + ( 0 '33000E-01,)>X

PPHI = ( 0 0

T = ( 0 ~ 0

+ t 0-0

+ ( 0 ~ 0

+ t 0.0

+ { 0»0

+ (0.0

)<Z/H)

)~Z/H)4X

)+Z/H.)~X~X

)+ t 00 )+X
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'ANFOROND 2 CONTA INHENT YE SSEL W.~,z ~(

ANALYSES OF BOTTOH HEAO ANO LOWER COURSE OF CYLINOER

VESSEL SUBJECTCO TO 1/2 SSE E ~ Q

CIRCUMFERENTIAL LINE LOADS
+ I Pe + S~C ~ MATER

NQOE

101
102
103
104
200
105
201
203
202
106
107
108
109
110
111
112
113
300
701
400
402
403
404
405
406
407
408
409
410
411
412
413
414
301
500
501
503
600'01

R-0 I R ~

Oo0
0 ~ 0
0 ~ 0
0 ~ 0
Oo0
0 0
0 '
0 0
0 0
0 '
0 '
0 0
OeO
0 0
0+0
0 0
0 '
0 '
0 '
0 0
0 ~ 0
0+0
0 '
Oo0
0 0
0 '
0 '
Oe0
0 0
0+0
Oo0
OeO
0~0
0 '
Oi0
0 0
0 '
0.0
0 0

Z-OIR

0 '
0 '
0 '
0 0
0 ~ 0
0~0
0 ~ 0
0 ~ 0
0 0
0 ~ 0
0+0
0 '
OiO
0 '
0 0
0 0
0 0
0 ~ 0
0 '
0 0
0 '
0 '
0 0
Oo0
0 ~ 0
0 ~ 0
0 0
0'
0 0
0 0
0 ~ 0
Oo0
0 '
0 0
0 ~ 0
0 ~ 0
0 ~ 0
0 0
0 ~ 115924E 05

TP- 4<

MOMENT

0+0
0 '
0 0
0 '
Oo0
0 ~ 0
0 0
0 0
0 0
0 ~ 0
0 0
0 0
0 0
0 ~ 0
0 '
0.0
Oe0
0 '
0 0
0 ~ 0
0 0
0 ~ 0
0 '
0 0
Oo0
0+0
0 0
0 ~ 0
0 ~ 0
0 0
0 0
Oe0
0 '
0 0
Oe0
0 0
0 '
0 0
0 ~ 0

~l&Z,)WQW
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOH HEAD ANO LOHER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q ~ + I PE + S CD HATER

NODE
NO

101
102
LD3
104
200
105
201
203
202
106
107
108
109
110
111
112
113
300
701
400
402
403
404
4a5
406
407
408
409
410
411
412
413
414
301
500
501
503
600
601

R OR R'IR ~

0'77801E-02
0 553874E-OZ
0 ~ 511606E-02
0 422202E-02
0 443483E-02
0 593667E-02
0 ~ 0

—.0 329964E-03
0 578573E-02
0 ~ 604101E-02
0 ~ 387270E-02
0 '84649E-02
0» 179554E-02
0 '86850E-03
0 163698E-03

-0 ~ 881705E-03
-0 '16523E-03

0 ~ 0-
0 84466LE-02
0 '29124C-01
0 456802E-01

-0 '57568E-Ol
-0 ~ 437908E-01

0 ~ 1 9822 7E-Ol
0 756469E-01
0 121 328E-01

-0 '07187E-01
-0 115252E 00
-0 134574E 00
-0 ~ 133627E 00
-0 '05088E 00
-0 303998E-01

0 957362E-01
D D
0»281594E 00
0 284109C 00
0 290752E 00
0 290752E 00
0 '76648E 00

-0 550000E-01
-0 550000E-01
-0»550000E-01
-0 550000E-Ol
-0» 550000E-01
-0» 443679E-02

0»0
-0» 453979E-02
-0 550000E-01
-0 550000E-01
-0 '50000E-01
-0»550000E-01
-0 550000E-01
-0 550000E-01
-0 550000E-01
-0» 550000E-0 1
-0 550000E-01,
,

0 ~ 0
-0 550000E-01
-0 527621E-01
-0 51,3797E-01

0 '01335E 00
0 122338E 00
0» 6331 04E-01
0 216836E-01
0 '92133E-01
0 120897E 00
0 146172E 00
0 158244E 00

.0»162668F 00
0 161830E 00
0»157125E 00
0 155590E 00
0 0
0 161300E 00
0 165713E 00
0 168463E 00
0 168517E 00
0 178387E 00

0 1,67297E-01
-0»276795E-02

0 ~ 241058E-02
-0»262118E-02
-0»222700E-02
-0» 672640E-04

0 255748E-03
0 186587E-06
0»847850E-03
0» 60437 1E-02

-0»800292E-03
0 636855E-03
0 282198E-03
0 ~ 1 19048 C-03
0»827730E-03

-0» 2251 89E-02
-O.884366E-OZ
-0 '85233E-02

0 ~ 616582E-02
-0 989898F-02
-0 989898E-02
-0 '63893E-02

0» 214475E-02
0 '40704E-02

-0» 130462E-02
-0 694 L 81E-0?
-0 5Z8331E-02
-0 274 341 E-02
-0 ~ 84 1 126 E-03

0» 8 13660E-03
0 ~ 317951E-02
0 692556E-02
0 '05750E-02

-0 103428E-02
0 278407E-03
0 '80922E-03
0» 870172E-03
0 870172E-03

-0 369181E-03

NODE 0 I SPLACEHENTS
OR Z ~ PIR» ROT AT ION

-0 300000E
-0 '59700E
-0 '19500E
-0»779200C
-0 859100E

0 ~ 0

0»0
0 25440
0 0

0 ~ 0
0 ~ 0

-0 ~ 103320 E
-0 '1275OE
-0» 131610E
-0 150+70 E
-0 '69310E
-0 188170E
-0 207030E
-0»225880E
-0 239010E

OE

0 0
0 ~ 0
0 ~ 0
0 0
0 ~ 0
0 ~ 0
0»0 '

0
0 0
0 0
0 ~ 0
0 0
0 0
0 ~ 0
0 0
0 0
0 ~ 0
0'

0 0

01
01
01
01
01

02
OZ
OZ
02
02
02
02
02
02

02

OBLlQUE AXIS
'NGLE
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L INOER
MATER

HOHENT

101
102
103
104
200
20 I.

202
106
107
108
109
110lll
1 l.2
113
300
701
301

0 0
0+0
0 0
0 0
0 ~ 0
0 0
0 0
0 0
0 ~ 0
0 ~ 0
0 ~ 0
0 0
0 0
0 ~ 0
Oo0
0 0
0 0
Oe0

HANFORO NO 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOH HEAD ANO LOMER COURSE OF CY
VESSEL SUBJECTEO TO 1/2 SSE EoQ + IMP + S CD

NODE REACTION LOADS
NO ~ R OR R'IRE Z OR Z'IR~

0 0 0 641230E 03
0 0 0 ~ 166278E 04
0 0 0 ~ 1 51767E 04
0 0 0» 139498E 04
0 0 0 182492 E 03

-0 ~ 124730E 02 0 136192E 04
0 ' 0 425248E 03
0 0 0 ~ 154408E "04
0 0 0 178847E 04
0~0 0 173068E 04
0~0 Oe 173281E '04
0 0 0+171228E 04
0 ~ 0 Oe 1 7Z406E 04
0 0 "0~ 162734E 04
0 ~ 0 .'0 120525E 03'0 '22977E 04 —.0 290825E 04
0 0 0~790895E 03
0 '59887E 01 -Oe?94703E 04

OBL IQUE AXIS
ANGLE

-0 '00000E 01
-0 ~ 459700E 01
"0 ~ 619500E 01
-0 '79200E 01
-0 859100E Ol

0 '
-0 ~ 103 320 E 02
-0 '12750E„02
-0 131610E 02
-0 ~ 150470E 02
-0 ~ 169310E 02
-0 1881'70E 02
-0 207030E 02
-0 '25880E 02

, -0~239010E 02
OeO'-0 '54400E 02
0 ~ 0



(
HANFORO NO ~ 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE ED Q ~ + IMP» + S»CD MATER

BOOY NO. 101

~.c .~%4;

PITTSBURGH-OES MOINES STEEL COHPANY AX)SYMMETRIC SHELL PROGRAM AX2
PAGC 29

'TATION

N-PHI
STRESS RESULTANTS

N-THETA H-PHI M-THETA Q-PHI*

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

1846
1813»
1776
1734
1686»
1629
1564
1489»
)404%
1310»
1206»
1094%

974
847»
7)5 ~

578
'38

295
'49

0

3568 ~

3616»
3774 ~ =

4012%
4305
$ 628»
4959»
528) ~

5575»
5829 ~

6031 ~

6173
6251
6263»
6212
6105
5953
5771
5582

'413

-3987 "

-2950%
-1992 ~- I. 115%
-319

393
'019»

)557%
2006
2362

'623»

2785
'846»

2800%
2644%
2372

'979~

1457
800.
-0»

-1150
'779

'446

-152
104
322

'02

644
749»
816
846

'40

'98

721
'609
464»
285 ~

76
-)62»
-427 '

2.4
758 ~

691» .

624 ~

555
'86

'16

345»
273%
200 ~ .

125
'0

~,

-28 ~

-108
-190
-274%
-361 ~

-451 ~

-544»
-641.
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LONER "OURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q + I P + ST CD HATER

BODY NO 101

STAT ION
NORMAL

DISPLACEMENTS
TANGENTIAL ROTATION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

0 5500E-01
0 5567E-01
0 6070E-01
0 ~ 6882F-01
0 ~ 7889E-01
0 8987E" 01
0 ~ 1008E 00
0.1110E 00
0 1196E 00
0 '262E 00
0 ~ 1302E 00
0 ~ 1315E 00
0 1297E 00
0 1250E 00
0 '175E 00
0 ~ 1074 E 00
0 9534E-01
0 8 I. 95E-01
0 6813E-01
0 5500E-Ol

-0 5538E-02
-0 5573E-02
-0 ~ 5616E-02
-0 5675E-02
-0 5756E-02
-0 5860E-02
-0 599I.E-02
-0 '147E-02
-0 6327E-02
-0 6529E-02
-0 '749E-02
-0 6983E-02
-0 7225E-02
-0 '470E-02
-0 '71.4E-02
-0+7952E-02
-0 8179E-02
-0 8393E-02
-0 8593E-02
-0 8778E-02

-0 '768E-02
-0 '246E-02
-0 '748E-02
-0 ~ 1034E-01
-0 '112E-Ol
-0 '114E-01
-0 ~ 1049 E-0 1

-0 9263E-02
-0~7532E-02
-0 5389E-02
-0 '922E-02
-0 2283E-03

0 '598E-02
0~5452E-02
0%8226E-02
0 1081E-01
0 1308E-01
0 1492 E-01
0 '1618 E-0 1

0 1673 E-01
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS Of BOTTOM HEAD ANO LOWER COURSE OF CYL INDER
VESSEL SUBJECTEO TO 1/2 SSE E Q ~ + IMPS + S ~ C ~ MATER

BODY NO 101

STATION MEMBRANE STRESSES

S I G-PH I S IG-THETA

MEMBRANE + BENDlNG ON EXTRCME. FIBERS
OUTSIDE FIBERS I NS I OE F I BERS

SIG-PHI SIG-THETA SIG-PHI S IG-THETA

1

2
3
4
5
6
7
8

10
11
12
13.
14
15
16
17
18
19
20

2272
'231

2186%
2135 ~

2075
2005

'925~

1832
1728
1612
1484
1346
1199

'.043~

ceo.
712
539
363»
183

0

4391 ~

4450%
4644%
4938

'298

5696
6104

'500%'862

'174

7423 ~

7598
7693»
7708%
7646»
7514

'327

'103

6871
6662

'33964
-24584
-15918»

-7995
-82 3%

5577
11183
15984
19956%
23075
25320
26659
27063
26495%
24914%
22274%
18523»
13608

7457»
0%

-6061.
-263 1

587
3555
6244%
8623

10665 ~

12353»
13666»
14590
15115 ~

15235
14949

'4261

'3182

'1727~

9921
7799 ~

5399
2779»

38509
'9046

20290%
12265

4973»
-1566
-7334

-12320
'16500

'19851

'22351

'23967

'24666

'24409

-23154%
-20850

'17445%

-12882
-7090

0 ~

14843
'}532

8702
'320

'352

'769

1542
646

58
'241

-269 ~

-39
'38

1156
2110

'301

4732
'408

'342

10545



0
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'ANFORDNO~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q ~ + IMPS + S ~ C ~ WATER

BODY NO 101 DESIGN STRESS INTENSITY ~ — 19300

STAT I ON

1

2
3
4

6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

MID-SURFACE
S I T1T2T3

5154
5125

'232

5440
5719

'038

'373

6699
'998m

7255
'458

7604
'696

'745m

7768
7777
7776
7774
7788
7846

'UTSIDE
SURFACE

Sl T1TZT3

33964m
24584

'6505+

11550
'0670

8623
11183
l. 5984
19956

'3075

'5320

'6659

'7063

26495
'4914~

22274
'8523

13608
'457

'779

'NSIDE
SURFACE

SI T1T2T3

38509
'9046

20290
12265
4973

'335

8876%
12966
16559

'9851

22351
23967

'5104~

25565m
25264
24152

'2178

'9291

15432
10545m

~eh

+p g(,5 (m
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HANFORO NOe 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOMER "OURSE QF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE ED Q ~ + IMPS + SeC ~ MATER

BODY NO 102

3j.co,W.~~

STATION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

1

2
3

5
6
7

8
9

10ll
12
13
14
15
16
17
18
19
20

2249
2237e
2224e
2211 ~

2196e
2180
2162
214l ~

2119
2095e
2070e
2044
2019e
1993e
1969
1945
1922

'898

1874
'1846e

3160
3077

'078

'137

'233~

3346e
3459

'559

3635
3681

'692

'670e

3616
" 3539 ~

3451
3367e
3308e
3301
3375
3568

-3254
-2361

'1557e

-847e
-230

289e
711

'033e

1251
'365e

1371
'266e

1048
712e
255e

-326
-1037
-1881 ~

-2862
-3987

-1006
-703
-438
-209.

-16
'41

'61

347
397e
413
395

'44

261
146
-1 ~

-,176e
-381 '
-612.
-869

'I.150

709o
6 3'
565 ~

492e
418 ~

343 ~

267
190e
112

'3

'47

'128

-211
-296

'382

'46/'e

-559 ~

-650 ~

-743 ~

-838

(y



0
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HANFORD NO ~ 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOHER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E ~ Q + I P ~ + S C MATER

BODY NO 102

AX2
PAGE 34m

STATION

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

0 5501E-01
0 '113E-01
0 ~ 5069E-01
0 ~ 5262E-01
0 5598E-01
0 '996E-01
0 6387E-01
0 ~ 6714E-01
0 6937E-01
0~ 70$ 7E-,01
0 6971E-01
0 '770E-01
0 6442E-01
0 6019E-01
0 ~ 5552 E-01
0 '105E-01
0 4764E-01
0 4632E-01
0 4830E-01
0 5501E-01.

DISPLACEHENTS
TANGENTIAL

-0~ 5115E-02
-0~5114E-02
-0 5109E-02
"0~ 5107E-02
-0 ~ 5 1 11E-02
-Oe 5124E-02
-0 5145E-02
-0 ~ 5175E-02
-0 ~ 5212E-02
-0 5254E-02
-0 5298E-02
-0 ~ 5341E-02
-0 '382E-02
-0 5417E-02
-0 '446E-02
-0 5468E-02
"0 5484E-02
-0 5497E-02
-0 ~ 5512E-02
-0~,5538E-02

ROTAT ION

0 ~ 2411 E-02
-0 377 1E-03
-0 2330E-02
-0 3534E-02
-0 '080E-02
-0~4060E-02
-0 '570E-02
-0 2706E-02
-0 1567E-02
-0 '574E-03

0 1118E-02
0 2451 E-02
0 3630E-02
0~4537E-02
0 '054E-02
0 5055E-02
0 '411E-02
0 '986E-02
0 ~ 6421E-03

-0 2768E-02
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HANFORO NO 2 CONTAINMENT VESSCL
ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE OF CYLINDER
VESSFL SUBJECTEO TO L/2 SSE ED Q + I P + ST CD WATER

BODY NO» 102

STATION HEHBRANC STRESSES

S I G-PHI S I G- THE TA

HEHBRANE + BENDING ON EXTREME FIBERS
OUTSIDC F IBERS INS I OE FIBERS

SI G-PHI Sl G-THETA S I G-PHI S IG-THETA

)
2 *

3

5
6
7
8
9

10
)1
12
13
14
1.5
16
17
18
19
20

2769
2753
2737
2721
2703
2683
2660 ~

2635
2608
2578
2548
2516 ~

2485
2453
2423
2394
2365
2336
2306

'272

3889»
3787

'788

'86)~

3979
4118
4257

'380

'474

'530

4545 ~

4516
4450»
4356

'247

'144

4072
'062

'154

439'26805

-18702
—1.1418»

-4975
'09»

5313»
9124

12020»
13981. ~

14985
15008 ~

14025
12006»
8923
4742

'570

-7056
"14755 ~ .

-23710
-33965

"5253
-2606

-190 ~

1966
3835
5395
6632 ~

753 1
808 3 ~

828 5
8138
7646
6820 ~

5678
4242»
2542

613-I 50) ~

-3746
-606 1 ~

32342»
24208

'.6893»

)0417
4797

53»
-3803»
-6750»
-8766

'9828

-9913
'8992»

-7037
-4016

'05»

5358
1.1787

'9428

'8322

38509

'.3031
'018)i

7766 ~

5757
4)24

'840

1882
'229

'65

~
'76

'52

'387

'680»

3033
'2,52

5745 ~

7531
9626

'20540

1,4843 '



HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE EoQ ~ + l~Pe + SoC ~ WATER

BODY 90 L02 DESIGN STRESS INTENSITY ~ 19300

P I TTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC, SHELL PROGRAM AX2
PAGE'6

'-4.~

STAT ION

1

2
3

5
6
7
8
9

LO
11
12
13
I.4
15
L6
17
L8
19
20

M I 0-SURFACE
S I TLT2T3

4410 ~

4222
'140

4136o
4184

'259

4345
'426

4490
'532

'548

4539
4510 ~

4472 ~

4437o
4424
4459

'569

4793o
5175

OUTSIDE SURFACE
S I T1T2T3

26805
'8702

11418
'940

3835
5395
9124

'2020

'3981

'4985

15008
14025
12006

'923

'742o

3LL'2
7669

'4755

23710
33965 ~ .

INS IDE SURFACE
S I, T1T2T3

32342 ~

24208
16893

'0417

'797~

2840
'685

7979
'631

'0604

10864
10380
9118 ~

7049
4252 '

745
1L787 ~

19428
'8322

38509 '
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF. CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E.Q. + I.P. + S.C. WATER

BODY NO» 103

STATION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

1

2
3
4
5
6
7
8
9

10ll
l2
13
14
15
16
17
18
19
20

2551 ~

2547»
2540
2532
2522
2508 ~

2493»
2474»
2454»
2432
2410
2386»
2364»
2342»
2321
2303»
2287
2273

'261

2249»

2854
2947»
3106
3308

'528

3747 .

3947
4115
4240»

= 4313
4332
4295
4206
4069
3897

'704

3508
'333

'206

3160»

-2762»
-1859»
-1050 '

337
'800

799»
1219

'.539»

1756»
1870
1877
1776

'565

1240
'00

241»
-44 I. ~

-1248»
-2185
-3254

-803
-509

'251

-29»
157 ~

308 ~

425
5070
555» „

,570 ~

551»
50 1. ~

418
303
158 ~

-17
222 ~

-456 ~

-717
-1006

710»'37

'63

'89

~ ',
414
339»
264

187'11».

33» ~ i

-45 ~

-125
—,206
-287 ~

37il
-455
-541 ~

-629
'718

o'809»
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'ANFORDNO 2 CONTAINMENT VESSEL
ANALYSIS OF SOTTO/4 HEAD AND LONER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED Q ~ + I+PE +'ST Co HATER

BODY NO ~ 103

STAT ION

1

2
3
4,
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

0 5501E-01
0 5865E-01
0 6501E-01
0 '299E-01
0 8163E-Ol
0 ~ 9010E-Ol
0 9770E-01
0 '039E 00
0 ~ 1082 E 00
0 1103E 00
0 1101E 00
0 '077E 00
0 1030E 00
0 9649E-01
0 8855E-01
0 '980E-.01
0 7103E-Ol
0 ~ 6319E'-01
0 5 742 E-01
0 '5016-01

DISPLACEHFNTS
TANGENTIAL

-0~ 4224E-02,
-Oe 4205E-02
-0~ 4197E-02
-Oe4203E-02,
-0 4226E-02
-Oe4266E-02
-0 '323E-02
-0 '394E-02.
-0~447YE-02
-0 '568E-02
-0 '662E-OZ
-0+4756E-02
-0 4844E-02
-0 4924E-02
-Oe 4991E-02
-0~5044E-02
-0~ 5081E-OZ
-Oe 5104E-02
-0 '115E-02
-0 ~ 5 118E-02

ROTAT ION

-0 -2621E-02
-0 4930E-02
-0 6392E-02
-0 '098E-02
-0+ 7143 E-02
-0~6619E-02
-0 '625C-02
-0 '258E-02
-0.2618E-02
-0 8069E-,03

0 1072E-02
0 291 1E-02
0 4600E-02
0 6029E«02
0 '082E-02
0 7'639E-02
0 '579E-02
0 6775E-02
0 '098E-02
0 2411E-02

L
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWE R COURSE OF CYL INDER
VESSEL SUBJECTED TO )/2 SSE E ~ 0 ~ + IMPS + ST CD WATER

BODY NO» 103

STATION MEMBRANE .STRESSES

SIG-PHI SIG-THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE FIBERS

SI 6-PHI 5IG-THE TA S IG-PHI S IG-THETA

1

2
3
4
5
6
7
B

9
10ll
12
13

15
16
17
18
19
20

3140 ~

3134
3127»
3117
3104
3087 ~

3068%
3045
3020
2994

'966»

2937
'909»

2882
2857
2835
2815
2797
2782 ~

2769 ~

3513%
3627 ~

3823%
407)»
4342»
461 1»
4858»
5065%
5218%
5309»
5332

'287»

5176
5009

'797

4559
'317

'102»

3946
3889

'21961»
-13763

'6421»

53»
5651

10353
'4152

'7035~

18984
19987
20026

'9082

'7134

14156
10128»

5022 ~

-l)96
-8549

-17072
-26805»

-3784
-999
1540 ~

3804
5770
7413 ~

871 8 ~

967 1 ~

10262
'0487

10343 ~

9836»
8973 ~

7766
6235
4403
2298

'4'2574

'5253

'8241%
20031
12674

6180 ~

556
'-4179
-8016

-10944
-12943
-14000
-14095
-13208
-11315
-8392
-4414»

647
b826

14144
22637

'2342

'0810
~

8253
6197

'338

'914

'809

'9.7~

458»
174

'31

~

321
737 ~

1379 ~ .

225)
3358 '
4714»
6337 ~

8245 ~

10466
'3032'
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'ANFORONO 2 CONTAINMENT VESSEL
ANALYStS OF BU1I'OM HEAO ANO LOWER COURSL OF CYL INOER
VESSEL SUBJECTEO TO I/2 SSE E 0 + I P + ST CD WATER

BOGY NO 103 OESIGN STRESS INTENSITY = 19300 ~

STAT ION

1

2
3

5
6
7
8

10
11
12
13

15
16
17
18
)9
20

MIO-SURF ACE
SI T1T273

4090
'018

'137

4314
4520
4733

'933

51.03 ~

5232 ~

5310
'334

5305
5225

'103

'952

4789
4636
4521
4476
4541

OUTSIOE SURFACE
SI T1T2T3

21961
13763

'961

3804
5770

'0353

14152
'7035

'8984
19987

'0026

'9082

17134
14156
10128

'022

'495m

8549
'7072

26805

INSIDE SURFACE
S I T1T2T3

2824k+
20031 ~

12674'180

2914
5988

'013

11402
13117

'4131.

14416
'3945

12695 ~

10 643'0
7772 ~

4714 ~

6826
14144

'2637

'2342'
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HANFORO NO ~ 2 CONTAINMENT„ VESSEL
ANALYSIS OF BOTTOM HEAD AND LOHER COURSE OF CYLINDER
VESSEL SUBJECTEO TO I/2 SSE E 0 + I PE + S CD HATER

BODY NO 104

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA 0-PHI

1

2
3

5
6
7
8.

9
10
11
12
13
14
15
1,6
17
18
19
20

2574»
2573
2 5 72 ~

2570
2568

'567~

2565 ~

2563
2562
2560»
2559 ~

2558
2557
2556
2555
2555
2554»
2553
2553
2552

'824
2857

„
2882 '
2900

I 2911
t 2914»

2911
„. 2901 ~

I ZSS6.
'866
; 2843
I 2819

2796
I 2775
2759 ~

! 2750
'752 ~

2 768 ~

2800
2854

925
986

1021
'028

1007
959
883

'79

'47»

486»
296

'76 ~

-172
-450».
-759

'1097

'1467

'1867

'2298

-2762

297
311
317

'15»

304
'85

'58

'23»

1800
129

'0

3»
-71

-153
'243»

-340
'445

'557

-676
-803

105
'5

25 ~

-15 ~

-55
-96 ~

-136
-177 ~

-218
-259
-301 ~

-343
-385
-42:7 ~

-469
'512

'555

'598

-642
'685'



HANFORD NO» 2 CONTAINHFNTI VESSEL
ANALYSIS OF BOTTOM HEAD AND LQMER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 USE E Q ~ + I PE + S AC MATER

BODY NO 104
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'.c.~Ay

STAT ION

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

NORMAL

0 '496E-Ol
0 5624E-Ol
0 5722E-Ol
0 5789E-01
0 5826E-01
0 5832C-01
0 5810E-01
0» 5763E-0 1
0 ~ 5693E-01
0 5606E-Ol'

5506E-Ol
0 '401E-01
0»5298E-01
0 5207E-01 I

0 5135E-Ol
0 ~ 5095E-01
0 '50980-0L
0 5156E-01
0 5284C-Ol
0 5496f-01

DISPLACEHENTS
TANGENTIAL

-0 4438E-02
-0 4427E-02
-0 4417E-02
-0»4408C-02
-0 4399E-02
-0 4391E-02
-0»4383E-02
-0 '374E-02
-0»4365E-02
-0» 4356E-02
-0 '345E-02
-0 ~ 4 333E-02
-0 4321E-02
-0 '308E-02
-0 '293E-02
-0 '279E-02
-0 4264E-02
-0 4249E-02
-0 4236E-02
-0 4224E-02

ROTAT I ON

-0 2227E-02
-0» 1752 E-02
-0 1253E-02
-0 '427E-03
-0 2349E-03

0 '2565E-03
0 ~ 7177 E-O3
0 '135E-02
0» 1494E-02
0 1780E-02
0 1979E-02
0 2076E-02
0 '057E-02
0 1906E-0?
0 1608E-02'

1149E"02
0 5122 E-03

-0 '174E-03
-0 o 1356E-02
-0 2621 E-02
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HANFORD NO 2 CONTAINMENT, VESSEL
ANALYSIS OF BOTTOM HEAD AND I OMER COURSE OF CYLINDER
VESSEL SU8JECTED TO 1/2 SSE E ~ Q ~ + I P ~ + S C ~ MATER

1

BODY NO 104

STATION MEMBRANE STRESSES MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE F IBERS I NS I DE,F I BERS

S I G-PHI 5 IG-THETA SI G-PHI,S IG-THETA S I G-PHI S IG-THETA

1
2
3

5
6
7
8
9

10
11
12

'13
14
15
16
17
18
19
20

3169
'167

'165m

31,63
3161

3159'157+

3 1.55 ~

3153 ~

315 l ~

3150 ~

3148 ~

3147
3'1460
3145 ~

3144 ~

3143
3 1.43 ~

3142
3140

3476 ~

351,6o
3547
3569
3582m
3586

'582'570~

3551
3527m
3500+
3470

'441

'415

3396
'385

3387
'406

3446+
3512

11576~
12131
12440
12502+
12315
1. 1877«
11185
10237+
9032
7567~
5837
3844+
1583
-948

'3751~

-6830
-10 I. 87 ~

-13825
-17746
-21960

6178
6347
6432

'432

'348+

6181.
593 le
5600 ~

5190
'470 2 ~

41.38 ~

3502 ~

2796
'023m

11,88 ~

293 ~

-657
-1656

'27004

-3785

-5239
-5797

'6110+

-6176
'5993

-5559
-487 L~
-3927
-2726

'1264

463'453 '
4711+
7240+

10041~
13118
16474
20110
24030

'8241

774
685i
663

'07

'17

~

992
'233

'.540 ~

1913
'353

2861m
3438

'086

'8080

5604
'477.

7431
'469

9593
'0809
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HANFORO NOe 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO I/2 SSE EeQe + I ~ Pe + S ~ C ~ MATER

BODY NO 104 OESIGN STRESS INTENSITY, 19300.
4

STATION MID-SURFACE = OUTSIOF SURFACE INSIDE SURFACE
S I T 1T2T3 S I T L TZT3 S I T 1T2T3

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

3488
3520

'548

3569
3586
3596

'602

'604e

3602 ~

3598
3595

'592

3594
3602

'618

3669
'752

'841

3935
4033

11576
1213le
12440e
12502e
12315

',1877

',1185

10237e
9032
7567
5837
3844 '

796 e

2971 ~

4939 ~ .

7123
10187 ~

13825
17746

'1960

'013e6482
'773

'883

6810
6551
6104
5467

'639

3617
2861
3438
471,1 ~

7240e
10041

'3118~

16474
'0l.lo~

24030
'824L
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTEO TO I/2 SSE ED Q + IMP + S CD WATER

BOOY NO» 202

STAT ION
N-PHI

STRESS RESULTANTS
N- THETA M-PHI M-THETA Q-PHI

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

2546
2549
2553
2556
2560
2563
2566

'568»

2571
2573
2574

'576

2576
2577
2577
2577
2577
2576
2575

'574

1649
'644»

1662
'.697 ~

1747
1809»
1881»
1960»
2044
21,30»
2217
2303
2386
2466
2541
2611»
2674
2731
2781
2824

-2927
-2494»
-2085
-1701

'1342

'1009

'700

'418

161
70»

275
454
607
733
833

'05

951
970
961
925

-878
-737
-605»
-482

'367»

-262
-166

-79»
-0
70

131
'83

'27

262
289»
307

'17

319
'12

297

'66
'28

590».
551
513
474
436»
397»

. 358
'19

280
'41

201
'62

'.22~

83
'3»

3 ~

-38
-78 '
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HANFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEl SUBJECTED TO I/2 SSE E Q + IMP. ~ + ST CD WATER

BODY NO ~ 202

. STATION

1
'2

3
4
5
6
7
8
9

IO
11
12
13
14
15
16
17
18
19
20

NORMAL

0 '327E-02
0~5322E-02
0 6194E-02
0 7805E-02
0 ~ 1003E-01
0 1274E-01
0 1583E-01
0 1919E-01
0 ~ 2273E-01
0 '636E-01
0 '001E-01
0 ~ 3360E" 01
0 '708E-01
0 '038C-01
0 4348E-01
0 ~ 4634E-Ol
0 4892E-01
0.5123E-01
0 5325E-01
0~5498E"01

DISPLACEMENTS
TANGENT I AL

-0 51,34E-02
-0 5076E-02
-0 5019E-02
-0 '962E-02
-0 '907E-02
-Oe4854E-02
-Oe4804E-02
-0 4757E-02
-0+4712E-02
-0 '672E-02
-0 4635E-02
-0 '601E-02
-0 '570E-02
-0~4543E-02-
-0 '519E-02
-0 4497E-02
-0.4+78E-02
-0 4462E-02
-0 4448E-02
-0 4435E-02

ROTAT ION

-0 '753E-04
-0 1417E-02
-0 '560E-02
-0 '5'07E-02
-0 4270E-02
-0. 486 I E-02
-0 '293E-02
-0 5578E-02
-0~5729E-02
-0 5759E-02
-0 5680E-02
-0 '5505E-02
-0 5247E-02
-0 4919E-02
-0 '535E-02
-0 ~ 4106E-02
-0 '648E-02
-0 '173E-02
-0 2694E-02
-0 '226E-02





HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE ED Q + I PE + S CD MATER

BODY NO 202
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'X..cp.%m

STAT ION MEMBRANE STRESSES

S IG-PHI S IG-THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTS I OE F I BERS INSIDE, FIBERS

SIG-PHI SIG-THETA SIG-PHI SLG-THETA

1

2
3
4
5
6
7
8

10ll
12
13
14
15
16
17
18
19
20

3133
3137»
3142
3146
3150»
3154

'158

3161»
3164

'166

'168

3170
31,71
3172
3172

'L72~

3L71 ~

3 1.71
3170
3168

2029»
2024
2045»
2088

'150

'227»

, 23l5 ~

2412
'51,5»

2621 ~

2728»
2834»
2937»
3035»
3127

'2L3»

3291
'361

'423»

3476

-23469
-19528»
-15808»
-12314»

-9049»
-6013

'3208»

-639»
1699»
3802

'669»

7297
8686»
9833

10739»
11401
11817
11986
11907
115760

-5947 ~

-4671»
-3450»
-2288

'1189

'157~

806
1696
2513»
3254»
3916
4499 ~

50000
5418»
5754»
6006 ~

6174 ~

6259 ~

6260
'177~

29735»
25803

'209L»

18606
'5349

'2321

'524

'961

'629

2530
'68

'957

'2344

-3489
'4395

-5057
'5474

'5645

'5567

-5240

'0005»
8719

'540

'465

5490
4611

'825

'129

'517

19/9 ~

L540
1170

'TD

652
501

'20.~

408
'63

586
'74»
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~.c .~BRHANFORD NO 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOH HEAD AND LONER "OURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q + I PE + S AC HATER

BODY NO 202 DESIGN STRESS INTENSITY 19300m

STAT ION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

HID-SURFACE
S I T1TZT3

3983
'901

3823
'747

'676

3608
3544
3484

'429

3378
'333

3292
3257
3228

'204

'3220e
3293 ~

3361
3424

'482

OUTS IDE SURf ACE
S I T1T2T3

23469. ¹
19528 . ¹
15808

'2314+

9049
'013

'014

Z336 ~

2513
3802

'669.

7297m
8686

'833

'0739

',1401,~

11817+
11986

'1907

'1576

INSIDE SURFACE
S I .T1T2T3

29735
25803
2209,1 ~

18606
'5349

12321 ~

9524 ~

6961
4629
2530

'540

'127~

3218 ~

4141 ~

4896
5477

'882

6108
6153 ~

6014 ~
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'ANFORDNO ~ 2 CONTAINMENT VESSEL ~.c WPA-
ANALYSI S OF BOTTOM HEAO ANO LOWER COURSE OF CYL INOER
VESSCL SUBJECTEO TO )/2 SSE E ~ Qo + I ~ P ~ + S ~ Co MATER

BOOY NO+ 105

S TATION
N-PHI

STRESS RESULTANTS
N-THETA M-PHl M-THETA

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
)7
18
19
20

2688
2687
2685
2681
2674
2663
2649~
2632

'612m

2591m
2568
2544 .

2521
2500
2480

'464

'451'
244) ~

2435 ~

2433

2547
2655
2922 ~

3291
'716

4153
4568 ~ .

4928
5211
5398
5478
5445 ~

5302
5056
4723

'325

3893
3463
3083 ~,

2805

'4654~
-3319

'2119

'1055~

-130
659+

1308
'819

2190
2420m
25070
2451
2248,
1896~
). 392 ~

734
-83

-1061 .

-2206
'3520

-1392
'964~

-585
-255

'8

263
'52

'94

691 .

744~
752

'1,7~

638
517

'52

'46

-102
'393~

-724
-1096

885 ~

'97'08

620
o'32

'43

355
'670

179
90

'o

-89 ~ .

-180
-271
-365
-459 ~

-556 .

-654
'753~

-854'
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VESSEL SUBJECTEO TO )/2 SSE ED Q ~ + I P + S ~ C ~ WATER
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'OGY

NO 105

STAT ION

2
3

5
6
7
8
9

I,Oll
I.Z
13
14
15
16
17
18
19
20

NORMAL

0 ~ 5496E-Ol
0 5945E-0 I.

0 7037E-01
Oa 8544E-01
0 1026E 00
0 I,202E 00
0 I 367E 00
0 1509E 00
0 ~ 1617E 00
0 1685E 00
0 '708E 00
0 1685E 00
0 16)6E 00
0 ~ 1.506E 00
0 '36)E 00
0 1190E 00
0 '007E 00
0 '256E-D1
Oeb659E-01
0 5495E-Ol

OISPLACEMENTS
TANGENTIAL

-0 '88)E-02
-0 3843E-02
-0 '823E-02
-0 '832E-02
-0 '879E-02
-0~3966E-02
-0 4093E-02
-0 4256E-02
-Oi4449E-02
-Oe4664E-02
-0 4891E-02
-Oi5)20E-02
-0 '342E-02
-0 5545E-02
-0 5721E-02
-Oo5863E-02
-0 5966E-02
-0~6029E-02
-0 '054E-02
-0 '047E-02

ROTAT ION

-0 '000E-03
-0 5488E-02
-0 8692E-02
-Oe 1057E-Ol
-0 ~ 1128E "01
-Oe 1098E-01
-0 '833E-02
-0 .7999E-02
-0+564)E-02
-0 2923E-02
-0 ~ L204E-04

0 2925 E-02
0«5716E-02
0 8188E-02
0 1016 E-Ol

. 0 ~ 1146E-Ol
0 1189E-01
0 '126E-01
0 9377E-02
0 6043E-02
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E ~ Q ~ + I ~ P ~ + SeC ~ WATE~ + WATER

BODY NO~ 105

5 TAT ION MEMBRANE STRESSES

S I G-PH I S I G-THE TA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE F18ERS INSIDE F I BERS

SIG-PHI S IG-THETA S IG-PHI S IG-THETA

e

1

2
3

5
6
7
8

10ll
12
13
14
15
16
17
18
19
20

3308
3307

'305

3299
3290
32770
3260 ~

3239 ~

3215 ~

3188
3160 ~

3131
3103

-3076
3053
3032

'016

'005

'998

2994~

3135
3268

.3596m
4050

'573m
5112
5622
60.66
6414
6644~
6742

'702e

65250
6222
5812
5323

'791+

4263
3,794 ~

3452

-38994+
-26855
-1.5951
-6293 ~

2113
9263

15151
19771

'3117m
25180
25947 ~

25404 ~

23531.
20308
15709

9705
'266

-6641m
-1.7051

'28996

-9514 ~

-5492
'1722

1736
4826 ~

7502 ~

9726
l 1465
12697
13405
13579
13217
12326
10918

'0160

6650.
3860

694 ~

-2787
-6514

456 10 ~

33469
22561
12892
4467

'2708

-8630
-13292
-16687

'l,8803~

-19627.e
-19 t.4l. ~

-1 7326
-14155m

-9603
-3640

'767

'2651.

23046
'4984

'5784
12029

'913

6365
4321

'722

1518
'bb

130
'1

t.7.'95

186
'24

'527

'6090

3996
'722

7831
10376
13418
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HANFORD NO ~ 2 CONTAINHENT VESSEL
ANAl YSIS OF BOTTOH HEAD AND LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE E ~ Q» + I ~ P» + S ~ C» MATER

BODY NO» 105 DESIGN STRESS INTENSITY ~ 19300

~.C .L.%g

STAT ION

1

2
3

5
6
7
8

10
11
12
13

15
16
17
18
19
20

HID-SURFACE
S I TlT2T3

4649
'426»

4214»
4409
4844

'305

5749
'139

6447
6652
6742

'710

6560
6302
5954

'544.

5107
4687

'340

'349

'UTSIDE
SURFACE

S I T IT2T3

38994
26855

'5951

'029

'826»

9263
15151
19771
23117
25180
25947
25404
23531
20308

'5709

9705»
3860»
7336

'7051»

28996»

INSIDE SURFACE
S I T1T2T3

45610
33469 '
22561

'2892

4467
5430

101,48
',3958

16817
18803 ~

19627
19328
18050
15682

'2212

'636

5722
'2651

'3046

34984 '



~~
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E. ~

. X..wa.QhHANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE. OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE E Q + I PE + S CD WATER

BODY NO. 106

STATiON
N-PHI

STRESS RESULTANTS
N-THETA H-PHI N-THETA = 0-PHI

1

2
3'

6

8

10Il
12
13
14
15
16
17
18
19
20

2797
2798
2798
2797
2794
2789
2781
2771»
2760
2748
2736 ~

2 723 ~

2712
2702
2693
2688
2685.
2684»
2685»
2688

2436
2485
2681»
2970 ~

3308
3655»
3978
4248»
4446
4557»
4573
4493 ~

4322
'073

3765
3425

'087»

2794%
2594 ~

2548 ~

-4368
'3089»

-1948»
-945

'82

641»
1224
1665
1964»
21 19»
2130%
1994 ~

17)0
1275%
687»
-57

-960%
-2025
-3256

'4654

-)314
'08%

-550»
-241%

22%
237
407%
530

'09

'43%

633 ~

579
481 ~

341%
158
-68

'336

-647 ~

-998
'1392

848
'59

670
'810

492
'03%

314
224

'35

'5

'45

'136~

-228
'32I.

-415 ~

-5 I'0
-607

'705~

-804»
-904
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HANFORD NO ~ 2 CONTAI")MENT VESSEL
ANALYSIS OF BOTTOH HfAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q + I PE + S CD WATER

BODY NO, 106

i

STAT ION

1

2
3
4
5
6
7.
8
9

10
11
12
13
14
15
16
17
18
19
20

NORHAL

0 '500E-01
0 ~ 5716E-01
0 '526E-01
0 7717E-01
0 '098f-01
0 '051E 00
0 1180E 00
0 ~ 1288E 00
0 '365E 00
0 1405f 00
0 1407E 00
0 'I.368E 00
0 ~ 1293E 00
0 '186E 00
0 1056E 00'

9133E-01
0 e 772 bE-0 I.

0 ~ 651 1E-01
0 5690E-01
0 5499E" 01

DISPLACEHENTS
TANGENTIAL

-0 2852E-02
"0 2801E-02
-Oi2763E-02
-0 2746E-02
-0 '760E-02
-Oi2805E-02
-0 2882f-02
-Oe2986E-02
-0 '113E-02
"0~3253E-02
-0 3400E-02
"0 '543E-02
-0 '675E-02
-0 3787E-02
-0 3874E-02
-0 3929E-02
-0 '954E-02
-0 3948E-02
-0 3919E-02
-0 '878E-02

ROTAT ION

0 '367E-03
-0 3744E-02
-0 6706E-02

"-0 ~ 8410E-02
-0 '018E-02
-0 8693E-02
-0 '598E-02
-0 5896E-02
-0 '756E-02
-0 1343E-02

0 1172E-02
0 3620E-02
0 5826E-02
0 7613E-02
0 8802E-02
0 '208E-02
0 8644E-02
0 6920E-02
0 3839E-02

-0 '998E-03
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HANFORO NO~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LONER COURSE OF CYLINOER
VESSEL SUB JECTEO TO 1 12 SSE Eo Qo + I o Po + SeCo HATER

BOOY NOa 106

STATION MEMBRANE STRESSES

S I G-P HI ' I G- THE TA

'I

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIDE F I BERS INS IOE FIBERS

S I G-PHI S IG- THE TA S I G-PHI S I G-THETA

1

2
3
4
5
6
7
8
9

LO

LI
12
13
14
15
I,6
17
18
19
20

3443
3444

'444

'443+

3439~
3432

'423

341,1o
3397'o
3382 ~

3367~
3352
3337 ~

3325 ~

3315'308+

3304 ~

3303
3305
3308

2998
'059~

3300
'656

4072
4499~
4896

'229+

5472
5609
5629
5530
5320

'013

'4634

42 I 5 ~

3799
'438,

3193
3136

-36261
-24631m
-14257m

-5145m
2695
9260~

14544+
18542

'I.244+

22642'2724m

21477 '
18881

'4916m

9561+
2791'o

-5422 ~

-15104
-26284,
-38994

'894

2
-5193
-1703

1.468
4269

'655

'59

1 ~

10048
'1006

'1452

11379
10790

'696m

8112 ~

606 7e.
3595 ~

742+
-2438 ~

-5882 '
-9513

'3146
~

3l519
21145

'2031

'182

-2396
-7698

-11720
-14449

'15877,

-l.5991~
-14774+
-12207%

-8266
'2931

'825

12030
'1711

'2894

'5610+

~ 14937 .

1131,1
8302

'844

3875
'343

'201

409
-61

-234 ~

-L22
270
944m

19
I.4'200

'835~

6857
'315

'2268'5785
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE E»Q» + I»P» + S»C» WATER.

BODY NO» 106 DESIGN STRESS INTENSITY ~ ., 19300»

(

STATION

1

2
3

5
6
7
8=

9
10
11
12
13
14
)5
16

'7

18
19
20

MID-SURFACE
S I T)T2T3

4653
4440»
4240

'056

4297»
4653
4991 ~

5278
5491
56)1
5631
5549

'372

5115
'802

4464
')43»

4205
4442

'699

'UTSIDE
SURF ACE

S I T)TZT3

36261
'4631»

14257»
6614»
4269»
9260»

14544
18542
21244»
22642
22724»
21477
18881
14916 ~

9561
3595
6)64 ~

15104
26284
38994»

INSIDE SURFACE
S I TlT2T3

43.146 ~

31519
21145
12031

4'182
4739
8899

'2129~

14449»
)5877»
)599) ~

)5043
'315l~

10180 ~

6132
'835

'2030

21711
32894»
45610
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~C W-~HANFORD NO ~ 2 CONTAlNMENT VESSEL
ANALVsls OF BOTTOM .HEAO AND LOWER COURSE OF CYL lNOER
VESSEL SUBJECTEO TO 1/2 SSE ED 0 4 l PE + S C HATER

BODY NO~ 107

STAT lON
N-PHl

STRESS RESULTANTS
N-THETA M-PHl M-THETA Q-PH?

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

2884
2885
2886~
2886+
2883
2879
2873~
2865

'855

2845
'834

2823m
2813

'805~

2798+
2793~
2791 ~

2791 ~

2794 ~

2797

2347
2414m
2628~
2936m
3293
3658
3998

'2840

4496
'618~

4642
4567~
4397 ~

4144m
38260
3470

'108

2782
2539 ~

2436

-4408
'3119

-1967m
-955~
-82
650.

1242
1694
2004~
2171m
2196

'075

1808m
1392

'25

'04

~

-7,73 ~ .

-1809
-3006 ~

-4368

-1324m'9)

7e
-558
-247

18
237
409
537
6200
659m
654m
606 ~

5l.5
381 ~

204+
-15

-277
-581 ~

-926
'.1314

853 ~

764
675~
587~
498
409
320

'32

143
'4

'36m

—126
'216

-308
'401'

-495
'590

'687

'784~
. -883
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'ANFORONO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE E Q~ + foP+ + SoC ~ WATER

BOOY NO 107

X-4 ~

STAT ION

1

2
3

5
6
7
8
9

10
11
)2
13
14
15
16
17
18
19
20

NORMAL

0 ~ 5500E-01
0 57896-01
0 '6776-01
0 7948E-01
0 '4116-01
0 10906 00
0 ~ 12276 00
Oe)3426 00
0 e 14256 00

~ 0 1471.6 00
0 1476E 00
0 14416 00
0 ~ 13676 00
0 ~ 1259E 00
0 1125E 00
0~ 97656-01
0 ~ 8263E-01
0 69156-01
0 5918E-01
0 ~

55016-01,'ISPLACEMENTS

TANGENTIAL

-0 '7996-02
-0~17406-02
-0 1696E-02 .

-0 1676E-02
-0 '6876-02
-0 17336-02
-0~181.)E-02
-Oe)91'86-02
-0 '0486-02
-0 21946-02
-0~23466-02
-0 24976-02
-0 '636E-02
-0 2755E-02
-0 28486-02
"0+29096-02
-0 29366-02

'0

~ 293)E-02
-0 28996-02
-0 '851E-02

ROTAT ION

0 ~ 28 18E-03
-0 4139E-02
-0'1296-02
-0 8850E-02
-0 '4646-02
-0~ 91326-02
-0 8019E-02
-0 '2896-02
-0 '1076-02
-Oe )6416-02

0 94506-03
0 '477E-02
0 '7866-02
0 '6986-02
0~90336-02
0 ~ 9613E-02
0 92526-02
0 77646-02
0 '9596-02
0~63696-03





y»
HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSCL SUB JECTEO TO )/2 SSE E ~ Q ~ + I ~ P ~ + S ~ C ~ WATER

BODY NO» 107

W-c-.2.m4-
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1

2

5
6
7
8
9

10
1I.
12
13
14
15
16

18
19
20

3549»
3551»
3552 ~

3552
3549»
3544
3536

'526»

3514»
3501'488
3475
3463

'452»

3444
3438»
3435
3436

'438

3443»

2889
297 I. ~

3234»
3614»
4053
4502»
4920»
5272»
5533

'684

5714
'621

''412»

5100»
4709
4271

'826»

'3424»
3125»
2998»

STATION MEMBRANE STRESSES

.S I G-PH I S I G- THE TA

-36519».
-24793»
-14328»

-5129»
2802 ~

9454»
14827»
18921
2)726»
23237
23443»
22333
19892

'6100»

l.0939»
4385,

-35890
-13002

'23883»

-36261»

-9143
-5366 ~

.-1841
1370
4217 ~

6652
8640 ~

10154»
11169
11674

'1660»

1,1130
'0091 o

8560
6563»
4132
1308 ~

-1855 ~

-5295
-8942

'3617
~

31896
21432
12233

4296
-2366
-7756.

-11,869
-14697»
-16234
-16467
-15384
-12967»
-9195
-4051

'491

10460
19874
30759
43146»

MCMBRANE + BENDING ON EXTREME
OUTSIDE F I BERS INSIDE

S IG-PHI S IG-THETA S I G-PHI

FIBCRS
FIBERS
SEG-THETA

P

14920
'1308~

83)0 ~

5858
3889

'353

'200

'9)»

-103 ~

-306
'32»

113 ~

733
'641

2856
'410

'343

'702

'1544

14938 '
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'ANFORDNO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYl INDER
VESSEL SUBJECTED TO 1/2 SSE ED Q ~ + IMPS + ST CD MATER

BODY NO» 107 DESIGN STRESS INT'ENSITY ~ 19300

'TATION

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

MID-SURFACE
S I T 1.T2T3

4745
4536»
4340
4160

'277»

4656.
5016 ~

5324
'553

5686
5715
5637

'458

5192
4862.
4499
4142
42 70 ~

4496
4742

OUTSIDE SURFACE
S I T IT2T3

36519»
24793»
14328

'499

'217

9454»
14827
18921

'1726
23237»
23443
22333
19892
16100
10939

4385
4897

'3002

'3883

'6261

INS!DE SURFACE
S I T 1 TZT3

4361.7
31896

'1.432

'2233»

4296
'719~

8955
'2261»

14697
16234»
16467»
15496
13700

'0836

6907
'410

',0460

19874»
30759

'3

14.6
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LONER COURSE OF CYL INOER
VESSEL SUBJECTEO TO 1/2 SSE E 0 - + IMPS + S C MATER

BOOY NO )08

PROGRAM AX2
PAGE 61 ~

~ 4

-K.~4'TAT

ION
N-PHI

STRESS RESULTANTS
N- THETA M-PH I M-THETA Q-PHI

1

2
3*

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

2944 ~,

2946»
2948»
2948 ~

2946
2943
2938
2931»
2924
2915
2906
2898
2890»
2883
2878»
2876»
2875,
2876 ~

2879
'884»

2285
2359»
2576»
2885 ~

3240
3601
3934
4214
4418
4532
4549»
4467»
4291»
4034»
3715»
3359
2999 .

2677
2441

'347»

-4334
-3053»
-1912»

-910
'48

674
1255 ~

1696»
1996»
2155
2171
2042
1768
1347»

776»
53

-824
-1859»
-3052
-4409»

-1301 ~

899»
-545
-238

'3»

238»
409

'34»

615
653
647»
598
506»
371 ~

195
-25

-286
-590»
-936

'1324»

846
'57

'68

'80

'91»

402
314
226',
138 ~

49
'40

-129
-2 1'9 ~
'-3 10 ~

-403
-496
-590
-686 ~-

-782»,
-880 '
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~. Ce.Z'.';4egHANFORD NO ~ 2 CONTAtNMENT VESSEL
ANALYSIS OF BOTTOM HEAO AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO L/2 SSE E Q + I PE + S Co WATER

BOOY NO 108

STATION

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
L9
20

NORMAL

0 55038-01
0 ~ 582 1E-01
0 6726E-01
0 8002E-,01
0 ~ 9458E-01
0 '093E 00
0 1229E 00
0 1341E 00
0 1422E, 00
0 1465E 00
0 '469E 00
0 143lE 00
0 1356E 00
0 124 7E 00
0 1LL3E 00
0 '653E-01
0~8168E-OL
0 6844E-0)
0~5879E-OL
0 5502E-01

OISPLACEMENTS
TANGENTIAL

-0 8864t-03
-0~8230E-03
-0 7734E;03
-Oe7490E-03
-0 '559E-03
-0~7958E-03
-0 8682E-03
-0~9694E-03
-0%1093E-02
-0 1232E-02
-0 1376E-02
-OeL517E-02
"0 '647E-02
-0 1757E-02
-0 1839C-02
-OeL890E-02
-0~1907E-02
-0 '892E-02
-0 1852E-02
-0 1795E-02

ROTATION

0 ~ 1 192E-03
-0 4220E-02
-0 7138E-02
-0 '799E-02
-0 '364E-02
-0 8997E-02
-0 7861E-02
-0 6120E-02
-0~3940E-02
-0 ~ 1487 E-02

0 1074E-02
0 '572E-02
0 5838E-02
0~7698E-02
0 8976E-02
0 '495E-02
0 9072E-02
0 7522E-02
0 4657E-02
0.2824E-03
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOH HEAD AND LOWER COURSE OF CYLINDER
VESSCL SUBJECTEO TO I/2 SSE E Q + I ~ P ~ + S ~ C ~ WATER

BODY NO 108

STATION

1
2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

3624
3626
3628 ~

3628
3626»
3622 ~

3616
3608»
3598
3588

'577

3566
3557

'549»

3543
3539»
3538
3540
3544

'549»

2813
2904»
3171 ~

3551
3988»
4432

'842

'186

'437»

5578
5599

'498»

5282
4965
4572

'1,34~

3691 ~

3295
3005»
2889»

MEMBRANE STRESSES

SIG-PHI SIG-THETA

-35763
-24125
-13751 ~

-4646.
3186
9743 ~

15024»
19025»
21744»
23173
23305
22128 ~

19629
'5791»

10596»
4022

'3953

-13352
'24198

-36519»

-9008
-5270
-1785

1389
4198

'599

8555
'0039»

11028
11509
11476
10930

'880»

83CI 2
6340»
3908 ~

1088 ~

-2069
'5503~

-9143

'3011»
31377»
21006
ll902 ~

4066»
-2499
-7792

-11810»
-14547

'15997

-16151.
-14995
-12516

-8694
'3511

3056 '
1,030 ~

20432
'1286

'3617

'EHBRANE

+ BENOING ON EXTREME
OUTSIDE FIBERS INSIDE

SIG-PHI SIG-THETA 5IG-PHI

FIBERS
FIBERS,'.
S I G- THET A

1.46 33 ~

11078 ~

8127
'7

1.4»
3778

'265

'129»

333 ~

-154 ~

-354 ~

-279
65 ~

684.
1589 ~

28040
4359
6295
8660

'1512

'4920
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF 'BOTTOM HEAO ANO LOGIER COURSE, OF CYLINOER
VESSEl SUBJECTEO TO )/2 SSE EeQe + IePe + SeCe 'HATER

BOOY NO 108 OESIGN STRESS INTENSITY 19300 ~

g.C

STAT ION

1
2-

3

5
6
7
8
9

10
11
12
13
14
15

. 16
17
)8
19
20

MIO-SURFACE
S I T)T2T3

4784
4579 ~,
4388

'212

4202
'578

4933
'234

'455

5580
'600

'514

'5327

5056.,
4721

'356,-,

4155.
4352
4572
48)

)'UTSIDE

SURFACE
S I TlT2T3

35763
24125
1375)e

6035e
~ 4198

9743e
15024

')9025

'1744~

23173
'3305

22128
'9629~

15791 ~

10596e
4022

'041- e

13352 ~

24)98
'6519~ ,

INS I OE SURF ACE
SI T)T2T3

43011
31377 ~ .

21006e
11902e

4066
'764

8922
'2143~

14547 ~ .

15997 ~

16151
'5061

'3199

10283e
6314e
4359e

l)030e
20432

'),286,

43617



HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSC OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE E ~ Qo» + IMPS + ST Co MATER

BODY NOa 109
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~.4e.Z 3~

STATION STRE SS RESULTANTS
N-THETA M-PHI M-THETA 0-PHI

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
1.8

19
20

2985
2987
2988
2989
2988

'986

2982
2977+
297L
2964.
2957m.
2950

'944-

2939
2936m
2934+
2934
2936
2940 .

2944a

2245
2294
2491
2784i
3125

'476

3802
4077
4279
4395
441.5 .

4338m
4169 ~

3921 ~

3611 ~ .

3265+
2915
2603
2374
2285

-4428
-3144
-2000

'994

-129
598

'184

1629m
1935
2099
212L
2001
1735+
1324'65

54
-808

-1825 '
-2999m
-43'34

'1331
-930

'576.

-268
'e.

211
383 ~

511
595
636

'33

588
'00

369
196

'19

-276
'576

-917 ~

-1301

'47
~,

759
'70

582 ~

493 ~

405~
317
229

'42

~

5%i
-35 ~

-1.24
-213 ~

-303
-395+
-487 ~

-580
-675
-770 ~

-867 ~
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'ANFORONO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF. CYLINDER
VESSEL SUBJECTEO TO )/2 SSE ED Q ~ + IMPS '+ S»CD WATER

BODY NO» 109

'X-~~-1>

STATION

1

2
3

5
6
7
8
9

10
)1
12
13.

15
16
17
)8
19
20

NORMAL

0 5502E-01
0 5722E-01
0 6545 E-01
0 '753E-01
0 '158E-01
0 1060E 00
0 ~ 1192E 00
0 1304E 00
0 1384F. 00
0 ~ 1429 E 00
0 '434E 00
0 '400E 00
0 '328E 00
0 ~ 1224 E 00
0 ~ 1094 E 00
0» 9510E-01
0 ~ 8070E" 01
0 678 8E-01
0 5857E-01
0 '502E-01

OI SPLACEMENTS
TANGENTIAL

-0 1640E-03
-0 9596E-04
-0 3940E-04
-0» 6497E-05
-0»2742E-05
-0 ~ 3189E-04
-0 9280E-04
-0»1813E-03
-0 2924E-03
-0 4181E-03
-0 '502E-03
-0»6793E-03
-0 '975E-03
-0.8960E-03
-0.9686E-03
-0» 1010E-02
-0 ~ 1019E-02
"0 9976E-03

Oe 9505E 03
-0» 8878E-03

ROTAT ION

0»8274E-03
-0» 3619E-02
-0»6641E-02
-0 ~ 8401 E-02
-0 ~ 9060 E-02
-0 '783E-02
-0 '732E-02
-0 '072E-02
-0 '967E-02
-0»)583E-02

0» 9167E-03
0 ~ 336 1E-02
0 '581E-02
0» 7406E-02
0 '662E-02
0 ~ 9173E-02
0»8758E-02
0 '235E-02
0 '419E-02
0 '194E-03
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~iCgp Z~QZHANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO AND LOWER COURSE OF CYLINOER
VESSEL SUBJECTED TO )/2 SSE E Q + I PE + S C 'WATER

BOOY NO» 109

STATION MEMBRANE STRESSES MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE F lGERS INSIDE F IBERS

SIG-PHI SIG-THETA SIG-PHI SIG-THETA SIG-PHI'IG-THETA

1

2
3
4
5
6
7
8
9

10
1)
12
13
14
15
16
17
18
19
20

3674
3676

'678

.

3679
3678
3675»
3670,
3664»
3657
3648
3640
3631
3624
361'8
3613
3611»
3611 ~

36) 4
3618
3624

2763 ~

2824»
3066

'426»

3846
'278

4b79 ~

5018».
5267 .

5409
5433 .

5339
5132
4826»

4018
3588»
3203»
2922»
2813

'36574»
-24903 ~

-14496»
-5358»

2509
'108~

14428
18474»
21241 ~

22726»
22920».
2)814»
19396 ~

15652» .
10562 ~ ,

4106»
-3732»

-12974»
-23643

'35763

'9338
-5633

'21700

990»
3793 ~

6198
8)64
9664»

)0675
'1185

11187
10679

'672

'180

62?8
3846
1078

'2028 ~

-541 3»
-9008

43921
32255
2185'2715

4846 ~,

-1758
-7088

-11146
-13928

'15429

-15641
"14552
-'12149

-8416
-3336

'117»

10954 ~

20202
30879
43011

'4863
~

11281
8303

'862

'899

'358

1195
372

'142

-368
'320~

-1
59) ~

)47) ~

2660
'190

'098~

8435.
.11258
14633 ' .
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HANFORD NO ~ 2 CONTAINMENT VESSCL rP

ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSC E ~ Qo + I ~ P ~ + SoCe HATER

BODY NO ~ 109 DESIGN STRE'SS INTENSITY ~
)9300'TAT

ION

1

2
3

5
6
7
8
9

1.0
11
)2
13
14
15
)6
17
18
19
20

M!0-SURFACE
SI T1T2T3

4825
4622+
4433
4260
4104
4424
4771

'066~

5285
'411

5435
'353

5174
4910
4585

'229

4199
4390
4602

'834

OUTS IDE SURFACE
SI T1T2T3

36574+
24903

'4496~

6348~'793

9108
14428
18474
21241e
22726
22920 ~

2 I. 8)4
19396~
15652

'0562

'106

'809+

12974 ~

23643
'5763~

INSIOC SURFACE
SI f)T2T3

43921~
32255

'1852

12715
4846

'115~

8283 ~

I,1518 ~

13928
15429 '
15641 ~

14552
12740

9887
5996

'190

10954 .

20202
'0879

43011~





HAMFORO NO» 2 COMTAINMEMT VESSEL.
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE E Q + I P + S CD HATER

V

BODY NO ~ 110

P ITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
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~.i .Z..Q+

STATION
N-PH I

STRESS RESULTANTS
M-THETA M-PHI M-THETA Q-PHI

1
2
3
4
5
6
7
8
9

10,ll
12
13
14
15
lb
17
18
19
20

3033 ~,

3034»
3036»
3035»
3034»
3031 ~

3026»
3021»
3014»
3007»
2999»
2992
2986
2981
2977»
2975»
2975»,
2977,
2981

'985»

2196»
2356
2641
3001

'392

3776
4120
4400

'596

'696

4693
4587'385

4099
3750»
3365»
2977
2627
2364.
2243

'3894»
-2655

'1555»

-5.94»
228»
912

'457

1864»
2131
2259»
2247»
2094»
1798»
1358

772
38

'847

-1885»
-307'4428

-1161
777

'439»

-146»
101
305

'64»

579
'52

681»
669
614»
517
379
198»
-24»

-288
'-594»

-942 .

-1331

818»
729
641 ~

554»
466

'79

'92

~

205 ~

119
'2»

-55
'143

.-231
-320
-4 10~
-502

'594

'687

'782

-877 ~
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HANFORD NO ~ 2 CONTAINMCNT VESSEL
ANALYSIS OF BOTTOM HCAO AND LOWER COURSE OF CYLINDER
VESSEL SU&JECTEO TO )/2 SSE E ~ Q ~ + IMP + S ~ C ~ WATER

~MALQQ

BODY NO» 110

STAT ION

1.
2
3

5
6
7
8
9

10
11
12
13
14
15
lb
17
)8
19
20

NORMAL

0 5499E-01
0 ~ 6173E-O)
0 ~ 7357 E-01
0» 8842E-01
0»L045E 00
0 ~ 120 1E 00
0 ~ 134)E 00
0 1454E 00
0 ~ 1533E 00
0 )57)E 00
0 1566E 00
0 1520E 00
0 L434E 00
0 '314E 00
0 ~ 1169E 00
0 )009E 00
0 8492C-01
0 7057E-01
0 59&ZE-O)
0 ~ 5498E-O)

OISPLACEMENTS
TANGENTIAL

0» 8889E-03'
~ 9565E 03

0» 1002E-02
0» 1019E-02
0» 9993E-03
0 ~ 9441 E-03
0 8544f-03
0 7362E-03
0»5956E-03
0»44)2E-03
0 2824E-03
0» )279E-03

-0»1121E-04
-0 1281E-03
-0» 2)53E-03
-0» 2b&2E-03
-0 '848E-03
-0 2670E-03
-0 2204f -03
-0 ~ 1553E-03

ROTATION

-0 2252E-02
-0 '099E-02
-0»8573E-02
-0 '&37E-02
-0» 1005E-01

'0

9379E-02
-0 7981 E-02
-0»6022E-02
-0 '663E-02
-0» 1067E-02

0 ~ 1602 E-02
0 '175E-02
0 '488E-02
0» 8371E-02
0 '652E-02
Oe)016E-OL
0 '708E-02
0 8127C-OZ

~ 0 '230E-02
0 '280E-03
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HANFORO NO ~ 2 CONTAINMENT VESSEL~, ~.'MW- t&
ANALYSIS, OF BOTTOM HEAD ANO LONER COURSE OF CYLINOER
VESSEL SUBJECTEO TO 1/2 SSE E ~ Q + I ~ P ~ + S C MATER

BOOY NO 110

STAT ION MEMBRANE STRESSES

S IG-PHI S IG"THETA

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIOE FIBERS INSIOE FIBERS

SIG-PHI S IG-THETA S I G-PHI S I G-THETA

1

2
3

5
6
7
8

10
11
12
13
.14
15
16
17
18
19
20

3732
3735
3736

'736

3734 .

3730
3725
3718
3709
3700

'691

3683
3675
3668
3664»
3662
3662

'664

3669
3674

2702 ~

2900
3251»
3694

'175

'647

'071

'415

'657

'780»'776

'646

'397

5045%
4e16.
4141

'664»

32 3 3»
2909»
2761 ~

-31655»
-20396»
-10397%
-Ie62.

5810»
12019»
16968

'0654»,

23078
24234»
24116»
22715
200190
160 14%
10682»
4005

-4039»
—13468»
-24305»
-36574

'7848
'4160

'736%

Z366 ~

5097 ~

741 5 ~

9284
10679

'1579

'1973

11855
'1227

10099
8488
6418 ~

3924 ~

1046 ~

-2166
-5650%
-9340

'9

I. 20
27865 ~

17869 ~

9134 ~

1658
'4559

'9518~

-132 I.9 ~

-15659 ~

-16833»
—l.6734

'15350

-12670 ~

-8677%,
-3354 ~

3319
'1362

'0797

31642
'3922

'3253
'960

'238

'022

3252
'879

'57

'52

-265
'4

1':3

-302 ~

65
695

'603

'813~

4359
6282

'632

'l,469»

14862 '



,
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSF OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED 0 + I P + S AC MATER

BODY NO 110 DESIGN STRESS INTENSITY 19300

'X2PAGE 72

'eCgg~QQ

STATION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

MIO-SURFACE
Sr r1T2T3

4800
'605

4424
'259

4364
4774

'147~,

54 54 ~

5670
5781 ~

5779
'665

5446
5138
4766

'362

'268

4457
'667

'897

OUTSIDE SURFACE
SI T1T2T3

31655 ~

20396
10397

'029~

5810
12019

'6968

'0654

'30780

24234
'411e.

22715
'0019

'6014

'0682

'005

'085

'3468~

24305
'6574m

INSIDE SURFACE
S I T1T2T3

39120
'7865

'7869

'134~ .

3252
6438%

10
376'3371~

~

15659~
16833

'6734

'5415

'3365

'0280~

6167 ~

4359~
11362m'0797

'1642

'3922'
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HANFORO NO» 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOMER COURSE OF CYL INOER
VESSEL SUBJECTEO TO 1/2 SSE E»Q» + IMPS + S»C» .MATER

BOGY NO ~ ill

~4.7.Iw

STATION
N-PHI

STRESS RESULTANTS
N-THE TA M-PHI M-THETA Q-PHI

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

3014
3015

'016»

3017
3017
3017

'016

3016»
3015»
3015 ~

3014
3015

'015

3016
3018
3020
3022»
3025
3029
3032

2207
2439

'653

2841
'997

3116
'1,97

3237 ~

3236
3197

'122

301,6
2887 ~

2741 ~

2589»
2442 ~

2313 ~

2218
2173
2195»

463»
865

1198»
1462»
1657

'783»

1840»
1827

'745»

1.592
1369

'075»

710
272»

-237
'8200

-1477
-2208
-3013

'3894

166»
285

'82

'58»

513
546.
559
550

'21

.471
400
309
197 ~

64 ~

-89
-262
-457
-671 ~

-906»
-1161

'88
'26

264
202
140

78
lb

-45
-l.08 ~

-170
-232»
-295
-358
-422
-486

'550

-614.
-679.
-744

'810
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO 1/2 SSE E.Q. + I.P. + S.C. WATER

BOOY NO ill

3C '4

Sr A T ION

1

2
3

5
6
7

8
9

10
11'2

13

15
16
17
18
19
20

NORMAL

0 5500E-01
0 ~ 6461E-01
0 '345E-01
Oe8121E-Ol
0 '764E-Ol
0 9256E-01
0 9585E-01
0 9747E-01
0 ~ 9742 E-Ol
0 '577C-01
0 9267E-01
0 8832E-01
0 '299E-01
0 ~ 7702E-01
0 708 1E-01
0 ~ 6483 E-Ol
0 '961E-Ol
0 5578E-01
0 5 399E-01
0 '500E-01

DISPLACEMENTS
TANGENTIAL

0 '375C-03
0 '800E-03
0,7083E-03
0 i7235E-03
0+7278E-03
0 '7230E-03
0~7117E-03
0 '965E-03
0 6803E-03
0~6649E-03
0~6539E-03
0 6483E-03
Oa6505E-03
0 ~ 6617E-03
Oe6822E-03
0 '128E-03
0 '7519E-03
0 '7992E-03
0 8509E-03
0 '033E-03

ROTATION

-0 '844E-02
-0~8303E-02
-0 7459E-02
-0 6369E-02
-0 5090E-02
-0 3678E-02
-0 2 190 E-02
-0 '822E-03

0 '876E-03
0 2162 E-02
0 '384E-02
0 '394E-02
0 5135E-02
0 5548E-02
0 '572E-02
0 ~ 5148 E-02
0 '215E-02
0 '712E-02
0 '770E-03
0 '251E 02
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSE OF CYLINDER
YESSEL SUBJECTEO TO 1/2 SSE E ~ 0 ~ + IMPS + ST CD WATER

BOGY NO» ill

~c .a.~

STATION MEMBRANE STRESSES

S IG-PHI S I G- THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTS I DE F IBERS INS IOE F I BERS

SI G-PHI S IG-THETA S IG-PHI S IG-THFTA

1

2
3.
4
5
6
7
8
9

10
Ll
12
13
14
15
)6
17
18
19
20

3710
37l. 1

3712 ~

37L3
37I. 3
3713 ~

3712
3712
3711

'710

371,0 ~

3710
371 1 ~

37L2 ~

3714%
3717 ~

3720 ~

3724
3728
3732

27)7%
3002

'265

3496
3688»
3836

'935,

3984
'983

'935%

3842»
3712

'553%

3373
'186.

3005
2847
2730
2674%
2701%

7916»
l)569»
14598 '

6999%
18774
19919

'0435»

20319
19569%
18L82 ~

16)54%
13482
1,0162

'188

'556»

-3740%
-9704

'16341%

-23657
-31656

4221%
5588»
6737 ~

7659 ~

8348 ~

8800%
9013 ~

8985
871 8 ~

82L5
747 9%.

6519
5341
395 7 ~

2378 ~

620
"1302
-3368 ~

-5558
-7849

-497
-4146.
-7173
-9573

-1)347
-12494%
-13010%
-12896

'12147~

-10761
'8734~

-6062%
-2740»

1237
5873

'L)73

'7144

'3789

'1113

39L20 ~

1212
'16%

-207
-666
-97) ~ .

-1129
-1143
—)017
-752 ~

-346 ~

205 ~

906'764
~

2789
'994%

5391
6996

'828

10906
13252 '
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HANFORD NO ~ 2 CONTAINMENT VESSEL .z..&
ANALYSIS OF BOTTOM HEAD AND LOWER'OURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE'»0 ' + IMP» + ST CD WATER

BODY NO 111 DESIGN STRESS INTENSITY ~ 19300

'TAT

ION MID-SURFACE OUTSIDE SURFACE
SI T1T2T3 Sl TIT2T3

, !NSIDE SURFACE
S I T1TZT3

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

3976
'901»

3838 '
3787
3749

'841

3935
'986

3994»
3961

'891

'867

'940»

4026
'124

'235

4357
4489
4631
4782 "

7916»
11569

'4598

16999
18774
19919
20435

'031,9

19569
18182

'6154

13482
'0162

'1,88

2378
4360»
9704

16341
23657

'1656»

1709 ~

4562 ~

7 173»
9573 ~

11347
12494
13010

'2896

12 147
10761'939

'967

4504»
2789 ~

5873 ~

11173
'71.44

23789
'1113

39120 '
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HANFORD NO 2 CONTAlNNENT VESSEL
ANALYSlS OF BOTTOM HEAD ANO LOMER COURSE OF CYLlNOER
VESSEL SUBJECTED TO 1/2 SSE E Q + l P + S C MATER

4

BODY NO 112"

STAT lON
N-PHl

STRESS RESULTANTS
N-THETA M-PHl M-THETA Q-PHI

1

2
3
4
5

7
8
9

10
11
12
13

15
16
1?
18
19
20

2991
'992

2994e
2995
2997+
2998
3000
3001 ~

30020
3004+
3005m
3006
3007
3008
3009
3010+
301. 1

3012+,
3012
3013

'96
932 ~ .

974+
1023 ~

1077 ~

1135 ~

1198
1265 ~

1335+
1408
1484
1561m"
1640
1720
1. 801 ~

1883~
1965
2046+
'2127+
2207

-2830
'2587~.

-2353m
-2125m
-1906
-1694m
-1490~
-1293

'll05s

-924m
-750
-585

'427

-277e
-134

128
247'59

463 ~

-838
-763

'690
-620
-553
-488
-425
-365
-307+
-252 ~

-199
'149~,

-101
-5'6
«13

28m
66..

101 ~

135
'66

661
641 ~

620..
599

'78

557
536

'15»

495+
474 ~

453 ~

432+
4 1.1 i
390 i
3 70 ~

349 ~

32 8 ~

30 7 ~

287 ~

266@



0
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'ANFORONO ~ 2 COMTAIMMEMT VESSEL
ANALYSIS.OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE E ~ Q ~ + IMPS .+ SaC ~ WATER

BOOY'NO ~ 112

STATION

1,

2
3

5
6
7
8
9

10ll
)2
13

15
16
17
18
19
20

NORMAL

-0 2861E-04
0 ~ 1525E-02
0 ~ 3351E-02
0 5416E-02
0 '705E-02
0 ~ 1019E-01
0~)284E-0)
Oa)567E-01
Oa186)E-01
0 2167E-01
0 2484E-01
0 2808E-01
0 ~ 3138E-01
0 ~ 3473 E-01
0 ~ 381 1E-01
0 '150E-01
0 4490E-01
0 48298-01
0 5165E-01
0 ~ 5497E-01

OISPLACEMENTS
TANGENTIAL

0 9477E-05
0 '400E-04
Oe9829E-04
Oe)407E-03
0%)827E-03
0 2230E-03
0 2623E-03
0 '001E-03
0 ~ 3361E-03
0~ 3712E-03
0 4045E-03
Oe 4361E-03
0 '657E-03
0 4937E-03
0 '202E-03
0 5448E-03
0 ~ 568)E-03
Oa 5890E-03 '

6083E-03
0

'260E-03'OTATION

-0 3853E-02
-0 4595E-02
-Oe 5272E-02
-0 5886E-02
-0 '440E-02
-0 6935E-02
-0 '372E-02
-0 7755E-02
-0 '085E-02
-0 8365E-02
-0 8597E-02
-0 878)E-02
-0 8922E-02
-0 9021 E-02
-0 9079E-02
-0 '100E-02
-0 '085E-02
-0 9036E-02
-0%8955E-02
-0 '844E-02
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1

2
3
4
5
6
7
8
9

10ll
12
13
14
15
16
l7
18
19
20

3681
3683
3685»
3687
36ee..
3690
3692».
3694
3695 .,

3697»
3698
3700
370 1.

3702
3704
3705
3706 „

3707
3708
3708

'103
'147'

1.99 ~

1259 ~

1.325 ~

1397»
1475»
1557 ~

1643 ~

1733»
1826 ~

1921
2019»
21,17»
2217'317

2418»
2518
2618

'716

'ANFORO

NO» 2 CONTAINMENT VE
ANALYSIS OF BOTTOM HEAD AND
VESSEL SUBJECTEO TO 1/2 SSE

BODY NO 112

STATION MEMBRANE STRESSES

S I G-,P HI S IG- THE TA

SSEL
LOWER COURSE OF CYL I NDF R
f~ Q ~ + I ~ P ~ + -S ~ C ~ WATER

-22038 ~

-19833»
-17697»
-15632
-1.3631
-11706

'9850»

-8060»
-6345»
-4699»
-3120
-1615

-179»
1189
2484
3710»
4868»
5953»
6968»,
7915

'6509
'5784

'5073»

-4378
'3697

-3034
-2388

'1759»

-1149
'558»

14
566

1098 ~

1610»
2099»
2568 ~ .

3015»
3439 ~

384 1,»

4221 ~

29399
27198

'5066

'3005

21008»
19086

'.7234

'5447»

13735»
12093

'051.7

9014»
7581»
6215»
4923 ~

3700»
2544»
1461
447»

-49e.

MEMBRANE.+ BENDING ON EXTRE
OUTSIDE F I BERS INSID

SI G-PHI S IG-THE TA S I G-PHI

ME F I BERS
E F lBERS

S I G-THET A
t

8715 ~

8078
7472. ~

6895
'347

'828

'338

'873

4436
'025

'638

'277.-

2940 i
2625 ~

2335 ~

2067 ~

1821 ~

1597
'394

'212'
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED Q, + IMP + S C WATER

BODY NO ~ 1 12 DESIGN STRESS INTENSITY + 19300@

STAT ION

1

2
3
4
5
6
7'

9
10
11',2
13
14
15
16
17
18
19
20

MID-SURFACE
SI T1T2T3

4417 ~

4377 ~

4337
4299

'261

4225
4189

'155

4122
4090~
4059

'029

4000~
3973
3947 ~

3922
3899~
3877
3856
3836

OUTSIDE SURFACE
SI TI T2T3

22038
'9833'

7 697'0
I,'5632 ~

13631
11706
9850 ~

8060.
6345
4699

'134

'181

1277
1610

'484

'710

'868

5953 ~ .

6968
'915

'NSIDE
SURFACE

S I T 1 l ZT3

29399 ~

27198
'5066~

23005
21008
19086

'7234

15447
'3735~

12093
10517

'014

'581

6215
'923~

3700
'544',

1597 ~

1394
1710
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HANFORD NO 2 CONTAINHENT VESSEL ~. Cr ',W. ~
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE E Q + IMPS + S AC WATER

BODY NO ~ 204

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA H-PHI H-THETA Q-PHI

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

2404 ~

2401»
2399
2397»
2396 ~

2394»
2393 ~

2393»
2392»
2392
2393 ~

2 394 ~

2396
2398
240 L

2404»
2408
2412
2417»
2422

2831 ~

2809 .

2782
2748 ~

2705
2653
2591 .

2520,
2440 ~

2352,
2258 ~

21,60
2059
L 960 ~

1865 ~

I. 778 ~

L 704
1648 ~

1615 ~

L6LL~

386 ~

560
697»
797
859

'83

'69

.

816
'24

593
422

'10

-41»
-335
-669»

-1046»
-1465,
-1927

'2432

-298L

110
160
198

'25

'39»

243
234

'14»

183
141

'7

~

22 ~

-55
-L42
-240

'350

'470

'600

-742
'894

'37
~

L90
L44»
97 ~

'50 ~

3 ~

«4
5'93

~ .

-141
-190

'239

~

-288
-338
-387
-438
-488

'539.

-590
-642-,
-694 ~
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOHER COURSE OF CYLINOER

, VESSEL SUBJECTFO TO l/2 SSE E ~ Q ~ + I PE + S CD HATER

BOOY NO 204

STATION

1

2
3
4
5
6
7
8
9

10ll
12
13
14
15
16
17
18
)9
20

'ORMAL

0 ~ 5497E-01
0 '401E-01
0 528)E-Ol
0 5133E-01
0 4949E-01
0 ~ 4730E-01
0 '471E-01
0 4174E-01
0 3843E-Ol
0 3482E-01
0 3096E-01
0 2694E-01
0 2285E-OI.
0 188 3E-Ol
0 1502E-01
0 1157E-01
0 '658E-02
0 '495E-02
0 ~ 5301E-02
0 5317E-02

OISPl ACEMENTS
TANGENTIAL

-0 5787E-02
-0 5779E-02
-0 5770E-02
-0 5759E-02
-0 '746E-02
-0 '732E-02
-0 5715E-02
-0» 5694E-02
-0» 5670E-02
-0.5642E-02
-0 '6)OE-02
-0 5574E-02
-0 '533E-02
-0 5487E-02
-0 '437E-02
-0 5382E-02
-0 '324E-02
-0 5262E-02
"0» 5)98E-02
-0 5134E-02

ROTATION

0 ~ 8476 E-03
0 1129E-'02
0 1503E-02
0»l,947E-02
0 '440E-02
0 2958E-02
0 3480E-02
0 3984E-02
0 '446E-02
0 '842E-02
0 '15,)E-02
0 5347E-02
0 '406E-02
0 5306E-02
0 5020E-02
0 '524E-0?
0 '794F-02
0 2803E-02
0 1525E-02

-0 6692E-04
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HANFOR 0 NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTEO TO )/2 SSE E ~ 0 ~ + I P + S C ~ WATER

BOOY NO» 204

STAT ION MEMBRANE STRE S SE S

S I G-PHI S I G- THE TA

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSI OE FIBERS INS I DE FIBERS

S I G-PHI S IG-THETA S I G-PHI S I G-THETA

1

2
3

5
6
7
8

10
11
12
13
14
15
16
17
18
19
20

2 958.»
2956
2953
2951
2949»
2947
2946
2945
2944
2944
2945
2947
2949
2952

'955

2959»
2964
Z969
2975
2981»

3484
3458»
3424
3382
3329»
3265
3189

'102

'003

'895

2779
2658

'534»

2412
'295

2188
'097

'028

1987
'983

'468
8046

'288

10192
'07540

10972
'0842

10361
'526

8333»
6779»
4859»
2572 ~

-92
"3130»
-6548

-10351 ~

-14543
-19128

'24116

4480 ~

4909 ~

5224»
5423»
5505 ~

5470 ~

5319
'051

'669.

4174 ~

3568 ~

2855
203 8 ~

11Z1 ~

110 ~

-990»
-2 172»
-3430
-4755 ~
-6141»»

-552
-2135

'3382

-4291
-4857

'5078»

-4951
-4471
-3637
-2444»
-888

'034

'326

5995
'040»

12466
'6279

20482
'5078

30078

2487'006
~

1625
)342

'154

1060
1060 ~

I. 152 ~

1338
1617 ~,

1991:
2461
303) ~

3703.
4480

'366~ .

6366 ~

7486
8730

10107
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'ANFORONO ~ 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO 1/2 SSE E ~ Q + IeP ~ + SoC HATER

T

BOOY NO ~ 204'ESIGN STRESS INTENSITY 19300 ~

STATlON

1

2
3
4
5
6
7
8
9

10
1.1

12
13
14
15
16
17
18
19
20

HID-SURFACE
Sl T1T2T3

3547 ~

3499
3448
3393

'332

3265
3192

'112

'026

3027
3074
3133
3201-
3280
3368~
3465
3571
3684
3804

'931

'UTS
IDE SURFACE

5 I TIT2T3

6468
8046
9288

10192
10754
10972
10842
10361m

9526
83'33
6779~
4859 ~

2572 "

1213
3240

'54'0351»

14543
'.9128

24116

'NSIDE
SURFACE

SI T1T2T3

3039 ~

4141+
5007+
5632
6011
6138
6011
5624m
4975~
4061
2879

'461

3326
'995

90404
12466+
16279

'0482

'5078

30078 '





HANFORD NO ~ 2 COf4TAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO }/2 SSE ED Q + IMPS + S CD WATER

BODY NO 200

PITTSBURGH-DES MOINES STEEL COMPANY AXI SYMMETRIC SHELL PROGRAM AX2
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'.c.Z.ga

STATION
N-PHI

STRESS RCSuLTANTS
N-THETA M-PHI M-THETA - Q-PHI ~

0

1

2
3

5
6
7
8
9

I.O
11
12
13
14
15
'16
17
18
19
20

2433 ~

2431
2429

'428

2427»
2426»
2425
2424»
2423 ~

2421 ~

2420»
2419
2417
2415»
2413
241. 1

2409»
2407»
2405 ~ ~

2403 ~

2805 ~

2696»
2622 ~

2,578 ~

2557
2555
2569
2593
2625 ~

2661
2698
2734
2767
2795
2817
2833
2842

'844

2840
2831

-3520
-2991»
-2497

'2037

-1612 ~

-1222 ~

-868
'550»

-268»
22»

}88»
360

'96»

594»
655»
678»
663»
610 ~

518 ~

386 ~

-1096
'925

~

-766
-619»
-484»
-362

'251

~ -153
-67»

8 ~

71
121

'60

'88

~
'03

~

207 ~

200
181
151 ~

110

'90
'45

'01»

556»
511
465
420»
374»
328
282 ~

236
190

'43

'6

'9'
~

-4.5 ~

-93»
-140 ~

189»
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HANFORD NO~ 2 CONTAINMENT VCSSEL
ANALYSIS OF BOTTOM HEAD AND LOMFR COURSC QF CYl INDER
VESSEL SUBJECTED TO 1/2 SSE E~Qo + l ~ P ~ + SoG ~ MATER

. BODY NO 200

3Z-4 ~-Al

STAT ION

1

2
3
4
5
6
7
8

10ll
12
13
14
15
16
)7
18
19
20

NORMAL

0~5499E-01
0 5046E-01
0 4739F-01
0 4552E-01
0 4464E-01
0 '456E-01
0 4509E-01
0 4607E-01
0 4733E-01
0 4876C-01
0 5024E-01
0~5165E-01
0 ~ 5294E-01
0 '402E-01
0 ~ 5486E-01
0 5542E-01,
0 5570E-01
0 5570E-01
0 5545E-Ol
0 5499E-01

DISPLACEMENTS
TANGENTIAL

-0 6043E-02
-o. eo31E-02
-0~ 6015E-02
-Oe 5997E-02
-0~5977E-02
-0 '956E-02
-0 5936E-02
-005916E-02
-0 '898E-02
-0 '882E-02
-0~5867E-02
-0~ 5855C-02
-0 ~ 5843E-02
-0 ~ 5833E-02
-Oo5824E-02
-0+5816E-02
-0 5809E-02
-0 '802E-02
"0 5795F-02
-0 5787C-02

ROTATION

0 '043E-02
0 ~ 4135E-02
0 2526C-02
0 '195E-02
0 12? 6E-03

-0 7104E-03
-0 1325E-02
-0 1744C-02
-0 1985E-02
-0 '072E-02
-0+2024E-02
-0 1863E-02
-Oo 1612E-OZ
-0 1291E-02
-0.922eE-03
-0~5292E-03

„-0 1325E-03
0 2442E-03
0 '785E-03
0 8478C-'03



~
HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSE QF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E ~ Qi t I ~ P ~ + SiC ~ HATER

BODY NO+ 200

~c x- Iz.

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
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STATION MEMBRANE STRESSES

S IG-PHI 5 IG-THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE F IBERS

SIG-PHI SIG-THETA SI 6-PHI SIG-THETA

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

2994m
2992
2990

'988

2987
'986~

'985

2983
2982

'980

2979
2977
2975
2972

'970

2968
2965
296'960

2958

'452
'318

'2270

3172
3147
3145

'162

'192

'231m

3275
3321
3365
3405~
3440m
3467~
3487+
3498m
3500
3495~
3484

-28996'24192~

-19701 ~

-15524
-11662

'8124

'4909m

-2015+
547+

2781
4684'251

7482
'375m

8925+
9132 ~

8993 ~

8504
7664e
64680

-651 3 ~

„-5090 ~

-3735~
-2455 ~

"1255 ~

-143 ~

877~
1802 ~

2626
3347 ~

3962
446 7~
4861~
5144~
5314m
5371
531 5
5147
4868
448 1 ~

34984
'0175+

-25680~
21501
1,7636
14095

'0878

'982

5416
'180

'273

-298
-1533
-2430
-2985m
-3197
-3062
-2579
-1743

-552

13418
11727
10190

'800

'549

6434
5447

'582

'836

3203
2680
22'63
1949

'736

'621m

1603
1681

'854

'123

'488'
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'ANFORDNO 2 CONTAINHENT VESSEL ~-4 .MQE
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOFR
VESSEL SUBJECTEO TO )/2 SSE E Q» + I P + S»G ~ WATER

BOOY NO 200 OESIGN STRESS INTENSITY = 19300»

STAT lON

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
)7
18
19
20

HI0-SURFACE
S I T1T2T3

3931
3825
3723 ~

3625
3532

'445

'363

3344»
3349

'363-

3383
3406

'429

34 51
3470
3487
3500

'510

3518
3525

'UTSIOE
SURFACE

S I T)T2T3

28996
'4192»

19701
15524

'1662

8124
5786
3818
2626»
3347
4684
6251
7482
8375
8925
9132
8993»
8504
7664

'468

INSIDE SURFACE
SI TlT2T3

34984
30175
25680

'1501

)7636»
14095

'0878

'982»

5416
'203

'680

'561

34820
4165

'606

'800

'743

'433

'866

'040'
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO AND LOWER COURSE OF CYLINDCR
VESSEL SUB JECTEO TO 1/2 SSE E ~ Q ~ + I ~ P ~ + S»C ~ WATER

BOOY NO ~ 201

STATION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA

V

Q-PH I

1

2
3

5
6
7
8
9

10ll
12
l3
14
15
16
17
18
19
20

-1362
-1362

'1362

-1.362
.-1 362 ~

-1362
'1362

-1362
-1362»
-1362
-1362

'1362

'1362

-1362»
-1362 ~

-1362»
-1362 .

-1362 ~

-1362
-1362

613 ~

543 ~,

363»
190

70
4».

23»
27 ~

-21
'13

~
-4»

5 ~

15
24»
28,
21

-13»
-91

-225
-409»

204
'3

'9».

-34»
-34 ~

-25
'14

-.6»
2 ~

Oo
0»

-0
0 ~

2»
7 ~

27
36

'3'
~

61 ~

19
'»

-10
-10»

7»
-4

2»
-0»

0
0

-0 ~

0
1»
2»
5 ~

8
11 ~

10 '
~

-41.
2 3 ~

-10
-2

2
3 ~

2 n

in
0

-On
-0»

0»
I
2 n

2I
3 4

lo
-3

-12>



PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
~ , PAGE 90»

5,HANFORD NO 2 CONTAINMENT VESSEL
ANALYSlS OF BOTTOM HEAD AND LOWER "OURSE OF CYLINDER
VESSE! SUBJECTED TO L/2 SSE E Q + IMPS + S CD 'WATER

BODY NO 201

STATION

2
3
4
5
6
7
8
9

LOll
12
13
14
15
16
L7
l8
19
20

NORMAL

0 ~ 5937E-02
0 5531 E-02
0 ~ 448 1E-02

,0 '481E-02
"' 2782E-02
04? 396E-02

~ 0 2<39E-02
0 ~ 22:;>E-02
0 ~ 2250~-" 02
0 '30LE-82
0 '354E-02 '
'406E-02

0 '459E-02
0~2511E-02
0~2539E-02
0 '496E-02
0 '299E-02
0 1848E-02
0 '067E-02
0 4883E-08

0 I SPLACEMENTS
TANGENTIAL

0 4437E-02
0 4176E-02
0 3921E-02
0 3677E-02
0 '439E-02
0 3207E-02
0 2976E-02
0 2747E-02
0 '517E-02
0 2287E-02
Oo2057E-02
0 1826E-02
0 ',594E-02
0 1362E-02
0~1130E-02
0 '979E-03
0~6666E-03
0 4381E-03
0+2149E-03

"0 2776E-10

ROTATION

-0 6726E-04
0 2008E-03
0 '472E-03
0 19~"E-03
0 ';:OLE-03
~i 5737E-04
0 ~ 171 3E-04

-0 3295E-05
-Oe 1079E-04
-0 1203E-04
-0 1164E-04
-0 1180E-04
-0 '227E-04
-0 1030E-04
-0 '254E-06

0 2354E-04
0%692LE-04
0 1373E-03
0 2139E-03
0 2557E-03
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE ED Qo + IHIP+ + ST Co WATER

BODY NO 201

STAT ION MEMBRANE STRE SSE S

S IG-PHI SIG-THETA

MEMBRANE + SENDING ON. EXTREME F I BERS
OUTSIDE F I BERS INS IOE F IBERS

SIG-PHI 5 IG-THETA 5 IG-PHI S IG-THCTA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
lb.
)7
18
19
20

-1453
-1453
-1453
-1453
-1453
-1453
-1453 ~

-1453 ~

-1453
-1453
-1453
—L453
-1453
-1453

'1.453'
1.453-) 453

-1453
'1453

-1453

654
'79

'87

'03

'5

'o

-25
-29m

23%
-13 ~
-4 ~

bo
16.
250
30
22 0- )4e

-97~
-240
-436

'57+
-)022+
-)515+
-1687

'16870

-)620+
-1548+
-1494
-)464m
-1452

'1452

'L455

-1.452~- 1.437+
-1402

'1342

'1266

')2050

-1227 ~

-1453

1072
708 ~

368
133 ~

5
-46
-53
-42+
-2 6~
-13

3 ~

5
lb.
30

'6

~

55
42
22 ~

-172 ~

-43 6

-2848
'1883

'1390

-1218
-1219

'1285

-1358
-1411
-1442 '
-)453m
-1454

')451

'l453

-1468
-1503

'1563.

-)639
'170

1.

-1678
-1453~

235
450

'05

'73

145
'4'
~

-1,7 ~

-20
-14

4 ~

6
15
21
l5 ~

-Ll
-70

-171
-308
-436
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C

HANFORD NO+ 2 CONTAINMENT VESSEL
ANALYSIS OF 80TTOM HEAD ANO LOWER COURSE OF CYL INOCR
VESSEL SUBJECTEO TO )/2 SSC E ~ Qe + I P ~ + S~Ce WATER

80OV NO 201 DESIGN STRESS I NTENS ITY, '9300
STATION

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
)7
18
19
20

MID-SURF AC E

S I T)T2T3

2110
2033
)840+
1656

'528

1457 ~

1453
1453 ~

1453 ~

1453
1453 ~

1458
1468
) 418~
1483 ~

1415 .

1453
1453
1453
1453 ~

OUTS IOE SURFACE
S I T)T2T3

1130
1731

'883

'820

1691
1620

'548

1494m
)464m
1452

'452~

1460
1468'467

~

1448
'398

1308
'205

1227
'453~

INSIDE SURFACE
SI T)T2T3

3083
2 3 3 3%

)796~
1492
1364
1339
1361 ~

1411
'442m

1453
1454 ~

1457
)468+
148'519

~

1563
)639+
1701
1678
1453 ~
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE E Q» + IMPS + S C WATER

~~.w. tG

BODY NO 203

STATION
N-PH I

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

-0 ~

-0»
-0
-0»
-0
-0
-0»
-0 ~

-0»
-0
-0»
-0»
-0»
"0»
-0»
-Oo
-0»
»0 ~

-0 ~

-0 ~

-57»
-57,
-5,7
-56
-53

'47»

-36
-18 ~

9
47»

100
168
254
357

'75»

6050
739
865 ~

967 ~

1022

0 ~

-1
3»

-6»
-1 I. ~

-17 ~

-24»
-31
-40»
-48

'54

-59
'59

'54

-40
-15

'5

82 ~

159
259

-0
-0»
-1 ~

2 ~

-3
-5 ~

7»
-9 ~

-12
»14
-16

'18

-18
'16

'12

'4

~

7
24
48

'8'

-I ~

2»
-3

3»
-4»
-4 ~

4
-4 ~

-3
-1 ~

1

5»
10
17
25
35
47 ~

59
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSlS OF BOTTOM HEAD ANO LO'HER COURSE OF CYLINDER
VESSEL SUBJECTED IO )/2 SSE, ED 0 + IMPS +.S CD 'HATER

.~RA

BODY NO 203

STATION
NORMAL

OISPLACEMENTS
TANGENTIAL ROTAT ION

1

2
3

5
6-
7
8
9

10ll
12,
)3
14
15
)6
17
18
19
20

-0 3300E-03
-0 ~ 3302E-03
-0 3291E-03
-0 ~ 3233E-03
-0 ~ 3071E-03
-0 ~ 2724E-03
-0 ~ 2095E-03
-0 ~ I,063E-03

0 5046E-04
0 ~ 2746E-03
0 ~ 5797E-03
0 ~ 9773E-03
0 ~ 1475E-02
0 ~ 2073E-02
O. 2 76)E-O2
0 ~ 3516E-02
0 ~ 4294E-02
0 ~ 5027E-02
0 5619E-02
0 5937E-02

0 4540E-02
0 ~ 4541E-02
0»4542E-02
0 4543E-02
0 ~ 4545E-02
0 ~ 4546E-02
0»4547E-02
0»4547E-02
0»4547E-02
0»4547E-02
0 4545E-02
0»4542E-02
0 ~ 4538E-02
0 ~ 4531E-02
0»4522E-02
0 ~ 4510E-02,
0»4496E-02
0 4478E-02
0 ~ 4458E-02
0 4437E-02

0 1866E-06
-0»1409E-07
-0 1419 E-05
-0 ~ 5232E-05
-0 1264E-04
-0 ~ 248 1E-04
-0 4277E-04
-0 ~ 6743E-04
-0 ~ 9934E-04
-0 1386E-03
-0 ~ 1847 E-03
-0 ~ 2359E-03
-0 ~ 2896E-03
-0»341)E-03
-0 384)E-03
-0 4096E-03
-0 ~ 4063E-03
-0 ~ 3599E-03
-0 ~ 2534E-03
-0 ~ 6726E-04
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HANFORD NO 2 CONTAINMENT VESSEL +.4 .W.L~
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTED TO L/2 SSE E ~ Qo + le PE + S«C« WATER

BODY NO ~ 203

STATION 'EMBRANE STRESSES

S IG-PHl S IG- THETA

MEMBRANE + BENOING ON CXTREHE FIBERS
OUTSIOE FlBERS INSIOE FIBERS

SIG-PHl SlG-THETA SIG-PHI S IG-THETA

1
2
3
4
5
6
7
8
9

LO
Ll
12
13
L4
15
L6
17
18
19
20

-Oo
-Oo
-0
-0
-Oo
-0
-0 ~

-Oo
-Oo
-0 ~

-0
-Oo
-0 ~

-0 ~

-0 ~

-Oo
-0
-Oo
»Oo
»0

-61 ~

-61«
-&0~

-59«
-56«
-50

'38«

-20«
9 ~

50
'oe.

179
'710

380«
507

'45.

788
'23«

1031, ~ .

1090

0
-5«

-LB
-41
-73«

-113
-16'1 o.

-2L4«,
-270«
-325
-372

'403

-406
'368

273 o- l.o 1

169
557 ~

1085 ~

1767 ~

-&1
-&2~

-66
72 ~

-78
,-84
-87«
-84

72«
-47 ~

-5
59

149«
270 ~

425
6)5
839

1090
1357
1620

-Oo
5

18
41 ~

7 3 ~

113
161
214«
270
325

'72

403
4oe.
368
273

'01

-1'e9.
-557

'1085

').767

'61
''

-59
'55

'47

-35
-16 ~

10 ~

45:o
90

'48

218
'00

392 ~

491 ~

589
''76

738
'56

'06

560
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~ 4 .Z,.1~iHANFORD NO ~ 2 CONTAINMENZ VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTED TO 1/2 SSE EoQo + I ~ Po + S ~ Co MATER

BODY NO 203 DESIGN STRESS INTENSITY 19300 ~ .

STAT ION

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

MIO-SURFACC
SI T1T2T3

61
62
63
63

'l.

55

45'6+

16 ~

57+
111
182
2 73 0

388
523
672
828

'79+

1106
1184

OUTSIDE SURFACE
S I T1TZT3

61 ~

62
66.
72

'8

113~
161
214+
270

'25

'72

'6l,~,

555 "

638
'98~-

716
839

1090
1357

'767~

INSIDE SURFACE
SI T1T2T3

61
64'3

~

88
107
129
161.
214m
270
325
372 ~ .

403
'06'o

491 ~

589
'76

'06

'313

1791 '
327m
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Lo LKHANFORD NO~ 2 COt4TAINHENT VESSEL
ANALYSls OF BOTTOH HEAD ANO LOWER COURSE OF. CYL'INDER
VESSEL SUBJECTED TO 1/2 SSE EaQe + lop~ + SeC ~ MATER

BODY NO ~ 302

STAT ION
N-PHl

STRESS RESUl.TANTS
N-THETA H-PH I H-THETA Q-PH l

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

12264.
12278m.
12293
12308
12324
12340
12356
12373
12390

'2408m

12425
12444 ~

12462
12481
12500
12520 ..

12539
12559
12580
12600

5449
5300
5163~,
5035+
4913 ~

4795 ~

4679
4565~
4452
4340m
4230m
4124
4023

'931

3850
3785

'739

3719
373)
3780 ~"

-1042 ~

-793~
-581
-406m
-268
-168
-105

-81e
'-94+

-l.46m
-237
-366m
-535

'743

'991+

-1278
-1605
—1.973
-2381 ~

-2830

'330
~

-254
-189m
-135m.

-93 ~

-63
-44
-36
-40
-56
-83

'121

-171
'32

'304

388
'484»

-590
'708

-837

'85
246

'07

167
127

87 ~

47+
6o

-35'e
-75 ~

-1.16 ~
—158 ~

-1,99 ~

-241
-28K+
-324'.
-366
-4080
-450'e
-493'
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HANFORD NO ~ 2 CONTAINMFNT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED Q ~ + IMP + S AC» WATER

BODY NO ~ 302

+.4 .Z Lch

STATION

1

2
3
4
5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

0 '501E-OI.
0 ~ 494 7E-01
0»4445E-01
0 ~ 3981E-01
0 3544E-01
0 3125E-01
0 2717E-Ol
0 ~ 2315E-01
0 ~ 1920E-01
0 ~ 1531E-01
0 1152E-01
0 '888E-02
0 4502E-02
0 1.467E-02

-0 1081 E-02
-0 2984E-02
-0 ~ 4054E-02
-0 4075E-02
-0 2808E-02

0 8345E-05

OISPLACEMENTS
TANGENTIAL

-0 '439E-02
-0 '049E-02
-0 765 1E-02
-0 7246E-02
-0 6834E-02
-0 '416E-02
-0 '992E-02
-0» 5561E-02
-0» 5124E-02
-0 4681E-02
-0»4232E-02
-0 '777E-02
-0 ~ 3317E-02
-0 ~ 2 851E-'02
-0 2380E-02
-0» 1906E-02
-0 1429E-02
-0 9497E-03
-0 '704E-03

0» 810'6E-05

ROTATION

0 ~ 6166 E-02
0»5540E-02
0 '074E-02
0 '739E-02
0 ~ 4513 E-02
0 '368E-02
0 4279E-02
0 4220E-02
0 '165E-02
0 '4087E-02
0 3960E-02
0 3758E-02
0 3452E-02
0 ~ 301 7E-02
0 2426E-02
0 ~ 1650 E-02
0 6618E-03

-0»5656E-03
-0 2060E-02
-0»3852E-02
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LONER COURSE OF CYL INDER
VESSEL SUBJECTED To ii2 SSE E.O. + I.P. + S.C. WATER

BODY NO ~ 302

Q.c .E.la4-

STAT ION MEMBRANE STRESSES

S IG-PHI SIG-THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE F I BERS

SIG-PHI SIG-THETA 5IG-PHI'IG-THETA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16'7

18
19
20

1.5094
15112
15130 ~

15 l.49
15168
15188
15208
15228

'5249

15271
15293
15315
15338
15361
15385
15409.
15433
15458
15483
15507

6707
'523

6354
'197

6046
5901
5759
5618

'479

534lo
5206

'075

'952

'838

'738

4658
'602.,

4578m
4592

'652m

5620~
7900~
9847m

11457
12729
13661

'4250~

14495
14393

'3942

'3140~

11985
'0474

'607~

6380m
3792 ~

841~
-2474
-6156.

-,10209~.

370 7
421 7
4639 ~

4967
5198
5330

'360

5288
5113 ~

4836~
4456
3977 ~

340 1

2732
l.973
1129
207 ~

-787
-1845 ~

-2960 ~

24568
22324~
20414

'8841

17607~
16714
16165
15962
16106

'6599

17446
18646

'0202

'2116

:- 24390+
27026
30025
33390
37121 ~

41224

9706
8828
8070

'426

6895
6472
6157+
5948

'845

'847

'956.

6174
'5024

6944
'504

'187

8998
'942

'1028

12263



PITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 100 ~

HANFORO NO ~ 2 CONTAENHENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOMER COURSE QF CYLINDER
VESSEL SUBJECTEO TO l/2 SSE C ~ Q + I ~ P ~ + S C MATER

BOOY NO» 302 OESIGN STRESS INTENSITY ~ 19300»

, 3X..&.2.. ac%

STATION MI0-SURFACE OUTSIOE SURFACE
SI TlTZT3 SI TIT2T3

INSIOE SURFACE
S I T IT2T3

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

1'5131
15139
15149

'5161

15175
'51,91

15209
15228
15250
15273
I. 5299
15326
15356
15387

'.5420
15455
15492
15531,
15572
15614

5620»
7900»
9847»

11457
12729

'3661

'4250»

14495
14393
13942
13140
11985
I.0474

8607
'380

3792»
841

2474 ~

6156.
10209

'456822 324»
20414»
18841 ~

17607
'6714~

16165
'5962

'6106»

16599»
17446 '
18646

'0202

'2116

'4390

'7026

30025
'3390

37121
41224»
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE E Q + I ~ P ~ + S C WATER

BODY NO 300

«Q.>. 4. lOCo

STAT ION
N-PHI

STRESS RESULTANTS
N- THETA M-PHI M-THETA Q-PHI

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
L7
18
19
20

12037
12048~
12060

'2071

'2083

12094
12105
12 116
12127
12138
12

149'2160

12 L72
12184~
12197
122LO
I.2223

~
12237

'2251

'2266

'947
6151

'331

6486.
6613
6710
6777 ~

6813
'819

6794
6740
6659~
6553-
6426
6281
6122 ~

5953
5781
561 1

5450

1295+
1499
1667
1799
1895
1955
1980

'968

19200
1836~
1715
1558

'364

1133
865+
560~
217 ~

-164
'584

'1042

415
474

'21

~

558
583
598-
601
594

'.76~

547 ~

508
457
397 ~

325 ~

242~
149

46
'69

'194

'330

'34
~

195
157

'LB

~

80
42 '

~

-35
73 &

-112 ~

-150 ~

; -189 ~

-228
'267

'-306

-345 '.
-385
-425
-465

'506
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HANFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUSJECTEO TO I/2 SSE E ~ Q ~ + I P~ + ST CD WATER

BODY NO ~ 300

Q.Co.2.. lag

STATION

L

2
3
4
5
6
7
8
9

10
Ll
12
13
14
15
16
17
18
l9
20

NORMAL

0 '641C-Ol
0 7525E-01
0 831'4E-01
0 ~ 8996E-Ol
0 9563E-01
0 LOOLE 00
0 1033E 00
0 ~ 1052E 00
0 '058E 00
0 '053E 00
0 1035E 00
0 ~ 1006E 00
0 9674E-01
0 '199E-01
0 8650C-01
0 8046 E-01
0 7406E-01
0 6752E-01
0 6I09E-OL
0 5504E-01

DISPLACEMENTS
TANGENT I Al

-0 1480E-01
-0 1444E-OL
-0 1410E-01
-0 ~ I377E-01
-OeL344E-OL
-0 1312E-01
-0%1280E-01
-0 ~ 1249E-0 L,

-0 1218E-Ol
-0 1187C-01
-0 ~ 11,55E-Ol.
-0 'L24E-OL
-0 '091C-01
-0 1058E-01
-Oel025E-OL
-0 9900E-02
-0~9546E-02
-0~ 9 L 83E-02
-0 '810E-02
-0 8428E-02

ROTAT ION

-0
9899E-02'0

8943E-02
-0 '858E-02
-0.6669E-OZ
-0 5403E-02
-0 4080E-02
-0 '728E-OZ,

Oe 1371E 02
-0 3443E-04 „

OeL259E-02
0 2482E-02
0 36LLE-02
0 '6L9E-02
0 '482E-02
0 6175E-02
0 6671E-02
0 6944E-02
0 6969E-02
0 ~ 6718E-02
0 6165E-02
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HANFORO NO ~ 2 CONTAINMENT VESSEL ~.4 Z..L~
ANALYSIS OF BOTTOH HEAD ANO LONER COURSE OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE ED Q ~ + led + ST CD HATER

BODY NO 300

STATION HEHBRANE STRESSES

S IG-PHI 5 IG-THE TA

HEHBRANE + BENDING ON EXTREME FIBERS
, OUTSIDE FIBERS INSIDE FIBERS

S I G-PHI S IG-THETA S I G-PHI S IG-THET A

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19

,20

14814
'4829

14843»
14857'48T)

1.4885
14898»
149 I. I,

)4925
14939 ~

14953
14967»
1498 1

14996»
1.5012»
15027
)5044
15061
15079 ~

15097

7320»
7570

'792»

7983
8139
8259

'341

'386»,

8392
8361 ~

8295 ~

8196 ~

8066.
7909»
7730»
7534»
7327
7115 ~

6906»
6708

26583
'8452

'9995»

31210»
32096»
32657»
32890
32796»
32374»
31622,
30540e
29126»
27380»
25297»
22876

'0115

17014
13566
9770»
5623

11092 ~

1 )ST 5»
12530»
13052
1=3439e
1369 1

)3806»
13785 ~

)3628»
13335

'2909~

12353
'1669

10861»
9934
8892 ~

7742
6489
5142
3708»

3045»
)206 ~

-308 '
1495

-2355
-2888

.-3094
'2973»

-2524»
—1745
-635

'07»

2582
4695»
7147
9940»

13073
'6556

20388
24571»

3548
'265

3054
- 2913»

2838»
2826
2876

'986

3)gb
3388

'681

4038
'462

495'7
5527

'177

'912

774 1, ~

8670 ~

9708 ~





.
PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2

PAGE104 ~

HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEl SUBJECTED TO 1/2 SSE E Q ~ + IMP~ + S ~ C ~ MATER

BODY NO 300 DESIGN STRESS INTENSITY ~ 19300 ~

STAT ION MID-SURFACE 'UTSIDE SURFACE
SI T1T2T3 S I T1T2T3

INSIDE SURFACE
SI T1T2T3

1

2
3

5
6
7
8
9

10
11
12
13
14
15

18
19
20

14839
14846

'4854

14864
14874
14885
1,4898
14912

'4927

'4944

14963
14983
15005
15028

'5054

'5081

15111
15142
151 76 ~

15212

26583
28452

'9995

'1210

'2096

'2657

32890
'2796

32374
'1622

'0540

29126
'7380

25297~
22876

'0115~

17014
'3566

'770

'623

'548
'265

3363~
4408

'5193

'714~

5970
5959
5680.
5 l.33m
4316 ~

4038
4462

'957

'147

'940

13073
'6556

20388
24571 '
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HANFORD NO» 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE E' Q ~ + loPe + S»C» HATER

BODY NO 30I,

STAT ION
N-PH I

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

(

1

2
3

5
6
7
8
9

10
11
12
13
14
L5
16
17
18
19
20

L 947
1947»
L947 ~

1947»
I. 947»

'L94
7'947»

I. 947o.
1947»
L947»
1947»
1947»
1947
1947

'947

1947»
L947»
1947
1947»
L 947»

3607
2459»

76L
20»

-156 ~

-88.
22 o

4»
e.
3»
1

Oo
1

lo
-5

-21»
-38
-10
172
584»

904
'4o

-157
-97»

27»
2»
7
3»
1 ~

-Oo
-Oo
-Oo

0 ~

lo

lo
-e.
23 ~

-39»
-0 ~

.271 ~

7
-47»
-29»

-Bo

l.o
0 ~

-0
-Oo
-Oo
' ~

0
0 ~

Oo
2o
7»

-12 ~

-0

-117»
-38»

-Oo
7
4»

-0 ~

-0
'Oo

-0 ~

0 ~

0 ~

0
0 ~

0
-Oo'1

2 o

-0
9»'
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HANFORO NO. 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOMER COURSE OF CYL INDER
VESSEL SUBJECTED TO I/2 SSE ED Q, + IMP» + S CD 'HATER

BODY NO 301

STAT ION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

0 ~ 7565E 0 1

0 ~ 4691E-01
0 4429E-02

-0 1.511E-01
-0 1853E-01
-0 1682E-01
-0 ~ 1517E-01
-0 1452E-Ol
-0 1446E-01
-0 ~ 1454E-01
-0 1460E-01
-0 '461,E-01
-0 '458E-. 01
-0 1459 E-01
-0 1474E-01
-0 1.514E-01
-0 155 8E" 01
-0 1487 E-01
-0 1032E-01,
-0 '239E-07

DISPLACEMENTS
TANGENTIAL

-0 '168E-01
-0 21.09E-01
-0 ~ 2018E-01
-0» 1904E-01
-0 '783E-01
-0 '662E-01
-0 '542E-01
-0 1422E-01
-0 ~ 1303E-01
-0» 1184E-Ol
-0»1065E-01
-0»9463E-02
-0 8272E-02
-0» 7081E-02
-0 5890E-02
-0 '697E-02
-0 '501E-02
-0 2304E-02
-0 1125E-02
-0 '249E-07

ROTAT ION

-0 ~ 1305E-02
0 '146E-02
0.2688E-02
0 '931E-03

-0 ~ 4419 E-04
-0 1768E-03
-0 9558E-04
-0 2258E-04

0 4920E-05
0 7036E-05
0 2524E-05

-0» 1163E-05
-F 1.637E-05

0 4686E-05
0 2236E-04
0 '342E-04
0 ~ 1624E-04

-0 ~ 1782 E-03
-0 ~ 637 1E-03
-0 1034E-02
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HANFORO NO ~ 2 CONTAINMCNT VESSEL ~.4,m.c,m.,>l~
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO I/2 SSE E ~ Qo + IMPS + S»CD WATER-

.BOGY NQ» 301

STATION

l.
2
3
4
5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

S IG-PHI S

2832 ~

2832»
2832

'832

2832
'832

2832
2832

'832 .

2832
2832
2832»
2832
2832

'832

2832
2832»
2832
2832 ~,

2832

IG-THETA

5247»
3576»
1107»
-28

'227

'128

32
'»

9»
4»
'1

1 ~

2»
1

7 ~

-30
-56 ~

-14 ~

250
850

MEMBRANE STRESSES

143 04»
3142»

834»
1597»
2485 ~

28630
2916
2876»
2842»
2829
2828
2830
2834»
2842

'853»

2842
'755~

2540
2336
2832»

8688 ~

3669
508»

-399»
-331
-11.9»

7»
18
12»

3»
-0»

0
2»
5

-1
27 ~

-79 ~

-102
101 ~

850»

-8640.
2522»
4830»
4067»
3179
2801»
2748
2788»
28224
2835
2836
2834
2830
2822»
2811

'822

'910

3124
3328
2832

'805
~

3484.
1707'»

342
-123

'137

'57

-8 ~

';6 ~

5 ~

2»
1 ~

1 ~

2 ~

-13
33»
33 ~

73 ~

399
850

'EMBRANE

+ BENOING ON EXTREME FIBERS,
OUTSI OE F I GERS INS IOE F IBERS '-

SIG-PHI SIG-THETA SIG-PHI SIG-THETA
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'rlANFORD NO ~ 2 CONTA INHENT VESSEL ~ C .K ~ LLW
ANALYSIS OF BOTTOH HEAD AND LOWER COURSE OF CYL INDER
VESSEL SUBJECTED TO I/2 SSE E 0 ~ + I ~ Po + SsC ~ 'WATER

aOOY Na. 301 DESIGN STRESS INTENSITY = 19300m

STATION

2

4
5
6
'7

8
9

10
11
12
13
14
15
16
I 7
18
}.9
20

MID-SURFACE
S I T1T2T3

5269
3579
2832

'861

3059
2960
2864

'832

28 3.2
2832 ~

2832
2832
2832
2832

'839

2862
'888

2846
'.832

2832

OUTSIDE SURFACE
SI TlT2T3

14304
3669

834
'1996~

2817
298?
2923

'876

28% ~

2829 ~

2828
2830

'834

2842m
2854
2869»
2834
2642
2336
2832

INSIDE SURF ACE
S I T1T2T3

10445 ~

1484 ~

4830+
4067
3 302
2939 ~

280t) ~

27 >6
2822
2835
2836.
2834
2830
2823+
2825-
2855-
2942
3124
3328
2832
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.c .w.it+HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE Of CYL INOCR
VESSEL SUBJECTEO TO 1/2 SSE E ~ Q ~ + IMPS + S C WATER

BOOY NO+ 402

STAT ION
N-PHI

STRESS RESUL'TANTS
N-THCTA M-PHI M-THETA 0-PHI

I
2
3
4
5
6
7
8

10ll
12
13
14
15
16
17
18
19
20

I. 1665
11691m
11716
1 I,741
11765 ~

11788
11811
11833

'1854

11875
'1895

11914
ll932 ~

11949+
11965
I,1980

'1995

12008
12020
12031

'08
'57

739
1051 ~

1388
1745
2121
2511
29l5 ~

3328
3751
4183

'623~

5072
5529
5997'476

'969

7479
8008

-4528
-3887
-3307
-2788
-2330
-1932
-1594
-13 1.7
-1098

'938

'837

'794

'807'
-878

-1005~
-1188
—1426

'171.9

-2066
-2466

-1295
'1094'912

'749

-606
-482

'77

~

-290
-221
-171
-138 '

1'2 3 ~,

-l25 ~

-1,44 ~

-179
-231
-299

'383

-482
-597

579
526,
473

'20

'68

316 .

264 ~

213
'63

'12

63
'4

-35
'83

~

-131 ~

-178 ~

-224
-270 ~,

-315
-360



HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE QF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E 0 + I PE + S CD 'WATER,

SOOY NO. 402
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PAGE110

ZC. cc .~ - t t%

STAT ION

1

2
3
4
5
b
7
8
9

10
11
12
13
14
15
16
17
)8
t,9
20

NORMAL

-0 ~ 105 3E 00
-0 9954 E-01
-0 9304E-01
-0 8592E-01
-0 7830E-01
-0 702 4E-01
-0 6182E-01
-0~ 5310E-01

Oe4413E 01
-0 3495E-01
-0 2559E-01
-0 l607f -01
-0 6395E-02

0 3438E-02
0 1344f-01
0 '364E-OI,
0 3406E-01
0 4475E-0)
0 5577E-01
0 6717E-01

OISPLACEHENTS
TANGENTIAL

-0 ')3)E-0)
-0 2083E-01
-0~ 2036E-O)
-0~1990E-0)
-0 1945E-01
"0 1902E-01
-0 1860E-O),
-Oe)81.9E-OI
-0 '780E-O)
-Oe)743E-0)
-0 1707E-01
-0 1672E-01
-0 )640E-01
-0+ ) 609E-01
-0 ~ 1580E-01
-0 1552E-01
-0 1527E-01
-0 1503E-01
-Oa)48)E-0)
-0 1461E-01

ROTATION

-0 '639E-02
-0 5292E-02'0 585)E-02
-0 6326E-02
-0 6726E-02
-0 7060E-02
-0~ 7337E-02
-0.7567E-02
-0 7758E-02
-0 7921E-02
-0 '063E-02
-0 8194 E-02
-0 8323E-02
-0 8459E-02
-0 ~ 8610E-02
-0+8785E-02
-0 '993E-.02
-0 '243E-02
-0 '542E-02
-0 '899E-02
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOHER COURSE OF CYLINDER
VESSEL SUBJECTEO TO L/2 SSE ED 0 + I PE + S C MATER

BODY NO 402

Z!„-~.Z.-lK

STATION MEMBRANE STRESSES

5 IG-PHI SIG-THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUT SI OE F I BERS INS IOE F IBCRS

SI G-PHI S IG-THETA S IG-PHI S I G-THETA

1

2
3
4
5
6
7
8
9

LO

11
12
13
14
15
Lb
l?
18
19
20

8115
8133

'150»

8167
8184
8200
8216.
8232»
82470
826L
8275
8288
8300

'312

8324.
8334
8344»
8353
8362
8369»

'45
~

318 ~

514»
73l ~

965»
1214»
1475

'747»

202?»
23 I.5
26100
2910
32164
352'846

'172

'505»

4848
'203»

5571

'5032
'3153

-1451»
73»

1420%
259 I. ~

3587»
4409»
5058
5536
5844»
5984
5956
5?63

'405»

4884
4203»
3362

'363»

1209.

-3616
'2858»

-2134
-1445

-795
-185

3820
906

1385
1820 ~

2209
2554 ~

2854
311 I ~

3326
350 1 ~

3636
3736
3802

'838»

21262
19418
17751
16262
14948
13810
12846

'2054

11435
1,0985
10705

'0592

10645»»
10862 '

I.242
11784»
12485
13345
14360
15530

3906
3494 '

I.62 ~

2907
2725
2614

'569

2588
'670

281 L. ~

3010
3266

'578

3945»
4366

'843

'374

5960
6603
7304 ~
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HANFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER "OURSE DF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE E Qo + I ~ P ~ + S+C ~ WATER

BODY NQo 402 DES IGN STRE SS INTENSI TY + 19300m

STATION MI0-SURFACE OUTSIOE SURFACE
S I TlT2T3 S I T1T2T3

INSIOE SURFACE
SI TLT2T3

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
l7
18
19
20

8204
8206
8210
8214
8220
8227
8235
8244 ~

8254
8264+
8276 ~

8288
8301
8314
8328

'342

8357
8372
8388
8403 .

5032
3153
2134
1518
2215
2776

'587.

4409
5058
5536
5844
5984
5956

'763

5405
'884.

4203
'736

'802

3838

21262
'9418

'7751

16262
'4948

13810
12846 ~

12054
L 1435
10985

'0705

10592
10645
10862

'L242~

11784
12485

'3345

'4360

'5530
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO L/2 SSE ED 9 + I PE + S C WATER

BODY NO ~ 403

STATION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA 0-PHI

1

2
3

5

7
8
9

10ll
12
13

15
16
L7
18
19
20

1,1220
11242»
li264
11287
LL309
11332
11356.
11379

'1403

11427
11451
11475

'1499

11524
11548 ~

'1572

'1596

I. 1620
11644»
11668

-519
-652
-759
-842
-904»
-947»
-973 ~

-9840
-980
-962»
-929»
-882
-820 ~

-741
-644
-526
-385
-218

-21 ~

210

'3694
'3264»

-2885
-2558
-2284
-2062 .

-1892
-1775»
-1712»
-1701
-1744
-1839
-1989
-2191.
-2447»
-2756»
-3119

'3535

'4004

-4527

'LL34
-999
-880
-778
-691
-62 1

-566
'528

-506
'.500

-510'535

-576
-633
-706

'794~

-897
-1016

'1150

-1299

429
380
3324
263 ~

234.
185»
135

86»
37

-13
-62

-112.
-161
-210»
-260
-309 s

-358
-407
-456

'504.
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HANFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO I/2 SSE E Q + I PE + S CD WATER

BOOY NOe 403

STATION

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

-0 ~ 1235E 00
-0 125'6E 00
-0 1272E 00
-0 1284E 00
-0 1292E 00
-0 1296E 00
-0 1,297E 00
-0 '295E 00
-0 ~ 1290E 00
-0 I. 28 3E 00
-0 1273E 00
-0 '261E 00
-0 '245E 00
-0 1.227E 00
-0 1205E 00
-0 1180E 00
-0 1150E 00
-0 '115E 00
-0 1075E 00
-0 1029E 00

DISPLACEHENTS
TANGENTIAL

-0 ~ 4033E-01
-0 3984E-01
-0e 3935E-01
-0 3886E-01
-0 '836E-01
-0 '786E-01
-0 '736E-01
-0 '686E-01
-0 ~ 3636E-01
-0 3585E-01
-0 3535E-01
-0 '485E-01
-0 3436E-01
-0 ~ 3386E-01
-0 3337F-01
-0 '288E-01
-0 '240E-Ol.
"0 3192E-01
-0 3145E-01
-0 ~ 3098E-01

ROTAT ION

0 2145E-02
0 1653E-02
0 1219 E-02
0 '346E-03
0 '926E-03
0 1855E-03

-0~9397E-04
-0 3533E-03
-0 6001E-03
-0 841 7E-03
-0 ~ 1086 E-02
-0 1340E-02
-0 ~ 1611 E-02
-0 '908E-02
-0 '237E-02
-0 '606E-02
-0 3024E-02
-0 '3496E-02
-0 '032E-02
-0 4639F-02
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HANFORO NO ~ 2 CONTAINMENT VESSFL
ANALYSIS OF BOTTOM 'HEAD ANO LOHER COURSF OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE F ~ Q» + IMP» + S ~ C ~ MATER

BODY NO ~ 403

STAT ION MEMBRANE STRESSES

S I G-P HI S I G- THE TA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE F I BERS INS I DE F I BERS

SIG-PHI 5IG-THETA SI G-PHI S IG-THETA

1

2
3
4
5
6
7
8
9

10ll
12
13
14
15
16
17
18

-19
20

7806»
7821 ~

7836 ~-

7852
7867
7883
7900»
791,6
7932
7949»
7966
7983.
7999

'016

8033
8050
80670
8084
8100
81,17

-361
-453

'528

'585

-629
'659

-677»
-684
-682

'669

'646»

-614»
-570

'516

-448»
-366»

268»
-152»

"1.5
146»

-2920»
-1656

-541. ~

424 ~

1237»
1898
2406»
2761
2963»
3010

'903

2642
2225
1654

928
46

'990»

-2181
-3527
-5027»

-3654
'3355

'3084

-2843 ~

-263 5 ~

-2461
2322»

-221 8
'2151
-2120 ~

-2126
-2167
-2244»
-2355
-2498 ~

-2671
-2874
-3102

'3353

'3625

1853'1
17297
1.6213
15280
14498

'3869

13393
13071
12902
12888
13028
13323

'3773

1. 4379
~ 15139 ~

16054
17124

',8349

19727
21'261»

2932
2448
2028
1672

'.378
1144

'68

849 ~

788
782

'33

'40

'103

'324

'1602~

1940
'338

, 2799
3324
39 1:7 ~
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE EeQe + IMPS + SeCe WATER

BOGY NO 403 DESIGN STRESS INTENSITY = 19300

STAT ION

1

2
3

5
6

8

10'1

12
13
14
15
16
l7
18
19
20

MID-SURFACE
S I T1T2T3

8192e
8294
8379 ~

8448
8504

'547

8579
8601
86 14%
8618

'613

8598
8573
8538
8490

'429

8352
8258
8156e
8185

OUTS I DE SURFACE
SI T1T2T3

3654e
3355
3084e
3267e
3872
4359 '

728 ~

4979e
5114

'130

'029

4809e
4470

'009

'426e

2718
2874e
3102

'527

'027

'NS
I DE SURF ACE

S I T1T2T3

18531
17297 ~

1.6213
15280

'4498

13869
'3393

'3071e

12902
'2888

'3028

'3323

13773
'4379e

15139
16054

'7124

'8349»

19727
'l261



PAGE 117
P I TTSBURGH-OES MOINES STEEL COMPANY AX I SYMMETRI C SHELL PROGRAM AX2

~ ~.C .2..lz.~HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE E»Q» + IMPS + ST CD WATFR

BODY NO» t04

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA M-PH I M-THE T A Q-PHI

)
2
3
4
5
6
7
8
9

LOll
12
)3
)4
15
16
17
18
)9
20

10921
10931»
10941»
10952
10964
10976»
l0989
11,003
11017
11032»
11048
11064»
1),08),
1 ),099
11117
LL136 ~

11155
ll)75
1)196
l)217

4979
4626
4284
3950 ~

3624 ~

3302 "

2985 ~

267 l. ~

2360
2052 ~-

1748
1449
1155

870 .

594
'32»

85
-142,
-345
-520

-1569»
-1277
-L026»

-817»
-650»
-527

'447

'412»

-422»
-478»
-581

'730

'928»

-1173 ~

-1468 ~

-1812
-2206
-2651
-3147
-3694»

-528»
-438 .

-361»
-298

'247

'209

'185

-174
-l76 ~

-L92 ~

223»
-267 ~

-325
-397
-483

'584~

-699
-829
-973

'1132

292
254
2)5
176 ~

136
'5

54
12»

-30» ...

73 ~

-1L6 ~

-160 ~

-205
-2500
-295

'34l. ~

-387
-434 ~

-482
-529
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NANFOEO NO ~ 2 CONTAINNENT VESSEL .~-4 .Z .Iz.&
'ANALYSIS OF BOTTOM HEAD AND LOkER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE EeQe + IePe + SeC ~ HATER

BODY NO 404

STAT ION
NORMAL

DISPLACEMENTS
TANGENTIAL ROTAT I ON

1

2
3
4
5
6
7
8

10ll
12
13
l4
15
16
L7
18
19
20

-0 ~ 3135E-01
-0 3715E-01
-0 4276E-OL
-0 ~ 4821E-01
-0 5 353E-0 l
-0 ~ 58 7 7E-O I.
-0 6392E-01
-0 6900E-01
-0 ~ 7403E-01
-0 7899E-01
-0 '388E-Ol
-0 8868E-Ol
-0 9337E-01
-0 ~ 9792E-01
„-0 1023E 00
-0.1064E 00
-0 ~ 1103E 00
-0 1139E 00
-0 L170E 00
-Oe 1196E 00

-0 5847E-OL
-0 58I.6E-OL
-0 5784E-01
-0 ~ 575 I.E-01
-0 5716E-Ol
-0 5680E-01
-Oe5644E-01
-0 5606E-OL
-0 5567E-OL
-Oe 5527E-01
-0 '485E-01
-0 ~ 5443E-01
-0 5400E-01
-0 5355E-01
-0 5310E-01
-0 '264E-OI,
-Oe 5217E-Ol
-0 5 168E-01
-Oe5120E-01
-0 5070E-01

0 5407E-02
0 5209E-02
0 '048E-02
0 ~ 4921 E-02
0 4820E-02
0 '739E-02
0 '673E-02
0 '615E-02
0 4559E-02
0 4'498E-02 *

0 4426 E-02
0 '335E-02
0 ~ 422LE-02
0 4075E-02
0 3890E-02
Oe3660E-02
0 3378E-02
0 3036F-02
0 '628E-02
Oe2145E-02
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HANFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO I/2 SSE ED Q + I P + S CD HATER

BOOY NO 404

STATION MEMBRANE STRESSES

S IG-PH I S I G- THE TA

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIDE F I BERS INSI OE F IBERS

Sl G-PHI 5IG-THE TA S IG-PHI S IG-THETA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

7597
7604

'611

7619
7627 ~

7636~
7645
7654~
7664~,
7675 ~

7685
'697

7709
7721
7734
7747 .

7760
7774
7789
7803

3464
'218

2980m
2748
2521
2297

'076'
858~.

1642
1427
1216

'008

'040

605
'13

231 ~,

59
-99 ~

-240 .

-361

3041 ~

3896 ~

4632m
5247
5739~
61060
6346+
6457 ~

6437'285
~

5999+
5576 ~

5015~
4314+
3472 ~

2486 ~

1356m
78

-1348

-2924'93

1

1946 ~

1931
1884
1805
1690
1540 ~

1354 ~

1130
869 ~

570.
234 ~

-139 ~

-547 ~

-990 ~

-146 5 ~
—1971
-250bo
-3066
-3649

'2153
I 1312
10590
9990
9515

'165

'943

'851

8891
9064
9372
9817 ~

10402
11127
11995

'3007

14165
15471
16925

'8530

4996
4491

'030

'612

3237
2904

'612

'362

2153
1986
1862
1782
1746

'757

1817
1927

'090.

2309
2587
2927
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HANFORD NO ~ 2 GONTAINHENT VESSEL ~4 .Z.-.le%
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL -SUBJECTEO TO l./2 SSE ED Q + I P + S CD MATER

BODY NO 404 DESIGN STRESS INTENSITY ~ 19300»

STAT ION

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

HI D-SURFACE
S I T1T2T3

7622
7622»
7624.
7628

'632

7638
'645

7654
7664»
7676

'689»

7704,
7720
7738

'758

'779»

7802
7899»
8061
82040

, OUTSIDE SURFACE
S I T1T2T3

3041
3896

'632

'247

5739
6106

'346»

6457
'437

6285
'999

'576

5154
'862

'462

'951

3 327 ~

2584
'066

3649 ~

INSIDE SURFACE
SI VlTZT3

12153
11312 ~

10590
'990

'515

'165

8943
8851
8891»
9064

'372

9817»
10402

'1127

11995
'3007~

14165»
15471
16925
18530 .



HANFORD NO~ 2 CONTAINMENT VFSSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE E Q ~ + IMPS + S Co WATER

BODY NO ~ 405

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PA<iE121 ~

~.Ca„P .CZ.M

STAT ION
N-PHI

STRESS RESULTANTS
N- THETA M-PHI M-THETA Q-PCC I

2
3

5
6
I
8

10
11
12
13
14
15
16
17
18
1.9

20

1082)
10823
10825m
10826+
10828 ~

)0830~
10833
10836

'0839+

10842~
10846

'0850

'0855

10861
'.O867

10874.
10881
10890
10899

'0908

9567
9634~
9657
9635.
9571
9465
9318
9133~
891 le
8655
836 7+
8051 ~

77100
7347
6968

'575

'174.

5770
5368~
4975~

4534
4500m
4435

'340

42)be
4060m
3875

'658m

34)0i
3130
28)8i
2472
2093+
1680.
123) ~

746
'254

-334+
-932m

-1569~

1372
1356

133'297

1254
1202
i,)41 ~

1071
99)+
903
805 ~

698 ~

58)
454
317 ~

)700
13

-155
333 ~

-523 ~

22 >I

-50.
-78o

-106.
-134
—162
-191 ~

-2)9o
-249 ~

-278..
-308 ~

-339
'37C).

"40'>o
-435~
-468
-502.
"537
-573
-6C) 9
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HANFDRO NO 2 CONTAINMENT VESSEL
ANALYSIS DF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE E.Q. + I.P. + S.C. WATER

BODY NO 405

STATION

I.

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAI

0 4519E-01
0 ~ 4614E-01
0 4640'-OL
0 ~ 4598E-01
0~449LE-Ol
0 4319E-01
0 4085E-01
0 '792E-OL
0 ~ 3443E-01
0~3043E-OL
0 2594E-OL
0 ~ 2102E-01
0 '573E-01
0 'O11E-01
Oe 4237E-02

-0 ~ 1828E-02
-0 8008E-02
-0 1422E-01
-0 2039F.-OL
-0 2642 E-01

DISPI ACEMENTS
TANGENTIAL

-0 '442E-01
-0 6429E-01
-0 6416E-Ol
-Oe 64 03E-Ol
-0 6389E-OL
-0 '375E-OL
-0 ~ 6361E-01
-0 '347E-01
-0 6331E-01
-0 6315E-01
-0 6297E-01
-0 6279E-01
-0 '259E-OL
-0 6239E-01
-0 6217E-01
-OebL93E-Ol
-0 6168E-Ol
-0 6142E-OL
-0 6114E-OL
-0 6085E-01

ROT AT ION

-0 13048 -02
-0 6647E-03
-0 ~ 31 30 L:-04.

0 5909E-03
0 'L98f"02
0 1785E-02
0 2349E"02
0 2884E"OZ
0 3387E-02
0 3852E"02
0 '275E-02

. 0 4653E-02
0 4979E«02
0- 5249E-02
0 '458E-02
0.56OLC-"02
0 5673E-02
0~5668E-02
0 '581'E-02
0 5407E-02



i ~<~

BOOY NO 405

PITTSBURGH-OES MOINES STEEL COMPANY AXlSYMMETRIC SHELL PROGRAM AX2
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSC OF CYLINDER
VESSEL SUBJECTEO TO I./2 SSE E Q + I P + S»CD WATER

STATION MEMBRANE STRESSES

S IG-PHI S I G- THE TA

MEMBRANE, + BENOING
OUTSIDE F I BERS

Sl G-PHI SIG-THE TA

ON EXTREME F 1SERS
. INSIOC FIBCRS

5 I 6-PHI S IG-THETA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

7528 ~

7529
7530
7531

'533

7534
7536
7538
7540

'542

7545
7548
755 1.

755.5
7560
7564»
7570

'575

7582
'588

6655»
6702 ~

67180
.6703
66580
6584 ~

64820
6353»
6199»
6021
582 I,

5601
5363

'l,ll

4847»
4574»
4295»
4014»
3734
3461»

20694»
20594»
20408
20134»
19773
19324»
,I.&7&6
18159»
17441
16630
15727
14727
13630 ~

12433 ~

11134
9732

'223~

6605
4876
3034»

10639
'0639

10582»
10468
10Z98.
10073

'794»

9462
'078

8643»
8159
7627 ~

7050»
6430»
5769 ~

5069
4333
3564»
27b 7»
1943 ~

-5638
'5537.

-5348
-5072

'4708»

-4256
'3715»

-3084»
-2361»
-1546

'637

'69»

1473»
2678»
3985»
5397
6917
8546»

10'287
'2143

'671
2765
2853»
2938.
3018
3095'

l.70
3244»
3320.
3399»
3483»
3574
3677
3792»
3925 ~

40 /9.
4257.
4463»
4702„
4979
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HANFORO NO 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE ED Q + IMPS + S C WATER

BODY NO 405 OESIGN STRESS INTENSITY ~, 19300

'TAT

lON HID-SURFACE OUTSIDE SURFACE INSIDE SURFACE
Sl r1T2T3 SI T1T2T3 S I T IT2T3

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

7528
7530
7532~
7535

'538

7542
7546~
7552
7558

'565

7572 ~

7581
7591 ~

7602 ~

7614
7627
7642 ~

7658
7675
7694 ~

20694
'0594

'0408

20134 ~

19773
19324
18786

'8159

17441
'6630

'5727

'4727

13630
12433
1 I. 134
9732 ~

8223
'605

'876

3034

8310
8301 ~

8201 ~

8009 ~

7726
'351

6885
6328 ~

5681,
4945»
4119

'574

3677
3792

'985

5397
'917

'546~

10287
'2)43
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOMER COURSE OF CYI.INOER
VESSEL SUBJECTEO TO )/2 SSE EeQo + IePo + SeC ~ MATER

SOOY NO ~ 406

~ .4a.&. l~Cb

STATION
N-PHI

STRESS RESULTANTS
N- THETA M-PHI M-THETA Q-PHI

1

2
3
4
5
6
7
8
9

10ll
)2
1.3

14
15
16
17
18
19
20

12
386'2392

~

)2398m
L2403 ~

12408
12413m
12418

'2422

'2426

12430»
)2433
12437
12440
12442
12445
12447»
12450
12452
12454

'2456

47)2
5091
5472 ~

5853 ~

6230
6602» .

6965
7319+
7660'986

8296
8588
8859
9109
9335
9535
97090
9855
9972

'0058~

-725
'259+

189-
620

1033
14 30

181'176

2525
2860
3180

'485

3776
4053
4317

'567m

48040
5029
5240
5439»

-)64
2 34

111 ~

241
364
482

'95

'03

806
'05m,

998'087

)171
1251
1327 ~

1398 ~

1465
1528
1587-
1642

5890
566
544

'22

50)+
480
4600'40

'2f
402
384
366

'49+

331
'15

'98

282
265
249

'34
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/
HANFORD NO 2 CONTAINMENT VESSEL X.c .z.. (~(
ANALYSIS OF BOTTOH HEAO.ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTED TO I/2 SSE ED Qo + l~Pe + S ~ C ~ WATER

BODY NO 406

STAT ION

2
3.

5
6
7
8
9

10ll
12
13
14
15-

16
17
18
19
20

NORMAL

-0 '799E-01
-0~2244E-OI
-0~ 1687E-OI
-0 1131E-OI
-0 '798E-02
-0.377eE-03

0 4921 E-02
0 1007E-Ol.
0 1503E-01
0 ~ 1977E-01
0 2427E-Ol
0 ?850E-01
0~3243E-OL
0~3603E-01
0 3929E-01
0 4218E-01
0 4468E-01
0.4676E-OI
0 4841E-O I
0 ~ 4961E-01

DISPLACEHENTS
TANGENTIAL

-0 '446E-01
-0 6420E-01
-o.e39eE-01
-0 6372E-Ol
-0%6350E-01
-0 6328E-01
-0~6308E-OI
-0~ 62SSE-Ol
-0 6269E-01
-0~6251E-01
-O~b234E-01
-0 62 18E-01
-0 ~ 6202E-01
-0 61 S7E-01
-0~ 6173E-01
-Oa6159E-OI
-0~6146E-OI
-0 6133E-01
-0 '121E-01
-0 '109E-01

ROTATION

-0 6942E-02
-0 6996E-02
-0 ~ 7001E-02
-0 6960E-02.
-0~6874E-02
-0~6744E-02
-0 6574E-02
'-0~6363E-02

,. -0 6114E-02
-0~5829E-02
-0 '509E-02
-0 '156E-02
-0 4771 E-02
-0 4355E-02
-0 3911E-02
-0 3439E-02
-0 ~ 2941 E-02
-0 ~ 24 18 E-02
-0 1872E-02
-0 1304E-02



HANFORD NO ~ 2 CONTAINMENT VESSEl
ANALYSIS OF BOTTDM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED l'0 )/2 SSE E Q ~ + IMPS + S ~ C ~ WATER

~.c .x.Rz

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AXZ
'AGE)27

BODY NO~ 406

STATION MEMBRANE STRESSES

S IG-PHI SIG-THETA

MEMBRANE + BENDING ON EXTREME
OUTSIDE F I BERS INSIDE

SI G-PHI SIG-THE TA S I G-PHI

FIBERS
FIBERS
S IG-THET A

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

86) bo
8621
8625
8628
8632
8635
8639
8641
8644+
8647
8649.
8652
8654
8656
8657
8659
8661
S662
8664
Se65.

3278'542

'807+

4072+
4334
4593
48460
5091 ~

5329m
5556

'771

5974
6163
6337

'494m

6633
'754

6856
'937

6997

'510
~

7867+
9) 730

10427
11632
12788

'3897+

)4960+
15978~
16951
17882
187700
)9618
20425
211 92+
2) 92)e
22611
23263

'3879m

24457+

2803 ~

3474+
4)3)~
4770
5391
5993 ~

6574+
7134
7670 ~

8182 ~

8669+
9130

'564

9970
103 t6 ~

10693 ~

11009
))294m
11546
11765 ~

)0723
9374 ~

8076.
6830

'632

4482
'380~

2323
)3))~

342
-583

-1467 ~

-2310
-3113
-3877

'4602

'5290

-5939
-6551
-7127-

3753
3609 ~

348,3
3373 ~

3277
3192

'117

3049
'987

2929
'873

2818'
2762
2704
2641
257 t ~

2500
2418

'328

2228
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE QF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED 0» + IMP» + S ~ C ~ WATER

BODY NO» 406 DESIGN STRESS INTENSITY ~ 19300»

STATION HID-SURFACE OUTSIDE SURFACE
S I T1T2T3 S I TI.T2T3

INSIDE SURFACE
S I T1T2T3

2
3

5
6
7
8

1,0
1,1

12
13
14
15
16
17
18
19
20

8704»
8701
8699 ~

8697
8695 .

8693
8692

'690

8689
8688

'686

'685»

8684
8683»
8682
8681 .

8681
8680
8679
8679

6510
7867 ~

9173
10427

'1632

12788
13897
14960
15978

'.6951

'7882

18770
'9618.

20425
'1192

2192 I,

22611
23263

'3879

'4457

10'723
9 374»
8076»
6830
5632
4482»
3380
3049»
2987
2929
3457

'285

5072
'817

'518~

7176
'789

'357

8879
9355
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSlS OF BOTTOM HEAD AND LOMER COURSE OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE ED 0 + I P + S C MATER

BODY NO» 407

STATION
N-PHI

STRESS RESUl.TANTS
N-THETA M-PHI M-THETA Q-PHI

1

2
3
4
5
6
7
8

10

12

13'5

16
17
18
19
20

12234»
12244
12254'»
12265»
12275
12284»
12294»
12304
12313»
12322»
1.2331
l2339
12348
12356»
12364 ~

12372»
12379
12386
12393
12400

-2047 '
-1748
-1437
-1$ 16»
-785 ~

-447»
-102 ~

248»
603
962

1325
1691
2059»
2430»
2803»
3,180»
3558
3941
4326
4716»

-2208»
-1922»
-1662.
-1426»
-1215 '

028»
-865

'725»

-608.
-514»
-442

'392

-363»
-355»
-368 ~

-401%
-453
-525
-616%

726%

-627 ~

-540
'461

'389»

-324
'267

-217
'175

-139
-110

-88
-72
-63
-61»
-64

73 ~

-89
-flO~

-136 ~

-169

371 ~

339
'08

277
'47

217 ~

188
159

'31'%03%

76
49.»
23»

3%
-28»
-5:3 ~

-77
-101
-124
-146 ~ .



PITTSBURGH-OES MOINES STEEL COMPANY AXISYHHETRIC SHELL PROGRAM AX2
PAGE 130 ~

HANFORO NO ~ 2 CONTAINMENT VESSEL ~.c .w.'l~Q
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO I/2 SSE ED Q + IHIP+ + S ~ C ~ WATER

BODY NO ~ 407

g

STAT ION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

-0 1198E 00
-0 1155E 00
-0 llllE 00
-0 '065E 00
-0 j. 018E 00
-0 '704E-01
-0 9215E-01
-0 871 8E-Ol
-0 ~ 8215E-01
-0 '706E-01
-0 7193E-01
-0~6676E-Ol
-0 6156E-01
-0~5&32E-Ol
-0 5105E-01
-0 '575E-01
-0 404 1E-01
-0 3503E-01
-0 2960E-01
-0 ~ 2412E-01

OISPLACEHENTS
TANGENTIAL

-0 '258E-01
-0 7216E-01
-0 7174E-01
-0 7133E-01
-0 7093E-01
-0 '053E-01
-0 7015E-OI.
-0 ~ 6977E-01
-0 6941E-01
-0 6905E-01
-0 6870E-01
-0 '836E-01
-0 6803E-01
-0 6771E-01
-0 6740E-01
-0 '710E-Ol
-0 6681E-01
-0 6653E-01
-0 6626E-01
-0 '600E-01

ROT AT ION

-0 5283E-02
-0 5504E-02
-0 5696E-02
-0 5861 E-02
-0 6003E-02
-0 ~ 612 4E-02
-0 6226E-02
-0 ~ 6312 E-02
-0 6384E-02
-0 6445E-02
-0~6497E-02
-0 '543E-02
-0 6584E-02
-0 6624E-02
-0.6664E-02
-0 6706E-02
-0 6753E-02
-0 6807E-02
-0 6869E-02
-0~6942E-02
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER "OURSE OF CYLINOER
VESSEL SUBJECTEO TO )/2 SSE E 0 + I PE + ST CD MATER

8OOY NO ~ 407

~ 4 .M.l~

1

2
3
4
5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

S IG-PHI

8510»
8518
8525
8532

'539

'546

8552»
8559
8565
8572
8578
8584
8590»
8595
8601
8606
861)
8616

'621

8626

S I G- THE TA

-1424~
-1216.
-1000»
-776
-546»
-311»

-71»
173
420»
669»
922»

1176
1432 ~

1690
1950»
2212
2475
2741»
3010
3281

STATION MEMBRANE STRESSES MEMBRANE + BCNOING
OUTSIDE F I BERS

SIG-PHI SIG-THETA

2100» -3245
2936» -2784»
3699» -2337
4391» -1904
5011 -14S7»
5561, -1086
6041 -702»
6454» -334»
6800» lb.
7080 '50 ~

72 95» bbb»
7447» 966 ~

,.'7537» 124S»
/ 7565 ~ 1515»

7533 '765
'4431999 ~

;.7295» 221 S»
7091» 2423 ~

6832» 261 3 ~

6519» 2791

'4921
14099»
13350
12673
)2067
11531
11064

'0664

10331
10064

9861
9721
9643
9626
9668
9769

'928

10142 ~

10411
10733

398 ~

352
'38

'52

'95

465
560
680

'23

'89

'177

)386
16)b
)866.
2136 ~

2425
273y-
3060
3406
3770

ON EXTREME FIBERS
INSIDE F ISERS

SI G-PHI S I G-THET A
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HANFORD NO~ 2 CONTAINMENT YESSEL
ANALYSIS OF BOTTOH HEAD ANO LOWER COURSE QF CYLINDER
VESSEL SUBJECTEO TO .1/2 SSE E.Q. + I.P. + S.c. WATER

M.4 .z..lag

BODY NO 407 DESIGN STRESS

STAT ION HID-SURFACE
S I TlT2T3

INTENS I TY ~ 19300 ~

OUTSIDE SURFACE
S I T1T2T3

INSIDE SURF ACE
SI TlT2T3

(

1

2
3
4
5
6
7
8

10
11
12
13
14
15
16
17
18
19
20

9952
9748

'537

9318
'093~

8863
'628

8565,
8570
8574
8579 .

8584+
8590
8595

'601

8607
8613

'619

8625
8631

5345~
5720
6036
6295
6498
6647
6743~
6788
6800
7080

'395.

7447
7537'565

'533~—

7443
7295

'091

'832

'519

14921
14099 ~

13350 ~

12673
12067

'1531

1 1064 ~

10664
10331

'0064

9861 ~

9721+
9643
9626
9668 ~

9769
9928

'0142

10411
'0733



HANFORD NO ~ 2 CONTAINMENT VESSEL
AN IAl YSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO }/2 SSE E ~ Q» t I eP t S ~ C+ AC MATER

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM A~

~P.C —.—.

BODY NO ~ 408

STATION
N-PH I

STRESS RESULTANTS
N- THETA M-PHI M-THE T A Q-PHj

(

}
2
3
4
5
6
7
8
9

10
l I.

12
13
1,4
)5
16
17
18
19
20

12063»
12072
12082 ~

12091»
12 I.OOe
12 } 10
12}19
12L28
12138
12147e ~

12}56
12165
12174
12 1,84
12193

'.2202 ~

12211
1221,9 .

12228
'2237

-5598
-5468»
-5330,

'5'185
-5033

'4875

-4711
-454 1
-4366
-4185»
-4000»
-3808

'3611».
-3409
-3200
-2984»
-2762
-2532
-2293

'2045

-1945- L?81
-1637»
-1514»
-1411 ~

-1328»
-1265 '

1.223
-1199
-1196e
-1212

'1247 .

-1302
-1375

'1468»

-1579
'1709

-1857
-2024
-2208

-568
-518
-474 ~

-436»
-404
-379»
-359 ~

-346
-338

'336

'340»

-350
-366

'387

-414
-447
-485
-528

'577

'631

$ 29
}98»
}68
}38.
I 09

79 ~
.

50.
2P»

-37 ~

-bh
-94»

-)22.-'i KQ
-}? ('.
"20~,>
-23'
-258
-265.
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f
HANFORO NO 2 CONTAINMENT VESSEL
ANAl YSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINOER
VESSEL SUBJCCTEO TO I/2 SSE E Q ~ + IMP + S C WATER

BOOY NO 408

~y .C>.c .V'" l,

(

STATION

l
2
3
4
5
6
7
8
9

10ll
l2
13
L4
15
16
17
18
19
20

NORHAL

-0 ~ 1 648E 00
-0 '630C 00
-0 '6LLE '00
-0 L591E 00
-0 ~ 1570E 00
-0 1548E 00
-0~1525E 00
-0 '502E 00
-0 ~ 1477E 00
-0 1452E 00
-0 142 7E 00
-0 1400E 00
-0 '.373E 00
-0 '345E 00
-0 1316E 00
-OeL287E 00
-0 ~ 1256E 00
-0 L224E 00
-0 1191E 00
-0 1157E 00

DISPLACEMENTS
TANGENTIAL

-0.865lf-ol
-0 8608E-01
-0~8565E-Ol
-0%8522E-OL
-0 8479E-OL
-0 8437E-01
-0 8396E-01
-Oa

8354E-01'0~8313E-OL

-0~8272E-OL
-0 ~ 82 32E-01
-0 8192E-Ol
-0 8153E-01
-0 8114E-OL
-0 8075E-01
-Oe8037E-OL
-0 7999E-01
-0~7962E-OL
-Oe7926E-OL

Oo7889E 01

ROTATION

-0 '7436-02
-0~2909E-02
-0+3062E-02
-0 '203C-02
-0 3333E-02
-0 3456E-02
-0 3572E-02
-0~ 3683E-02
-0 3791E-02
-0 3899E-02
-0 '006E-02
-0 '116E-02
-0 4230E-02
-0 4350E-02
-0 4477E-02
-0 4614E-02
-0 476I,E-02
-0 4920E-02
—.0 '094E.-02
-0 '283E-02



PITTSBURGH-DES MOINES STEEL COMPANY AXISYMHETRIC SHELI. PROGRAH

HAhlFORO NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOH HEAO ANO LOMER COURSE OF CYLINDER
VESSEL SUBUECTEO TO l./2 SSE E.Q. + I.P. + S.C. HATER

BOGY NO» 408

An j
PA" r $ 3

St AT ION . HE MS RANE STRE SSE S

S IG-PHI S I G- THE TA

I

MEHBRANE + BENOING ON EXTREME FIBERS
OUTSIDE FIBERS INSIOE FlotRS

SIG-PHI SIG-THETA SI6-PHI S I Ci-THETA

1
2

4
5

7.
8
9

10ll
12
13
14
15
16.,
17
18
19
20

8391
8398
8405.
8411»
8418
8424

'431»

8437
8444'»
8450
8456»
8463

'469.

8476
8482»
8488
8494
8500
8507
8513

'3894»
-3804»
-3708»
-3607

'3501

'3391

-3277»
-3159»,
-3037»
-2912

'2782

-2649»
-2512»
-2371»
-2226
-2076 '

1921»
-1761
"1595
-1423»

2743»
3226»
3650%
4014»
4320»
4567»
4756»,
4887»
4961 ~

4978
4938»
4841 ~

4689»
4482»
4220
3903
3532»
3108
2631»
2101»

-5544»
'-5308»
-5084»
-4873 .

-4675
'4491 ~

-4320»
-4162 ~

-4018 ~

-3888
'37TO

-3666
'3574»

-3495 '
-3428»

337 3»
-3328

'3294»

-3270
'3255~

14040
13570i
13159»
12808

'2515'228k~

12105
11987
11926
11922
11975"
12084.
12249

'12469
'2744»

13073
13457
13893
14382»
14924»

-2244,,
-2300»

2382&
-2341»

2327M
-2291»

~2 f»
-2I.55
-2056
-l935
-'l794 ~
—I'632 ~

-1450 o

-'I247,i
-1024 »- 779

)I
-228

80 ~

409»
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M~.~- 14-LHANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTED TO L/2 SSE E.Q. + I.P. + S.C. WATER

BOOY NO 408 OESIGN STRESS INTENSITY ~ 19300»

STATION — M I0-SURFACE
SI TLT2T3

OUTSIOE SURFACE
SI TlT2T3

I'NS IOE.,SlJRF ACE
SI TLT2T3

1

2
3

5
6
7
8
9

10ll
12
13
14
1.5

16
17
1,8

19
20

12294
12209
12117
12022

'1921

11817
11708

'1596

11481
1. 1362
11239
11113
10983
10849

'0711

10568»
10421
10268
10110

9946»

8287
8534
8734

'ees.

8996
9058

'076

'050

'980»

8866
'708

'508

'264

'977

'648

'276

'860

'402»

5901
5356

16284» ..
15870»
15491
15148

'4842

14572
14339

'4142

L3982 ~

13858
13769

'3717

13699»
13716
1. 3768
13853
L 3971
14121
14382
14924»



P ITTSBURGH-DES MOINES STEEL COMPANY AXISYHHETRIC SHELl. PROGRAH AX2

HANFORD NO ~ 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOH HEAD AND LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE ED Q . + IMPS + S CD HATER

BODY NO» 409

STAT ION
N-PH I

STRESS RESUl.TANTS
N-THETA N-PHI M-THETA Q-PHI

1

2
3
4
5
6
7
8
9

10
Ll
)2
1.3
14
15
16
17
18
19
20

11895
)1903»
11912»'.1920

~

11928
11937»
11946
11954»
11963
1.1972»
11980»,
)1989»
11998
12007»
12016»
)2025
12034
12043 ~

12052
12061

-7098 ~ .

-7060»
-7017»
-6968»
-6914»
-sass.
-6792 '
-6725 ~

-6655-
-658) ~

-6504
-6422
-6337
-6248»
-6154»
-6056»
-5952
-5841 ~

-5724»
-5599»

-1579»
-1405
-1254»
-1123»
-10L5
-928»
-862
-818»
-795
-794»
-814».
-855»
-918

-1001»
-1106 ~

-1232 ~
-1378»
-1546
-1734»
-1,943

-470
'417

'371

-331
.-298 ~

-272
-252

'238

-231
'230

-236
'48»

-266»
-291

322
'359

-402
'452

'507

-569»

2 73 ~

241»
209

'77»

145 ~

LL3
82»
50

'8»

-13»
-45 ~

-76 ~

-108
-)39»
-, 170 ~

-201 '
32»

-262 ~

-293 ~ .

32 3 ~
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HANFORO NO 2,CONTAINMENT VESSEL ~~.~.LA%
ANALYSIS OF BOTTOH HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO '1/2 SSE E Q ~ + I P + S»CD WATER

BOOY ND 409

STAT ION

1

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

NORHAL

-0 1804C 00
-0 1799E 00
-0 ~ 1794E 00
-0 '787E 00
-0 1780E 00
-0 1772E 00
-0 1764E 00
-0 1. 755E 00
-0 ~ 1746E 00
-0 ~ 1,736E 00
-0 172 5E 00
-0 1 715E 00
-0 ~ 1703E 00
-0 1691E 00
-0 1679E 00
-0 1666E 00
-0 1652E 00
-0 1637E 00
-0 1621E 00
-0 1605f 00

OISPLACEHENTS
TANGENTIAL

-0» 1029F 00
-0 ~ 102 5C 00
-0 102OC 00
-0» 101,5E 00
-0 ~ 101 1E 00
-0 1006E 00
-0» 1002E 00
-0 '971C-0)
-0 9926E-01
-0 9880E-01.
-0,9835C-01
-0»9790E-Ol
-0» 9745E-01
-0 9700E-01
-0 '656E-O)
-0 '612E-0)
-0»9567E-Ol
-0,952 3E-O)
-0 9480E;Ol
-0 '436E-01

ROTATION

-0 '410E-03
-0 '738E-03
-0 '092E-02
-0 l)98E-02
-0 ~ 129 3E-02
-0 ~ 1380 E-02
-0 1460E-02
-0» 1534E-02
-0 1606E-02
-0

1677E-02'0

1749E-02
-0 ~ 1823E-02
-0 1902E-02
-0 '988E-02
-0 2082E-02
-0 '186E-02
-0 2303E-02
-0 2433E-02
-0 '579E-02
-0 '743E-02





,
HANFORD NO» 2 COMTAlMHENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE E 0 ~ + IMP» + S»CD WATER

M.c .z..)+4-

PITTSBURGH-DES MOINES STEEL COMPANY AXISYHHETRI C SHELL PROGRAM AX2
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BODY NO» 409

STAT ION MEMBRANE S TRF SSE S

S IG-P HI S IG-THE TA

HEHBRANE + BENDING
OUTS l DE F I GERS

S IG-PHI S IG-THE TA

ON EXTREHC FIBERS
INS lDE F lBERS

S IG-PHI S lG-THETA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

8275 ~

8280
8286
8292
8298

'304~

83)0
83).6
8322 ~

8328
8334
8340
8347 ~

8353
'359

8365
8371
8378
8384
8390

-4938 ~

-4912»
-4881»
-4847»
-4809

'4769»

-4725
'4678»

-4630
'-4578»

-4524
-4468»
-4409»
-4347'»
-4281
-4213 ~

-4140 .

-4064 '
-3982
-3895

3690»
4200»,
4646.
5030»
5352 ~

5611
5807»
594)»
6013»
6023»
5971
5857
5682»
5445»
5)47
4789»
4369»
3889

'348

'748»

-630 1
-6123»
-5958»
-5809
-5676

'5558

'5456

-5370
'5300

'5246

-5209»
-5187

'5181

-519 I»
-5215»
-5254»
-5308
-5375»
-5455
-5548

'2859
'2361»

l)926»
11554
11244
10997
)08)3
10691»
)0631
10634
10698
10824
110)l»
11260 ~

))571
'1942~

12374
12867
13420 ~

14033 ~

—,3574»
-370'3804»

-3885
'3943~

-3980
'3994»

-3987
-3959»
-39)0 ~

-3840
'3748

'3636

-3502
'3348»

-3171
-2973
-2752
-2508
-2242 '
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KANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF 80TTOM HEAD ANO LOXER COURSE OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE E ~ 0 ~ + I ~ P ~ + S ~ C ~ XATER

BODY NO 409 DESIGN STRESS INTENSITY 19300

~.c .m.146

ST'AT ION

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

MID-SURFACE
SI, .T1T2T3

13222
13200
13173

'3143~

13110
13074
13036

'2995

12952
12906

'2859

12809
12757
12702

'2644

'2583+

12519
12450 ~

12377
12299

'UTSIDE
SURFACE

S I T1T2T3

9992
'03220

10605e
10840~
11027
lll68o
11263m
11311

'1313

'1269~

11179%
11044m
10863~.
10636

'0363~

10043m
9677

'264

'804~

8296~

INSIDE SURFACE
SI T1TZT3

16432
16062

'5730

15439
'5188

14977
'4807,

14678
14590
14543+
14537

'4572

'4647~

14763~
14918

'51130

15347
15618 .

15928
16274
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANAl YSIS OF BOTTOM HEAD AND LONER COURSE OF CYLINDCR
VESSEL SUBJECTED TO )/2 SSE EeQ ~ + IePo + SoC ~ MATER

BODY NO 410

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA M-PH I M-THETA Q-P HI'

2
3

5
6
7
8
9

10ll
12
13
)4
l5
)6
)7
18
)9

20'1760

))767~
)1773~
11780 ~

11786
11793

'1800

11807+
11814
))821m
l)828
1)835
11843
11850
11858
11865
1)873
11881
11888~
l)896~,

-6987
-7032
-7070
-.7) 020
-7129
-7151~
-7170
-7184m
-7196~
-7204~
-72) 0a
-7212
-7212+
-7208
-7201 ~

-7190
-7175
-7155
-7129
-7097~

-1676
-)476+
—1299~

, -)142+
-1008
-894
-803
-733+
-684.
-658e
-652

'669

'707+

-767+
-849m
-952~

-)077m
-1224+
-1392

'1582

-506
-445+
-392m
-344
-304
-269
-242
-,220 ~

-205
'197

-195 ~

'-200
'2l.1 ~

-229
-253
-284~
-32)
-365

'415

-471

3)l
279m
248
216
184
l52
120

'8

'6

'4

-8 ~

-40 m

-72
'104~

-136 ~

-)69 ~

-201 ~

2 3 3%

-265 ~

-297 ~
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HANFORO NO+ 2 CONTAINMENT VESSEL >.c .s-l4.3
ANALYSIS OF BOTTOM HEAO ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTEO TO I/2 SSE ED Q~ + IMP~ + 5~CD MATER

BOOY NO. 410

'

STATION

1

2
3

5
6
7
8
9

LOll
12
13
14
15
16
17
18
19
20

NORMAL

-0 1728E 00
-0 ~ 1735E 00
-0 ~ 1740E 00
-0 1745E 00
-0 ~ 1749E 00

. -0 ~ L753E 00
-0 ~ 1756E 00
-0 1759E 00
-0 1761E 00
-0 '762E 00
-0 1763E 00
-0 1764E 00
-0 1765E 00
-0 1765E 00
-OaL764E 00
-0~1763E 00
-0 1762E 00
-0 L760E 00
-0 1757E 00
-0 1753E, 00

OISPLACEMENTS
TANGENTIAL

-0 ~ 1202E 00
-Oe L L97E 00
-0~ 1193E 00
-OeLL88E 00
-0 'L84E 00
-0%LL79E 00
-0~1174E 00
-O~LL70E 00
-Oall65E 00
-O~LL6LE 00
-0 1156E 00
-Oe 1151E 00
-0%LL47E 00
-OeLL42E 00
-O~LL38E 00
-0 '133E 00
-0 11,28E 00
-O~LL24E 00
-O~LLL9E 00
-Oel114E 00

ROTATION

0 8138 E-03
0 6737E-03 .

0~5504E-03
0 ~ 4419 E-03
0 '464E-03
0 2619E-03
0 l.865E-03
O~LL83E-03
0~5539E-04

-Oa4187E-05
-0 ~ 6241E-04
-0 ~ 1211E-03
-0 -1822E-03
-Oa2477E-03
-Oa3195E-03
-Oa3997E-03
-0~4899E-03
-0 5922E-03
-0 '086E-03
-0 '41,LE-03



( HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSE OF CYLINOCR
VESSEL SUBJECTED TO I/2 SSE E Q + I P + S C HATER

BOOY NO 410

S TAT ION MEMBRANE STRESSES

~.c:z ..(4-.e-'„

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIOE FIBERS INS IOE FIBERS

Sl G-P Hl S IG-THE TA S IG-PHI S I G-THEY ~SIG-PHI SIG-THETA

t

PlTTSBURGH-QES MOINES STEEL COMPANY AXISYMMETRIC SHEl L PROGRAM AX2
Pt GE143.,

1

2
3

5
6
7
8

10
11
12
13
14
15
16
17
18
19
20

8181
8185
8190
8195
8199

'204

'209

'213

8218
'223

8228
8233
8238
8244
8249
8254
8259
8265
8270»
8276

-4S61»
-4892»
-4918»
-4940
-4959

'4975

-4988»
-4998»
-5006»
-5012»
-5016

'5017

'5017»

-5014
-5010
-5002
-4991 ~

-4977»
-4960
-4937

'316»
3899»
4419»
4878
5274»

,5607
5878»
6086»
6231 ~

6314»
6334»
6291 ~

6185»
6016
5784»
5490»
5132»
4711 ~

4228
3681»

-6329»
-6185
-6055 ~

-5940»
-5841
-575 7 ~

-5689»
-563 7 ~

-5603»
-5584»
-5583»
-5599 ~

-5631
-5680»
-5745»
-5827
-5924
-6036»
-6164
-6306»

13046»
12472»
11961 ~

11511
11125»
10801
10539

'0341

'0205

10132
10123
10176

'0292»

10471
10713»
11019

'1387

11SI,ST
12312

'2870

-3392.
-3598.
-3781.
-3941.
-4078.
-4193
-4286»
-4358
-4409

'4439.

-4448
-4436
-4403

'4349

'4274

'4177'4059»

-3918
-3755.
-3569.



;
PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AXZ
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HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E ~ Q + I P ~ + S»C ~ WATER

BODY NO 410 DESIGN STRESS INTENSITY ~ 19300»

STATION

2
3

5
6
7
8
9

10ll
12
13
14
15

.
18
19
20

MID-SURFACE
SI T1T2T3

13055»
13088
13116
13141 ~

'3163

13182 ~

13198
'3212

13225
13235 ~

13244
13251
13256
13259
13261
13260»
13256
13249
13239
13224

OUTSIDE SURFACE
S I T1 T2T3

9645
'0084»

10475»
10818

'1114»

11'364
'1567

11723
11834»
11899

'1917»

11890
11 816 ~

11696
'1530

11316
11056
10748»
10392

'987

'NSIDE
SURFACE

S I T1TZT3

16439
'6071

15742
15452

'5203

14994
14826

'4699

14614
'4571

14571
'4612

'4695

14820
14987

'5196

15446»
15736

'6067

'6439»



PITTSBURGH-OES MOINES STEEL, COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE145 ~

HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO )/2 SSE E»Q ~ + E»P» + S C» MATER

BODY NO 411

STATION
N-PH I

STRESS,RESULTANTS
N- THETA M-PHI M-THETA Q-PHI

(

1

2
3
4
5
6
7
8
9

10
))
)2
1,3
14
15
16
17
18
19
20

))654
11658.
11663
11667
11672
11677
)1682
11688»
11693»
11698
11704
11710
11716
11722
1.1728 ~

1. 1734»
)1741
1,1747»
11754

'1761

-4723
-4913»
-5090 ~

-5255»
-5410
-5556
-5695
-5826»
-5952»
-6072»
-6188

'6299

-6405
-6506
-6603.
-6694»
"6778 .

-6856
'6926

'6987

-2401»
-21, 1.6»
-}857»
-1625»
-1420
-1242»
-1.091 ~

-968»
-872%
-804»
-763

'751

-767»
-Bll~

-884»
-985»

-1115
-1273 ~

-1461 ~

-1677

-728 ~

-642»
-564»
-„494»
-432
-379»

333'
-296
-267
-246
-234

'230

-235
-248
-269
-299
-338»
-385
-441
-506

379
'45

312
278 ~

243
209»
174»
139
1. 04»

69»
34 '

~

-38 ~

-74
-1 1.0-)46 ~

-183»
-219 ~

-256»
-292 '



(
HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO )/2 SSE E.Q. + I.P. + S.c. WATER

BOOY NO ~ 411

P ITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE146

STATION

2
3

5
6

8
9

10
11
12
13
14
15
16
1.7
)8
)9
20

NORMAL

-0~)345E 00
-0 ~ 137)E 00
-0 1.396E 00
-0~ 1419E 00
-0 1440E 00
-0 146)E 00
-0 1480E 00
-0 1499E 00
-0~)5)6E 00
-0 ~ 1533E 00
-0 1 549E 00
-0 1565f 00
-0 ~ 1580E 00
-0 1595C 00
-0~ 1608E 00
-0 162) E 00
-0 1634E 00
-0 1645E 00
-0 1655E 00
-0~ 1664E 00

DISPLACEMENTS
TANGENTIAL

-0~)383E 00
-O~)379E 00
-Oa)374E 00
-Oe)369E 00
-0 '365E 00
-0~)360E 00
-0~)355E 00
-Oa)350E 00
-0 '345E 00
-Oe,1340E 00
-.0~ 1335E 00
-0% 1330E 00
-0 ~ 132 5E 00
-0~ 1320E 00
-0~ 1315E 00
-0~)3)OE 00
-0~ 1305E 00
-0» 1299E 00
-0~ 12 94E 00
-0 ~ 1289E 00

ROTATION

0 ')BOE-02
0 2946E-02
0~2740E-02
0~2559E-02
0~240)E-02
o.zze3E-oz
0 2143 E-02
0~2036E-02
0 '941E-02
0~1854E-02
0 1773E-02
0 ~ 1695 E-02
o.le)7E-oz
0 1535E-02
0» 1447E-02
0 1351 E-02
0~ 1242 E-02
0 )))BE-02
0 '765E-03
0 8137E-03





i
PITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2

PAGEL47»

HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSF OF CYLINOER
VESSEL SUB JECTED TO L/2 SSE E ~ Q» + I ~ P ~ + S»C» WATER

BODY NO» 411

STATION MEMBRANE STRESSES

5 I G-PHI S I G- THE TA

MEMBRANE + BENDING ON EXTREME FIBCRS
OUTSIDE FIBERS INS I OE F I BERS

SIG-PHI SIG-THE TA SIG-PHI SIG-THETA

l
2
3
4
5
6
7
8
9

10ll
12
13
14
15
L6
17
18
19
20

8107»
8110
8113
8116
8120»
8123
8127
8130»
8134»
8138»
8142
8146»
8150

'154

8159
BL63 ~

8L68 ~

8172
8177
8182

'3286
-3418

'3541»

-3655
-3763»
-3865

'.396I. ~

-4053
'4141~

-4224
-4305
-4382
-4456.»
-452e.
-4593»
-4656»
-47'L5»
-4770

'4818»

-4861

1137»
1967
2721

'398»

3997»
4518 ~

4959»
5321».
5603»
5805
5926»
5966 ~

5923
'799»

5593»
5303
493l, ~

4475
3935
3311»

-540 1

-5283 ~

-5179»
-5091
-5019

'4965
-4929 .

-4912
-491e.
-4 939 ~

-4984»
-5050

'5137

'5245»

«5375
'5526~

-5697
-5888
-6099
-6329

'5077»
14253
13505
12835

'2243

'1729

11295
10940

'oess.

1047 L

10358
10326

'0377

'0509

10725
11023 '

1404
11869

'2418

13052

'-1170-
-1552.
-1902
-2220

'2508

-2765,
-2994»
-3194

, -3366 ~

-3509
'3625.

-3714.
-3774

'3807

'3811

-3787
-3734
-3651»
-3537
-3392 '



PITTSBURGH-DES MOINES STEEL COHPANY AXISYHHETRIC SHELL PRQGRAH AX2
PAGE 1.48 ~

HANFORD NO 2 CONTAINMENT VESSEl
ANALYSIS OF 80TTOH HEAD ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E Q + I PE + ST CD 'HATER

BODY BIO 411 DESIGN STRESS INTENSITY ~ 19300

STAT ION HID-SURFACE OUTSIOF SURFACE
SI T1T2T3 S I T lT2T3

INSIDE SURFACE
SI TlT2T3

'

1

2
3

5
6
7
8
9

10ll
l2
13
14
15
16
17
18
19
20

11412
11544

'1667

'1782

11891
11994
12092
12186
12276
12363
12447
12528
12606
12681
12753
12822
12887
12948
13004
13054

'538
7250

'901

8489
'016

9482
9888m.

10233
10519

'0744m

10910m
11015

'1060

'1045

10968
'0829

'0628

10363
'0034

'640

16248
15805

'5407

15055
'4750m

14495
'4289~

14134~
14031m
13980

'3983

'4040

14151
14316
14536~

14810'5138
~

15520
15956~
16444e





HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
YESSEL SUBJECTED TO L/2 SSE ED Q + l~Pe + S ~ C ~ WATER

BODY NO 412

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE149 ~

~.m.m. 5%4

STATION
N-PH I

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

I. L 608 ~

11610
'1611

11613
11615
11617
11619

'1621

11624
ll.626
11629
11631
11634+
11637
11641
11644e
11647m
11651
11655
11659

'113
~

697+
297~
-88 ~

-459
-818

'1165,

- 1500~
-1825 ~

-2140
'2445

'2740
-3025 ~

-3301
-3567
"3822

'4066

'4298

-4517
'4T22

-2776
-2560

'2364

-2187~
-2031m
-1896
-1782
-1689m
-1619~
-1570
-1545
-1543m
-1564
-1610
—1679m
-1773»
-1892

'2036~

-2205
-2400

-843
-778

'719m

-666~
-619
-578
-543
-5Lbo
-494m

4800
-472+
-471
-477+
-49 t,~
-51.1 ~

-539»
-575+
-617
-668.
-726 '

286
'262~

2 37 ~

211
L85 ~

159
'31

'OS

76
'7

~

L8+
—12 ~

-42m
72 '

-103
-135'166

~

-198
'231

-263 ~



e
HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E ~ Q ~ + I Po + SeC ~ HATER

~~.~ lEg

BODY NO~ 412

P ITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE)50

iO

STATION

1

2
3
4
5
6
7
8
9

10
LL
12
13
14
15
16
17
18
19
20

NORMAL

-0 4769E-01
-0 532 7E-01
-0 ~ 5864E-01
-0 6382E-01
-0 '881E-01
-0 '364E-0)
-0 ~ 7832E-01
-0 '285E-Ol
-0 8724E-Ol
-0 9150E-Ol
-0 '563E-01
-0 '963E-Ol
-0 1035E 00
-0 1073E 00
»0 1L09E 00
-0 ~ L)44E 00
-0 1177E 00
-0 ~ 1209E 00
-0 1239E 00
-0 1267E 00

OI SPLACEMENTS
TANGENTIAL

-0 1528E 00
-0~)525E 00
-0 '522f 00
-0 1518E 00
-0 1515E 00
-0 ~ 1512E 00
"0~)508E 00
-0 1505E 00
-0 150)E 00
-0 L497E 00
-0~)493E 00
-Oi 1489E 00
-0 L485E 00
-0 ~ 1481E 00

0 ~ 1477E 00
-Oe)473E 00
-0 ~ 1469E 00
-0 1464E 00
-0 1460E 00
-0 1455E 00

ROTATION

0 6926E-02
0 6649E-02
Oa6394E-02
0 6158E-02
0 5939E-02
0 5735E-02
0 '545E-02
0 5365E-02
0 ~ 5193E-02
0 '028E-02
0 4867E-02
0 4707E-02
0 4546E-02
0 '381E-02
0 ~ 421 LE-02
0 4032E-02
0 3842E-02
0 3638E-02
0 3418E-02
0~3)79E-02



PITTSBURGH-DES MOINES STEEL COMPANY AXI SYMMETRIC SHELL

i
HANFORO NO ~ 2 CONTAINMENI VESSEL
ANALYSIS QF BOTTOM HEAD ANO LOMER COURSE OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE E»Q ~ + l»PE + S»CD MATER

BODY NO ~ 412

PROGRAM AX2
PAGE1,5l.

STATION MEMBRANE STRESSES

S I G-PHI S IG- THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE FIBERS

SIG-PHI SIG-THETA SIG-PHI S IG-THETA

c

1

2-
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

8075 ~

8076
8078

'079

8080
'08

1.

8083
'084

'086

8088
8090

'091

8093 '
8096
8098 '
8100

'103e

8105 ~

8108 ~

8110 ~

774»
485 '

. 207»
-61»

-32D»
-569 ~

810 ~

-1044
'1270»

-1489
-1701

1906
'2105

-2297
'2481

'2659

'2828~ ~

-29900
-3142»
-3285»

16»
643

'214»

I?28»
2182»
2576 ~

2909
3180»
3386
3528»
3603 ~

3611 ~

3551
3422

'222e

2952
'609

2194»
1705»
1140»

-1673
-1774»
-1881 ~

-1994
-2116

'2247

'2388~

-2541
-2705 ~-

-288 1
-307 1

-3274
'3490»

-3721»
-3966»
-4224

'4497

'4783

'5082»

-5393 ~

16134
15509»
14941»
14430
13978
13586
13256»
12989 ~

12786
1 2648»
12576
12572
12636

'2769

'2973»

I. 3248
13596
14016
14511

''5080

3222
'744

2294
'872

1477
1109

768
'53

1,65
-96

'331

-538
~ -719

-872 ~

-99'7 ~

-1093
-1160
-1197

'1203

-11.77 '



<
HANFORD NO» 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSF OF CYLINDER
VESSEL SUBJECTED TO 1/2 SSE ED Q» + IMPS , + S»C» WATER

~.c .w.iW {

BODY NO ~ 412 DESIGN STRESS INTENSITY 19300 ~

PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHEt.L PROGRAM AX2
PAGE152

(

STATION

1,
2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

MID-SURFACE
Sl T1T2T3

8097 ~

8095 .

8093
8146
8404
8654

'895

9129
'356

9577
9790 ~

9998
'0198

'0393

10581
10761

'0935

11100
11257
11405

OUTSIDE SURFACE
SI T1T2T3

1690
'418

'095

3722
4298

'824~,

5298
5720
6091»
6409»
6674 ~

6885
'041»

7143»
7188»
7176

'106

'976»

6786
6534»

INSIDE SURFACE
SI TlT2T3

16134
'5509»

14941 ~

14430 ~

13978
'3586

'3256

'2989

'2786»

12 744
12907
13 1'10
13355
13641 ~

13970
14341
14756
1521:3
157,13»
16257 '



~O
HANFORO NO ~ 2 CONTALNMENT VESSEL
ANALYSlS OF BOTTOM HEAO ANO LOMER COURSE OF CYLLNOER
VESSEL SUBJECTEO TO L/2 SSC EBS + 1 P + S ~ C ~ HATER

M 4 .C..~~~

BOOY N0% 413

PLTTSBURGH-DES ROLNES STEEl. COMPANY AXLSYMMETRfC SHELl PROGRAM AX2
PAGE 153

STATLON
N-PH 1

STRESS RESULTANTS
N-THETA M-PHl M-THETA Q-PHI

1

2
3
4
5
6
7
8
9

10
11
l2
13
14
15
L6
17
18
19
20

1L 595
11595%
11595
11596
11596
11596

'1597

11597%
11597
11598

',1599

11599
11.600

'1601

',1602

'1.603%

11604
'1605

11607
11608

'0930
10374

9820
9268
8717
8168

'623~

7080 ~

6 541
6007 ~

5478 ~

4954
4438
3930
3430
2941

'463

'998

1548
LLL3

-1 58%
-197%
-243 ~

-297
'360

'432%

-513
'eoe.

-710
'825

-954
-L095
-1250
-1420
-1605
-1805
-2022

'2256

-2507
'2776

-51
-63%
-77

'93

~

-112 ~

-134
-158

'186

'218%

252 %

-291
-334
-380
-43L ~

-487
'547~

-612
'e82.

-757

-83'45

-54%
-63
-74
-85
-97

'110

-124
-139
-154
-171
—188
-206
-225
-244
-264

'285

-307
'329

-353





~
HANFORO NO~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOER
VESSEl SUBJECTEO TO L/2 SSE ED Q + l PE + S C WATER

~.c .Z..N (

BOOY NO 413

PITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE154»

STAT ION

)
2
3
4
5
6
7
8

)0
11
12
13
)4
15
16
17
)8
19
20

NORMAL

0 '144E-01
0 '406E-0)
0 '670E-01
0 '935E-01
0 6203E-01
0 '474E-01
0 ~ 4 749E-01
0 '027E-OL
0 ~ 3311E-01
0 2600E-01
0 1897E-01
0 ~ 1200E-01
0 ~ 5136E" 02

-0 ~ 1635F-02
-0~8283E-02
-0 '481E-01
-0 211.8E-OL
-0 '738E-01
-0 '340E-01
-0 3922E-01

OlSPLACEMENTS
TANGFNTIAL.

-0 1582E 00
-0 ~ 158 LE 00
-0 ~ 1581E 00
-0~ L580E 00
-0~)579E 00
-0 L'579E 00
-0 ~ 1577E 00
-0~1576E 00
-Oe)575E 00
-0~)574E 00
-0 1572E '00
-0 ~ 1570E 00
-0 '568E 00
-0 '566E 00
-0 1564E 00
-Oe 1562E 00
-0 1560E 00
-0 '557E 00
-0 ~ 1554E 00
-0 1552E 00

ROTAT lON

0 9058E-02
0 9039E-02
0 '017E-02
0%8989E-02
0 '955E-02
0 '914E-02
0~8865E-02
0~8807E-02
0 8739E-02
0.8660E-02
0 8567E-02
0 ~ 8 t6)E-02
0 '340E-02
Oa820LE-02
0 '044E-02
0 7867E-02
0 7669E-02
0 7447E-02
0 7200E-02
0 '925E-02



PITTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE155

HANFORD NO 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF

CYLINDER'ESSEL

SUBJECTED TO )/2 SSE E»Q ~ + ! ~ PE + S»C» WATER-

BODY NO 413

STATION MEMBRANE STRESSES

S I G-r HI 5 IG-THE r A

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE F IBERS

SIG-PHI SIG-THETA S IG-PHI S IG-THETA

1

2
3
4
5
6
7
8

10
11
12
13

15
16
17
18
19
20

8066
8066
8066
8067.
8067
8067
8067 ~

8067
8068
8068
8069
8069
8070
8070
8071
8072
8072
8073
8074

'075

7603
'217»

6832»
6447»
6064

'682

5303
'925

4550
4178
3810»
3446
3087

'734

'386

'046

'714

1390»
),077»

774»-

7607 ~

7495»
736 I. ~

72 04
7023
68 l.4»
6577 ~

6308
6007»
5672 ~

5300
4890

'439

'947»

3411 ~

2829
'201

1523
'95»

15

7456 ~

7035
6609 ~

6177»
5739

. 5294 ~

4843 ~

4384»
3919 ~

3446»
2966
247 8 ~

1983 ~

1482»
973 ~

458»
-63 ~,

-590 ~

-1122 ~

-1659 ~

8525
8638
8772»
8929
9)ll
9320

'558

9827
I.O 128
)0465

'0837»

l)249
'1700~

12194
12731
13314 ~

13944
14624 ~

15353
16136

7751
7399

'054

6717
6389»
6070

'762

5466
'182

491)
4655
4415 ~

4191
3986

'800

'634

3491
337 1"

3276
'208'



P I TTSBURGH-O'ES MOINES STEEL COMPANY AXI SYMMETRI C SHELL PROGRAM AX2
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HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER "

.VESSEL SUBJECTED TO 1/2 SSE E Q ~ + IMPS + S~C ~ 'WATER

BODY NO ~ 413 DESIGN STRESS INTENSITY ~ 19300

STAT ION

1

2
3

5
6
7.
8
9

10
11
12
13
14
15

w 17
18
19
20

MID-SURFACE
Sl TI TZT3

8067 ~

8067 ~

8067
8068 .

8069~
8069

'070

8072
'073

8075 ~

8076
8079 ~

8081 ~

8084
8087
8090

'094

8099
8103
8109

OUTSIDE SURFACE
SI T1T2T3

7607 ~

7495
'361

7204,
7023
6814
6577m
6308

'007

5672
5300

'890~

4439
3947
3411
2829m
2264 ~

211.3 ~

1917 ~

1674

'NSIDE
SURFACE

SI, T1T2T3

8525~
8638'772

~

8929 ~

9111
9320
9558

'827

10128
'0465

10837
11249
11700
12194
12731
1331.4
13944
14624
15353 ~

16136



Pft'TSBURGH-DES MOINES STEEL COMPANY AXISYHHETRIC SHELL PROGRAH AX2
PAGE 157 ~

~.c .~.L4ZHANFORD NO ~ 2 CONTAINMENT VESSEL.
ANAl.YSIS OF BOTTOH HEAD AND LONER COURSE OF CYLINDER
VESSEL SUBJECTED TO L/2 SSE E ~ Q ~ + I PE + S CD MATER

BODY NO ~ 4L4

STArlON
N-PH I

STRESS RESUL.TANTS
N-THETA M-PHI M-THETA Q-PHI

2
3

5

7
8
9

10
11
12
13
14
15
16
17
18
19
20

11590»
11590 ~

1L590 ~

1L 590»
11590
I.1590
11590 ~

'

11590»
I,1590
11.590
11590»
11590

.11590»
L1590
1L590»
1L590 ~

11590 ~

11590»
11590

'1590

25395
'5345»

25282»
25I.9)»
25053
24854

'4580

24216»
23751»
23L76,
22480»

'1659
20707 ~

19626 ~ .

18418
'7091»

15656
14133
12547
10929»

-105 ~

2270
545 ~

847»
1132 ~

1399 ~

1644»
)864
2055»
2211

'327

'395

2405
'347

'2)0»

L980 ~

1645
'187

'92

'158»

-31»
68

'63

254
340

'200

493
'59»

616
663

'98

718
721
704»
663»
594

'93»

356
'78

'47~

147 ~

141 ~

135 ~

128
)200
111
101

'0

'6

'0»

40»

1'10

~ -41
'79

-122 ~

-171
'228»

-291
-362»
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HANFORO NO ~ 2 CONTAINHENT YESSEL W.c w.'tc E
ANALY S I S OF BOTTOM siEAD ANO LO'HER COURSE OF CYL I NOER"
VESSEI SUBJECTED TO 1/2 SSE E ~ Q ~ + I ~ P ~ + S ~ C ~ WATER

BOGY NO ~ 414

STAT ION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORHAL

0%2816E 00
0 ~ 2810E 00
0 '802E 00
0 '790E 00
0%2772E 00
0% 2747E 00
0+2711E 00
0 2665E 00
0~2605E 00
0 '531E 00
0 ~ 2441 E 00
0 2336E 00
0 ~ 2214L 00
0 2075E 00
0 ~ 1 920 E 00
0 1749 E 00
0 ~ 1565E 00
0 ~ 1369E 00
0 1165E 00
0 '574E-Ol

OISPLACEHENTS
TANGENTIAL

-0» 1613E 00
-0% 16 I. IE 00
-0 ~ 1608E 00
-Oe 1606E 00
-0~ 1604E 00
-0~1601E 00
-0 ~ 1599E 00
-Oe 1597E 00
-Oa 1594E 00
-Oa 1591E 00
-0 ~ 1589E 00
-0 ~ 1586E 00
-0 ~ 1583E 00
-0 ~ 158OE 00
-0 1576E 00
-Oe 1573E 00
-0~ 1569E 00
-0% 1565E 00
-0~ 1561E 00
-0 1556E 00

ROTATION

Oa2784E-03
0 '973E-03
0 ~ 4146E-03
0~ 6258E-03
0 '260E-03
0~ 1310E-02
OA 1771E-02
0%2303E-02
0 '898E-02
0 '545E-02 I

0 '234E-02
0~4950E-02
0 '679E-02
0 '401E-02
0~7093E-02
0 '730E-02
0 '282E-02
0~ 8714E-02
0 '988E-02
0 '057E-02
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HANFORO NO ~ 2 CONTAINHENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TQ L/2 SSE E ~ 0 ~ + I P +- S C WATER

BODY NO ~ 414

m.c .~.Y 4.

STATION MEHBRANE STRESSES

SI G-PHI SI G- fHE TA

MEMBRANE + BENDING .ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE FIBERS

S I G-PHI S IG-THETA S IG-PMI S IG-TMETA

(

1

2
3

5
6
7
8
9

10
LL
12
13
14
15
16
17
18
19
20

8063
8063
8063
8063
8063
8063
8063
8063»
8063»
8063 ~

8063 ~

8063
8063
8063
8063

'063

8063
8063
8063
8063 ~

17eee..
17631
17588

'7524»

17428».
17290»
17099»
16846»
16523»
1'6 122 ~

-15638
15067
14405
13653».
12813 ~

11889
10891

9832»
8728»
7603

'758»
8722 ~

9644e
10522
11350»-
12124»

'2835»

13474»
1 t029»
14484 ~

148Zl
15016
15045»
14877
14479».
13813 ~

12838 ~

11510
'782

'605

'7574»
178Z9»
18062

'8262

18414»
18508e
18531 ~

18469
'8313»

18049e
17666

'7153e
16500

'5697

'4738

'3614»

12324 ~

108e6.
9244»
7465»

8367
'404»

6481
'604

4775
'002

3291
2651
2097

'642~

1305
1109»
1081
1248

'647»

2313»
3288»
4elee
6344»
8521

17757
'7433

'7113

'6786

16442
'6072»

15667
'5222

'4733~

14 196»
13611

'29814.

12311
11609

'08884

10164
'459

'798

'213

'7.40



i
P I (TSBURGH-DES MOINES STEEL COMPANY AXI SYMMETRI C SHELL

HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOWER COURSE OF CYL INOER
VESSEL SUBJECTEO TO 1/2 SSE E Q ~ + I P + S AC WATER

PROGRAM AX2
PAGE160 ~

BODY NO ~ 414 DESIGN STRESS INTENSITY ~ 19300»

STAT ION MID-SURFACE OUTSIDE SURFACE
SI T1T2T3 SI TI,T2T3

INSIDE SURFACE
S I TlT2T3

l.

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
'17
18
19
20

17669 ~

17634
'7590

l7526
17430
17292
17100
16847

'6523

'6123

15639
15067 ~

14405
13653 ~

12814
11891

'0895'
9839
8740

'098

'757417829
'8062

'8262

'8414

'8508

18531 ~

18469
'8313»

18049
'7666

17153
'6500

'5697

'4738

'3813

12838
'1510

9782
'e05.

17757
'7433»

17113
'6786

16442
'6072

15667
15222

'4733

'4196»

13ell.
12981»
12311
11609
10888

'0164

'459

'798

8213 ~

8521 ~



P I TTSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2.
PAGEkbl o

HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTED TO I/2 SSE E ~ 0 ~ + IMPS + S ~ G ~ WATER

BODY NO 500

g.C .~-iW

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA M-PHl M-THETA'-PHI

I
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20

-0
10 ~

19
29+
39~
49m,
58 ~

- 68
77 ~

87 ~

96 ~

106
11,5 ~

l. 24
134 ~

}43 ~

152
'61

170,
179~

5951,
5941
5931 ~

5921
5912
5902

'892~

5883
5873

'864

'854

5845
5836

'826-

5817
'808

'799

'789

5780
577)

-0
-0

Oo
Oe
0 ~

Oo
0,
0 ~

0 ~

0 .

Oo
0
0 ~

0
Oo
Oo-

0'i

Oe,
Oo

0
Oi
Oi
0
0 ~

0
0 ~

0 I

0 ~

0
0
0
0
0 ~

'o

0 ~

0 ~

0 ~

0
0

-0 ~
'-0 ~
'I-Oi
-0
-0 ~

-0 ~

-0.
-0
-0
-0 ~

-e.'0

~

-0 ~

-0 ~

-0 ~

-0 ~
-0 .

-0 ~

—,0
-0 '
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HANFORD NO 2 CONTAINMENT VESSEL ~.M.&.lCcg
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO 1/2 SSE E ~ Q ~ + I ~ P ~ + S C ~ WATER

BOOY NO ~ 500

STATION

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL

0 165 7E 00
0 1655E 00
0 ~ 1652 E 00
0 1650E 00
0 1648E 00
0 1645E 00
0 I 643E 00
0 ~ 1641 E 00
0 1639E 00
0 ~ 1636E 00
0 1634E 00 .

0 1632 E 00
0 1629E 00
0 162 7E 00
0 1625 E 00
0 '622E 00'"
0 1620E 00
0 ~ 161 8E 00
0 1615E 00
0 ~ I,613E 00

OISPLACEMENTS
TANGENTIAL

0 2841E 00
0 '840E 00
0 '838E 00
0 2837E 00
0 '836E 00
0 2834E 00
0 '833E 00
0~2831E 00
0 2830E 00
0~2829E 00
0 2827E 00
0 2826E 00
0 2825E 00
0 ~ 282 tE 00
0%2822E 00
0~ 2821E 00
0 2820E 00
0 2818E 00
0 ~ 281 7E 00
0 ~ 2816E 00

ROTAT ION

Oa2809E-03
0 '808E-03
0 '806E-03
0 '805E-03
0 '804E-03
0 '802E-03
0 2801 E-03
0 '800E-03
0 2798E-03
0 '797E-03
0 '796E-03
0 2794E-03
0 2793E-03
0 2792E-03
0 2790E-03
0 '789E-03
0 2788E-03
0 2787E-03
0 2785E-03
0 2784E-03
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOlfER COURSE OF CYL INOER
VESSEI SUBJECTED TO 1/2 SSE E 0 + =I PE + S CD HATER

WG
M14&'OGY

NO» 500

STATION MEMBRANE STRESSES

SIG-PHI S IG-THETA

MEMBRANE + SENOING ON EXTREME FIBERS
OUTSIDE FIBERS INS IOE FIBERS

S I G-PHI SIG-THETA S I G-PHI S IG-THETA

1

2
3
4
5
6
7
8
9

10
11
12
13
L4
15
16
17
18
19
20

«1
26»
52»
78

104»
130
155

'81»

206»
232»
257 ~

282
'07»

331
356
381
405»
430
454»
478

'5869
'

5843 ~

15816»
1579D»
15764»
15739»
15713»
15687»
15662

'5637»

15611
'5586

'5561»

15537»
15512

'5487

'5463»

15439»
'5414»

15390»

-1
26»
52 ~

78»
104»
1 30»
155»
181'»,
206»
2 32 ~

257
282
307» '

32 ~

356
38L ~

405
430»
454
478»

L5872»
L5846'»
,15819

'5793

'5767

15742
'5716

15690
15665

'5640

15614
15589

'5564

15540
'55L5

15490
15466

'5441

'54L7~

15393

-1
26»
52 ~

78 ~

104
130
155
181»
206
231

'57

282
307
331

'56

381
405 ~

429
454
478 ~ .

15866
L584D
15813»

'5787
'5761

15736
'5710

'5684

'5659.

15634
'5609

15584
'55:59

15534
15509'5485

15460
15436
15412

'5387



HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTEO TO 1/2 SSE E ~ Q ~ + I ~ P» + S»C WATER

PITTSBURGH-OES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
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X. c .u.rag

BOOY NO 500 OESIGN STRESS INTENSITY 19300

STATION MIO-SURFACE OUTSIOE SURFACE
SI T1T2T3 S I T1T2T3

INSIOE SURFACE
SI T1TZT3

1

2
3

5
6
7

8
9

10
11
12
13
14
15
16
17
18
19
20

15870
15843

'15816

15790
'5764

'5739

'5713

15687
'5662

15637
15611
15586

'5561

15537
15512
15487»
15463
15439»
15414
15390

'587315846.
15819
15793 ~

15767
15742

'5716

'5690

15665
15640
156i4 ~

15589
'5564

15540
15515

'5490

'5466

15441
15417

'5393

'5867
'5840

'5813

15?87
'5761

'5736»

15710
15684
15659
15634»
15609
15584»
15559

'5534»

15509»
15485 '

5460».
15436
15412
15387
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HANFORO NO 2 CONTAINMENT VESSEL +.4r.~. Cl o
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO )/2 SSE E Q ~ + I PE + S ~ C ~ WATER

BOGY NO 502

STAT ION
N-PHI

STRESS RESULTANTS
N-THETA M-PHI M-THETA Q-PHI

I.

2
3
4
5

6
7

8
9

10
11
12
13
14
15
16
17
18
19
20

11591
'1591

11591
'1591

)1591
11591
1159 I.

11591
11 591»
11591
11591
11591
1159)
l.1591
11591
1) 591
11591 .

1)591
ll591
11591

26107
25876
25705»
25590
25524»
25499»
25507
25538
25583
25634»
25684

'5725

25753 ~

25761
25748 ~ .

2571. I »

25651
25573

'5484

25395»

-403
-'395
-364
-320
-'266
-209
-150
-93
-39 '

10
55
93

123
144
152

'47»

123
'6

'»

-105 ~

-'12 I.

-118»
-109»

-96
-80

'63

'45

-28
'12

~

3»
16
28»
37. ~

43
46 ~

44
'7

'3

'»

-31»

2 ~

5
10

'3

~ .,

14
15
15
)4
13

'2

'1

~

9
7»
4 ~

1
-4 ~,

-9 ~

-)5 ~

2 3»
32 ~



P I TTSBURGH-OES MOINES STEEL COMPANY AXI SYMMETRIC SHELL PROGRAM AX2

PAGE}66'ANFORO

NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO AND LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO }/2 SSE E Q + IMPS + S C WATER

BOOY NO ~ 502

K.t'<.il

STATION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

NORMAL
"

0 2908E 00
0 2878E 00
0 '856C 00
0 ~ 284}E 00
0 '833E 00
0 2829E 00
0 '830E 00
0 '834C 00

'~2840E00
0 '847E. 00
0 '853E 00
0 '858E 00
0 2862E 00
0 '863E 00
0 '86}E 00
0 '857E 00
0 2849E 00
0 2839E 00
0 2827E 00
0 2816E 00

OISPLACEMENTS
TANGENT I AL

-0 1685E 00
-0~ }68}E 00
-0 1677E 00
-0~1673E 00
-0 1670E 00
-0 ~ 1666E 00
-0.1662E 00
-0 ~ 1658E 00
-0 1654E 00
.-0 ~ 1 6 5 1E 00
.-0 164 7E 00
-0 1643E 00
-Oe 1639E 00
-Oe 1636E 00
-0.1632E Oa
-0 '628E 00
-0 1624E 00
-0 '621E 00
-0 '617E 00
-0 1613E 00

ROTATION

0 '702E-03
0 '653E-03
0 '705E-03
0 2951E-03
0 1450E-03
0 2337 E-04

-0 6845E-04
-Oe}307E-03
-Oe}644E-03
-0 '716E-03
-0 '547E-03

. -0 ~ 1167E-03
-0 6127 E-04

0 ~ 7288 E-05
Oa8354E-04
0 ~ }607E-03
0~2304E-03
0 '822E-03
0~3033E-03
0 2784E-03
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO AND LONER COURSE OF CYLINDER
VESSEL SUBJECTEO TO L/2 SSE f Q + I PE + S»C» MATER

BOQY NO» 502

~~'z.. Ff~

STATION MEMBRANE STRESSFS

S I G-PH I SI G- THETA

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIOE F I BERS INSlOE FIBERS

SIG-PHl SIG-THETA SIG-PKI 5 IG-THETA

1

2
3
4
5
6
T

8
9

LO
1L
12
13
14
15
16
17
18
19
20

8063
8063
8063

'063

8063
8063
8063
8063

'063~

8063
8063

'063

8063»
8063 ~

8063 ~

8063»
806 3
8063
8063»
8063»

18162»
18000
17881

'7801»

17756 ~

17739»
17744»
17765»
17797»
17832
17867

'T896

1T915»
17921
17911

'7886~

17844
17790

'7728~

17666

'894»
6917
7005

'134

7289»
7456»
7626

'792»

7949»
8093 ~

8222»
8332»
8420»
84&Q»
85Q6 ~

8489
8419
8283 ~

8068»
7759»

1781 1 ~

17657»
17564»
17523 ~

17524»
17557
1761 3 ~

17684
17762»
17841 ~—

17915 ~

1797T»
18022

'8046

18044»
18013
17951
17856 ~

17729»
1T575 ~

9232»
9209
9121
8991
8837

'669~

8500
'334»

8177»
8033 ~

7904
7794

'706

Te4e.
7620»
7637

'707

'843

'058»

8367 ~

18512
'8344

l8199 ~

L8080 ~

17988 ~

17920
17875

'7847

17831
'7823~

17819
17815

'780'7796

'7779

'775'773&

17724
'T726

LT75T ~
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HANFORO NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAO ANO LOWER COURSE OF CYLINOER
VESSEL SUBJECTED TO )/2 SSE ED Q~ + IMPS + S ~ C ~ WATER

BOOY NO 502 OESIGN STRESS INTENSITY ~ 19300

STAT ION

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

M I0- SURF ACE
S I T1T2T3

18162
18000

'7881

1780), ~

17756
17739

'7744

17765 ~

17797
'7832

'7867

'7896~

179) 5 ~

1792) ~

17911
)7886
17844

'7790

'7728 .

17666

'UTSIOE
SURFACE

SI T)T2T3

178) 1

17657 ~

17564
)7523

'7524

'7557

'76)3~

17684
'7762~

17841
17915 ~

17977
'8022

18046 ~

)8044+
,18013 ~

17951
)7856~
17729

'7575

'NS
I OE SURFACE

SI TIT2Z3

18512
18344~
18199
18080~
17988

'7920

'7875

17847
'7831

'7823

17819
'7815

'7808

'7796

17779
'7758~

17738
'7724

17726 ~

17757m
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HANFORO NO ~ 2 CONTAINMENT VESSEL Zs.4 .Z ~ 't34.
ANALYSIS Of BOTTOM HEAO ANO LOWER COURSE OF CYLINDER
VESSEL SUBJECTEO TO L/2 SSE E ~ 0 + I ~ Po + SiCi MATER

BOOY NO~ 600

STA I ION
N-PHI

STRESS RESULTANTS
N-THETA M-PH I M-THETA 0-PHE

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

11592
11592
11592
11592

'1592

11592
'1592

1 1.592
1.1 592 ~

11592 '
1592 ~

11592.
11592

'1592~

11592
LL592o.
Ll592 ~

11592
11592
11592~

23140
23255
23369~
23484m
23601 ~

23718
'3838

23959
24080

'4200

'4317

'4426

24522
'4599+

24649
'4661

24626
24534
24375
24143

-0
-le

2 ~

.-5 ~

-6o
-7 ~

-6 ~

30
4o

15 ~

32
54
83

117
158~
202
246

'86

314 ~

322

-Oi
-Oo
-LE
-L~

2 ~

20
2 ~

L ~

5
1 0+
Lbi
25

'5'7

~

60
74
86
94'7+

0 ~

-Oe
-0 ~

-Os
-0
-0 ~

0
1

20
3 ~

4 ~

6
7 ~

9 ~

10r
10'
1'

~

5o
20

~
~

'k





HANFORD NO 2 CONTAINHENT VESSEL
ANALYSIS Ot BOTTOM HEAD AND LOMER COURSE OF CYL INDER
VESSEL SUBJECTED TO 1/2 SSE E.Q. + I.P. + S.C. MATER

BODY NO ~ 600

P I TTSBURGH-DES HOINES STEEL COHPANY AXISYHHETRI C SHELL PROGRAH AX2
PAGE170 ~

~.&.E- LQQ

STATION

2
3

5
6
7
8
9

10
11
12
13

15
16
17
18
19
20

NORHAL

0 2766E 00
0 2783E 00
0 '799E 00
0 ~ 2815E 00
0 2831E 00
0 2848E 00
0 ~ 2865E 00
0 ~ 2882 E 00
0 2899E 00
0 2916E 00
0 '932E 00
0 '947E 00
0 296 1E 00
0 2972E 00
0 '979E 00
0 2980E 00
0 '976E 00
0 '963E 00
0 2940E 00
0 2908E 00

DISPLACEHENTS
TANGENTIAL

-0 ) 784E 00
-0~ 1778E 00
-0~1773E 00
-0.1767E 00
-0 1762E 00
-0 1757E 00
-0 '751E 00
-0 1746E 00
-0~ 1741E „00
-0 1736E 00
-0 1731E 00
-0 ~ 1725E 00
-0 1720C 00
-0 1715E 00
-0 1710E 00
-0 1705E 00
-0 1700E 00
-0 ~ 1695E 00
-0 1690E 00
-0 '1685E 00

ROTAT ION

-0 '692E-03
-'0 3694E-03
-0~3706E-03
-0~3732E-03
-0 '774E-03
-0 '826F-03
-0 '878E-03
-0 3914E-03
-0 ~ 3911E-03

0 ~ 38 tlE 03
-0 3666E-03
-0 '345E-03
-0 2833E-03
-0~2082E-03
-0 ~ 1046 E-03

0'e3080E-04
0% 1998E-03
0 4009E-03
0 6284E-03
0 '702E-03



P ITTSBURGH-OES MOINES STEEL COMPANY AX)SYMMETRIC SHELL PROGRAM

HANFORO NO» ? CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LONER COURSE OF CYLINOER
VESSEL SUBJECTEO TO 1/2 SSE ED 0» + I»P» + S»CD MATER

BOOY NO 600

~»40 sQ

STAT ION 'EMBRANE STRESSE S

S I G-PHI SIG- THETA

MEMBRANE + BENOING ON EXTREME FIBERS
OUTSIDE F I BERS INS IOE F IBERS

SIG-PHI S IG-THETA S I G-PHI S IG-THETA

1

2
3

5
6
7
8
9

10
11
12
13
14
15
lb
)7
18
19
20

8832
'832

.

8832 ~ .

8832
8832
8832
8832

'832

'832

'832

8832
'832

8832
'832

8832
8832
8832
8832
8832
8832

'7631»
17718
17805».
17893»
17982
L8071 ~

18162»
18254
18347 ~

18438 ~

18527»
18610»
18684»
18742

'8780

'S789»

18763»
18692»
18571

'8394

'832
8830
8824
SSL6»
8810
8807
8810
8823»
8847»
S886 ~

894 3»
9021»
9120»
9241 ~

9381»
9534
9689»
9828»
9927»
9953»

1'763 1 ~

1TTLT
17803 ~

1788 8»
17975»
18064»
18156»
18251
18351
18455
18561
1866 7
18770»
18865

'8945~

19000
19020»
1899} ~

18900
'8731- ~

8832
8835
8841

'848

8855
8857
8854»
8842
8818»
8779
8721
8644.
8544»
8423
8283»
8130
7976
T837
7738

'7

I. 1 ~

17631
17719»
17808

'7898

17988
'8079

18169'
18257

'8342

18422
'8494

'8554

18597
'8620~

18615 '
8579

18506.
18394
18243
18058 '



v
HANFORD NO ~ 2 CONTAINMENT VESSEL
ANALYSIS OF BOTTOM HEAD ANO LOSER COURSE OF CYLINDER
VESSEL SUBJECTED. TO. L/2 SSE E.Q. + I.P. + S.C. WATER

~.4. K.)gal

BOOY NO 600 'FSIGN STRESS INTENSITY ~ 19300 ~

P l TTSBVRGH-OES MOlNES STEEL COMPANY AXI SYMMETRIC SHELL PROGRAM AX2
PAGEL72 ~

STATION MID-SURFACE
, OUTSIOE SURFACE

S I T lTZT3 Sl TLT2T3
fNS IDE SURFACE

Sl rlrZT3 .

i

L

2
3

5
6
7
8
9

10ll
12
13
14
15
16
17
18
19
20

1763'7718

17805%,
17893
17982

'8071

I,BL62 ~

18254%
18347 ~

L8438 ~

18527
18610
18684
18742%
18780
18789 '
18763
18692,
18571
18394%

17631
'7717

'7803.

17888%
L7975 ~

18064
'8156%

18251
'8351%

18455%
185&1%
L8667
18770

'8865%

18945%
19000%
19020
18991

''8900%

18731 ~

17631%
17719

'7808

17898
'7988

'8079'
1,8169

'8257%,

18342 '
18422%
18494
18554
18597%
18620%
18615

'8579

'8506~ ~

18394%
18243%
18058 '
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P..LTTS8URGtL-...OES ..NOLNE4 STEM,.COMPANY AA4.Q(ktHETRJ C. SHH.L, PROGRAM.-.AX2,---

PAGE 1 ~

.. ANAl YSLS-.QF SarrOM--HEA~NO -lGWER-CQURQ~ CVl.PCOER ———.

HANFURO NQ ~ 7 CON fA

GUNMEN

f VF. SSE L

NUMBER QF NOOES = 9 NUMBER QF BOOfES ~ 8

NQOE . CQQROfNATE
NOD R

411 0~50965QE 03.
412 De 51277LE 03
413 0 '14653E 03-
414, . Oa515281E 03..
500 0 ~ 5 1528 1E 03
50 1 0 ~ 499 500E 03

...503,... 0a51528.1C 03
600 Oe 5) 5219E 03
601 0 ~ 5 t52l9E 03

, CQQROLNA.fE..........

..-0 a.44.4 9.9.6E... 0?,
-0~ 298413E 02
"Oe 149730E 02

Oo 436875E 02
Oa 436875E 02
OsLL 74.06E...Q3 .

Oe l17406E 03
0 '00250E 03

.QBLLQUE AXLES

ANGLE

...0~0.
0 0
0 ~ 0
0~ G...
0 '
0.0
0 ~ CL

0 0
0 '

FLXLTY
COBE

,11 l.

0
0
0
0
0

. J3

0
0



P ITTSBORQH-OPS MOINES, STE B COMPANY AXISYMMETRl G SHELL PROGRAM AXZ
PAGE 2

ANALYSlS OF BOTTOM HEAO. Al40 LONER COURSE QF. C.YLl.NOER...

HANFORO NO 2 CONTAINMENT VESSEL

Z..c, s.4

NODE
NO ~

ELASTlG FOUNOATION CONSTANTS
R "DlRo Z-01Ro ROTA T ION

4II
4I2
413
4I4
500
501,
503
600
60I

OoO
0 ~ 0
0..0
0 '
0~0
0 '
0 '
0 '
O,.o 0

0 0
Oo0

. 0.0
0+0
0 '
Oo0
0+0
OeO

.0 ~ 0

3 ~ 0
3 '
.0 ~ 0
0 ~ 0
0 '
0 '
0 '
0+0
0 ~ 0
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PAGE 3 ~

k'4ALVSJS Of SOTTO'EAO AND LOGIER- COURSE QF CVLfNOEL

HA+fURO

NOOE
F40 ~

NQa 7 CU"4TAllIIMEQT VESSELS

tlESCR18ED 0( SPLACEI%hltS
R-Ol) ~ C-Ol4' aorartaw

41 1

412
413
4L4
500
504
503
SOO
601

0 ~ 0
0 ~ 0
0.~ 0
Ooo
0 ~ 0
OgO
QeO
0 ~ 0
Oeg

n.o
OoO
0~0 ...,
0 ~ 0
Ooo
0+0
0~0
Oo0
0,0

3 ~ 0
3 ~ 0
0 ~ 0....
0+0
9 ~ 0
Q.gO
0 ~ 0
3 ~ 0
3 ~ 0
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ANALYSiS Of BOTTOM HEAD AND LOWER,COURSE OF CYLI."IOER

HANF3kD '40~ 2 CONTAI'INERT VESSEL

BQOY NO ~ 411 -- BODY TYPE 4t OPE N CROWN SEGNENT OF h SPHERE

EDGE NODES ARE 4l 2 AND 411

THICKNE.SS = 0 ~ L.43.750E QL,.RADlVS.=-....O.~ .52272&j: .03

ANGLE Pill-A = 0 ~ 101199E 03 ANGLE PHI-8 = 0 l0284ZE 03

E Oe 2 19000E 08 NU ~ 0 ~ >00000E 00 ALPHA 0 ~ 650000E 05

BODY NO ~ 4l2 -- BODY TYPE. 4 OPEN CROWN SEGHENT OF A SPHLRE

fDGE NODES ARE 413 AND 412

THICKNESS = 0.143750E r)l RADIUS = 0.517865E 03

ANGLE P Hl A ~ 0 ~ 963845E 02 ANGLE PH'I R = 0 ~ 9804? 7L 02

E = 0 '79000E 08 'Nu... 0 300000E 00 ALPHA -" 0 650000E-05

BUOY '$0 ~ 413 BOD Y TYPf t t OPEJ4 CROiiiN. SEGiiE NT UF, A .5 PH.CRC

EDGE NOUES ACE 414 AND

THICKiNESS = 0 1437'50E Ol RAOI US = 0 515 t74E 03

ANGLE PHI A = 0 ~ 91 )686E 02, ANGLE PHI-B = 0 932 344t OZ

E = 0 ~ 2790008 08 'lU = 0, 300000E 00 ALPHA "- 0 ~ 650000 E-05

BUOY NU ~ 414 -- UOOY TYPE 1 "YLINOER

EDGE '43OES AWE 500 AND 414 THICKNESS = 0~143750E 01

RADIUS = 0 ~ 51,5281E 03 LENGTH = Ge436875E 02.

f = 0 ~ 279000f 08 NU = Oo3000004 00 ALPHA -"
'

~ 6500DOF -D 5
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PAGE

ANALYSIS OF BOTTOM HEAD ~M -LUNER- COURSE-.OF CYLINDEK-

IIANFORD NO 2 CONTAINMERT VESSEL

BODY NO+ 502 -- BODY TYPE ly CYLINDER

EOGF NODES ARE 503 ANO 500 THICKNESS = 0 1437504 Ol.

RAD IUS = 0 ~ 51528lE Q3 LENG TH = .0~.73 7 l.8RE 02.

E = 0~279000E 08 NU = Oe 300000E 00 ALPHA = 0 ~ 650000E-05

BODY NO ~ 600 -- BODY TYPE 1 t CYLINDER

EDGE NODES ARE .601 AND 600 THICKNESS = Q 13.125QE. 01

RADIUS = 0 ~ 515219E 03 LFQGTH = Oe828438E 07

E = 0 ~ 279000E 08 AU = Oo 300000E 00 ALPHA = 0 ~ 650000E-05

BODY NO ~ 500 --dUDY TYPE & FLAT ANNULUS,.

EDGE NODES ARE 501 AND 500 THICKNESS = 0 '75000E 00

INSIDE RADIUS =0 499500E 03 OUTS lDE RADIUS -"0 ~ 5152818 03

F =. 0~279000E 08 NU. =. 0 300000E .00 ALPHA = Oa650000E-05

BODY NO ~ 503 -- BODY TYPE 9t RIGID'ONNECTOR

EDGE NODES ARE 600 AND 503
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ANALYSIS .OF,, BQTTOI4. HE40. %NO..LQMER.„COURSE., QF., CYLI.HOER.. 3L-c'PW

HANFORO NO ~ 2 CONTAINMENT VESSEL

VESSEL SUB JECTEO TO I/2 SSE E ~ Q~ + I ~ P ~ + S ~ C ~ MATER

BODY .. LOAQS.

MO.Y .ARe 4,l.L. GQDY ..E.YP.E ..~ ..X...= HE.B.IQIAbLANGLE

PN -" ( 0 55blOOE 02) + ( 0 0 )+COS(X)

+. ( 0.0 ) «COS( X) «COS(X)

PPH1 ==3. 0.0....... U.<SI{4.(X). + .( 0~0..... ).~S{RDL>CO.S.(X) ..
T "- ( 0 ~ 0

+ ( 0.0

+ ( 0+0

+ t 0 ~ 0

) 4Z/H)

) +Z/H) 4X

+ .t, Q. ~ 0 .. „...+ .{, 0.~ .0,. „... „)+l/H).>X<X,.

BODY NO ~ 4l2 BOOY TYPE 4 X ~ HERIOIAN ANGLE

PN ~ ( 0 ~ 549100E 02) + ( 0 ~ 0

,+. ( Q,Q.... )4 "GS{X)*CQS.(.X)

) ~COS {X)

PPHI = t 0 ~ 0

T = ( 0.0 +(Oa ) AZ/H)

)+St'4(X) + ( 0 0 ) <St N(X)4CUS (X )

+t 00 + ( 0 0

+.( 00 ...+ (....0.0 ) +1IH) <X,,

) 4l/H) eX4X

800Y 40 ~ 4k 3 UQOY TYPE 4 X = HER I 0l AN ANGLE

0 ~ &.t3300F 02 )..+ ...{ Qe. 0, ...,..... EICOS {,X) ..

+t 0.0

PPHI = ( 0~0

T = ( 0 ~ 0

+ t 0.0

+ ( 0 0

)+COS(X)+COS(X)

)+SIN(X) + (

+ .C. Oe0

+ { 0 0

+ t 0 0

0 ~ 0

)PZ/H) .

)~Z/H)~X
*

) ~Z/H) 4 X4X

) >S I N(X) ICOS t X)



P ITTS BURGH-.OF S. MOINES STEEL ...CUSP ANYh..AXI SYHHETRI C SHELL'.PRQGRAi~i AX2
PhGE 7.

ANALYS IS OF BQT TOH HEAD. ANO LOWER. COURSE QF CYLI NOER

HANFORO NO ~ 2 CON Th INHENT VC SSFL

VCSSEL SUB JCCTEO TO 1/2 SSE E ~ Q, + I P + S ~ C. ~ WATCR

BODY LOADS

BODY HQ 414 BODY TYP t. I X =. OLSAilCE ALONG.-MERIDLAA FRDi~ .A EDGE

PN = ( 0 ~ 517820E 02) + ( 0 ~ 433000C-Ol ) 4X

PPHI = ( 0 0 ) + ( 0 0 ) 4X

r . =., I ..0. Q ~ .....+ . L 0 ~ 0 ) 4Z/H)

+( 0.0

+( 0.0

+,( 00
t U.O

)~Z/H)~X

)oZ/H)oX4X

BQDY 90, 502 BDDY fYPE ..l .. X =. 31SANCE.. ALONG....MERIDIAN.FRDH ''DGE
PN = ( 0 ~ 485900E 02) + t 0 433000E-01 ) +X

PPHI = ( 0 ~ 0

r = (,.0.0

+ ( 0 ~ 0

+(00

+. t. 0.0.

+ ( Oii0

+ ( Oe0

.1~Z/.I I )

)~Z/H)~X

) 0 Z/H) 4 X~X

h

) + t 0 ~ 0, - )+X

BODY ~ lO ~ 600, 5 JOY TYPE . L X '3 I SANCE. ALONG MERI OI A4 FRQH A EDGE

~ P'I = ( 0 450000E 02) + ( 0 433000E-01) +X.

PPHI

(.0 ~ 0

0 ' ) + ( A 0

+ .L .0.0 .

)4X

) ~LlH)...

+ ( 0 '
+(0.0

+(0.0
+ ( 00

) +Z/H) >X

)~Z/K)~X~X'



PITTSBURGH-OES
MOLLIES

STEEL COMPANY AXISYVVETRIC SHELL PXQGRA". AX2
PATE

ANALYSIS OF OUTTUH Hf AA AND LOWER COURSE UF,. CYLINDER

HANFORD NO ~ . 2 CQNTA INDE ') T VF: SSE L.

YfSSEL SUBJEGTFO TO 1/2 SSE E ~ 0 ~ + l ~ P . + S ~ C ~ 'HATE'R

BODY LOADS

+.4r,E Ic

BODY 90i.500 BODY

PN = ( 0 '
PPHl =. ( 0 ~ 0

r = (..o.o

+ ( 0.0

+ t 0 0

I'YPE 3 X = RADIUS

) + (0.0
) + ( 0 0

+, (. 0.0

+(0.0
+ ( 00

)¹X

)¹X

, ) ¹l/H).
)¹Z/H)¹X

) ¹Z/H) ¹X¹X



I I

R I I TSBURGH-.OES NQ 14hS STEEL- "OHPAblY AXISYMME TRI G SHEL.L- PROGRAM AX2.
PACjE 9 ~

A,'4ALYSIS OF BGT-.T,ON HEAD-.&nlO LQHER- COURSE. OF...CYLINGER-

HANFURO blO 2 CONTA lNHEST VE SSFL

jj.-c P l$

VESSEL SUBJECTEO TO 1/2 SSE E ~ 0 + I ~ P + S C ~ HATER
CIRCUNFERENT lAL LINE LOADS

NODE R=.DIR~

41l.
412
413
414
500
501
503
600
60 l.

0 ~ 0
0 ~ 0
0 0
0 ~ 0
Own
0 '
0+0
0 ~ 0
0 0

0 0
0 ~ Q..
0 0
Oo0
Oao .

0 '
0' 0

,0..0 .

0 I 15924E 05

0.0
,0 0.

0 ~ 0
0 ~ 0

, „. O.Q.
O.o
0+0
0 ~ .0
0 ~ 0



P I T TSBURGH-DES 'IO INES S I'EEL COMPANY AXISYMME TRI C SHELL PRQG <AM
PAGE 10

ANALYSIS OF. BOTTOM HEAD ANO LONER "OURSE. QF CYLINQER.
HAiuFORD NO 2 CONTA)NME'4T VESSEL
VESSEL SUBJECTEn TO 1/2 SSE E.Q. ~ I.P.. + S.C. WATER

. NODE NODE DISPLACEME%S
'IO ~ R OR 4 ' IR ~ L OR Z' IR ~ RQTAT I QN

Q-G.&IZ.

OBL I UUF. 'X I S

ANGL'F.

4ll. 0 '
412 -0 1 729498-01
4.1.3....0 ~ 292 Z77E-,02
41.4 0 993 l.68E-O)
500 0 ~ 2792 31E 00
501. 0 ~ 281724E 00
503 0 2 9080 7E 00
600 0 ~ 29080 7E 00
60.1..., 0. ~ 276.650E. 0.0

0 ~ 0
0. 7 75603 E-02

..... 0 ~ 94690l E-02.„..
0 910384E-02
0 149094E-01

...0 ~ 2 1903.5.E-..O.L.
0~220805E-01
0 221346E-Ol
0 320043E-O) ....

0 ~ 0
-0 ~ 934912 E-0 3

0 ~ 4.035 9&E;02....
0 ~ 7893 73 E-02
0 ~ 441215E-03
0 ~ 4.452 2 3 E.—,.0.3,,
0 864507E-03
0 86450]E-03

—.0~ 36,897,J E„-..03 „...

0.0
0.0
0,0
0 '
U.O

.. 0 ~ 0
0.0
0.0
() ~ 0



(
ANAl YS IS QF. BOTTOH HCAQ. ANQ- LONER COURSE, .OF CYL INOER
HANFORD NO ~ 2 CON TA l AHE9 T VESSEL
VESSEL SUBJECTL0 TO 1/2 SSE E ~ 9 ~ . + l P ~ + S C ~ WATER

~.c .5.i~

P lrTSBURGH-OES H3INES,.STEEL-COHPANY. AXlSYHHE TRI C SHELL -P 4OGRAH A<2
PAGE 1 1 ~

NOUC
NO

411

R OR R'lR
-0 249062E 04"

REACTlQN LOAOS
2 OR Zi DIRe

-0 114063E 05

HOHENT

0 ~ 228424E 0 t

()VL IOUF AX lS
ANGLE

0 ~ 0



PLTTSBllRGH-.OES .MOINES...STEEL. COMPANY AXI SYMMETRIC SHELL PRQGRAM AX2
PAGE 12

ANALYSIS QF. BOTTOM HEAO ANO LOWER COURSE .QF CYl I NOE R

HANFURU NO 2 CON TAINMENT VESSEL
VESSEL SUBJECTEO TU L/2 SSE E ~ Q ~ + I P ~ + S ~ C ~ WATER

BOGY NO ~ 411

S T'AT„ION
N-PH I

STRESS. RESULTANTS
4- THE TA M-PH I M-THET A Q-PHI

1..
2
3

5
6

.......7.
8
9

LO

Ll
12
13
14
15
16
17
18
19
20

1.1 630»
1L632 ~

11634 ~

„,. 1163.7 ~

11639«
1164L

,...I:169/
11645
11.648
11650.
11652
11655
11657 ~

1 L659
1 1662

..ll.664 ~

11667 ~

L 1669 ~

11672
'1675

'Z.L36
2198
227L ~

, .2354«..
2445 ~

2 542 ~

+64.2!,
2743 ~

2844
2943 ~ .

3038
3127

'3210,» .
3285 ~

3350 ~

340'5 ~

3449 ~

3480
3498

'503

—.,?35.3»
-1962

'1579

-1214 ~ .
-867
-537

'.22,5
70

'47

.6.07 ~

851
L077 ~

,17.8> ~

1478 ~

1654.
1.813 ~

1956.
2082
219.1
2284

-586 ~

-4 70
—.360»,
-256'-l 5 7
-6) ~

26
'09

'.87~

260
377

.. 390.
~ 447 ~

499
546

'89

'26

~

..65.8 ..
685

'..,5.?0
..

497
'75

'52

'?9

~

407
'38 5.
363.
341.
319

'97.

?'76.
2.5.4 »

233.
212

'91

I. 70
I 49
12,8 ~

l07



P ITTSBURGH-.OES MOINES,. STEE1.. COMPANY AXISYMMETRI C SHELL. PROGRAM AX2
PAGE 13

ANALYSIS QF. BQTTON HEAD ANO,J.O'ER COURSE QF. CYLlNOER.
HANFORO 43 2 CONTAIVHEVT VESSEL
VESSCL SuBJECTEV ro i)2 SSE E.O.. + I.P. + S.C. WATER

BODY VO ~ 411

STAT ION

l.
2
3

5
6
7,...
8
9

10ll
12
13
14
15
1.6

17
18
19
20

VORHAL

-0 1847E-Ql
-0 1764E-01
-0 1665E-01
-0 ~ 1553E-Ql
-0 143 lE-Ol
-0 1 302E-01

.. -Oo1168E.-01.
-0 1032E" 01
-0 897 4E-02
-0 7653E-..Q2
-0.63&DC-02
-0 51 THE-02
-.0 4064E.=92

0 3054c-02
-0 ~ 2167E-02
-0 .1414E.=02
-O. SO96C-O3
-0.3656E-03
-0 9203E-04

0 l967E-05

0 I SP LACEHENTS
TANGENT I AL

".0 ..4250E-02
-0 ~ 4007C-02
-0 ~ 3 766E-02
.=0 ~ 3526E.-.. 02 ....
-0 3289E-02
-0 3054E-02
-0» 2822E..-Q2.
-0 2592E-02
-Oi2365E-02
-Q 2.L40E-.02.
-0 ~ 191 SE-02
-0 1698E-02

. -D. 14.81E.312....
-0 1266E-02
-0 1052E-02
-Oi 839.8E-03
"0 6288E-03
-O. 4189E-03
-..0. 2097E-.03
-0 ~ 7153E-06

ROT AT I UN

-0 9349E —.03..
-0 116OE-02
-0 1344 E-02,
—.0 1489E.—..02

'0

159 7E-02
-0 ~ 16 70 E-0 2
-0 ~ 'L7,09 E-0.2
-0 1. 71 7E-02
-0 ~ 1696 E-02

..—..0 1646E-..02
-0 ~ 1 570 F -OR
-0 14TOE-02

.. -0» 134BE-...Q2
-0 1204E-02
-0 1041C-02
-0 ~ &608E-03
-0 6649E-03
-0 ~ 4549F.-03
-0 23.2 8 C.—.Q3
-0 ~ 2608E-07



0'



P IT T 5 BURGH „DES KOINE S S TEEL QilPANY A XI SYHHE TRI C SHELL PROG~Ai i AX2
: PAGE «.

ANALYSI S OF BOTTOM HEAD ANO,. LOWER COURSE..OF. CYLINDER
HANFORD .90 2 CONTA

INHERIT

VESSEL
VESSEL SUBJECTL'0 TO L/2 SSE F Q + I P ~ + S C ~ WATER

BODY NO ~

~.c .Glc

S TAT ION MEHBRANE STRE SSE,S

SIG-PHI SI"- THETA

NEHBRANE...+ BEND.I.NG,.UN EXTREVE V IBEXES
OUTSIDE FIBERS INSIDE F I BERS

SIG-PHI SIG-THETA S IG-PHI S IG-I HLTA

1

2
3
4
5
6
7
8
9

10ll
12
13
14
15
)6
17
18
19
20

809 L~
8092
8094 ~

8095
8097.

.. 8098
8 LOO»
8101
8103 ~

8104
8 1.06 ~

81.08
8 109 ~

8 1) I
8113 ~

8114
8 116.
8)18
8)20 ~

8121

1486 ~

L529
1580~
L 638
I. 701
1,76.8 .

1838 ~

1908 ~

1978
'047

21)3
2)7%,
2233
2285

'330'369

2399 ~

2 f21 ~

'2434»
2437 ~

1229
2395
35.08 ~ .
4569
5580

„,6/$ 9
7446 ~

8304
91)1 ~

9868
L0576
LL234 ~ .

11843.
12403

'2915~.
13379.
1,3795.
14162»
14482
L4754 ~

-565.
-172 ~

215 ~ ..

592
959 ~

1314...
1655 ~

)993
229 5»
?590
Zu& 7.
3.1 2.5. ~

3364 ~

3583 ~

3780 ~

3955
4108
42 3.8 ~

43,44»
4426

14952 ~

13789 ~

1.2679
'162).

)0613
'.9657,,

8753
7898.
7095

'34)

5636
.498.) ~

4376
'818

3310 ~

2850
243H.
2074 ~

1757
1489.

3538.
3229.
294.5.
2684
2444.
?223 ~

20? 0
1.8 R4
1.662 ~

) 505
1, 359.
1225.
1 10? ~

987.
881
782 '
69()
,604.
523
44 7.



r
P ITTSBURGH-...QES MOINES .STEEL,COMPANY AXISYHHETRLC SHELl PKOG<AH, AX2

PAGE L5

~c 3.lqANALYSIS. OF BOTTOM HEAO ANO LOWER COURSE...QF. CYLINOER
HANFORO NO ~ 2 CON TA INMEN T VE SSE L
VESSEL SUBJECTEn TO I/2 SSE E.Q. + I.P. + S.C. WATER

BOOY NO 411 DESIGN STRESS INTENSITY = 19300 ~

STATION

1

2
3
4i
5

7

9
LO

12
).3
14
15
16
17
)8
19
20

M ) O-SURFACE.
S) TLT2T3

'1.63
8158
8154

'150
8)4~
sf&.
813.9
8136 ~

8134
aim ..
8130

'128

8127
8125 ~

8125
8124
8124
8)24
8124
8124

QUTSIOE .SURFACE
S) T1T2T3

1794~.
2566
3508
456.9..
5580
6539
744hz
8304
9111

'868

) 0576
LL234
11843,
12403 ~

12915
13379.
L3795
14162

'4482~

14754 ~
I

INS I DL .SURF ACE
Sl TLT2T3

14952 ~

13789 ~

12679 '
1621 .

L0 613
9657 ~

8.25 3 ~ .

7898 ~

7095
6341..
563&
498 ).
4376 .

3818 ~

3310 ~

2850
2438 ~

2074
1757
)489 '



I
ANALYSIS OF I3QTTOH HEAD ANO. LONER "QURSE OF CYLINDER
HANFORO NO 2 CON fA I 'JNEN T VE S SE L
VESSEL SUBJECTEO TO I/2 SSE E .> ~ + I P. l S ~ C HAI FR

BQOY NO ~ 412

2.c .~..is

PITTSBURGH-DES NOIHES STEEL COMPANY AXI SYMMETRIC SHELL PROGRAM AX2

PAGF''TAT

109
e-PHI

S TRE S S=.RE SULTANTS
9- THE TA H-PH I H-THETA 0-PH I

1

2
3

5

~ 7

8
9

10
Ll
12
13

15
16
I7
l8
L9
20

11610
11611
1lbI,2
11613 ~

I.161 > ~

«616.
1, 1 6 l,7 ~

Ll619 ~

11620 ~

11622 '
t623 ~

1162 5
11627„i.
11629
11631 '

1 633
11635.
I I,637
11639

'1641~

.,331 L, .

3475
3261

..3068 ~

2894 ~

2 739
2601 ~

2480
2374 ~

2284 ~

2208
'146

',209.8 ~

2064
2042
2034
2040
2059 ~

2.092 ~

2 L40 ~

-3718
'3493

'3285

'3093

'29L7~

-2759
"„26 1.7
-2492

'2384

'22.9.4a

-2221
-2166

....".. 2.1? 9o
-2 109+
-2107

'2122

'2156

-2207
-2276 ~

-2363

-1 L21.,
-1054 ~

-99 L ~

-93 3.
-8 79
-83 I.
-7'.38 ~

-731-
-7 18
;690
-669.
-631 ~

,-.64 0 ~

-633
-632 ~

-63 7 ~

-646
-66l
-68 2 ~,

-707 ~

'95
~

275.
2q4 ~

?34
21?.
191 ~

170.
148 ~

126.
104.

81 ~

59
'7

~

14
'8

~

-31m
-53 ~

-76.
-98

'12li



P I TT SBURGH=.OES MOINE S. STEEl. COMPANY. AX I SYAMETRI C SHELL PROGRAM AX2
PAGE 17

ANALYSIS: OF BOTTOM HEAO ANO-.LONER COURSC OF CYLINOER
HANFORD NO ~ 2 CON TA

INHERE

T VESSEL
VESSEL SUBJECTEO TU I/2 SSE E Q + I P + S C HATER

BOOY 90 ~ 412

~ c .5.IQ

STAT ION

1

2

4
5
6
7

8

1.0
11
12
13
14
15
16
17
18
19
20

NORMAL

0,1858E-02
-0 1186E-02
-0 '944E-02

. -0 6432E-02
-0 ~ 866 8E-02
-0 1066L-01

.,0 ~ 12 t3F .01
-0 1399E-01
-0 1534E-01
.-0 L 650EMl.
-0 L746E»OL
-0 1825E-OL
-0.1.886E-,01
-0 1929E-01
-0 1955E-01
-0 ~ 1964E-01
-0 1955F-01
-0 1929F.—01
".0 1884E."Ol..
-0 1 821E-Ol

0ISPLACEMENTS
TANGENT I AL

-0 ~ 9736E-02
-0 9529E-02
-0. 9316E-02
-0 90.9.9E-.02
-0 '876E"0?
-0 8650E-O?
-Oe 842 0E.=.02
-0 8186E-02
-0~7949E-02
-0 TTl.QE-.,Q2
»0 7469E-02
-0.7226E-02
-0~69826-,O?
-0 ~ 6736E-02
-0. 6490E-02
-0 6243E-02
-0.5996E-02
-0. 5750E-02
-0 5504E.=02,
-0 ~ 5260E-02

ROT AT ION

0.4036$ -02
0 ~ 3662 E-02
0 ~ 3310 E-02
0 2979E-02
0 ?667&-0?
0 '372E-02
Ow 2093E-0?
0 '.827E-O?
0 L574E-02
0 .133LE;02„.
0 1097L-02
0 '6938-03
0 ~ 66,6.t.E.—,Q3.
0 '262E-03
0 '074E-03

-0 12214-04
0 '344c-03

-0 '60'0E-03
-0 6939E=.03
-0 '349E-03



P I TTSBURGH-DES MOINES STEEL COMPANY AXI SYNE'ETRIC SHELL PROGRAM AX2
PAGE 18 ~

ANALYSIS QF .BOTTOM HEAD AND LOWER COURSE QF CYLINDER
HANFURD NO 2 CONTAINMENT VESSEL
VESSEL SUBJECTED TO 1/2 SSE E ~ Q ~ + I ~ P ~ + S ~ C HATER

BODY NO» 412

Q. ~g„~o

STAT ION MEMBRANE STRE SSE S

S IG-PHI S IG- THETA

MEMBRANE. + BENDING GN EXIREME FIBERS
OUTSI DE F I BF RS INSIDE F I HERS

SIG" PH! SIG-THE TA S I G-PHI S IG-THFI h

1

2

4
5
6
7
8
9

10ll
12
13
I,4
15
16
17
ls
19
20

8077 ~

8077
8078 ~

8079
'080

.808 )
8082»
8083
8084 ~

8/85
snsb.
.8087'.
8088 ~

8090
8091

'092

8094»
8095 ~

8097
8098

2582
'418

'26%a

2134
2013

'905

1810
1725

'6.5Z.»

1589
1536

'49~.
1460
I. 436 ~

142 I.
1415
1419
1432

'455

1489 ~

-2 718
-2066 ~

,- L4.60»
-902 ~

-391»
.7l,

484»
847

I. 1.61 ~

l424
1636
1 799.»
1908
1967 ~

1974
1930
1834
1687»
1488
1237

'674
~

-641 ~

-6.08 ~

-573
-540 ~

-509 ~

-480
-454
-433
-41 6 ~

-404
-398 ~

-398 ~

-403
'415

-43 3 ~

-45 8
-4B 8 ~

-523
-565 ~

18871 ~

18220
1.,7616
17059.
16551 '
6090..

15679
15318.
15006.
14746 ~

14536 ~

.... L43..77
14269
14212 ~

14208 ~

I 425'.> .
l4353
1.4504 .
14706.
l49 59 ~

5838.
5477 ~

5145 ~

4842
4567
4/19 ~

4099»
3904
3736
3594.
3476
3384

'317

3275.
3257 ~

3264 ~

0296.
33>P
3434 ~

3542.
I



P ITTSBURGH-.QE S MOINES STEEL COMPANY. AXISYMMETRIC SHELL- PROGRAM. AX2
PAGE 19 ~

ANALYSIS QF BOTTOM HEAD ANO... LQMER COURSE J3E CYL.INOER..
HANFORO NU ~ 2 CONTA INMENT VE SSE L
VESSEL SUOJECTEO TO 1/2 SSE E Q ~ + I P ~ + S ~ C MATER

BOOY NO ~ 412 OFSIGN STRESS INTENSITY = 19300 ~

~.c 5.z.t

.. STAT.ION M I0" SURF ACE.
S I Tl T2T3

„.OUTSLOE SUREACE
Sl Tl T2T3

ZNSIOE SURFACE
SI T1T2T3

'

1

?
3

5
6
7
8
9

10
l,l
12
13
14
15
16
17
18
19
20

Bl.00 ~

8098
8095
8094
809? .
8090

'0,89% ...
8088
8088

. 8088
8088
80ee.
8089
8090

'091

8093
8095.
8097
BQ 99 ~

8102

271,8 ~ .

2066 ~

1460 ~

...902, .

540
579 ~

963 ~

1301 ~

1593
1"840.
2040
2196
2306
2370
2390
2363 ~

2292
2175-
2011 .,
1802

... 18.871
l.8220

'7616

L7 059
1655l,
16090

'.56.79

15318.
15006

'4

Z46
14536.
14377

'.L.4269
142l.2
14208
14255
14353

'4504.

..... 142l16
14959 ~



P,ITTSBURGH.—.DES MOINES STEEL„..COMPANY AXI.SYEHETRIC SHELL. PROGRAM AX2
PAGE 20 ~

ANALYSIS. OF. BOTTOM HEAD AND..LONER. COURSE,. OF., CYLINDER....
HANFORD NO 2 CON TA INMENT VE SSE L
VESSEL SUBJECTED TO I/2 SSC E Q + I P ~ + S ~ C ~ MATER

BODY NO ~ 413

~.Ca .B.~

STAT ION
N-PHI

STRE SS RESULTANTS..
'4- THE TA M-PHI M-THE T A 0 PHI

.(

I,.
2
3
4
5
6
7

8
9

10ll
12
13
14
15
16
17
LH
19
20

11 597 ~

LL598
11598
11598

'1598

11599 .

..LL599 ~

11.599
11600~
11600
11601

'1602

.LL602i
11603
11604

'1605'
11606
11607.
11608

'1609

11210 ~

10728 ~

10252
,9.783.s .....,..
9320.
8865 ~

...g 41 8!...
7979
7550

',7.130 .

6722
6325

,.. 4.9.4Lo..
5571
5216 ~

4877 ~

4556 ~

4253
.3971

'711

'.
—.874.
-935 ~

-1002
'...1.077.~

-1160
-1251
-33.5.2~
-1462

'1583

'1714 ~

-1856 ~

-2010
"2.L7,6.~ .

-2355
-2547

'2753

'2972

'3206

-3454m
-3718 '

=46 5.e.
-283
-304 ~

...-326m
-351.
-379.

.—.409.„
-442
-478

'...=518~

-56 1 ~

-60 iI'.
.......-...6.5 (

-710
-768

..—..829 ~

-89m.
-96) ~

.—L0 39..
-1118

- l,3.
-8L ~

-90
'.100.

-1 L0 ~

-122 ~

. -1),3.
-146 ~

—159 ~

—173 ~

—188.
-?03 ~

-219'235
~

-25? ~

-269.
-?87+
-30 ">.
—3.2 4
-343.



P ITTSBURGH.-OES. MOINCS. STEEL. COMPANY AXISYMMETRI C SHELL PROGRAM AX2",
'AGE 21

ANALYSIS QE BOTTOM HEAD AAO- LQMER COURSE OF CYLLNOER
HANFURO NO ~ 2 CONTAINMENT VLSSEL
VESSEL SUBJECTEO TO 1/2 SSE E.Q. + I.P. + S.C. WATER

BOOY NO 413

g.c p.z~

STAT ION

1
2
3
4
5
6
7 „
8

10
11
12
13;
14
15
16
17
18
19
20

NORMAL

0 ~ 99036-Ol
0 ~ 9283E-Ol
0 '6696-01
0 80646-01
0 '468E-01
0 6881F.-01
0 ~ 63056 Ol
0 ~ 5739E-01
0 '1866-01
0 ~ 4645E-01
0 4119C.-01
0 36086-01
0 ~ 311 36-01.
0 2636E-01
0 '179E-Ol
0 1742E-Ol
0 1 3286-01
0 ~ 93786-02
0 ~ 57 t36-02
0 '3896-02

D LSPLACEMENIS
TANGENTIAL

—.0~ 11 826-01..
-0 '1806-01
-0» 11776-01
-0 .1173E=OJ
-0 1168F.-01
-0 ~ 1 1626-01
-0 11546-.91
-0 11456-01
-0 1135E-01
"0 1124E;01
-0 11I.2E-01
-0 '0996-01
-0 1085E-01
-0. 10706-01
-0 1054E-01
-0 1037E-01
-0 1 020E-01
-0 10016-0l.
-0 ~ 98L96-.02
-0 ~ 9619E-02

RGTAT ION

. 0~799& E-.Q2
0 ~ 7800 L-02
0 '700E-02
0 75 92 E.-O.2
0 7476 F-02
0 '350C-02
0 ~ 7215 6-Q2
0 '0696-02
0 6911E-02

.0 6740E "02
0 6555E,-02
0 '354E-02
0 61,3 l.4=02
0 5902 6-02
0 5647E-02
0 53726-02
0 '0756,-02
0 '7546-07
0 ~ 44.08.L'-02
0 40366-07



P ITTSBURGH-,DES MOINES STEEL CQMPANY AXE SYMMETRI C SHELL P;,KQGRAM AX2
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ANALYSIS QF BOTTOM HEAO ANO LOWER COURSE GF CYLINOER
HANFORO NO ~ 2 CONTA INDE')l T VESSEL
VESSEL SUBJECTEO TO I/2 SSE E+Q ~ + I ~ P ~ + S~C ~ 'WATER

BODY NO ~ 413

STAT ION MEMBRANE STRESSES.

S I G-P H I S I G- THF. TA

MEMBRANE + BENDING QN EXTREME FIBERS
OUTSIDE F IBFRS lNSIDF FIBERS

SIG-PHI SIG-THF 1A 5 I 6-PHI SlG-T'flFTA

1

2
3
4
5

7
8
9

10
1 l.

12
13
14
15
16
17
18
19
20

8068 ~

8068~
8068

'068

'068

'8069.,

8069 ~

8069
8069 ~,

8070 ~

8070 ~

8071 ~

8071
8072 ~

8072 ~

8073 ~

8074
8074 ~

8075 ~

8076 ~

7798
'463~

7132. ~ .

6805 ~

6484~
.6167..
5856
5551 ~

5252+
4960

'676

4409,~
4133
3876
3629
3393..
3169
2959
2763~
2581

5530
5354
5158 ~

4941
4700 ~

4435 ~

4L43 ~

3824 ~

3474 ~

3094 ~

2681
2234m
1752 ~

1233 ~

677'Le

-556
-12340
-1954

'?719 ~

7028 ~

6640 ~,
6250 ~

5858.
5464 ~

5067.
'668

4267 ~

3863 ~

3457 ~

3049 ~

263 8.

222 7
1813 ~

1399 ~

985 ~

570'56 ~

-256
-666.

L0606 o

l.0782 .
10978
llL95-
11436 ~

11702.
I.L994 ~

12315.
12664

'3046

'3459~

, I 3,'-7.07

14390
14910
15468 o

16065 ~

16703 ~

1 73.82 ~

18104
'8870.

8568.
SZab.
8014 ~

7753 '
5,04 ~

7267.
704'4.
6835.
6641
6464

'304

6162 o

6040.
5938.
5858 ~

') '30 I,
'j 768 ~

>7() l e

5781 ~

5879.



ANALYSIS OF 83TT3H HEAD. ANO, LONER COURSE QF. CYLINDER
HANFORD <O. 2 CDNTAI~~ENT VESSEL
VESSEL SUBJECTED TO I/2 SSE f ~ 0 + I P ~ + S C ~ WATER

BODY NO ~ 413 DESIGN STRESS INTENSITY = 19300 ~

P I TTSBURGH-DES HUInlES STEEL COMPANY AX? SYÃHBTRIC SHELL PROGRAÃ h<2
PAGL 23.

~.c A~

STAT ION

1

2
3
4
5
6
7
8

10
11
12
13
14
l5
16
17
18
19
20

MID-SURFACE
S I T1T2T3

8.069 ~

8070
soro.
8071
80 72
8073
80 74
8075
8076
8078

'080

8082
'084

8086
8089

'D92

8096
8099
8103.
8108

OUTSIDE. SURFACE
S l T1T2T3

7028 ~

6640
'250

5858
5464 ~

5067
4668 ~

4267~

386'457

3049
2638
2227
1813
1399+

985~
l. 126 ~

I. 390
1954.
2719

INSIDE SURf AC"
Sl T I T2T3

10606.
10782

'0978

'1195

11436.
11702.
11994.
12315
12664
13046
13459.
13907
14390 '
14910.
15468
16065.
16703

'7382.

18 10.4
18870.



P ITTSBURGH-DES ND INES STEEL CO'lPANY AXI SYMMETRI C SHELL PROGRAM AX2
PAGF. 24

ANALYSIS UF BOTTOH HFAO AND. LOWER COURSE OF CYLINDER
HANFORO NO 2 CONTAISMEHT VESSEL
VESSEL SUBJECTFD TO I/2 SSE E Q. + I P. + S C ~ WATER

BODY NO+ 414

X.-4 3.EC

STAT f09
N-PHI

STRESS RESULI'ANTS
N- THETA M- PH I H-THETA !>-PH [

1

2
3
4
5

7
8

10ll
12
13
14
15
16
17
18
19
20

11)91
11591
11591
1159lo
11591
11591
11591

'1591

11591
1.1591

'1591
11591

'1591

1159l.
11591

.11591
11591
11591
11591

'1591

2>2lle
25131

'5037

24913
'4743.

24517. ~

Z.420 li
23816 ~

23329
22737 ~

22034
21214

'OZ78

1.922 7
18067
16809
1&469
14069 ~

12636
11208

-ee.
255

'62

850
'119

1366 ~

158.8 ~

1781 ~

194 1

2062
'138

2161
ZI.ZZ~

2011
'816

'526

'126

603
-59

'874

'20
~

76.
168 ~

?55 ~ .

336.
410 '
476

'34

'82

'19m

641.
648 ~

63 7-..
503.
545
458 ~ .

338
'H

1 ~

... "..LB.i .

-2 62

144.
137.
130

'21.

112
'02

'l

7 7 ~

62.
4~a
2? ~

-3
=32 ~

-es.
-105
-149
-?00

'257.

-320.
—390.



'
I I'TSBURGH-,OES HUI.'4ES STLEL COMPANY .AXISYMHETRI C SHELL PRUGRAH AX2

PAGC 25

'NALYSISOF- BOTTOM flEAO ANO LOWER "OURSE. J3F CYLINDER
HANFURO "IU 2 CO% TA I AMENT VE 5SE L
VESSEL SURJECTEO TU L/2 SSE E.Q. + I.P. + S.C. WATER

1

BOUY NO 414

STAT ION

2
3
4
5
6
.7
8

10'l

l2
L3
14
L5.
16 "

17
18
19
20

NORMAL

0 2792E 00
0 '782E 00
0 '770E 00
0 2754E,.OO.
0 ~ 2732E 00
0 2702E 00
0 '663E,.OO
0 ~ 2613E 00
0 '551E 00
0 2474E. 00
0 2384E 00
0 2279E 00
0 ~ .2.1 59E, .0.0.
0 202 3E 00
0 1874E 00
0 ~ .L713E .00
0 I.54 LE 00
0 1361E 00
0 ~ 1177E OQ
0 9932E" 01

OI SPLACEHENTS
TANGENTIAL

-0 149LE-.01„
"0~1468E-OL
-0 '444E-Ol
-,0 142.1E-.01, .

-0 1397E-Ol
-0. 1 3 73E-Ol
-0 ~ 134 9E-., Ql.
-0 1323E-01
-OeL298i-OL
-0 '271E-01.
-0.1243E-OL
-0 1214E-01
-0 1.183E-OL ...
-0.1150C-OL
-0 1116E-Ol
-0 1080E-01
-0 ~ 1041E-OI.
-0. 999HE -02
-0 9563E-02
-0 ~ 91 04E -02

ROTAT t ON

0. 441ZE-03
0 ~ 4699E-0 5

0 '940E-03
0 8084E-03
0 1107E-02
0 '4bht-02
0 ~ 1932 E-.O.2.
0~ 2443 E-02
0 '008E-07
0 .,3.615,E.—.O2
0.4253E-02
0 '906E-02

. 0. 5556 E-.Q2
0'184E-02
0 6766E-02
0 7275E-02
0. 7680C-02
0 ~ 7945E-07
0 8.0.3 1E.—.Q2
0 '894E-02



0
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ANALYSIS OF BOTTOM HEAD AND L!)HER COURSE. OF CYLINDER
HANFORO NO 2 C3NTAINMCNT VESSEL
VESSEL SUBJECTED TO I/2 SSE E.Q. + I.P. + S.C. HATCR

BODY NO 414

STAT ION MEMBRANE ST'lCSSE S

S IG-PHI S IG- THETA

MEMBRANE, + BENDING ON EXTREML- F I BERS
OUTSIDE FIBERS I'vS I OE F I 8ERS

SIC-PHI SIG- THE TA S I G-PH I S IG-fHLT A

1

2
3
4
5
6
7
8
9

)0
11
12
13
14
15
16
17
18
19
20

0063
8063

'063e.

8063 ~

8063 ~

..8063
8063 ~

8063%
8063 ~

8063.
006 3 ~

8063 ~

8063
~ 8063 ~

8063 ~

0063
8063
806 3 ~

806 3
8063 ~

1753'7482 '
741 7.o

17331
17212
17052~
16840
16568
16229. ~

1581 7 ~

I. 5320 ~

l 4750.g
14106

'3375

'2568..

11693
10761

'787m

8790+
7797.

7866 ~

8804
969.4 ~

10532 ~

113L2 ~

1207.9 ~

12673
'3234

13699
'4051

'4272'
14330~
1422 5

L 3902
1333,7 ~

I 2494~
ll333

~ 9814
'092~

5525

1 7479 ~

17704 ~

I. 790.,6 ~ . „

10071
1810 7 ~

. 18241
18223

'8119'
17920
L7613 ~

17190 ~

, . l6640.
15955

'5127

'.4150

'3022
1L742
10312~
8739 ~

703 5 ~

8?61.
7323

'.6433

'595.

4014
'.4090 ~ .

3454 ~

709 4 ~

242'076

'05>.
I?Ud ~

190?.
2225.
2790
363 3.
4794
6313..
8234

10601

'7597.
I 72,60
I 6928 ~

16590
16237 ~

1586'5457
~

150:I 7 ~

L45'39 ~

140?le
13465.
128,75.,
17258 ~

116?3.
,10906

'0364.

9700-
9262 ~

0842
0550



ANALYSIS. OE BOTTUM HEAD ANO. LU'HER ~OURSE OF CYLINDE
HANFURD NO ~ 2 CONTAINMENT VESSEL
VESSEL SUBJECTED TO )/? SSE E, Q + I P + S C. WATER

BODY., VO 414 DESIGV, STRE SS I NTENSI TY = 19300

PI.I TSBURGH.=.OE S. MOINES STEEL COMP.ANY AXI S.Y>METRI C SHELl. P)OGRAM. AX2
PAGE 27 ~

R Q.Cc.4.ZQ

STAT ION

2
3
4
5
6

....7'

9
10
11
12
13
)4
15
16
l. 7

)8
I.9
20

M I.D-SUR F ACE
S I r lr273

I.7.5 4 I.

17485
17419.
17333
17214
I. 7053
168. r 1 ~ .

16569
16230
15817
L5328
14758.
14106-
13376

'2570
11696
)0767
9796
8804
8104

'UTSLDE
.SURFACE

SI TLT2T3

17479. ~

17704
17906
18071
18187
18241 ~

)8223
181)9
)7920
17613
I 7)90.
16640.
)5955.
15127 ~

14150.
13022 ~

I I 742
10312 ~

8739 ~

7035 '

NS I UL'URF ACE
SI T)T?T3

)7597
'7260.

16928.
16590.
16?31
15862.
L5457.
)5017

'4539.

14021
)3465.
)28/5.
12250
L)6?3.
)0986

'.0 364.
9780.
9? 62 ~

8842.
)0601.

(e,



P I TTSQLIRGH-OES MOINES STEEL CORP ANY AXI SYMME TRI.C SHELL PRUGRAt'XZ
PAGti >c< ~

ANALYSIS OF BOTTOM HEAD AND L3NER COURSE QF CYLINDER
HANFQRD NO 2 CON<A INMEN I VESS L
VESSEL SUBJECTED TJ L/2 SSE E 0 + I ~ P ~ + S ~ C ~ WATER

BODY ND ~ 502

STAT ION
3-PH I

STRESS RESULTANTS
N- THE; TA M- PH I ~-THETA 0-Pili

I
2
3
4,

5
6
7
8

10
LI
12
13
14
15
16
L7
l8
19
20

I, 1591»
11591
11591
11591 ~

L L591
L1591
11591
11591
1159l
11591
1159l
11591.
L1591 ~

LL591

1159'1591 '
I 591

l l 591
11591»
11591

26) I,2 ~

25882
'5713

2.5600a
25537
25515
25525,,
2555 7.
25604
25655
25 703
25740
25.761»
25758
25?30.
25672 ~

25586.
25475
Z>346 ~

252l 1 ~

404 ~

-396
'366

'.-3.2,1~

-267
-208- l,48 ~

-'89.
32»
21
70

'12

, 147
'73

I,87
185
165.
LL9

44 ~ .

-68.

.-.121»
-I. I.9 ~

-1LO ~

-96 ~

-80.
—.')2 ~

4r,.
2 7»

—LO ~

6 ~

21 ~

3 rp ~

44
'2

'6

)6 ~

49 ~

36
.L3»
-20»

0)

) >)

Ibad

I ') .

)'

>»

t
c'>

~





P IT TSBURGH-OES 4!DINES STEEL COMPANY AXISYNMETRIC SHELL PlCOG'(Ai, AX2'-
PAGE 29.

ANALYS!S QF BOTTOM HCAQ ~ ANO LOWER COURSE -QF'YLIBIDER-

HANFUR D HQ. 2 CQN Th INb!EN T YE SSE L
VESSCL SUBJECTED TO I/2 SSE C.Q ~ + I.P; + S C WATER

BODY NQ 502

STAT ION

1

2
3
4
5
6
'1

8
9

l0ll
l2
L3
14
15
16
L1
18
l9
20

N3RMAL

0.2908E .00
0 '879E 00
0 '85'76 00
0 2842E 00
0 '834E 00
0 '831E 00

„„0 ~ 28 3 3E ..0.0
0 283 7F 00
0 2843E 00
0 2849E .OD

0 ~ 2856E 00
0.?8~DE Oo
0 2863E OD
0 286 3E 00
0-2859E 00
0 2852F OD

0.284LL no
0.28rbE no
0 28LOE. 00
0 ~ 2 79?E 00

DI SPLACEHENTS
TANGENTIAL

- 0 .22ME.—,.QL.
-0 2L71E-01
-0 '134E-01
—.0 2.096E-.Q1
-0 2058C-01
"0 2020E-OI.
—.0~ L9.82E —.M.
-0 '944E-01
-0 1906E-01
-.O. 1,869E-al .

-0. 1831E-01
-001794E-OL
- 0 1 756E-.Ol
-0 L 719E-OI
-0.168LE-OI .

-0. l,644E-OL
-0.1606E-OI'0+L568E"OI

-0 153OE"01
-0 1491E-01

ROT AT l DN

0 ~ .8b 4 5 E -03
0 ~ 6588 f-03
0 ~ 463?. E-03
0..28.7 Z E.—.O3

0 1368E-03
0 ~ 1541 C -04

..;0..73 4.8,E.-Q 4
-0 ~ 1358 E-03
-0 '664E-03

..-0 1690E.-O'~
-0 14568-03
-0 '89lE-04

. -0 323 ZE-..04
0 '985F-04
0 14244-03
Oo?383i--05
0 ~ 3c'878-0 )

0 '025E-0)
0 ~ 445 1F,-D3
0. 4412 C-03



P IT TSBURGH-OES 'MOINES STEEL. COMPANY AXISYAHETRLC SHELL. PRUGRAN AX2
P AGE 30.

ANALYSIS OF BOTTOM HEAO ANO, LOWER C:.URSE OF CYLINOER
HANFURO NO' 2 CON TA INHEN T VESSEL
VESSEL SUBJECTEO TU I/2 SSE E»Q ~ i ~ P ~ + S C ~ HATER

BOOY NO 502

Z.c PA;4

STAT ION HEHBRANF STRESSE.S

S I G-P) ll S I G- THE TA

HE.;BRANE + BENOING ON EXTREME F IREi(S
OU SlOE FIBERS INS I OE FIBERS

SI G- HI SIG-THE TA S I G-PH I S I G-THET h

1

2
3
4

6
7
8

I.Oll
12
13

'14
15
le
17
18
19
20

8063 ~

8063
.806 3 ~

8063 ~

8063
. 8.063+.
8063 ~

806 3
8063 ~

806 3 ~

8063 ~

8063+
8063
8063 ~

8063 ~

8063
8063
.806 3 ~

8063
8063

18165'8005
.

J,7887 ..

17809
1? 765 ~

., 17..749.~=
1? 756
17779
17811 ..

17847
17880 ~,

.. 17906~..
1 7921
17919 ~

..17899m,
17859 ~

17799 .

1 7.722m...
I,?632 ~

17538»

68 9 ~

69 3»
.... 70( 1.

71. 2
72 9.

.74i:0»
76 4
78i 6
79 1 ~

81; 5 ~

82(' ~

......83, 8 ~

84' ~

85<. 5 ~

86(,6
86(. 2 ~

85 ~ 2
84 0
81 1

78 6.

17813
'.7660

17569
'7530

17533
'7558»

l. 762 8 ~

I.7702
'7783

'7865

17941»
18004 ~

1804 9 ~

18069 ~

18062
'8020

l.7943
17826

'76?0»

17479 ~

9237
'214~

9126
'994»

8837 ~

.. llbb 7»
8492

'320

'156

'002

7867»
7738.
7636 ~

7561 ~

7521
7525
7585.

. 77 Lb.
7936 ~

8261

'85

l 7

18 j50 ~

18206..
18088

'799'79

30 ~

17885»
17856
178 39 ~

178AM.
17870
I, 7809 ~

17792.
17768

'7736

1769'765e.

176,18 ~

l?594
'?597



P ITTSBUKGH=OES. NCL?NES.DIECI .COMPANY,AXLSXHHETRI.C. SHELL.,PROGRAH AX2
PAGE 3t.

E
ANALYSIS..QF BOTZOH HEAO- ANO-3 ONER,. CQURS~F- CYL,INOER-- —- ~-
HANFORO NO ~ 2 CON TA INHENT VE SSEL
VESSEL SUBJECTEO (0 1/2 SSE F. Q + I P ~ + S C ~ HATER

BOOY 90 ~ 502 DESIGN STRESS INTENSITY ~- 19300

ST~T ION BIO-SLLRFACE..... OUT~OK ZUREACE....... INSLGE SURF ACE
SI T1T2T3 Sl TLT2T3 SI TLT2T3

1

2
3

5

7
8
9

10
11
12
13
14
15

. 16
17
18
l.9
20

.18.1.65 ~ .

18005
'7887

',7.809~,.

17765
'7749

',F756.
17779
1781 I. ~

L78,47 ~

17880
11906
1 7921
179 l9 ~

17899
1.7.859 ~ .

1 7799
17722

.17632 ~,
17538 ~

...., L.7813.+ ...
I 7660
17569 ~ .

. 1153.IL...
17533 ~

1 7568 ~

L7.62.8a .....
17702 ~

1 7783
.., 1 7.8.65 a....

1 7941
18004 ~

.,,1.8 04.9~.
1 8069
LBO62.
18020 ...
1 7943
L 7826

.... 17.670
17479 ~

.18511.
18350.
18206.
LBO88 ~

17997.
17930

'7..8.65..
17856 ~

17839
k7.828
17820.
17809

',7.192..

17768 ~

17736
L7.697
17656.
17618.
L.7594 .. „......
17597.



P ITTSBURGH-OES, MOINES STEEL COMPANY AXI SYMME TRI C SHELL PROGRAM AX?
PAGh 32

'NALYSIS.OF, BQ TTOM; HEAO ANO LONER COURSE. UF. CYL1NOER.
HANFORO Nu ~ 2 CONTALRMEQT VESSEL
VESSEL SUBJECTED TO ll2 SSE E Q + 1 P ~, + S C MATER

ROVY NO 600

STAT ION
N-PHf

S.TRESS RESULTANTS .

N- THE TA M-PHI M-THET A (3-PHl

1

2
3

5
6
7
8

10
11
I.2
13
14
15
16
17
18
19
20

11592.»-
11592
1 l:592
11592 ~ .

11592»
11592

„, Ll 5.9Z.».
11592 '
11592 '
11592

'1592

'1592'
, 11592.»

11592
'1592'

,. 1,1592
11592

'1592

.,I1592 ~

11592 .

23.140» .....
23255 ~

23369 ~

Z3.484»......
23601 ~,

23718
U93.8 ~.....
23958
24080»
2.4200»
24316 ~

24425 ~

? t522 ~..
24598
2464 8»
Z4661..
24626 ~

?4 535 ~

2%377»
24 147»

. —..0~,
-1
-2

.. =5. ~,.
-6 ~

-7,
-3

....15
32
54

. 8.2. ~

1'l 7
157

'0.1.»

245 ~

284 ~

.313 ~ .

320

;Q.i
-0
-1
-la

2 ~

2»
, 2w,

1 ~

5...
10 ~

16 '
25 ~

35
47 ~

60
73
85 ~

94 ~

96'..0,

-0 ~

-0 ~

-0
-a.
-0
.0.l.

2 ~

3»'
~

h.
7 ~

9 ~

lA ~

l.0 ..
10.

8 ~

3 1

-7





4
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ANALY S I S UF. BO TTQM HE AO AhlO...LOWER..~URSE:,OF C YL I NOER
HANFORO NO ~ 2 CONTAINMENT VESSEL
VESSEL SUBJECTEQ TU 1/2 SSE E Q ~ t I P ~ + S C WATER

BODY NO ~ 600

STAT ION

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

'4ORMAL

0 2767E OQ
0 '783E 00
0 '799E 00
0 2815E 00,
0 ~ 2831E 00
0 284 8E 00

.... O..Z.S65E ~....
0.2882E 00
0 2899E 00
0 29lbE .DO
0 2932E 00
0 '947E 00
Q 2.961E...OD.....
0 '972E'0
0 2979E 00
0 2980E. 00
0 29 76F. 00
0 '963E 00
0 2940E .00
0 '908E 00

OL.SP..L ACEME N T.S...

TANGENT I AL

". 0 .32QDE-OI
-0 3145E-01
-0 ~ 3091E-Ol
.—.0 3036E=Ql.
-0 2982E-Ol
-0 2929C-01
-.~8.76E,—.91 ..
-0 2823'E-01
-Oe 2 771E-01
-..0 ~ 2 71.9E.—..Qi.
-0 2668E-01
-0 '617E-Ol
-D«2566K.—.QL .
-0 ~ 2 516C-01
-0 2466E-01
-0 2416E-01
"0 2366E-01
-0 2315E-Ol
-0«2265E-. 01
-0 '213E-01

ROTAT I ON

-0 3690 E-.Q3
-0 '692E-03
-0 3703E-0 3

-Q 373I1E.-,03 .

-0 ~ 3 77 I. E -03
-0 '823E-03
-.0. 38.7~=.Q3...
-0 ~ 3910L-03
-0 '908E-03
-0 «3II3.7 E-Q3.
-0 366 3E-03
-0 '343E-03
-0 «ZIU.4.E=.Q3
-0 2085E-03
-0 ~ 1055 E-03

0 293Q E-04
0 1975E-03
0 '976E-03
0. 6240 E=03 .

0 '645C-03



PITTSBURGH-DES MOINES STEEL COMPANY AXLSYMMETRIC. SHELL PRUGRAM AX2
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ANALYSIS OF BOTTOM HEAD AND LOWER "OURSE .QF CYLINDER..
HANFQR0 NO ~ 2 CQNTAINMEIT VLSSEL
VESSEL SUBJECTED TQ I/2 SSE F Q + I P ~ + S C WATER

Q.c .3„~

BQOV ~O. 600

STAT ION - MEMBRANE STRESSES

S lG-PHf SLG-1'HETA

MEMBRANE + BEND.ING OiN EXTRF.ME F I HERS
OUTSIDE FIBERS INS l I!E F l BERS

Sl G-PHI S IG-THE TA 5 l G-PHI 5 IG-THEl A

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

8832
'832~

8832 ~

8832
8832
8 832.
8832
8832 ~

88'32 ~,
8832

'832

8832 ~

8832
8832

'832

8832
'832

8832
'832

8832 ~

1 7631.
17718 ~

I. 7805 0..
17893
1 7981"
L 8071. ~ ..

18 l62 ~

18254
'S

3 4.b.a.
1 8438
18527

.18.6 1,0.e..
18683
18742

'8779

18 789 ~

L8763 ~

18693
'8573

18397

'832
8830
S.BZ4.
8816
8810

.8807+.
88)1
8823 ~

8.84 7e
8886

'943~

902.0 ~

'9119
9240 ~

9379 .

9531
9685 ~

9823 ~

9922
'948+

17631
17717 ~

1 7..803. ~

17888
L7975 ~

.18064 ~

18155
18251 ~

1835 1 ~

18454 ~

L8560 ~

..1 8.66 6 ~

187&9
18864

'8943 ~

18999
'9019

18990
'.8900

'8732 ~

8832
8835 ~

. 88.41
8848

'854

..'.....655.7 a.,

8854
8842

........88.1.8 .

8779
'722

. ...8.6.4.5 ..
854 6'.
8425 ~

8286 ~

8134.
79RO.
7 kL42~
7743 ~

7717

l,7631 o

17719
17808

'7898

'7988

,1 8079 ~

18 168 ~

18257
'.8342.

L 8422 ~ .

18494.
1.85.5 3 ~

18597
l. 8619 ~

18615
18579 ~

LS507 ~

18396.
)8246 ~

18063 '
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ANALYSIS OF BOTTOM HEAD ANO-LONER COURSE OF. CYLLNUFR
HANFURO ND ~ 2 C39 TA INMENT VE SSE L
VESSEL SUOJECTEO TO I/2 SSh E Q + I P ~ + S;C. MATER

BODY NO ~ 600 flESIGN STRESS INTENSITY ~ 19300 ~

STAT ION

1

2
3

5

7
8

LO.

11,

12
L3
14
15
16
L7
18
19
20

M I O» SURF ACE....
S I TLTZT3

1.7 631
17718

'7805

'7893

17981
LBO 71

...1 8.162 ~

1,8254,
18 346
18438
18577.
L8610
18683
18747. ~

18779
18789

'8763.

18693
'.85:I3

1 8'397

OUTS?.OE.. SURFACE .

SI T1 T2 T3

1 hh3I
17717 ~

1 7803 ~

., L1888 ...,
1. 7975
1 8064 ~

. 1.8255
1. 82 51 ~

L8351.
.1.8054 „

18560
18666

'8769'..,
18864
18943 '
18999
19019

'8990

... 18900.
18732

I NS L.OE SURF ACF
SI T1T7T3

L7,63.L .

17719
17808

. L7IL98
1 7988
18079
18.168.a ..

18257
18 342 ~

1.8422 i...
18494
18553
L8597 ~

18619
18615.
1.8579
L8 507.
1 8396 ~

L'32.4 6 i...
18063 ~
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ANAI YS IS OF BOTTOH HEAD Ai%0 .LOWER COURSE. OF, CYLINOFR .

HANFORO NO 2 CON TA I'(MENT VESSEL
VESSEL SUBJECTED TO I/2 SSF E ~ 0 + I ~ P ~ + S ~ C . WATER

BODY IO ~ 500

. ~4 .SKAG

S TAT ION '

N-PHI
S TRE.S S.. RE S ULTAN TS,

N-THC Tn H- THETA 0-P I( I

l
2
3
4

6
7 .

8,

10ll
12
13,
14
15
16

18
l9
20

-0 ~

10
19 ~

2.9e.
39
48

... )8.
67 ~

77
86 ~

96 ~

105 ~,

.1.14 ~

123
133
142
151
160
169 ~

178

.,5901»
5891»,
5881

..5372»
5862 ~

5852
5843 ~

5833
5824
5.81 5 ~ ..
5805 ~

5796»
..97.8„7 ~ ...

5777
5768.

..9.75.9
5 750.
5 741 ~

,. 5732»
5723

,.„.. 0 ~

0
0 ~

.0»,
0 ~

0
.0 ~

0 ~

,0 ~

0 ~

0

0 ~

0
0
0 ~

0 ~

..0 ~

0 ~

. 0,.
0
0 ~

0 ~

0»
0 ~

Q ~

0 ~

0 ~

,...,,.0. ~ ..
0 ~

0 ~

.0,
0 ~

0
0
0 ~,

0 ~

'0»...,

0 ~

-(!
-0
-0 ~

-0 ~

-(p ~

-0.
„-0.
-0 ~

-0
-0 ~-

-0.
-0
-0 ~

-0.
.-0 ~

0 ~

-0
.-". (3 ~

-0 ~



ANALYSIS OF BO TTOM HEAD ANO. LU'HER COURSE. QF CYLINDER
HANFQRO NQ 2 CONTAINHEMT VESSEL
VESSEL SUBJCCTED TO l/2 SSE L.Q t I P ~ + S C. MATER

BODY NU 500

V.I TTSBURGH-QES,. MOINES,STEEI ..COMPANY.. AXI SYMMETRIC. SHB L PkQ(iRAK AXZ.
PAGE 37

'3L.c.bP~

(e

, STAT I3N

l.

2
3
4

6
7

8

10ll
l.2
13
14
15

.'16
'17
18
19
20

NORHAL

0 21,90~!...
0 '153E-01
0 211 6E-01
0 20.79E=.Ol
0 2043C-01
0 2006E-01
0 '969E.=.01
0 1,932 E-01
0 1895E-01
0 1858E-,01
0 '821E-Ol
0 1 785E-01
0'.74,8E-,.Q1 ...
0 171 1E-01
0.1674E-Ol
0,1.63 BE".Ql
0 '.601E-01
0 l. 564C- Ol
0 15ZHE=O1
0 1491E-01

.OL SPLACEHENTS...,
TANGENTIAL

0 ZBLXE QQ
0 2816E 00
0 2814E 00

..0 .2E13E...OO
0 2812E 00
0. 2810E 00
0 ~? B.Q9& .00 ...
Oo 2808E 00
0 2 806E 00
0 2.805iE ..00
0 ~ 2804C 00
Oo 2802E 00

.0 2.8.01.E 00......
0.2800E OO
0 2799E 00
.0 2797E 00.
0 2796E 00
0 ~ ? 795E 00
0 ~ 27.94K. QQ
0 2792E 00

ROT AT I UN

Q .4.4.5ZE.—..0,3 ..

0 ~ 4450 E-03
0 4448 E-03
0. 4.4.4M.—.D.3
0 '443L-03
0.4441E-OS
,0 4&3;9E;.0,3,.
0 '437E-03
0 4435E-03
0 «4433 E-0 9

0 ~ 4431l;-0.3
0 44294-03
u.h.&2.6 E.—.03
0 ~ 442 4E-03
0 ~ 4422 E-0 3

0 4420E-03
0.44188-03
0~4416C-0 k

0 ~44j!~C=J33..
0 441 2E-03





P. IT TSBURGH-O'=S WQJNE S STEEL COMP AN Y AXISYilMETRI G SHELL PROGRAM AXZ
PAGE 3H.

ANALYSLS OF. BOTTOM HEAD AiVD LO'rlER "QURSE. QF CYLINDER
HARTFORD NU ~ 2 CON TAIVMENT VESSEL
VESSEL SUBJECTED TO L/2 SSE E.Q. + I.P. + S.C. WATER

BODY VO 500

, STATION MEMBRANE STRESSE.S

S I G-PHI S IG-THE TA

MEMBRANE. + BENDING QN. EXTREME FIBERS
OUTSIDE FIBERS I NS I DE F I OE'4S

SIG-PHI SIG-THE 1'A SIG-PHI -S IG-THET A

I'

3
4
5
6
7

8
9

10ll
12
13
)4
15
16
l7
18
19
20

-Oe
26 ~

„52e.
18

103 ~

. 129~.
154e
180

'05

'30

'255
„280.e .
305 ~

329
'54

378 ~

407. ~

426
450
474

'57

36e
15710

...15684m,
15658
15632

.,L.5 6.01~
15581 ~

15556
1553.Le
L)506
15481

. 15456>,...,
L5431
1,5406

'1.5382

15358
15333

.15309.o,
15285

'5261.

-Oe 15741 ~

26 15714 ~

.... 5.2 .... 15688.
78 ~ 15663

103 ~ 15637 ~

129. L>ALLe

155 ~ 15586
LSOe 15560.
205» „, ... „1553.5..
230 '5510

'55

'548'.....,28.0.e,...... 154.6 0 ~

305 '5436
329 '5411

'.5.4e......15386 ~

378 15362
402 15338
.427~... 15314
451 L'5290

'7415266 ~

-0 ~

26
.52 ~ .

78.
103

'.179~.

l
54'.80.

205
230 ~

?5>
2 8!) ~ .

305
329 ~

354, .

378 ~

402 ~

„426»
45') ~

474 ~ .

L>,73L.
15705

'5679

'5653

'562S

„LM02~....

15577
15551

'5526

I'j50L ~

154 lb.
1545le
L54?6 ~

15402
15377.
15353 ~

1 5329 ~

15305.
157'. ~

15257 ~
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'NALYSI.SOF. BOTTOM HEAD ANU. LQQER "OURSF .QF GYL INOER.
HA4FORO NO ~ 2 CONTAINMENT VCSSEL
VESSEL SUGJEGTFO TO I/2 SSE L Q ~ + I P ~ + S C ~ HATER

BODY NO ~ 500 OCSIGN S TRESS INTENSI'TY = 19300.

STAT. ION KIO-SURFACE...
SI TLT2T3

QUOI.OF SURFACE ... INSIDE SURFACE
SI TLT2r3 Sr r Lrrre

1

2
3
4
5
6

...,.7
8
9

10
11
12
13
14
15

,16
17
18
19
20

15.73.6
15710

'5684

15658
15632
15607

.1558.1
15556
15531

'5506

'5481

I 5456 ~

15431 '
I 5406
15382
15358
) 5333
15309
15285 '
15261

1574M
15714 ~

15688
.15663».
15637 ~

15611
15586~......
15560 ~

L5535 ~

L5510».....
I >485 ~

I 5460
L 5436~.
15411
15386

'5362

1 5338 ~

1531.4
I 52.90 ~
15266»

. L5.~ ...,...
L 5705
15679

'15.653

15628
'5602.

15527 .
L5551
15526 ~

.155.01
15476

'5451

1.> 426~
1 5402 ~

15377
1.5353« ..

15329 '
>'305 ~

, 152.8.1~......
I 5257

X



-P ITTSOURGH-.DES MU INES STEEL COMPANY AXISYMHETRI C SHELL PROGRAM AX2
PAGE 40t ANALYS TS OF BOTTOM HEAD AND LONER COURSE OF CYLINDER

HANFORO NO 2 CONTAINMENT 'VESSEL"
II

UNIFORM. f EMP. OF 20> F UUE TO LOCA ~

BOOY
LOAOS'OOV

NU. 4il OnnY TYPE 4 X = MERIDIAN ANGLE

PN -" ( '0 ~ 0 ) i (-0.0 )«COSl X)

+ ( 0 0

PPHI = ( 0 ~ 0

) «COS( X ) «COS ( X)

)«SIN( X) + ( 0 0 )*SIN(x)«COS(x)

)«Z/H)

)«Z/H)«X

)«Z/H)«X«X

( 0 205000E 03 + ( 0 '
+ ( 0.0

+( 0.0

+ ( 0 0

+ t 0.0,
BODY ND 'AI2 BODY

PN = t 0 0

TYPE 4 X -" MER ID(AN ANGLE

) i(00 )«COS(X)

+ ( 0.0 ) «CUS(x ) «COS(x)

PPHI =.(- 0.0 )«SIN(X) +,( 0 0 )«SIN(X)«CVS(X)

T = ( 0 205000C 03 + ( 0 ' ) «l/ft)
+ (.0 0 + t 0.0

+ t '0.0 + t 0.0

, 80UY NO ~ 413 8()PY )YPE 4 X = MERID

)*Z/H)«X

) «Z/H) *X«X

IAN ANGLE

PN = ( 0 0

+ t 0.0

) + t 0.0

i«cos(x)«cnstxi

)«COS(X)

PPHI = ( 0~0 )«SIN(X) + ( 0.0 -)«SIN(X)«COS(X)

T =. t 0 205000E 03 + t 0 0 )«Z/H)

+ ( 0 0

+ ( 0 '
+ ( 0+0

+ t 0 0

) «Z/H) «X

) «Z/H) «X«X.



PITTSBURGH-DES MOINES SIEFL COMPANY AXISYMME fRIC SHELL PROGRAM AX2
PAGE 4 I

ANALYSIS OF ROTfOM HEAD AND LONER COURSE OF CYLI'NDER +.m.E.4.K

HANFURO NU 2 CON f A INMEN T VE SSEL

UNIFORM TEMP OP
~"

BODY LOADS

205 F DUE TO LOCA

H

HODY NO '414 'UODY f YP E

PN =".( 0~0 )

X = DI SANCE ALONG MERIDIAN FR(lM 'A'DGf
+ t 0 ~ 0 )+X

PPHI = ( 0 0 )+( 00 )+X

T = ( 0.205000F OJ + ( 0 0 )AZ/H)

BODY

+ ( 0 0

+ ( 0.0

NO 502')nDY (YPE

+ ( 0 ' )+Z/H)+X

0 0 ) 4 l/H)4 X4X

I X = DI SANCE ALONG MERIDIAN FROM 'O'DGE

PN.= ( 0 0

PPHI -" ( 0 0

) + ( 0 ~ 0 )~X

)+ t 0.0 )~X

f = ( 0.205000E 03 + ( 0 0, )4g/H)

)~L/H)*X

)4'Z/H)+X+X

+( 0.0+ t 0.0

+ ( 0 ~ 0 ~

'

(

UOUY NO, 600 ViODY I YP L

0 0

I X = D I SANCE ALONG MERI DI A'N FROM A EDGE

PN = ( 0.-0

PPHI = ( 0'

) + ( 0 0

) +( 0.0

)4X

) +X',

(,0.205000E 09 + ( 0 0 )4'Z/H)

+ ( 0.0

+ ( 0.0

+ ( 0 0

+ ("0 0

) ~Z/H) 4 X

)+Z/H)+X+X



ANAI.YS lS UF BOTTOM IIEAO AND LONER COURSE OF CYLLNDER

' IlhNF(JKD NU 2 CON[A(NHENI'ESSEL

UNlFORH TEMP OF 205 ~ F DUE TO LOCA

BODY LOADS

P I T TS BURGH-DES NO l'IES 5 E EEL COMPANY ~ AXI SYHHE TRl C SHELL PROCRAM AX2
PAGE 42 ~ '.

~.a.-~ .4-4-

BODY NO 500 OODY TYPE 3, X = RADlUS

PN = (,0.0: )'t ( 0 ~ 0 )+X

P VIII = I 0 0 ) + ( 0 0 ) 4'X

r = t 0.205000E Oa + I 0.0 )~L/H)

+ (I 0.0

+:( 0.0

+. t 0.0

+( 0.0

)+2/H)+X

)Pl/H)+X+X



PITTSBURGH-OES NO INES STEEL CUNPAN Y AXIS'YNHETRIC SIIELL PROGRAH AX2
PAGE 43 ~

ANALYSIS OF OOTTOM HEAD AND LOWER COURSE OF CYLINDER ~.c .~.4w

HANFORD NO 2 CON TA INMENT VE SSL'L

UNI FURM l EMP UF 205 F DUE TO LOCA
C IRCUMFERENl IAL LINL LOADS

IWODE

411
412
413
414
>00
501
503
600
601

R-0 Ik

0 0
0 0
0.0
0.0
0 0
0 '
0 0
0 0
0 0

Z-D IR ~

0 0
0 ~ 0
0 0
0.0
0 '
0 ~ 0
0 '
0 '
0 0

MOMENT

0 0
0 0
0 0
0 0
0.0
0 ~ 0
0 0
0 0
0 0



~,l>'r
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PAGE 44

ANALYSIS OF BOT TOM HEAD AND I ONER COURSE OF CYLINDER
O'ANFURD NU ~ 2 CO"4 TA INMENT VESSLL
UNl F(IRM TEMP OF 205 F DUE 'TO LOCA

NODE NODE DISPLACEMENTS UBLIQUE AXIS
NO ~ R UR R'IR L UR Z'IR ~ ROTATION ANGLE

411
412
413
414
500
501
504
600
601

0 0
0 209245E 00
0 49510ZL- 00
0 6 59 10 8F. 00
0 699551E 00
0 6786)9E 00
0.686254E 00
0 686254E 00
0.-686> l4E 00

0 0
~ -0 178926E-01

0 312545E-01
-0. 1 76197E-01

0 401516E-Ol.
0 26 l245E-01
0 138333E 00
0 138335E 00
0 248724E 00

0 ~ 0
0 2C6401E-01
0 155049E-Ol
0 659768E-02,

-Oe 847053E-03
-Oo 854729E-03

O.ZeZ9Z6E-O4
0.282926E-04

-0 122344E-.05

0 0
0 ~ 0
0 ~ 0
0+0
0 0
0 0
0 '
0 0
0 '0.



r

4



UBL I QUE AX IS
ANGLE

'I I I"BUR"H-OES MUIME" "I'EEL COMPANY AXI SYMMETRIC SHELL PROGRAM AX2
PAGL'5 ~

ANALYS IS VF* OOTIOM MEAD AND LOHER COuRSE OF CYLINDER +.~.E. 4q
HAlsFORU NO ~ 2 CON LA INMENl'ESSEL'..
ON I FORM ff'MP. OF 205. f 'UL" ',TO LOCA

NOUE REACTION LOADS
Nu R Ok R'IR ~ L OR Z'IR HOME NT

411 .-0 221769F. 04 -0 168750C 01 .-0 230926E 05 0 0'-
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'NALYSlS OF BOTTOM HEAD ANU Li3WER COURSE OF CYLINDER ZC,.4 -~.4W
HANFORO NO 2 CONTALNMLNT VESSEL
UNlFORY TEMP OF 205 F DUL TO LOCA

ROOY NU 41 1

STAT1()N
N-PH 1

STRESS RESUL TANTS
N-THCTA M-PHL M- THETA a-PH 1

1

2

6
7

8

10
LL
12
13
14
15
16
17
18
l9
20

L63 ~-

L75
Lee
202 '
21.6 ~

231 ~

247 ~

263
'79

'96

'14'32'55

1.
370

'90

'10

~ „

431
452

495 '

3 7027
-38283
-3952 7.
-40755 ~

"41963
-43 L44 ~

-44293~
-45406
-46475
-47494
-4H458 ~

—49358
-50186.
—50937.
—51599
-52167
-52629.
-52978
-53203 '

53293

-1310 '
1974'z6e3.

-3439 ~

-424 5 ~

-5 LOO
-6006
-6967
-7980~
-9050

—10177
-1.1361
-12604 '

13908
—

1. 5272
-16698

'18187~

-19738
'21353~

-23033 ~

. -447 ~

-646 ~"

-859
-1085 '
-L326
-1582
-18'52

'2139

-2441
-2760
—.3096.
-3448 ~

-3818
-4205
-4610.
-5033

'5475.

-5935 ~

-6413
-6910

-813 ~

-869
-9ze.
-989

'-L051

-1115 ~

-1181
-1249
-L318 ~

-1389
'1462

-1535
-16LL
-1687 ~

-1764
'1843

-1922
-2001

'2081

-2162 '





P
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ANALYS IS UF: BOI'TOH HEAD AND LOWER COURSE OF; CYLINDER
HANFORO -NO 2 CONT.A INMLNT 'VESSEL,
UNIFORM TEMP OF ?05 F OUE TO LOCA

BOOY Nu ~ 411

ST.AT I ON

1

2

6
7.
8
9

10ll
l2

13'.>

16
17
18
19
20

NORMAL

0.2087E 00
0 1925C 00
0 1 764 F. 00
0 1605E OU
0. 1449E 00
0 1296C

00'.1148800
0 1004 E 00
0. 866 7E-0 1

0 7355E-01
0-61 I.6E-O I
0. 4962E-0 1,
0 '90I.C-.Ol
0. 294 3C-0 1

0 2099L-0 l '

1380E-01
0.7985L-02

.0.3660L-02
0 95568-03

—,0 596OC-06

0 I SPLACEMEN TS
TANGENl'IAL

-0 2309E-01
-0 ~ 2211E-01
-0 2111E-01
-0 ~ 2007E-01
-0 1900E-01
—,0 1790E-01
-0 1677E-01
-0 1561E-01
-0 ~ 144 3E-01
-0 ~ 1321E-01
-0 1197E" Ol
-0 1071E-O„l
-0 '427E-02
-0 8122E-02
-0, 6799E-02
-0 5460E-02
-0 4107E-02
-0 ~ 2745E-02
-0 1375E-02
' 1304E-06

ROTATION

0 2064E-01
'0 2047E-01
0 2023E-01
0 ~ 1992 E-01
0 1952 E-Ol
0 1904E-Ol

,0 1846E-Ol
0 '779F-01
0 1701E-.01
0 1613C-01
0 1513E-01
0 l402E-Ol
0 1277E-01
Oe 1140E-Ol
0 9882 E-02
0 '223E-02
0 ~ 6410E-02
0 4441E-02
0 2307E-02
0~5943E-,07



I IIISGURGH-OI 5 MOINES SIECL COMPANY AXI SYMMETRIC SHELL PROGRAM AXE
PAGL 48 '

ANALYSIS 'OF" BUTTUM HEAD AND LOWER COURSE OF CYL INDER
HANFORD NO 2 CflNT A INMENT VESSFL
UN l FORM,T EMP -UF 20>. F DUE IU LOCA

'ODY

. NO ~ 411

STAT ION MEMBRANE STRLSSES

S IG-P HI S I G- THE TA

R

MEMBRANE + BENDING ON EXTREME FIBERS
OUT SI DE F I GERS INSIDE FIBERS

S I G-P HI 5 IG- THE TA Sl G-PH I, S l G- THETA

l,

2

5

'

'8
9

LOll
12
13
14
1'i

17.
L8
l9 .

20

LL3 ~

122 ~

L3l
1.4 1

l5 l
Lbl
172;
183
194
206.

'2l8
2 3'l
244
258 '
27L
285 ~

300

314'29»

344 ~

-25750
-26631

'?7497.

-28 351
-29192
- SOOL3
—S081'5,
-3 l58 7

.—,'$2330
—3'3040
-35710
-343S6 .

—34912 ~- 35434- ~

35895
—36290 ~

—)obL2
—36854
-37010.
-3/074

-3692 ~

-5609
-7659
-9845 ~

-12174-
—1464 7.
-17268
-20045.
-22977
-26070
-29330
-32756
-36352
-40125
-44072
-48198
-52508
-56998 ~

-61672
-66533

-27056
-28507 ~

-29990 ~

-31502
--33042

'34606,

-36191 ~

-37798
'39419

-4L054
-42699

'44348~

-45997 ~

-47644
'49282'

-50905
-52509
-54086
-55631
-57137

'918
'853.

7921
10126
12475
14968
17612
2041 I.

23366
'6483

29767
33218
36840
40640

'4615

48769
53101
57626.
62330
67221 ~

-24459
-g4 755.
-25004
-25201
-2P 441 ~

-25420 '
-25434
-25376;
-25242

'25025

-24721
-24324

'23027-
-23224

.-22509
-216 f5
-20 715
-19622.
-18390
-17010



'PITTSBURGH-DES HUINES STEEL CIIHPANY AXI SYHHETRI C SHELL PRGGRAH AX2
'AGE 49

'..C.E.WIANALYS IS- OF BO.I TOM HEAD A%0 LOHER COURSE OF CYLINDER
HANFORu NU. 2 CUNT AINMLNT VESSEL
UNIFORM TEMP. OF 205 F OUE TO LOCA

HOUY Nile 411 DESIGN STRESS INTENSI TY = 19300

ST'A T I Oil M I 0-SURFACE
S'l T 1T2T 3

OUTS IDE SURFACE
. SI 11T2T3

INSIDE SURFACE
S I T 1 T2 T3

1

2.

4
Ij

6
7
8

10
11
12'3

14
15

1(
18
19
20

26664 '
7602

285 3'3

29456
, '30 366
31260
'32134
32985

'3807

34596.
35348
s6058.
36719
3 7328
37877-
38360

'8772.

39105.
39353

'9508

¹

¹

27056
28507

'9990

'1502

33042
34606

'36191"
37798
39419
41054 ~

42699
'4348

45997
47644

'9282

, 50905
'2509

56998
61672
66533

¹

¹
¹
¹ ¹
¹

¹ ¹

¹ ¹

¹
¹

28377 ~

30608
'2925

35327 ~

37816
40389
43045'5787

~

48608
51508
54488.
5 7542
60667
63 864
6 7123
70444 ~

73822
77248

'0720~

84232

¹

¹

¹



0
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'PAGE 50

'NALYSlS UF BOTTOM. HEAD AND LOWER COURSE OF CYLINDER M.c-.<.< m
KANFURU No. 2 CONTAINMENT VESSEL
UNIFURM TbMP ~ OF 205 F DUE TO LOCA

BODY NO 412
4

STAT lON
N-VKI

STRESS RESUl.TANTS
N- THE TA M-Pft I M- THE TA 0-PHI

1
'

6
7

8

10
11
12
13

,14
1>
le
17
18
19
20

1 l.
13
lh ~

20

27
'1

36
40
45

57 ~

63 ~

69 ~

76
83 ~

'1

99
10 8.
117

—14856 ~

—15820
—16814
—17837- l 8887.
—19965 ~

-21069
-22199.
-23'352
-24527.
-25723
-26938 ~

-28 169
-29416~
-30673
-31940.
-33214
—34'+91.
-35767~
-37041

4659
4583 ~

4488
4374 ~

4237
4078
3895~
3687
3452

'188

2896
'572

2216
'826~

1401
939 ~

'38

-102
-685

-1310'375.

1351
1321
1286

'244

1195
1139
1076
1004

924
835
737
630
512
384
244.

-69
'244.

-432

-85
'109

'133

-160
-188

'217

'249

'282

-316 ~

-353
-39 1 ~

-431
-473 ~

-517
563 ~

-610 ~

-660
'711

-765.
-820 '



(



'PITtSGURGH-DCS, MHINCS STECL G3MPANY AXISYMMETRIG SHELL PROGRAM AX2
PAGE 5.l, .

4

ANALYS IS DF BOTTOM HEAD .AND LOHER GOURSE OF. GYl INDER ~.c
..'SF'ANFURD

NO. 2 GDNTAINMCNT VESSEL
UNIFORM TEMP ~ Uf 20i'~ F DUC TU LOCA

4

GDDY NO 412

STAT I ON
NORMAL

0 I SPLAGEMEN f S
'ANGENTIAL

~ RQTAT I ON

1

2
3

4
5
6
r
8

I.oll
12.
13 „

14
15
16
17
18
19
20

0 4955I.'0
0 4831L'0
0.4 702E 00
0 4570C 00
0 ~ 44354 00
0.4295L 00
0.4153~ 00
0 ~ 400? F. 00
0.3859C 00
0 37074 00
0.3553E 00
0.3397F. 00
0 ~ 3238L 00
0.30reE Ou

. 0 2916L. 00
0 ~ 2753E 00
0 2589E 00
0 2425E 00
0 2261C 00
0 2097E 00

-0 2399E-01
-0 2360E-01
-0 ~ 23 18E-'0 1.

-0 ~ 2273E-01
—0 2226E-01
-0.2175C-01
-0 2123E-01
-'0 206 7E- 01
"0 2008E-01
-0 1946E-01
-0 188 2E-01
- 0 ~ 18 14E-01
-0 1743E-01
-0 ~ 1669E-01
-0 159 1E-01
-0 ~ 1511E-01-
-0 142 7E-01
-0. 1340L-0 1

-0 1250F-0 1

-0 1156E-01

0 1551E-01
0. 1>9VE-01
0 1646E-01
0 1692L -01
0 1737E-01
0 1780E-01
0 1822 E-01
0 18618-01
0 1899E-O l
0 1933E-01
0 1965E-01
0 ~ 1993F-01
0 ~ 2018 E-01
0 ~ 2040E-01
0 2057C-01
0 ~ 2069E-01
0 2076E-01
0 '0788-01
0 2074E-01
0 ~ 2064E-Ol



IS
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PAGE 52 ~

ANALYS tS OF BOTTOM HEAD AND LOMER COURSE OF CYLINDER g.5+
HANFURU NO 2 CONfAINMENT VESSEL
UNIFORM fLMP. OF .105. F DUE TO LOCA

BODY NO. 4 1?

STAT ION, MEMBRANL SfRt.SSES

S IC;Pl! I S tu- fHETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE F IBERS INStDf. FtOERS

S I G-PHI SI G'- THE TA Sl G-PH I S I G-THET A

1

2

l~

6'7
8

LDll
12
L3

16
Lf
Lo
1.9

20

f
9ll

14 ~

L6.
19
22 0

2 Je
2.8
32
'S 5.
39
44
48
55
5H
6 5'.

75
81.

—10334
-1 L005
—11697
—1 2.408.
—13139
—1 S889 ~

-14657- L>443.
-10245
-Lf063.
—. 1 7894 ~

-18739
—19596
—20463
-21338
-22219
—23105
-2 9993
-24881.
-25767 ~

135,35
13317
13044 ~

-127.1 3

12319
11860
11332
10729
10050
9290
8444 ~

7508 ~

6479 ~

5351.
4121
2784.
1336-
—228

-1913 ~

372 3%

-634 3- 7083
-7860
-8675
-9528

-10419
-1134 9 ~

-12320
-13330 ~- 14379
-15469
-16598

'17767

-18977
-20224
-21510
-22834
-24194
-25590
-27021

'13520
-13298
-'1302 1

-12685
-12287
-11 023
-11288- I 0680
-9994

'9226

-8373
-7429
-6392

'5254

-4015
-2668.
-1209

36'f
2063
388

-14325
-14927

'15533

'16142

-16751 ~

-17359
-17965

'18566

-19160
'19746

'20320

'20880.

-2 1424
-21950
-22452
-22929

'23377

'23793

'24173

-2451.3 ~



PI IISlll)kCH-OCS kO IIYIS SI EI L COkPANY AX I SYMHE IkIC SIICLL PXOI;kAH AX2
PACE 53

''NALYSlSOF UOTTOH MFAU AND LOWER COURSE OF CYL1NDER . Z
HANFORD NO ? CONTAINMENT VESSEL
UN 1 FORM T EMP ~ OF 205 F DUB TO LOCA

BODY NU 412 DESlGN STRLSS lNTENS11Y = 19300

STA'T 1 ON' l D-SURFACE
S 1 1 1T2T3

OUTS1DE SURFACE
Sl Tl T2T3

INS1DE SURF'ACL
Sl Tl T2T3

1

2
.'3

5
6
7
8
9

10ll
12
13
14

18
19
20

104?7 ~

11123
11842
12582.
1 f343
1.4125

'4927.

'15749-
16589
17447
18320
19209
20112-
2102 7

219 52
22886.
23826.
24771.
'257 18
26665.

19878
20400
20904

'1387

21847
'2279

'268'1

2 3049
23380
23669

'3912

24106
24246

'4327

24345
'4294~

24" 169
24 1.94 ~

25590
2 1021

14325 ~

14927 ~

15533.
16142 '
16751
17359

'7965~ .

18566
19160 ~

'19746
'0320~

20880.
21424
21950
22452 ~

22929 ~

23377'4

1.60
26236
28399 ~,



1

P I f TSDURGH-DLS MOINES STEEL COHPANY AXISYMHETRI C Sl)ELL PROGRAM AX2
PAGE'4

ANALYS I S ()F 13OT f(IH ))LAO ANO LOWER COURSE Of" CYL I NOER „3E- ~-
I')ANFORU NO ~ 2 CONf A lNHLNT VL'SSI;L
l)NI FORM f FMP L)F 205 ~ F l)UE fO LOCA

BODY Nt) ~ 4 13

Sr Ar ION
N-Pll I

STRESS RESULTANTS
N- T))C TA H- T))ETA 0- P)-I I

2

4
5

7

8
9

10
11

.12
1$
14
15
16
17
18
19
20

—3
-3
-3
-3

-3
—3
-'5
-'3
-3

2 ~

2
—

1-'1

0
1'

~

3 0

r5

—,2142
-2559 ~

-, 3001 ~

-3469~
-3963 ~

4'8 5
5033
5610

-6216
'6850~

—1514
-8209
-8932
-968 7 ~- 10472 ~

-11288
—12134 ~

-'13012
'1s919.-

—14857

3818
3924
4027
4126

, 4221
4312
4397
4475
4547 ~

4612
4668

'.716.

4753 ~

4779
4794

'797

78r5
4 /59
4718
4659

1143
1175
1,205 ~

12 3,5 ~

1263
1289
1314
1338
1359
1378

''394

1408
1418
1426
14 30.
1430 ~

1426
1417
1404
1386

136
'32.

128
'23

'17

'11

104 ~

96.
86

'6

65
53 ~

;40
26
11
-6 ~

-24 ~

-43
-64

'86



Plt'TSBURGH-DES MOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 55

I

ANALYSIS OF BOTTOM HEAD AND LOWER COURSF OF CYLINDER
HANFORD NO 2 CON TA INMENT VESSEL
UNIFORM TEMP UF 205 ~ F DUE TD LOCA

BODY NO ~ 413

STAT ION

1

2
3
4
5
6
7

~ e
9

10
11

12'$

14
15
16,
I(
le
19
20

NORMAL

0 6593E 00
0 6540E 00
0 6483E 00
0 642 3E 00
0.6359E 00
0 '292E 00
0.62?2E 00
0 6148E 00
0.6070E 00
0 5989E 00
0 >«>0>F. OO

0 5814F 00
0 5721E 00
0 5624E 00
0 5524E 00
0 5419F 00
0 5310L= 00
0 5198E 00
0 508 1E 00
0 496 1E 00

0 I SPLACEMENTS
.TANGENTIAL

-0 4296E-03
—0 3696E- 03
-0 2987E-03,
-0 2161E-03
-0 1212E-03
-0 1335E-04

0.1081E-O3
0 2441E-03
0 ~ 3951E-03
0 5620E-03
0 7454E-0$
0 9463E-03

'0 ~ 1165E-02
0 '403E-02
0 ~ 1661E-02
0 ~ 1939E-02
0.22 $ 8E-02
0 2559E-02
0 ~ 2903E-02
0 32 71E-02

ROTATION

0 6598F-02
0 7000E-02
0 7413E-02
0 7837E-02
0 82 71E-02
0 ~ 8715 E-02
0 ~ 9167E-02 „

0. 9629E-02
0 1010E-01
0 1057E-01
0 1106E-01
0 1154E-01
0 ~ 1204 E-Ol
0 1253E-01
0 1303E-Ol
0 ~ 1353 E 0 1

0 1403E-01
0 ~ 1452E-01
0 1502,E-01
0 1550E-01





PitrSBURGII-,ULS MOINES SrEEL COMPANY AXISYMME)RIC SHELL PROGRAM AX2 "
PAGE 56.

ANALYS IS OF BUY YUM HLAI) ANI) LOWER COURSE OF. CYL INUER, W.C .~ S Eb
,HANFORD -NO 2 COMIT A IN~ aNT, VLSSCL
UN I FORH TEHP ~ Uf 205 ~ . F DUE I'0 LOCh

BODY NO 41,3

'TA'TION'EHBXANE STWESSI:S

S IG-PHI S I G- THETA

HEHBRANE + BENDING
OUTSIDE FIBERS

S I G-PHI S I G- THE TA

ON E X I'RE ME F I BERS
INSIDE FIBERS

S I G-PH I S I G- THETA

1

2

4
5

7'

9
10ll
12
13
14

15'6,

1'7

18
19
20

2 ~

2 ~

-2.
2 ~

2 &

2
2 %

2 %

2
2 ~

2 ~

-1

-0 ~

Oo
1 ~

I
2.
3 ~

4 ~

—1490 ~

—1780
-2088
-2413
-'2757.
—3120 ~

->501
3903

-4324 ~

-4766
-5227
"5710
-6214

'6739

-7285
7853 ~

-8441.
-9052.

9683
'10335

.

11085
'1392

'1691

11979~
12255
12517
12763 ~

12992 ~

13202
13390
13553
13691
1 3800m
13877
1392 1

13.92 8 ~

13896.
13821 ~

1370 1.
13532

'82
9

1630
1412
1'1 7 1

9 0 9 ~

624
315
-19 ~ „

-378
-765

-1179
-1623 ~

-2095 ~

-.2599
-3133
-3701
-4301
-4936
-5606.
-6311

-ll089 ~

-11397
-11695
-11983
-12259
-1?522
-12768
-12997

'13206

-13393
-13556.
-13693

'13801

-13878
'13921

-1392 7
-13893
-13817-
-13695+

, -13524

-4809
-5190
-5587.
-5998

'6623~

-6864
-7318
-7787
-8269

'8766

'9275.

-9798.
-10333

'10879

'11436

-12004
-1258 1

-13167
-13760
-14'.360 ~



ANAL S IS 0 (0 L
'ALF()RU NU. 2 C(IN T'A INMLNT VESSEL
UNIFORM TEMP. (>F 205. F OUE lO, LOCA"

OOOY NU. 414 ~ DES II'9 STRESS INTENSI TY = 19300 ~

t I TTSOuRGH-DES rOINES STEEL COMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 57 '

Y F ~ TTU l HEAl) ANO OHER COURSE OF CYL'INDER ~ ~.~.S g

STAT I()N

1
'

,3
4
r>

6 .
7

8
9

10 .

11.
12.
l3
14
15
16
17
18
19
20

MID-SU~IfACE
,S l l Illf 3

1631
19i7.
2220
2540
2878.
32 34
3608
400 1

441 3.
'48 44
5295
5765.
6256
6766.
7296
'78 59.
8467 ~

9098
9751

10427.

OUTS IOE SURFACE.
Sl l172T3

11085
11392

'1691

11979
1225'5
12517
12763
1301I. ~

13580
14155
14 733. ~

15313
15895
16476
17054.
17629

'8197

18757
'9306

19843.

INSl OE SURFACE
SI l 1T2l 3

11089
11397
11695 '
11983

'2259

12522
'2768

12997 ~

1'3206 ~

13393 ~

13556
1)693
13801.
13878
1.3921 ~

13927 ~

13893 ~

13817
13 760
14360 ~



Pill SBUKGII-Dl:.S Hi)IHLS STSCL CDHPAAIY AKI SYHHETRlC SIIGLL PRIIGRAH AX2
PAGE 58

'NALYSl S OF HOT TOM HEAD ANU LOWER COUR SE OF C YL lNOER ZL -~ +-~
,HANFURU: NU. 2 COHlTAI:NMt'AT VESSEL
UN l FORM TEMP. ()F 205. F UUL l f) LOCA

BOUY NU 414

STAT l ON
.N-PH l

STR'ESS RESULTANTS
N-THETA M-PHl M- THE TA 0-PH1

1

2

5
6
7

8
9

10ll
;,12

13
14
15
16
17
18
19
20

0.
0.
0,
0
0
0
0 ~

0
0
0
0.
0 ~

0.
0 ~

0 ~

0 ~

0 ~

0
0 ~

0»

1007
l. 163
1325 ~

1489
1652
1808
1951
2075.
2!. 70
2227»
2 23.7
2187
2065 ~

1856
'544

'114

'49

—170
—1061
-2141

'169 ~

-115
-50

30
125
236 ~

366
516 ~

688
881

1098
1337

'599

'88„2

2184»
2501
2830
3164

'497

3818

-5,1
-35
-15

9.'7-
71

110
155
206
264

'29

401'80 ~

565'55

'50

849
'49

1049
'146

21
26

',3l ~

38 ~

45
'2

61
70

'9

89
99

109 ~

ll9
127

')5

~

141
145
146 ~

143
136



0
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PAGE 59 '

ANALYS IS OF: BOTTOM NEAO ANO LONER COURSE OF CYLINOLR Z.-C .+.<I
HANrORO NO. 2 CONTAINMENT VESSEL
UNIFORM T EMP OF 205 F UUt TO LOCI

BOUY NO 4 L4

Sr Ar ION

'

1

2,
3

7
8

Lp
Ll

15
16
17
18
19
20

NORMAL

0 6996& 00.
0 7016E 00
0 7036E 00
0 705 7E 00
0.7078C 00
0 7098 E 00
0.7llfE 00
0 7133K 00
0 7145C 00
0 '1524 00
0 ~ 7154E 00
0 7147E 00
P 7131r PO
0 7105E 00
0.7065E 00
0 7009K 00
0 69 37C 00
0'+6844E 00
0 6730F. 00
0 ~ 659 1E 00

Or Sr LACEMENTS
TANGENTIAL

-0 4015E-01
-0 3711C-01
-0 3406E-01
-0 ~ 3102E-01
-0 2799C-01
-0 ~ 2495E-OL
-0 2192E-01
-0 1889E-Ol .

-0 1587C-01
-0 1284E-01
-0 ~ 9814E-02
-0 6788E-02
-0 376 LE-02
-0 ~ 7307E-03

0 ~ 2 304E-02
0 534 5E-02
0 8394E-02
0 1 L45E-OL
0 I 4 53E-0 L

0 ~ 1762C-01

ROTATION

-0 ~ 8470C-03
-0 8904E-03
-0 ~ 9157E-03
-0 9191E-03
-0 '961E-03
-0 84L9E-03
-0 ~ 75 L2E-03
-0 ~ 6 L80E-03
-0 4361E-03
-0 '989E-03

0 ~ 1003E-03
0 '686E-03
0 9129E-03

.0 144 OE -02
0 '055E-02
0 '764E-02
0 3572E -02
0 4480E-02
0 '489E-02
0 '598E-02



PITTSBURGH-BES MOINES STEEL,CUMPANY AXISYMMETRIC SHELL PROGRAM AX2
PAGE 60

'NALYSIS OF BO I TOM HEAD AND LOWER COURSE OF C YL I NDF R

HA@FORD NU 2 CUN TA INMENT VESSEI
UNIFORM TEMP. QF 205 F DUE TO LOCA

BODY NO 414

E
P

STAT ION

1

2

4

6
: 7

8

10
11
1.2

13
14
15
16
17
1H'v

20

0
0 ~

0
0 ~

0
0 ~

0
0 ~

O.
0
0
0
0 ~

0
0
0 ~

0
0
0
0

701
809
922.

1036
-1149
1258
1357
1443
1509
1549 ~

1.556
1522-
1436
l.291
1074
775
382

—118
-738

-1489

MEMBRANE STRESSES

S I G-P all S I G- THE TA

MEMBRANE + BENDING
OUTSIDE FIBERS

S I G-PHI Sl G- THE TA

-491 ~ '53 ~

-335 70
8'144,878

87 1062
362 1258 ~

686 ~ 1464 ~

1064' 1676
'5001893

1997 2108
2559 231.7
3188 2513
3883 2686
4643 2829 ~

5464 . 2930
6341 2976
7263 2954
821 7 ~ 284 7.
9188 ~ 2638 ~

10154 2 308 ~

11087 . 1837 ~

491 ~,
335

'44

~

-87
-361 ~

-685
. -1063 ~

-1499
-1997 ~

-2559
-3188.,
-388'3
-464 3

-5464
-6340

'7262~

-8217
-9188

'.10154

-11087

848
'09

'65.

10 I.O ~

1041 ~

1052
1038 '
993
910
782

'00

357
'4

~,

-348 ~

.-828
—1403

'2083

'2875

-3784
-4815

ON EXTREME FIBERS
INSIDE F IBERS

SIG-PHI 5 IG-THETA



0

0
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ANALYS IS OF BOTTOM MEAD ANU LOWER COURSE OF CYLINDER ~.G,.5.W
l)ANFORU NO 2 CON TA INMEINT VESSEL„
UNIFORM T EMP OF 205 F DUE TO- LOCA

BODY NU 414,UES IGQ STRESS INTENSI TY = 19300

STATION

2
3

4
5
6
7

8
9

10
1'1

1?
I)

17
lA
19
20

MtD-SURFACE
S I r lr2T3

723.
836M
954 ~

1075
1 l.96 ~

1313.
1421 ~

'1516 ~

1592
~ 1642

1660
1635 ~

1560
14 24
12 l5 ~

.922
534
304
887

1631

OUTS IDE SURFACE
SI rirZT3

1044
1043
1022
1062

'258

1464
1676
1893
2108 ~

2559
3188 ~

)883.
4643
5464
6341
7263
8217
9188

10154
11087

I NSI UE SURFACE
S I T I I 2 I"3

848
909
965

'097

'402

'738

2 1.02
2493 ~

2907 ~

3341 ~

3 788 ~

4240 ~

4686 ~

5464
6340
7262

'217

9188
10154

'1087~



Pl l TSBURGH-OES MOINCS STEEL COMPANY AXISYMMETRIC SHFLL PROGRAM AX2
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'NALYS'IS. OF BOTTOM HEAO ANO LOWER COURSE OF CYL INOER
HANFORU NO ~ 2 CONl A INl ENl'ESSEL
UNlfURM TLMP OF 205 F OUL TO LOCA

000$ NU. 502

STAT ION
N-'V) I I

S TRE SS ~ RE SUL TANTS
N- THE I'A M-PH I M-THETA Q-PHI

2

6„
7

8
'

10
11
I.Z
13
l4
15
16
lr
18
19
(0

-0 ~

-0
„-0.
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0.

-28
-37

„-47
59

-71
-83
-93

—101
—105
—102 ~

-90
-65
-24 ~

37.
1.22
230-
378.
JJ> ~

765
1007

Ui
8 ~

7 ~

4s
-1
-7

-16
-28

43
-60
-81

—104
—130
-155
—180 ~

-201
-215 ~

-218 ~

-205
—169

2 ~

2 ~

Zo
1

-0.
-2
-5
-8o

-13 ~

-18
-24

'31

-3,9
-47 ~

-60 ~

-65;
-65..'61.
-51

0
-0 ~-l.
-1
-1

2 %

-3
3 ~

-4 ~

-5
.-6
-6
-7
-7

-5 ~

2 ~

1

6 ~

13 ~



F'
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ANALYSIS'F. BOTTOM.HCAO, AID,LAHER COURSE OF CYLINDER
MANFORu NO. 2 CONTAINMENT VLSSCL
UNIFORM TEMP UF 20i F DUE TO LOCA

P

BODY NO 502

ST AT ION
NORMAL

DISPLAGEMENTS
TANGENTIAL ROTATION

I
2

5
6
7

8

10ll
ld
15
14
15
le
17
lH
19
20

0 686 3F. 00
0 686 lE 00
0.6860E 00

'0 68'iML 00
O.685 lv 00
0 '855E 0
0.6854& 00
0 68'> JE 80
0 ~ 685 3E 00
0.6853E 00
0.685>E OO
0.608HE 00
0 '864k. 00
0.6871E Oo
0.6882C

00'.6896C00
0 6915F 00
0.6937F Oo
0.6964E 00
0.6996C 00

-0 1383E 00
-0 1332E 00
-0'280E 00
-0 ~ 122 8E 00
-0 1 1 76E 00
-0 1125E 00
-0 ~ 107 3E 00
-0 1021E 00
-0 9696E-OI
-0 9 1'78E-0 1

-o.seeIL-OI
-0 ~ 8 144L-01
-0 762 7E-Ol
-0 ~ 7110E-01
-0 6593F-01
-0 60'76E-01
-0 ~ 5560E-01
-0 504 5E-01
-0. 4 530E-01
"0 4015E-01

0- 282 9E -04
0 '250E-04
0 3628E-04
0 '899E-04
0 ~ 39868-04'

~ 3788 f-04
0 3195C-04
0 2071E-04

'
2 750E-05

-0 '350C-04
-0 5959E-04
-0 1069E-03
-0 1667E-03

„-0 '396E-03
-0 '254E-03
-0 423 1E-03
-0 '299E-03
-0 ~ 6413E-03
-0 '503E-03
-0 ~ 8471E -03



0
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AWAiV'Sr S Or. ROrrnR RLrAu AVu LOWER CnuRSr: OF CVitNOeR
HAivFURU NO. 2 C()NIAINMENT VESSEL
UN I FURM TEMP. OF 205 )'UE IO LOCA

HOUY, NO 502

STATfON MEMBRANE STRESSCS

5 I G-P)if 5 IG- I HE TA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIOE FIHERS INSIDE F I HERS

SIG-PHI SIG- THE TA SI G-PH I SI G-T(IETA

l
2

4
lp

6
7

8
9

l0ll
12
I>
14

18
19
20

-0
-0-
-0.
-0.
-0.
-0
-0
-0
-0
-0
-0
-0-
-0
-0
-0
-'0
-0.
-0.
-0
-0

-19
-26
-33
-4 l.
-49.
-57
—65 ~

-71
-73
—71
-63 ~

"17.
26
85

163
26) ~

386
533
701

24
'3

19
11

2 ~

-.21
-47~
-81

—124
-176
-236 ~

-303
-3 I6
-451
-523
-584 ~

-625
-634 ~

59'491

-12
-19 ~

2 7 ~

-38 ~

-50
-64
-79
-95

-110 ~
—l24
-l33
—136 ~

-I.30,'110
~

72 ~

-12
76 ~

196
354 ~

553 ~

-24 ~

2 3 ~

-19 ~

-11
2 0

21
47
81

124
176
236
30) ~

376
451
523
584
62') o

6)4
595
491

27 ~

3 3 ~

-39'44

~

-49
=-51
-51
-46
-36
-18

8
46

'6'61,

242
338
451
576
711
848.
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'ANALYS lS, OF HOT'TQH Iht;AO ANO LOWER COURSE OF CYL lNOER
MANf-'ORO NO' CONTAlNHENl VL'SSLL
UNl'FORH TEMP t)F 205 i'UL lO LOCA

OAUY Nt) 50? Dt S l('N S I': SS IN TENS l TY = 19300.
I

- Srh'r 1ON ~ M l 0-SURI ACt;
S l T 1 l'2T 3

OUTS l UE SURFACE
S l T1T2T3

lNSlDE SURFACE
Sl T1T2T3

2'

4
5
6

f

10
11'2

l3
14

.15
lb
l7
l8
19
70.

19.
26
34
42
51
60
68.
74
78
76.
69.
52
24
$ 3

9l
168.
266
.387
> 39.
7 1.4

36
42 ~

46
49
50
64

'9.

95
'24

176
236
303

'76

'51

523
584

'01

830.
949

1044

27 ~

3 3 ~

39'4

'1

72 ~

98 ~

128
160
194

'36.

303
376 .

451
523

- 584 ~

625
634
711
848.





,ANALYS IS Uf. B()T T()M HCAD AND LOHER COURSE OF CYL INDCR
HANFORO 'Nu. 2 CON( A IWMEur VLSSEL
()NIFoRM rEMi . UF 2o~. F DUE ro LUCA

P I l'I S BUr('GH-DCS M(3 INES'
LENT.L

COHPA'SY A XI SYMML'TRIC SHELL PROGRAM AX2
PAGE 66

~, F, ~ M.c .4.c ~

BODY NO. 600

STAT lOrs
N'- l'ls I

STRESS RLSULTANTS
N-THCTA M-PH I M- THETA Q-PHI

ro

1

4

7

8
c

1.0ll
12
13'4

Ib
16
I/
18
19
20

-0.
-0
-0 ~

-0'0

.-0 ~

-0
-0-
-0.
-0
-0 ~

()

-0
-0
-0
-0
-0

~ -0
-0

-l,
-1
-" 0.

0
-1

2.
2 0

3 ~

3 ~

4.
4
4
4
3
1

-1
-6

-12
-20

-0
-0 ~

-0
-0 ~

-0
-0'0

-0
0
0
1

1

2 0

3 0

4i

6
7
8
8 ~

-0
-0 ~

-0.
-0
-0 ~

-0
-0
-0 ~

0
0
0 ~

Ue
lo
1

1

1

2 ~

2 ~

2 ~

3 ~

'-0
-0
-0
-0
-0
-0
0.
0
0
0
0
0
0
0
0.
0
0
0
0,
0
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PAGC 67 ~

',A>VALYS[S OF UO( C()M Ht AO AVD LOWER COURSE OF CYL INDFR
IlA'VI i)RD NU 2 C()N[A [VMC>VT VtSSLL
UN [F()RM T EMP. OF 205. l-'Ut; TO LOCA

M.c

BOI)Y NU 600

STA['ON

l.,
2

4
5
6
l
8
9

[.0
[[
12
[3
14li
16
17
18

20

'()RMAL

0 6865 E 00
0 6865E 00
0 686>E 00
0 ~ f>865C 00
0 6869K 00
0.6865C 00
0 68668 00
0 6866C 00
0 '866C 00
0 6866E 00
0.6866E 00
0 6866E 00
0 6866K 00
0 6866l-: 00
0 bH6(>E 00
0 6065[ 00
0 6865C 00
0.6A64E 00
0 f8brC 00
0. 6H6.SL: 00,

0[ SPL ACEMENTS
TANGENTIAL

-0 2487E 00
-0 2429E 00
-0 ~ 2371C 00
-0 2313C 00
-0 2255E 00
-0 2 197t 00
-0 2 139E 00
-0 208[.F'0
-0 2022C 00
-0 1964E '00 .

-0 1906E 00
—0 184 8E 00
-0 1 790E 00
-0 1732E 00
-0 1674E 00
-0 1616E 00
-0 1558E 00
-0 1500E 00
-0 144 1C 00
-0 1383E 00

ROTA T I ON

-0 ~ 122 3 E-05
-0. 1250E-05
-0 1297C-05
-0 ~ 1374F-05 „

-0 1502E-05
-0 1658E-05
-0. 1822E-O5
-0 1954E-05
-0 2009E-05
-0 1914E-05
-0 1585 E-05
-0 9152E-06

0 1993E-06
0 1893E-05
0 4283E-05
0 7471F.-05
0 1152E-04
0. 1643C-04,
0 2211E-04
0 '829E-04
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PAGE 68

'NALYSIb „OF BOTTOM IIt:AU 'AND LOHER COURSE OF CYLINDER 3E-~-~- l~
HANFURU NU ~ .,2 C()Nl'AINMENT VESSLL
UNIFORM TtMP ~ Uf. 205 ~ F DUE TU LOCA

BODY NO 600

STAT l ON MFMBRANL Sl'RESSES

S I G-PIIl S I 0- THETA

MEMBRANE + BENDING ON EXTREME FIBERS
OUTSIDE FIBERS INSIDE FIBERS

SIG-PHI „SIG-THE TA SIG-PHI SIG-THETA
E

1

2
3
4

6
1

8

IO
I I.

l i!
13
14
15
16
17

'8

19
20

-0.
-0 ~

-0
-0
-0
-0
-0

0 %

-0
-0
-0
-0
-0
-0

0 e

-0
-0.
-0
-0
-0

—1-
-1
-0

0
0
1

1

2
2 ~

3 0

3

3.
3e
3

2 0

-1
4 ~

-9
-15

-0 ~

-0.
-0
-1
-1
-1
-1
-0

0
1"

2
4 ~

6
9 ~

13
17.
21
24 ~

28
29

"1
-0
-0

0 ~

1

1 ~

2 ~

3 ~

4 ~

5
5-
6
6 ~

6
5
3 ~

-1
-6 ~

0
0
0 ~

0.
1

1

1 ~
',

-0
-1

2
-4
-6 ~

-9.
—.13
-17
-21
-25
-28 ~
-'2 9 ~

-1
-0

0
0.
1

1

1'.
2 ~

2 ~

2 ~

2 0

2 ~

1

0 ~

-1

7 4

-12
-17.
-24 '
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'NALYSISOF BOTTOM HF.AD ANU LOWER COURSE OF CYLINDER
HANFORD'NO ~ 2 CONTAI1VHCNT VESSEL
UNIFORM TEHP UF 205 F DUL IO LOCA

f30DY NU 600 ~ Dl'S IG'V STRESS INTENSITY = '9300 ~

M.4

STAT ION

I

6
7

8
9

10ll
12
l3
14

l6

l9
20

HID-SURFACE
-iS I T', T 2 T S

I-
l
0
0.
0
1-
l.
2 ~

2 ~

3 ~

.5»

3.
l.
I-
'J o

9
15.

OUTSIDE SURFACE
Sl " T1T2T3

I
1

0
l.
1

I
2 0

2 ~

2 ~

3 ~

4~
5
6
9 ~

13
17 ~

21-
24
28 ~

55

INSIDE SURFACE
Sl r 1r2T>

1 ~

1 ~

0
0
1

1

1

2 0

2 ~

3 ~

5
6
8 ~

10
13

'7

21
25 ~

28
29 ~
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ANALYSIS OF BOTTOM HELLO ANO LOHER COURSE OF CYLINOER
HANFORU NO 2 CA'lT'A I IMBNT VESSEL
UNIFORM TEMP. 0F 205. F OUE TO LOCA

C .WQZ

HOOY NO @00

STAT ION
N Pflf

STRESS RESULTANTS
N-THEra M-PHI M- THE TA Q-PHI

I
2

4
5.
6
7

10
11
12
13
14
l5
16
17
IH

20

-0.
0
I.

2 ~

2 0

3

4 ~

0

5.

6
6
7 ~

7.
I
8
8

273
27'0 ~

273
Z72
272
271.
271
270
270

'69

269
'69

Z68
268
267 ~

267
266
266

'66~

265

-0
-0-
-Oi
-Oo
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-Oo
-0
-0
-0
-0

-0 ~

-0 ~

-0 ~

-„0 ~

-0
-0
-0
-0
-0
-0 ~

-0
-0 ~

-0
-0 ~

-0 ~

-Oi
-0
-0 ~

«0
'-0 ~

0,
0. ~

0
0
0 ~

0
0
0 ~

0 ~

0
0
0 ~

0 ~

0
0 ~

0 ~

0
0
0
0



I
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AhnLYS IS,OF t<OTIQM IICAO ANU LUWER COURSF UF CYL'INOER'" '
~

~

~
«I

I
~

II

~

(~I~
~

~
~

I~

i ~

~ ~

I »
!I
»

tlANFQRU NU,2 CU'IT A I AMENT 'ESSEL
UNIFORM TEMP. OF 205. F OUC rO LOCA

HOCY NU 500

STATION
VOrCMAL

OISPLACEMENTS
TANGENTIAL

'

ROTATION

2
5

7-

8
9

10''1

12
Id
14
I~
16
17
18
19
20',

0. 2612E-0 I.

0 ~ 274 5E-01
0 ?H14C-Ol
0 2HHSE-0 I
0. 2") >uE-01
0 302 78-01
0 3098C-Ol
0 516')E-0 1

0 3 239 E-01
0 3310E-01
0 330 IL'-0 1,
0,54 5,1C-O 1

0 5522L-OI.
0 5592C-01
0 3665E-0 1

0 ~ 37 5 3E-01
0. 5H04E-01 .

0- 5H74E-OI
0 'I945t-0 I..

0 40 15t:-01

0 6786E 00
0 6797E 00
0 680 HE 00
0» 6 819E 00
0. 6830E 00
0 684 1E 00
0 685 2E 00
0» 686 3E 00
.0 6874E 00
0 6885L 00
0 6896t.. 00
0 690?E 00
0 691 8F 00
0. 692 9C 00
.0»6940E 00
0 695 1E 00
0. 6962E 00
0 69 73E 00
0 6985F.. 00,
0 6996E 00

0
-0.
-0
-0
-0
-0.
-0
-0
-0
-0.
-0.
-0
-0 ~

-0 ~

-0
-0
-0
-0.
-0
-0

8547E-03
8543t;"03
8539E-03
8555E-03
8530E-05
8526L-03
8522K.-03
851HE-03
85 14E-03
8510E-03
8506C-03
8502E-03
8498C-03
8494E-03
8490E-03
8486E-03
8482E-03
847HE-03
8474C-03
8471E-03
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. ANALYS IS UF BOTTUN HEAD ANU LOWER COURSE OF CYLINDER
ttANFORI)'NOD 2 CONTAINMENT VESSEL
UNIFORM TLMP OF 205 F DUL I'0 LOCA

uODV ~u. 500

~'.c .%$ 4

STAT ION -MEMVRANL SrRESSES

S IG-PHI 6 It -THE fA

MEMBRANE + BENDING ON EXTREME F I BERS
OU f'SIDE F I HERS INSIDE FIBERS

SIC-PHI SIu- THE TA Sl G-PHI SIG-THETA

1

7
8
9

LO

11

13
Ls
15
16
17
18
19
?0

-0
1

2 ~

~ 5
bs
7

He
I)

10
l.? .
I 4.
14
15
16.,
1/.
18
20
21
22

729 ~

728
127
726.
724
723
722.

'21

720
718
717.
716.
715
714
713
712.
7 LO.
709
708 .

707.

-0
1

2 ~

3 ~

5 ~

6
7 ~

8
9i

10
12.
1.3

14
'5

16 ~

17
18
19.
2L
22

720 ~

719
718
717
715
714
713 ~

712
711
7LO
709
707+
706
705 ~

704 ~

703
702 ~

701 ~

700
698

-0
1

2 ~

3 ~

5
6i
7 0

8+
9 ~

11
12
13
14
15

'6

~

17.
19
20 ~

21
'2

738 ~

,737
.736.
734 ~

733
732
731
730
728

'27'
726

'25

724
'23

721
720
719 ~

718
717

.'7'L 6'



e
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PAGL 75 ~

ANALYS IS UF HOT) (JH ))LAD AND LOWER .COURSE'F CYL INDF R +.C
)-IAi'LFORD NU ~ 2 CUNI'A IVHLNT VESSEL
UNIFURM TEMP 'F 705 F DUE TO LOCA

BODY NC =500 DESIGN STRLSS INTENSITY = 19300

ST'AT I UN HI D-SURFACE
Sl rtrZT3

UUTS IDE SURFACE
SI . T1T2T3

INSIDE SURFACE
SI Tl T2T3

1

2

4
5
6
7
8
9

IO
11
12
1*5

14
1'i
Ib

A 17
,I 8
19
20

729
728.
727.
726
724

'73.

722.
721
720
7 18.
717.
716
r i~.
714
713 ~

712
7)0.
709
708.
707

720.
719.
718
717
715
714.
713.
712-
711
710

'09

707-
706
705
704.
703
702
701
700 ~

698

73
8'37

736
734 ~

733
'32

731
730
728 ~

727 ~

726 ~

725
724 ~

723
721
720
719 ~

718
717,
716
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