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SEISMIC EVALUATION OF TANK 241C106 IN SUPPORT OF RETRIEVAL ACTIVITIES 

1.0 INTRODUCTION 

Tank 241C106 (C106) i s  a domed, single-shell high-level waste storage 
tank tha t  has been i n  service i n  the 200 East Area of the Hanford S i t e  
since 1947. 
center-to-center spacing. Each o f  the tanks i s  approximately 75 f t  i n  
diameter, 24-f t  high a t  the haunch, and 33-ft h igh  a t  the dome apex. The 
level of waste i n  C106 and the associated thermal environment have varied 
throughout the l i f e  of the tank w i t h  the peak temperature i n  the concrete 
reaching approximately 300 "F  a t  the base o f  the tank i n  the mid-1970's 
(Bander 1992). 
since tha t  time t o  approximately 200 "F .  The peak temperature occurs a t  the 
inside bot tom o f  the tank; concrete temperatures i n  the wall and dome are less  
than 130 "F. 
approximately 7- t o  8-ft deep. The tank is  completely buried i n  dry, sandy 
soil t o  a depth o f  approximately 6 f t  a t  the dome apex. 
l i e s  approximately 300 f t  below the base of the tank. Figure 1.0-1 shows a 
schematic view of the tank; Figure 1.0-2 shows a schematic cross-section o f  
the s i t e .  

Tank C106 i s  one of twelve tanks i n  a 4 x 3 array w i t h  a 100-ft  

The calculated peak temperature i n  the concrete has decreased 

The waste inside the tank i s  primarily solid matter 

Bedrock a t  the s i t e  

The in si tu evaluation o f  C106 documented i n  Julyk 1994 includes only 
the e f fec ts  of gravity and thermal loads. 
C106 considering only horizontal excitation (Moore 1993) demonstrated the 
finite-element program SASS1 (A System for Analysis of Soil-Structure 
- Interaction) (Lysmer e t  a l .  1991a and 1991b) and provided an estimate o f  
seismic effects  inc luding  soil-to-structure interaction (SSI). 
seismic evaluation expands on the preliminary seismic evaluation (Moore 1993) 
t o  include fur ther  verification and refinement o f  analysis parameters, 
quanti f i cat  i on of tank-to-tan k and waste-to-tan k i nteract i on ,  and exami n a t  i on 
o f  the e f fec ts  o f  vertical  seismic excitation. The concrete s t ructure  o f  t a n k  
C106 i s  c lass i f ied  as a Safety Class 1 non-reactor structure (Kidder 1993) i n  
accordance w i t h  the definit ion given i n  SDC 4.1 (1993). 

A preliminary seismic evaluation o f  

T h i s  f inal  
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Figure 1.0-1. Schematic o f  Tank 241C106. 
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Figure 1.0-2. Site Cross Section. 
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2.0 SCOPE OF WORK 

T h i s  work completes the structural evaluation of C106 in s u p p o r t  of 
retrieval ac t iv i t i e s  by performing a refined seismic analysis, combining the 
resul ts  with nonseismic response t h a t  includes the effects of retrieval 
act ivi ty  loads, and evaluating the combined response against code-based 
section capacities (ACI 1990). The i n  s i t u  condition of the t a n k  calculated 
by Julyk (1994) i s  the baseline condition for  calculating the seismic 
response. The evaluation considers combined seismic and nonseismic loads in 
accordance with the provisions of ACI 349-90 (ACI 1990) .  Sensit ivity studies 
are performed t o  quantify the effect  of analysis uncertainties. 

reactor Safety Class 1 structures, the seismic hazard is  based on the Newmark- 
Hall response spectra anchored t o  a peak horizontal ground acceleration of 
0.2 g. 
effect of a 100-ton l ive  load .  
horizontal seismic excitation i s  neglected. 

In accordance with the Hanford P l a n t  Standards (SDC-4.1 1993) for  non- 

The analysis of the tank for vertical seismic excitation includes the 
The effect  of the l ive  load on response from 

In any seismic analysis the calculated seismic response i s  b u t  an 
approximation of the actual seismic response. 
seismic evaluation, uncertainties associated with dynamic soil properties and 
with the inherent inaccuracies of an approximate analysis approach are 
considered. In accordance with seismic analysis standards (ASCE 1986, 
NUREG 1989), these uncertainties are addressed by using best-estimate values 
of soil  shear moduli as well as bounding values of 50% and 200% of 
best-estimate moduli. 

To maintain conservatism in the 

Uncertainties i n  the i n  s i t u  s ta te  of the reinforced concrete are 
addressed by calculations of the seismic response using best-estimate and 
lower-bound values o f  tank section and material properties. The  best-estimate 
values are congruent with the calculated in s i t u  cracking s t a t e  of the 
concrete and with best-estimate concrete moduli. The values defining the 
lower bound of the tank s t i f fness  are based on assumed widespread cracking of 
concrete sections and pseudo-lower-bound concrete moduli equal t o  87% of the 
best-estimate modul i . 

Response of the tank from nonseismic loads i s  computed with the 
nonlinear finite-element program ABAQUS (HKS 1989) using the model discussed 
i n  Marlow (1994). 
o u t p u t ,  and a brief description o f  the nonseismic finite-element model are 
provided herein. 
appear i n  Marl ow. 

t a n k  are analyzed for  seismic loads and evaluated t o  AISC acceptance c r i t e r i a  
(AISC 1992). 

Input runstreams for  the nonseismic analysis, computed 

Details of  the ABAQUS model and nonseismic analysis approach 

The vertical  r i se rs  extending from the t a n k  dome t o  the pits above the 
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3.0 CONCLUSIONS 

Tank C106 was structurally evaluated for combined seismic and nonseismic 
response. 
tank evaluations (Julyk 1994, Marlow 1994), the evaluation showed t h a t  a l l  
reinforced concrete section demands from seismic l o a d  combinations (which 
include unfactored nonseismic loads) were less  t h a n  the section capacit ies.  
Section capacities were consistent with the lower-bound (95/95) concrete 
compressive strength as computed by the ANACAP-U material subroutine for 
Hanford concrete (James 1993) in the C106 in s i t u  analysis (Julyk 1994).  The 
C106 vertical  steel  r i se rs  were evaluated t o  AISC acceptance c r i t e r i a  
(AISC 1992).  
allowables. Riser demands from nonseismic loads  were assumed t o  be 
negligible. 

Using the ACI 349 code-based approach as documented i n  nonseismic 

Riser demands from seismic loads were found t o  be within code 

Tank axial forces and bending moments from nonseismic loads  were found 
t o  be significantly larger t h a n  the corresponding demands from seismic l o a d s .  
Nonseismic loads controlled.for transverse shear demands in the t a n k  while 
seismic l oads governed for  in-pl ane shear demands. 
combinations (sei smi c 1 oads p l  us unfactored nonsei smi c 1 oads) were 1 ess severe 
in terms of t a n k  response than  the nonseismic load combinations (nonseismic 
1 oads with 1 oad factors).  

Further, sei smic 1 oad 

The seismic analysis considered three sets  of soil moduli. The lower- 
bound soil  moduli case resulted in the largest values of tank response while 
the upper-bound soil  moduli case resulted in the smallest values of t a n k  
response. Tank response was measured primarily in terms of internal bending 
moments and axial forces. The largest demands (those from the lower-bound 
soil  moduli case) were used in the final structural evaluation o f  the t a n k .  

Horizontal seismic response in the wall and dome computed with the best- 
estimate t a n k  s t i f fness  model was three- t o  four-times larger t h a n  response 
computed with the lower-bound t a n k  st iffness model ( b o t h  analyses used 
best-estimate soil  properties). Conversely, peak seismic response i n  the base 
of the tank was larger for  the lower-bound t a n k  s t i f fness  condition. 
larger of the horizontal seismic demands from the lower-bound tank s t i f fness  
condition and the best-estimate tank stiffness conditions were considered in 
the structural  evaluation of  the t a n k  presented i n  Appendix L.  
tank s t i f fness  condition based on circumferential rather than meridional 
reinforcement would n o t  represent a significant deviation from the 
best-estimate tank s t i f fness  condition; therefore, such an upper-bound t a n k  
s t i f fness  condition was n o t  included in the seismic analysis. 

The 

An upper-bound 

Seismic tank-to-tank interaction was small b u t  nonetheless was included 
in the seismic evaluation. - I n  computing the tank-to-tank interaction, the 
effect  of only one adjacent t a n k  was considered and t h a t  tank was assumed t o  
be identical t o  C106 (no difference in contents, in s i t u  loads, or materials). 

The component of seismic response from vertical excitation was 
significant compared t o  the component from horizontal excitation. The 
vertical  excitation response, in fact ,  was shown t o  be larger t h a n  the 
horizontal excitation response in some cases, e.g., meridional response in the 
dome and the upper p a r t  of the wal l .  Further, a . la rge  vertical amplification 
of motion, resulting in an acceleration approximately equal t o  2.0 g a t  12 Hz, 
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predicted at the tank dome. A comparison of results of vert i cal 
tation analyses showed the effect of a 100-ton live oad over the dome 

apex to be negligible except near the dome apex, i.e., the effect was highly 
localized. The conclusion was that the consideration of live-load mass in the 
seismic analysis is of minor importance. 

Seismic response computed with SASS1 with only seven analysis 
frequencies and a maximum (cutoff) frequency o f  13 Hz was judged to be 
adequate, a judgement based on a comparison with response computed by use of 
18 analysis frequencies and a cutoff frequency of 24 H z .  To ensure accuracy 
of results for evaluation purposes, however, a cutoff frequency of 24 H z  was 
maintained with no fewer than 11 analysis frequencies. 

3 - 2  
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4.0 SEISMIC ANALYSIS METHODOLOGY 

Two approaches are commonly used for the dynamic analysis of SSI 
problems. The spring-damper or 1 umped-parameter approach tradit ional ly  used 
in SSI analysis generally i s  believed t o  be less  rigorous t h a n  the more 
recently developed finite-element impedance approach. 
solve three-dimensional (3-D) SSI problems with the finite-element method; 
therefore, the impedance approach i s  used for the seismic analysis of 
t a n k  C106. 

I t  i s  now practical t o  

The SASSI finite-element code i s  used for the seismic analysis and 
combines the Si te  response analysis, the SSI or impedance analysis, and the 
structural  analysis in one software package. The program SHAKE 
(Schnabel e t  a l .  1973) performs an independent soil-column analysis and i s  r u n  
as a precursor t o  SASSI t o  determine i teratively the strain-compatible soil 
properties used as input t o  SASSI. 

In a finite-element approach t o  the SSI problem, a l inear  substructuring 
methodology i s  followed whereby the SSI problem i s  subdivided into a number of 
simpler sub-problems. The sub-problems are solved separately, and the results 
are combined by the principle o f  linear superposition t o  obtain the complete 
solution. 
method of substructuring with three substructures. 
free-field s o i l ,  the excavated so i l ,  and the C106 t a n k  with i t s  near-field 
so i l .  
boundaries. 
dissipation and avoids unrealist ic reflections of waves off boundaries t h a t  
would be encountered w i t h  a f i n i t e  representation o f  the so i l .  The free-field 
soi l  i s  modeled with horizontal, viscoelastic soil  layers of varying thickness 
overlying a "rigid" basalt base. The soil layers become s t i f f e r  and denser as 
depth increases. 
determined via an i t e ra t ive  approach in the SHAKE program t o  obtain soil  
properties consistent with the effective strain prof i le  in the free-field 
associated with the horizontal seismic excitation. 

With SASSI, the SSI problem is.solved v i a  the f lexible  volume 

The s i t e  soil i s  represented as a continuum by use of transmitting 

The substructures are the 

This approach allows proper wave propagation and energy 

The s t i f fness  and damping properties of each soil layer are 

The SASSI code i s  subdivided into several modules. The functions of t h e  
key modules as stated in the SASSI documentation (Lysmer e t  a l .  1991a and 
1991b) are summarized below. 

SITE: In mode 1, SITE forms and solves the transmitting boundary 
eigenvalue problem for  Rayleigh and Love wave cases. In mode 2 ,  
the mode shapes and complex wave numbers defining wave propagation 
speed and decay i n  the horizontal x-direction for  each wave type 
are computed. Knowing the wave types of the seismic environment 
and the nature of the control mot ion ,  SITE scales and superimposes 
the results o f  the wave types t o  o b t a i n  the free-field 
displacement amp1 i tudes a t  the interaction nodes. 

Using the eigensolutions computed by SITE and the soil layer 
properties, POINT solves for p o i n t  loads a t  the surface of each 
soil  layer in the embedment zone. The point l o a d s  are computed 
for  each specified frequency and depend on the radius of the 
central zone specified by the user. 

POINT: 
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HOUSE : HOUSE computes the frequency-independent global mass and stiffness 
matrices for the structure and excavated soil. 

ANALY S : For each frequency, ANALYS computes the complex dynamic stiffness 
matrices of the structure, the excavated soil, and the free field. 
The last matrix is referred to as the impedance matrix. The three 
matrices are assembled into the stiffness matrix of the total 
system, which includes the effects of mass and damping. The load 
vector is computed by multiplying the impedance matrix with the 
free-field displacement amplitudes. 
solved to obtain the uninterpolated acceleration transfer 
functions relative to the control motion. 

The equations o f  motion are 

MOTION: MOTION uses a fast Fourier transform (FFT) to convert the control 
motion into the frequency domain. Transfer functions from ANALYS 
are multiplied by the control motion to compute nodal 
accelerations in the frequency domain. 
transformed back to the time domain via an inverse FFT algorithm. 
At the analyst I s request , corresponding response spectra are 
computed. 

Using transfer functions from ANALYS and stiffness matrices of the 
structure from HOUSE, STRESS calculates stresses, forces, or 
moments for each specified element at each frequency. Through 
interpolation and convolution with the control motion, and 
application of the inverse FFT algorithm, time histories of 
response are obtained. 

These accelerations are 

STRESS : 

Appendix B contains independent calculations of the numerical operations 
performed by MOTION. 
clearly details of the numerical operations and to assist in providing a 
general illustration of some of the theory incorporated into SASSI. 

These independent checks are provided to demonstrate 
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5.0 SEISMIC FINITE-ELEMENT MODELS 

The seismic response of tank C106 was calculated by the SASSI code with 
3-D 1 i near f i ni te-el ement model s . 
model described in Section 5.1 and derivatives of the baseline model described 
in Section 5.3. Val idation and sensi t ivi ty  studies supporting the development 
of the baseline model are described in Appendix A. Baseline model derivatives 
were developed t o  quantify tank- to- tank  interaction (TTI), t o  investigate the 
effects  of uncertainties in dynamic soil properties or in t a n k  s t i f fness ,  and 
t o  evaluate t a n k  r i se rs .  

The model s i ncl ude a "basel i ne" quarter- 

5.1 GENERAL DESCRIPTION OF BASELINE MODEL 

The SASSI baseline model for  calculating seismic response t o  a 
horizontal excitation i s  a 3-D quarter-model employing a vertical plane of 
symmetry parallel t o  the excitation direction and a vertical plane of 
antisymmetry perpendicular t o  the excitation direction. 
the centroidal axis of the t a n k  in such a way t h a t  on ly  one quadrant  of the 
system i s  modeled explicit ly,  hence the designation "quarter-model. 
case of a vertical excitation, the antisymmetry plane i s  replaced with a 
second symmetry plane. 
interaction (TTI); TTI i s  addressed via a half-model as described in 
Section 5.3.1. 

Both planes intersect 

In  the 

The baseline model does n o t  account for  t a n k - t o - t a n k  

The baseline finite-element model i s  shown in Figures 5.1-1 and 5.1-2. 
Figure 5.1-1(a) and 5.1-1(b) show the near-field soil  and the tank, 
respectively, which together make up the structural model. 
concrete base, wal l ,  and dome of the t a n k  are modeled with thin-shell elements 
(680 elements). The near-field so i l ,  which i s  considered part of the 
structural model, i s  modeled with solid elements (1,450 elements). The 
near-field soil  mesh extends 50-in. radially outward from the tank wa l l ,  
74k-in. above the dome apex, and 28-in. beneath the t a n k  base. Eight-node 
bricks (third-order integration) as well as degenerate eight-node elements 
(tetrahedrons, wedges, pyramids) are used in modeling the near-field so i l .  
All degenerate elements use fourth-order integration. Val idation of the 
degenerate elements i s  provided in Section A.2.1 of Appendix A. 
near-field soil  i s  included. i n  the structural model primarily t o  f a c i l i t a t e  
the transit ion from the refined t a n k  geometry t o  the. relatively coarse 
horizontal soil  layering. Nodes are shared by the t a n k  and near-field soil  a t  
the tank-soil interface. Shell-element numbers and associated node numbers 
corresponding t o  the tank mesh in the baseline quarter-model are provided in 
Appendix S. 
provided in Tab1 e 5.1-1 under the heading of "Quarter-Model . 

The reinforced 

The 

Element numbers relevant t o  the structural evaluation are 

The role of the steel l iner  in a single-shell t a n k  i s  essentially t h a t  
o f  an impermeable membrane with no intended role as a structural component. 
For this reason and because the issue of disparate coefficients of thermal 
expansion between steel and concrete i s  irrelevant from a seismic viewpoint, 
the l i ne r  i s  n o t  included in the seismic model. Waste inside the t a n k  i s  
modeled as described in Section 5.2.3. 

Figure 5.1-2 shows the excavated soil ,  which i s  modeled with 480 solid 
elements and occupies the same volume in space as the structural model. Only 
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t h e  nodes on the outer radius and bot tom of the excavated soil  are coincident 
with corresponding nodes in the structural model. 
excavated soil model are the prescribed interaction nodes. Thus, the vertical 
spacing of the nodes in the excavated soil as shown in Figure 5.1-2 i s  
indicative of soil-layer thicknesses. Additional layers of soil are included 
in the s i t e  response analysis in such a way t h a t  soil i s  defined t o  bedrock a t  
a depth of 330 f t  from the ground surface. 

These 558 nodes of the 

The HOUSE input f i l e  for  the baseline quarter-model for a horizontal 
excitation appears in Section 1.1 of Appendix I .  

5.2 MATERIAL MODELING 

Sections 5.2.1, 5.2.2,  and 5.2.3 discuss the approaches used in modeling 
t h e  s o i l ,  the reinforced concrete, and the t a n k  waste, respectively. 

5.2.1 Soil Modeling 

Soil i s  modeled as a viscoelastic material. As there are no t e s t  d a t a  
available for soil a t  the C106 s i t e ,  the Grout Vault soil  testing report 
(Dames & Moore 1988) was used as the primary basis for the C106 seismic soil 
properties. Of al l  the s i t e s  where soil t e s t  d a t a  were available, the Grout 
V a u l t  s i t e  best f i t  the C106 s i t e  profile.  

The best-estimate soil properties were developed with the following 
approach. 
d e p t h  and effective s t ra in ,  percentage of c r i t i ca l  damping as a function of 
effective s t ra in ,  and a horizontal control motion a t  the ground surface are 
provided as input t o  the computer program SHAKE (Schnabel e t  a l .  1972).  
variation o f  density and shear modulus with depth i s  taken from the Grou t  
Vault soil testing report (Dames and Moore 1988) while the variation of shear 
modulus and damping with effective s t ra in  i s  taken from an Earthquake 
Engineering Research Center report (Seed and Idriss 1970).  Data used are 
those corresponding t o  the upper-bound shear modulus degradation curve and 
lower-bound damping curve published in the report. An absence o f  d a t a  has led 
t o  the assumption t h a t ,  for a constant value o f  effective s t ra in ,  damping does 
n o t  vary with depth. The horizontal control motion provided as input t o  SHAKE 
i s  described in Section 6.1. SHAKE calculates the motion t h r o u g h o u t  the depth 
of the free-field so i l ,  on the assumption t h a t  motion arises solely from shear 
waves propagating vertically from bedrock th rough  a horizontally layered s i t e .  
The computation of free-field motion by SHAKE i s  i terat ive,  because soil  
properties (shear moduli and damping rat ios)  and effective s t ra ins  in the 
free-field soil  are mutually dependent. SHAKE input and o u t p u t  f i l e s  are 
provided in Appendix H.  

Soil density as a function of depth, shear modulus as a function of 

The 

The best-estimate soil properties, including shear moduli and damping 
In th i s  table,  

Through the depth of '  
ra t ios  calculated by SHAKE, are given in Table 5.2.1-1. 
damping i s  given as a ra t io  and n o t  as a percentage. 
embedment of the structure ( f i r s t  four SHAKE soil  layers),  each SHAKE soil 
layer i s  s p l i t  into two or three soil sublayers in the SASSI baseline model; 
therefore, some duplication of soil properties exis t  in the SASSI input. 
following relationships based on e las t ic  half-space theory are used in 
calculating the wave propagation speeds for SASSI. 

The 
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r- - 
v, =[! P 2 -2v vp = v, - J 1-2v 

where 

v =  
v, = 

v, = 

G =  
P =  

Poisson's ra t io  
shear wave speed 
shear modulus 
mass density 
compression wave speed. 

Poisson's ra t io  of the soil i s  taken as a constant equal t o  0.44 and i s  
based on wave speeds reported in Dames & Moore 1988. 
a t  depths greater t h a n  9 f t  from the ground surface are used in determining 
Poisson's ra t io ,  as data for soil  a t  shallower depths appear suspect. Because 
Poisson's r a t io  i s  assumed t o  be a constant, compression-wave speed i s  
direct ly  proportional t o  shear-wave speed. 

typically within a range of 0.01 t o  0.04 (1% t o  4% of c r i t i ca l  damping) and 
thus are well within the maximum damping value of 15% allowed by BNL 52361 
(Bandyopadhyay e t  a1 . 1993). 

Only the d a t a  for  soil  

The damping rat ios  of the soil  calculated by SHAKE and used in SASS1 are 

Free-field soil  and near-field soil are assumed t o  have the same 
fundamental material properties. Further, the effective s t ra in  profile in the 
near-field soi l  used in developing strain-compatible shear moduli and damping 
rat ios  i s  approximated as being equal t o  the effective s t ra in  prof i le  in the 
free-field so i l .  

The vertical  excitation analysis uses the same se t  of soi l  properties as 
the horizontal excitation analysis. As summarized above, SHAKE provides soil  
properties consistent with the free-field motion arising from vert ical ly  
propagating shear waves. The shear waves are such t h a t  the hor izonta l  control 
motion from Weiner and Rohay 1992 i s  produced a t  the surface of the f i r s t  
"competent" soil  layer. 
include contributions from the vertical seismic excitation; t h u s ,  the seismic 
s t ra ins  are underestimated t o  some degree in determining strain-compatible 
soil  properties. From the Seed and Idriss d a t a  (1970), a 100% increase in 
effective strain (from 0.015 percent t o  0.030 percent) affects soil  shear 
modulus by l e s s  than 20%. Because soil  strains from vertical excitation 
generally can be expected t o  be significantly less  than s t ra ins  from 
horizontal excitation, inaccuracies i n  soil properties attr ibutable t o  
neglecting soi l  s t ra ins  from vertical excitation are relatively minor. 

The free-field motion calculated i n  SHAKE does not 

5.2.2 Reinforced Concrete Modeling 

isotropic material. 
seismic evaluation i s  based), the thickness of each shell element and the 
Young's modulus of the e las t ic ,  homogeneous material are prescribed t o  take 
approximately i n t o  account the effect  of steel reinforcement, the s t a t e  of 
cracking, and the "true" material s t i f fness  of the concrete and reinforcement 

The reinforced concrete tank i s  modeled with shell elements of e l a s t i c ,  
In the baseline model (and a l l  models on which the 
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including degradation from time and temperature. The material and section 
properties of the shell elements are tuned t o  obtain membrane and bending 
stiffnesses of the corresponding in s i tu  t a n k  sections. The "target" 
st iffnesses are based on the 2002 (55-year), best-estimate in s i t u  s t a t e  as 
determined by the nonseismic analysis (Julyk 1994). The effective weight 
density of the shell element material i s  adjusted so t h a t  the t rue mass of the 
t a n k  i s  retained though the effective shell thickness may be different from 
the t rue thickness. Table 5.2.2-1 summarizes the nominal section and material 
d a t a  for  each t a n k  section and the equivalent shell properties for  the 
corresponding ring of shell elements. Details of the procedure are provided 
in Appendix U. 
cases: one case in which nominal material and gross section properties were 
used and another in which the shell properties were "tuned" t o  those of the in 
s i t u  s t a t e  properties. 

Section A.3.2 of Appendix A compares the responses in two 

Quant i t ies  and/or  placements of steel reinforcement (rebar) in the t a n k  
are different  in the two orthogonal directions. Tab le  5.2.2-2 summarizes the 
major differences in quantity of s tee l ;  t he  differences in bar  placement 
(cover) a re  relatively minor. The table shows t h a t  the overall differences in 
reinforcement in the two directions are small in the base and the dome, large 
in the footing and wall (approximately twice as much steel in the hoop 
direct ion) ,  and very large in the haunch (approximately t en  t o  f i f teen times 
as much steel  in the hoop direction).  These differences in circumferential 
and meridional reinforcement cause t h e  reinforced concrete t o  behave in an 
orthotropic manner; however, the analysis software i s  limited t o  isotropic 
representations. Because meridional demands generally control over 
circumferential demands, the effective shell properties are computed on the 
basis of meridional reinforcement. In effect ,  the shell element model i s  an 
idealization of the actual t a n k  where the circumferential reinforcement i s  the 
same as the meridional reinforcement. The error associated with th i s  modeling 
approximation i s  relatively'insignificant given t h a t  the quantity of 
reinforcement has only a secondary effect on the s t i f fness  of an uncracked 
section and t h a t  most of the t a n k  i s  uncracked. 

The cracked status of each section i s  based on the in s i t u  (calculated) 
crack plot provided in the in s i t u  t a n k  evaluation (Julyk 1994). As shown in 
plots of the in s i t u  crack pattern (Figures 5.2.2-1 and 5.2.2-2),  cracking 
associated with in s i t u  loading occurs locally only a t  the t o p  of the wal l ,  a t  
the bot tom of the wa l l ,  and in the base near the knuckle. 
concrete sections (Figure 5:2.2-3) are used as the basis for calculating 
equivalent section stiffnesses.  Where the in s i t u  crack p l o t  indicates any 
degree of cracking, the cracked, transformed section i s  considered on the 
assumption tha t  concrete can take no load  in tension. 
generally small re la t ive t o  axial capacity, the influence of axial l o a d  on the 
location of the neutral axis of the transformed section i s  neglected 
for simplicity. 

Transformed 

Because a x i a l  l o a d  i s  

Damping of the concrete i s  specified as 7% of c r i t i ca l  damping in 
accordance with BNL 52361 (Bandyopadhyay e t  a1 . 1993) seismic analysis 
guidelines fo r  response level 2 reinforced concrete structures. The response 
level i s  defined by the ra t io  of t o t a l  demand (seismic demand plus nonseismic 
demand) t o  code strength capacity in the majority of the seismic load- 
res is t ing components of the structure. 
appropriate response level i s  response level 2. 

For ra t ios  between 0.5 and 1.0,  the 
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5.2.3 Waste Modeling 

In the case of a horizontal excitation, the waste i s  modeled 
simplist ically via lumped masses attached t o  nodes along the t a n k  wall. 
Similarly, waste i s  modeled simplistically as additional mass on the tank base 
in the case of a vertical excitation. 

The hydrodynamic effect  of the tank waste from a horizontal seismic 
excitation is  composed of impulsive and convective components. 
case of an inviscid liquid inside a t a n k ,  the convective (sloshing) component 
i s  small re la t ive  t o  the impulsive component (Bandyopadhyay e t  a l .  1993, 
Section 4 . 3 . 2 . 4  and Appendix F,  p. F-IO). As the t a n k  waste is  primarily 
viscous sludge, the effect  of sloshing i s  reduced (Bandyopadhyay e t  a l .  1993, 
pp .  2-3, 2-4).  The t a n k  i s  less  t h a n  half-full of waste, a fac t  t h a t  further 
reduces the effect  of sloshing on the t a n k  wall and eliminates the possibil i ty 
t h a t  the slosh height will reach the dome. In view of the insignificance of 
the convective mode for t a n k  C106, on ly  the impulsive effect  of the waste i s  
considered. As the waste mass associated with convective modes i s  assumed t o  
be zero, the t o t a l  mass of the waste i s  considered for  the impulsive mode. 

In the general 

The impulsive effects of the waste associated with a horizontal seismic 
excitation are approximated by prescribing lumped masses a t  nodes on the t a n k  
wall. 
sum of the lumped masses being equal t o  100% of the waste mass. Each mass i s  
active in a l l  directions; hence, a potential rocking motion of the t a n k  
arising from a horizontal excitation i s  considered in an approximate fashion 
in t h a t  vertical  acceleration of the lumped masses will impose vertical  l o a d  
on the wall. Details of calculating the tributary masses for  each wall node 
are presented in Appendix N ,  and effects of  waste on horizontal tank response 
are summarized in Section A.3.3 of Appendix A.  
hydrodynamic waste effects i s  approximate and typically conservative in t h a t  
waste mass i s  distributed around the full  circumference of the t a n k .  In 
rea l i ty ,  impulsive waste forces are applied t o  only one-half the tank wall a t  
any given point in time. Further, the effects of dynamic earth pressures and 
impulsive waste forces, rather t h a n  being additive, are generally 
counteracting t o  some degree ( i f  small or zero phasing differences are assumed 
in the two l o a d s ) .  In the SASSI model, the counteracting e f fec t  of impulsive 
waste forces on dynamic earth pressures tends t o  be underestimated. 

Each lumped mass corresponds t o  a tributary volume of waste with the 

This approach t o  modeling 

In an approach similar t o  t h a t  described above, the impulsive effects  of 
the waste associated w i t h  a vertical seismic excitation are approximated by 
increasing the density of the tank base material t o  include the waste mass. 
In t h i s  approach, the hydrodynamic pressure on the tank wall from the vertical 
seismic acceleration of the waste i s  not  considered. From an structural  
evaluation perspective, hydrodynamic pressure on the wall from vertical  
excitation of the waste counteracts response from dynamic earth pressures. 
For single-shell t a n k s ,  BNL 52361 (Bandyopadhyay e t  a l .  1993) s ta tes  tha t  a 
phasing difference in the tQo opposing wall pressures may ex is t  and recommends 
evaluating the tank by considering each o f t h e  two wall loads t o  act alone, 
n o t  in combination. Because the t a n k  i s  less than half f u l l ,  l a te ra l  earth 
pressure dominates over waste load on the t a n k  wall; therefore, i t  i s  within 
the guidelines t o  neglect the waste load  on the wall t h a t  resul ts  from 
vertical  excitation. A se t  of SASSI inputs for a vertical excitation analysis 
i s  provided i n  Section 1.3 of Appendix I .  
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Calculations of lumped masses and of the revised tank-base material 
densit ies representing t h e  waste for the horizontal and vertical excitation 
cases, respectively, are provided in Appendix N. 

5.3 DEVIATIONS FROM BASELINE MODEL 

The baseline model i s  used t o  compute the seismic response of the t a n k  
neglecting t ank- to - t ank  interaction and considering only the best-estimate 
values of soil  properties and t a n k  st iffness.  Deviations from these 
assumptions/conditions require the use of models described in Sections 5.3.1 
t o  5.3.3. 
model t o  predict the response of the vertical steel r i se rs  and concrete p i t s  
over the t a n k .  

Further, Section 5.3.4 describes modifications made t o  the baseline 

5.3.1 Tank-to-Tank Interaction 

Tank-to- tank interaction (TTI )  i s  a function of a number of variables 
including soil  s t i f fness ,  t a n k  s t i f fness ,  t a n k  spacing, and seismic 
environment. 
tanks in an attempt t o  quantify TTI effects. There remains considerable 
debate as t o  the validity and usefulness of these two-dimensional studies. 
TTI associated with a horizontal excitation was examined by means of 3-D 
models as described in t h e  remainder of  th i s  section. TTI associated with a 
vertical excitation generally i s  regarded as being small relative t o  t h a t  
associated with horizontal excitation; therefore, TTI for a vertical 
excitation i s  n o t  considered in the seismic evaluation. 

Many studies have used plane-strain models of underground waste 

In  l ieu of explicit ly modeling two adjacent t anks  (two half-tanks) t o  
predict horizontal TTI, a single half-tank with a plane of antisymmetry 
defined a t  a location in the soil corresponding t o  the midway point between 
two adjacent tanks i s  used (Figure 5.3.1-1). 
impractical from the standpoint of computing resource requirements. 
Validation of the l a t t e r  approach i s  provided i n  Sections A . l . l  and A.1 .2 .  

The former approach was 

As in the baseline quarter-model, the TTI half-model includes a vertical 
plane of symmetry th rough  the t a n k  centroidal ax i s  and parallel t o  the 
excitation direction. The near-field soil and t a n k  i n  the TTI half-model are 
shown in Figure 5.3.1-2. As mesh refinement in the TTI half-model i s  exactly 
the same as in the baseline quarter-model, the TTI model has exactly twice the 
number of elements. Shell-element numbers and associated node numbers 
corresponding t o  the t a n k  mesh i n  the TTI half-model are provided in 
Appendix T.  Element numbers relevant t o  the structural evaluation are 
provided in Table 5.1-1 under the heading "Half-Model . I '  

The HOUSE input f i l e  for  the TTI half-model w i t h  lower-bound soil  
properties i s  found in Section 1.2 of Appendix I .  
generated with the aid of the computer program MG€N.for, a l i s t i ng  of which i s  
provided in Appendix R .  
model HOUSE input that  serve as input f i l e s  t o  MGEN-for. 

This input f i l e  was 

Appendix R also contains portions of the baseline 
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5.3.2 Soil Properties Variation 

For a number of reasons inc luding  shortage of t e s t  data f o r  s i t e -  
spec i f i c  s o i l ,  there  i s  substantial  uncertainty i n  the  so i l  parameters used i n  
the  SSI analysis. To help maintain conservatism i n  computed seismic response, 
seismic analysis guidelines recommend tha t  bounding values of the soil shear 
moduli be used. This approach is intended t o  account for uncertainties not 
only i n  the  soil properties b u t  i n  other aspects of the SSI analysis as well 
(ASCE 1986). 
moduli times the quantity 1 t C, where C, i s  an uncertainty fac tor .  For the 
lower-bound case, the soil shear moduli are equal t o  the best-estimate moduli  
divided by the  quantity 1 t C,. I f  C, cannot be determined i n  a probabilist ic 
manner, ASCE requires tha t  a value of no l ess  than 0.5 be used f o r  C,. Other 
seismic analysis guidelines (Bandyopadhyay e t  a l .  1993 and NUREG 1989) suggest 
t h a t  C, be s e t  t o  unity. The bounding seismic analyses o f  C106 use C, equal 
t o  one; thus, the lower-bound soil shear moduli are  s e t  equal t o  50% of the 
best-estimate moduli, and the upper-bound shear moduli are  s e t  equal t o  200% 
of the best-estimate modu l i .  
i s  run. 

The upper-bound shear moduli are equal t o  the  best-estimate 

The moduli are adjusted before the SHAKE program 

BNL 52361 guidelines (Bandyopadhyay e t  a l .  1993) s t a t e  t h a t  when a so f t  
so i l  layer  (V, l e s s  than 750 f t / s )  overlies a s t i f f e r  (competent) layer ,  the 
control motion s h o u l d  be specified a t  an outcrop o f  the s t i f f e r  layer .  Such 
i s  the case f o r  the C106 lower-bound so i l  condition. In the  lower-bound SHAKE 
analysis (Appendix H ) ,  the control mot ion  i s  specified a t  an outcrop o f  the 
second so i l  l ayer  because the f i r s t  layer has a shear wave speed o f  l e s s  than 
750 f t / s .  The motion i s  deconvolved t o  the bedrock and then convolved back t o  
the surface of the soft soil layer (Layer 1).  The acceleration time history 
calculated by SHAKE a t  the surface o f  the soft  so i l  layer  i s  used as the new 
control motion in the SASSI analysis for the lower-bound so i l  condition. As 
i n  a l l  cases, so i l  properties t h a t  are  consistent w i t h  the  free-field s t r a in  
p ro f i l e  a re  determined by SHAKE and are used as i n p u t  i n  the  SSI 
(SASSI ) anal ys i s . 

strain-compatible shear moduli and damping ra t ios  calculated by SHAKE, are  
g iven  i n  Tables 5.3.2-1 and 5.3.2-2, respectively. Given shear modulus, 
Poisson's r a t i o ,  and density o f  each so i l  layer,  relationships based on 
el  a s t i  c ha1 f-space theory are used i n  cal cul ating the wave propagation speeds 
f o r  SASSI. 

The 1 ower-bound (50%) and upper-bound (200%) soi 1 properti es , i ncl udi ng 

The SASSI user's manual (Lysmer e t  a l .  1991b) gives a guideline f o r  
establishing appropriate spacing of interaction nodes based on shear wave 
speed and the  highest frequency of the analysis (one-fifth wavelength ru l e ) .  
Using the one-fifth wavelength rule ,  Tables 5.3.2-3, 5.3.2-4, and 5.3.2-5 l i s t  
the highest analysis frequency consistent w i t h  the thickness and shear wave 
speed i n  each so i l  layer  f o r  the best-estimate, lower-bound, and upper-bound 
so i l  conditions, respectively. When applied t o  horizontal spacing of 
interaction nodes, the one-fifth wavelength rule  may be relaxed by 
approximately a fac tor  of two without a s ignif icant  s ac r i f i ce  i n  solution 
accuracy fo r  the case o f  ver t ica l ly  propagating waves (Lysmer i n  Appendix P ) .  
Lysmer also s t a t e s  t h a t  the "selection of the correct ver t ica l  dimension 
[ layer  thickness] i s  most important w i t h i n  the d e p t h  o f  embedment. 
depths you can gradually increase the vertical  dimension of elements beyond 
t h a t  specified by the  wavelength rule." W i t h  a cutoff analysis frequency of 

A t  greater 
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24 Hz, violations of the wavelength rule within the depth of embedment of the 
t a n k  are evident fo r  the lower-bound and upper-bound soi l  cases as indicated 
in Tables 5.3.2-4 and 5.3.2-5 by shaded ce l l s .  
i . e . ,  the highest analysis frequencies defined by the wavelength rule (20.5 Hz 
for  lower-bound soi l  properties and 21.6 Hz for  upper-bound soil  properties) 
are near the 24-Hz cutoff. Further, i t  i s  evident from comparisons of resul ts  
based on 13- and 24-Hz cutoff frequencies t h a t  contributions from higher 
frequencies are re la t ively unimportant. 
insignificance of higher frequency response may n o t  apply al ternate  control 
motions having higher frequency content. 

For the upper-bound soil  properties case in which wave speeds are 
re la t ively large,  the refinement (558 interaction nodes) offered by the 
baseline model i s  n o t  warranted; therefore, a computationally e f f ic ien t  coarse 
model (95 interaction nodes) i s  used. There i s  no  difference in the t a n k  mesh 
densi t ies  of the baseline and coarse models; the difference l i e s  primarily in 
the refinement of the excavated soil  mesh (number and spacing of interaction 
nodes). 
Section 1.4 of Appendix I .  

These violations are minor, 

This conclusion regarding the 

The HOUSE input f i l e  for  the upper-bound soil  analysis i s  provided in 

5.3.3 Tank St i f fness  Variation 

BNL 52361 guidelines (Bandyopadhyay e t  a l .  1993, Section 3.4) recommend 
t h a t  structural  frequency variations be considered. As the guidelines s t a t e  
t h a t  i t  i s  often appropriate t o  skew the frequency variation t o  the low side,  
rerunning the analyses with a l l  sections considered as cracked should meet the 
intent of the frequency variation recommendation. As the addition of seismic 
loads t o  the generally dominant nonseismic loads i s  n o t  l ike ly  t o  induce 
widespread cracking, the assumption of widespread cracking represents more of 
an arbi t rary bounding s t a t e  t h a n  an expected s t a t e .  
fur ther ,  the concrete e l a s t i c  modulus i s  reduced t o  correspond approximately 
t o  the 2002 (55-year) nonseismic analysis with lower-bound concrete properties 
(Julyk 1994).  (The lower-bound concrete modulus i s  taken as 87% of the 
best-estimate concrete modulus. This reduction i s  based on the square r o o t  of 
the r a t io  of 1 ower-bound concrete compressive strength t o  best-estimate 
compressive strength.)  
the assumption of universal cracking i s  referred t o  as the "sof t  
t a n k  I' co nd i t i  on . 

To soften the t a n k  

The.combination of lower-bound concrete modulus with 

The development of equivalent shell element properties fo r  the sof t  t a n k  
condition uses the approach documented in Section 5.2.2 and Appendix U .  
Table 5.3.3-1 summarizes the nominal section and material data fo r  each t a n k  
section and the equivalent shell properties for  the corresponding ring of 
shell elements in the sof t  t a n k  model. 

In accordance with BNL 52361 only best-estimate soi l  properties are used 
in conjunction with the sof t  t a n k  model. 
e f f ic ien t  coarse model (95 interaction nodes) i s  used for  the so f t  tank SSI 
analysis. 

Further, the computationally 

The HOUSE input f i l e  i s  provided i n  Section 1.5 of Appendix I .  

As stated in Appendix U ,  the derivation of equivalent shell element 
properties of the best-estimate (s t i f fness)  t a n k  considers meridional 
reinforcement. Consideration of circumferential rather than meridional 
reinforcement would consti tute a reasonable approximation of an upper-bound 
t a n k  s t i f fness  condition. Because reinforcement has only  a secondary effect  
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on s t i f fnes s  values of uncracked sections and the (best-estimate) tank i s  
1 argely uncracked, the proposed upper-bound tank s t i f fness  condition 
represents much l e s s  of a deviation from the best-estimate t a n k  s t i f fness  
condition than does the lower-bound tank s t i f fness  condition. A l t h o u g h  a 
nominal increase in t a n k  s t i f fness  may resul t  in increased section demands, 
demands associated with a upper-bound-tank-stiffness/best-estimate-soil- 
properties condition are unlikely t o  exceed the demands associated with the 
best-estimate-tank-stiffness/l ower-bound-soil-properties condition. Because 
bounding conditions of soil  properties and t a n k  s t i f fness  need n o t  be 
considered in combination (Bandyopadhyay e t  a1 . 1993) , the upper-bound t a n k  
s t i f fnes s  i s  n o t  a controlling condition and i s  n o t  included as a separate 
analysis case. 

5.3.4 Model w i t h  Pits and Risers 

and embedded in the so i l .  
separated from the t a n k  dome by a layer of s o i l .  
ver t ica l ly  between the floor of each p i t  and the tank dome. 
each r i s e r  i s  coupled with the p i t  f loor i n  the horizontal direction b u t  n o t  
in the vertical  direction. 

Tank C106 has three reinforced concrete p i t s  located above the t a n k  dome 
As shown in Figure 5.3.4-1, each box-shaped p i t  i s  

Steel pipes ( r i s e r s )  span 
The t o p  end of 

Because the p i t s  are small re la t ive t o  the t a n k ,  t h e i r  presence has 
l i t t l e  influence on the seismic t a n k  response. 
are n o t  considered in the general t a n k  evaluation. The r i s e r s  and crude 
representations of the p i t s  are added t o  the tank model fo r  two reasons: 

Therefore, the p i t s  and r i s e r s  

0 To assess seismically induced r i s e r  response for  use in an evaluation o f  
the s teel  r i s e r s  (Section 9.3) 

allowable loads i n  the p i t  f loor.  

The baseline SASS1 model with the following mod 

0 To calculate pit-floor response spectra for  use 

r i  se r  eval uati on .  

0 The arrangement of nodes and s o l i d  elements i n  
dome i s  modified s l ight ly  so  t h a t  volumes occup 
represented. 

i n  an evaluation o f  

f ica t ions  i s  used in the 

he region above the t a n k  
ed by p i t s  are bet ter  

0 The material properties (density and wave speeds) of near-field soi l  
elements occupying volume actually occupied by the p i t s  are modified t o  
represent a "pseudo-pit." Because the p i t s  are n o t  sol id  blocks of 
concrete, Young's modulus of the pseudo-pit material i s  ( a rb i t r a r i l y )  
taken t o  be equal t o  50% that  of concrete with compressive strength 
equal t o  3,000 lbf / in  . Poisson's r a t io  of concrete (0.15) i s  used. 
Density i s  prescribed so that  the mass of the pseudo-pit agrees with 
tha t  o f  the actual p i t .  Wave speeds are determined on the  basis of 
e l a s t i c  half-space theory. 

5-9 



WHC-SD-W320-ANAL-002 
Rev. 0 

Vertical beam elements representing the s teel  r i s e r s  are added. Each 
beam spans from a point on the dome t o  the bot tom of a pseudo-pit. The 
t o p  node of each r i s e r  beam i s  end-released so t h a t  on ly  ho r i zon ta l  
forces and no moments may be transferred t o  t h a t  node. 
properties are se t  in accordance with the diameter and thickness of the 
r i se rs .  Material properties correspond t o  those of s t ee l .  

Beam section 

Three variations of the quarter-model were generated: one for a 
vertical  excitation, and because the p i t s / r i s e r s  introduce nonsymmetry into 
the problem, two for  the two o r thogona l  horizontal excitations.  Additional 
modeling de ta i l s  are provided in Appendix Q,  and SASS1 input f i l e s  for  the 
y-direction excitation analysis are provided in Section 1.6 of Appendix I .  
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Figure 5.1-1. Base1 ine Quarter-Model . 

(a) Near-Field Soil 

(b) Tank 
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F igure  5.1-2. Excavated Soi 1 in  Base1 i ne Quarter-Model . 
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Figure 5.1-3. Elements A1 ong 180" Meridian in Hal f-Model . 
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3 
j 

Figure  5.2.2-1.  Crack P a t t e r n  a t  Upper Wall o f  241C106 (Bes t - e s t ima te  
Concre te  S t r e n g t h  a t  55 Years ( J u l y k  1994) .  

0 
- l o  
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F igu re  5.2.2-2. Crack p a t t e r n  a t  Knuckle of 241C106 (Bes t - e s t ima te  
Concre te  S t r e n g t h  a t  55 Years ( J u l y k  1994). 

I ’  

i. 
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Figure 5.3.1-1. Antisymmetry for Tank-to-Tank Interaction. 
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Figure 5.3.1-2. Tank-to-Tank I n t e r a c t i o n  Half-Model . 

(a) Near-Field Soil 

(b) Tank 

(c) Excavated Soil 
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1 
4 
9 
16 
164 
168 
172 
176 
180 
184 
188 
192 
196 
200 
M4 
208 
21 2 
21 6 
220 
224 

Nominal 

Thick. (in) 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.W 
14.49 
18.20 
12.10 
1200 
1200 
1200 
1200 
1200 
1200 
1200 
27.29 
31.62 
21.31 
18.08 
17.38 
16.91 
16.38 
15.83 
15.28 
15.00 
15.00 
15.00 
15.00 
24.00 

129 
131 
135 
1 41 
5n 
581 
585 
589 
593 
597 
601 
as 
609 
61 3 
61 7 
621 
625 
629 
633 
637 

Tab1 e 5.1-1. 241C106 Tank She1 1 Elements.  

236 
240 
244 
248 
252 
256 
260 
23 
28 
31 
32 
264 

Element 

649 
653 
657 
661 
665 
669 
6 n  
148 
154 
158 
160 
677 

Location 
floor 
floor 

. floor 
floor 
floor 
floor 
floor 
floor 
floor 
floor 

floor (rtress3) 
wall 
wall 

wall (stress2) 
Wall 

wall 
wall 
Wall 

Wall 

haunct (stressl) 
haunch 
haunch 
dome 
dome 
dome 
dome 
dome 
dome 
dome 
dome 
dome 
dome 
dome 
footina 

SASS1 

Quarter Model 

SASS1 and ABAQUS 

Half Model 
0 degree 
meridfar! 

289 
291 
295 
301 
1257 
1261 
1265 
1269 
1273 
1277 
1281 
1285 
1289 
1293 
1297 
1301 
1305 
1309 
1313 
1317 
1321 
1325 
1329. 
1333 
1337 
1341 
1345 
1349 
1353 
308 
31 4 
31 8 
320 
1357 

161 1 
164 4 
169 9 
176 16 
844 324 
848 328 
852 332 

236 
860 340 
E4 344 
868 348 
872 352 
876 359- 
880 360 
384 364 
888 368 
892 372 
896 376 
900 2m 
904 384 
908 388 
91 2 392 
91 6 396 
920 400 
924 404 
928 408 
932 41 2 
936 41 6 
940 420 
183 P 
188 28 
191 31 

Notes: 
1. Node numbers for coarse mesh models are different from node numbers for fine mesh (baseline) models. 
2 See Figure 5.13 for plot of typical meridian showing dement location. 

elemenrs.xls 
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Layer layer Depth lo Oeplh lo Polsson's (SHAKE) Weight Weight Mass 

VS Vp No. Thbknass Mfd-layer Bottom Rallo S 0 0 M Density Oenstty Density 

(In) (nl (n) (kIpllP2) (ibliln"2) (ibfllnA2) (ibf/R43) (ibfilnA3) (ibf-sA2/ln*4) (Ids) ( ids)  

1 155 6.5 12.92 0.44 0.3273 3,101 21,535 200,991 105 0.06076 0.00015726 11,702 35,751 

2 127 18.2 23.50 ' 0.44 0.3273 8,079 56,104 523,639 110 0.06366 0.00016474 18,454 56,378 

3 112 28.2 . 32.83 0.44 0.3273 . 7,747 53,799 502,120 110 0.06366 0.00016474 18,071 55,207 

4 1 47 39.0 45.08 0.44 0.3273 7,508 52,139 486,630 110 0.06366 0.00016474 17,790 54,349 

5 83 48.5 52.00 0.44 0.3273 7,359 51,104 478,972 110 0.06366 0.00016474 17,613 53,807 

6 156 58.5 65.00 0.44 0.3273 11,829 82,146 766,694 110 0.06366 0.00016474 22,330 68,219 

7 180 72.5 80.00 0.44 0.3273 11,572 80,361 750,037 110 0.06366 0.00016474 22,086 67,474 

8 240 90.0 100.00 0.44 0.3273 11,296 78,444 732,148 110 0.06366 0.00016474 21,821 66,664 

9 240 110.0 120.00 0.44 0.3273 10,738 74,569 695,981 110 0.06366 0.00016474 21,275 64,997 

10 300 132.5 145.00 0.44 0.3273 21,312 148,000 1,381,333 125 0.07234 0.00018721 241 17 85,898 

11 300 157.5 170.00 0.44 0.3273 21,015 145,938 1,362,083 125 0.07234 0.00018721 27,920 85,298 

12 360 185.0 200.00 0.44 0.3273 20,782 144,319 1,346,981 125 0.07234 0.00018721 27,765 84,824 

13 360 215.0 230.00 0.44 0.3273 20,638 143,319 1,337,648 125 0.07234 0.00018721 27,669 84,529 

14 360 26 .0  260.00 0.44 0.3273 20,508 142,417 1,329,222 125 0.07234 0.00018721 27,581 84,262 

15 420 277.5 295.00 0.44 0.3273 20,493 142,313 1,328,250 125 0.07234 0.00018721 27,571 84,232 

16 420 312.5 330.00 0.44 0.3273 20,412 141,750 1,323,000 125 0.07234 0.00018721 27,517 84,065 

UI 
I 
N 
r 

[SHAKE] 

Damplng 

Rallo 

0.015 

0.015 

0.019 

0.022 

0.024 

0.021 

0.023 

0.025 

0.03 

0.022 

0.023 

0.024 

0.025 

0.026 

0.026 

0,026 

3 
0 

I 
(n a 
I 

7JE 
(Do 
c m  
- 0  

I 
O D  z 

I 
0 
0 
Iu 
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sest-est, 55 y n  
tank 112 model 1/4 model n o d n a l  Medd. coord. ABAQUS 

solid ele. # E c  Temp 
(le0 dog) (180 de& linl _ ,  linl - (Julyk 1904) ObfAiP2J fdag FJ 

ro@n she# el. # she1 el. li flilchncrss. I olcerlbold 

--. - , . _. 
157.3 n i  1 1 6.00 R= 23.8 4 2.144Et06 

noor . 4 4 6.00 53 6 10 2.147Et56 157 
156.4 floor 
155.6 floor 1% 16 6.00 125 
154.3 r -  324 1 67 6.od 1%' 

168 6.00 203 34 2210E+06 152.5 floor 328 
floor 332 172 6.00 253 42 2.242E+06 150.2 

147.2 floor 336 1 7z 6.00 297 
1429 
137.6 floor 344 184 

knuckle 3 4  188 14.49 432 108 2.597Ei06 129.1 
hucMe 352 192 18.30 z= 37.4 131 2.624Et06; -- 125.3 

yl wall 356 196 12.30 59.4 122 2843Et06 113 
w d l l  360 200 12.00 82 140 3.155Et06 103.1 
w a l l  364 204 12.00 1 l o  149 3.632Et06 95.15 

N 

' w a r  368 2G 12.00 133 151 3.739Et06 94.02 

w a l l -  376 216 12.00 194 163 3.825Et06 92.16 
wall 380 220 12.00 222 152 3 . 8 3 5 r n  01.64 
w a l l  384 224 12.00 247.9 188 3.959Et06 
haunch 388 228 27.29 271.15 190 4.100Ei06 89.57 
haunch' . 392 232 31.62 R= 436.45 192 4.050Ei06 89.52 
haunch 396 236 21.31 410.2 195 3.972Et06 89.86 
dome 400 246 18.08 380.7 232 3.943EtE 89.07 
dome 404 244 17.38 351.05 234 4.036Et06 89.2 
dwne. 408 248 16.91 318.4 235 3.958Et06 89.74 
dome 412 252 16.38 279.85 237 4.068Et06 88.84 
dome 416 256 15.83 240.65 238 3.983Et06 89.47 
dome" 420 260 15.28 2 0 0 3  240 4.090E+06 88.59 

28 26 15.00 113.4 243 4025Et06 89 07 dome 
dome-' 31 31 15.G ' 68.1. 243 4.100Et06 88.46 

89.26 dome 32 32 15.00 30.3 2$ 3998E106 
loollng 424 264 24.00 R= 472 iii 31- 121.5 

--__ 
9 9 6.00 89.4 16 2.156Et06 

22 2.168Et06 
28 2.185Ei06 

.-. . 

------ 
--- 
--- -- 

48 2.283Ei06 

6.00 385 64 2.420Ei06 

.-- 

floor 340 180 6.00 341 5-z mF06 

-.- 
--- -- 

- --- 
w a l l  372 212 12.00 166 165 3 . 7 7 i E E  92.75 

90.77 

-- 
-- 

- 
--.-- 

--- -- 
d r  23 23 15.00 158.5 --------------89.11282E*070.05701.625' 241 4.022Et06 -___ -- 

-__- 
-- 

--I 
P, 
0- 

m 
VI 

N 

N 
I 

d 

c--l 

& st Adnch d' 
@bfAnA2J $11~21 DnJ 

2.78Et07 0.0170 1.750 
2.78Et07 0.0170 1.750 
2.78Et07 0.0170 1.750 
2.78Ei07 0.01 70 1.750 

0.0170 1.750 2.78Et07 
0.0176-1.7% 2.79Ei07 
00170 1.750 2.79E+07 

2.79Et07 0.0170 1.750 
2.79Ei07 0.0170 1.750 
2.79EiOf 0.0170. 1.750' 
2.80Et07 0.0550 3.130 
2.80Et07 0.0367 2.375 
2.81EiOf 0.0367 '-75' 

0.0367 2 . 3 7 5  2.81Ei07 
' 2.82Et07 0.0367 2.375 

2.82Ei07 0.0367 2.375 

0.0367 2 . 3 7 5  2.82Etg 
2.82Ei07 0.0367 ' 2 . 3 7 5  

2.82Et07 0.0367 2.375 
2.82EiO7 0.0960 4 . 3 7 5  
2.82Ei07 0.0780 4.375 
2.82Ei07 0.0490 4.375 
2.82Et07 0.0470 4.375 
2.82Et07 0.0530 4.375 

0.0600 4.375 2.82Et07 
2.82Ei07 0.0460 1.625 
2.82Et07 0.0430 1.625 

2 82Et07 - 0.0480 1.625 
2.82Et07 
2.82Ei07 0.0376 3.375 
2.80Ei07 0.0550 3.136 

-. 

--- -- 
--- 

-__-. -- 
-- 

--.----__--- - 

2.82~to7 o.os6i 2.375 

2.82~+07 o.os6i 2.375 

-.---. 
- - 
-- 

0.0480 3.375 
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Table 5.2.2-1. Shell Elements Section and Material Properties 
(Best-estimate Tank St i f fness)  (cont . ) .  
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Reg i on 

Base 

Footing 
(bo t tom)  

Wall 

Haunch 

Dome 

Table 5.2.2-2. Tank 241C106 Reinforcement. 

Meridional Hoop Reinforcement Reinforyment Area 

(bar s i ze  spaci ng-i nches) 
spacing-i nches) Meridional Hoop 
Reinforcement (bar s ize  ( in  / i n . )  

0.5 dia  @ 12 0.0167 0.0167 0.5 dia  
@ 12 

0.75 dia  1 s q @ 8  0.0550 0.125 
@ 8  

0.75 dia  0.875 dia @ 6 m i n ,  0.0367 0.0600 t o  
@ 12 10 max 0.100 

0.75 dia  1.25 sq @ 6 w /  3 0.0733 0.651 t o  
@ 6  t o  7 in te r ior  1.17 

1 ayers 

0.75 dia  . 0.75 dia @ 12 0.0333 0.0366 
@ 13.2 

, . -  -.,.. r. ,. .-. . - . -. . 
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Table 5.3.2-1. Lower-Bound Soil Properties (Control Motion at 
Second Soil Layer). 
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2 127 18.2 23.50 0.44 

3 112 28.2 32.83 0.44 

4 1 47 39.0 45.08 0.44 

5 83 48.5 52.00 0.44 

6 156 58.5 65.00 0.44 

7 180 72.5 80.00 0.44 

8 240 90.0 100.00 0.44 

9 240 110.0 120.00 0.44 

[SHAKE] 

* 0.3273 15,740 

0.3273 25,197 

0.3273 24,756 

0.3273 24,31 7 

0.3273 23.861 i- 0.3273 44,665 

0.3273 42,338 

174,979 1,633,139 

171,917 1,604,556 

168,868 1,576,102 

165,701 1,546,546 

316,271 2,951,861 

310,174 2,894,954 

305,111 2,847,704 

300,903 2,808,426 

297,861 2,780,037 

295,660 2,759,491 

294,014 2,744,130 

110 0.06366 0.00016474 

110 0.06366 000016474 * 
0.06366 0.00016474 

0.06366 0.00016474 
I 

125 0.07234 0.00018721 

125 0.07234 0.00018721 

125 0.07234 0.00018721 

125 0.07234 0.00018721 

40,371 123,334 0.019 

0.02 

39,888 121,860 0.021 

40,091 122,480 

39,740 121,409 0.021 

39,630 121,070 0.022 
4 

'p 
I 
0 
U 
(D 
I 
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cn 
I 
N 
00 

Soil 
Layer 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1 

vs, 
Shear 
Wave 
Speed 
(i i 11s) 

11,702 
11,702 
18,454 
18,454 
18,071 
18,071 
17,790 
17,790 
17,790 
17,613 
22,330 
22,086 
21,821 
21,275 
28,117 
27,920 
27,765 
27,669 
27,581 
27,571 
27,517 

* rp: 

h, 
Modeled 

Layer 
Thickness 

(ill) 
77.5 
77.5 
71 .O 
56.0 
56.0 
56.0 
20.0 
63.0 
55.0 
83.0 
156.0 
180.0 
240.0 
240.0 
300.0 
300.0 
360.0 
360.0 
360.0 
420.0 
420.0 

Depth to 
Top of 
Layer 

(fi) 
0.0 
6.5 
12.9 
18.8 
23.5 
28.2 
32.8 
35.3 
40.5 
45.1 
52.0 
65.0 
80.0 
100.0 
120.0 
145.0 
170.0 
200.0 
230.0 
260.0 
295.0 

, .  

> 

Highes! Analysis 
Frequency 

(Based on 1/5 V\Plenglll 
Rule Usiiig "I,") 

(hz) 
30.2 
30.2 
52.0 
65.9 
64.5 
64.5 
122.7 
56.5 
64.7 
42.4 
28.6 
24.5 
18.2 
17.7 
18.7 
18.6 
15.4 
15.4 
15.3 
13.1 
13.1 

- 

SI 
Max. Horizon. 

Interaction Node 
Spacing 

94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
04.0 
94 .O 

Highest Analysis 
Frequency 

(Based on 1/5 Wlength 
Rule Uslng "s") 

(W 
48.8 
49.8 
78.5 
78.5 
76.9 
76.9 
75.7 
75.7 
75.7 
74.9 
05.0 
94.0 

. 92.9 
90.5 
119.6 
118.8 
118.1 
117.7 
117.4 
117.3 
117.1 
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i Soil 
Layer 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

- 

VS, 
Shear 
Wave 
Speed 
(ink) 
7,935 
7,935 
12,576 
12,576 
12,298 
12,298 
11,785 
11,785 
11,785 
11,348 
14,824 
14,320 
13$1 9 
13,679 
19,204 
19,090 
18,784 
18,490 
18,396 
18,218 
17,881 

- 

h, 
Modeled 

Layer 
Thickness 

(inj 
77.5 
77.5 
71 .O 
56.0 
56.0 
56.0 
29.0 
63.0 
55.0 
83.0 
156.0 
180.0 
240.0 
240.0 
300.0 
300.0 
360.0 
360.0 
360.0 
420.0 
420.0 

Depth lo 
Top of 
Layer 

(A) 
0.0 
6.5 
12.9 
18.8 
23.5 
28.2 
32.8 
35.3 
40.5 
45.1 
52.0 
65.0 
80.0 
100.0 
120.0 
145.0 
170.0 
200.0 
230.0 
260.0 
295.0 

Highest Analysis 
Frequency 

(Based on 115 Wlengltt 
Rule UsiiiQ "h") 

44.9 
43.9 
43.9 
81.3 
37.4 
42.9 
27.3 
19.0 
15.9 
11.6 
11.4 
12.8 
12.7 
10.4 
10.3 
10.2 
8.7 
8.5 

s, 
Max. Horizon, 

lnleracliori Node 
Spacing 

(in) 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
94.0 
04.0 
94.0 
94.0 
84.0 
94.0 
94.0 
84.0 
94.0 
94.0 
84.0 
94 .O 

Highesl Analysis 
Frequency 

Based on 115 W'lenglt- 
Rule Using "s") 

(hz) 
33.8 
33.8 
53.5 
53.5 
52.3 
52.3 
50.2 
50.2 
50.2 
48.3 
63.1 
60.9 
59.2 
58.2 
81.7 
81.2 
79.9 
78.7 
78.3 
77.5 
76.1 
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VI 
I 
w 
0 

Soil 
Layer 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

VS, 
Shear 
Wave 
Speed 
(ink) 

16,765 
26,438 
26,228 
28,017 
25,758 
32,590 
32,304 
32,016 
31,714 
41,102 
40,704 
40,371 
40,091 
39,888 
39,740 
39,630 

h, 
Modeled 

Layer 
Thickness 

(in) 
155.0 
127.0 
112.0 
147.0 
83.0 
156.0 
180.0 
240.0 
240.0 
300.0 
300.0 
360.0 
360.0 
360.0 
420.0 
420.0 

- 

Depth to 
Top of 
Layer 

(W 
0.0 
12.9 
23.5 
32.8 
45.1 
52.0 
65.0 
60.0 
100.0 
120.0 
145.0 
170.0 
200.0 
230.0 
260.0 
295.0 

Highest Analysis 
Frequericy 

(Based on 115 W'lenglh 
Rule Usiriy "ti") 

(I@ 

41.6 
46.8 
35.4 

, . I  3 

, , I . ,  3 .  21.6, ',.,. : 

62.1 
41.8 
35.9 
26.7 
26.4 
27.4 
27.1 
22.4 
22.3 
22.2 
18.9 
18.9 

SI 
Max. Horizon. 

lnteraclion Node 
Spaciiig 

(in) 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 
223.0 

Highest Analysis 
Frequency 

(Based on 1/5 Wlength 
Rule USi l lQ "S") 

(hz) 
'30.1 
47.4 
47.0 
46.7 
46.2 

, -  

58.5 
57.3 
57.4 
56.9 
73.7 
73.0 
72.4 

71.5 
71.3 
71.1 

. 71.9 
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Un cra cke d seclon Cracked section 
lank 10model 

redon she1 el. U 6 Asiliich d" d naEEsMc ly loss  X I ) @  I en @ne)& X n s  le17 
(180deg) fin] linA21 Pnd- FU flIP41 h l -  - P "41 @nl Pnl l inh4  

.-__-- -..  
1 1.750 O.oo00 0.OOO 4.250 14.931 18.00 305 18.36 1.237 1.237 2.94 
4 1.750 O.oo00 0.OOO 4.250 14907 18.00 3.05 18.36 1.236 1.236 2.93 

noor 
f l i i  

9 ' 1 . 7 5 0 '  o.oo00 0.OOO 4.250 14.856 18.00 -- 3.05 18.35 1.234 1.234 2 . 9 2  floor 
floor 16 1.750 Ooo00  0.OOO 4.250 14.768 18.00 3.05 18.35 1.231 1.231 2.91 

___- - - _- - -- --- -- - 

- .-.- -- - - -- -- - 
floor 324 1.750 O.oo00 0.OOO 4.250 14.6% 18.00 3.05 18.35 1.227 1.227 2.89 
w- ' 328 1.750 O.oo00 0.OOO 4.250 14.492 18.00 3.05 1835 1.222 1 .222.  2.87 

18.34 1.215 1.215 2.04 floor 332 1.750' o.oo00 .o.OOo 4.250 14.294 18.00 3.05 
18.33 1.206 1.206 2.80 floor 3 3 6 ' 1 . 7 5 0 '  o.oo00 0.000 4.250 14.044 18.00 3.04 
18.33 1.194 1.194 2.74 3401.750 o.oo00 0.OOO 4 . 2 6  13.706 18.00 3.04 
18.32 1.178 1.178 2.67 344 1.750 O.oo00 0.OOO 4.250 13.273 1800 3.04 

knuckle 348 3.130 O.oo00 0.OOO 11.360 7.42 263.70 3.312 3.312 56.26 12.393 2 5 5 5 3  
529.42 3.854 3.891 95.11 352 2.375 0.0367 8675 15925 12.274 510.71 9.29 
165.07 2.510 2.512 28.18 3 5 6 ' 2 . 3 7 5  0.0367 2.675 9.925 1 1.356 155.07 6.16 

w w d l l  360 2.375 0.0367 2.375 9.625 10.250 14400 6.00 152.91 2.344 2.344 24.22 
151.63 2.221'2.223- 21.59 - 'wau 364m2.375"o.036i2.3E 9.625 8.919 144.00 6.00 
151.39 2.196 2.198 21.07 w a r  366 2 . 3 7 5 '  0.0367 2.375 9.625 8.664 144.00 6.00 

--_ -- 

--.- --- -- 
----- ~. --- 

-- -- --_ ---- -.. - --.- i i i -  - 
f l i  

k n u c k l e  

--_.-- - ~ --- 
--- --- 

-- - ---- -------- 
-- - -- ----__-_ -- --. - ---. ff wall 

.~ -- 
-- -- ---- --- 

-- -- 
w a r  372 2 . 3 7 5  0.0367 2.375 -- 9.625 8.593 144.00 600 151.32 2.189 2.191 20.93 
wall 376 2.375 ' 0.0367 2.373 9.625 8.473 144.00 6.00 151.20 2.176 2.179-  20.69 
wall 380 2.375 0.0367 2.375 9.625 8.457 144.00 6.00 151.18 2.174 2.177 ' 2 0 . 6 4  
wall- 384 2.375 0.0367 2.373 9.625 8.189' 144.00 6.00 150.93 2.147 2.150 20.11 
haunch 388 2.375 0.0367 2 .373  24.915 7.907 1 6 9 3 . 6 7  13.65 1758.01 3.450 3 4% 147.57 
haunch 392 4.375 0.0370 1.625 27.245 8.005 263454 15.93 2774.13 5.589 5 . 5 8 5  422 .69  
liaunch 396 4.375 0 . 0 4 0 0  1.625 16.935 8.162 806.43 10.70 851.79 3.909 3.909 129.43 
dome 400 4 . 3 7 5  0.0430 1 . 6 2 5  13.703 ' 8.222 49251 9.01 517.26 2.831 2.831 55.65 

_-_- --__---- 

-,--_____ ~- 
-. -----. - --_- -- - - 

-__-_ -_- -- --.-- 
--- -- -__ --_- - 

460.10 2.668 2.668 47.04 d r  &i 4.37s To470 1 . 6 2 5  13.005 8.034 437.49 8.64 
dome 408 4.375 0.0530 1.625 12.535 8.191 402.95 -- 8.40 427.0i 2.761 2.761 43.98 
i r  412 4.375 0.06oO 1.625 12.005 7.971 366.24 8.12 390.28 2.798'2.798- 48.42 

-- 

dome 416 1.625 0.0460 4.375 14.205 8.141 330.57 7.97 347.63 3.040 3.056 56.71 
dome 420 1.625 0.0430 4.375 13.655 7.929 2 9 7 . 3 0  7.69 311.21 2.872 2.890 48.31 
d o m e  23 1.625 0.0570 4.375 13.375 8.062 281.25 -- 7.57 299.00 3 . 2 0 7  3.223 59.13 
dome 2 8 ' 1 . 6 2 5  0.0480 4.375 13.375 8.057 281.25 7 3  - 296.19 2.994 3.012 51.36 
dome 31 3.375 0.0480'-75 11.625 7.911 281.25 7.50 292.54 2.691 2.700 36.98 
dome 32 3.375 0.0370 3.375 11.625 8.110 281.25 7.50 290.20 2.448 2.460 30.42 
looling 424 3.130 O.oo00 6.250 20.870 10.109 1152.00 12.18 1190.61 4.293 4.293 179.16 

~ -- 

W 

Is section 
crnched? 
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Y 
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tank lL?model Axlalstiif BsndsW.  
redon shelel. # (EA)sh/ , (12EI)st~l 

(180 de@ c o  /bf-/nA2] 
1 2.778Et06 6.565Et07 floor 

lloor 4 2.781Et06 6.568Et07 
floor' 9 2.786Et06 6.574Et07 

n o o r  324 2.805Et06 6.595Et07 
floor' 16 2.794Et06 6.583Et07 

boor 328 2.822Et06 6.613Et07 noor 332 2.842EtOd 6.635Et07 
336 2.868Et06 6.664Et07 lloor' 

f l i  340 2.904Et06 6.703Et07 
floor 344 2.953Et06 6.754Et07 
knucWe- 348 9.018Et06 1.524Et09 
knuckle 352 1.093Et07 2.604Et09 

U ' r v a l l  356 8.267Et06 8.357Et08 
'mu 360 8.494Et06 7.973Et08 

364 Q.085Et06 8.180Et08 w a u  
wall 368 9.213Et06 8.222Et08 

372 Q.251Et06 8.236Et08 m l l  
w a r -  376 9.314Et06 8.256Et00 
wall 380 9.326Et06 8.260Et08 

h a u n c h '  392 2.330Et07 1.786Et10 
ilaunch 
dome 400 1.215Et07 2.290Et09 

404 1.185Et07 - dome- 

wau' 384 9.469Et06 8.305Et08 
haunch 388 1.424Et07 6.314Et09 

396 1.669Et07 5.365Et09 

-I 
PJ 

rD 
u1 
w 

55 

(wt density) nom = 0.0870 
Elfeclive she/ properlies 

(welgnt 
E sW lshl densify)shl 

lpfAn*2] fin1 IlbfAnA31 
5.716Et05 4.86 0.1 432 
5.722Et05 4.86 
5.736EtG 4.86 0.1433 

5.785Et05 4.85 0.1435 

0.1432 

5.757Et05 4.85 0.1437 

5.82BEt05 4 . 8 4  0. izz 
5.881Et05 4 . 8 3  0.1& 
5.949Et03 4.82 0.14471 

6.936Et05 13.00 0.1 103 
7.081Et05 1 5 . 4 3  0.liBZ 
8.222Et05 10 .05  0.1064 
8.767Et05 9.69 0.1076 
9.574Et05 0.1 16 
Q.752EtS 8.45 0.1 105 
9.805Et05 8..44 0.113 
Q.893Et05 9.41 0.1 169 
9.910Et05 9.41 0.1109 
1.011Et06 8.37 0.1115 
6.761Et05 21.06 0.1 127 
8.416Et05 27.69 0.053 
8.309Et05 1 7 . 9 3  0.1034 
8.853Et05 13.73 0.1 146 

1 2 . 9 3  0.li-5 

-- -. 

--- 
6.045Et05 480 0.1446 
6.175Et05 -8 0.1 455 

' 

--- - 

--. - 
- - ~ - -  
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dome 408 1.231Et07 2.023Et09 Q.600Et05 12.82 0.1147 

d- 418 1.318Et07 2.357Et09 Q.853Et05 13.37 0.1030 
dome 420 1.270Et07 2.062Et09 9.872Et05 12.74 0.1044 
dome' 23 1.449Et07 2.482Et09 1 . 1 0 m  13.09 0.0997 
d o m a  28 1.325Et07 2.157Et09 1.038Et06 12.76 0.1023 
d r  31 1.233Et07 1.582Et09 1.089Et06 11.33 0.1152 

424 1.344Et07 5.960Et09 6.384Et05 '21.06 0.0992 

dome 412 1.307Et07 2.055Et09 1.042Et06 (2.54 0.1136 

d r  32 1.064Et07 1.269Et09 8.740Et05 10.92 0.1193 
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6.0 SEISMIC ANALYSIS 

UCRL-15910 (Kennedy e t  a l .  1990) and BNL 52361 (Bandyopadhyay 
e t  a l .  1993) take probabi l i s t ic  approaches i n  defining the appropriate seismic 
environment . The approaches depend on the s t ructure  I s performance goal ( P,) , 
a measure o f  the  consequences o f  a s t ructural  failure, and the seismic hazard 
exceedance probabili ty (P,) , the  probability tha t  an earthquake will produce a 
peak ground acceleration of a given magnitude i n  a year. 

In the UCRL-15910 approach, spec i f ic  values o f  P, and P, are  associated 
w i t h  a "usage category." 
c l a s s i f i ed  as high-hazard usage a re  1 x 10- and 2 x 10 , respectively. The 
s i te -spec i f ic  hazard curve and P, a re  used t o  determine the appropriate peak 
horizontal ground acceleration. The i n p u t  spectrum f o r  computing e l a s t i c  
earthquake demand is  anchored t o  this  peak ground acceleration. The ine l a s t i c  
seismic demand used i n  the  evaluation i s  equal t o  the computed e l a s t i c  seismic 
demand divided by the  ine l a s t i c  demand-capacity r a t i o  F, where the  value o f  F, 
dependents on the usage category and the type o f  s t ructural  system. When the 
fundamental frequency o f  the s t ructure  exceeds the frequency range 
corresponding t o  the peak spectral  acceleration, F, must equal unity unless 
t h e  peak o f  the  i n p u t  response spectrum i s  extended o u t  t o  the fundamental 
frequency. 

The BNL 52361 approach, s imilar  t o  t h a t  of UCRL-15910, introduces the 
concept of a seismic load factor .  The ine las t ic  seismic demand i s  equal t o  
the e l a s t i c  seismic demand multiplied by a seismic l o a d  fac tor  L, and then 
divided by FSD. The seismic load fac tor  increases w i t h  the  r i s k  reduction 
fac tor  R, where R, equals P divided by P,. For a high-hazard s t ructure ,  
R, equals 20 and L, equals r.15. The ine las t ic  energy absorption fac tor  
F, may be prescribed simply on the basis of the location and type o f  demand, 
e.g., F,, equals 1.75 for meridional flexure i n  the  tank wall. Fm i s  subject 
t o  the same l imi ta t ions  related t o  fundamental frequency described above. 

For example, the yalues of PFe4and P, f o r  a s t ruc ture  

Ine l a s t i c  seismic demand used i n  the  C106 evaluation i s  determined via 

T h u s ,  
the  UCRL-15910 procedure. 
i n  the  i n p u t  response spectrum is  not modified, F, i s  taken as  unity. 
the ine l a s t i c  seismic demand associated w i t h  a single excitation direction i s  
the same as the e l a s t i c  seismic demand computed via  SASSI. 

Because the range of the peak spectral  acceleration 

6 . 1  CONTROL MOTION 

In accordance w i t h  SDC-4.1 (1993) fo r  non-reactor Safety Class 1 
(high-hazard) s t ructures ,  the C106 seismic environment i s  based on the 
Newmark-Hall response spectrum corresponding t o  7% damping. The spectrum i s  
anchored t o  a 0.2 g peak horizontal ground acceleration. Stated d i f fe ren t ly ,  
the zero-period acceleration (ZPA) o f  the horizontal design spectrum i s  0.2 g .  
Synthetic acceleration time h is tor ies  t ha t  correspond t o  this spectrum have 
been developed by Weiner and Rohay (1992). The synthetic time h is tor ies  have 
an "overall appearance similar t o  actual earthquakes , a1 though the duration o f  
strong motion i s  longer because of numerical needs i n  f i t t i n g  the  Newmark-Hall 
spectrum a t  1 ow frequency. The h i  s t o r i e s  are "quantitatively evaluated w i t h  
respect t o  the industry guidelines i n  terms o f  t h e i r  acceleration, velocity,  
and displacement charac te r i s t ics ,  energy content, power spectral  dens i t ies ,  
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and response spectra for  a range of damping values." The hor izonta l  control 
motion applied a t  the surface of the uppermost competent soil  layer in the 
C106 seismic analysis i s  the f i r s t  of the Weiner and Rohay acceleration time 
his tor ies  ( T H l )  with the acceleration amplitudes scaled by a factor  of 1.08. 
The scaling fac tor  i s  applied so that  ASCE (1986) and NRC ( N U R E G  1989) 
c r i t e r i a  are met. 
i s  due ent i re ly  t o  ver t ical ly  propagating shear waves. 
corresponding t o  the horizontal control motion i s  shown alongside the 
7% damped, Newmark-Hall design spectrum in Figure 6.1-1. 

Per ASCE 4-86 (1986) and UCRL-15910 (Kennedy e t  a1 . 1990) , the  
acceleration amplitudes in -the vertical  control motion are se t  equal t o  
two-thirds the horizontal control motion accelerations. Use of s t a t i s t i c a l l y  
independent time his tor ies  in each of the three or thogonal  directions i s  n o t  
required because the peak responses from t h e  three excitations are combined 
via square-root-of-the-sum-of-the-squares (SRSS) as opposed t o  an algebraic 
summation of response time his tor ies .  
vertical  ground motion i s  due ent i re ly  t o  vertically propagating compression 
waves. 

The SSI analysis assumes t h a t  the horizontal ground motion 
The response spectrum 

The SSI analysis assumes tha t  the 

6.2 DYNAMIC SEISMIC RESPONSE 

Results of the seismic analyses include t a n k  structural response 
(moments, axial forces, and shears),  transfer functions, and response spectra. 
T a n k  structural  response i s  used direct ly  in the structural evaluation of the 
t a n k .  Selected response spectra and transfer functions are reported as an aid 
t o  understanding the nature.of the overall system response and as a matter of 
general i n t e re s t .  Plots showing circumferential variations of t a n k  seismic 
response indicate t h a t  the maximum response occurs along the plane-of-symmetry 
(0"  o r  180" meridian). 
t h i s  section focus primarily on those locations. 

Therefore, the seismic analysis resul ts  presented in 

Soil Properties Variation 

Table 6.2-1 and Figures 6.2-1 t o  6.2-6 compare horizontal seismic 
response based on lower-bound (50%) soi l  properties, upper-bound (200%) soi l  
properties, and best-estimate soi l  properties. Effects of t a n k - t o - t a n k  
interaction are n o t  included. Upper-bound soil  i s  clearly n o t  the governing 
condition except in the case of meridional response in the outer part  of the 
dome (Figure 6.2-5). 
upper-bound soi l  case; however, t h i s  increased. axial demand has o n l y  a small 
and inconsequential effect  on the evaluation of combined moment and axial l o a d  
(see Section 9 .2 .1 ) .  

A t  this location, axial l o a d  i s  larger in the 

The analyses based onelower-bound and best-estimate soil  properties are 
compared fur ther  i n  Figures 6.2-7 t o  6.2-12, which present the to ta l  seismic 
demands (SRSS of horizontal and vertical  components) a t  the 180" meridian. In 
these p l o t s ,  tank-to-tank interaction i s  included in the horizontal excitation 
response. The figures indicate t h a t  the lower-bound soil condition i s  
controlling; t h u s  t h i s  condition i s  considered in the tank evaluation. 

w a l l ,  lower w a l l ,  and base near the knuckle are shown in Figures 6.2-13 
t o  6.2-15 for  the lower-bound soil  condition, Figures 6.2-16 t o  6.2-18 for  the 

Circumferential variations of horizontal seismic response a t  the upper 
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best-estimate soil condition, and Figures 6.2-19 to 6.2-21 for the upper-bound 
soil condition. Similarly, circumferential variations of vertical seismic 
response at the upper wal'l, lower wall, and base near the knuckle are shown in 
Figures 6.2-22 to 6.2-24 for the lower-bound soil condition and Figures 6.2-25 
to 6.2-27 for the best-estimate soil condition. As expected in the case of 
axisymmetric loading, the variation of vertical excitation demands with 
circumferential location is negligible. 

Tank-to-Tank Interaction 

Table 6.2-2 and Figures 6.2-28 to 6.2-33 compare horizontal seismic 
demands neglecting tank-to-tank interaction (TTI) to demands including TTI for 
the case of lower-bound (50%) soil properties. Because response is not the 
same at the 0" meridian as at the 180" meridian when TTI effects are included, 
demands at both locations are provided in the figures. For the lower-bound 
soil property case, Table 6.2-2 indicates that TTI decreases the peak 
meridional bending moment in the base by 4%. 
increase as a result of TTI, the most significant increase being a 21% growth 
in peak meridional moment in the dome. 
increase by no more than 6%. 

Other peak bending moments 

Peak bending moments in the wall 

Similarly, for the best-estimate soil properties case, Table 6.2-3 and 
Figures 6.2-34 to 6.2-39 compare horizontal seismic demands neglecting TTI to 
demands i ncl udi ng TTI . For the best-estimate soi 1 property case , Tab1 e 6.2-3 
indicates that TTI increases the peak bending moments in the base, the wall, 
and the dome. The largest percentage of increase in peak bending moment (80%) 
is in the circumferential direction at the base of the tank; however, this 
increase does not affect the margin at the base (meridional bending controls). 
The most significant increases are in meridional bending moment at the base 
and the dome where increases are 20% and lo%, respectively. 
moments in the wall increase by no more than 5%. 

Peak bending 

Circumferential variations of horizontal seismic response including 
tank-to-tank interaction are shown at the upper wall, lower wall, and base 
near the knuckle in Figures 6.2-40 to 6.2-42 for the lower-bound soil 
condition and in Figures 6.2-43 to 6.2-45 for the best-estimate soil 
condition. 
of tank-to-tank interaction. 

The nonsymmetry of response about the 90" meridian is indicative 

The comparisons suggest that the effects of tank-to-tank interaction are 
relatively minor; however, these effects are included in the tank evaluation. 

Tank Stiffness Variation 

Table 6.2-4 and Figures 6.2-46 to 6.2-51 compare seismic demands from 
the horizontal excitation computed with the 1 ower-bound tank stiffness model 
to demands computed with the best-estimate tank stiffness model. 
demands were computed with the coarse SASS1 model using best-estimate soil 
properties. In the wall and the dome, peak bending response from the 
best-estimate tank stiffness model is approximately three- to four-times 
larger than the response from the lower-bound tank stiffness model. 
Conversely, peak bending response in the base of the tank is 66% and 49% 
larger in the meridional and circumferential directions, respectively, for the 
lower-bound tank stiffness condition. 

Both sets of 
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Sinqle Tank - Horizontal Excitation versus Vertical Excitation 

Table 6.2-5 and Figures 6.2-52 t o  6.2-57 compare seismic demands from 
the horizontal excitation t o  demands from the vertical  excitation. Recall 
t h a t  the amplitude of the vertical excitation i s  equal t o  two-thirds tha t  of 
the horizontal excitation. Both analyses use lower-bound soi l  properties and 
neither considers t a n k - t o - t a n k  interaction. The vertical  excitation analysis 
includes a l i ve  load  equal t o  100 tons a t  the ground surface d i rec t ly  over the 
dome apex. Peak bending demands in the nearly horizontal elements of the 
t a n k ,  i . e . ,  the t a n k  base and dome, are significantly larger  from the vertical  
excitation t h a n  from the horizontal excitation. Conversely, peak bending 
demands in the vertical  elements of the tank, i . e . ,  the tank wa l l ,  are 
s ignif icant ly  larger  from the horizontal excitation. In similar fashion, peak 
axial force demands are controlled in some locations by the ver t ical  
excitation and in other locations by the horizontal excitation. Clearly, 
seismic response associated with the vertical excitation i s  s ignif icant  and 
must be considered in the t a n k  evaluation. 

Response spectra a t  the dome apex calculated with best-estimate soil  
properties and lower-bound soil  properties are provided in Figures 6.2-58 
and 6.2-59, respectively. For the horizontal excitation, amplification a t  the 
dome i s  negligible for  a l l  frequencies and both  soil  conditions. For the 
combination of best-estimate soil  and vertical excitation, considerable 
amplification occurs a t  the dome for  frequencies greater  than 4 Hz with the 
peak spectral acceleration of 1.0 g occurring a t  approximately 12 Hz. When 
lower-bound soi l  conditions are used, the vertical excitation produces 
s ignif icant  amplification a t  the dome for  frequencies greater than 3 Hz with 
the peak spectral acceleration of 1.8 g occurring a t  approximately 9 Hz. 

Effect of Remediation Live Load 

Table 6.2-6 and Figures 6.2-60 t o  6.2-65 compare vertical  seismic 
demands computed w i t h o u t  consideration of rem;diation l i ve  loads  t o  demands 
computed with a point mass equal t o  518 lbf-s / in .  (100 t o n s )  a t  the ground 
surface d i rec t ly  over the dome apex. 
properties. The e f fec t  of l ive  load on bending moments i s  minor except for  
circumferential moment nearathe center of the dome where demand increases by a 
factor  of 7.5. Simi la r ly ,  the effect  of l ive  load  on axial forces i s  
s ignif icant  o n l y  in the dome. 

Both analyses use lower-bound soi l  

Circumferential variations of vertical seismic response a t  the upper 
w a l l ,  lower w a l l ,  and base near the knuckle are shown in Figures 6.2-22 
t o  6.2-24 for  the case of no l ive  load and in Figures 6.2-66 t o  6.2-68 for  the 
case with the 100-ton l ive  load. As expected w i t h  any axisymmetric loading 
condition, the variation of vertical excitation demands w i t h  circumferential 
location i s  negligible. 

In summary, the effects  of a concentrated live-load mass above the dome 
apex are minor i n  the t a n k  base and wall while the e f fec ts  are s ignif icant  in 
the dome. Judgement i s  that  the effects  of live-load mass placed in locations 
other t h a n  over the dome apex would be less  significant.  Further, the effects  
of live-load mass on t a n k  response from a horizontal excitation are  assumed t o  
be negligible. 
response are addressed in approximate fashion simply by including a 

Therefore, the effects  of  remediation l i v e  loads on seismic 
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concentrated 100-ton l i v e  l o a d  (mass) direct ly  over the dome apex i n  the 
vert i cal excitation anal ys i s . 
Combination o f  Excitation Directions 

In accordance with ASCE 4-86, t o t a l  seismic demand i s  calculated as the 
SRSS of the peak seismic demands from the vertical  seismic excitation and two 
orthogonal horizontal excitations. Demands from the two hor izonta l  
excitations are computed in a single seismic analysis simply by us ing  response 
a t  the. 0/180° meridian as demand associated w i t h  one hor i zon ta l  excitation and 
response a t  the 90" meridian as demand associated with the second 
(perpendicular) excitation direction. 
90" meridian, i . e . ,  response from the second horizontal exci ta t ion,  includes 
peak in-plane shears i n  the evaluation. A spreadsheet given in Appendix D 
(combin.x7s) i s  used t o  combine the demands from the three seismic excitations 
and obtain to ta l  e l a s t i c  seismic demand. This spreadsheet i s  linked t o  two 
additional spreadsheets given in Appendix D: stress-h.x7s, which contains 
demands from the horizontal seismic excitation, and stress-v.x7s, which 
contains demands from the vertical  seismic excitation. 

Considering response a t  the 

Seismic Response versus Nonseismic Resoonse 

Figures 6.2-69 t h r o u g h  6.2-77 compare seismic demands t o  nonsei smi c 
demands. 
vertical  excitation analyses using lower-bound soil  properties. Recall t h a t  
the lower-bound soi l  property condition maximizes seismic response. Tank-to- 
t a n k  interaction i s  considered in the horizontal excitation component o f  the 
seismic response. 
apex i s  considered in the vertical  excitation component. The plotted 
nonseismic demands are a t  the 0" meridian and a r i se  from load  case l a  
described in Section 7.1. 

The plotted seismic resul ts  are the combination of horizontal and 

Further, a 100-ton concentrated l i ve  load over the dome 

Absolute values of response are compared. 

Axial and bending demands from nonseismic loads are  s ignif icant ly  larger 
Shear than the corresponding seismic demands (Figures 6.2-69 t h r o u g h  6.2-74). 

demands shown in Figures 6.2-75 th rough  6.2-77 indicate tha t  nonseismic loads 
control for  transverse shear while seismic loads control fo r  in-plane shear. 
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Figure 6.1-1. Horizontal Response Spectra (0.2 g Earthquake/7% Damping). 
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Figure 6.2-1. Meridional Seismic Response o f  Tank Base at 180" Meridian 
from Horizontal Excitation: Effects o f  Soil Properties Variation. 
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Figure 6.2-2. Circumferential Seismic Response of Tank Base at 180” Meridian 
from Horizontal Excitation: Effects of Soil Properties Variation. 

1,200 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 

50.0 

1.000 

800 

400 

200 

0 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 
Distance from Tank Centerfine (fi) 

40.0 

- Moment - Moment - Moment 
(Upper- (Lower- 
bound Soil bound Soil 

@&- 
estimate 
Soil [lD [2D [3D - Axial Load = = = Axial Load -Axial Load 
@&- (Upper- (Lower- 
estimate bound Soil bound Soil 
Soil [ lD V D  t3D 

45.0 

40.0 

35.0 

15.0 

10.0 

5.0 

0.0 

Note: [l] = Run ID “Q7pnt4”, 121 = Run ID “QHI”, [3] = Run ID “cmot5O QLOWpnt4“. 

q hi\C8AS E02.XLC 6-8 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 6.2-3. Meridional Seismic Response of Tank Wall at 180" Meridian 
from Horizontal Excitation: Effects of Soil Properties Variation. 
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Figure 6.2-4. Circumferential Seismic Response o f  Tank Wall at 180" Meridian 
from Horizontal Excitation: Effects of Soil Prooerties Variation. 
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Figure 6.2-5. Meridional Seismic Response of Tank Dome at 180" Meridian 
from Horizontal Excitation: Effects of Soil Properties Variation. 
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Figure 6.2-6. Circumferential Seismic Response o f  Tank Dome at 180" Meridian 
from Horizontal Excitation: Effects o f  Soil Properties Variation. 
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Figure 6.2-7. Total Meridional Seismic Response of Tank Base: Effects 
of Soil Properties Variation. 
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Figure 6.2-8. Total Circumferential Seismic Response o f  Tank Base: Effects 
of Soil Properties Variation. 
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Figure 6.2-9. Total Meridional Seismic Response of Tank Wall : Effects 
o f  S o i l  Properties Variation. 
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Figure 6.2-10. Total Circumferential Seismic Response of Tank Wall : 
of Soi 1 Properties Vari ati on. 
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Figure 6.2-11. Total Meridional Seismic Response of Tank Dome: Effects 
of Soil Properties Variation. 
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Figure 6.2-12. Total Circumferential Seismic Response of Tank Dome: Effects 
of Soil Properties Variation. 
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Figure 6.2-13. Circumferential Variation of Seismic Response of Tank Wall 
Near Haunch from Horizontal Excitation Using Lower-Bound Soil 

Properties (Run ID "cmot50 QLOWpnt4"). 

3,500 

3.000 

2.500 

CI c a 2.000 
8 

C a 
5 1,500 
E 

1.000 

500 

0 

14.0 

12.0 

10.0 

4.0 

2.0 

0.0 

qlowUanl\cmot5O\STRESSl .XLC 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 6.2-14. Circumferential Variation of Seismic Response of Tank Wall 
Near Knuckle from Horizontal Excitation Using Lower-Bound Soil 

Properties (Run ID "cmot50 QLOWpnt4"). 
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r- Figure 6.2-15. Circumferential Variation of Seismic Response o f  Tank Base 
Near Knuckle from Horizontal Excitation Using Lower-Bound Soil 

Properties (Run ID "cmot50 QLOWpnt4"). 
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Figure 6.2-16. Circumferential Variation of Seismic Response of Tank Wall 
Near Haunch from Horizontal Excitation Using Best-estimate Soil 

Properties (Run ID "Q7pnt4"). 

140 150 160 170 180 90 100 110 120 130 

Circumferential Location (degrees) - Meridional _o_. Circumferential - Meridional Circumferential 
Moment Moment Axial Load Axial Load 

q7Vanl\STRESSl XLC 
6-22 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 6.2-17. Circumferential Variation of Seismic Response of Tank Wall 
Near Knuckle from Horizontal Excitation Using Best-estimate Soil 

Properties (Run ID "Q7pnt4"). 
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Figure 6.2-18. Circumferential Variation of Seismic Response o f  Tank Base 
Near Knuckle from Horizontal Excitation Using Best-estimate Soil 

Properties (Run ID "Q7pnt4") . 
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Figure 6.2-19. Circumferential Variation o f  Seismic Response of Tank Wall 
Near Haunch from Horizontal Excitation Using Upper-Bound Soil 

Properties (Run ID "QHI"). 
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Figure 6.2-20. Circumferential Variation of Seismic Response of 
Tank Wall Near Knuckle from Horizontal Excitation Using 

Upper-Bound Soil Properties (Run ID "QHI"). 
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Figure 6.2-21. circumferential Variation of Seismic Response of Tank Base 
Near Knuckle from Horizontal Excitation Using Upper-Bound Soil 

Properties (Run ID "QHI"). 
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F i g u r e  6.2-22. C i r c u m f e r e n t i a l  V a r i a t i o n  o f  Se ismic  Response of Tank Wall 
Near Haunch from V e r t i c a l  E x c i t a t i o n  Using Lower-Bound S o i l  

P r o p e r t i  es (Run ID "QLOWVMAS") . 
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Figure 6.2-23. Circumferential Variation of Seismic Response of Tank Wall 
Near Knuckle from Vertical Excitation Using Lower-Bound Soil 

Properties (Run ID "QLOWVMAS") . 
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Figure 6.2-24. Ci rcumferenti a1 Vari ati on of Sei smi c Response of Tank Base 
Near Knuckle from Vertical Excitation Using Lower-Bound Soil Properties 

(Run ID "QLOWVMAS") . 
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Figure 6.2-25. Circumferential Variation of Seismic Response o f  Tank Wall 
Near Haunch from Vertical Excitation Using Best-estimate Soil 

Properties (Run ID IIQ7VMAS"). 
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Figure 6.2-26. Circumferential Variation of Seismic Response of Tank Wall 
Near Knuckle from Vertical Excitation Using Best-estimate Soil 

Properties (Run ID IIQ7VMAS"). 
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Figure 6.2-27. Ci rcumferenti a1 Vari ati on of Sei smi c Response of Tank Base 
Near Knuckle from Vertical Excitation Using Best-estimate Soil 

Propert i es (Run ID "Q7VMAS") . 
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Figure 6.2-28. Meridional Seismic Response of Tank Base at 0"/180" Meridian 
from Horizontal Excitation Using Lower-Bound Soil Properties: Effects 

o f  Tank-to-Tank Interaction. 
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Figure 6.2-29. Circumferential Seismic Response o f  Tank Base a t  
0°/1800 Meridian from Horizontal Excitation 

Using Lower-Bound Soi 1 Properties : 
Effects o f  Tank-to-Tank Interaction. 
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Figure 6.2-30. Meridional Seismic Response of Tank Wall a t  0°/1800 Meridian 
from Horizontal Excitation Using Lower-Bound Soil Properties: Effects 

o f  Tank-to-Tank Interaction. 
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Figure 6.2-31. Circumferential Seismic Response of Tank Wall a t  
0°/1800 Meridian from Horizontal Excitation Using Lower-Bound 

So i l  Properties: Effects . o f  Tank-to-Tank Interaction. 
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from Horizontal  Excitation Using Lower-Bound Soil Properties: Effects 
of Tank-to-Tank Interaction. 

Figure 6.2-32. Meridional Seismic Response of Tank Dome a t  0°/1800 Meridian 
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Figure 6.2-33. Circumferential Seismic Response o f  Tank Dome a t  

Effects of Tank-to-Tank Interaction. 
0°/1800 Meridian from Horizontal Excitation Using Lower-Bound 

Soil Properties: 
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Figure 6.2-34. Meridional Seismic Response of Tank Base a t  0"/180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank-to-Tank Interaction. 
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Figure 6.2-35. Circumferential Seismic Response of Tank Base at 
0°/1800 Meridian from Horizontal Excitation Using Best-estimate 

Soil Properties: Effects of Tank-to-Tank Interaction. 
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Figure 6.2-36. Meridional Seismic Response of Tank Wall at 0"/180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank-to-Tank Interaction. 
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Figure 6.2-37. C i  rcumferenti a1 Sei smi c Response of  Tank Wall a t  
0”/180” Meridian from Horizontal Excitation Using Best-estimate 

Soil Properties: Effects of Tank-to-Tank Interaction. 
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Figure 6.2-38. Meridional Seismic Response of Tank Dome a t  0°/1800 Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects of 

Tank-to-Tank Interaction. 
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Figure 6.2-39. Ci rcumferenti a1 Seismic Response o f  Tank Dome at 
0"/180" Meridian from Horizontal Excitation Using Best-estimate 

Soil Properties: Effects o f  Tank-to-Tank. Interaction. 
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Figure 6.2-40. Circumferential Variation o f  Seismic Response o f  Tank Wall 
Near Haunch from Horizontal Excitation Using Lower-Bound Soil Properties 

and Including Tank-to-Tank Interaction (Run ID IITTTLOW") . 
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F i g u r e  6.2-41. C i r c u m f e r e n t i a l  V a r i a t i o n  o f  Se i smic  Response of Tank Wall 
Near Knuckle from Hor izon ta l  E x c i t a t i o n  Using Lower-Bound S o i l  P r o p e r t i e s  

and I n c l u d i n g  Tank-to-Tank I n t e r a c t i o n  (Run ID "TTTLOW"). 
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Figure 6.2-42. Circumferential Variation o f  Seismic Response o f  Tank Base 
Near Knuckle from Horizontal Excitation Using Lower-Bound Soil Properties 

and Including Tank-to-Tank Interaction (Run ID I'TTTLOW") . 
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Figure 6.2-43. Circumferential Variation of Seismic Response of Tank Wall 
Near Haunch from Horizontal Excitation Using Best-estimate Soil Properties 

and Including Tank-to-Tank Interaction (Run ID 'IQ7TTT"). 
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Figure 6.2-44. 
Near Knuckle from Horizontal Excitation Using Best-estimate Soil Properties 

and Including Tank-to-Tank Interaction (Run ID I'Q'ITTT") . 
Circumferential Variation of Seismic Response of Tank Wall 
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Figure 6.2-45. Circumferential Variation of Seismic Response of Tank Base 
Near Knuckle from Horizontal Excitation Using Best-estimate Soil Properties 

and Including Tank-to-Tank Interaction (Run ID "Q71TT"). 
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Figure 6.2-46. 
from Hor izonta l  Exci ta t ion  Using Best-estimate So i l  Properties: 

Meridional Seismic Response of Tank Base a t  180" Meridian 
Effects 

o f  Tank Stiffness. 
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Note: [l] = Run ID "Q9". [2] = Run ID "(28". 
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Figure 6.2-47. Circumferential Seismic Response of Tank Base at 180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank Stiffness. 
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Figure 6.2-48. Meridional Seismic Response of Tank Wall at 180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank Stiffness. 
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Figure 6.2-49. Circumferential Seismic Response of Tank Wall at 180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank Stiffness. 
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Figure 6.2-50. Meridional Seismic Response of Tank Dome at 180” Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

of Tank Stiffness. 
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Figure 6.2-51. Circumferential Seismic Response of Tank Dome at 180" Meridian 
from Horizontal Excitation Using Best-estimate Soil Properties: Effects 

o f  Tank Stiffness. 
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Figure 6.2-52. Meridional Seismic Response of Tank Base at 180” Meridian 
Using Lower-Bound Soil Properties: Effects of Excitation Direction. 
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Figure 6.2-53. Circumferential Seismic Response of Tank Base at 180” Meridian 
Using Lower-Bound Soil Properties: Effects of Excitation Direction. 
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Figure 6.2-54. Meridional Seismic Response of Tank Wall at 180" Meridian 
Using Lower-Bound Soil Properties: Effects of Excitation Direction. 
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Figure 6.2-55. Circumferential Seismic Response of Tank Wall at 180" Meridian 
Using Lower-Bound Soil Properties: Effects of Excitation Direction. 
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F i g u r e  6.2-56. Meridional Se ismic  Response o f  Tank Dome a t  180” Meridian 
Using Lower-Bound S o i l  P r o p e r t i e s :  Effects o f  E x c i t a t i o n  D i r e c t i o n .  
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Figure 6.2-57. Circumferential Seismic Response of Tank Dome at 180" Meridian 
Using Lower-Bound Soil Properties: Effects of Excitation Direction. 
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Figure 6.2-58. Response Spectra (0.2 g Earthquake/7% Damping/ 
Best-Estimate Soil Properties. 
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Lower-Bound Soi 1 Properties . Figure 6.2-59. Response Spectra (0.2 g Earthquake/7% Damping/ 
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Figure 6.2-60. .Meridional Seismic Response of Tank Base from Vertical 
Excitation Using Lower-Bound Soil Properties: 

Effects o f  100-Ton Live Load. 

25.0 30.0 35.0 40.0 10.0 15.0 20.0 0.0 5.0 

Note: [I] = Run ID “QLOWVMAS“, (21 = Run ID “QLOWVLIV”. 

6-66 



WHC-SD-W320-ANAL-002 
Rev. 0 

F i g u r e  6.2-61. C i r c u m f e r e n t i a l  Seismic Response o f  Tank Base f rom V e r t i c a l  
E x c i t a t i o n  Using Lower-Bound S o i l  P r o p e r t i e s :  E f f e c t s  

of 100-Ton L i v e  Load. 
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Figure 6.2-62. Meridional Seismic Response of Tank Wall from Vertical 
Excitation Using Lower-Bound Soil Properties: Effects 

o f  100-Ton Live Load. 
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Figure 6.2-63. Circumferential Seismic Response of Tank Wall from Vertical 
Excitation Using Lower-Bound Soil Properties: Effects 

' of 100-Ton Live Load. 
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Figure 6.2-64. Meridional Seismic Response of Tank Dome from Vertical 
Excitation Using Lower-Bound Soil Properties: Effects 

of 100-Ton Live Load. 
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Figure 6.2-65. Circumferential Seismic Response of Tank Dome from 
Vertical Excitation’ Using Lower-Bound Soi 1 Properties : Effects 

o f  100-Ton Live Load. 
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Figure 6.2-66. Circumferential Variation of Seismic Response of Tank Wall 
Near Haunch from Vertical Excitation Using Lower-Bound Soil Properties 

and Including 100-Ton Live Load (Run ID "QLOWVLIV"). 
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Near Knuckle from Vertical Excitation Using Lower-Bound So i l  Properties 
and Including 100-Ton Live Load (Run ID "QLOWVLIV"). 

Figure 6.2-67. Ci rcumferenti a1 Vari ation of Seismic Response of Tank Wall 

qlow-v\STRSZLIV.XLC 
6-73 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 6.2-68. Circumferential Variation of Seismic Response of Tank Base 
Near Knuckle from Vertical Excitation Using Lower-Bound Soil Properties 

and Including '100-Ton Live Load (Run ID "QLOWVLIV") . 
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Figure 6.2-69. Meridional Moment and Axial Load Along Tank Base: 
Seismic Response vs. Nonseismic Response. 
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F igu re  6.2-70. C i rcumfe ren t i a l  Moment and Axial Load Along Tank Base: To ta l  
Se ismic  Response vs. Nonseismic Response. 
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Figure 6.2-71. Meridional Moment and Axial Load Along Tank Wall: 
Sei smi c Response vs . Nonsei smi c Response. Total 
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Figure 6.2-72. Circumferential Moment and Axial Load Along Tank Wall: Total 
Seismic Response vs. Nonseismic Response. 
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Figure 6.2- 73. Circumferential Moment and Axial Load Along Tank Wall: Total  
Sei smi c Response vs . Nonseismi c Response. 
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Figure 6.2-74, Meridional Moment and Axial Load Along Tank Dome: Total 
Seismic Response vs. Nonseismic Response. 
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Figure 6.2-75. Circumferential Moment and Axial Load Along Tank Dome: Total 
Seismic Response vs. Nonseismic Response. 
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Figure 6.2-76. Transverse and In-Plane Shear Along Tank Base: Total Seismic 
Response vs. Nonseismic Response. 
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Figure 6.2-77. Transverse and In-Plane Shear Along Tank Dome: Total Seismic 
Response vs . Nonsei smi c Response. 
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Location Direction 
Base Mend. 
Base Circumf. 
Wall Mend. 
Wall Circumf. 

Dome Mend. 

Table 6.2-1. Effect of Soil Property Variation 
(Best-estimate Tank Stiffness). 

Bending Moments (kip-Wft) 
Lower-Bound Best-Estimate Upper-Bound Governing 

Soil Properties Soil Properties Soil Properties Case 
0.438 0.361 0.230 L-B (+21%) 
0.098 0.071 0.047 L-B (+39%) 

' 8.478 5.829 4.103 L-B (+45%) 
1.71 1 1.153 0.91 6 L-B (+48%) 
2.539 2.420 2.475 L-B (+5%) 

Notes: 
1. Response is from the horizontal excitation. 
2. Tabulated bending moments are the peak values within the region specified at the 180 deg meridian. 
3. Percentage in parentheses is relative to best-estimate soil response. 
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Location Direction 
Base Meridional 
Base Circumferential 
Wall Meridional 
Wail Circumferential 
Dome Meridional 
Dome Circumferential 

Table 6.2-2. Effect o f  Tank-to-Tank Interaction 
(Lower-Bound Soil Properties). 

Bending Moments (kip-Wft) 
With With out 
TT1 TTi Ratio 

0.421 0.438 0.96 
0.1 20 0.098 1.22 
8.760 8.478 1.03 
1.816 1.71 1 1.06 
3.061 2.539 1.21 
2.009 I .ma 1.01 

Notes: 
1. Response is from the horizontal excitation. 
2. Tabulated bending moments are the peak values within the region specified. 
3. Moments are along the 180 degree meridian for the "without 7T1" case. 
4. For the "with TTI" case, moments from the 0 degree meridian and 

180 degree meridian are considered. 
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Location Direction 
Base Meridional 
Base Circumferential 
Wall Meridional 
Wall Circumferential . 
Dome Meridional 
Dome Circumferential 

Table 6.2-3.. E f f e c t  of Tank-to-Tank I n t e r a c t i o n  
(Best-est imate  Soi l  P r o p e r t i e s ) .  

Bending Moments (kip-Wft) 
With Without 
TTI TTI Ratio 

0.434 0.361 1.20 
0.128 0.071 1.80 
6.122 5.829 1.05 
1.201 1.1 53 1.04 
2.651 2.420 1.10 
2.250 1.970 1.14 
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Location Direction 

Table 6.2-4. Effect of Tank Stiffness 
(Best-estimate Soil Properties). 

Bending Moments (kip-Wft) 
Lower-8ound Best-Esti mate 
Tank Stiffness Tank Stiffness Ratio I 

Base 
Base 
Wail 
Wail 
Dome 
Dome 

~ ~~ 

Mend. 0.570 0.344 1.66 
Circumf. 0.121 0.081 1.49 
Mend. 1.559 6.029 0.26 

Circumf. 0.309 1.276 0.24 
Mend. 1 .I25 3.1 07 0.36 

Circumf. 0.647 2..399 0.27 

Notes: 
1. Response is from the horizontal excitation. 
2. Tabulated bending moments are the peak values within the region specified along the 180 d 
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Location 

Table 6.2-5. Comparison o f  Response: Horizontal Excitation vs. 
Vertical Excitation (Lower-Bound Soil Properties). 

I Direction 
Base 
Base 
Wall 
Wall 
Dome 
Dome 

Horizontal 
I Excitation 

Mend. 0.44 p.66 
Circumf. 0.1 0 0.09 

Merid. 8.48 3.64 
Circumf. 1.71 0.53 
Mend. 2.54 4.24 

Circumf. 1.99 6.35 

1 Excitation 1 

Notes: 
1. Tabula ted  bending moments  a r e  t h e  p e a k  va lues  within the  region 

specified a t  t he  180 deg. meridian. 
2. Vertical excitation amplitude is two-thirds horizontal excitation amplitude. 
3. Tank-to-tank interaction is not considered.  
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Direction I Location 
Without 

100-Ton Live Load 
~ -~~ 

Base 
Base 

Dome I Dome 

Table 6.2-6. E f f e c t  o f  100-Ton Live-Load Mass 
(Lower-Bound S o i l  Proper t i es ) .  

I Bending Moments (kip-Wft) I 
With I 

100-Ton Live Load I Ratio 

Circumf. I 0.656 
0.085 

0.662 
0.086 

1.07 I 1.01 
3.252 
0.461 C i rcu mf. I 3.640 I tlz 

0.528 
3.725 

Circumf. Mend. I 0.751 
4.236 1 

. 6.346 

Notes: 
1. Response is from the vertical excitation. 
2. Tabulated bending moments are the peak values within the region specified. 
3. Live load is placed directly over dome apex. 
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7.0 NONSEISMIC ANALYSIS 

The contribution of nonsei smic 1 oads (gravity and thermal ) t o  overall 
response i s  calculated i n  a separate s t a t i c ,  nonlinear finite-element 
analysis. Details of the model are  provided i n  Section 7.2. 

7.1 NONSEISMIC LOADS 

Nonseismic loads applicable t o  the seismic evaluation are  as follows: 

D, deadweight of the tank 
F,  hydrostatic waste load 
H ,  l a t e r a l  earth pressure (a l l  load associated with deadweight of 

soi l  outside the vertical  projection of the dome) 
T, i n  s i tu  temperature 
L,,  so i l  overkurden (deadweight of soi l  d i rec t ly  over the dome) 
L2 9 40-lbf/ft distributed l ive  load on the ground surface 
L,, 100-ton concentrated l i v e  load on the ground surface (location not 

fixed) 
L,, 85-ton crane load on the ground surface (located no c loser  than 

20 f t  outside the tank wall) .  

In the nonseismic tank evaluations (Ju lyk  1994; Marlow 1994; 
Wallace 1994) , load combinations were determined w i t h  the objective of 
maximizing par t icular  modes of response. 
arrangements of nonseismic loads as defined in Table 7.1-1 are developed f o r  
the seismic evaluation. 

Using this  same philosophy, three 

The locations for  application o f  the concentrated 100 ton l i v e  load and 
85 ton crane load are  shown i n  Figure 7.1-1 and are  defined as follows: 

Point A, Soil surface direct ly  over the dome apex (node 377) 
P o i n t  B y  Soil surface over the tank wall (node 1902) 
Point C y  Soil surface, 19.5 f t  beyond the tank wall (node 6033) 

The three nonseismic load cases d i f f e r  only i n  the l ive  loads L,, L,, 

Load case l a  is  an axisymmetric condition intended t o  maximize 

and L,. 

vert ical  load on the dome and minimize la te ra l  load on the wall, 
t h u s  maximizing dome deflection and wall flexure. The 100 ton 
l i v e  load is  direct ly  over the dome apex, the dis t r ibuted l i v e  
load i s  included, and the crane load is omitted. 

Load case l b  is-intended t o  maximize axial force on the tank wall 
a t  the 0" meridian. The 100 ton l i ve  load is  d i rec t ly  over the 
wall a t  the 0" meridian, the distributed l i ve  load i s  included, 
and the crane load is  applied 19.5 f t  outside the wall a t  the 
0" meridian. 
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Load case 2 i s  intended t o  maximize la teral  pressure on the t a n k  
wall a t  the 0" meridian, minimize dome overburden, and maximize 
vertical load on the t o p  surface of the footing by placing the 
concentrated l ive  loads 19.5 f t  outside the t a n k  w a l l .  The 
distributed l ive  l o a d  i s  omitted t o  minimize dome load; the 
omission reduces the la teral  wall l o a d  and vertical footing load 
sl  ightly. 

Wallace (1994) defines an additional nonseismic load case, load case 3, 
in which ACI load factors are maximized for a l l  loads. The distinction of 
load case 3 from other nonseismic load cases i s  less  apparent in a seismic 
evaluation t h a n  in a nonseismic evaluation because nonseismic loads are 
factored only in the l a t t e r  case. In  a seismic evaluation, load  case 3 i s  
d i s t inc t  from Load case l b  on ly  in the location of the 100-ton l i ve  load  
(point A in load case 3 and.point B in Load case l b ) .  
from load case l a  only in t h a t  the 85-ton crane l o a d  i s  included in Load 
case 3 b u t  n o t  in l o a d  case l a .  These differences in l ive load are small 
re la t ive t o  total  nonseismic l o a d .  
would n o t  f a l l  significantly outside the envelope of demands from 
load cases l a  and l b ;  therefore, Load case 3 i s  n o t  included in the 
seismic evaluation. 

Load case 3 i s  dis t inct  

Tank demands resulting from l o a d  case 3 

As described in Section 8.2, each of the three nonseismic load cases 
described above are combined with seismic loads t o  obtain t o t a l  load s ta tes  
for the seismic evaluation. 

7.2 NONSEISMIC RESPONSE 

The nonseismic finite-element model i s  from the three-dimensional (3-D), 
nonseismic t a n k  analysis of Marlow (1994). 
nonseismic and seismic components of response, the finite-element mesh of the 
t a n k  in the nonseismic model was generated t o  coincide with t h e  finite-element 
mesh of the tank in the seismic (SASSI) model. 
description of the nonseismic model. 

For convenience in combining 

The following i s  Marlow's 

The analytical model . . . i s  a 3-D finite-element model of 
one-half of the t a n k  and surrounding soil with symmetry boundary 
conditions. The analysis i s  performed with ABAQUS version 4.9 
[ (HKS 1989)] , a general-purpose [nonl inear] f i n i  te-el ement computer 
program. The user-defined material subroutine of the ANACAP-U 
[(James 1993)] concrete analysis package was used t o  model the 
consti tutive behavior of the concrete. . . . 

The tank i s  modelled with four-noded thin-shell elements. The 
ABAQUS element type i s  S4R5. The shell elements are reinforced with 
the ABAQUS rebar subelements. In ABAQUS version 4.9, the transverse 
shear forces in an S4R5 element are available. The i n i t i a l  . 

temperature distribution in the t a n k  shell i s  a uniform 70 OF. 

In the center of the dome and in the center of the t a n k  base, 
the four-noded elements are coll apsed t o  form t r i  angul a r  el ements. 
The elements were collapsed in these regions t o  maintain 
compati bil i t y  between the model described here and another model 
being used in a seismic analysis of C106. The collapsed elements 
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are  n o t  as accurate- as quadrilateral elements. However, the 
s t i f fnes s  of the center of the dome i s  n o t  affected greatly by the 
collapsed elements, as discussed i n  Section 4.1.2. The center of 
the tank base i s  n o t  significant i n  t h i s  analysis. Any inaccuracy 
introduced by the triangular elements i n  this area may be safely 
ignored . 

The half-cylinder region of soil surrounding the tank i s  
modelled w i t h  eight-noded brick elements, many o f  which are 
degenerate. Because detailed soil stresses are o f  minor importance 
t o  the goals of t h i s  e f fo r t ,  there is a c lear  benefit i n  using these 
degenerate elements as means t o  allow transi t ion from the detailed 
mesh o f  the  tank t o  the coarse mesh of the surrounding s o i l .  The 
soil region extends t o  a depth  of 1,405 in. The r a d i u s  o f  the  half- 
cylinder i s  967 i n . ,  a radius chosen t o  correspond t o  the radius of 
the so i l  region used i n  the C106 in si tu analysis (Julyk 1994). 

The ANACAP-U concrete materi a1 properties vary by position. 
The values used for  the modulus, the compressive strength,  and the 
t e n s i l e  strength are the lower-bound degraded properties obtained 
from the C106 i n  situ analysis (Julyk 1994).  The properties are 
assigned d i rec t ly  rather than produced d u r i n g  an application o f  a 
thermal history. The density and coefficient of thermal expansion 
of the concrete also i s  taken direct ly  from the C106 i n  s i tu  
analysis.  

Specification o f  the transverse shear s t i f fness  o f  the shell  
elements i s  required because6 the concrete material i s  n o t  l inear ly  
e l a s t i c .  The value o f  10 lbf / in  was chosen on the basis of 
previous work (Dyrness 1991). The element type S4R5 i s  intended for 
thin-shell applications. The transverse shear s t i f fness  acts  as a 
penalty function for  this element. T h u s ,  the resu l t s  are 
insensi t ive t o  the actual value of the transverse shear s t i f fnes s  
(HKS 1989b). 

The soil i s  modelled w i t h  the Drucker-Prager p l a s t i c i ty  model. 
The parameters tha t  define the consti tutive behavior a re  taken 
d i r ec t ly  from the C106 i n  situ analysis. The soil has a f ie ld-  
variable dependence, which is  documented i n  Appendix A [o f  (Marlow 
1994)l. The geostatic s t ress  s ta te  i n  the . so i l  i s  created by 
specifying an i n i t i a l  s t r e s s  s t a t e  w i t h  the ABAQUS command *INITIAL 
CONDITIONS. The determination of the appropriate s t r e s s  s t a t e  i s  
documented i n  Appendix A [of (Marlow 1994)l. The f i r s t  s tep o f  each 
ABAQUS analysis brings the soil i n t o  a s t a t e  o f  equilibrium under 
the applied gravitational acceleration. 

The s teel  rebar material i s  modelled as an e las t ic -p las t ic  
material w i t h  isotropic hardening. The modulus i s  temperature 
dependent as is  th: post-yield behavior. The yJeld s t r e s s  varies 
from 38,000 l b f / i n  a t  70 " F  t o  32,585 l b f / i n  a t  400 "F .  The 
consti tutive model fo r  the rebar i n  Marlow 1994 i s  taken d i rec t ly  
from the C106 i n  situ analysis [see Julyk 19941. 
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Table 7.2-1 describes spreadsheets and ABAQUS input and o u t p u t  f i l e s  
used in calculating and compiling demands from nonseismic l o a d s .  
are provided in Appendix M. 

The f i l e s  

The ABAQUS input f i l e ;  LOADl.abdat t h a t  generates the model and applies 
the t a n k  deadweight and soil deadweight ( load  steps 1 and 2 ) ,  i s  n o t  provided 
in Appendix M b u t  i s  documented in the analysis supporting the long-reach 
mani p u l  a t o r  (LRM) procurement (Marl ow 1994). 
l ive  loads are added in l o a d  step 3 defined in the input f i l e  PPS-lA.abdat, 
PPS-lB.abdat, or PPS-2.abdat. Thus, use i s  made of the binary r e s t a r t  f i l e  
from the LRM analysis (LOADl.res). 

The temperature, waste 1 oad, and 

ABAQUS reports shell-element forces and moments in the local element 
coordinate system. For the ACI code evaluation, section demands must be in 
the principal directions of the t a n k  (circumferential and meridional). The 
convention for  the ABAQUS local coordinate system i s  such t h a t  the local 
element axes a t  the 0 " ,  go" ,  and 180" meridians of the model are generally 
well aligned with the principal t a n k  directions. The general correlation of 
local axes t o  global axes i s  indicated in Figure 7.2-1 where the +1, -1, and 
+2 global axes are equivalent t o  t h e  0 " ,  180", and 90" meridians, 
respectively. Exceptions arise for two haunch elements on the 0" meridian 
(elements 1317 and 1321) and the corresponding elements on the 180" meridian 
(elements 384 and 388) which have local coordinate systems t h a t  do n o t  align 
with the t a n k  principal directions. A t  these locations, a transformation i s  
made via MathCad (Appendix K )  t o  convert t h e  ABAQUS response from the local 
element coordinate system t o  the principal directions of t h e  t a n k .  
transformed demands are  included in the spreadsheets l i s ted  in Appendix M .  

The 
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Figure 7.1-1 
Concentrated Live Load Application Points 
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Figure 7.2-1. ABAQUS Local El ement Coordinate System. 
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Table 7.1-1. Load Factors for Nonseismic Load Combinations. 

* A,  B y  and C refer to locations shown in Figure 7.1-1. 
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File Name 

PPS-U1A.abdat 

Table 7.2-1. File Descriptions for Determination of Nonseismic Demands. 

Description 

ABAQUS input file to add temperature, waste load, and 
load case la live loads (restarts from binary file 
LOADl.res1. 

PPS-U1B.abdat 

PPS-U2.abdat 

PPS-U1AP.abdat 

PPS-U1BP.abdat 

ABAQUS input file to add temperature, waste load, and 
load case lb live loads (restarts from binary file 
LOADl.res). 
ABAQUS input file to add temperature, waste load, and 
load case lb live loads (restarts from binary file 
LOAD1 .res). 

ABAQUS input file to extract load case la element 
demands (restarts from binary file PPS-U1A.res). 
ABAQUS input file to extract load case lb element 
demands (restarts from binary file PPS-U1B.resl. 

PPS-U2P.abdat 

PPS-U1AP.about 

PPS-U1BP.about 

ABAQUS input file to extract load case 2 element 
demands (restarts from binary file PPS-U2.res). 

ABAQUS output file containing nonseismic load case la 
el ement demands. 
ABAQUS output file containing nonseismic load case lb 
el ement demands. 

7-8 

PPS-U2P.about 

PPS-U1AP.xls 

PPS-U1BP.xls 

PPS-U2P.xls 

ABAQUS output file containing nonseismic load case 2 
element demands. 

Spreadsheet containing demands reported in 
PPS-MAP. about. 
Spreadsheet containing demands reported in 
PPS-U1BP.about. 
Spreadsheet containing demands reported in 
PPS-U2P.about. 
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8.0 STRUCTURAL ACCEPTANCE CRITERIA 

Capacities of the tank structural components ( t a n k  sections) are 
determined as described in Section 8.1. 
for  combining seismic and nonseismic demands t o  o b t a i n  total  section demands 
against which the section capacities are evaluated. 

Section 8.2 discusses the methodology 

8.1 CAPACITIES 

Capacities of reinforced concrete t a n k  sections are computed on the 
basis of the strength design approach presented in ACI 349-90 (ACI 1990). 
relevant sections o f  ACI 349-90 and the equations contained therein are 
discussed i n  Section 9.2.  In accordance with BNL 52361 (Bandyopadhyay 
e t  a1 . 1993) , material properties used in computing the code-based capacities 
are "based on 95% exceedance values estimated from t e s t s  of the actual 
materials used a t  the faci l i ty . ' '  The computations consider degradation of 
concrete and reinforcement from 1 ong-term exposure t o  elevated temperatures. 

The 

Capacities of the steel r i se rs  are calculated conservatively on the 
basis of the allowable s t ress  design approach presented in the AISC code 
(AISC 1989). The BNL 52361 guidelines (Bandyopadhyay e t  a l .  1993) allow the 
use of p las t ic  design capacities (estimated as 1.7 times the allowable s t ress  
design capacit ies);  however, t h i s  increase factor i s  not  considered in the 
r i s e r  evaluation. The r i s e r  evaluation approach i s  discussed in detail  in 
Section 9.3. 

8.2 LOAD COMBINATIONS 

Per UCRL-15910 (Kennedy e t  a l .  1990) and BNL 52361 (Bandyopadhyay 
e t  a1 . 1993) , total  demand i s  the combination of unfactored nonseismic demand 
and ine las t ic  seismic demand. According t o  UCRL-15910, inelast ic  seismic 
demand i s  calculated as the e las t ic  seismic demand divided by the inelast ic  
demand-capacity ra t io  Fp where FJ may be taken conservatively as one. The 
UCRL-15910 load  combination i s  i n  fundamental agreement w i t h  Section 9.2 of  
ACI 349-90 (ACI 1990) in that a l l  load factors are, i n  effect ,  unity. 
However, per Section 9.2.3 of ACI 349-90, load  factors are subject t o  
reduction when the effects of one l o a d  counteract the effects of other 
load(s). In such cases, ACI prescribes use o f  a minimum load factor equal t o  
0.9 i f  the counteracting load i s  always present i n  combination w i t h  the other 
loads. Otherwise, the minimum load factor for the counteracting load i s  zero. 
Because any given load in the tank analysis may be counteracting for  some 
measures of t a n k  response and additive for others, the ACI .prescription of the 
10% load reduction i s  somewhat ambiguous. Further, the UCRL-15910 guidelines 
do n o t  address such a reduction; therefore, calculations herein do n o t  
implement 10% load reduction. 

In summary t a n k  response from thermal and gravity (nonseismic) loads i s  
determined via nonl inear methods (ABAQUS with nonlinear material descriptions) 
while seismic response i s  calculated via a l inear approach (SASS1 w i t h  
relatively simple material descriptions). 
combined t o  obtain the overall response. 
spreadsheet in Appendix E (tota7.x7s), which sums demands from one of the 

The two sets  of responses are 
This operation i s  shown on the 
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three nonseismic l o a d  combinations (load cases l a ,  l b ,  and 2 )  with the t o t a l  
seismic demand. Modifying the "links" in t h e  spreadsheet allows a different 
nonseismic l o a d  combination t o  be considered in combination with the total  
seismic demand. 
and t o  combin.x7s (Appendix D ) ,  sums demand from nonseismic load  case l b  with 
total  seismic demand. Shears and moments are  combined absolutely (values are 
unsigned). 
contribution i s  retained. A t  each section, b o t h  negative and positive values 
of the seismic membrane force are added t o  t h e  nonseismic membrane force t o  
obtain the minimum and maximum combined membrane forces. 

For example, linking total.x7s t o  PPS-UlB.x7s (Appendix M )  

In combining membrane forces, the algebraic sign of the nonseismic 

Mass associated with l ive  loads generally i s  n o t  considered in the 
seismic analyses; however, the 100-ton l ive load i s  considered as a lumped 
mass in one instance. 
lower-bound soil  properties, the 100-ton live-load mass i s  placed direct ly  
over the dome apex as a worst-case scenario for evaluating the effect  of l ive  
load on seismic response. Comparing seismic response with and without the 
live-load mass (Figures 6.2-60 t o  6.2-65) clearly indicates t h a t  the effect  of 
the live-load mass i s  significant only near the center o f  the dome. While 
there i s  a disparity in combining results from the vertical excitation seismic 
analysis, which includes a centrally positioned 100-ton live-load mass, with 
resul ts  from ei ther  of the nonseismic load cases l b  or 2 (which place the 
100-ton 1 ive load off-center), these combinations nonetheless are considered 
in the seismic evaluation. 
insignificant in a l l  areas of the t a n k  except in the central portion of the 
dome, where the approach i s  conservative. 

In the seismic analysis for  vertical excitation using 

The error associated with th i s  disparity i s  
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9.0 STRUCTURAL EVALUATION 

9 .1  EVALUATION SUMMARY 

All reinforced concrete section capacities are based on the i n  s i t u ,  
time- and temperature-degraded concrete compressive strengths cal cul ated in 
the in s i t u  tank analysis (Julyk 1994). The Julyk analysis used the Hanford 
lower-bound concrete model (James 1993). The lower-bound iy s i tu  concrete 
compressive strgngths range from approximately 3,400 lbf / in  in the t a n k  base 
t o  4,500 lbf / in  in the haunch and dome. 

The worst-case seismic condition is  based on lower-bound soil  properties 
and includes tank-to- tank interaction and impulsive hydrodynamic waste 
effects .  Sei smi c demands computed with 1 ower-bound soil  properti es (run IDS 
"TTTLOW" and ''QLOWVLIV" in Appendix 0) were combined with demands from three 
different  nonseismic load combinations t o  obtain t o t a l  demands for  the 
evaluation. Both  positive and negative values of the seismic demands were 
considered in the evaluation. Moment/axial load interaction, transverse 
shear, in-plane shear, and twisting moment were evaluated a t  c r i t i ca l  t a n k  
sections. Construction joints  also were evaluated. ACI 349-90 (ACI 1990) 
requirements were sat isf ied in a l l  cases. 
generally non-controll ing t a n k  evaluation where best-estimate soil  properties 
were used in computing the seismic contribution t o  the to ta l  demand. 

and AISC (AISC 1989) acceptance c r i t e r i a  were sat isf ied.  Effects of 
nonseismic loads on the r i se rs  were assumed t o  be negligible. 

Appendix L provides resul ts  of a 

The steel  r i se rs  evaluation considered demand from seismic loads  only;  

9.2 TANK EVALUATION 

The A C I  code-based capacities of the reinforced concrete tank sections 
In addition, t o t a l  demands, having are computed in Sections 9.2.1 t o  9.2.5. 

been calculated as described in foregoing sections, are evaluated against 
these capacit ies.  

9.2.1 Moment/Axi a1 Force Eva1 uati on 

Interaction of axial l o a d  capacity and bending moment capacity i s  
calculated according t o  ACI 349, Section 10 (ACI 1990),  w i t h  e las t ic-  
perfectly-pl a s t i c  behavior assumed for  the rebar. In accordance w i t h  
Section 14.4 of ACI, ACI Section 10 provisions are appropriate for a wall with 
combined flexure and axial load. A typical interaction diagram for  axial l o a d  
capacity (P) and moment capacity ( M )  of a section i s  i l lus t ra ted  in 
Figure 9.2.1-1. 
represents the code-dictated capacity o f  a t ied section. Al though  the t a n k  
does n o t  have t i e s ,  Section 14.3.3 of ACI 349 s ta tes  t h a t  vertical  
reinforcement i n  walls need not  be enclosed by la teral  t i e s  i f  the vertical 
reinforcement area i s  less  than 0.01 times the gross concrete area. 
cr i ter ion i s  met a t  a l l  t a n k  sections, the provisions for combined flexure and 
axial l o a d  i n  a t ied section are applicable. Any point on the example M-P 
interaction diagram that  f a l l s  inside the shaded .area represents an acceptable 
section demand. 

The heavy l ine  enclosing the shaded area i n  the figure 

As th i s  
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Several key points on any M-P interaction curve are calculated readily. 
Point D represents the code l imit  for  axial compression in columns with 
nominally zero bending moment and i s  given by 

@P,, = 0.8(0.7)[0.85fc(A, - A, - A, ' )  + fy(A, t A , ' ) ] ,  

where CY = factor t o  account for  a small eccentricity of the l o a d  
= 0.8 
= capacity reduction factor for a t ied compression member 
= 0.7 

P,, = nominal axial load strength a t  zero eccentricity ( lb f )  
= in s i t u  compressive strength ;f the concrete (lbf/in') 
= gross area of the section (in ) 
= area of rebar a t  the "tensile" face (in2) 
= area of rebar a t  the "compressive" face (in') 
= yield strength of the rebar  adjusted for temperature (lbf/in').  

f C 

A, 

A, 
f Y 

The CY factor i s  applicable t o  columns b u t  i s  less  relevant for  sections 
Therefore, point 0, representing the quantity $Po ,  i s  

Point b y  o r  the "balance point," 

in a shell structure.  
an appropriate allowable for axial compression without bending. Point i s  
the code l imit  for axial tension with nominally zero bending moment. 
t ens i le  l imit  i s  $(A,+A,')f = 0.9(As+A,')f,.. 
corresponds t o  the balancecr loading condition for the section where crushing 
of the concrete ( E "  = 0.003) and yield of the tensi le  rebar (ey  = f /E, where 
f, and Young's modulus of the rebar E, are adjusted for temperaturej occur 
simultaneously. Figure 9.2.1-3 i l lus t ra tes  th i s  balanced condition. The 
nominal bal ance point i s determi ned as foll  ows: 

This 

Calculate the depth t o  the neutral axis c, from similar tr iangles and 
the s t ra in  profile,  

C, = 0.003d/(0.003 t fy/E,). 

Then, using the concrete compression stress block approximation (where 
0, i s  calculated in accordance with Section 10 of A C I  349) an3  the 
degraded (in s i t u )  concrete compressive strength f,, algebraically sum 
steel  and concrete forces t o  determine the nominal balanced axial load 
Pb. Sum moments about the plast ic  centroid t o  determine the nominal 
balanced bending moment M,. 
location of the resultant load  t h a t  would give a uniform s t ra in  across 
the section (no  bending). For a symmetric section, the p las t ic  centroid 
l i e s  a t  the geometric centroid. For an unsymmetric section subjected t o  
net ax ia l  compression, the location of the plast ic  centroid, as measured 
from the centroid of the steel designated A, in Figure 9.2.1-2, may be 
computed as fol l  ows : 

The plastic centroid of a section i s  the 

xP = [0.85fcbh(h/2 - d ' )  + A,'fy(d - d " ) ]  / [0.85fcbh + (A,'+ A,)fy]. 

This expression reduces t o  xp = h / 2  - d ' ,  i - e . ,  the location of the 
geometric centroid, in the case of a symmetric section where A, = A,' 
and d '  = d" .  
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The balanced axial load and moment are calculated as follows 
(Figure 9.2.1-3): 

Pb = IF = C, + C, - T 
= 0.85f,b(fllCb) + Asif,'- A,f, 

where 

f,' = E, 0.O03(cb - dtt)/cb 5 f,. 

When the "compression" reinforcement is located within the concrete 
compression block, f,' is reduced by the quantity 0.85fC to account 
indirectly for a reduction in the area of the concrete compression block 
equal to A,'. Likewise, when the "tension" reinforcement is located 
within the concrete compression block, f, in the above expression is 
increased by the quantity 0.85fC to account indirectly for a reduction 
in the area of the concrete compression block equal to A,. 

Summing moments about the plastic centroid, 

Mb = C,(d - xP - 13,cb/2) + C,(d - xP - d' ' )  + T(x,). 
Point B on the M-P interaction diagram in Figure 9.2.1-1 is determined 

by reducing the balanced axial load and moment by the 6 factor = 0.7. 
Connecting the points 0, B, and E with straight lines forms a crude but 
conservative M-P capacity envelope for the section. 

In lieu of using the conservative three-point approximation, the M-P 
interaction curve may be generated in rigorous fashion with the following 
step-by-step approach: 

Arbitrarily select a location of the neutral axis (c > 0). 

Using Hooke's Law, caqculate rebar stress from 
Assuming a linear strain profile with E = 0.003, calculate the 
rebar strain(s). 
the rebar strain and Young's modulus adjusted for temperature (as 
strains are small, neglect strain hardening). Concrete stress is 
0.85fC and the concrete compression stress block is a=Blc deep. 
If  the "compression" steel is within the concrete compression 
block, reduce the steel stress f,' by 0.85fC. If the "tensile" 
steel i s  within the concrete compression block, increase the steel 
stress f, by 0.85fC. ,Sum concrete and steel forces to get P, and 
sum moments about the plastic centroid to get M,. 
appropriate q5 factors to P and M, to obtain a point on the 
interaction diagram. For b, greater than (O.lf,A,)/0.7, qj is 0.7 
and, for P, less than zero, qj is 0.9. 
qj may be determined by linear interpolation. 

Axial forces and bending moments, in the meridional and circumferential 
directions, resulting from seismic loads are obtained directly from the SASS1 
printed output. The axial forces SXX and SYY are multiplied by the shell 
thickness to obtain units of force per unit length. 
negative values of seismic demands are considered, i.e., the seismic forces 
and moments are considered to act in either direction. Printed seismic forces 
and moments are the maximum values calculated through time and do not 

Apply the 
' 

For other values of P,, 

Both positive and 
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necessarily occur simultaneously; however, the peak va 
considered acting together.. 

ues are always 

Cal cul ated she1 1 -el ement demands are reported a t  the geometric centroid 
of the shel l ;  therefore, in accordance with MacGregor 1988), moment 
capacities are determined more appropriately by summing forces about the 
geometric centroid rather t h a n  the plast ic  centroid of the section. 
Accordingly, the term "plastic centroid" in the foregoing discussion i s  
replaced with "geometric centroid" in calculating t a n k  section capacities. 
Thus, the dimension xp i s  calculated as h / 2  - d'  for symmetric and unsymmetric 
sections. 

Spreadsheets as described in Table 9.2.1-1 are used in calculating 
combined moment and axi a1 1 oad (M-P) capacities a t  di screte "capacity 
sections." These spreadsheets are provided in Appendix F. Locations of 
capacity sections along a t a n k  meridian are shown in Figure 9.2.1-4. 
numbers associated with each capacity section are provided in Table 9.2.1-2 
(meridional direction) and Table 9.2.1-3 (circumferential direction).  

Element 

For  meridional capacity sections 2 ,  4a ,  4, 5, 6 ,  and 6a and 
circumferential capacity sections 2 ,  4, 5, and 6, a reduced area of 
reinforcement i s  considered in calculating the M-P capacity envelopes. 
described in Section 9.2.3, the reduction in reinforcement i s  applied so t h a t  
minimum in-plane shear reinforcement requirements are sat isf ied.  

plotted in the figures l is ted in Table 9.2.1-4. 
soil properties are  used i n  computing the seismic contribution t o  the plotted 
demands in these figures. 
M-P diagrams are l i s ted  in Tables 9.2.1-5 (meridional direction) and 
9.2.1-6 (circumferential direction). 

and axial load; however, several sections warrant further discussion. 

As 

The M-P capacity envelope and demands for each capacity section are  
To re i te ra te ,  lower-bound 

For reference, the E X C E L  f i l e s  t h a t  generate t h e  

In  summary, a l l  sections meet A C I  349-90 c r i t e r i a  for combined moment 

A t  meridional capacity section 4a (Figures 9.2.1-10, 9.2.1-32, and 
9.2.1-54), demand points corresponding t o  tensi7e seismic axial l o a d  fa l l  
marginally outside the capacity envelope; however, longitudinal reinforcement 
has been reduced conservatively in the M-P capacity calculation t o  provide 
minimum in-plane shear reinforcement. If the meridional rather t h a n  the 
circumferenti a1 axial load i s  used t o  calculate in-pl ane shear capacity, 
in-plane shear reinforcement i s  n o t  required, and the ful l  area of meridional 
reinforcement may be considered in the calculation of the M-P capacity 
envelope. 
(Figures 9.2.1-11, 9.2.1-33, and 9.2.1-55). 

number of demands exceed the capacity envelope a t  circumferential capacity. 
sections 4,  5, and/or 6.  The demands labeled "bot tom o f  wall"  correspond t o  
capacity section 4 and are t h u s  acceptable. 
correspond t o  capacity section 6 where the capacity calculation considers only 
a portion of the circumferential reinforcement. The circumferential steel in 
the most l ight ly  reinforced haunch element consists of twelve 14-in. 
square bars. 

In th i s  case, the demands are well within the capacity envelope 

Figures 9.2.1-21, 9.211-43, and 9.2.1-65 appear t o  indicate t h a t  a 

The demands labeled "haunch" 
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The area of circumferential reinforcement n o t  considered i n  the capacity 
calculation i s  as follows: 

= (As)hamch - (As)capacity section 6 

= [12(1.25)* x 12/23.8] - (0.72 t 0.72) 

= 8.01 in2/ft  

where the width of the haunch element i s  23.8 in. The tensi le  capacity 
associated with the "supplemental" area of reinforcement i s  as follows: 

0.9(As),,,,fy = 0.9(8.01)38,000 = 273,900 l b f / f t .  

This minimum additional tens i le  capacity i n  the haunch i s  clearly larger 
than  the margin by which the haunch axial load demand exceeds the capacity 
section 6 capacity envelope. Therefore, the circumferential haunch demands 
are acceptable by th i s  simple, rational approach. 
t h i s  simple evaluation of supplemental tensi le  capacity, a refined capacity 
curve i s  calculated for the "weakest" haunch element a t  capacity section 6a.  
Located just above the upper wall construction jo in t ,  the weakest element i s  
considered conservatively t o  be 12-in. thick with f ive 12-in. square bars 
along each face. 
capacity curve for  the weakest haunch element envelops the worst-case haunch 
demands from Figure 9.2.1-43. This confirms the conclusion of the simple 
approach , i .e . ,  t h a t  the ci rcumferenti a1 demands of the upper wall /haunch 
region are acceptable. 

with best-estimate soil properties rather than lower-bound soil  properties i s  
provided in Appendix L. 
n o t  control. 

9.2.2 Transverse Shear Evaluation 

To confirm the validity of 

Figure 9.2.1-71 shows t h a t  the refined circumferential 

A similar se t  of M-P diagrams associated w i t h  seismic demands computed 

The best-estimate soil-properties case does 

S 
i 

The SASS1 code does n o t  report nodal forces or transverse shear for  
he1 7 elements; therefore, an approximate method based on element equil ibrium 
s used t o  calculate transverse shears in the tank. The detai ls  of the method 

and the seismic transverse shears obtained via the approach are reported i n  
Appendix G .  
seismic condition (lower-bound soil  properties). 

Seismic transverse shears are computed only for  the controlling 

For elements subject t o  ax ia l  compression and shear (ACI 349, 
Section 11.3.1.2) : 

#Vn = #2bd(fc)'[l+(N,/2000hb)] 

where 9 = strength reduction factor = 0.85 
= nominal shear load strength ( lbf )  Vbn = width of section ( i n )  

d = distance from compressive face t o  centroid of tens i le  

Nu = compression force in the element (positive value, lb f )  
h = thickness of the element ( in) .  

reinforcement ( i n )  
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For elements subject t o  axial tension and shear (ACI 349, 
Section 11.3.2.3): 

$Vn = $2bd(fc)'[l+(Nu/500hb)] 

where 

N u  = tension force in the element (negative value, l b f ) .  

For capacity sections used t o  qualify more t h a n  one element along a 
meridian, a conservative approach i s  used whereby the minimum axial load ( N u )  
within the range of elements i s  considered t o  minimize capacities and the 
evaluation i s  made against the maximum shear demand within the same range of 
elements. Figure 9.2.1-4 identifies the t a n k  capacity locations. 
Table 9.2.2-1 correlates element numbers t o  the capacity locations. 

Transverse shear capacities using section parameters given in 
Table 9.2.2-2 are calculated and compared t o  demands in the spreadsheet 
shear.x7s given in Tables 9.2.2-3 t o  9.2.2-5. 
different nonseismic l o a d  case contributing t o  the t o t a l  demand. All demands 
are less t h a n  the computed capacities for a l l  load combinations. 

9.2.3 In-P1 ane Shear Eva1 uati on 

Each table addresses a 

The in-plane shear capacity i s  calculated according t o  the in-plane 
shear provisions for  walls (ACI 349-90, Section 11.10.6, Equation 11-32): 

$Vc = ${3.3 ( fc)'hd+Nud/4 (1 ,,)) 

where 

$ = strength reduction factor = 0.85 
d = width of element = 12 in. 
Nu = minimum factored axial l o a d  (positive for compression, lb f )  
1, = width of element = 1 2  in. 

Equation 11-32 i s  used because bending moment about  the short axis of 
the shell cross section i s  negligible; therefore, Equation 11-33 does n o t  
apply, and d ,  the distance from the extreme compression f iber  t o  the centroid 
of the longitudinal s tee l ,  may reasonably be considered equal t o  the length of 
the "wall" (width of the shell element). 

In  A C I  349-90, Section 11.10.8, $Vc/2 i s  identified as the maximum shear 
allowed without shear reinforcing requirements. The spreadsheet twist.x7s in 
Tables 9.2.3-1 t o  9.2.3-3 provides the in-plane shear demands and the 
associated capacities. Each tab1 e addresses a different nonseismic 1 oad case 
contributing t o  the t o t a l  demand. For most sections, the demand i s  less  t h a n  
$Vc/2 and i s  therefore acceptable. For the remaining sections, in-plane shear 
demand exceeds $Vc/2 b u t  i s  less  t h a n  $Vc. For those sections, a minimum area 
of longitudinal reinforcement equal t o  0.0025 b t  i s  required per ACI 349-90, 
Sections 11.10.9.2 and 11.10.9.4, where b i s  the width of the element and t i s  
the element thickness. This minimum area of in-plane shear reinforcement i s  
subtracted from the t o t a l  area of longitudinal reinforcement when calculating 
the capacity envelopes for combined bending and axial l o a d  (M-P diagrams). 
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9.2.4 Twisting Moment Evaluation 

Twis t ing  moments ( M X Y )  are reported by ABAQUS and SASS1 f o r  the tank 
shell elements. This twisting moment can be likened t o  torsion i n  a beam. 
The threshold below which torsion may be neglected i s  calculated according t o  
ACI 349-90, Section 11.6.1: 

where 

$ = strength reduction factor  = 0.85 
x = thickness o f  element ( i n )  
y = width of element = 12 i n .  

Twist 
spreadsheet 
addresses a 

i n g  moment i n  the tank shell sections i s  evaluated via the 
twist.x7s provided i n  Tables 9.2.3-1 t o  9.2.3-3. 
d i f fe ren t  nonseismic load case contributing t o  the to t a l  demand. 

Each table  

In these tab les ,  the element twisting demands are compared w i t h  the  threshold 
values o f  twisting moment. 
therefore can be neglected. 

All demands are less  than the threshold values and 

9.2.5 Constructi on Joint  Eva1 uati on 

Shear-friction capacity a t  a construction j o i n t  i s  calculated according 
t o  ACI 349, Section 11.7.4.1: 

where 

4 = strength reduction factor  = 0.85 
A, = 
f y  = p = coeff ic ient  of f r ic t ion  = 0.6. 

area of shear-friction reinforcement ( i n 2 1  
yield s t r e s s  o f  the reinforcement ( lbf / in  ) 

Further, according t o  ACI 349, Section 11.7.5, the following 
res t r ic t ions  on shear-friction capacity apply: 

$Vn < $(0.2) (fc) (A,) 
$V" < $(800)(Ac) 

where A, 
t 

= area of concrete res is t ing shear t ransfer  = 1 2 t  (in2) 
= shell  thickness ( i n ) .  

Upper Wall 

For the  construction jo in t  located i n  the wall a t  a distance 16 ft-8 i n .  
from the t o p  of the footing; 

*V 

f Y 
f C  

A C  

= 2(0.44) = 0.85 i n 2  
= 38,000 l b f / j n  
= 4418 l b f / i n  
= 12(12) = 144 i n 2 .  
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Thus, the shear-friction capacity i s  17,054 Ibf .  

Transverse shear demands a t  the upper construction jo in t  (capacity 
section 6)  are reported in Tables 9.2.2-3 t o  9.2.2-5: 

Nonseisrnic l o a d  case l a  + seismic (lower-bound so i l ) :  9,866 lbf 
Nonseisrnic l o a d  case l b  + seismic (lower-bound s o i l ) :  10,218 lbf 
Nonseisrnic load case 2 + seismic (lower-bound s o i l ) :  9,712 lb f .  

Demands are less  t h a n  the capacities; therefore, the upper construction 
jo in t  in the t a n k  wall i s  acceptable. 

Lower Wall 

For the construction joint  a t  the base of the w a l l ,  

= Z(0.44) = 0.8; in2 
= 37,631 Ibf/in 
= 3899 lbf / in2 
= 12(12) = 144 in2. 

Thus, the shear-friction capacity i s  16,889 lbf .  

Transverse shear demands a t  the lower construction jo in t  (capacity 
section 4a)  are reported in Tables 9.2.2-3 t o  9.2.2-5: 

A, 
f Y 
f c 
A, 

Nonseismic load case l a  + seismic (lower-bound s o i l ) :  14,067 lbf 
Nonseismic l o a d  case l b  + seismic (lower-bound s o i l ) :  14,390 lbf 
Nonseismic l o a d  case 2 + seismic (lower-bound s o i l ) :  14,310 Ibf.  

Demands are less  t h a n  the capacities; therefore, the construction jo in t  
a t  the base of the wall i s  acceptable. 

9.3 RISER EVALUATION 

Demands in the r i se rs  from nonseismic loads are assumed t o  be small and 
are neglected. Seismic demands on the r isers  are computed by SASS1 with the 
p i t s  and r i s e r s  modeled as described in Section 5.3.4 and consider only 
best-estimate soil  properties. The t o t a l  seismic demand in each r i s e r  i s  
calculated as the SRSS of the demand from vertical excitation and maximum of 
the demands from the two horizontal excitations. 
horizontal excitations need be considered, as the r i se rs  are modeled as beams 
with axisymmetric cross sections. 

Only the worst of the two 

Capacities of the r i se rs  are based on the provisions given in AISC 
The allowable shear s t ress  i s  calculated according t o  AISC, (AISC 1989). 

Section F4: 

F, = 0.4Fy * 1.33 

where 

F, = yield strength of the r i s e r  steel = 30,000 lbf/in2. 
. 
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In accordance w i t h  AISC Section A5.2, an increase factor equal t o  1.33 
i s  included in the allowables for seismic load combinations. 

The allowable axial s t ress  (tension or compress 
AISC, Section E2: 

Fa = 0.6Fy 1.33. 

In determining the compression allowable, the r 

on)  i s  calculated per 

sers are assumed t o  be 
supported continuously in the la teral  direction by the so i l .  

calculated per AISC, Section F3: 
The allowable bending s t ress  for a compact circular section i s  

F b  = 0.66Fy a 1.33. 

The section i s  compact i f  the diameter-to-thickness r a t i o  i s  l e s s  than 3300/F, 
(AISC, Section B5). 

When axial s t ress  demand i s  less  t h a n  or equal t o  15% o f  the axia 
s t ress  l imi t ,  a l inear interaction equation for combined bending and ax 
load i s  used in accordance w i t h  AISC, Section H1. 

a1 

tation 
tain 

Capacities are calculated in the spreadsheet risers.x7s shown in 
Table 9.3-1. This spreadsheet a l s o  tabulates the three se t s  (three exc 
directions) of seismic demands computed by SASS1 and combines them t o  o 
the total  seismic demands. Demand forces and moments are transformed into 
corresponding stresses.  Demand-to-capacity s t ress  ra t ios  for shear and 
combined moment and axial  load  are shown t o  be less  than unity; therefore, the 
r i s e r s  are acceptable. The effect  o f  soil property variation on r i s e r  demands 
i s  n o t  an issue because the residual capacities of the r i se rs  are large. 
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Figure 9.2.1-1. Typical Moment-Axial Load Interaction Diagram. 
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Figure 9.2.1-2. Axial Compression with No Bending. 
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Figure 9.2.1-3. Balanced Condition for Combined Bending and 
Axial Compression. 
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Figure 9.2.1-4. Capacity Sections for American Concrete Institute 
Code Eva1 uati on. 
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Figure 9.2.1-5. Meridional Moment-Axial Load Interaction Diagram for 
Inner Base Sections: Nonseismic (Load Case la) + Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-6. Meridional Moment-Axi a1 Load Interaction Di agram 
for Outer Base Sections: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound S o i  1 Properti es) . 
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Figure 9.2.1-7. Meridional Moment-Axial Load Interaction Diagram 

P1 us Sesimic (Lower-Bound Soil Properties). 
for Floor/Wall Interface Section: Nonseismic (Load Case la) 
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Figure 9.2.1-8. Meridional Moment-Axial Load Interaction Diagram 
for Footing Section: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 

800,000 (Tension Bottom) 

700,000 

600,000 

X Demand along +1-Axis 

500,000 0 Demand along -1-Axis 

400,000 

- 300,000 

--- Capacity Sedion 3 

2 Capacity Sedion 3 
(Tension Bottom, refined 

E 
0 Demand along +2- 

a 

U a 
0 
.I 

a 

200,000 

100,000 

2 

0 

-1 00,000 
0 500,000 1,000,000 1,500,000 2,000,000 2,500,000 

Mom en t (i n-l bf/ft) 

9-17 
Nl-3 .XLC 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 9.2.1-9. Meridional Moment-Axial Load Interaction Diagram for Inner 

(Lower-Bound Soi 1 Properties). 
Base Sections: Nonseismic (Load Case la) Plus Seismic 
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Wall Sections (Reduced Reinforcement) : Nonseismic (Load Case la) 
P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-10. Meridional Moment-Axial Load Interaction Diagram for Lower 
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Figure 9.2.1-11. Meridional Moment-Axial Load Interaction Diagram for Lower 
Wall Section: Nonseismic (Load Case la) Plus Seismic 

( Lower-Bound Soi 1 Properties) . 
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Wall /Haunch Interface Section : Nonsei smi c (Load Case la) 
P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 

Figure 9.2 .l-12. Meridional Moment-Axial Load Interaction Diagram for 
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Figure 9.2.1-13. Meridional Moment-Axial Load Interaction Diagram for Haunch 

'(Lower-Bound Soil Properties). 
Section: Nonseismic (Load Case la) Plus Seismic 

(Tension Outer) 
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Figure 9.2.1-14. Meridional Moment-Axial Load Interaction Diagram for 
Haunch/Dome Interface Section: Nonseismic (Load Case la) 

P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-15. Meridional Moment-Axial Load Interaction Diagram for 
Intermediate Dome Sections: Nonseismic (Load Case la) 

Plus Seismic (Lower-Bound Soil Properties). 
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Figure 9.2.1-16. Meridional Moment-Axial Load Interaction Diagram for Dome 
Sections Near Apex: Nonseismic (Load Case la) 
P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-17. Circumferential Moment-Axial Load Interaction Diagram for 

( Lower-Bound Soi 1 Properties) . 
Inner Base Sections: Nonseismic (Load Case la) Plus Seismic 
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Figure 9.2.1-18. Circumferential Moment-Axial Load Interaction Diagram for 
Outer Base Sections: Nonseismic (Load Case la) Plus Seismic 

( Lower-Bound Soi 1 Propert i es) . 
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Figure 9.2.1-19. Ci rcumferenti a1 Moment-Axi a1 Load Interaction Di agram for 

( Lower-Bound S o i  1 Propert i es) . Base/Wall Interface Section: Nonseismic (Load Case la) Plus Seismic 
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Footing Section: Nonseismic (Load Case la) Plus Seismic 
(Lower-Bound Soi 1 Properti es) . 

Figure 9.2.1-20. Circumferential Moment-Axial Load Interaction Diagram for 
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Figure 9.2.1-21. Circumferential Moment-Axial Load Interaction Diagram for 
12-Inch Thick Wall Sections: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-22. Circumferential Moment-Axial Load Interaction Diagram for 
Haunch Section: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-23. Circumferential Moment-Axial Load Interaction Diagram for 
Haunch/Dome Interface Section: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Outer Dome Section: Nonseismic (Load Case la) Plus Seismic 
(Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-24. Circumferential Moment-Axial Load Interaction Diagram for 

Capacity Section 7c 
(Tension Bottom) 

0 250,000 500,000 750,000 1,000,000 1,250,000 1,500,000 

Moment (in-lbf/ft) 

c1-7c. XLC 

9-33 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 9.2.1-25. Circumferential Moment-Axial Load Interaction Diagram for 
Intermediate Dome Sections: Nonseismic (Load Case la) Plus Seismic 

(Lower-Bound Soil Properties). 
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Dome Sections Near Apex: Nonseismic (Load Case la) Plus Seismic 
(Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-26. Ci rcumferenti a1 Moment-Axi a1 Load Interaction Di agram for 
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Figure 9.2.1-27. Meridional Moment-Axial Load Interaction Diagram for Inner 
Base Sections: Nonseismic (Load Case lb) Plus Seismic 

( Lower-Bound Soi 1 Propert i es) . 
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Figure 9.2.1-28. Meridional Moment-Axial Load Interaction Diagram for Outer 
Base Sections: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-29. Meridional Moment-Axial Load Interaction Diagram for 

(Lower-Bound Soi 1 Propert i es) . 
Base/Wall Interface Section: Nonseismic (Load Case lb) Plus Seismic 
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Figure 9.2.1-30. Meridional Moment-Axial Load Interaction Diagram for Footing 
Section: Nonseismic (Load Case l b )  Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-31. Meridional Moment-Axial Load Interaction Diagram for 12-1n.- 

( Lower-Bound Soi 1 Propert i es) . 
Thick Wall Sections: Nonseismic (Load Case l b )  Plus Seismic 
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Figure 9.2.1-33. Meridional Moment-Axial Load I n t e r a c t i o n  Diagram f o r  Lower 
Wall Sec t ion :  Nonseismic (Load Case l b )  Plus Seismic 

( Lower-Bound Soi 1 Propert  i es)  . 
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Figure 9.2.1-34. Meridional Moment-Axi a1 Load Interaction Di agram for 
Wall/Haunch Interface Section: Nonseismic (Load Case lb) 

P1 us Sei smi c ( Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-35. Meridional Moment-Axial Load Interaction Diagram for Haunch 

( Lower-Bound Soi 1 Propert i es) . 
Section: Nonseismic (Load Case l b )  Plus Seismic 
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Haunch/Dome Interface Section: Nonseismic (Load Case lb) 
P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-36. Meridional Moment-Axial Load Interaction Diagram for 

500,000 

400,000 

300,000 

200,000 

100,000 

0 

-1 00,000 

I I 
- Capacity Section 7 

(Tension Bottom) 

-- Capacity Section 7 
(Tension Top) - Capacity Section 7 
(Tension Top, refined 
curve) 

- 

X Demand along +l-Axis 

0 Demand along -1-Axis 

0 Demand along +2-Axis 

0 250,000 500,000 750,000 1,000,000 

Moment (in-lbf/ftl 

Mi-7. XLC 

9-45 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 9.2.1-37. Meridional Moment-Axial Load Interaction Diagram for 
Intermediate Dome Sections: Nonseisrnic (Load Case lb) 

P1 us Sei smi c ( Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-38. Meridional Moment-Axial Load Interaction Diagram for Dome 
Sections Near Apex: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Base Sections: Nonseismic (Load Case lb) Plus Seismic 
(Lower-Bound Soil Properties) . 

Figure 9.2.1-39. Meridional Moment-Axial Load Interaction Diagram for Inner 
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Figure 9.2.1-40. Circumferential Moment-Axial Load Interaction Diagram for 
Outer Base Sections: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties) . 
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Figure 9.2.1-41. 
Base/Wall Interface Section: Nonseismic (Load Case lb) Plus Seismic 

Circumferential Moment-Axial Load Interaction Diagram for 

( Lower-Bound Soi 1 Properties) . 
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Footing Section: Nonseismic (Load Case lb) Plus Seismic 
(Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-42. Circumferential Moment-Axial Load Interaction .Diagram for 
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Figure 9.2.1-43. Circumferential Moment-Axial Load Interaction Diagram for 
12-Inch Thick Wall Sections: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-44. Circumferential Moment-Axial Load Interaction Diagram for 
Haunch Section: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound S o i  1 Properties) . 
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Figure 9.2.1-45. Circumferential Moment-Axial Load Interaction Diagram for 
Haunch/Dome Interface Section: Nonseismic (Load Case lb) 

P1 ust Sei smi c (Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-46. Circumferential Moment-Axial Load Interaction Diagram for 
Outer Dome Section: Nonseismic (Load Case l b )  Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-47. Circumferential Moment-Axial Load Interaction Diagram for 
Intermediate Dome Sections: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-48. Circumferential Moment-Axial Load Interaction Diagram for 
Dome Sections Near Apex: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-49. Meridional Moment-Axial Load Interaction Diagram for Inner 
Base Sections: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properti es) . 
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Figure 9.2.1-50. Meridional Moment-Axial Load Interaction Diagram for Outer 
Base Sections: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-51. Meridional Moment-Axial Load In te rac t ion  Diagram for 
Base/Wall Section: Nonsei smic (Load Case 2) P1 us Seismic 

( Lower-Bound S o i  1 Propert i e s )  . 
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I 

Figure 9.2.1-52. Meridional Moment-Axial Load Interaction Diagram for Footing 
Section: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soil Properties). 
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Thick Wall Sections: Nonseismic (Load Case 2) Plus Seismic 
(Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-53. Meridional Moment-Axial Load Interaction Diagram for 12-1n.- 
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Figure 9.2.1-54. Meridional Moment-Axial Load Interaction Diagram for Lower 
Wall Section (Reduced Reinforcement): Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properti es) . 
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Figure 9.2.1-55. 
Wall Section: Nonseismic (Load Case 2) Plus Seismic 

Meridional Moment-Axial Load Interaction Diagram for Lower 

( Lower-Bound Soi 1 Propert i es) . 
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Figure 9.2.1-56. Meridional Moment-Axial Load Interaction Diagram for 
Wall/Haunch Interface Section: Nonseismic (Load Case 2) 

P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-57. Meridional Moment-Axi a1 Load Interaction Di agram for Haunch 
Section: Nonseismic (Load Case lb) Plus Seismic 

(Lower-Bound Soi 1 Properti es) . 
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Figure 9.2.1-58. Meridional Moment-Axial Load Interaction Diagram for 
Haunch/Dome Interface Section: Nonseismic (Load Case 2) 

P1 us Sei smi c (Lower-Bound Soi 1 Properties) . 
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Intermediate Dome Sections: Nonseismic (Load Case 2) 
P1 us Sei smi c (Lower-Bound Soil Properties) . 

Figure 9.2.1-59. Meridional Moment-Axial Load Interaction Diagram for 
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Figure 9.2.1-60. Meridional Moment-Axial Load Interaction Diagram for Dome 
Sections Near Apex: Nonseismic (Load Case 2) Plus Seismic 

( Lower-Bound Soi 1 Properties) . 
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Figure 9.2.1-61. Circumferential Moment-Axial Load Interaction Diagram for 
Inner Base Sections: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soil Properties) . 

175,000 

150,000 

125,000 

100,000 

75,000 

50,000 

25,000 

0 

-25,000 

0 20,000 40,000 60,000 80,000 100,000 120,000 
Moment (in-lbf/ft) 

c1- 1. XLC 

9-70 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure 9.2.1-62. Circumferential Moment-Axial Load Interaction Diagram for 
Outer Base Sections: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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Base/Wall Interface Section: Nonseismic (Load Case 2) Plus Seismic 
(Lower-Bound Soi 1 Propert i es) . 

Figure 9.2.1-63. Ci rcumferenti a1 Moment-Axi a1 Load Interaction Di agram for 
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Figure 9.2.1-64. Circumferential Moment-Axial Load Interaction Diagram for 
Footing Section: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properties) . 
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12-Inch Thick Wall. Sections: Nonseismic (Load Case 2) Plus Seismic 
(Lower-Bound Soi 1 Properties) . 

Figure 9.2.1-65. Circumferential Moment-Axial Load Interaction Diagram for 
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Figure 9.2.1-66. Ci rcumferenti a1 Moment-Axi a1 Load Interaction Di agram for 
Haunch Section: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soi 1 Properti es) . 
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Figure 9.2.1-67. Circumferential Moment-Axial Load Interaction Diagram for 

( Lower-Bound Soi 1 Propert i es) . 
Haunch/Dome Interface Section: Nonseismic (Load Case 2) Plus Seismic 
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Figure 9.2.1-68. Circumferential Moment-Axial Load Interaction Diagram for 
Outer Dome Section: Nonseismic (Load Case 2) Plus Seismic 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-69. Ci rcumferenti a1 Moment-Axi a1 Load Interaction Di agram for 
Intermedi ate Dome Sections : Nonsei smic (Load Case 2) P1 us Sei smi c 

(Lower-Bound Soil Properties). 
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Figure 9.2.1-70. Circumferential Moment-Axial Load Interaction Diagram for 
Dome Sections Near Apex: Nonseismic (Load Case 2) Plus Seismic 

( Lower-Bound Soi 1 Properties) . 
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I ,  

Figure 9.2.1-71. Circumferential Moment-Axial Load 1nter.action Diagram for 
Upper Wall and Haunch Sections: Nonseismic (Load Case l b )  Plus Seismic 

(Lower-Bound So i l  Properties). 
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LBCAP - IP.xls 

LBINT-IP.xls 

LBCAP - 0P.xls 
P 

LBINT - 0P.xls 

SEC2ABOT. xl s 

Table 9.2.1-1. Spreadsheets for Calculating Moment/Axial Capacities. 

Calculates three key capacity points for meridional M-P 
interaction diagrams a t  each capacity section. 

Summarizes and groups LBCAP-IP.xls M-P capacity d a t a  
for plotting . 
Calculates three key capacity points for  
circumferential M-P interaction diagrams a t  each 
capacity section. 

Summarizes and groups LBCAP - 0P.xls M-P capacity d a t a  
for p l  o t t  i ng . 
Cal cul ates refined meridional capacity curve a t  
capacity section 2a, with bottom steel in tension. 

1) File Name I Description 

SECT3BOT.xls Calculates refined meridional capacity curve a t  
capacity section 3, with bot tom steel i n  tension. 

SEC4AOUT. x l  s 

SEC4A-2. x l  s 

SECT6. xl s 

SEC6AOUT.xls 

SEC7TOP. xl  s 

SEC2TOP. xl  s 

SEC7CBOT.xl s 

SECT6CIR.xl s 

Cal cul ates refined meridional capacity curve a t  
capacity section 4a, with outer steel in tension. 
Calculates refined meridional capacity curve a t  
capacity section 4a, w i t h  outer steel in tension ( t o t a l  
steel considered). 
Calculates refined meridional capacity curve a t  
capacity section 6. 

Calculates refined meridional capacity curve a t  
capacity section 6a, w i t h  outer steel in tension. 
Cal cul ates refined meridional capacity curve a t  
capacity section 7, with t o p  steel in tension. 

Calculates refined circumferenti a1 capacity curve a t  
capacity section 2, w i t h  t o p  steel in tension. 
Calculates refined circumferential capacity curve a t  
capacity section 7c, with bottom steel in tension. 
Calculates refined circumferential capacity curve a t  
"weakest" haunch el ement (capacity section 6a) . 
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Capaci ty  
Sec t ion  

Table  9.2.1-2. Corre la t ion  of Capacity Locations t o  Demand Locations f o r  
Meridional Moment-Axi a1 Load Loads. 

Element Numbers 
(1/2 Model) 

P o s i t i v e  l-Axis Negative l-Axis P o s i t i v e  2-Axis 
(0'  Meridian) (180" Meridian) (90' Meridian) 

1 289, 291, 295, 1, 4, 9 ,  16, 324, 
301, 1257, 1261, 328, 332, 336, 
1265, 1269, 1273 340 

2 1277 344 

2a 1281 348 

161, 164, 169, 176, 
844, 848, 852, 856, 

860 

864 

868 

Haunch 
1 I I 

3 1357 424 944 

4a 

4 ,  5, 6 

9-82 

1285 352 872 

1289, 1293, 1297, 356, 360, 364, 876, 880, 884, 888, 
1301, 1305, 1309, 368, 372, 376, 892, 896, 900 

1313 380 

6a 

6b 

1317 384 904 

1321, 1325 388, 392 908, 912 

7 1329, 1333, 1337, 396, 400, 404, 

8 1345, 1349, 1353 412, 416, 420 

9 308, 305, 314, 23, 19, 28, 25, 

1341 408 

312, 318, 317, 320 31, 29, 32 

916, 920, 924, 928 

932, 936, 940 

183, 179, 188, 185, 
191, 189, 192 
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Capacity 
Section 

Table 9.2.1-3. Correlation of Capacity Locations to Demand Locations for 
Circumferenti a1 Moment-Axi a1 Load Loads. 

Element Numbers 
(1/2 Model) 

Positive l-Axis Negative 1-Axis Positive 2-Axis 
(0" Meridian) (180" Meridian) (90" Meridian) 

1 

2 
2a 

289, 291, 295, 1, 4, 9, 16, 161, 164, 169, 176, 
301, 1257, 1261, 324, 328, 332, 844, 848, 852, 856, 
1265, 1269, 1273 336, 340 860 

1277 344 864 
1281 348 868 

9-83 

3 1357 424 944 

4, 5, 6 1285, 1289, 1293, 352, 356, 360, 
1297, 1301, 1305, 364, 368, 372, 
1309, 1313, 1317, 376, 380, 384, 

1321, 1325 388, 392 

872, 876, 880, 884, 
888, 892, 896, 900, 

904, 908, 912 

7a 1329 396 
7b 1333 400 
7c 1337,. 1341 404, 408 
8 1345, 1349, 1353 412, 416, 420 
9 308, 305, 314, 23, 19, 28, 25, 

312, 318, 317, 320 31, 29, 32 

916 
920 

924, 928 
932, 936, 940 

183, 179, 188, 185, 
191, 189, 192 
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Nonseismic Load Case la 

Soil Properties) 
Nonseismic Load Case lb 

Soi 1 Properties) 
Nonseismic Load Case 2 

Soi 1 Properties) 

Plus Seismic (Lower-Bound 

P1 us Seismic ( Lower-Bound 

Plus Seismic (Lower-Bound 

Tab1 e 9.2.1-4. Figure Numbers for Moment-Axi a1 Load Diagrams. 

Meridional Circumferenti a1 
Direction Direction 

Figures 9.2.1-5 to Figures 9.2.1-17 to 
9.2.1-16 9.2.1-26 

Figures 9.2.1-27 to Figures 9.2.1-39 to 
9.2.1-38 9.2.1-48 

Figures 9.2.1-49 to Figures 9.2.1-61 to 
9 -2.1-60 9.2.1-70 
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Tab1 e 9.2.1-5. P1 ot Fi 1 es for Meridional Moment-Axi a1 Load Di agrams . 

. 

*Capacities shown are based on total reinforcement minus minimum 
reinforcement for in-plane shear. 

9-85 



WHC-SD-W320-ANAL-002 
Rev. 0 

Table 9.2.1-6. Plot Files for Circumferential Moment-Axial Load Diagrams. 

* Capacities shown are based on total reinforcement minus minimum 
reinforcement for in-plane shear. 
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Capacity 
Sect i on 

Tab1 e 9.2.2-1. Correl ation o f  Capacity Locations to Demand Locations for 
Shear Loads. 

Positive 1-Axis Negative l-Axis Positive 2-Axis 
(0" Meridian) (180" Meridian) (90" Meridian) 

Element Numbers 
(1/2 Model) I 

289, 291, 295, 1, 4, 9, 16, 1 
301, 1257, 324, 328, 332, 
1263., 1265, 336, 340 
1269, 1273 

344 

348 

2 1277 

2a 1281 

161, 164, 169, 
176, 844, 848, 
852, 856, 860 

864 

868 

424 3 1357 
I 

944 

1289, 1293, 356, 36 
368, 37 1 380 

1297, 1301, 
1305, 1309, 

4, 5, 6 I 
I w - -  - 

352 872 4a 1285 
; 

0, 364, 
2, 376, 

i3i3 I 

876, 880, 884, 
888, 892, 896, 

900 

1317 384 6a 
388, 392 

9-87 

904 
908, 912 6b 1321, 1325 

1329, 1333, 396, 400, 404, 7 
1337, 1341 408 

8 1345, 1349, 412, 416, 420 

9 308, 305, 314, 23, 19, 28, 25, 

i353 

312, 318, 317, 
320 

31, 29, 32 

916, 920, 924, 
928 

932, 936, 940 

183, 179, 188, 
185, 191, 189, 

192 
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Section 

1 
2 

2a (bot) 
3 (bot) 

3 (top) 
4a 
4 
5 
6 
6a 
6b 

Table 9.2.2-2. Sections for Determination o f  Transverse Shear Capacity. 

Meridional 
h d' d 

[in1 linl (in1 
6 1.75 4.25 
6 1.75 4.25 

16.49 3.13 13.36 
24 3.13 20.87 
24 6.25 17.75 

18.3 2.375 15.925 
12 2.375 9.625 
12 2.375 9.625 
12 2.375 9.625 
15 2 1 3  .- 

27.29 2 25.29 

.. . , 

2.25 3.75 
2.25 3.75 

4 12.49 
4 20 
7 17 

3.1875 15.1125 
3.1875 8.8125 
3.1875 8.8125 

12 
12 
12 
12 
12 
12 
12 
12 

7 (in) 
7 (out) 
8 (in) 
8 (out) 

9 (in) 
9 (out) 

~~ 

15 1.625 13.375 
15 4.375 10.625 
15 1.625 13.375 
15 4.375 10.625 
15 1.625 13.375 
15 4.375 10.625 

fc 
[1 bf/inY] 

345 1 
3625 
3625 
4049 
4049 
3899 
3899 
4399 

12.625 
11.375 
12.625 
11.375 
12.625 
11.375 

3.1875 I 8.8125 I 12 I 4418 

12 4431 
12 4431 
12 4428 
12 4428 
12 4429 
12 4429 

. 3- 12 12 441 8 
3 I 2429 I 12 I 4418 

2.375 
3.625 
2.375 
3.625 
2.375 
3.625 

cl OG\nonseis3\SHEAR.XLS 
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Section 

1 
2 

2a (bot) 
3 (bot) 
3 (top) 

4a 
4 
5 
6 

6a 
6b 

7 (in) 
7 (out) 
a (in) 

9 (in) 
9 (out) 

I * (Out) 

Tab1 e 9.2.2-3. Eva1 u a t  i on o f  Transve r se  Shear:  Nonsei smi c 
(Load Case l a )  Plus Seismic 

(Lower-Bound So i l  P r o p e r t i e s ) .  

POSITIVE 1-AXIS NEGATIVE 1-AXIS 
Me rid ion a I Circumferential Meridional Circumferential 

Nu (min.) Shear Cap. Nu (min.) Shear Cap. Nu (rnin.) Shear Cap. Nu (rnin.) Shear Cap. 

9,155 5,417 11,832 4,863 9,143 5.41 7 11,844 4,864 
[I bf/ft] [Ibfl (Ibf/ft] Ubfl [I bflft] Pbfl @bf/ft] [Ibfl 

7,656 5,498 10,901 4,955 7,656 . 5,498 10,913 4,955 
15,338 17,045 13.434 15,861 15.338 17,045 13,434 15.861 
9,274 27,527 -3,560 25,320 9,274 27,527 -3,560 25.320 
9,274 23,412 -3,560 21,522 9.274 23.412 -3,560 21.522 
29,005 21,625 -36,237 12.897 29,005 21,625 -36,237 12,897 

24,318 14,123 5,320 12,144 24.318 14,123 5,320 12.144 
26,717 13,398 -9,624 9,725 26,717 13,398 -9,622 9,725 

24,264 14,151 -22.664 8,188 24,264 14,151 -22.664 8,188 
25.71 0 18,886 -41,176 8,827 25,710 18,886 -41,176 8,827 
23,368 35,515 -140,855 4,603 23,368 35,515 -140,855 4.603 
31,541 19,754 -58,269 6,044 31.529 19.753 -58,269 6,044 
31,541 15,692 -58,269 . 5.446 31,529 15,692 -58,269 5,446 
37,762 20,061 17,601 17,976 37,750 20,060 17,601 17,976 

15,936 17,601 16,196 37,750 15,936 17,601 16,196 
47,839 20,571 27,520 18,450 47,839 20,571 27,496 18,449 

16,342 27,520 16,624 47.839 16,342 27,496 16,623 

371762 

47,839 

.. 
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Section 

1 
2 

2a (bot) 
3 (bot) 
3 (top) 

.4a 
4 
5 
6 

Table 9.2.2-3. Evaluation o f  Transverse Shear:  Nonseismic 
(Load Case l a )  Plus Seisr;iic 

(Lower-Bound Soi l  P r o p e r t i e s )  (cont )  . 

Nu (min.) 
[Ibf/ft] 
9,155 
7,668 
15,338 
9,262 
9.262 
29,017 
26.717 
24,330 
24,276 

I POSITIVE 2-AXIS 

5,417 
5,498 

27,527 
23.412 

13,398 
14.123 

17,045 

21,626 

14.151 

I Meridional I Circumferential 

11,808 
I 0,865 

-3,488 
-3.488 

-9,609 
5,308 

13,482 

-36,213 

-22.664 

672 

so8 

598 

2,395 
2.395 
975 
577 
562 
453 

4,863 
4,955 
15,861 
25.320 
21,522 
12,897 
9,725 
12,144 
8.188 

Shear Cap. 
tlbfl 

4,863 
4.953 
15,863 
25,333 
21,533 
12,902 
9,727 
12,143 
8.1 a8 

900 
1,558 
9,542 
4,773 
4.773 
14,061 
10,906 
7,087 
9,866 

6a 8,823 
6b 

5,417 
5,498 
17,045 
27,527 
23,412 
21,625 
13,398 
14,123 
14.151 

Elements alonq the Positive l-Axis 
Meridional I Circumferential 

11,648 18,886 584 a, 827 
12.278 I 35.515 I 945 I 4.603 

713 
71 3 
573 
573 

1,207 
1,207 

6,044 
5,446 
17,976 
16,196 
18,450 
16,624 

2 of 3 c 1 OG\nonseis3\SHEAR.XLS I 
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Demand 
@bf/ff] 
a95 

1,537 
9.567 
4,772 
4 ,n2  
14.067 
10,908 
7,087 
9,866 

Tab1 e 9.2.2-3. Eva1 uat i on o f  Transverse Shear: Nonsei smi c 
(Load Case la) Plus Seismic 

( Lower-Bound S o i  1 Properti es) (cont) . 

Capauty Demand Capauty 
@bf/ft] vbf/ff] @bf/it] 
5,417 671 4,863 

5.498 596 4,953 
17.045 51 9 i 5,863 
27,527 2,394 25,333 
23,412 2,394 21,533 
21,626 1,005 12,902 
13,398 586 9,727 
14,123 562 12,143 
14.151 457 8.188 

- 
Section Demand 

bf/ff 1 
671 

598 

9.542 17,045 508 
4,773 27,527 2.395 

4.773 23.412 2.395 

1 

Capacity 
[I bf/ft] 
4,864 
4,955 
15,861 
25,320 
21,522 

- ~ ,  

!a (bot) 
3 (bot) 

3 (top) 
4a 
4 

- 
~- 

14,061 21,625 
10,905 13,398 
7,086 14,123 
9.866 14.151 

~ 

Elements alona the Necrative 1-Axis 

975 12.897 
577 9,725 
562 12,144 
453 8.1 88 

~~ ~ 

Meridional 

584 

945 
71 3 
71 3 

572 
572 

1,135 
1,135 

Circumferential 

8,827 
4,603 
6,044 
5,446 
17,976 
16,196 
18,449 
16.623 

~~ ~~ 

19.756 663 6,035 
15,694 663 5.438 
20,061 569 17,976 
15,936 569 16,196 

20,571 1.117 18,449 
16,342 1.117 16,623 

3 of 3 
9-91 

Elements along the Positive 2-Axis 
Meridional I Circumferential 

11,648 i 8,889 631 8,823 
12.285 I 35.519 I 838 I 4.599 

~~ 

8,025 
8,025 
2,448 
2,448 
1,706 
1,706 
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Section 

b 

1 
2 

2a (bot) 
3 (bot) 
3 (top) 

4a 

4 
5 
6 
6a 
6b 

7 (in) 
7 (out) 
8 (in) 
8 (out) 
9 (in) 
9(out) 

T a b l e  9.2.2-4. E v a l u a t i o n  o f  T r a n s v e r s e  Shea r :  Nonse ismic  
(Load Case l b )  Plus S e i s m i c  

(Lower-Bound S o i l  P r o p e r t i e s ) .  

POSITIVE 1-AXIS NEGATIVE 1 -AXIS 
Meridional Circumferential Meridional Circumferential 

Nu (min.) Shear Cap. Nu (min.) Shear Cap. Nu (min.) Shear Cap. Nu (min.) Shear Cap. 

9,911 5,444 11,244 4,845 9,179 5,418 11,820 4,863 
[Ibf/ft] [Ibfl @Df/ft] [Ibfl. [Ibf/ft] tIbfl [Ibf/ft] Ubfl 

8,496 5,528 10,169 4,931 7,704 5,499 10,925 4,955 
16.358 17,088 10.494 15,748 15,302 17,044 13,710 15.872 

9,622 27,544 -9,428 24,262 9,358 27,531 -2,480 25,515 
9.622 23,426 -9,428 20,623 9.358 23,415 -2.480 21,687 

29,869 21,665 -39.285 12,363 28.237 21,590 -35,925 12,952 
28,437 13,471 -1 1,301 9,464 25,949 13,365 -9,565 9,734 

28,236 14,331 -21,896 8.31 5 23.436 14,113 -21,380 8,401 
28.146 14,296 5,920 12,169 23.502 14,086 5,932 12,169 

24.890 18,846 -38,336 9,340 24.890 18,846 -38,336 9,340 
22.428 35.466 -132,455 6.293 22.428 35,466 -132,455 6,293 
33,821 19,869 -48,429 7,919 29,549 19,653 -52.521 7,139 
33,821 15,784 -48,429 7,135 29,549 15.612 -52,521 6,432 
35.111 19,927 27,009 I 8,424 32,314 i 9,786 23,865 i 8,274 
35,111 15,830 27,009 16,600 32,314’ 15,718 23,865 16,465 
31,616 19,753 31,444 18,637 31,496 19.747 32,237 18,675 
31,616 15,692 31.444 16,792 31,496 15.687 32.237 16.826 

1 of 3 
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Table  9.2.2-4. Evaluation o f  Transverse Shear: Nonseismic 
(Load Case l b )  Plus Seismic 

(Lower-Bound S o i l  P r o p e r t i e s )  (cont )  . 

Section 

1 

2 
2a (bot) 
3 (bot) 
- 

4 
5 
6 

6a 
- 

POSITIVE 2-AXIS I Elements along the Positive l-Axis 
Meridional Circumferential Meridional Circumferential 

Ju (min.) Shear Cap. Nu (min.) Shear Cap. Demand Capacity Demand Capacity 
@bf/ff] [Ibfj [I bf/ft] [Ibfl , [Ibf/ffJ @bf/ft] [Ibf/ftJ @bf/ft] 
8,951 5.41 0 12,048 4,870 902 5,444 673 4,845 

7,464 5,491 11,117 4,961 1,557 5,528 593 4,931 

15,134 17.037 14.358 15,897 1 9,728 17,088 512 15,748 

9,214 27,524 -1,760 25,644 4,759 27,544 2.425 24,262 

28,909 21,621 -35,373 13,049 I 14,390 21,665 983 12,363 
26,357 13,383 -9,164 9,797 I 11.038 13,471 574 9,464 

1 
9,214 23,410 -1,760 21,798 4.759 23,426 2.425 20,623 

9-93 

c l  OG\nonseis3\SHEAR.XLS 



WHC-SD-W320-ANAL-002 
Rev. 0 

Table 9.2.2-4. Evaluation of Transverse Shear: Nonseismic 
(Load Case lb) Plus Seismic 

(Lower-Bound Soil Properties) (cont). 

Section 

1 
2 

2a (bot) 
3 (bot) 

4a 
4 
5 
6 
6a 
6b 

3 (top) 

Elements along the Negative l-Axis 

1,531 5,499 4,955 
15.872 _ _  ~ 

4,974 27,531 2.369 25,515 
4.974 23.415 2,369 21,687 

10,914 13,365 573 9,734 
14,063 21,590 968 12,952 

7,075 14,086 564 12,169 
9.781 45 9 8.401 
11,499 18,846 sa9 9.340 
12.042 35,466 932 6.293 
7,902 19,653 708 7,139 
7,902 15,612 708 6,432 
2.245 19,786 547 18,274 
2,245 15,718 547 16,465 

' 14.113 

1,681 19.747 1,114 18.675 
1.681 15.687 1,114 16,826 

Elements along the Positive 2-Axis 
Meridional Circumferential 

lernand Capacity Demand Capacrty 
[Ibf/ft] @bf/ft] ubf/ft] (lbf/ft] 
a94 5,410 670 4,870 

1,540 5,491 601 4,961 
9,535 17,037 so8 15,897 
4,786 27,524 2.397 25,644 
4.786 23.410 2.397 21.798 

~~ 

14,004 21,621 1,000' 13,049 
10,876 13,383 593 9,797 
7,055 14,103 552 12.172 
9.810 14,130 466 8,399 
11.53 18,861 61 0 9,328 
12,073. 35.485 a43 6,146 
7,916 19,662 661 7,050 
7.916 15,619 661 6,352 
2,248 19,781 545 18,283 
2,248 15,714 545 16,473 
1,678 19,703 1.137 18,701 

3 of 3 cl OG\nonseis3\SHEAR.XLS 
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Section 

1 
2 

2a (bot) 
3 (bot) 

3 (top) 
4a 
4 
5 
6 
6a 
6b 

7 (in) 
7 (out) 
8 (in) 
8 (out) 
9 (in) 
9 (out) 

1 o f 3  

Table 9.2.2-5. Evaluation o f  Transverse Shear: Nonseismic 
(Load Case 2) P l u s  Seismic 

( Lower-Bound Soil Properti es) . 

' POSITIVE 1-AXIS 
~~ 

Meridional 
N u  (min.) 

[lbf/ft] 
9,863 
8,544 

9,850 
9.850 

16,238 

27,697 
26,073 
25,566 
24,780 

21,378 
23,850 

30,149 
30,149 

30,478 
29,252 
29,252 

30,478 

-~~ ~ 

Shear Cap. 

5,442 
5,530 

[Ibfl 

17.083 
27,554 
23.435 
21,565 
13,370 
14.179 
14.174 
18,795 

19,684 
35,411 

15,636 
19,693 
15,644 
19,634 
15,597 

Circumferential 
4u (min.) 
[Ibflft] 

11,148 

10,866 
-6,836 
-6,836 
-38,685 

10,097 

-1 1,406 
10,456 
-14,575 
-36,516 
-127,955 
-51,021 
-51,021 
21.969 
21,969 
30,592 
30,592 

Shear Cap. 
tlbfl 

4,842 
4.929 .. 

15.762 
24,729 
21,020 
12,468 
9,447 
12,356 
9,530 
9,670 
7.198 
7,425 
6,690 
18.1 a4 

18,597 
16,384 

16,755 

NEGATI1 
Mer 

4u (rnin.) 
(Ibf/ft] 
8,987 
7,548 
15.026 
9,214 
9,214 
27.21 7 
24.977 
22,470 
22.404 
23,850 
21,378 
28,277 
28,277 
30,610 
30,610 
29.228 
29,228 

Shear Cap. 
ional 
Shear Cap. 

[Ibfl 
5,411 
5,494 
17,032 
27,524 
23.41 0 
21,543 
13,324 
14,039 
14,066 
i 8,795 
35.41 1 
19,589 
15,561 
19,700 
15,650 
19,633 
15.596 

Circur 
Vu (min.) 

@bf/ftl 
11,748 
i 0.853 

-1,688 

- 
13,770 

-1,688 
-35.673 
-9,574 

-20,603 
-36,516 
-127.955 
-51,045 
-51,045 
22,977 
22,977 
30,677 
30,677 

6,088 

[Ibfl 
4,861 
4.953 
15,575 
25,657 
21.809 
12.996 
9,733 
12,176 
8,530 

7.1 98 
9,670 

7,421 
6,686 
18,232 

18,601 
16,427 

16,759 
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section 

1 
2 

2a (bot) 
3 (bot) 
3 (top) 
4a 
4 
5 
6 
6a 

7 (in) 

8 (in) 

6b 

7 (Out) 

8 (out) 
9 (in) 
9 (out) 

Table 9.2.2-5. Evaluation o f  Transverse Shear: Nonseismic 
(Load Case 2) Plus Seismic 

(Lower-Bound Soi l  Properties) (cont). 

' POSITIVE 24x1s 
Meridional Circumferential 

Nu  (min.) Shear Cap. Nu  (min.) Shear Cap. 

8,783 5,404 11,916 4,866 
[lbfifll Wfl [I bf/ft] @bfl 

7,332 5,486 I 0,985 4,957 

9,046 27,517 -1,148 25,755 
14,846 17,025 14.442 15,901 

9,046 23.403 -1,148 21,892 
27,709 21,565 -35,277 13,066 
25,181 13,332 -9,352 9,767 
22,914 14.059 6,124 12.177 
22.896 14,089 -20,499 8,547 
24,318 18,818 -36.268 9,714 

28,289 19,590 -51,069 7.416 

30,466 19,693 23,181 18,242 

- 
21.830 35,435 -127.855 7,218 

28,289 15,562 -51.069 6,682 

30,466 15,644 23,181 16,436 
29,192 19,631 30.71 3 18,602 
29,192 15,595 30.713 16.761 

Elements alona the Positive 1-Axis 
~~ ~ 

Meridional 
Demand Capacity 
@bf/ft] (Ibf/ff] 
885 5,442 
1,489 5,530 
9.350 17,083 
5,207 27,554 
5,207 23.435 
14.310 21,565 
10,939 13,370 
6,390 14,179 
9.712 14.174 

~ ~ ~~~~ ~ 

Circumferential 

648 4,842 
573 4,929 
486 15.762 
2,364 24,729 
2,364 21,020 
960 12.468 
560 9.447 
484 12,356 
482 9.530 

1 I ,325 18,795 585 9,670 
11.731 I 35.411 1 906 I 7.198 

~~ ~ 

6,?76 
6,?76 
2.256 
2356 
1,650 
1,650 

~~ ~~~ 

19,684 
15,636 
19,693 
15,644 
19,634 
15,597 

~~ ~~~ 

575 
575 
546 
546 
1,160 
1,160 - 

7,425 
6,690 
18,184 
16,384 
18.597 
16.755 

2 of 3 
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Meridional Circumferential I Meridional 
3ernand Capacity Demand Capacity Demand Capacrty 
[Ibf/ft] [Ibf/ft] [Ibf/ft] @bf/ft] [Ibf/A] [Ibf/ft] 
a92 5.41 1 656 4,861 aa6 5.404 

1,507 5,494 581 4.953 1,507 5,486 
9.222 17,032 494 15,875 9,305 17,025 

5,155 27,524 2,342 25,657 5,022 27,517 

13,992 21,543 959 12.996 13,932 21,565 

io,a7i 13,324 567 9,733 10,824 13,332 

9.638 14.066 460 8,530 9,686 14,089 

11,325 l a m  585 9,670 ii,3ao i8,aia 

7,739 ' '19,589 703 7,421 7.736 19.590 

5,155 23,410 2,342 a a 0 9  5,022 23.403 

7,038 14,039 570 12,176 6,995 14,059 

11,756 35,411 924 7.198 11,772 35.435 

7,739 15,561 703 6,686 7,736 15,562 
2,223 19,700 547 18.232 2,227 19,693 

1,658 19,633 1,117 ia,eoi 1,661 19,631 
2,223 15,650 547 16,427 2,227 15.644 

1.658 15,596 1,117 16.759 1.661 15,595 

3 of 3 

Circumferential 
Demand Capacity 

[Ibf/ft] [Ibf/ft] 
659 4,a66 
592 4,957 
496 15.901 

2.354 25,755 
2,354 2i.ag2 
989 13,066 
592 9,767 
549 12.177 
495 8,547 
572 9.714 
a44 7.21 a 

662 6,682 
544 i 8,242 

1,112 ia,602 

662 7,416 

544 16,436 

1,112 16,761 

Tab1 e 9.2.2-5. Eva1 u a t i o n  o f  Transve r se  Shea r :  
(Load Case 2)  Plus Se i smic  

( Lower-Bound Soi  1 P r o p e r t  i e s )  ( c o n t )  . 
Nonsei smi c 

Section 

1 

2 
2a (bot) 
3 (bot) 
3 (top) 

4a 
4 
5 
6 

- 

- 
6a 
6b 

cl OG\nonseis3\SHEAR.XLS I 
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Table 9.2.3-1. Evaluation of In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case la) Plus Seismic (Lower-Bound Soil Properties). 

cl OG\nonseis3\TWIST.XLS 1 of 3 
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Table 9.2.3-1. Evaluation o f  In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case l a )  Plus Seismic (Lower-Bound S o i l  Properties) (cont). 

2 a f  3 

9-99 
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Tab le  9 .2 .3-1.  E v a l u a t i o n . o f  In-Plane Shea r  and T w i s t i n g  Moment: Nonseismic 
(Load Case l a )  Plus Se i smic  (Lower:B-ound S o i l  P r o D e r t i e s )  ( c o n t l .  

footing dement 
4136 1 24.00 I 9.2621 -3.4881 -3.m I 31.214 I 25.607 I 8.237j 188,9281 2.m 

3 of 3 
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Table 9.2.3-2. Evaluation o f  In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case l b )  P1 us Seismic (Lower-Bound Soil Properties). 

1 of 3 
9-101 
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Tab1 e 9.2.3-2. Eva1 uati on of In-P1 ane Shear and Twi sting Moment: Nonsei smi c 
(Load Case lb) Plus Seismic (Lower-Bound Soil Properties) (cont). 

f m n g  element 
4241 4126 I 24.00 9.3581 -2,4801 -2.480 I 51.428 I 25.714 I 8.2391 188.9281 22.092 

2 of 3 
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Table 9.2.3-2. Evaluation o f  In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case l b )  Plus Seismic (Lower-Bound Soil ProDerties) (cont). 

c 

3 of 3 9-103 c 1 06\nonseis3\TWIST.XLS 



WHC-SD-W320-ANAL-002 
Rev. 0 

Table 9.2.3-3. Evaluation of In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case 2) P1 us Sei smi c ( Lower-Bound Soi 1 Properties) . 

footing dement 
13571 4136 I 24.00 I 9,8501 -6,8351 -6.836 I 5O.m I 25,251 I 8.1371 188,9281 21.456 

1 of 3 9-104 
cl OG\nonseis3\TWIST.XLS 



WHC-SD-W320-ANAL-002 
Rev. 0 

Table 9.2.3-3. Evaluation o f  In-Plane Shear and Twisting Moment: Nonseisinic 
(Load Case 2) P1 us Seismic (Lower-Bound Soi 1 Proper t ies )  (cont)  . 

2 of 3 
9-105 
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Shear: Axial: 'Bending: 
FY 1.33(0A)Fy 1.33(0.6)Fy 1.33(0.66)Fy 

Table 9 . 2 . 3 - 3 .  Evaluation o f  In-Plane Shear and Twisting Moment: Nonseismic 
(Load Case 2) P1 us Seismic (Lower-Bound S o i l  P r o p e r t i e s )  ( c o n t )  . 

- 

Dn limit 
33OOfiy 

3o.ooo 15,960 PWJ 26.334 110 

r Riser Beam OD. Thicknes,! Ana SectionModulus Dn Compact? 
No. linl [In1 W 2 1  Pn*9 Ratio 

I 
4- in PumpSlulcing Prts 1 4.5 0.237 3.1 7 3.21 19.0 yes 

2W in Pump ?it 3 36.75 0.375 4285 m 98.0 yes 
IT in Pump/Sluicing Pits 2 1275 0.406 15.75 47.1 31.4 yes 

12 in Heel  Pit 4 1275 0.406 15.75 47.1 31.4 yes 

1-106 

Seismic Forces and Moments 

L 

4- x i  P1 

P3 
Ml  
M2 
M3 

lr R W  ?1 
in Pump/Sluicing Pits n 

P3 
Mi  
h a  
M3 

36 Rlsar ?1 

P3 
M1 
M2 
M3 

1T R i  P1 
fn Hed Pit P2 

P3 
M1 
M2 
M3 

in Purnp/Sluicing Pits P2 

in Pump Pit P2 

risers\RISERS.XLS 

(lbf, inches): 
Raw o m u t  tom STRESS WUIS ' Total Seismic 

0 0 0 0 0 0 0 
0 2 1 0 4 3 5 

-1 0 0 -1 0 0 1 
0 0 0 0 0 0 0 
33 0 0 &s 0 0 65 

. o  110 76 0 m 153 268 
0 0 0 0 0 0 0 
0 n 50 0 145 101 177 

-22 0 0 43 0 0 43 
0 0 0 0 0 0 0 

1,262 0 0 2524 0 0 2524 
10.345 0 4.251 2947 0 8,502 5.894 

0 0 0 0 0 0 0 
0 1.657 a61 0 3,314 1,721 3.734 
4 0 0 -81 0 0 81 

0 0 0 0 0 0 0 
1,426 0 0 2852 0 0 2852 

0 58,640 30,460 0 117.280 60,920 132158 
0 0 0 0 0 0 0 
0 685 0 0 273 0 2738 

-704 0 0 -281 6 0 0 281 6 
0 0 0 0 0 0 0 

14,430 0 0 9,m 0 0 51,720 
0 14,030 0 0 56.120 0 56,120 

- 
iairrc. 2-0irec. 30irec. lairec. 2-Direc. 3-Direc Demand 

I 

Riser 

4- in PumprSluiung Pits 
lr in PumpSlUidng Pib 
3C In Pump Pit 
lr in H A  P1 

Stress Demands (Ibllin*2) DarvndCapacity Ratio 
Shear A x i l  Bending 
strcss stress strest Shear MwnentlAxill 

3 0 84 0.00 0.00 
P 0 Pg 0.00 0.01 

174 0 171 0.01 0.01 
358 0 1- 0.02 0.05 
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Table 9.3-1. AISC Code Evaluation of Risers for Seismic Demand. 
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can be used w i t h  confidence in modeling t ank- to - t ank  interact ion via a half  
model as described in the  next section. 

A. 1.2 ANTISYMMETRY IN SIMULATING TANK-TO-TANK INTERACTION 

An antisymmetry plane must be defined in the  so i l  halfway between two 
adjacent tanks (Figure A . l . l ( b ) )  t o  simulate horizontal tank-to-tank 
in te rac t ion  v ia  a half  t a n k  model. Accordingly, a ver t ica l  antisymmetry plane 
perpendicular t o  the  exci ta t ion direct ion was added t o  the  basel ine half  model 
a t  the  midway point between adjacent tanks (50 f e e t  from the  tank centroidal 
a x i s ) .  

Two analyses were made t o  ascertain the  importance o f  extending so i l  
elements t o  the  antisymmetry plane such tha t  the antisymmetry plane forms the  
bound-ing surface of the f i n i t e  element mesh on one s ide.  
analysis ,  the  f i n i t e  element mesh stops short o f  the  antisymmetry plane, i . e . ,  
no elements i n t e r e s t  the antisymmetry plane and t h u s  displacement cons t ra in ts  
associated w i t h  antisymmetry conditions are  n o t  d i r ec t ly  imposed 
(Figure A. l .Z- l (a ) ) .  In the second analysis,  the outer boundary o f  the f i n i t e  
element mesh was extended t o  the  antisymmetry plane (Figure A . l . 2 - l ( b ) )  and 
the  appropriate displacement boundary conditions were applied t o  those nodes 
which l i e  on the  antisymmetry plane. 
i s  defined using three reference points as described on p .  5-33 o f  the SASSI 
User 's  Manual (Lysmer 1991b). 
Figures A.1 .2-2  t o  A.1.2-8, 
mesh of the  so i l  t o  the antisymmetry plane i s  n o t  warranted s ince doing so 
does n o t  s ign i f i can t ly  a f fec t  the computed t a n k  demands. 

In the  f i r s t  

In b o t h  analyses the  antisymmetry plane 

Comparing the r e su l t s  of the  two analyses' in 
i t  i s  concluded tha t  extending the  f i n i t e  element 

A.2 MESH REFINEMENT 

The use of degenerate sol id  elements in t rans i t ion ing  from a f ine  t o  a 
coarse mesh in the  near-field so i l  i s  examined in Section A.2.1. Section 
A . 2 . 2  addresses the sens i t i v i ty  of t a n k  response t o  interact ion node spacing. 

A. 2.1 SOLID ELEMENT TRANSITION ZONE 

The so l id  element used in the  SASSI program i s  an eight-node 
i soparametri c el ement . 
dis tor ted  t o  degenerate the brick into a tetrahedron (4-node7 4-face element) , 
a. pyramid (5-node, 5-face element), or a wedge (&node, 5-face element). 

Three t e s t  problems were analyzed w i t h  SASSI t o  address concerns about 
the  use of these degenerate isoparametric sol id  elements in t rans i t ion ing  from 
a f i n e  mesh t o  a coarse mesh in the  near-field s o i l .  
ver t ica l  can t i lever  of sol id  elements (140 in.  x 108 i n .  x 480 in .  t a l l )  w i t h  
a l ayer  of shel l  elements superimposed on one of the  140 in .  x 480 in .  faces .  
Two mater ia ls  a re  defined: a generic so i l  fo r  the  so l id  elements and an 
e l a s t i c  pseudo-concrete fo r  the shell  elements. 
f ixed base of the  t e s t  cant i lever  i s  the same as the  horizontal control mot ion  
used in the  t a n k  analysis.  

The' element ' s i soparametri c coordinate system can be 

The t e s t  model is a 

The control mot ion  a t  the  
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Base1 ine Test Model 

The baseline t e s t  model (Figure 
identical 8-node bricks w i t h  48 (4  x 
one-to-one correspondence of nodes a t  
recommended in the SASS1 Users' Manua 
order o f  the solid elements i s  set  t o  

OK Model - Skipped Nodes 

A.2.1-1) i s  made up of 144 (4 x 3 x 12) 
2) shells along one face. There i s  a 
the shell-sol id interface. As 

two. 
(Lysmer, e t  a l .  1991b), the integration 

One approach t o  reducing the number o f  solid elements (and increasing 
the node spacing in the so i l )  i s  t o  have disparate element sizes a t  the shell- 
solid interface whereby only every second (third, fourth, etc) shell element 
node i s  shared with a solid element. The ''OK" variation of the t e s t  model 
(Figure A.2.1-2) employs this  strategy by skipping every second shell element 
node.- The DK model consists o f  36 identical solid elements (2  x 3 x 6) and 48 
shell elements (4 x 12) where the shell elements are identical t o  those of the 
basel ine t e s t  model. 

CM Model - Deqenerate Elements 

The IICM" variation of the tes t  model (Figure A.2.1-3) ut i l izes  distorted 
tetrahedrons and pyramids, similar t o  those used in the t a n k  analyses, t o  
achieve a mesh density change from the mesh a t  the shell interface t o  the 
coarser mesh a t  the opposite surface. The solid element mesh i s  effectively 
transitioned from a 4-element wide, 12-element-high mesh t o  a 2-element-wide, 
6-element-high mesh. 
elements ( 4  x 12) where the shell elements are identical t o  those of the 
basel ine t e s t  model. 

The model has a t o t a l  of 132 solid elements and 48 shell 

Basic rules consistent with the element formulation were observed for 
the definition of the degenerate solid elements, i . e . ,  the f i r s t  three nodes 
of the element define the plane for the 1 and 2 isoparametric directions, and 
the normal vector t o  this  plane (defined via the right-hand rule) points 
toward the interior of the solid element. A higher integration order (4)  was 
used for the degenerate elements. 

Results and Conclusions 

the three tes t  models are given in Table A.2.1-1. 
degenerate transition elements are valid and are a t  least  as accurate as  
skipping every second shell element node as a means of reducing the soil mesh 
density. 
t e s t  model (generally less than 10% difference where response is  significant) .  
I t  may be deduced that skipping more than every other shell element node using 
the "node-skipping" approach would result in a less favorable comparison with 
the degenerate element approach. 

Forces and moments in the shells and peak accelerations resulting from 
I t  i s  evident t h a t  the 

Either method gives approximately the same results as  the baseline 

A.2.2 SPACING OF INTERACTION NODES 

This section examines the effect of interaction node spacing on 
horizontal seismic t a n k  demands. The coarse quarter model i s  constructed from 
the basel ine quarter model by stripping away the outer layer o f  near-field 
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soil elements in the "structure" thereby reducing the volume of "excavated 
so i l "  while increasing the number of interaction nodes from 95 t o  558. 
A.2.2-1 shows the coarse and baseline f in i t e  element meshes of the t a n k  and 
near-field so i l .  
layers defined in the baseline and coarse models. 

Figure 

Table A.2.2-1 provides a tabular comparison of the soil 

The proper radius of the "central zone" ( R )  specified by the analyst in 
SASSI's POINT module i s  dependent on the horizontal spacing of interaction 
nodes; therefore, the value of R i s  greater for the coarse model t h a n  for the 
baseline model (130 in. vs. 72 i n . ) .  This radius i s  used in calculating the 
axisymmetric point load, solution for each analysis frequency a t  the surface of 
each soil layer in the embedment zone. Theoretical details  are provided in 
the SASS1 documentation (Lysmer, e t  a l .  1991a and 1991b). Sensitivity 
analyses n o t  documented herein revealed t h a t  the computed t a n k  response i s  
somewhat sensitive t o  the radius of the central zone; however, the sensit ivity 
i s  insignificant when the radius f a l l s  within the range of values recommended 
by Lysmer, i . e . ,  85% t o  100% of the average horizontal spacing of interaction 
nodes. 

Although analysis frequencies greater than 13 Hz are  permitted for the 
baseline model according t o  t h e  one-fifth wavelength rule (Section 5.3.2), the 
13 Hz cutoff frequency i s  retained t o  minimize differences in the two 
analyses. Although the two cases employ the same frequency range, there are 
12 analysis frequencies within t h a t  range for the coarse model and only 7 
analysis frequencies in the.range for the baseline model. As reported in 
Section A.4, the sensit ivity t o  the number of analysis frequencies i s  
negligible. 

Figures A.2.2-2 t o  A.2.2-7 compare t a n k  demands computed by the coarse 
and baseline models. Differences in the results of the two models are 
sometimes significant with the coarse model results usually ( b u t  n o t  always) 
being conservative. 
t o  avoid undue conservatism (or possible unconservatism) in the seismic 
analyses. 

The mesh refinement of the  base1 ine model i s  recommended 

A.3 MATERIAL PROPERTIES 

Sensit ivit ies of computed t a n k  response t o  the s i t e  soil profile, the 
use of nominal versus in s i tu  concrete section properties, and the 
consideration of waste in the t a n k  are reported in Sections A.3.1, A.3.2, and 
A.3.3 , respectively . 

A.3.1 SOIL 

The preliminary C-106 seismic analysis (Moore 1993) employed soil 
properties developed for the SY-101 seismic analysis (Giller and Weiner 1991) 
whereas t h e  seismic evaluation documented in this  report  i s  based on data from 
the Grout Vault soil testing report (Dames & Moore 1988). Table A.3.1-1 
reveals sizeable differences in the two sets of soil d a t a  t h r o u g h  the depth of 
embedment. The sensit ivity.of t a n k  response t o  the soil profile and t o  the 
control motion (acceleration time history) are examined below. 
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A SSI analysis of C-106 was made using the SY-101 soil d a t a  and control 
motion ( R u n  45) .  
employing soil properties based on Grout Vault soil d a t a .  
hybrid case where the free-field strain profile used t o  develop strain- 
compatible soil properties i s  based on an updated control motion (Weiner and 
Rohay 1992) whi 1 e the  structural response i s  determined vi a convol ution with 
the control motion used in the SY-101 analysis. 
Figure A.3.1-1 indicate marked similarity in the two control motions. 
i s  entirely consistent in t h a t  structural response i s  determined via 
convolution with the updated control motion. 
coarse SASSI model. 

Two additional analyses (Runs 45.5 and 46) were made 
Run 45.5 i s  a 

The response spectra shown in 
Run 46 

All three analyses u t i l i ze  the 

Results of Runs 45, 45.5, and 96 are provided in Figures A.3.1-2 t o  
A.3.1-7. Comparison of the results of Runs 45 and 95.5 provides an 
approximate indication of the effect of a change in soil properties without a 
change i n  control motion while comparison of the results of Runs 45.5 and 46 
provides an approximate indication of the effect of a change in control motion 
without a change in soil properties. 

In general , the results of Runs 45.5 and 46 are nearly the same while 
the results of Run 45 are noticeably larger in comparison with results of Runs 
45.5 and 46. Not surprisingly, these observations indicate t h a t  the 
structural response i s  more sensitive t o  the large differences in soil 
properties than  t o  the small differences in the control motions. 
recognized t h a t  the control motion does affect the SHAKE free-fie d s i t e  
analysis and, thus, the strain-compatible soil properties used in SASSI. 
However, the influence of the control motion on the strain-compat ble soil 
propert i es i s re1 a t  i vel y mi nor.  

I t  i s  

A. 3 . 2  REINFORCED CONCRETE 

In the seismic analyses, the t a n k  i s  modeled with shell elements of 
e las t ic ,  isotropic material. 
each shell element, the effect of reinforcement, the s ta te  of cracking, and 
the "true" st iffness of concrete and reinforcement including degradation with 
time and temperature are taken into account. 
st iffnesses of the shell elements are matched with the corresponding 
stiffnesses of the in s i tu  t a n k  sections as calculated in the nonseismic 
analysis (Julyk 1994). 
modulus for each shell element are calculated as described in Appendix U. 

By "tuning" the thickness and Young's modulus of 

In effect ,  the axial and bending 

The effective shell thickness and effective Young's 

Two analyses were made using the coarse SASSI model t o  examine the 
importance of considering in s i tu  t a n k  section properties when computing t a n k  
demands. Run QZ uses the nominal thickness of each concrete section, assumes 
the section i s  uncracked (and unreinforcep), and considers a uniform value of 
Young's modulus equal t o  3,000,000 lbf/in in defining the shell element 
properties. 
have been "tuned" t o  correspond t o  best-estimate, 55 year in s i tu  conditions. 
Figures A.3.2-1 t o  A.3.2-6 compare the results of the two analyses. In 
general, the demands from Run 93 (in s i tu  properties) are less than those from 
Run 42 (nominal virain properties) in the base and the wall o f  the t a n k  and 
are approximately unchanged in the dome. 
enough t o  warrant the use of in s i tu  t a n k  section properties. 

Run 93 uti l izes concrete properties and shell thicknesses which 

The differences are significant 
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_._ - A.3.3 WASTE 

The hydrodynamic effect of tank waste due to horizontal seismic 
excitation consists of impulsive and convective components. Considering the 
general case of an inviscid liquid inside a tank, the convective (sloshing) 
component is small re1 ative to the impulsive component (Bandyopadhyay, et a1 . 
1993, Section 4.3.2.4 and Appendix F). As the tank waste is in a highly 
viscous state, the effect of sloshing is reduced (Bandyopadhyay, et al. 1993). 
Therefore, only the impulsive effect of the waste is considered. The approach 
to modeling the impulsive effect of waste is described in Appendix N. 

Tank response at the 180" meridian of the coarse SASSI model is used as 
a basis of comparison between the "empty" and "with waste" conditions. 
I'empty" condition of the tank in response to a horizontal excitation is 
simulated in Run 43 while the "with waste" condition in simulated in Run Q5. 
Figur-es A.3.3-1 to A.3.3-6 compare the results of Runs 43 and 45. While axial 
forces are sometimes larger when waste is neglected (Run 43), the absolute 
values of moments are always larger when waste is considered (Run Q5). Since 
the differences are not insignificant, waste mass should be considered in the 
seismic analyses. 

The 

A. 4 SSI FREQUENCY SELECTION 

The sensitivity of tank response to the SASSI analysis frequencies and 
maximum (cutoff) frequency chosen by the analyst is addressed below. 

A.4.1 NUMBER OF FREQUENCIES WITHIN RANGE 

SASSI solves the soil-structure interaction problem at discrete 
frequencies (selected by the user) and then interpolates to obtain solutions 
at intermediate frequencies. 
frequencies, the more precise the interpolation scheme and overall solution. 
However, beyond a certain number of frequencies, the returns in the form of 
added solution accuracy are diminished as additional frequencies are selected 
The SASSI User's Manual recommends that transfer functions be computed at 10 
to 20 discrete frequencies. Analyses used in the evaluation of the tank use 
from 11 to 19 frequencies with a frequency cutoff of 24 Hz. 

The closer the spacing of the discrete 

Two analyses were made utilizing the coarse SASSI model to investigate 
the sensitivity of tank response to the number of analysis frequencies within 
a fixed frequency range. 
0.59 Hz to 13 Hz. 
frequency of 13 Hz effectively halving the interval across which transfer 
functions must be interpolated. 
Runs Q3 and 44. 

Run 43 includes 12 analysis frequencies ranging from 
Run 44 utilizes 24 analysis frequencies with a cutoff 

Table A.4.1-1 lists the frequencies used in 

As shown in Figures A.4.1-1 to A.4.1-6, the tank demands computed in 
Runs 43 and 44 are nearly identical. Thus, for the set of conditions modeled, 
12 frequencies are sufficient to obtain a "proper" solution of response 
associated with frequencies'of 13 Hz and lower. 
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A. 4.2  FREQUENCY RANGE 

The interaction node spacing in the baseline model is  such t h a t  transfer 
functions can be computed a t  frequencies higher t h a n  13 Hz. 
i s  provided in the SASSI User's Manual (Lysmer, e t  a l .  1991b) for  determining 
the appropriate interaction node spacing for a given frequency cutoff. 
rule i s  stated as follows: 

A rule of thumb 

The 

where f,, i s  the cutoff frequency, V, i s  the shear wave speed, and tlay 
soil layer thickness (vertical spacing of interaction -nodes). 
basel i ne model mesh refinement and 1 awer-bound soi 1 properties, the 
recommended maximum cutoff frequency i s  7,935/(5.77.5) = 20.5 Hz where 'the 
wave speed in the t o p  soil layer i s  7,935 in/s and the layer thickness i s  
77.5in. (Table 5.3.2-4). 

i s  the 
Thus, For the 

Table A.4.2-1 and Figures A.4.2-1 t o  A.4.2-6 summarize results from two 
analyses which vary only in the number of frequencies and the cutoff 
frequency. 
frequency of 13 Hz. The second analysis includes 5 additional frequencies 
less  than the 13 cutoff plus 6 more frequencies between 14 and 24 Hz for a 
total  of 18 frequencies between 0.59 and 24 Hz. B o t h  analyses use the 
basel ine SASSI model and consider lower-bound soil properties. The figures 
suggest that  adding more analysis frequencies and extending the cutoff 
frequency range beyond 13 Hz has negligible influence on the tank response. 

One analysis includes only 7 analysis frequencies with a cutoff 
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' Figure A.1.1-2. Seismic Response (In-Plane Shear) of 
Tank Base at 180 deg Meridian from Horizontal Excitation: 
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Figure A.1.1-3. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Quarter Model with Antisymmetry Plane vs. Half Model 
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Figure A.1.1-4. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Quarter Model with Antisymmetry Plane vs. Half Model 
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Figure A.l.1-5. Meridional Seismic Response of Tank Wall 
at 180 deg  Meridian from Horizontal Excitation: Quarter 

Model with Antisymmetry Plane vs. Half Model 
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Figure A.1 .l-6. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 
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5.0 10.0 15.0 20.0 25.0 0.0 

100.0 

90.0 

80.0 

70.0 

50.0 
0 
A - m 

40.0 2 

30.0 

20.0 

10.0 

0.0 

5.0 10.0 15.0 20.0 25.0 0.0 
Vertical Distance from Tank Base (It) - Moment - Moment (Half - Axial Load --c- meal  Load 

(Quarter Model Model [2D (Quarter Model (Half Model [2D 

Antisymmetry Antisymmetry 
with with 

[I D D 

Note: [I] = Run ID "Q2", 121 = Run ID "9". 

q2\C'dALLO .XLC 
A-13 



WHC-SD-W320-ANAL-002 
Rev. 0 

Figure A.1 A-7. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Quarter Model with Antisymmetry Plane vs. Half Model 
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Figure A.1 .la. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Quarter Model with Antisymmetry Plane vs. Half Model 
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Figure A1 2-2. Meridional Seismic Response of Tank 
Base at 0 deg Meridian from Horizontal Excitation: Effect of 

Extending Soil Mesh to Antisymmetry Wane 
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Note: [l] = Run ID "9aa, [2] = Run ID "9b'. 
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Figure A.I.2-3. Circumferential Seismic Response of Tank 
B a s e  at 0 deg  Meridian from Horizontal Excitation: Effect of 

Extending Soil Mesh to Antisymmetry Plane 
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Figure A.1.2-4. Meridional Seismic Response of Tank Wall 
at 0 deg Meridian from Horizontal Excitation: Effect of 

Extending Soil Mesh to Antisymmetry Plane 
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Figure A.1.2-5. Circumferential Seismic Response of Tank 
Wall at 0 deg Meridian from Horizontal Excitation: Effect of 

Extending Soil Mesh to Antisymmetry Plane 
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Figure A.1.2-6. Meridional Seismic Response of Tank 
Dome at 0 deg Meridian from Horizontal Excitation: Effect 

of Extending Soil Mesh to Antisymmetry Plane 
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Figure A.1.2-7. Circumferential Seismic Response of Tank 
Dome at 0 deg Meridian from Horizontal Excitation: Effect 

of Extending Soil Mesh to Antisymmetry Plane 
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Figure A.2.1-2 
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Figure A.2.1-3 
Cantilever Test Model CM (Distorted Elements) 
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Figure A.2.2-1 
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Figure A.2.2-2. Meridional Seismic Response of l a n k  
Base at 180 deg Meridian from Horizontal Excitation: Effect 

of Interaction Node Spacing 
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Figure A.2.2-3. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: Effect 

of Interaction Node Spacing 
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Figure A.2.24. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Effect of 

Interaction Node Spacing 
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Figure A.2.2-5. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: Effect 

of Interaction Node Spacing 
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Figure A.2.2-6. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Interaction Node Spacing 
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Figure A.2.2-7. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Interaction Node Spacing 
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Figure A.3.1-1 
Comparison of Horizontal Response Spectra (0.2 g 
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Figure A.3.1-2. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Figure A.3.1-3. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 
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Figure A.3.1-4. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Sensitivity 

to Change in Control Motion and Site Soil Profile 
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Note: [I] = Run ID “QS, [2] = Run ID “Q5.5“, [3] = Run ID “(26’. 
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Figure A.3.1-5. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Controi Motion and Site Soil 
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Note: [l] = Run ID "Q5", [Z] = Run ID "Q5.S", [31= Run ID "(26". 
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Figure A.3.1-6. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 
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Figure A.3.1-7. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 
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Note: [ l ]  = Run 10 'Q5", [2] = Run ID 'Q5.5", [3] = Run ID 'Q6". 
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Figure A.3.2-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [ l ]  = Run ID "Q3", [2] = Run ID "Q2" 
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Figure A.3.2-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [l] = Run ID "QY, [Z] = Run ID "a9. 
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Figure A.3.2-3. Meridional Seismic Response of Tank Wall 
at I80 deg Meridian from Xorizontal Exc'Mion: In Situ 

Tank vs. Virgin Tank 
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Note: [l] = Run ID "Q3". [21= Run ID 'Q2". 
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Figure A.3.24. Circumferential Seismic Response of Tank 
Wail at 180 deg Meridian from Horizontal Excitation: In Situ 

Tank vs. Virgin Tank 
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Figure A.3.2-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [l] = Run ID '43", [Z] = Run ID '42". 
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Figure A.3.2-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontai Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [11 = Run ID "Q3", [2] = Run ID "a". 
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Figure A.3.3-1. Meridional Seismic Response of Tank 
Base  at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Note: [I] = Run ID 'QS, [2] = Run ID 'Q3". 
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Figure A.3.3-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Note: [l] = Run ID "QS, [27 = Run ID '43". 
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Figure A.3.3-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontai Excitation: Effect of 

Waste Mass 
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Figure A.3.34. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Figure A.3.3-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Waste Mass 
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Note: [I] = Run ID “QS‘, [2] = Run ID “Q3“. 
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Figure A.3.3-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Waste Mass 
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Note: [I] = Run ID "Q5". [2] = Run ID "Q3". 
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Figure A.4.1-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Figure A.4.1-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: [l] = Run ID "Q4", [2] = Run ID "43". 
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Figure A.4.1-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Sensitivity 

to Number of Analysis Frequencies 
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Note: [l] = Run ID "Q4", [21= Run ID "(23". . 
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Figure A.4.14. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Figure A.4.1-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: 111 = Run ID “Q4“, [2] = Run ID ‘Q3”. 
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Figure A.4.1-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: [l]  = Run ID “44“, [Z] = Run ID “Qb. 
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Figure A.4.2-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Note: [ I ]  = Run iD “mot50 QLOWpnt4”, [2] = same as [l] but *Nith 13 hz cutoff frequency. 
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Figure A.4.2-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to AnaIysis Cutoff Frequency 
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Note: [I] = Run ID "mot50 QLOWpntrl", [2] = same as [l] but with 13 hz cutoff frequency. 
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Figure A.4.2-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Sensitivity 

to Analysis Cutoff Frequency 
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Note: [ l ]  = Run ID “mot50 QLOWpnt4”, [21= same as [I] but with 13 hz cutoff frequency. 
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Figure A.4.2-4. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Eccitation: 

Sensitivity to Analysis Cutoff Frequency 

0.0 5.0 10.0 15.0 20.0 25.0 

90.0 25,000 

80.0 

20,000 

c - s 
b 
- 
= 10,000 

5,000 

70.0 

60.0 

Q 
E 

50.0 z 
2 
Y 

2 
0 
J 40.0 = 
2 

30.0 

20.0 

10.0 

0.0 0 
5.0 10.0 15.0 20.0 25.0 0.0 

Vertical Distance from Tank Base (e) - Moment __O__ Moment -MalLoad -MatLoad i 
[2D (13 HzCutoff I (24 Hz Cutoff (13 Hz cutoff (24 Hr Cutoff 

D t2D [ID 

Note: [l] = Run ID "mot50 QLOWpnt4", (21 = same as [l] but with 13 hz cutoff frequency. 
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Figure A.4.2-5. Meridional Seismic Response of lank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Note: [I]  = Run ID “mot50 QLOWpntC, (21 = same as [ l ]  but with 13 hz cutoff frequency. 

qlowUanl\cmot50\7freq\CDOMEI.XLC 
A-62 



WHC-SD-W320-ANAL-002 
Rev. 0 

- Moment --o-- Moment - Axial Load Axial Load 
(13 Hz Cutoff (13 Hz Cutoff (24 Hz Cutoff (24 Hz Cutoff 

t2D 11 D t2D D 
L 

25,000 

- 

20,000 

= 15,000 
3 
i 
2 

.- 
Y 
L. = a s = 10,000 

5,000 

0 

Figure A.4.2-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Table A.2.1-I 
Cantilever Test Model Results 
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Coarse SASSI Model 
I 

Base1 i ne SASSI Model 
i 

Shear Wave Speed 

11,702 / 975 

18,454 / 1538 
- 

18,071 / 1506 

17,790 / 1483 

Soil Layer 
No. 

1 

Thickness Soil Layer Thickness 
(in) No. ( i n >  

1 77.5 

155 2 77.5 

2 127 
1 

3 71 

4 56 

3 

I nq I I  1 1 

112 6 56 

7 29 
4 

* 
Best-estimate g r o u t  v a u l t  soil  d a t a  (Dames and Moore 1988) 

Y L  
8 63 
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Table A.3.1-1 
Comparison of Soil Profiles: Tarik 241-C-106 vs. Tank 241-SY-101 

1 155 105 116 975 794 2979 1320 1.5 3.4 

2 ' 127 110 109 1538 826 4698 1577 1.5 5.8 

3 112 110 109 1506 880 4601 1895 1 .€I 6.4 

4 147 110 121 1483 868 4529 2015 2.2 7.4 

Notes: 
1. 241.-(2-108 data are based on Grout Vault sol1 data (Darnes 6 Moore 1088). 
2. 241-SY-101 data are from analysls by Glller 8, Welner (1991). 
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1.76 

Table A.4.1. Analysis Frequencies Chosen in Frequency Sensitivity 
Invest i gati on. 

X 
I 

Frequency (Hz) I Run 43 Run 44 

Q.78 X 

2.00 

2.29 
2.59 

0.98 X X 
I I 

X X 

X 

X X 

II 1.51 I x l x  

2.98 X 

3.42 
3.91 
4.39 
4.98 
5.52 
6.15 

X X 

X 

X X 

X 

X X 

X 

7.37 
8.01 

II 6.79 I x l x  
X 

X X 

10.0 X X 

11.5 
13.0 

Note: Analysis frequencies selected in the analysis are indicated by an " X " .  

X 

X X 
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Location Direction 

Table A.4.2-1 
Sensitivity to Range and Number of Analysis Frequencies 

Using Lower-Bound Soil Properties 

Bending Moments (kip-Wft) 
7 Frequencies 18 Frequencies 
13 Hz Cutoff 24 Hz Cutoff Ratio I 

Base 
Base 
Wall 
Wall 

Dome 
Dome 

Mend. 0.420 0.438 0.96 
Circurnf. 0.098 0.098 1 .oo 
Mend. 8.465 8.478 1 .oo 

Circurnf. 1.71 1 1.71 1 1 .oo 
Merid. 2.456 2.539 0.97 

Circumf. 2.01 8 1.988 1.02 

Notes: 
1 .  Response is from the hotizontal excitation. 
2. Tabulated bending moments are the peak values within the region specified at the 180 deg. meridian. 
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I Figure A.3.1-I 
Comparison of Horizontal Response Spectra (0.2 g 

Earthquaken% Damping) 

10 100 1 
Frequency (Hertz) . .  

- Newmarlc-Hall Design - 241-C-106 Control 
- - - 0- - 241-SY-101 Control 

Spectrum Motion Motion 
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Figure A.3.1-2. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Note: [l] = Run ID "Q5", (21 = Run ID "Q5.5",[3] = Run ID "Q6". 
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Figure A.3.1-3. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Note: [l] = Run ID "Q5". [2] = Run ID "Q5.5",[3] = Run ID "(26". 
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Figure A.3.1-4. Meridional Seismic Response of Tank Wall 
at A 80 deg Meridian from Horizontal Excitation: Sensitivity 

to Change in Control Motion and Site Soil Profile 
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Note: [I]  = Run ID "Q5", [2] = Run ID "Q5.5", [3] = Run ID "(26". 
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Figure A.3.1-5. Circumferential Seismic Response of Tank 
Wail at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Note: [ l ]  = Run ID "QS, [2] = Run ID "QSS", 131 = Run ID "(26". 
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Figure A.3.1-6. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Note: [l] = Run ID “OF,  [2] = Run ID “Q5.5”, [3] = Run ID “(26” 
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Figure A.3.1-7. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 
Sensitivity to Change in Control Motion and Site Soil 

Profile 
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Note: [l]  = Run ID "Q5", [2] = Run ID "Q5.5", [3] = Run ID "(26". 
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Figure A.3.2-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [ l ]  = Run ID "Q3", [2] = Run ID "QZ". 
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Figure A.3.2-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [l] = Run ID "43'. [Z] = Run ID "Q2". 
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Figure A.3.2-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: In Situ 

Tank vs. Virgin Tank 

Note: 111 = Run ID "Q3", [2] = Run ID "Q2". 
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Figure A.3.2-4. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: In Situ 

Tank vs. Virgin Tank 
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Note: [l] = Run ID "43". [2] = Run ID "42". 
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Figure A.3.2-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [ l ]  = Run ID "(23". [2] = Run ID "Q2". 
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Figure A.3.2-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: In 

Situ Tank vs. Virgin Tank 
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Note: [l] = Run ID "Q3", [2] = Run ID "(22. 
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Figure A.3.3-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Figure A.3.3-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Note: [l] = Run ID "Q5", (21 = Run ID "43". 
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Figure A.3.3-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Effect of 

Waste Mass 
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Note: [l] = Run ID "Q5", [2] = Run ID "43". 
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Figure A.3.34. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: Effect 

of Waste Mass 
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Note: [l]  = Run ID "Q5", [2] = Run ID "Q3". 
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Figure A.3.3-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Waste Mass 
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Note: [l] = Run ID "Q5", [2] = Run ID "Q3". 
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Figure A.3.3-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Effect of Waste Mass 
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Note: [l] = Run ID “QV, 121 = Run ID “Q3“. 
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Figure A.4.1-1. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: [ l ]  = Run ID "44". [2] = Run ID "(23". 
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Figure A.4.1-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: [l] = Run ID "Q4", [2] = Run ID "Q3". 
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Figure A.4.1-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Sensitivity 

to Number of Analysis Frequencies 
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Note: [l] = Run ID "Q4", [2] = Run ID "43". 
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Figure A.4.1-4. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Num bet of Analysis Frequencies 
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Note: [l] = Run ID "44", [2] = Run ID "Q3". 
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Figure A.4.1-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: 111 = Run ID "Q4", [Zl= Run ID "Q3". 
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Figure A.4.1-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Number of Analysis Frequencies 
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Note: [ l ]  = Run ID "44", [2] = Run ID "43". 
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Figure A.4.2-I. Meridional Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Note: [l] = Run ID "mot50 QLOWpntC, 121 = same as [l] but with 13 hz cutoff frequency. 
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Figure A.4.2-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Note: [ l ]  = Run ID “mot50 QLOWpntrS”, [2] = same as [l] but with 13 hz cutoff frequency. 
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Figure A.4.2-3. Meridional Seismic Response of Tank Wall 
at 180 deg Meridian from Horizontal Excitation: Sensitivity 

to Analysis Cutoff Frequency 
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Note: [ l ]  = Run ID “mot50 QLOWpnt4“, [2] = Same as (11 but with 13 hz cutoff frequency. 
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Figure A.4.24. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Figure A.4.2-5. Meridional Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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Figure A.4.2-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Analysis Cutoff Frequency 
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-447.5 

- 474.2 Srv - 30. d? 
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-16.32 

2. /A- 

3 7.79 
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t 

- 1 3 2 5  
1 3 3 5  
-12;s 

Table A.2.1-1 
Cantilever Test Model Results 
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Coarse SASSI Model Base1 i ne SASSI Model 

Tab1 e A. 2.2-1. Soi 1 Layer Thicknesses Through Depth of  Embedment. 

Shear Wave Speed* 
( i n /s ) / ( ft / s ) 

Soil Layer Thickness Soil Layer Thickness 
No. (in) No. (in) 

I 

A-101 



Layer r" 
Table A.3.1-1 

Comparison of Soil Profiles: Tank 241-C-106 vs. Tank 241-SY-101 

112 110 1506 880 

147 110 1483 868 

Notes: 
1. 241-C-108 data are based on Grout Vault soil data (Dames & Moore 1988). 
2. 241-SY-101 data are from analysis by Giller & Weiner (1991). 
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Table A.4.1. Analysis Frequencies Chosen in Frequency Sensitivity 
Investigation. 

Note: Analysis frequencies selected in the analysis are indicated by an " X " .  
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Merid. 
Circumf. 
Mend. 

Circumf. 
Mend. 

Circumf. 

Table A.4.2-1 
Sensitivity to Range and Number of Analysis Frequencies 

Using Lower-Bound Soil Properties 

0.420 0.438 0.96 
0.098 0.098 1 .oo 
8.465 8.478 1 .oo 
1.71 1 1.71 1 1 .oo 
2.456 2.539 . 0.97 
2.01 8 1.988 1.02 

A 

Location 
Base 
Base 
Wall 

1 Wall 
- ~~ , Dome 
1 Dome 

I Bending Moments (kip-Wft) I 
7 Frequencies I 18 Frequencies 

Direction I 13HzCutoff 24 Hz Cutoff 

Notes: 
1. Response is from the horizontal excitation. 
2. Tabulated bending moments are the peak values within the region specified at the 180 deg. meridian. 
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APPENDIX 5 

MATHCAD VERIFICATION OF OPERATIONS IN SASS1 'S MOTION MODULE 

The following operations are performed by SASSI's MOTION module for  
selected nodes. These operations are  duplicated in this  appendix using MathCad 
t o  clearly demonstrate details  of the numerical operations i n  MOTION and t o  
ass is t  in providing a general i l lustration o f  some o f  the theoretical aspects of 
the analyses. 

MOTION Ooerations 

0 

0 

b 

0 

Transform the control motion from the time domain t o  the frequency domain 
via a Fast-Fourier-Transform (FFT) . 
Read the uninterpolated transfer function as computed by SASSI's ANALYS 
modul e. 

Interpolate the transfer function t o  each control motion frequency. 

Multiply the control motion by the interpolated amp1 ification (transfer 
function value) a t  each frequency t o  obtain the nodal acceleration i n  the 
frequency domain. 

Perform an inverse-FFT t o  transform t h e  nodal acceleration from the 
frequency domain t o  the time domain. 

For the computed nodal acceleration time history, calculate the 
corresponding response spectrum for a given value of damping. In the 
MathCad calculation, the response spectrum i s  computed using an approach 
presented by Gupta (Gupta,  A.  K . ,  1990, Response Spectrum Method i n  
Seismic Analys is  and Design o f  S t r u c t u r e s ,  CRC Press, Inc., Boca Raton ,  
Fl ori da.  ) 

Figure B-1 compares the response spectrum a t  the dome apex as computed by 
MOTION with the response spectrum calculated via MathCad. The two curves are 
nearly identical. The nodal acceleration time history upon which the MathCad 
response spectrum i s  based i s  also calculated v ia  MathCad. The MathCad f i l e s  are 
provided in this  appendix. 
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Computation of Nodal Acceleration Time Historv Given the SASS1 
Transfer Function and the Control Motion 
Horizontal Direction Response at Dome Apex due to Horizontal Excitation 

PRNPRECISION :=6 PRNCOLWIDTH := 12 

M .=READPRN(cmotion) 

accel =Mq' 

last( accel) = 2.3030 lo3 

Read the horizontal control motion 

The vector accel is defined as the first column of matrix M 

Total number of data points 

npts =4096 

i3 := 2304.. 4096 acceIi3 := 0.0 Pad with zeros 

i :=O. .np t s -  1 timei .= b.01 

No. of points in SASS1 control motion 
- 

pacce; := acceli 

npts..O1 = 40.96 Duration of strain record in seconds 

c =fft(paccel) 

N =last(c) 

magj .= ICjI 

1 
-0 1 

sampf =- 

The complex vector, c, is the FFT of the control motion 

N = 2.048. Id 

SRSS real and realj :=k(cj) real component of c 
imag components of c 

Sampling frequency 

j :=O..N 

k:=O..N 

Control motion (Acceleration (G's) vs. Time (seconds)) 

- 

0 S 10 1s 25 
timei 

min(pacce1) =-0.216 max(pacce1) =0.21286 
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FFT of Control Motion (Acceleration (G's) vs. Frequency (Hz)) 

fi-k 

max(mag) =0.28072 

xfk =READPRN(*45) Read transfer function calculated by SASS1 

f =&> amp . = xfkC1' 

~=lintel-E)(f*""p.~) Interpolate transfer function values to control motion 
frequencies -, 

fi-eq,,, = 12.98828 imp,,, =0.69884 

kk :=O.. 532 jj :=532..2048 last(iamp) =2.048.1$ 

i q i i  :=0 

Identify point corresponding to 13 hz (freq cutoff 
in SASS1 analysis) 

Set amplification to zero for frequencies greater than 13 hz 

8-4 
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I 

Interpolated Transfer Function (Amplification vs. Frequency) 

p q  :=ciiampk 

invprod : = Et( prod) 

Multiply control motion by amplification (freq-by-fieq basis) 

Take inverse FFT of product to obtain nodal acceleration time 
history 

WRITEPRN(mc245) := invprod Write to file 

Acceleration of Dome at Apex (G's vs. seconds) 

9 9.2 9.4 9.6 9.8 IO 8 8.2 8.4 8.6 8.8 

tiIm; 

min( invprod) = 4.20828 

max(invprod) = 0.20507 
u'bbres2.mcd B-5 
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Computation of Response Spectrum from Acceleration Time Histow 
Ret "Response Spectrum Method in Seismic Analysis and Design of Structures", A. K. 
Gupta. CRC Press, 1990. 

Input Acceleration History = horizontal acceleration at Dome Apex calculated by 
MathCad in pres2.mcd. 

PRNPRECISION := 6 PRNCOLpJlDTH := 12 

M =READPRN(mc245) Read in the acceleration time history computed by MathCad at 
node 245. 

dt =.01 

accel = M ~ '  

1 4  accel) = 4.0950 IO3 

npts :=2400 

npW.01 =24 

Time increment 

The vector accel is defined as  the first column of matrix M 

Total number of data points 

No. of points for input time history 

Duration of history in seconds 

j =O..npts-I 

pacceL . = accel: I .O 

5 =.07 
J J 

n =39 k =O..n 

time. '= j a . 0 1  
J 

Apply scaling factor to the input acceleration history 

Damping ratio 

n+l  is the no. of frequencies to define the response spectrum 
1 - 

fo'=.4 f i .=40  x : = ( i ) *  x = 1.12534 

Q k $  .=2.> 

- 'k OD, -- 

Circular frequencies 

-C,.mEdt 
exp, :=e 

g .  :=Qx 
t l  
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bll, :=expk 

b 12, : = (- exp) k 

1 - all ,  
b21 :=-- ai2k 

(.k)'& 
k 

Stepthrough time: 

d = relative displacement of SDOF system subject to input motion at base 

v = relative velocity of SDOF system subject to input motion at base 

a = relative acceleration of SDOF system subject to input motion at base 

i : = O . . n p t s -  2 

d :=0 v :=o Initial conditions 
0.k 0.k 

la,,, :=o Initial Condition 

- '+lSk- 4*k + .01 Check on velocity calculation (offset by .01 for 
dt clarity). 

la;+ 1.k .- 

Relative Velocity of SDOF system with frequency f 0 

V- 
1.0 

v2. 
1.0 
I 

0 5 10 15 23 

timS- 
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ao,k := paccelo 
v. - v. ._ t t 1 . k  1.k 

+ Pa=\+ 1 dt 'i+ 1.k .- 

Obtain maximum absolute acceleration for each frequency: 

Horizontal Acceleration Response Spectrum (G's) at Dome Apex 

0.5 

0.4 A P, 11- /- 
/ v  " 

03 

Ipo4, - 
0.2 

0.1 

0 
0.1 1 10 100 

4: 

W"RN(fkeq)  := f 

wRITEPRN(spec) :=spec 

u8Wub- 1.mcd 
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APPENDIX C 

TRANSFER FUNCTIONS FOR HORIZONTAL AND VERTICAL SEISMIC EXCITATIONS 

SASS1 transfer functions are plotted for the model locations shown in 
Figure C-1. Using lower-bound soil properties, the calculated set of transfer 
functions corresponding to the horizontal excitation without tank-to-tank 
interaction, the horizontal excitation with tank-to-tank interaction, and the 
vertical excitation are shown in Figures C-2, C-3, and C-4, respectively. The 
number of analysis frequencies used in the three analyses are 19, 15, and 19, 
respectively. For the vertical excitation case, extremely 1 arge 
amplifications (approaching 50) occur over the center of the dome at a 
frequency of approximately 17.3 Hz. 
attributed to interpolation since an analysis frequency equal to 17.27 Hz is 
included. Figure C-5 reproduces the data of Figure C-4 but with a different 
vertical scale to better examine vertical amplifications at locations other 
than over the center of the dome. The effect of live load i s  not considered 
in the data shown. Best-estimate tank stiffness is used. 

The spike in ampTification cannot be 

Using best- 
corresponding to 
the vertical exci 

.estimate soil properties, the set o f  transfer functions 
the horizontal excitation with tank-to-tank interaction and 
tation are shown in Figures C-6 and C-7, respectively. The 

effect o f  live load is not considered in the data shown. Best-estimate tank 
stiffness i s  used. 
analyses are 11 and 19, respectively. 

The number o f  analysis frequencies used in the two 
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Figure C-2 
X-Direction Transfer Functions (Lower-Bound Soil Propekes I No 

TTI) 
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Figure C-3 
X-Direction Transfer Functions (Lower-Bound Soil Properties I With 

TTI) 
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Figure C-4 
Z-Direction Transfer Functions (Lower Bound Soil Propekes I 

Vertical Excitation) 
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Figure C-5 
2-Direction Transfer Functions (Lower Bound Soil Propekies I 

Ve rtica I Excitation) 
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Figure C-6 
X-Direction Transfer Functions (Best-Est. Soil Properties I With TTI) 
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Figure C-7 
Z-Direction Transfer Functions (Best-Estimate Soil Propekies I 

Vertical Excitation) 
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APPENDIX D 
! 

EXCEL SPREADSHEETS FOR COMBINING HORIZONTAL AND VERTICAL COMPONENTS 
OF S E I S M I C  RESPONSE 

Spreadsheet combin.xls is used to combine the computed demands from the 
three seismic excitations and obtain total elastic seismic demand for the 
lower-bound soil condition. Combin.xls is linked to two additional 
spreadsheets, stress-h.xls which contains computed demands from the horizontal 
seismic excitation and stress-v.xls which contains computed demands from the 
vertical seismic excitation. These speadsheets are on the following pages. 
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1 I + Seismic (Lower-Bound Soil Properties) 

28 I I I I I I I I 
I I 

1,317 3421 -1 5 71 14 27 2 
1,321 3.1121 -1 2 -978 51 133 36 
1.325 3.061 I -1 3 -2009 56 125 35 

318 -351 5 -1 54 -21 1 2 
320 -84 4 65 -13 2 2 

1 -7,341 161 -499 112 324 53 
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111 I 39 1 3 1  1 2221 4236.0 16.8 357.4 
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41 3 
42 3 
43 3 
44 3 
45 

3 51 41 23 -1 195.0 79.7' S . 8  
3 3 -1 3 28 237.8 85.1 1400.0 
3 -2 32 31 -1 108.0 93.0 2549.0 
3 1 6 32 21 19.0 90.9 6346.0 
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APPENDIX E 

EXCEL SPREADSHEETS FOR COMBINING SEISMIC AND NONSEISMIC DEMANDS 

Nonseismic and seismic responses are combined t o  obtain the overall 
response. This operation i s  performed by the spreadsheet total .xls. 
Tota7.x7s sums demands from’one of the three nonseismic load combinations 
(Load Cases l a ,  l b ,  and 2) with the t o t a l  seismic demand (lower-bound soil 
properties). By modifying the “1 inks” in the spreadsheet, a different 
nonseismic load combination i s  considered in combination with the total 
seismic demand. For example, by 1 inking t o t a l  .xls t o  PPS-UlB.x7s (Appendix M) 
and t o  combin.xls (Appendix D), demand from nonseismic Load Case l b  i s  summed 
with total  seismic demand. Shears and moments are combined absolutely (values 
are unsigned). 
nonseismic contribution i s  retained. A t  each section, b o t h  negative and 
posit-ive values of the seismic membrane force are added t o  the nonseismic 
membrane force t o  obtain the minimum and maximum combined membrane forces. 
Spreadsheet tota7.xls i s  on the foljowing page. 

In combining membrane forces, the algebraic sign of the 
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167) 9441 1 

109. - 
110 
111 
112 

114 
115 
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119 
120 
121 
122 
123 
124 
125 
126 
127 

- - - 113, 
- - - 
- 
- 
- 
- 
- 
- 
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31,320 15.372 -3,514 a30 785 96,i 68 I 6,944 
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I I W I X 1 Y I Z I AA I AB 

L 
1251 2,654 I 11,808 1 8,192 I 760 671 6,684 

1271 39.324 I 13.482 18.1261 9.567 51 9 7.81~1 
1261 , 2,080l 10,865 18,223 I 1,537 596 6,968 

- I I I 

il I 102,593 I -3,488 I 66,1281 4,772 1 2,394 I 8,237' 

I 

301 11,999 I -36,213 5,469 14,0671 1,005 18,3/6 
31 14,629 -9,609 -2,748 10,908 I 586 17,659 

33 15,048 5,649 23,607 6,081 539 I 19,569 
34 17,288 24,599 38,257 4,516 562 1 19,406 
35 15,114 22,990 35,642 I 5,462 532 18,802 
36 731 1 5,308 19,8921 7.087 489 17,543 
37 11,570 -22,664 4,936 I 9,866, 457, 16,122 
38 

40 29,483 41,200 -37,808 11,648 631 13,397 
41 53,605 -140,875 -98,165 11,852 771 14,220 
42 164,809 -137,458 -86,654 12.285 I 838 16,911 

32 4,885 -8,318 15,487 8,4301 488 19,539 

39 I 

43 I 
4 4  I 
45 53,276 -58.31 7 -24.579 8,025 663 1 12,218 
46 50.447 -25,230 3,707 4,911 541 ~ 10,551 
47 53,333 -1 1,042 24.18/ 2.220 498 9,281 
48) 4f ,002 '7,979 32,485 1,869 541 8,250 
49 35,066 17,589 41,643 2,443 569 6,738 
50 ;f 3 ,036-- 23,084 44.860 --,98 2,448 528 
51 26,888 25.458 47,526 1,907 486 4,604 
52 34,703 27,496 49,352 975 242 3,900 
53 51,647 36,196 58,052 962 21 0 3,243 
54 62,053 36,920 58.504 71 3 391 3,408 
55 80,461 45,716 67,300 584 566 2,680 
56 103.815 47,030 (4,002 1,440 I 896 . 2,185 
57 135,147 58,058 85,030 1,463 I 853 1,316 
58 187,108 52,361 82,735 1,706 I 1,117 73 1 
59 
60 I I 
3 

- 

- 

- 
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84 
85 
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88 
87 

I A I B I C I D I E I F I G H I I I 

01 I I I 
haunch elements (384,388 demands are transformed via Mathcad) 

384 1 -36,6401 30,020 666 139 6,972 26,650 224,100 

392 1 32.5681 -100,944 6,593 10.160 438 I 366.000 153.036 
388 1 - i i i , ioo i  31,090 2,062 86 6,875. 30,810 392,200 

105 
106 
107 

01 I 
footing element 

424 I 1 15.468 32,328 3.51 5 806 9.854 97.740 
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1 ti01 I I 1 1 
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File Name 

LBCAP - IP.xls 

LBINT - IP.xls 

LBCAP - 0P.xls 

LBINT - 0P.xls 

SECZABOT. xl s 

SECT3BOT.xls 

SEC4AOUT. x l  s 

SEC4A-2. XI s 

SECT6. xl s 

SEC6AOUT.xl s 

SEC7TOP. x l  s 

SEC2TOP. xl  s 

APPENDIX F 

Description 

Calculates three key capacity points for meridional M-P 
interaction diagrams a t  each capacity section. 

Summarizes and groups LBCAP - IP.xls M-P capacity da ta  
for pl o t t  i ng . 
Calculates three key capacity points for 
circumferential M-P interaction diagrams a t  each 
capacity section. 

Summarizes and groups LBCAP - 0P.xls M-P capacity data 
for plotting. 

Cal cul ates refined meridional capacity curve a t  
capacity section 2a, w i t h  bottom steel in tension. 

Calculates refined meridional capacity curve a t  
capacity section 3, with bottom steel in tension. 

Cal cui ates refined meridional capacity curve a t  
capacity section 4a, with outer steel in tension. 

Cal cul ates refined meridional capacity curve a t  
capacity section 4a, with outer steel in tension ( t o t a l  
steel considered). 

Cal cul ates refined meridional capacity curve a t  
capacity section 6. 

Calculates refined meridional capacity curve a t  
capacity section 6a, with outer steel in tension. 

Calculates refined meridional capacity curve a t  
capacity section 7, with t o p  steel in tension. 

Cal cul ates refined ci rcumferenti a1 capacity curve a t  
capacity section 2 ,  with t o p  steel in tension. 

EXCEL SPREADSHEETS FOR COMPUTING SECTION M-P INTERATION DIAGRAMS 

SEC7CBOT.xls 

This appendix contains a l is t ing of the spreadsheets for calculating 
combined moment-axial-load (M-P) capacity envelopes for the t ank  sections 
shown in Figure 9.2.1-4. 

Calculates refined circumferential capacity curve a t  
capacity section 7c, with bottom steel in tension. 

SECT6CIR.xl s Calculates refined circumferenti a1 capacity curve a t  
"weakest" haunch element (capacity section 6a) .  
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[in1 1 [in1 1 [in1 1 Ideg FI _-__.. -- 
0.000 4.250 12.0 148.60 
0.000 4.250 12.0 135.80 

6.250 20.870 12.0 121.70 
~- 

[Psi1 - 
0.8500 3451 

3625 0.8500 

4049 0.8476 

tl I Asperfl I d' -- As' per ft d" -_- d I b I Temp(55) I fc(55,95/95) I Beta 1 

T I  6.00~-~, 1.7501 o.oo 
3 (bot) 24.00 3.130 0.00 

3.130 121.701 40491 0.8476 17.750 12.0 

9.625 12.0 
9.625 12.0 
9.625 12.0 

13.375 12.0 

l l0.80l 38991 0.8500 2.375 

2.375 
2.375 

-~ -~ 

92.71 4399 0.8301 

91.69 4418 0.8291 
90.90 4431 0.8285 

90.90 4431 0.8285 

90.78 4428 0.8286 

I6 1 12.001 0.261 2.3751 0.26 

I7 (in) I 15.001 0.441 1.6251 0.44 4.375 
1.625 10.6251 t2:: 

13.375 
7 (out) 15.00 0.44 4.375 0.44 

8 (in) 15.00 0.40 1.625 0.40 

8 (out) 15.00 0.40 4.375 0.40 

9 (in) 15.00 0.40 1.625 0.40 
9 (out) 15.00 0.40 4.375 0.40 
1 (bot) 6.00 0.20 4.250 0.00 

2 (bot) 6.00 0.02 4.250 0.00 

2a (bot) 16.49 0.66 3.130 0.00 

4a (out) 18.30 0.17 2.375 0.17 
68 (in) 15.00 0.62 ' 1.625 

1 %: 6a (out) 15.00 
6b (in) 27.29 . 0.85 1.625 

0.62, 2.000 

4.375 
1.625 44281 0.8286 90.78) 12.0 

13.375 12.0 

12.0 
4.375 90.601 44291 0.8286 

n 
I 
N 90.601 44291 0.8286 1.625 

0.000 1.7501 12.0 148.60) 34511 0.8500 

0.000 1.7501 12.0 36251 0.8500 135.80) 
6.250 135.801 36251 0.8500 13.360 

15.925 

13.375 
13.000 
25.665 

110.80l 38991 0.8500 8.675 

2.000 
1.625 
2.000 

91.69 0.8291 
91.69 0.8291 

91.69 0.8291 
0.8291 91.69 4418 

AT: 
( D I  
C O  
* I  

v) 
00 

I 
E w 
N 
0 
I 
D z 
B 
I- 
I 
0 
0 
N 

16b (out) I 27.291 0.851 2.0001 0.84 1.625 25.2901 12.0 
I6c (in) I 31.621 0.881 1.6251 0.841 4.3751 29.9951 12.01 91.691 44181 0.8291 I 
I6c (out) I 31.621 0.881 4.3751 0.841 1.6251 27.2451 12.01 91.691 44181 0.8291 

% 

LBCAP-IP.XLS p. 1 of 3 



3 c  3 c  3 c  
m c  * l a  

WHC-SD-W320-ANAL-002 
Rev. 0 

F-3 



T I  
I 
P 

Pb 

IlW 
81,377 

92,110 

481,593 
449,104 
224,041 

246,333 
247,127 
343,870 
272,827 
343,853 
272,844 
343,913 

I Section 
Mb 

[Ib-in] 

163,401 

162,887 

3,190,344 
3,141,689 

781,301 

870,411 
873,729 

1,415,969 
1,365,881 
1,401,893 
1,352,336 

1,402,161 

1 (top) 

2 (top) 

3 (top) 

3 (bol) 

4 
5 
8 

7 (in) . 
7 (oul) 

8 (in) 

Q (in) 
9 (out) 
1 (bot) 
2 (bot) 
2a (bot) 
4a (out) 
6a (in) 
8a (out) 
6b (in) 
6b (out) 
6c (in) 
6c (out) 

8 (out) 

272,892 
29,233 
37,495 

0.7Pb 

6541 
662 

1,352,591 191,025, 
81,493 20,463 
94,007 26,246 

[IbsI - 
56,964 

64,477 

337,115 - 

342,458 
332,792 
658,032 
648,386 
768,507 
697,620 

314.373 

. .  . .  
1,520,034 239,721 1.,084,024 502,652 402,122 42066 
1,519,587 232,954 1,063,711 502,852 402,122 42066 
4,894,156 480,623 3,425,909 901,361 721,089 57798 
4,901,808 453,856 3,431,264 901,361 721,089 57798 
6,394,328 537,955 4,478,028 1,038,668 830,935 58824 

8,421,241 488,334 4,494,869 1,038,668 830,935 58824 

156,828 

172,433 
172,989 
24 0,709 
190,979 
240,697 
190,991 

240,739 

0.7Mb Ll;o 1 0;;;o f [Ib-in] 
114.381) 152,5171 122,0141 6541 

O.9Asfy 

IlW ~- ._I-- 

114,021 155,767 124,613 662 

2,233,241 709,460 567,568 221 31 

2,199,182 711,827 569,461 25484 

546,911 346,558 277,246 17611 

609,288 389,377 31 1,502 17784 

61 1,610 390,999 31 2,799 17784 

991,178 495,648 396,518 30096 

956,117 495,648 396,518 30096 

981,325 493,411 394,729 27360 

946,635 493,411 394,729 27360 

981,527 49331 8 394,814 27360 

- 
-- 

946,814 493,518 394,814 27360 

267.5891 1.378.6471 187.313 
368.2891 1.707.301 I 257.802 11210 

985,0531 442,369 353,895 

1.195.111 517.402 413,922 

735: 
( D I  
c m  
* I  

v) 
00 

1 

N 
0 
1 
D z 
D 
r 
1 
0 
0 
N 

5 
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.. .. 
I 

SECT 1 2 3 in 
M P M P M P 

0 -6,541 0 -662 0 -22,131 
114,381 56,964 114,021 64,477 2,233,241 337,115 

0 152,517 0 155,767 0 709,460 

M-P values copied from file LBCAP-IP.xls: 

1 -6,541 114,381 56,964 152,517 
2 -662 114,021 64,477 155,767 
3 (bot) -22,131 2,233,241 337,115 709,460 
3 (top) -25,484 2,199,182 314,373 71 1,827 
4 -17,611 546,911 156,828 346,558 
5 -1 7,784 609,288 172,433 389,377 
6 -17,784 611,610 172,989 390,999 
7 (in) -30,096 991,178 240,709 495,648 
7 (out) -30,096 956,117 190,979 495,648 
8 (in) -27,360 981,325 240,697 493,411 
8 (out) -27,360 946,635 190,991 493,411 
9 (in) -27,360 881,527 240,739 493,518 
9 (out) -27,360 946,814 191,025 493,518 

2a (bot) -21,845 865,053 187,313 442,369 

-0.9ASfy 0.7Mb 0.7Pb 0.7PO 

---- 

4a (out) -1 1,210 1,195,111 257,802 517,402 - 

1 (bot) -6,541 57,045 20,403 152,517 
2 (bot) -662 65,805 26,246 155,767 

6a (in) -42,066 1,064,024 239,721 502,652 
6a (out) -42,066 1,063,711 232,954 502,652 
6b (in) -57,798 3,425,909 460,623 901,361 
6b (out) -57,798 3,431,264 453,856 901,361 
6c (in) -58,824 4,476,028 537,955 1,038,668 
6c (out) -58,824 4,494,069 488,334 1,038,668 

LBINT-IP.XLS p. 1 of 6 

r: ) 

I 

3 out 4 
M P M 

0 I -25,484 0 
2,199,182 314,373 546,911 

0 71 1,827 0 

0.9Asfy 
6,541 

662 
22,131 
25,484 
17,611 
17,784 
17,784 
30,096 
30,096 
27,360 
27,360 
27,360 
27,360 

21,845 
11,210 

6,541 
662 

42,066 
42,066 
57,798 
57,798 
58,824 
58,824 

~~~~ ~ 

ru 
0 
I > z 
D 
r 
I 
0 
0 
N 



5 6 7 in 7 out 
P M P M P M P M 

-1 7,611 0 -17,784 0 -17,784 0 -30,096 ' 0 

156,828 609,288 172,433 611,610 172,989 991,178 240,709 956,117 
340,558 0 389,377 0 390,999 0 495,648 0 --- ~ _ _  

i 

in 
00 

P 
-30,096 
190,979 
495,648 

I 
0 
0 
N 



-t l 
I 
v 

1 
0 
0 
N 

8 in 8 out 9 in 9 out 
M P M P M P M P 

0 -27,360 0 -27,360 0 -27,360 0 ' -27,360 
981,325 240,697 946,635 190,991 981,527 240,75 946,814 191,025 

0 493,411 0 493,411 0 493,518 0 ' 493,518 

- ~~ ~ ~ ~ 
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0 L 1s'zs 1 0 Z O t ' l  1s 0 .- 
1308'99 E9P'OZ SPO'LS Z08'1SZ 11 l 'S6  1' C 
0 , CPS'S- 0 ocz'lc- 0 

w d w d W 
(loq) z ( loa  1 (]no) SP 

m 
I 

L L  

I 

69E'ZPP lo I 
GCE'L81 I€SO'S96 I 



N 
0 
0 
I 
-I 

Q 
I 
0 
N 

I 

v, 
I '  u >  I a J  

s 
s 
n o  

--------~ 
19E' LO6 0 L9E' 106 0 2s9'2os 0 2s9'zos 0 

86L'LS- 0 , 86L'LS- 0 990'ZP- 0 990'29'- 0 
9'92' CEP'E EZ9'09P 606'SZP'E PS6'2EZ C CL'E9O' 1 1 ZL'6EZ 9'20'9'90' 1 

d W d W d W d W 
(In01 99 @!I 99 (In01 e9 @!I e9 

9S8'ESP 
t. 



0 
4,476,028 

0 

IP 
-58,824 0 -58,824 
537,955 4,494,869 488,334 

1,038,668 0 1,038,668 

IP I 
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3.750 
3.750 
4.000 
0.000 

2.625 
3.500 

0.00 0.000 

0.00 0.000 
0.48 0.000 

0.48 4.000 
2.41 3.500 

2.41 2.625 

- - -  ~ ~ 

7b (out) , 
7c (in) 
'7c (oul) 

~ p -  

18.08 1.16 3.500 1.16 2.500 14.580 
0.56 3.625 14.880 -- 17.38 0.56 2.500 

17.38 0.56 3.625 0.56 2.500 13.755 

I Determination of 3 Key Circumferential MomentlAxial Capacity Points I 
I I I I I I I I I 

121.701 4049 0.8476 3 (top) 24.00 1.50 7.000 1.50 4.000 17.000 12.0 

4 12.00 1.02 3.188 1.02 3.188 8.813 12.0 

5 12.00 0.72 3.188 0.72 3.188 8.813 12.0 

6 12.00 0.54 3.188 0.54 3.188 8.813 12.0 

7 (in) 15.00 0.44 2.375 0.44 3.625 12.625 12.0 

7 (out) 15.00 0.44 3.625 0.44 2.375 11.375 12.0 

I 8 (in) 15.00 0.44 2.375 0.44 3.625 12.625 12.a - 18 (out) 1 15.0Ol 0.441 3.6251 0.441 2.3751 11.3751 12.0 

n 
w 

11 0.801 3899 0.8500 d 
4399 92.71 I 0.8301 

0.8291 
0.8285 
0.8285 
0.8286 
0.8286 

90.90 

90.78 4428 
19 (in) I 15.00l 0.441 2.3751 0.441 3.6251 12.6251 12.01 90.601 44291 0.8286 I 
19 (out) 1 15.00l 0.441 3.6251 0.44) 2.3751 11.375) 12.01 90.601 44291 0.82861 

2.250 12.01 148.601 3451 I 0.85001 
12.01 135.801 36251 0.85001 2.250 

12.490 
16.490 
18.685 

-- 

17.810 

2 (bot) 
2a(bot) 16.49 

16.49 
7a (in) 21.31 

7a (out) 21.31 2.41 

12.01 135.801 36251 0.85001 

7b (in1 I 18.081 1.16 2.5001 1.161 3.500 15.580 90.90 4431 

12.01 90.901 4431 I 0.82851 
12.01 90.901 4431 I 0.82851 
12.01 90.901 4431 I 0.8285 
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1 
! 

E (rebar) yield strain cb 
lmil =fv/E linl 

I I I I I I I I ' Determination of 3 Key Circumferential Moment/Axial Capacity Points 

0.85fc"b 

28,021,615 .0013296 13.858 

28,021,615 .OO 13296 11.779 
28,080,308 .0013401 6.091 
28,177,715 .0013486 6,080 

28,183,208 .0013483 6.080 

28,187,462 .0013481 8.71 1 
28,187,462 .0013481 7.848 
283 88,108 ,0013481 8.71 1 
28,188,108 ,001 3481 7.848 
28,189,077 ,001 3480 8.71 1 
28,189,077 .0013480 7.848 
27,876,769 .0013035 1.568 
27,945,692 .OO 131 60 1.564 
27,945,692 .0013160 8.682 
27,945,692 .0013160 11.462 
28,187,462 .0013481 12.892 
28,187,462 .0013481 12.288 
28,187,462 .0013481 10.749 
28,187,462 .0013481 10.060 
28,187,462 .0013481 10.267. 
28,187,462 .0013481 9.490 

,001 3035 35200 

2.607 2.814i 36975 
41 300 
41 300 

39770 
44870 

45064 
451 96 
451 96 
45166 
45166 
451 76 
451 76 
35200 
36975 
36975 
36975 
451 96 
451 96 
451 96 
451 96 
45196 
451 96 

I 
XD I fs' c c  

0.7501 ' 3333:l 78,216 

0.750 81,922 
8.000 37258 485,082 

5.0001 372581 412,320 
2.81 31 37631 I 205.917 

38000 226,428 2.81 3 

2.81 3 38000 227,160 
5.125 38000 326,152 
3.875 38000 293,859 
5.125 38000 325,992 

3.875 38000 293,716 
5.125 38000 326,050 
3.875 38000 293,767 

-0.750 36338 46,929 

_. 

-0.750 36776 49,153 
4.245 36776 272,855 
8.245 36776 360,239 
8.030 38000 482,704 
7.155 38000 460,100 
6.540 38000 402,491 
5.540 38000 376,657 
6.180 38000 384,407 
5.065 38000 355,344 

PP 
c m  
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.. , 

2 (top) 0 736 81,187 155,564 56,831 108,895 155,767 124,613 662 
61 1,881 100596 3 (bot) 50724 55887 479,920 3,672,963 335,944 2,571,074 764,851 
611,881 100596 ,3 (top) 50724 55887 407,158 3,574,853 285,010 2,502,397 764,851 

4 35003 38383 202,537 908,810 141,776 636,167 383,070 306,456 69090 
5 24668 27360 223,736 933,581 156,615 653,507 41 1,441 329,153 49248 
6 18492 20520 225,132 900,139 157,592 630,097 404,423 323,539 36936 

7 (in) 15063 16720 324,484 1,413,383 227,146 989,368 495,648 396,518 30096 

7 (out) 15063 16720 292,202 1,390,616 204,542 973,431 495,648 39631 8 30096 

8 (in) 15064 16720 324,336 1,412,546 227,035 988,782 495,328 396,263 30096 n .  
c.' 8 (out) 15064 16720 292,060 1,389,831 204,442 972,882 495,328 396,263 30096 

9 (in) 15064 16720 324,393 1,412,826 227,075 988,978 495,435 396,348 30096 
9 (out) 15064 16720 292,111 1,390,097 204,478 973,068 495,435 396,348 30096 
1 (bot) 0 7268 39,662 104,054 27,763 72,838 152,517 122,014 6541 

662 2 (bot) 0 736 48,418 114,237 33,892 79,966 155,767 124,613 
2a(bot) 16173 17652 271,376 1,451,213 189,963 1,015,849 449,445 359,556 31 774 
,-(top) 16173 17652 358,760 1,429,506 251,132 1,000,654 449,445 359,556 31 774 

631,757 164844 7a (in) 82503 91 580 473,628 3,891,223 331,539 2,723,856 789,696 
789,696 631,757, 164844 

I 

0 

315,716 2,714,738 
278,685 
260,601 
267,608 
247,264 

1,648,238 627,599 502,079 79344 
1,637,578 627,599 502,079 79344 
1,354,201 576,696 461,357 38304 
1,342,241 570,696 461,357 38304 

% 
G, 
N 
0 
I 
b z 
b 
t- 

I 
0 
0 
N 
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7-i 
I 
c-' 
P 

SECT 1 2 3 in 3 out 
M P M P M P M 

0 -6,541 0 -662 0 -100,596 0 

0 152,517 0 155,767 0 764,851 0 
107,239 49,664 108,895 56,831 2,571,074 335,944 2,502~3~7 

4 

' -100,596 0 

764,851 0 

P M 

285,010 636,167 

I I I I I 
RESULTS FOR LOWER BOUND, 55 YEAR CONCRETE COMPRESSIVE STRENGTH 
M-P values from LBCAP-0P.xls: 

1 (top) -6,541 107,239 49,664 152,517 
2 (top) -662 108,895 56,831 155,767 
3 (bot) -100,596 2,571,074 335,944 764,851 
3 OOP) -100,596 2,502,397 285,010 764,851 
4 -69,090 636,167 141,776 383,070 
5 -49,248 653,507 156,615 41 1,441 
6 -36,936 630,097 157,592 404,423 
7 (in) -30,096 989,368 227,146 495,648 
17 (out) -30,096 973,431 204,542 495,648 
8 (in) -30,096 988,782 227,035 495,328 
8 (out) -30,096 972,882 204,442 495,328 
9 (in) -30,096 988,978 227,075 495,435 
9 (out) -30,096 973,068 204,478 495,435 
2a(bot) -31,774 1,015,849 189,963 449,445 
2NOP) -31,774 1,000,654 251,132 449,445 
7a (in) -164,844 2,723,856 331,539 788,696 
7a (out) -164,844 2,714,738 315,716 789,696 

-0.9ASfy 0.7Mb 0.7Pb 0.7Po 

7b (in) -79,344 1,648,238 278,685 627,599 
7b (out) -79,344 1,637,578 260,601 627,599 
7c (in) -38,304 1,354,201 267,608 570,696 
7c (out) -38,304 1,342,241 247,264 576,696 

O.9Asfy 
6541 
662 

100596 
100596 
69090 
49248 
36936 
30096 
30096 - 

30096 
30096 
30096 
30096 
31774 
31774 

164844 
164844 
79344 
79344 
38304 
38304 

I 

7JS 
r n Z  
cc-2 
* I  

v) 
00 

I 
5: 
W 
N 
0 
I 

P 
? 

I 
0 
0 
N 

1 (bot) 
2 (bo!) 
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-662 79,966 33,892 155,767 662 



, 

5 6 7 in 7 out 
P M P M P M P M P 

-69 , 09 0 0 -49,248 0 -36,936 0 -30,096 ' 0 -30,096 
141,776 653,507 156,615 630,097 157,592 989,368 227,146 973,431 204,542 
383,070 0 41 1,441 0 404,423 0 495,648 0 495,648 

_ _  __ __ ~ _ _  - 

- L ~ ~- 2 
~ - 

I 
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2s cc, 
* I  

v) 
00 
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II w 
N 
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N 
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B in 8 out 9 in 9 out 
M P M P M P M - 

0 -30,096 0 -30,096 0 -30,096 0 
988,782 227,035 972,882 204,442 988,978 227,075 973,068 

0 495,328 0 495,328 0 495,435 0 

w 
N 
0 

I > z 
P 
I- 

I 
0 
0 
N 

P 
1 -30,096 

204,478 
495,435 
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I 
L L  

--I 
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~~ - 

0 969'68L , 0 969'68L 0 SPP'6PP 0 StP'6PP 0 

0 iv8'P91- I 0 PP8'991- 0 PLL'CE- 0 PLL'CE- 0 
BEZ'8P9'C 9 L f ' S b E  8Ef 'P CL'Z 6ES' LEE 9S8'EZf'Z ZEC'CSZ PS9'OOO'C E96'68C 698's 10' C 

W d W d . w  d W d W 
loq 9L dol RL 10q BL dol 82 toq ez 
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SlX'dO-IN181 
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I 
-4 
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c\l 
M 
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I 
00 
v) 

I '  
0 5  s a  
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I 
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'i 
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aJ 
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W E  
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* I  

v) 
00 

I 

N 
0 
I 
D z 
D 
r 
I 
0 
0 
N 

5 

7b top 7c bot 7c lop 1 bot - 
P .  M P M P M P M 

-79,344 0 -79,344 0 -38,304 0 -38,304 ' 0 

627,599 0 627,599 0 576,696 0 576,6 96 0 
278,685 1,637,578 260,601 1,354,201 267,608 1,342,241 247,264 72,838 
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*J 

I 

E (rebar) yield sttaln=fy/E Trial c 0.85fc'b XP ePs fs eps' fs' 

[psi1 (in1 [in1 IPSiJ [p511 
27,945,692 .0013160 0.500 36975 5.115 7.716E-02 36776 -3.450E-02 -36776 

1.250 2.906E-02 36776 -1.200E-02 -36776 

2.000 1.704E-02 36776 -6.375E-03 -36776 

2.750 1.1 57E-02 36776 -3.818E-03 -36776 

3.500 8.451 E-03 36776 -2.357E-03 -36776 

4.250 6.431 E-03 36776 -1.41 2E-03 -36776 

5.000 5.016E-03 36776 -7.500E-04 -20959 

5.750 3.970E-03 36776 -2.6096-04 -7290 
6.500 3.1 66E-03 36776 1.1 54E-04 3225 

7.250 2.528E-03 36776 4.138E-04 1 1564 
-rt 8.000 2.01 OE-03 36776 6.563E-04 18339 

23953 
9.500 1 -21 9E-03 34064 1.026E-03 28681 

10.250 9.1 02E-04 25437 1.171E-03 3271 7 
11 .ooo 6.436E-04 17987 1.295E-03 36202 
11.750 4.1 11 E-04 1 1487 1.404E-03 36776 
12.500 2.064E-04 5768 1.500E-03 36776 
13.250 2.491 E-05 696 1.585E-03 36776 
14.000 -1.371 E-04 -3833 1.661 E-03 36776 
14.750 -2.827E-04 -7901 1.729E-03 36776 

- 

I -  
N 8.750 1 581 E-03 36776 8.571E-04 
F 

. I  m 
O ?  ! 

15 

P 
? 

(u 
0 
1 

1 
0 
0 
N 
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-- Ilbsl 
15,714 

39.286 

Wsl , , [W _- 
0 24272 

0 24272 

-8.5581 250.3771 102.474 I 0.9001 -7,702 

[Ib-in] 
225,339 

-- 

15,014 
38,586 

62,157 
85,729 

109.300 

0.871 13,073 371,955 
31,821 485,729 

0.779 48,401 572,914 
0.733 62,812 635,586 

688,932 76,510 0.700 

427,193 102,474 

588,982 102,474 
735,745 102,474 
867,480 102,474 
984.189 102.474 

0.7001 U)i:i5: a w  0.700 
820,768 
870,908 

P M I O.lfcAgl0.7 1 Phi I phlxP I phi x M I Cc I Cs I T 

62.8581 01 24272 
86.4291 01 24272 

1 10.001 I 01 24272 
01 24272 
01 24272 132.8721 1.085.8711 102.4741 0.7001 93,0101 760.1091 

180.715) 01 24272 

204,2871 :I 
227.858 203,587 -1,300,755) 0.7001 102,4741 142,511 I 910,5281 4 1.342.329 102.474 0.700 159.01 1 939,630 251,4301 0 24272 

71 
I 
N 
N 

275.002 I 01 24272 250.730) 1.368.8771 102.4741 0.7001 175,511 I 958,2141 
298.5731 01 22482 278.0911 1,371,2441 102.4741 0.7001 193,2631 959,8711 
322.1 45 I 01 16789 305,3561 1,338,8141 102,4741 0.7001 213,749) 937,0301 
345.71 61 01 11871 X3::3::1 1,294,9291 i:i:(l;(ll 233,691 1 906,4501 

1,239,428 253,194 867,599 
389.053 1.171.532 102.474 0.700 272.337 820.073 

369,2881 0 7582 
392.859) 01 3807 
416.431 I 01 459 415.9721 1.090.7961 102,4741 0.7001 291.1801 763,5571 

( D I  
c n  
. I  

v) 
00 

1 

N 
0 

1 

5 

P 
? 
1 
0 
0 
N 

440.0031 01 -2529 442.5321 096,8671 102.4741 0.7001 309,7721 697,8071 
463.574 I 01 -521 4 468,7881 889,4671 1 02,474 1 0.700) 328,152 I 622,6271 
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7 
I 
N 
P 

m =  
I D =  
c n  
. I  

m 
00 

1 
L: 
W 
N 
0 
I 

D 
I- 
I 
0 
0 
ru 

P 

E (rebar) yield straln=fy/E ';;:IC 1 0.85fc*b 1 ;;] 1 eps fs eps' fs' 

[Psi1 [Psi1 _-_ - [Psi1 
28,021,615 .0013296 0.705 4 1300 8.870 8.581 E-02 37258 -2.360E-02 -37258 

3.372E-02 37258 -7.997E-03 -37258 
-37258 2.01 5E-02 37258 -3.932E-03 

3.705 1.390E-02 37258 -2.061 E-03 -37258 
1.031 E-02 37258 -9.851 E-04 -27605 

5.705 7.975E-03 37258 -2.866E-04 -8031 

---- - -. 
------ -- 1.705 

2.705 - --- ---- 

~- 4.705 

6.705 6.338E-03 37258 2.036E-04 5705 

7.705 5.126E-03 37258 5.665E-04 15875 
8.705 4.192E-03 37258 8.461 E-04 23708 

9.705 3.451 E-03 37258 1.068E-03 29927 
10.705 2.849E-03 37258 1.248E-03 34984 

11,705 2.349E-03 37258 1.398E-03 37258 

12.705 1.928E-03 37258 1.524E-03 37258 
13.705 1.568E-03 37258 1.632E-03 37258 
14.705 1.258E-03 35244 1.725E-03 37258 

27647 1.806E-03 37258 
16.705 7.480E-04 20960 1.878E-03 37258 
17.705 5.363E-04 15028 1.941 E-03 37258 
18.705 3.472E-04 9730 1.998E-03 37258 
19.705 1.774E-04 4970 2.048E-03 37258 

~ ~~ 

~~~~~ - _- 15.705 9.866E-04 
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[IbsI 
24.678 

'2 d 

[IW dbsl [Ibsl [Ibin] , [W [Ibin] 
0 24590 87 506.873 166.587 0.900 79 456.1 33 

I I I I I c c  c s  T P M I O.lfcAglO.7 I Phi I phixP I phi x M 

- 

59,681 
94,685 

129,689 
184,692 
199,696 

0 24590 35,091 891,168 166,587 0.858 30,104 764,507 

0 24590 70,095 1,245,795 166,587 0.816 57,186 1,016,377 

0 24590 105,098 1,570,755 166,587 0.774 81,327 1,215,485 

0 24590 140,102 1,866,047 166,587 0.732 102,526 1,365,569 
24590 175,106 2,131,673 166,587 0.700 122,574 1,492,171 

~~~ ~~ 

304,707 
339,710 
374.714 

~ ~ ~ 

0 24590 280,117 
0 24590 315,120 
0 24590 350.124 

2.750.5441 166.587l 0.7001 196.0821 1.025.381 I 

-n 
1 
N 
Ln 

444,721 
479.725 

~~ ~~~ 

166.5871 ~~ 0.7001 220,5841 2,028,2501 2,887'5001 3.014.789 166.587 0.700 245.087 2.1 10.352 

I . .  
0.700 294,092 2,212,255 166,587 

188.587 0.700 31 8.594 2.232.055 
0 24590 420,131 3,160,364 
0 24590 455.1 35 3.1 88.650 

I 409.7161 01 245901 385.1271 3.102.4101 168.5871 0.7001 269.589) 2.171.6871 

514,729 
549,732 
584,736 
61 9,740 
654,743 
089,747 

0 23261 491,468 3,175,479 166,587 0.700 344,027 2,222,835 

0 18247 531,485 3,099,957 166,587 0.700 372,040 2,169,970 

0 13833 570,903 3,000,093 166,587 0.700 399,632 2,100,065 
428,875 2,012,488 0 091 8 609,821 2,874,983 166,587 0.700 

0 8422 648,321 2,723,920 166,587 0.700 453,825 1,906,744 

0 3280 686,407 2,540,336 160,587 0.700 480,527 1,782,435 

.-- 
;oE 
( D I  < m  
. I  

v) o w  
I s w 
N 
0 
I 
D 
I 

I 
0 
0 
(u 
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i 
>-I 

E (rebar) 

(Psi1 
28,080,308 

‘1 

yield straln=fy/E Trial c 0.85fc.b XP ePs fs eps’ fs’ 

[in1 -- [in1 [Psi] [Psi] 
.0013401 1 .ooo 39770 6.775 4.478E-02 37631 -2.303E-02 -37631 

1.750 2.43OE-02 37631 -1.1 87E-02 -37631 
2.500 1.61 1 E-02 37631 -7.41OE-03 -37631 
3.250 1.1 70E-02 37631 -5.008E-03 -37631 

4.000 8.944E-03 37631 -3.506E-03 -37631 

4.750 7.058E-03 37631 -2.479E-03 -37631 
5.500 5.686E-03 37631 -1.732E-03 -37631 

6.250 4.644E-03 37631 -1.1 64E-03 -32685 

7.000 3.825E-03 37631 -7.1 79E-04 -201 58 

00 
I 
L: w 
N 
0 

I 
P z 
P 
r 

I 
0 
0 
N 

i 
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-rl 
I 
N 
03 

cc cs T P M 0.1 fcAgl0.7 

[Ibsl [IbsI Ilbsl [IbsI [I b-In] -. - 
33,804 -6228 6228 21,349 334,178 - 122,317 

59,158 -6228 6228 46,702 536,529 122,317 
8431 1 -6228 6228 72,055 722,717 122,317 

109,864 -6228 6228 97,408 892,742 122,317 
135,217 -6228 6228 122,762 1,046,605 122,317 
160,571 -6228 6228 148,115 1,184,304 122,317 
185,924 -6228 6228 173,468 1,305,842 122,317 
21 1,277 -5409 6228 199,640 1,411,605 122,317 
236,630 -3336 6228 227,066 1,501,801 122,317 
261,984 -1664 6228 254,092 1,575,645 122,317 
287,337 -287 6228 280,822 1,633,185 122,317 
31 2,690 867 6228 307,329 1,674,457 122,317 
338,043 1847 6228 333,663 1,699,483 122,317 
363,397. 21 43 6228 359,31 I 1,708,022 122,317 

388,750 
41 4,103 3520 4183 413,441 1,663,128 122,317 
439,456 4090 3137 440,409 1,616,224 122,317 
464.810 4597 2205 467.202 1,553,902 122,3 17 

1,476,044 122,317 
1,382,559 122,317 

2876 5365 386,262 1,694,757 122,317 

Phi phi x P phi x M 
[lbsl [Ib-in) 

289,095 0.865 18,469 - 
0.824 38,465 

0.782 56,360 
0.741 72,153 
0.700 85,933 
0.700 103,680 829,013 
0.700 121,428 914,089 
0.700 i39,74a 988,123 
0.700 158,946 1,051,261 

177,864 1,102,951 0.700 
0.700 196,575 1,143,230 
0.700 215,130 1,172,120 
0.700 233,564 1,189,638 

251,518 1,195,615 0.700 
0.700 270,383 1,186,330 

0.700 
0.700 
0.700 
0.700 
0.700 

661.2791 732.623 

490~163 
51 5,516 

5052 1370 493,845 
5463 61 7 520,361 364,253 I 967,791 

W E  
CDL c m  
- 1  

v) 
00 

1 

Tu 
0 
1 

D 
r 
1 
0 
0 
Tu 

5 

P 
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: i  

t~ I Tem~155.95/9S) I fc I Beta 1 I fv (rebar) I 

12.01 110.81 38991 0.851 37631 I 

n 
I 
N 
ID 

I 
D z 
D 
r 
I 
0 
0 
N 



E (rebar) yield slraln=fy/E. 

[Psi1 
28,080,308 .0013401 

Trial c 0.85fc*b XP 

[in1 
-_I__- [in] __ ~ _-._--.--- 

1 .ooo 39770 6.775 - .  

eDs fs I eps' fs' I 
[Psi] I [psi1 

-37631 

-37631 
-37631 
-37631 
-37631 
-37631 
-37631 
-32685 
-201 58 

-1 0055 

4.478E-02 

2.430E-02 I I 1.7501 I 
I 2.50Ol I 1.61 1 E-02 

-1 I 3.2501 I 1.170E-02 37631 I -5.008E-03 
I 4.0001 I 8.944E-03 37631 I -3.506E-03 

I 4.7501 I 7.058E-03 37631 I -2.479E-03 

I I 5.5001 I 5.686E-03 37631 I -1.732E-03 

I I 6.2501 I 4.644E-03 376311 -1.164E-03 
37631 -7.179E-04 I I 7.0001 I 3.825E-03 

I 1  7.7501 1 3.165E-03 37631 I -3.581E-04 
-rl 

I 
w 
0 

I I 8.5001 I 2.621 E-03 3763 1 I -6.176E-05 -1 7341 

I I 9.2501 I 2.165E-03 37631 I 1.865E-04 52371 
10.000 H 10.750 

1.778E-03 37631 I 3.975E-04 11 1621 
1.444E-03 37631 I 5.791 E-04 162601 

I I 11.5001 I 1.154E-03 324141 7.370E-04 20694 I 
I I 12.2501 9.000E-04 252721 8.755E-04 245851 

I I 13.0001 I 6.750E-04 189541 9.981 E-04 28026 I 
I I 13.7501 4.745E-04 133251 1.107E-03 310931 

- 1  14.5001 I 2.948E-04 82791 1.205E-03 
XJT: m x  
C O  
* I  

v) 

1 
zz w 
N 
0 
1 

> 
I- 

1 
0 
0 
N 

'00 

z 

1.328E-04 37291 1.293E-03 
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I 

-_ 
cc cs T P M O.lfcAglO.7 phi phi x P 

Ilbsl - [Ib-in] IlW Wsl  [Jbsl [Jbsl -- 
33,804 -16557 16557 689 399,255 122,317 0.899 620 

59,158 -1 6557 16557 26,043 601,606 122,317 0.857 22,329 
122,317 0.816 41,937 

0.775 59,443 122,317 
84,511 -16557 16557 51,396 

109,864 -1 6557 16557 76,749 957,819 

135,217 -1 6557 16557 102,102 1,111,681 122,317 0.733 74,846 
160,571 -1 6557 16557 127,456 1,249,381 122,317 0.700 89,219 
185,924 -1 6557 16557 152,809 1,370,918 122,317 0.700 106,966 
21 1,277 -1 4382 16557 180,338 1,477,326 122,317 0.700 126,237 
236,630 -8869 16557 211,203 1,569,156 122,317 0.700 147,842 
261,984 -4424 16557 241,002 1,644,317 122,317 0.700 168,701 
287.337 -763 16557 270,016 1,702,942 122,317 0.700 189,011 

122,317 0.700 208,906 
122,317 0.700 228,478 

787'7931 

--. 

n 
I 
w + 

phi x M 
[Ib-in] 

358,879 

51 5,827 
642,810 

741,838 

814,921 
874,567 
959,643 

1,034,128 
1,098,409 
1,151,022 
1 , 192,059 

1,221,586 
1,239,645 

, i  

388,750 
414,103 
439,456 
464,810 
490,103 
515,516 

i! 

7647 14262 382,135 1,757,306 122,317 0.700 267,494 1,230,114 
9359 11120 412,342 1,712,901 122,317 0.700 288,640 1,199,031 

10873 8340 441,990 1,654,696 122,317 0.700 309,393 1,158,287 
12222 5863 471,169 1,582,305 122,317 0.700 329,818 1,107,614 
13432 3643 499,952 1,495,421 122,317 0.700 349,967 1,046,795 
14523 1641 528,398 1,393,797 122,317 0.700 369,879 975,658 

312.690l 23041 165571 298.4371 1,745,123 
338.0431 491 1 I 165571 326.3971 1.770.922 
363.397) 569d 165571 352.5351 1.779.6931 122,3171 0.7001 246,7751 1,245,7851 
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n 

h As per ft d' As' per fl d" d --.-- -- Section 
linl (in"2) linl (inA2] Iinl [in1 

6 12 0.26 2.375 0.26 2.375 9.625 

I 
w 
N 

fy (rebar) Beta 1 b Temp(55,95/95) fC ---.-~-- 
[in1 [deg FI [PSil,  [Psi1 

12.0 91.69 4418 0.8291 38000 

I 
0 
0 
N 

SECT6.XLS p. 1 of 3 



E (rebar) yleld sbln=fy/E Trial C 0.85fc'b 
Iinl 

0.200 45064 
[Psi] 

28,183,208 .0013483 
0.600 
1.000 
1.400 
1 Rnn 

ePs fs eps' fs' 
[in1 [psi1 [p5i1 
XP 

3.625 1.414E-01 38000 -3263E-02 -38000 
4.513E-02 38000, 
2.588E-02 38000l -4.125E-031 -380001 

380001 -2.0891 
-. 

t I I . . .-- 
I 7.800l I 7.019E-041 197 

. .--- 
2.200 
2.600 
3.000 
3.400 
3.800 
4.200 
4.600 
5.000 

735 r n Z  
< n  
* I  

v) 
00 

1 
E w 
N 
0 
1 

3= z 
D r 
1 
0 
0 
N 

1 .013E-02 38000 -2.386E-04 -672 
8.1 06E-03 38000 2.596E-04 7317 
6.625E-03 38000 6.25OE-04 17615 
5.493E-03 38000 9.044E-04 25489 
4.599E-03 38000 1 .125E-03 31 706 
3.875E-03 38000 1.304E-03 36739 
3 . 2 7 7 w '  38000 1.451 E-03 38000 
2.775E-03 38000 1.575E-03 38000 
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E #O E '(1 SlX'9133S 

900'009 

,SOL'019 
8L8'909 

690' 1 19 
-1 CB'EO9 
P80'€6S 
L88'8LS 

,980'OPS 
6P9'PlS 
PSZ'EOP 
609'LPP 
10P'LOP 
,PLS'99E 
.COP'€€€ 

jzz '  19s 

EZO'LBZ 
EEB'PEZ 
EEL'6L 1 
181's 11 
P6L16E 

--- 

[UI-ql l  
w XIl ld 

OE9'90Z OOL'O 
ZPC'S61 OOL'O 
LES'E8 1 OOL'O 
- OE6'1L1 OOL'O 
g9P' 19 1 OOL'O 
LOO' 1s 1 OOL '0 
9PS'OPl OOL'O 
P80'OE 1 OOL'O 
€19'6 11 OOL'O 
ZC6'80 1 OOL'O 
SSS'L6 OOL'O 
- ?96'S8 E L ' O  
L9O'PL -- OOL'O 
ZSL'Z9 POL '0 
ESS'ZS - SPL '0 
9EL'6€ - 68L'O 

S88'06 

- S88'06 
S88'06 
- S88'06 
1588'06 
'S88'06 

I----- 

ZS C'LS8 981'93Z EP 1s PO68 
896'998 PLL'8LZ 0199 PO68 
SEP'ZL8 --- 901'Z9Z PPZ8 PO68 
SS6'ZL8 PC9'SPZ 0886 PO68 
L8S'Z98 699'OEZ 0886 PO68 
E9Z'L P8 SZL'S 1z 0886 PO68 
18 6'918 08L'OOZ 0886 PO68 
SPL' 108 .SE8'S8 1 0886 PO68 
-- 19s' 1 LL 068'OL 1 0886 .- PO68 
E 1Z'SEL L 19'ss 1 0886 9LS8 
-- E9€'069 P9€'6€1 0886 L9ZL 
ZPP'6E9 208'22 1 0886 1s9s 
COO'Z8S 0 18'SO 1 - 0886 E09E 
098'02s P91'68 0886 106 1 
-- E69'L PP 89S'OL 0886 6PL 1- 
K9'€9E OSE'OS 0886 ZZOL- 
@P'EBZ -- L PS'ZE - 0886 0886- 

--- Z09'L 1 0886 0886- --- S89'80Z - 
8Z6'8Z1 1LS9'Z rOee6 10886- ---.- -- 

W I d I 1 I s3 

SZP'l6Z 

9P9' CEZ 

BSL'LOZ 
.118'98 1 
998' 1L 1 
1Z6'9S 1 
9L6' CP 1 
ZEO'LZ c 
L80'Z 1 1 
ZP C'L6 
L6 C'Z8 
ZSZ'L9 
- LOE'ZS 
Z9E'LE 
LlP'ZZ 
ZLP'L 



N 
0 
0 

I 
-I 

2 

7 

4 
I 
0 
N 
Cr) 

00 
v, 
I '  u >  s a  
3 d  

c 

v)  
m 

I 
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7-l 
I 
w 
En 

00 
1 
E w 
N 
0 
1 
P z > 
r 
1 
0 
0 
N 

E (rebar) yield straln=fy/E Trial c f 0.85fc*b I eps fs eps' fs' 1 [Psi1 [in1 (Psi1 [p5i1 
28,183,208 .0013483 0.500 45064 5.500 7.500E-02 38000 -6.750E-03 -38000 

1.000 3.600E-02 38000 -1.875E-03 -38000 

1 SO0 2.300E-02 38000 -2.500E-04 -7046 

2.000 1.650E-02 38000 5.625E-04 15853 

2.500 1.260E-02 38000 1.050E-03 29592 

3.000 1.000E-02 38000 1.375E-03 38000 
3.500 8.1 43E-03 38000 1.807E-03 38000 
4.000 6.750E-03 38000 1.781 E-03 38000 

4.500 5.667E-03 38000 1.91 7E-03 38000 

5.000 4.800E-03 38000 2.025E-03 38000 
5.500 4.091 E-03 38000 2.1 14E-03 38000 

6.000 3.500E-03 38000 2.188E-03 38000 
6.500 3.000E-03 38000 2.250E-03 38000 
7.000 2.571 E-03 38000 2.304E-03 38000 
7.500 2.200E-03 38000 2.350E-03 38000 
8.000 1.875E-03 38000 2.391E-03 
8.500 1.588E-03 
9.000 1.333E-03 
9.500 

10.000 9.000E-04 
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.. 
'$4 

!,*! 
'f I .' 

I -  

T 
I w 
m 

E (rebar) 
IPSil. 

28.187.462 . .  

vleld stmln=fv/E I Trial c I 0.85fc.b 

,001 3481 I 1 .oool 45196 

XP ePs fs eps' fs' 

[in1 [psi1 [Psi1 
3.125 2.888E-02 38000 -1.875E-03 -38000 

1.825E-02 38000 -2.5OOE-04 -7047 

1.294E-02 38000 5.625E-04 15855 

I 9.75OE-031 380001 1.050E-031 295971 

1.500 

2.000 

2.500 
3.000 

I 6.1 07E-03 380001 1.607E-031 38000. 
I 4.413E-03 38000 1.866E-03 38000 

3.500 
4.300 

1 7.625E-031 38000l 1.375E-031 380001 

ci, o w  
2 w 
N 
0 
I 
D z 
D r 
I 
0 
0 
N 
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. .. 

- cc 
[Ibsl 

cs T P M 0.1 fcAgI0.7 Phi - phi x P phi x M 
IIbsl [W - (I b-in] Ilbsl (Ib-in) [Ibs] _.-..______ 

37,443 -16720 16720 4,003 - 219,331 11 3,940 0.893 3,574 195,857 , 

74,886 

w 
N 
0 
I > z 
r 
I 
0 
0 
N 

531 9 16720 63,485 583,103 11 3,940 50,062 459,815 

SECnTOP.XLS 

-n 
I 
P 
0 

- 3 o f 3  

93,607 11365 16720 88,252 724,138 11 3,940 0.745 65,756 539,548 

1 12,328 15063 16720 1 10,671 843,619 11 3,940 0.706 78,105 595,374 
131,050 15063 16720 129,393 933,623 11 3,940 0.700 90,575 653,536 
161,004 15063 16720 159,347 1,061,499 11 3,940 0.700 11 1,543 743,049 
190,958 15063 16720 189,301 1,169,522 113,940 0.700 132,511 818,666 
220,912 15063 16720 21 9,255 1,257,693 11 3,940 0.700 153,479 880,385 
250,867 15063 16720 249,210 1,326,012 11 3,940 0.700 174,447 928,208 

31 0,776 15063 10423 31 5.41 ~ ~~ 5 1,383,412 11 3,940 0.700 220,791 968,389 
965,362 340,729 15063 6235 349,557 1,379,088 11 3,940 0.700 244,690 

370,684 15063 2725 383,022 1,357,027 11 3,940 0.700 268,115 949,919 
400,63a 15063 -261 41 5,961 1,316,753 11 3,940 0.700 291 ,I 73 921,727 
430,592 15063 -2831 448,486 1,257,925 11 3,940 0.700 313,940 880,547 
460,546 15063 -5067 480,676 1,180,289 11 3,940 0.700 336,473 826,202 
490,501 15063 -5372 510,936 1,088,833. 11 3,940 0.700 357,655 762,183 
520,455 15063 -71 09 542,627 973,051 11 3,940 0.700 379,839 681,136 
5 5 0 , 4 0 9 15063 -8657 574,129 838,008 11 3,940 0.700 401,890 586,606 

280,821 15063 15503 280,381 1,370,675 11 3,940 0.700 196,266 959,473 



E 40 1 'd SlX'dOlZ33S 

i 

t 



E (rebar) 

.--.. [Psi] 
27,945,692 

0 
0 
N 

. __1 --- ----->-- [in] eps 1 [;:il 
36776 

0.170 6.318E-02 36776 3.000E-03 36776 

0.320 3.216E-02 36776 3.000E-03 36776 

0.470 2.094E-02 36776 3.000E-03 36776 

yield slraln=fy/E Trial c 0.85fchb XP 

[in1 
36776 3.000E-03 

.-- 
,001 3160 0.020 36975 0.750 5.595E-01 
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cc 
[ibsl 

629 

cs T P M 
[Ibsl WsI [IbsI [Ibln] 

0 736 -107 2,432 

I 38.3431 01 7361 37.6081 95.700 

O.lfcAgl0.7 

76,058 

80,772 

80.201 

Phi phi x P phi x M 
flbsl Ilb-in1 

37,286 

37.286 

0.900 ' 4,;::l 2,189 

0.875 14.175 5,343 

10,057 
14,772 
19,486 
24,200 
28,914 
33.629 

0 736 4,607 16,194 

0 736 9,322 29,355 
0 736 14,036 41,916 
0 736 18,750 53,875 
0 736 23,465 65,233 

0 736 28,179 75,989 
0 736 32,893 86,145 

- 

w 
N 
0 
I 

E 
r 
I 
0 
0 
N 

37,286 
37,286 
37,286 
37,286 
37,286 
37,286 
37.286 

SEC2TOP.XLS 

0.850 7,923 24,952 

0.825 11,576 34,568 
0.799 14,989 43,069 

0.774 18,165 50,499 

0.749 21,102 56,905 
0.724 23,800 62,331 
0.700 26,325 66,990 

p. 3 of 3 

n I 
P w 

43,057 0 736 42,322 104,654 37,286 0.700 29,625 73,258 

47,772 0 736 47,036 11 3,006 37,286 0.700 32,925 79,104 

52,480 0 736 51,750 120,758 37,286 0.700 36,225 84,530 

89,536 57,200 0 736 56,465 127,908 37,286 0.700 39,525 
61,915 0 736 61,179 134,458 37,286 0.700 42,825 94,12C 
66,629 0 736 65,893 140,406 37,286 0.700 46,125 98,284 
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-n 
I 
P 
ln 
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19,470 

75,634 

131,799 

n 
I 
P 
a, 

281,570 

cs T P M 
[Ibsl [IbsI [Ibsl (Ib-in) 

-21280 21 280 -41,811 30,441 

-21280 21 280 -23,090 188,943 

-21 280 21 280 -4,368 339,689 

-21280 21280 14,353 482,681 

-21 280 21280 33,074 617,917 
-20765 21280 52,311 748,009 
-9487 21280 82.31 1 924,859 

-1413 21 280 109,106 1,077,727 
4653 21280 133,893 1,212,666 

7268 21 280 155,229 1,322,371 

11 050 21280 177,733 1,430,238 

14148 21280 199,552 1,526,879 

16731 21280 220,856 1,613,159 
18917 21 280 241,764 1,689,wa 
19171 21280 260,739 1,748,650 
19171 21 280 279,461 1,798,583 
19171 21280 298,182 1,840,761 
19171 21280 316.903 1.875.185 

O.lfcAgl0.7 phi x P 1 phi I ,lbs, 

1 32,018 I 0.900 

132.01 81 0.900 

, 
-37,630 

-20,781 

phi x M 
[Ibin] 

27,397 

170,048 
305,720 
423,917 

525,164 
61 3,930 
717,048 
791,818 
848,866 
925,660 

1,001,166 
1,068,815 
1,129,211 
1,182,774 
1,224,055 
1,259,008 
1,288,533 

1,312,629 

1337.7311 1 9 1 7 1 1 2 1 2 8 0 1 3 9 5 . 8 2 5 1 1 . 8 L 1 ( . 8 S j l  1321018, 0.700' 234,937 1,331,297 

356.455 19171 21 280 354.346 1.920.767 132.01 8 0.700 248.042 1,344.537 

I 

132,018 o.9oa -3.932 
132,018 0.878 
132,018 0.85a 
132,018 0.821 
132,018 0.775 
132,018 0.735 
132,018 0.70a 
132,018 0.700 

132.01 8 0.700 

12,606 

28,110 
42,934 
63,816 
80,161 
93,725 

108,660 

124,433 
139,686 132,018 0.700 

132,018 0.700 154,599 
132,018 0.700 169,235 
132.01 8 0.700 182,517 

195,622 132.01 8 0.700 

- 

132,0181 208,727 
132.018 WI:] 221,832 
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APPENDIX G 

CALCULATION OF SECTION TRANSVERSE SHEARS (SEISMIC ANALYSES) 

The version of SASS1 used in the seismic analyses does not report 
transverse shear for shell elements. URS Consultants, Inc., John A. Blume and 
Associ ates,  Engineers, here1 nafter referred t o  as 81 ume, was contracted to 
manipulate the binary o u t p u t  from the seismic analyses and obtain the values 
of transverse shear demand required for the ACI code-based transverse shear 
evaluation. Documentation of Blume's approach for computing the transverse 
shear demands and their  results i s  provided in this  appendix. 
and "1/2 t ank"  models that  Blume refers t o  correspond t o  the vertical 
excitation analysis (run QLOWVLILV) and horizotal excitation with t ank- to - t ank  
interaction analysis (run TTTLOW), respectively. 
bound soi 1 propert i es . 

verification of the i r  results.  

The "1/4 t a n k "  

Bo th  analyses use lower- 

Foliowing the Blume documentation in this  appendix i s  an independent 

i 
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July 22, 1994 

Mr. David Wallace 
Westinghouse Hanford Company 
P.O. Box 1970 
Richland, WA 993 52 

U E S  COKEULTAKTS, ItZC. 
JOHN A. ELUME & ASSOCIATES, ENGJNEERS 

100 CALIFORNIA STREET, SUITE 500 
SAN FRANCISCO, CA 951114529 

TEL: (415) 774-2700 
FAX: (415) 39ai904 

Subject: Extract Transverse Shear Forces from WHC/SASSI results 

Project: P.O. #MJB-SMV-384095, Task 003 

Reference: URS/Blume progress report Fa.. from B.Mosaddad to D. Wallace 

- Dear Mr. Wallace: 

We have completed our work. The transfer shears are computed for selected elements of both 1/4 
tank and 1/2 tank models. Please refer to the attached calculations for a detail description of the 
methodology, assumptions and computational equations involved in generation of these results. 

The difference between computed moments and membrane forces at centroid of elements by 
MTWSASSI and those provided by WHC/SASSI are within few percentage points. These small 
differences which are due to differences in the formulations of shell finite elements in these versions 
of SASSI, indicate that the computed results, ifnot exact, are quite adequate for use in design. 

It should be mentioned that the procedure adopted by us to compute the transverse shears, although 
adequate, is an approximate and can be applied to similar results fiom any other finite element 
analysis computer program. A more rigorous approach would be one that utilizes the s t iaess  and 
transformation matrices of the shell finite element currently available in WHC/SASSI code. However 
the results from our analyses, reported in the attached calculations, show that the accuracy of the 
methodology adopted in our coniputations is quite adequate. 

Please call us ifyou have any questions or comments 

Very Truly, 

cc:RMC, File 6648 1-03 

G- 2 
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C O M P U T E D  S T R E S S E S  1 F O R C E S  / ~ O U E ~ T S  

3-0 FLAT PLATE/SHELL ELEMENTS ( ORDER 1 ) 

1 ~ .1591E+03 .1343E+01 .1593E+03 -.1224E+OZ -.1877€91 . Z W E + O Z  
.8U8E+00 .3670€+00 

4 .1560E+03 -.1620E+01 .1577E+03 -.4157E+Ot .5047E+OO .1533E+OZ 
-.7675E+00 .6361E+00 

9 .1488E+03 .1076E+01 .1537E+03 .666&+01 -.167lE+Ol .108OE+02 - .4412E+OO - .U72€+00 

16 .1475E+03 -.1474E+Ol. .1516€+03 -.1577E+O2 .8952E+OO -.llUE+02 
.2402E+00 .4973E+00 

23 .1181E+W .7901E+02 .6609E+03 .1213E+O4 - 2 7 6 x 4 3  -.9563E+03 - .1866E+02 -.1356E+O2 

28 .1254E+W .4345E+O2 .7773E+Q3 -.2418E+03 .2015€+03 -.1394E+04 
.L627E+O1 -.1269E+02 

31 .1362E+W .ZUZE+OZ .1060E+W .1074€+04 .4409€+03 -.Z41E+04 - . L ~ O ~ E + O Z  -.s220~+02 

32 .133tE+W .9833E+00 .1229E+W - .2096E+M .3956€+03 - .6317E+04 
-.1228E+03 -.9225E+02 

164 .1512E+03 .43UE+OO .1436E+03 -.9764E+Ol .7940€90 -.IMtE+O2 
.9777E+OO -.3568E+00 

168 .1478E+03 .4592E+00 .lUOE+03 -.1280E+OZ .8603E90 -.1897E+Ot 
-.1381E+01 -.3083E+00 

172 .1433E+03 -.673LE+00 .1215E+03 .8767E+01 .9026€+00 -.8203E+01 
-.1162E+Ol -.1127E+01 

176 .1360E+03 -.45WE+00 .1026E+03 -.1765E+02 .MB4E+O1 -.48tOE+O2 
.7130E+00 .2917E+01 

180 .132ZE+03 -.1345E+01 .126OE+O3 -.157ZE+02 .159ZE+Ol -.lW&+O2 
.5594E+00 - .3704E+01 

184 .1254E+03 -.ZZlOE+Ol .1411E+03 -.4318E+02 -.5817E91 -.1416E+03 
.3847E+OO .7623E+01 

188 .8008E+02 .2WOE+O1 .182lE+03 .WOE+O2 -.1181E92 .6609E+03 
-.1855E+O1 -.30WE+02 

192 .3761E+03 .l?tOE+OZ .5129E+03 .2549E+03 - . M + 0 2  ,1395E44 
.W4E+01 .6693E+02 

196 .1395E+03 .3141E+01 .3763E+03 -.2404€+02 .471E+01 -.1231E+O3 
.5113E+00 .1786E+02 

.2303E+OI .3336€+01 
200 .4487E+03 .1594E+02 .5108E+03 -.7495E+02 .2153E92 -.3631E+03 

G-9 



204 .5180E*03 .2022E+O1 
.1603E+01 -.6315E+01 

208 .5075E+03 -.2127E+01 
.2034E+01 .7984E*01 

212 .4405E+03 -.4512E*01 
.2067E+Ol .4025E+01 

216 .4302E+03 -.9032E+01 
.4R6E+01 .3988E+01 

220 .2780E+03 - .t3C9E+02 
.3189E+01 -.4364E+01 

224 .6272€+02 -.191OE+O1 
-.5858E*00 -.6029E+O2 

228 - . i o a ~ + o 4  .2056~+02 - .2158E+02 -.1292E+03 

232 - .l 1 09E+04 .6276E+01 
-.1301E+02 .9419E+02 

236 -.62llE+03 .5350E+Ol 
-.4152E+01 .3020E+02 

240 -.U41€+03 -.5750E+00 - .3288E+01 .2680E+02 

244 -.4147E+03 -.181OE+Ol 
-.2585E+Ol .1091E+O2 

248 .4114E+03 - .6119E+00 
-.214OE+Ol -.2L86E+01 

252 .4351E+03 -.5045E+00 
-.2526E+Ol -.8402E+Ol 

256 .4581E+03 -.28(UE+00 
-.2751E+Ol -.9300E+01 

260 .5919E+03 -.4036E+01 -. 174M+01 - .8T39E+01 

264 .8567€+02 .2858E+02 
.2279E+02 .3605E*02 

WHC-SD-W32P-ANAL-002 
Rev. 0 . - . . 

.499SE+03 -.6126E+02 -.1005E+02 -.2916E+03 

.5050E+03 -.7016€+02 .8435E+01 -.3359E+03 

.4979E+03 -.9479E+Ot .1057€+02 -.4665E+03 

.5190E+03 -.9510E+02 .1603E+02 - .4946E+03 

.4946E+03 -.1200E+03 -.3924E+02 -.5904E+03 

.4035E+03 .8176€+02 - .3773E+01 .4052E+03 

.6L68E+03 .5298€+03 -.2168E+03 .3639E+04 

.5366E+03 - .3703E+03 -.5484E+02 .4245E+04 

.6568E+03 .1218E+03 .1062E+Ot .2006E+04 

.7181E+03 -.2701E+03 .6867E+O1 .9381E+03 

.7458E+03 -.4601E+03 .1505E+02 .5108E+03 

.8414E+03 -.4958E+03 -.6249E+01 -.&58E+03 

.ll24E+M -.483&+03 .6966E+Ol .8138E+03 

.9917E+O3 -.1016€+04 -.142OE+Ol .8807E+03 

.1091E+M -.7409€+03 .5517E+01 .1007E+W 

.L67?E+O3 .5242E+03 - .3998E+03 .1837E+03 

NOTE: "-0.9999E+998' INDICATES THAT CORRESPONDING 
CWPONENT NOT REQUESTED. 
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C O M P U T E D  S T R E S S E S  F O R C E S  1 H O ~ E N T S  

3-0 FLAT PLATE/SHELL ELEMENTS ( ORDER = 1 ) 

TITLE : 

N l  H12 
s1 52 

N2 i41 n12 H 2  

1 -.1009€+03 -.1527E+02 .4797E+02 .1114€+02 .7594E+00 . .9329E+01 - .2086E+00 .3510E+00 

4 -.22558+03 .2671E+02 .5588E+02 .6316E+02 -.2077'€+01 .1799E+O2 
--.9125E+OO -.8614E+OO 

9 -.1933E+03 
.7319E+00 

16 - .2432E+03 
.5660E+00 

23 .9390E+02 
.3243E+01 

28 .9634E+02 - .3140E+01 

31 .8043E+O2 
-3 126E+O 1 

.3888€+02 .6394E+02 .1572E+02 - .2962E+01 - .3580E+02 
-.7841E+00 

.#29E+02 .8655E+02 - .4281€+02 .2BUE+O1 -.1698E+02 

.9675E+00 

-.7660E+O2 .5783€+03 -.5000€+03 -.4025E+02 -.2252E+03 
.1022E+O1 

- .4554E+02 .4513E+03 .2!54OE+OJ .1338E+02 * .2300E*03 - .1552E+01 

-.2533E+02 .3147E+03 - .U03E+03 -.3115E+02 -.2103€+03 
.2642E+01 

32 .7351€+02 .1777E+02 .1749E+03 -.1217E+03 .6431E+01 .9053E+02 
-.1238€+01 -.6961E+00 

324 .9970E+02 -.1283E+02 -.USlE+O3 .5958E+01 .7626E+OO -.2575E+02 
.6848E*00 - .10ME+Ol 

328 .12UE+03 -.1513E+02 -.4373E+O3 -.3028E+Ol -.8813E+OO .133SE+02 - .6616E+OO -.6964€+00 

332 - .1540E+03 - .1394E+02 - .557?€43 - .5873E+O1 -. 1555E+01 .Z313E+02 
-.6254E+00 -.5203E+00 

336 -. 1916E+03 -.lRCE+O2 -.6075E+03 . B E 4 1  .7538E+00 -.tp02E+02 - .1627E+01 .2269€+01 

360 -.2331E+O3 -.190&+02 -.7089E+03 .5356E+01 -.UO6E+Ol -.2965E+02 
.9426E+00 .2096€+01 

344 -.2850E+03 -.1728E+O2 -.8107E+03 S 0 8 3 E 9 1  .1WE+02 .1700E+OZ - .8727E+OO .1674E+01 

368 -.1772E+03 -.3032f42 -.8836E43 -.1194E+03 -.1079E+02 .L295€+03 - .3096E+01 -. 1457E+O2 

352 -. l7'oGE+M -. 1159E43 -.745&+02 -. 1753E+04 .2957E+03 - .8597E+04 - .8215E+01 -.3ROE+03 

356 - .2556E+03 - .5679E+02 -.3856E+02 .5002E+O2 - .7853E41 .2317E+03 
-.1993E+01 -.1159E+03 

G-li 



366 - .5300€+03 .6081€+02 .7302E+02 .2128€+03 -.1315€+02 .1204E+W -. 1068€+01 .3076E*02 

368 - .1836€+03 -.5402€+02 .9438E+Ot .9590€+02 .1379€+03 -.5291E+03 
-.3859€+01 -.3559E+01 

372 -. 1810E+03 .5645E+02 .1216E+03 .6429E+02 -.2223E+02 .U89€*03 
.2959€+01 -.7881€+01 

376 - .4001E+03 .5593€+02 .1260E+03 -.3038E+02 .4372E+02 -.8768E+02 
-.6723€+01 -.7000E+01 

380 -.6484E+03 .4870E+O2 .1297E+03 .2662E*02 .5942€+02 -.1114E+03 
-.1221€+02 .2913€+01 

384 -.1221€+03 .3815€+02 .1104€+03 .6323E+02 .126OE+O2 -.2950E+03 
-.1920E+01 .2035E*02 

388 -. 1342E+04 .1946E+02 .2931E+03 .8837E+03 .4206€+03 -;2521€+04 
.3509€+02 .1128E+03 - 

392 -.1714E+04 .3454E+02 -.2$93E+03 -.1927E+04 .3103€+03 -.2351E+04 
-.3872€+02 - .1108€+03 

396 -.1208E+04 .3817E+O2 -.1815€+03 -.79!59E+03 .1500E+03 -.1050E+04 
.1315E+02 .3047E+02 

400 -.1080€+04 .3191€+02 -.1379€+03 -.5500€+03. .3239€+02 -.1314E+04 
.2715E+01 .2408E+02 

404 -.13nE+04 .2882E+O2 -.1297E+O3 -.4054E+03 .2451€+02 -.7629E+03 
.3761E+01 -.5054E+01 

408 .8346E+03 .2468€*02 - .1255€+03 -.3337E+03 .7387E+O1 - .5349E+03 
.2323E+01 .9387E+01 

412 .8669E+03 .2135€+02 -.1159E+03 -.3032€+03 -.9371E+01 -.4229E+03 
.1990€+01 .3154E+Ol 

416 .7506E+03 .1753E+02 .1074E+03 -.2845E*03 -.6172E+01 -.UO7E*O3 
.9752E+OO .3900E+01 

420 .6536E+03 .1690E+02 .lOZCE+03 -.2759E+03 -.4047E+Ol -.47&E*03 
.4171E+OO .4113E+01 

424 - ,L850E+03 .4307E+Ol - .2889€+04 -.7387E+04 .3311€+03 - .4168E+03 
-.3313E+03 -.5392E+02 

NOTE: "-0.9999E+99" INDICATES THAT CORRESPOWDING 
COnPONEWT NOT REOUESTED. 
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STRESS HTR/ S A S S I 22 JUL 19% _________________-__----.--------------------------.-------------------------- 
UHCT2 - C-106 Half Hodel w i t h  updated soi l  - stress 

C O H P U T E O  S T R E S S E S  / F O R C E S  / H O H E N T S  

3-0 FLAT PLATE/SHELL ELEHEWTS ( ORDER 1 1 

TITLE : 

161 : .2UKE+O2 -. 174OE+O2 -.4S62E+02 .7150E+01 .2226E+01 -.6852E+01 
-.4011E+00 -.6410E+00 

164 -.3320E+02 -.SOTIE+OZ .5690E+02 .3104E+01 -.8007E+01 -.2070E+02 
--.1236E+OO -.1206€+01 

169 .4041E+02 -.7176E+O2 .7264E+02 -.1089E+02 -.1342E+O2 -.1907E+02 
.31ME+00 .1594E+Ol 

176 .6509E+02 -.1188E+03 .7281E+02 -.6901E+01 -.3252E+Ul -.1421E+O2 
-.3393E+00 .8175E+OO 

183 .1011E+03 -.1987E+03 .8387E*02 .4987E+02 -.1124E+03 .7285E+02 
.1077E+Ol -.4199E+01 

191 .8329E+02 .9216€+02 .7191E+02 .6229E+O2 - .7916E+02 .7579E+02 
.8321E+OO -.47'53E+O1 

192 -.8586E+02 .391SE+O2 .6956E+02 .2278E+Ot -.1931E+02 .9298E+02 
.1111E+01 .1978€+01 

644 .5213E+02 - .ZSZOE+Ol 

848 .5WE+02 -. 1286E+01 

852 - .4962E+O2 - .6922E+00 

856 - .5672E+02 
.5181E+OO 

.1972E+03 -.2662E+02 -.2003E+02 -.2579€+01 -.5228E+U1 

.8861E-01 

.2489E+03 -.5915E+02 -.1393E+O2 -.7370E+01 - . W E 4 1  
-.5719E+00 

.3214E+O3 .4157E+O2 .5536E+O1 .2742E+01 -.2ZOGE+O1 - .1030E+01 

.3687E+O3 .3819E+02 - .4357E+01 .1436E+01 .3616E+01 -. 1173E+OO 

860 .4677E+02 -.491E+03 .S414E+02 -.3253E+01 .3087E+01 -.1950E+01 
.2325E+01 .l426E+OO 

864 .4312E+02 -.5283E+03 .7M8E+02 -.1586E+O1 .1051E+O1 -.4381E+O1 
.4530E+OO .2657~+00 

872 .1523E+03 -. 13?4E+04 - .2664E+02 .9383E+02 .3799E+03 .3742E+03 
.6794E+01 .1678E+02 

876 .1963E+02 .12UE+04 -.2017E+O2 -.1078E+Ol -.1471E+02 -.9706E+01 
-.2061E+OO .45UE+01 

880 .1017E+03 .1449E+O4 -.2651E+02 -.1752E+O2 .1938E+03 .4768E+02 
.9387E+OO -.832lE+00 
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.7365E*02 .1506E+04 -.2981E+02 -.1698E+02 -.1620E+03 .LWOE+02 

.2695E+01 -.8329E+00 

.6768E+02 .1515E+04 -.3047E+Ot -.168ZE+O2 -.1333E+03 -.522OE+02 

.1323E+01 -.8886E+00 

896 -.5961E+02 - .Z06E+00 

900 - .5679E+02 
-.9476E+00 

904 - .8278E+01 - .33ME+00 

.I~IZE+W -.3iao~+oz - . z a o ~ + o t  -.i044~+03 - .S~~ZE+OZ 

.5403E+00 

.1300E+04 - .2984E+02 .ZUZ+OZ .1106E+03 - .&&E92 

.4708E+00 

.1049E+04 .2511E+02 .5008E+01 -.7WE+OZ .3006E+O2 

.5569E+Ol 

908 .1231E+03 .1132E+04 .3949E+02 .594OE+02 .5301E+03 -.2897E+03 
.1324E+02 .9330E+01 

912 *. 1205E+03 .9496E+03 -.4859E+02 -.2742E+03 .1015E+Ob .3031E+03 
.3837E+O1 .8948E+Ol 

916 -.7538E+02 .7961E+03 -.4959E+02 .6081E+OZ .3435E+03 .1165E+03 
.S447E+O1 -.3755E+Ol 

920 - -61 10E+OZ .7112E+03 .7744E+OZ .5763E+02 .1910E+03 .6093E+OZ 
.38TzE+O1 .ln7E+Ol 

924 

928 

932 

936 

.5599E+02 .6694E+03 .7255E+02 .6723E+02 - .1615E+03 .5023E+02 

.142OE+Ol -.7927E+oo 

.5847E+O2 .6023€+03 .7314E+02 .6518E+02 -.1447E+03 .6679E+02 

.2205E+Ol -.8472E+00 

.6453E+02 .5097€+03 .7380E+02 .6295E+02 .14m+O3 .3430E+Ot 

.1825E+01 -.4174E+00 

.&88E+02 .4234E+03 - .7645E+02 .6149E+Ot .1358E+03 .2671E+02 

.2lOBE+Ol -.C426E+00 

940 .6810E+02 .3354E+03 - . W E 4 2  .6542E+02 .1254E+03 .Zb68E+OZ 
-.1170E+01 .2528E+00 

944 - .3108E+02 .3765E+03 .2401E+03 .u43E+03 -.4643E+O3 -.70WE+OZ 
.1765E+02 -.llUE+03 

WHC-SD-W320-ANAL-002 
Rev. 0 

NOTE: "-0.9999E+99" INDICATES THAT CORRESPONDING 
COC(POI(ENT HOT REQUESTED. 
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STRESS HTR/ S A S S I 22 JUL 1994 _-__________-_---------------------------------------------------------------- 
UHCTl - C-106 Half Model uith updated soil - stress 

C O W P U T E O  S T R E S S E S  I F O R C E S  ~ O ~ E W T S  

289 - .39aa~+o2 
- .9963E+00 

291 - .8024E+02 -. 1287E+O1 
2% .1168E+03 

-.6564E+00 

301 .1608E+03 - .637SE+00 

-.1041E+02 .2345E+02 -.19bBE+O2 .1246E+01 .7123E+01 
.2967E+OO 

-.1195E+02 .3610E+02 -.7456E+02 -.6579E+01 .3UlE+02 
-.2384E+01 

-.1916E+02 .49TTE+02 -.1879E+02 -.1125E+01 .2122E+02 - .UE+00 
- .2925E+02 .6631E+02 .3620E+02 .5654E+01 .4573E+01 
-.2130E+00 

308 .8621E+02 -.966LE+O2 -.6196E+03 .5238E+03 -.2191E+02 .26#E+03 
-.2949E+01 -.3967E+01 

314 .7903E+02 -.6703E+02 -.4634E+03 -.2139E+03 -.2545E+02 .1670E+03 
.2741E+01 .2866E+01 

318 .789i~+oz -.L~OOE+O~ -.3280~+03 .3527~+03 -.IOO~E+O~ .i508~+03 

320 - .9224~+02 - .230z+02 - .iaa2~+03 .8243~+02 -.937c~+oi .6317~+02 

-.25n~+oi . I ~ I ~ E + O I  

.17lLE+Ol .1783E+01 

.5594E+00 .8589E+00 
1257 .7830E+02 .7257E+01 .2639E+03 - .5493E+01 -.9362E+00 .2368E+02 

1261 . i022~+03 .a5m~+oi .3827~+03 .376a~+oi -.1456~+01 -.12aa~+02 
-.8931E+00 .7PPLE+OO 

1265 .1298E+03 - .8124E+01 .45985+03 .5511E+01 .%68E+OO - .2236E+02 
.1062E+01 -.5531E+00 

1269 .1709E+03 -.ll6lE+O2 .5272E+03 -.3796E+01 -.5366E+00 .287'5E+02 
-.1051E+01 .2778E+01 

1273 .2lSSE+03 - .63L6E+00 
12f7 .2718E+03 -. 1187E+01 
1281 .ini~+o3 

1285 .1609E+04 
-.3253E+01 

- .3165E+01 

-.1429E+O2 .6350E+03 -.5039E+01 .%9E91 -.1098E+02 
-.2226E+01 

-.1372E+02 .7372E+03 -.5419E41 .1155E92 -.2115E+02 - .1764E+O1 
-.2370E+02 .8229E+03 -.%41E+O2 .2610E91 -.LOC6E+03 
.1335E+02 

.3621E+03 
-.106CE+O3 .8754E+02 .1762E+U -.3W+03 .8345E+OG 

1289 .2453E+03 -.5495E+02 .4106E+02 -.5631E+02 .6326E+01 .2337E+03 
. -.2697E+01 .?091€+03 

1293 .8869E+03 -.6390E+O2 -.8828E+02 -.2403E+03 -.4411E+02 -.1423E+04 
-.7360E+01 -.1306E+02 
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M6. 

1301 - .2377E+03 -.5429E+02 -.1025E+03 .5435E+02 -.1142€+02 .4339E+03 
.3332E+0l .3435E+01 

1305 .2857€+03 -.5247E+02 -.1432E+03 .40TJE+02 -.3106€+02 -.2099E+03 
.32m+o i  . a254~+01 

1309 .4168E+03 .5486E+02 -.1496E+03 -.9125€+02 -.4042E+O2 -.1105E+03 
-.2663E+01 -.7502€+01 

1313 .6612E+03 .5294E+02 - .1L67E+03 -.5887€*02 -.9559E+02 .2257E+03 
- . 6 a & X + O l  -.6018E+01 

1317 .1199E+03 .4023€+02 -. 1346E+03 - .67'?3€+02 .7851+01 -.3250E+03 
-.1852E+01 .2651E+02 

1321 .1357E+04 .2001E+02 -.3111E+03 .9950E+03 .3626E+03 -.3006E+04 
.3581E+O2 .1330E+03 

1 3 3  .1R7E+04 .3706E+O2 -.3902E+03 .2074E+04 .3876E+03 -.2958E+O4 
.U82E+02 -. 1249€+03 

1333 -. 1054E+W .3600€+02 -.U70E+03 .5230E+03 .3314E+02 .1352E+04 
.2918E+O1 -.247CE+02 

1337 -. 1039E*06 .32TTE+02 - .2047E+03 .3967E+03 - .2046E+02 .788tE+03 
.3825€+01 . U R E + O l  

1341 - .9596E+03 .2985E+02 - .1880E+03 .US3E+03 .9916E+01 .5695E+03 
.236OE+O1 .9029E+01 

1 x 5  -.9126E+03 .2TUE+02 -.1625E+03 .3231E+03 -.1002E+02 .4898E+O3 
.2038E+01 -.U28E+O1 

1349 -.7796€+03 .2391E*02 -.1331E+03 .2985E+(U -.6487€+01 .5154€+03 
.%33E+OO .4070E+01 

1353 -.6967E+03 .2317E+O2 -.1108€+03 .2701E43 -.3671E+01 .517tE+03 
.4599E+00 -.34UE+01 

1357 .3697E+03 - .1652€*02 .2773E+Ob .7215E+W -.3022E+03 .L859E+03 
.3239E+03 .5339E+Ot 

WHC-SO-W320-ANAL-002 
Rev. 0 

UOTE: "-0.9999E+PP" INDICATES THAT CORRESPONDING 
COnPOUEUT UOT REWESTED. 
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APPENDIX H 

SHAKE INPUT FILES AND EXCERPTS FROM OUTPUT FILES 

The SHAKE input f i l e s  for the lower-bound soil properties case, best- 
estimate soil properties case, and upper-bound soil properties case are 
provided in th i s  appendix. 
also given. 

Excerpts from the corresponding o u t p u t  f i l e s  are 
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WHC-SD-W320-ANAL-002 
Rev. 0 

P I L B W B  : print.fi1 DATB : 08-08-94 T I f l B  : 2:32p 
T I ~  : SHAKH input and axcerpce from output 

*****-******** SHAKE input for lowar-bound soil properties ************ 
Pilanama: shxSrav.i2 

4096 
8 
4 I 10 1. 
11 1. SHIWR flODULUS CLAY 
.0001 .000326 .001 .a0316 -01 .a316 .1 -316 

I.. 3.16 10. 
I. I. .99 .95 .85 .62 .36 .16 
.os - 0 8  . 0 8  

11 1. DAMPING CLAY 
.0003 .a00316 .001 -00316 .01 .a316 -1 .316 

1. 3.16 10. 
.1 .s 1.0 1.5 2.5 5.5 10. 16.0 

21.0 24.- 24. 
11 1. SHBXZ flODULUS SAND : I D R I S S  1990 
.a001 .a00316 .001 .a0316 .Ol .a316 -1 .316 

I. 3.16- 10. 
1. 1. .99 .95 .85 .62 .36 .16 

. 0 8  - 0 8  . 0 8  

11 . 0 3 8  D M P I X G  SAND : I D R I S S  1990 
.000t .a00316 .001 .a0316 .01 .a316 .1 .316 

I. 3.16 10. 
.1 .s 1.0 1.5 2.5 5.5 10. 16.0 

21.0 24. 24. 
2 1. SHBXR XODULUS ROCK : NOT OS-& 
.a001 10. 

1 1 
2 1. D M P I N G  ROCK : XOT QSBD 

.a001 10. 
1 1 

10 I. SHIWR UODULUS GRAVBL : HWVP 11/89 PLATB 11 
.a001 .a003 .a01 .003 .01 .03 -1 .3 

I. .96 .85 .73 f 54 .36 .2 .1 
1 10. 

. o s  .05 
10 .038 S M P I N G  GRAVBL : HWVP 11/89 PLATB 11 
.0001 . 0 0 0 3  .a01 .003 -01 .03 .I .3 

1. 10. 
.s 1. 1.7 3. 5.4 10. 15.5 21. 

25. 26. 
1 

2300 4096 .01 WiC-SD-GN-DA-30018 TH1 .HS7! 
.216 15 

-0.00030 -0.00070 -0.00075 -0.00096 -0.00109 -0.00058 0.00023 0.00107 1 
0.00180 0.00223 0.00268 0.00263 0.00105 -0.00027 0.00050 0.00287 2 
0.00204 0.00125 0.00070 0.00110 0.00141 0.00083 -0.00029 -0.00126 3 
-0.00097 -0.00165 -0.00471 -0.00171 -0.00965 -0.01001 -0.00946 -0.00872 4 
-0.00844 -0.01017 -0.01258 -0.01490 -0.01507 -0.01281 -0.01268 *0.01205 5 
-0.00973 -0.00879 -0.00587 -0.00180 -0.00171 -0.00506 -0.00774 -0.00799 6 
-0.00705 -0.00728 -0.00938 -0.01207 -0.01301 -0.00636 0.00556 0.01345 7 
0.01387 0.01396 0.01754 0.01687 0.01087 0.00660 0.00706 0.00546 8 
-0.00186 -0.00701 -0.00500 -0.00184 0.00178 0.01037 0.02048 0.02676 9 
0.02610 0.02011 0.01487 0.01256 0.01002 0.00724 0.01155 0.01893 10 
0.01957 0.01787 0.01660 0.01379 0.00527 -0.00952 -0.01908 -0.01671 21 
-0.01184 -0.01511 -0.02109 -0.01951 -0.02893 -0.02160 -0.01861 -0.01362 12 
-0.01477 -0.02539 -0.03350 -0.03288 -0.03059 -0.03097 -0.03582 -0.03987 13 
-0.03593 -0.02353 -0.02111 -0.00214 0.00961 0.01467 0.00796 0.01087 14 
0.02281 0.01869 -0.00215 -0.01672 -0.01209 -0.00048 0.00150 -0.01025 15 
-0.02064 -0.01762 -0.01121 -0.01443 -0.01745 -0.01326 -0.00222 0.00556 16 
-0.00132 -0.01137 -0.00195 0.00630 0.00684 0.00184 0.00352 0.00286 17 
-0.00286 -0.02101 -0.04126 -0.04843 -0.01523 -0.04063 -0.04058 -0.03053 18 
-0.00354 0.02449 0.03787 0.02587 0.00150 -0.00394 0.00743 0.00696 19 
-0.00217 -0.00160 0.00881 0.01287 0.00946 0.01069 0.01130 0.00226 20 
-0.00792 -0.00708 0.00060 0.01391 0.02989 0.03860 0.03514 0.03128 21 
0.04193 0.05309 0.05697 0.05965 0.05751 0.05423 0.05136 0.05000 22 
0.05283 0.05406 0.04734 0.02808 0.01074 0.01138 0.02086 0.03544 23 
0.05332 0.05950 0.05808 0.06037 0.06407 0.06855 0.06917 0.05480 24 
0.02913 0.01339 0.01865 0.03384 0.04142 0.05288 0.06173 0.05739 25 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILBNAUB : print.fi1 DATE : 08-08-94 
T z n a  : SHAKB input and axcerpts f m m  output 

TIHE : 2:32p 

0.04715 0.04547 0.04081 0.01547 -0.01549 -0.02342 -0.01709 -0.01276 26 
0.01233 0.05624 0.07748 0.07315 0.05364 0.02852 0.01320 -0.00730 27 
-0.03215 -0.03363 -0.00794 0.01567 0.01774 0.01923 0.03817 0.05156 28 
0..02733 -0.00956 -0.01880 -0.01469 -0.01968 -0.01481 -0.00239 0.00963 29 
0.02685 0.02719 0.01123 0.00297 -0.00535 -0.03263 -0.06205 -0.07828 30 
-0.08510 -0.08166 -0.08296 -0.08215 -0.07587 -0.07209 -0.06819 -0.06851 31 
-0.07494 -0.07786 -0.06019 -0.03512 -0.02455 -0.01372 0.01004 0.02779 32 
0.02951 0.01064 -0.03078 -0.07822 -0,11984 -0.14281 -0.13064 -0.08165 33 
-0.02719 0.00576 0.00727 0.00537 0.01198 0.02475 0.045'10 0.07319 34 
0.07938 0.05384 0.04667 0.06784 0.08151 0.08382 0.07163 0.04668 35 
0.02590 0.02198 u.05496 0.08416 0.07512 0.05428 0.04138 0.03046 36 
0.04389 0.08585 0.11999 0.10886 0.06819 0.05043 0.05362 0.03992 37 
0.01456 0.00073 -0.01156 -0.03307 -0.06004 -0.07566 -0.05138 -0.02831 38 
-0.03802 -0.05441 -0.04845 -0.02472 -0.00705 -0.01983 -0.04567 -0.05696 39 
-0.06206 -0.07345--0.09217 -0.11137 -0.10549 -0.07271 -0.01850 -0.06030 40 
-0.08316 -0.08768 -0.08781 -0.08570 -0.07623 -0.06471 -0.06151 -0.06958 41 
-0.07685 -8.07582 -0.05525 -0.01639 -0.02069 -0.03682 -0.03996 -0.07660 42 
-0.01082 0.00809 0.00764 -0.02534 -0.06101 -0.07600 -0.08521 -0.08566 43 
-0.05007 -0.00774 --0.00244 -0.01202 -0.01687 -0.02777 -0.03662 -0.04074 44 
-0.01598 -0.01717 -0.00106 0.00641 0.00057 -0.00645 -0.00391 0.00385 45 
0.02746 0.03295 0.00747 0.00634 0.03121 0.04435 0.04406 0.04126 46 
0.05824 0.06707 0.06487 0.05790 0.05942 0.05844 0.03843 0.02088 47 
0.01455 0.00922 0.01516 0.02825 0.03126 0.01655 0.00168 0.00089 48 
0.00425 -0.00063 -0.01869 -0.03017 -0.01565 0.00201 0.01103 0.01920 49 
0.01365 -0.00405 -0.01756 -0.01531 -0.00550 -0.01965 -0.05926 -0.08895 50 
-0.09568 -0.07650 -0.03345 0.01254 0.03638 0.02590 0.01413 0.01239 51 
0.02155 0.00522 -0.01151 -0.01708 -0.02232 -0.00829 -0.00276 0.01969 52 
0.03420 0.01485 0.02567 0.04525 0.04953 0.02528 -0.00235 -0.025'10 53 
-0.03869 -0.01674 -0,06604 -0.09114 -0.10398 -0.08481 -0.05597 -0.03509 54 
-0.00213 0.02969 0.04334 0.05556 0.03596 0.01932 0.01525 0.00851 55 
-0.01028 -0.03738 -0.05189 -0.01329 -0.01894 0.00003 0.01634 0.04336 56 
0.06174 0.0'1295 0.10367 0.14132 0.15731 0.25379 0.13311 0.10246 57 
0.08015 0.05374 0.03407 0.02048 0.00372 0.01904 0.06200 0.10034 58 
0.12799 0.13603 0.10974 0.06854 0.03716 0.01078 -0.01119 -0.02591 59 
-0.03047 -0.02798 -0.03213 -0.02495 -0.01369 -0.03741 -0.07620 -0.09048 60 
-0.08669 -0.08297 -0.05798 -0.01545 0.02493 0.05900 0.09311 0.13804 61 
0.15486 0.12096 0.08044 0.06'183 0.06100 0.05035 0.01602 0.03578 62 
0.00911 -0.02880 -0.06309 -0.08499 -0.10525 -0.11476 -0.11637 -0.10774 63 
-0.09083 -0.08671 -0.09351 -0.08026 -0.05457 -0.01652 -0.05865 -0.09261 64 
-0.13144 -0.14645 -0.13056 -0.09411 -0.04154 0.00608 0.04883 0.05165 65 
0.04120 0.04749 0.02610 -0.03020 -0.05722 -0.03619 0.000'13 0.02695 66 
0,02737 0.01272 -0.01081 -0.04421 -0.06884 -0.07394 -0.06791 -0.01488 67 
-0.01288 -0.01209 -0.04942 -0.07592 -0.06365 -0.04400 -0.05263 -0.09404 68 
-0.10993 -0.06osa -0.00526 0.00976 0.01110 0.02323 0.0~556 o.0035~ 6s 
-0.01256 -0.00076 0.01861 0.03795 0.04775 0.03565 0.01584 -0.00761 70 
-0.03781 -0.06255 -0.07107 -0.06749 -0.06000 -0.04400 -0.00973 0.01321 71 
0.01413 0.03655 0.08621 0.10696 0.09510 0.07067 0.07171 0.05520 72 
0.02296 0.00756 0.01296 0.01059 -0.01801 -0.06018 -0.08611 -0.07500 73 
-0.02046 0.03415 0.05012 0.05703 0.06493 0.05222 0.00804 -0.04113 74 
-0.07010 -0.06877 -0.02579 0.01439 0.00092 -0.03043 -0.01631 0.00725 75 
0.01173 0.02418 0.03622 0.03910 0.03474 0.01099 -0.01704 -0.02291 76 
-0.01376 -0.00192 0.00177 -0.01699 -0.01384 -0.06614 -0.09531 -0.09014 77 
-0.0'1555 -0.05181 -0.01033 -0.03949 -0.03527 -0.01314 -0.03331 -0.03026 78 
-0.02281 0.00858 0.06070 0.09097 0.08702 0.08164 0.08500 0.08067 79 
0.07338 0.05925 0.03090 0.03317 0.09071 0.13753 0.13521 0.11800 EO 
0.10833 0.11321 0.11849 0.10540 0.09378 0.08433 0.06063 0.03467 81 
0.02118 0.01373 -0.00078 -0.01721 -0.02465 -0.03243 -0.01090 -0.03437 82 
-0.02611 -0.03212 -0.03670 -0.02948 -0.03114 -0.05515 -0.06491 -0.05851 83 
-0.06180 -0.05810 -0.03839 -0.02!08 -0.02802 -0.01237 0.00394 0.02066 84 
0.02607 0.03937 0.05282 0.04047 0.02448 0.00603 -0.01779 -0.06475 85 
-0.07395 -0.03618 0.02134 0.06464 0.08014 0.06753 0.04167 0.01539 86 
-0.00492 -0.00820 -0.00576 0.00244 0.00797 -0.01458 -0.04125 -0.04751 87 
-0.03306 -0.01337 0.01867 0.07637 0.10995 0.10811 0.09476 0.05926 88 
0.01899 -0.00151 -0.00320 0.01072 0.01679 0.00989 0.00793 0.01426 89 
0.01090 -0.01005 -0.03169 -0.05552 -0.07953 -0.08716 -0.07372 -0.04090 90 
-0.01167 -0.01135 -0.05763 -0.07263 -0.05598 -0.02671 -0.00836 -0.02004 91 
-0.03176 -0.01093 0.01905 0.02754 0.01162 -0.00670 0.00026 0.02556 92 
0.03593 0.02642 0.01026 -0.00046 0.00614 0.01816 0.05289 0.06126 93 
0.04856 0.01683 -0.00741 -0.01696 -0.04102 -0.03561 -0.02215 -0.02304 94 
-0.02376 0.30146 0.03232 0.02390 0.00022 -0.00971 -0.01831 -0.03736 9s 

H-3 

PAGB 2 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L W B  : pnnt.fi1 DATB : 08-08-94 
TXTLB : StlAKB input urd excerpts f r o m  output 

TIM : 2:32p 

-0.01866 -0.03226 -0.00693 0.01767 0.01650 0.01823 0.02271 0.02819 96 
0.04089 0.06415 0.08149 0.08966 0.08727 0.07036 0.04630 0.03242 97 
0.03656 0.04980 0.04174 0.01641 0.00055 -0.00213 0.01200 0.01207 98 
-0.02634 -0.04521 -0.01087 0.03892 0.07370 0.08613 0.09033 0.08888 99 
0.08471 0.09903 0.12820 0.14622 0.14445 0.13027 0.10118 0.07420 100 
0.06538 0.06348 0.05489 0.05320 0.06155 0.04130 0.00793 0-.00824 101 
0.02453 5.01883 0.01006 0.03373 0.06556 0.09100 0.12019 0.14148 102 
0.15574 0.14676 0.11676 0.08752 0.01074 -0.01171 -0.03264 -0.03565 103 
-0.03371 -0.02400 -0.03575 -0.06636 -0.08161 -0.09543 -0.11865 -0.13410 104 
-0.14222 -0.14961 -0.15963 -0.16601 -0.15269 -0.11331 -0.10516 -0.11748 105 
-0.13627 -0.13073 -0.09538 -0.05316 -0.04147 -0.05823 -0.06495 -0.05162 106 
-0.04105 -0.02196 0.00194 0.01133 0.01159 0.01309 0.00845 -0.00129 107 
-0.01916 -0.02181 0.01590 0.01284 0.02894 0.00821 0.01568 0.03920 108 
0.02426 -0.01608 -0.04336 -0.00174 0.02838 0.03099 0.03263 0.03394 109 . 
0.02831 0.01289 -0.02070 -0.06083 -0.06576 -0.01522 -0.04521 -0.05536 110 
-0.03400 0.00830 0.01729 -0.00310 -0.01921 -0.01962 -0.00815 -0.00394 111 
-0.01042 :0.01654 -0.02137 -0.03278 -0.05763 -0.07758 -0.07002 -0.04878 112 
-0.03595 -0.02482 0.00030 0.02058 0.00217 -0.04780 -0.07914 -0.06603 113 
-0.05133 -0.07171- -0.07801 -0.03552 0.01235 0.02335 0.03181 0.06791 114 
0.08148 0.06881 0.08131 0.10504 0.11127 0.11054 0.10921 0.09909 115 
0.08336 0.07642 0.07963 0.07522 0.06419 0.04232 -0.00153 -0.03320 116 
-0.03401 -0.02935 -0.02784 -0.04446 -0.08214 -0.11265 -0.12629 -0.11726 117 
-0.09272 -0.97333 -0.08410 -0.10557 -0.08172 -0.03642 -0.04328 -0.09869 118 
-0.13492 -0.13923 -0.13118 -0.11981 -0.10307 -0.06589 -0.03613 -0.02204 119 
-0.00364 0.01879 0.02720 0.00795 -0.00081 0.01857 0.02862 0.01986 120 
0.01157 0.00416 -0.00539 -0.02608 -0.05516 -0.03964 0.02603 0.08985 121 
0.11012 0.08393 0.04025 0.00284 -0.04354 -0.09019 -0.10188 -0.08724 122 
-0.07508 -0.01795 -0.01099 0.01113 0.01779 0.00235 -0.02465 -0.04704 123 
-0.06123 -0.05864 -0.03220 -0.02042 -0.03821 -0.05464 -0.05174 -0.02193 124 
0.02113 0.04842 0.05646 0.06347 0.09027 0.10568 0.08816 0.07965 125 
0.07947 0.01228 0.06030 0.01660 -0.01628 -0.05915 -0.01902 0.00998 126 
0.02500 0.05818 0.09276 0.08905 0.04493 -0.00026 -0.01700 -0.01014 127 
0.01698 0.06422 0.09920 0.20232 0.09359 0.08651 0.08227 0.07471 128 
0.07247 0.08740 0.09148 0.07006 0.03405 -0.01352 -0.05104 -0.05854 119 
-0.03167 0.01653 0.04130 0.03264 0.01351 0.00147 -0.00064 0.00415 130 
0.01686 0.01250 0.00287 0.00804 0.01002 0.01412 0.06193 0.07139 131 
0.01033 -0.06937 -0.09333 -0.06034 -0.04165 -0.06060 -0.05646 -0.03414 132 
-0.04716 -0.06844 -0.05680 -0.03096 -0.01251 -0.00659 -0.00021 0.02566 133 
0.05996 0.06786 0.04430 0.02220 0.00548 -0.01257 -0.03103 -0.05002 134 
-0.06031 -0.05019 -0.01557 0.31462 0.02196 0.02351 0.03334 0.03491 l35 
-0.00207 -0.05497 -0.08447 -0.07773 -0.04010 -0.01254 0.00309 0.03725 136 
0.06808 0.08144 0.08211 0.07611 0.08608 0.08663 0.06018 0.03322 137 
0.01863 0.03518 0.04983 0.01231 -0.04886 -0.07370 -0.04851 -0.02369 238 
-0.02517 -0.02690 -0.01833 -0.01831 -0.02992 -0.02789 -0.00921 0.00858 139 
0.00506 -0.02438 -0.05211 -0.06193 -0.05906 -0.03585 -0.02130 -0.01900 140 
-0.04016 -0.04593 -0.06057 -0.08179 -0.10786 -0.09923 -0.06337 -0.05165 141 
-0.05668 -0.04499 -0.01923 0.00660 0.03374 0.04649 0.03192 0.01272 142 
0.01313 0.04368 0.07175 0.06866 0.05452 0.01848 0.05627 0.09501 143 
0.09473 0.01096 0.04726 0.04118 0.04330 0.03219 0.00803 -0.02773 144 
-0.03863 -0.05987 -0.01577 -0.06347 -0.02920 -0.01031 -0.02272 -0.01499 146 
0.02229 0.04179 0.03679 0.02611 0.02274 0.02218 0,01162 0.00654 146 
0.02764 0.05844 0.07383 0.0’1760 0.07398 0.05351 0.02360 0.00095 147 
-0.01271 -0.07789 -0.03683 -0.03185 -0.02829 -0.01179 0.00584 0.01521 148 
0.02007 0.02348 0.01837 -0.00088 -0.02633 -0.04622 -0.06483 -0.07090 149 
-0.03900 0.01680 0.06877 0.10686 0-13165 0.13210 0.10594 0.09623 150 
0.10159 0.06912 0.01980 -0.00275 -0.01230 -0.03217 -0.05360 -0.07492 151 
-0.09557 -0.10694 -0.11353 -0.11021 -0.08879 -0.07531 -0.07955 -0.06654 152 
-0.04681 -0.03530 -0.01561 0.00437 0.01049 0.01174 0.03231 0.05573 153 
0.04538 0.01903 0.01005 0.02476 0.04590 0.05660 0.05745 0.05892 154 
0.06087 0.04906 0.02444 -0.02098 -0.01900 -0.06880 -0.07652 -0.08195 155 
-0.06943 -0.05024 -0.05299 -0.06869 -0.06348 -0.02548 0.01763 0.03014 156 
0.00081 -0.03719 -0.05999 -0.07427 -0.07917 -0.08680 -0.09082 -0.05607 157 
-0.00409 0.01175 -0.00584 -0.01876 -0.01795 -0.01572 -0.00578 0.01671 159 
0.a3489 0.03841 0.03829 0.03903 0.01938 0.0774’1 0.09289 0.07770 159 
0.05557 0.04176 0.05047 0.07213 0.08193 0.07260 0.07710 0.09937 160 
0.10543 0.08121 0.06808 0.08699 0.09917 0.08372 0.05642 0.04012 161 
0.03188 0.02196 0.03755 0.06112 0.05786 0.04093 0.02506 -0.01098 162 
-0.03121 -0.04491 -0.05521 -0.08137 -0.10884 -0.10509 -0.09482 -0.09134 163 
-0.04754 -0.03192 -0.03216 -0.02006 -0.01431 -0.02607 -0.05562 -0.08412 164 
-0.09125 -0.08195 -0.06975 -0.04343 -0.01037 0.02066 0.04067 0.05002 165 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILENAME : prfnt.fi1 DATE : 08-08-94 
TITLE : SHAKB input urd mxcerpta f r o m  output 

TIHE : 2:32p 

0.05271 0.06203 0.07981 0.07010 0.04670 0.01089 0.02220 -0.00491 166 
-0.01077 -0.00936 -0.01971 -0.03657 -0.05015 -0.06323 -0.07312 -0.06781 167 
-0.05573 -0.05123 -0.05603 -0.06890 -0.08156 -0.10271 -0.14473 -0.17596 168 
-0.16003 -0.10101 -0.03923 -0.01039 0.00156 0.01276 0.01133 -0.01064 169 
-0.01239 -0.05461 -0.05902 -0.07983 -0.09891 -0.09593 -0.06606 -0.03045 170 
-0.00281 0.03051 0.04509 0.02557 0.00347 -0.00676 -0.00163 -0.00099 171 
-0.01780 -0.02187 -0.01532 0.00237 0.02356 0.04551 0.06831 0.07436 172 
0.05423 0.02453 -0.00187 -0.01546 -0.01187 -0.00435 -0.00180 -0.00175 173 
-0.01180 -0.01935 -0.00747 -0.01263 -0.04402 -0.06661 -0.06392 -0.05541 174 
-0.06590 -0.06058 -0.02872 -0.01585 -0.01581 0.00611 0.02393 0.00550 175 
-0.02531 -0.02974 -0.00201 0.02692 0.05660 0.09502 0.10061 0.06305 176 
0.02467 -0.00507 -0.02179 -0.00840 0,00904 0.00643 -0 .00030 0.01629 177 
0.02794 0.01151 0.00519 0.01127 0.01158 0.01249 0.01905 0.03165 178 
0.04766 0.05094 0.03824 0.03831 0.05461 0.05780 0.06513 0.07328 179 ~ 

0.06339 0.05993 0.05749 0.05194 0.05526 0.05309 0.03700 0.01981 180 
0.01531 0.02907 0.04731 0.04796 0.03216 0.01801 -0.00853 -0.04205 181 
-0.05136 +0.05626 -0.06133 -0.06062 -0.05413 -0.05440 -0.06554 -0.07664 182 
-0.08264 -0,09643 -0.10485 -0.07220 -0.01175 0.03204 0.05139 0.05637 183 
0.05827 0.05111- 0.03578 0.03004 0.03515 0.05187 0.05647 0.02749 184 
0.00477 0.00648 0.02631 0.04637 0.03394 -0.00312 -0.02310 -0.01666 185 
0.00077 0.02427 0.04166 0.04080 0.02795 0.02351 0.03866 0.06047 186 
0.06361 0.03712 0.00629 -0.00449 -0.00010 0.01204 0.03005 0.03495 187 
0.03679 0.06177 0.09366 0.10770 0.09238 0.05533 0.02261 0.01722 188 
0.03225 0.04043 0.04507 0.06939 0.08312 0.06266 0.04813 0.03994 189 
0.01225 -0.01460 -0.03275 -0.06614 -0.09567 -0.08762 -0.06829 -0.07416 190 
-0.09328 -0.09443 -0.08100 -0.08660 -0.09879 -0.11637 -0.13440 -0.12161 191 
-0.09196 -0.08’105 -0.10209 -0.11574 -0.12076 -0.12412 -0.11566 -0.06809 192 
-0.00503 0.02186 0.02000 0.00961 0 . 0 0 0 3 0  0.01415 0.03074 0.00185 193 
-0.01829 -0.06297 -0.02917 -0.00371 -0.31218 -0.01886 0.00146 0.03183 194 
0.06788 0.09337 0.09201 0.08673 0.07384 0.01038 0.01973 0.03130 195 
0.06457 0.10104 0.10630 0.08463 0.07386 0,09754 0.11620 0.21015 196 
0.08325 0.06630 0.06056 0.03778 3.01211 0.02613 0.05528 0.07597 197 
0.08667 0.07956 0.06562 0.06029 0.05748 0.05150 0.05978 0.06565 198 
0.04489 0.02128 0.02123 0.01962 0.02047 0.02775 0.02361 0.00886 199 
0.01102 0.02098 0.00476 -0.03553 -0.08392 -0.11909 -0.10646 -0.05313 200 
-0.00241 0.01148 -0.00496 -0.02652 -0.01820 -0.01928 -0.01558 -0.01114 201 
-0.02060 -0.01669 -0.07105 -0.08660 -0.09806 -0.08416 -0.05085 -0.01807 202 
0.01778 0.03330 0.03448 0.05308 0.07056 0.06639 0.04311 0.01495 203 
-0.00386 -0.02957 -0.05790 -0.07686 -0.10711 -0.12870 -0.10383 -0.04818 204 
-0.01057 -0.01218 -0.0283’1 -0.07868 -0.02525 -0.01773 -0.00600 0.02306 205 
0.03428 0.05643 0.01232 0.07635 0.04654 0.03070 0.03344 0.04644 206 
0.06895 0.06650 0.03732 0.01450 0.01151 0.02889 0.04621 0.04165 207 
0.02967 0.00746 -0.04470 -0.09588 -0.11545 -0.10147 -0.01874 -0.07078 208 
-0.07469 -0.08530 -0.08455 -0.06711 -0.05313 -0.07341 -0.12722 -0.15539 209 
-0.128’14 -0.07290 -0.01194 0.02911 0.03432 0.02903 0.04066 0.05397 210 
0.03595 0.00370 -0.00060 0.01126 0.01286 0.00588 0.02188 0.04110 211 
0.05001 0.02121 0.00035 -0.00698 -0.01981 -0.03729 -0.04281 -0.02390 212 
-0.01368 -0.01282 -0.03111 -0.03934 -0.03891 -0.02152 0.00374 0.02098 213 
0.02180 0.01696 0.02583 0.03281 0.02474 0.02749 0.04025 0.04055 214 
0.03829 0.03070 0.02333 0.04855 0.07877 0.07467 0.05283 0.04030 215 
0.03304 0.01537 -0.00462 -0.02229 -0.01849 -0.06472 -0.06359 -0.06883 216 
-0.06954 -0.05206 -0.03434 -0.03052 -0.04477 -0.05850 -0.06104 -0.07162 217 
-0.0~456 -0.08803 -0.oa035 -0.05423 ‘-0.02938 -0.00747 0.03265 0.07709 210 
0.10280 0.10519 0.01417 0.07451 0.06109 0.05360 0.03257 0.02112 219 
0.03378 0.03989 0.02674 0.00842 0.00026 -0.01499 -0.06016 -0.09640 220 
-0.09138 -0.07948 -0.08989 -0.09656 -0.07420 -0.04972 -0.04121 -0.03128 221 
-0.00987 0.01627 0.01783 0.01553 0.00014 0.00247 -0.00740 -0.05231 222 
-0.09316 -0.10007 -0.08761 -0.08798 -0.11110 -0.11115 -0.06248 -0.03251 223 
-0.05871 -0.07222 -0.01441 0.01644 0.00113 -0.02652 -0.04518 -0.05668 224 
-0.04310 -0.00455 0.01957 0.01512 0.00156 -0.01304 -0.00494 0.01806 225 
0.04532 0.03002 0.00111 -0.01899 -0.02028 0.01273 0.05653 0.08898 226 
0.13688 0.18099 0.19709 0.19005 0.15801 0.11756 0.09890 0.09150 227 
0.06359 0.04058 0.04579 0.06622 0.07197 0.01894 0.03376 0.01067 220 
0.05934 0.05890 0.02349 -0.00227 0.00169 0.01512 0.01476 -0.00180 229 
-0.03286 -0.04329 -0.04830 -0.05162 -0.07226 -0.07050 -0.05087 -0.04595 230 
-0.05197 -0.01081 -0.00117 0.03405 0.05580 0.07875 0.10127 0.10230 231 
0.09981 0.09453 0.07500 0.05096 0.01181 -0.02901 -0.03838 -0.01254 232 
-0.05310 -0.04850 -0.01059 0.03964 0.04512 0.00921 -0.01114 0.01365 233 
0.01265 0.03890 0:02741 0.03350 0.03848 0.03283 0.04914 0.07925 234 
0.07677 0.05519 0.06227 0.07141 0.05153 0.03074 0.02946 0.04423 235 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILBNivIB : print.fi1 OATS : 08-08-94 
rI'IzH : SW input md excerpts from output 

TIHB : 2:32p 

0.06321 0.08555 0.11924 0.15520 0.16827 0.15187 0.12804 0.09644 236 
0.06582 0.03601 0.00511 -0.00432 0.01580 0.03169 0.04392 0.05138 237 
0.03466 0.01529 0.02062 0.03417 0.02543 -0.00883 -0.03992 -0.05789 238 
-0.06872 -0.07200 -0.08964 -0.14155 -0.18495 -0.17386 -0.14917 -0.13185 239 
-0.11684 -0.12806 -0.14191 -0.16011 -0.17285 -0.17524 -0.18293 -0.20000 240 
-0.17174 -0.08058 -0.01462 0.01375 0.04897 0.08296 0.10632 0.11875 241 
0.12429 0.12242 0.11049 0.08016 0.03963 0 . 0 3 0 6 7  0.05372 0.06014 242 
0.03849 0.02434 0.02814 0.03918 0.02915 -0.01141 -0.01252 -0.05679 243 
-0.07031 -0.01627 -0.06810 -0.04756 -0.03020 -0.04820 -0.07629 -0.07822 244 
-0.06162 -0.03560 -0.01878 -0.01222 0.00603 0.03286 0.04486 0.02193 245 
0.00156 -0.01007 -0.03236 -0.07023 -0.09136 -0.10389 -0.11373 -0.09113 246 
-0.05164 -0.01909 -0.02441 -0.00636 0.02544 0.C2l.67 -0.02454 -0.05281 247 
-0.01775 -0.01076 -0.03999 -0.03019 -0.00658 0.01391 0.03953 0.07208 248 
0.08982 0.08711 0.07503 0.06900 0.05448 0.02222 -0.01250 -0.03163 249 . 
-0.01172 0.02764 0.04890 0.03812 0.02594 0.03019 0.03433 0.01308 250 
-0.02126 -0.05149 -0.06259 -0.03145 -0.00180 -0.01627 -0.01375 -0.03213 251 

0 . 0 0 3 0 3  -0.01357 0.00558 -0.00576 -0 .00733 0.00010 -0.01640 -0.05694 252 
-0.07464 -0.05419 -0.04472 -0.06319 -0.06147 -0.01288 0.03617 0.04770 253 
0.03169 0.01545- 0.02486 0.04264 0.04961 0.05414 0.06913 0.20024 254 
0.12385 0.10537 0.06572 0.05891 0.05672 0.01106 -0.03358 -0.03181 255 
0.00688 0.04876 0.05388 0.03304 0.00696 -0.02793 -0.01886 -0.04399 256 
-0.03863 -0.04591 -0.05553 -0.06629 -0.06965 -0.05100 -0.02134 -0.02235 257 
-0.03616 -0.04933 -0.04714 -0.04392 -0.04894 -0.05466 -0.05980 -0.05301 258 
-0.03783 -0.03451 -0.03198 -0.03491 -0.02792 -0.02659 -0.02196 -0.01531 259 
-0.02011 -0.03150 -0.01319 0.00894 0.02677 0.01679 0.08566 0.10568 260 
0.10012 0.06194 0.00219 -0.02136 0.00617 0.05828 0.10343 0.12543 261 
0.12827 0.12508 0.12369 0.11958 0.11592 0.10808 0.08350 0.03817 262 
-0.00'125 -0.02812 -0.03448 -0.03430 -0.01181 0.01915 0.04757 0.08776 263 
0.10702 0.08153 0.05081 0.04456 0.04757 0.03963 0.02836 0.01343 264 
0.02105 0.02411 0.03383 0 . 0 3 6 6 0  0.03267 0.03267 0.03124 0.02108 265 
0.02340 0.02195 0.01833 0.01118 0.00422 -0.01040 -0.03481 -0.05658 266 
-0.06442 -0.06328 -0.06315 -0.05607 -0.03116 -0 .00300 0.00467 -0.01590 267 
-0.03414 -0.02546 -0.01519 -0.00927 -0.00785 -0.ozoi5 - 0 . 0 ~ ~ 5  -0.04928 268 
-0.04753 - 0 . 0 3 6 0 7  -0.02557 -0.01855 -0.02376 -0.04230 -0.05944 -0.05615 269 
-0.03722 -0.01489 0.00661 0.01665 0.03820 0.02410 0.03552 0.03743 270 
0.02524 0.01588 0.00984 -0 .00337 -0.02609 -0.03577 -0.01342 -0.02651 271 
-0.04141 -0.03900 -0.03996 -0.05987 -0.07288 -0.06972 -0.05630 -0.03898 272 
-0.33238 -0 .03061  -0.02836 -0.02761 -0.02560 -0.02267 -0.02237 -0.07819 273 
-0.02926 -0.02017 -0.01678 -0.02066 -0.01874 -0.01229 -0.01250 -0.02941 274 
-0.05520 -0.06286 -0.05180 -0.05143 -0.06669 -0 .01635 -0.01409 -0.06561 275 
-0.05432 -0.04122 -0.02164 -0.02106 -0.02980 -0 .03730 -0.02935 -0.01766 276 
-0.01587 -0.01467 -0.01077 -0.00717 0.00136 0.01851 0.03460 0.03787 277 
0.33396 0.03195 0.03413 0.03584 0.03718 0.03524 0.02465 0.01546 278 
0.01459 0.02073 0.03535 0.05370 0.05595 9.03385 0.00942 0.00554 279 
0.01195 0.01092 0.00929 0.01135 0.01239 0.01567 0.02118 0.01909 280 
0.01418 0.01688 0.01917 0.01486 0.00712 -0.00490 -0.02066 -0.03406 281 
-0.03927 -0.03514 -0.02892 -0.02451 -0.02076 -0.02331 -0.02971 -0.02135 282 
-0.02038 -0.01797 -0.01574 -0.00862 0.00126 0.00480 o.ooos5 -o.ooxi 283 
-0.00232 0.00268 0.00693 0.00917 0.01203 0.01197 0.00972 0.01100 284 
0.01228 0.01155 0.01210 0.01240 0.01244 0.03362 0.01399 0.01315 285 
0.01086 0.00836 0.00741 0.00712 0.00771 0.00741 0 . 0 0 6 6 3  0.00518 286 
0.00362 0.00287 0.00283 0.00297 0.00307 0.00314 0.00239 0.00260 287 
0.00197 0.00137 0.00112 0.00119 288 
2 
1 17 17 G R O ~ V A U L T S I T Z  
1 1 1 12.92 1630.5 0.05 0.1050 1630.5 1. 
2 I 1 10.58 425a.s 0.05 0.1100 425a.s I. 
3 1 1 9.33 4258.5 0.05 0.1100 425a.5 1. 
4 1 1 12.25 4258.5 0.05 0.1100 4258.5 1. 
5 I 1 6.92 4258.5 0.05 0.1100 4258.5 1. 

0.05 0.1100 6629. 1. 6 I I 13.00 6629. 
7 1 1 15.00 6629. 0.05 0.1100 6629. 1. 
8 I 1 20.00 6629. 0.05 0.1100 6629. 1. 

6629. 1. 9 I. 1 20.00 6629. 0.05 0.1100 
10 1 1 25.00 12131. 0.05 0.1250 12131. 1. 
11 1 1 25.00 12131. 0.05 0.1250 12131. 1. 
12 1 1 3 0 . 0 0  12131. 0.05 0.1250 12131. 1. 

0.05 0.1250 12131. 1. 13 1 I 30.00 12131. 
14 1 1 3 0 . 0 0  12131. 0.05 0.1250 12131. 1. 
15 I 1 35.00 12131. 0.05 0.1250 12131. 1. 
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PILXNAHE : p r i n t . f i 1  DATX : 08-08-94 
TITLE : SHAKE input md excerpt0 f m  OUtpUt 

16 1 1 35.00 12131. 0 .05 0.1250 
17 1 98100.  0 .1500 

7 
2 0  
I 
0 5 5.  0.65 
5 
1 2 18 
1 1 1  
1 1 1  
0 

Rnx : 2 : x p  

12131. 1. 
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WHC-SD-W320-ANAL-002 
Rev. 0 

P I L 8 N M B  : print. f i l  DATB : 08-08-94 
fllzB : SHAKE input and excerpts from output 

TIMB : 2:32p 

*********** Bxearp: f r o m  SHAKE output for lower-bound soil  propert ies  *********** 
P i l o n a m e :  shxSrev.out 

MAX. W B B R  OP TKRnS IN POURIBR TRAHSPORM = 4096 
~ ~ S S X R Y  LBNGE-I OP a- COMKON x = 25619 
a T H  PRBSSURB dT XBST FOR SAND = 0.450 

[ portion of output omi::ed here I 

3xRTHQUAKH - XXC-SD-GN-DA-30018 MI.. 
S O I L  P R O P I I J  - GROW VAULT S I X  

X'ELUZONXUMEBR 3 
IlfB CALCULATION HAS SBBN C A R R I D  OUP I N  THB TIMB DOMAIN WITH BPP.  STRAIN - .65* MAX. STRAIN 

L X S R  TYPB D B P M  

1 1  
2 1 
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  

9 1  
10 I 
11 1 
12 1 
13 1 
14' 1 
15 1 
16 1 

6.5 
i8.7 
28.2 
39.0 
48.5 
58.5 
72.5 
90.0 
110.0 
132.5 
157.5 
185.0 
215.0 
245.0 
277.5 
312.5 

VALWS I N  TIMB DOMAIN 

WHR TYPB MICKNBSS 
PT 

1 1  12.9 
2 1  10.6 
3 1 9.3 
4 1  12.3 
5 1  6.9 

BPP. S r r W N  

le 
U 

0.00752 
0.00699 
0.01039 
0.01465 
0.01942 
0.01375 
0.01787 
0.02189 
0.02466 
0.01165 
0.01222 
0.03393 
0.01571 
0.01632 
0.01755 
0.02009 

DBPTH 
PT 

6.5 
- 18.2 

28.2 
39.0 
48.5 

NBW DAMP. 

-+a 

0.023 
0.022 
0.026 
0.035 
0.042 
0.033 
0.040 
0.045 
0.049 
0 - 029 
0.030 
0.034 
0.037 
0 . 0 3 8  
0.040 
0.043 

MAX STRAIN 
PRCKP 

0.01157 
0.01075 
0.01598 
0.02253 
0.02987 

DAMP USBD 

0.022 
0.022 
0.026 
0.034 
0.041 
0.032 
0.039 
0.044 
0.047 
0.029 
0.031 
0.033 
0.036 
0.037 
0.039 
0.042 

MAX STRBSS 
PSP 

165.04 
403.51 
573.21 
742.45 
912.50 

ERROR 

0.7 
0.4 
1.4 
3.3 
4.0 
3.4 
3.6 
3.4 
2.8 
-0.3 
-1.0 
2.7 
2.6 
1.6 
2.1 
3.7 

TIMB 
SBC 

18.12 
18.12 
19.19 
19.18 
19.16 

H g W  G 

1426.23 
3752.09 
3587.52 
3294.84 
3054.92 
5212.57 
4865.43 
4596.49 
4438.68 
9941.74 
9824.24 
9521..53 
9216.25 
9123.16 
8947.32 
8619.10 

PAGB 7 

G USBD 

1428.72 
3755.41 
3599.69 
3332.79 
3110.05 
5269.a4 
4938.47 
4674.02 
4507.71 
9933.42 
9796.51 
9595.57 
9303.79 

9026.43 
8767.56 

91a0.61 

BLROR I 

-0.2 
-0.1 
-0.3 
-1.2 
-1.8 
-1.1 
-1.5 
-1.7 
-1.6 
0.1 
0.3 
-0.9 
-0.9 
-0.6 
-0.3 
-1.7 
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PILBNAHB : princ.fi1 DATB : 08-08-94 
TITLE : SHAKS input and excsrpcs from output 

6 
7 
8 
9 

LO 
I1 
12 
13 
14 
15 
16 

1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 

13.0 
lS.0 
20.0 
20.0 
25.0 
25.0 
30.0 
30.0 
30.0 
35.0 
35.0 

58.5 
72.5 
90.0 
110.0 
132.5 
157.5 
185.0 
21s. 0 
245.0 
277.5 
312.5 

0.02116 
0.02749 
0.03368 
0.03794 
0.01792 
0.01881 
0.02140 
0.02417 
0.02511 
0.02700 
0.03091 

TIWE : 2:32p 

1102 * 73 
1337.54 
1547.94 
1683.85 
1781.33 
1847.66 
2035.08 
2227.22 
2291.01 
2415.82 
2664.50 

PERIOD - 0.96 PROH AVERWB SHBARVBL. I 1370. 

w n u n  A M P L I P I ~ ~ ~ O N  I 17.92 
POR PRSQWrrcl I 1.17 C/SBC. 

PERIOD - 0.85 SEC. 

H-9 
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19.16 
19.15 
19.14 
19.14 
19.12 
19.11 
8.06 
8.05 
8.03 
8.00 
7.98 
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PILBNIWE : print.fi1 DATB : 08-08-94 
TITLE : S W  input and excerpts f r o m  output 

****** OPTION 5 *** C O t 4 P W  MOTION I N  NEW SDBLAYBRS 

KARTHQWXB - WHC-SD-GN-OA-30018 M1. 
SOIL DEWSIT - GROUT VAULT S I T E  

mHR DEPTH MAX. ACC. 
€7- G 

WITHIN 

W I M I N  

XITHIN 

0 . 0  

12.9  

0 . 0  

0.25131 

0.18422 

0.00009 

TIME 
SBC 

1 8 . 1 2  

1 9 . 1 8  

4 0 . 9 5  

TIME : 2:32p 

KZAN SQ. FR. 
C/SBC 

4.43 

2.78 

0.00 

WHC-SD-W320-ANAL-002 
Rev. 0 

ACC. RATIO 
QUIEl' ZONB 

0.003 

0 . 0 0 1  

1 .000 
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PILBNAHE : print.fi1 DATB : 08-08-94 
TITLE : SHdKE input and excerpts fIpm output 

T U B  : 2:32p 

************** S W  input for hat-estimate soil properties ************ 
Pi 1 *name : 

4096 
8 

4 1  
11 1. 
.a001 

1. 
1. 
.08 

.0001 
1. 
.l 

21.0 
11 1. 
.OOOl 

1. 
1. 
.08 

.OOOl 
1. 
.I 

21.0 
2 1. 
.0001 

1 
2 1. 

.OOOl 
I. 

.OOOl 
1 
1. 
.05 

.OOOl 
1. 
.5 

25. 
1 

2300 1096 

11 .038 

11 .038 

10 1. 

LO .038 

shutcl06. i2 

LO 1. 
SH- NODULUS CLAY 
.000316 .001 .00316 .01 

1. .99 .95 -85 
3.16 20.  

.F? -08 
DAMPIhJ CLAY 
.000316 .OOl .00316 - 01 

. 5  1.0 1.5 2.5 
3.16 LO. 

24-* 24. 
SHW nonaus SAM) : IDRISS 1990 
.000316 .001 .00316 .01 

1. .99 .95 .a5 
3.16- 10. 

. 0 8  .08 
DAnPING SAM) : IDRISS 1990 
.000316 .Oat -00316 .Ol 

.5 1.0 1.5 2.5 
3.16 10. 

24. 24. 
s n m  UODULIJS ROCK : NOT usm 
to. 

.0316 

.62 

-0316 

5.5 

.0316 

-62 

.0316 

5 .5  

1 
DAMPING ROCK : NOT USBD 
LO * 
1 

SHBAR UODULUS GRAVXL : XWVT 21/89 ?wB L1 
.0003 . O O l  -003  .01 -03  
10. 
.96 -85 .73 .54 -36 
.os 

DAMPING GRAVBL : HUVP 11/09 PL;\TB 11 
. 0 0 0 3  .001 .003 .01 .03 

1. 1.7 3. 5.4 10. 
to. 

26. 

-01 WHC-SO-GN-DA-30018 THl.flsp 
-216 15 . 

-1 .316 

.36 -16 

.l .316 

10. 16.0 

.l -316 

-36 -16 

-1 .316 

10. 16.0 

.1 

.2 

-1 

15.5 

.3 

-1 

.3 

21. 

-0.00030 -0.00070 -0.00075 -0.00096 -0.00109 -0.00058 0.00023 0.00107 
0.00180 0.00223 0.00268 0.00263 0.00105 -0.00027 0.00050 0.00187 
0.00204 0.00125 0.00070 0.00110 0.00141 0.00083 -0.00029 -0.00126 
-0.00097 -0.00165 -0.00471 -0.00771 -0.00965 -0.01001 -0.00946 -0.00872 
-0.00841 -0.01017 -0.01258 -0.01190 -0.01507 -0.01282 -0.01268 -0.01205 
-0.00973 -0.00879 -0.00587 -0.00180 -0.00171 -0.00506 -0.00774 -0.00799 
-0.00705 -0.00728 -0.00938 -0.01207 -0.01301 -0.00636 0.00556 0.01345 
0.01387 0.01396 0.01754 0.01687 '0.01087 0.00660 0.00706 0.00546 
-0.00186 -0.00701 -0.00500 -0.00184 0.00178 0.01037 0.02048 0.02676 
0.02610 0.02011 0.01487 0.01256 0.01002 0.00724 0.02155 0.01893 
0.01957 0.01782 0.01660 0.01379 0.00527 -0.00952 -0.01908 -0.01671 
-0.01184 -0.02511 -0.02109 -0.01952 -0.01893 -0.02160 -0.01861 -0.01362 
-0.01477 -0.02539 -0.03350 -0.03288 -0.03059 -0.03097 -0.03582 -0.03987 
-0.03593 -0.02353 -0.01111 -0.00214 0.00961 0.01467 0.00796 0.01087 
0.02281 0.01869 -0.00275 -0.01672 -0.oi209 -0.o004a o.ooi50 -0.01025 
-0.02064 -0.01762 -0.01121 -0.01443 -0.01745 -0.01326 -0.00222 0.00556 
-0.00132 -0.01137 -0.00195 0.00630 0.00684 0.00484 0.00352 0.00286 
-0.00286 -0.02101 -0.04126 -0.04843 -0.04523 -0.04063 -0.04058 -0.03053 
-0.00354 0.02449 0.03787 0.02587 0.00150 -0.00394 0.00743 0.00696 
-0.00217 -0.00160 0.00882 0.01287 0.00946 0.01069 0.01130 0.00226 
-0.00792 -0.00708 0.00060 0.01391 0.02989 0.03860 0.03514 0.03128 
0.04193 0.05309 0.05697 0.05965 0.05751 0.05423 0.05136 0.05000 
0.05283 0.05406 0.04734 0.01808 0.01014 0.01138 0.02086 0.03544 
0.05332 0.05950 O.OS808 0.06037 0.06407 0.06855 0.06927 0.05180 
0.02913 0.01339 0.01865 0.03384 0.04442 0.05288 0.36123 0.05739 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

H-11 

PAGE 10 



WHC-SO-W320-ANAL-002 
Rev. 0 

PILmW4B : print-fil DATB : 08-08-94 
rIRH : SHAKB input and excsrpcs fzon, output 

TINB : 2:32p 

0.04715 0.04547 0.04081 0.01547 -0.01549 -0.01342 -0.01709 -0.01276 
0.01233 0.05624 0.07748 0.07315 0.05364 0.02852 0.01320 -0.00730 
-0.03215 -0.03363 -0.00794 0.01567 0.01774 0.01923 0.03877 0.05156 
0.02733 -0.00956 -0.01880 -0.01469 -0.01968 -0.01182 -0.00239 0.00963 
0.02685 0.02719 0.01123 0.00297 -0.00535 -0.03263 -0.06205 -0.07828 
-0.08510 -0.08266 -0.08296 -0.08215 -0.07587 -0.07209 -0.06879 -0.06851 
-0.07494 -0.07186 -0.06029 -0.03512 -0.02455 -0.01372 0.01004 0.02779 
0.02951 0.01064 -0.03078 -0.07822 -0.11984 -0.14281 -0.13064 -0.08465 
-0.02719 0.50576 0.00727 0.00537 0.01198 0.02475 0.04570 0.07319 
0.07938 0.05384 0.04667 0.06784 0.08151 0.08382 0.07163 0.04668 
0.02590 0.01498 0.05496 0.08416 0.07512 0.05428 0.04138 0.03046 
0.04389 0.08585 0.11999 0.10886 0.06818 0.05043 0.05362 0.03992 
0.01456 0.00073 -0.01156 -0.03307 -0.06004 -0.07566 -0.05438 -0.02834 

-0.03802 -0.05441 -0.04845 -0.02472 -0.00705 -0.01983 -0.04567 -0.05696 
-0.06206 -0.07345 -0.09217 -0.11137 -0.10549 -0.07271 -0.04850 -0.06030 
-0.08346 -0.38768 -0.08781 -0.08570 -0.07623 -0.06471 -0.06151 -0.06958 
-0.07685 -.0.07582 -0.05525 -0.02639 -0.02069 -0.03682 -0.03996 -0.02660 
-0.01082 0.00809 0.00764 -0.02534 -0.06101 -0.07600 -0.08572 -0.08566 
-0.05007 -0.0077+--0.00244 -0.01202 -0.01687 -0.027'17 -0.03662 -0.04074 
-0.03598 -0.01717 -0.00106 0.00641 0.00057 -0.00645 -0.00391 0.00385 
0.02746 0.03295 0.00747 0.00634 0.03121 0.04435 0.01406 0.04726 
0.05824 0 . 0 6 7 0 7  0.06487 0.05790 0.05942 0.05844 0.03843 0.02088 
0.01455 0.00922 0.0'1516 0.01825 0.03126 0.01655 0.00168 0.00099 
0.00425 -0.00063 -0.01869 -0.03017 -0.01565 0.00201 0.01103 0.01920 
0.01365 -0.00405 -0.01756 -0.01531 -0.00550 -0.01965 -0.05926 -0.08895 
-0.09568 -0.07650 -0.03345 0.01254 0.03638 0.02590 0.01413 0.02239 
0.02155 0.00522 -0.01151 -0.02708 -0.02232 -0.00819 -0.00226 0.01969 
0.03420 0.02485 0.02567 0.04525 0.04953 0.02528 -0.00235 -0.02570 
-0.33869 -0.04674 -0.06604 -0.09174 -0.20398 -0.08481 -0.05592 -0.03509 
-0.00213 0.02969 0.04934 0.05556 0.03596 0.01932 0.01525 0.00852 
-0.01028 -0.03738 -0.05189 -0.04329 -0.01894 0.30003 0.01634 0.04336 
0.06174 0.07295 0.10367 0.14132 0.15731 0.15379 3.13311 0.10246 
0.08015 0.05374 0.03407 0.02048 0.00372 0.01904 0.06200 0.10034 
0.12799 0.13603 0.10974 0.06854 0.03716 0.01078 -0.01119 -0.02591 
-0.03047 -0.02798 -0.03213 -0.02495 -0.01369 -0.03741 -0.07620 -0.09048 
-0.08669 -0.08197 -0.05798 -0.01545 0.02493 0.05800 0.09311 0.l3804 
0.1'5486 0.12096 0.08044 0.06783 0.06100 0.05035 0.04602 0.03578 
0.00911 -0.02880 -0.06109 -0.08499 -0.10525 -0.11476 -0.11637 -0.10771 
-0.09083 -0.08671 -0.09354 -0.08026 -0.05457 -0.04652 -0.05865 -0.09261 
-0.13144 -0.14645 -0.13056 -0.09411 -0.01754 0.00608 0.04883 0.05165 
0.04120 0.04749 0.02610 -0.03020 -0.05722 -0.03649 0.00073 0.02695 
0.02737 0.01272 -0.01081 -0.04421 -0.06984 -0.07394 -0.06791 -0.04488 
-0.01288 -0.01209 -0.04942 -0.07592 -0.06365 -0.01400 -0.05263 -0.09404 
-0.10993 -0.06058 -0.00526 0.00976 0.01110 0.02323 0.02556 0.00352 
-0.01256 -0.00076 0.01861 0.03795 0.04775 0.03565 0.01584 -0.00761 
-0.03787 -0.06255 -0.07107 -0.06749 -0 .06000 -0.04400 -0.00973 0.01321 
0.01413 0.03655 0.08622 0.10696 0.08510 0.07067 0.07177 0.05520 
0.02296 0.00756 0.01296 0.01058 -0.01807 -0.06018 -0.08614 -0.07500 
-0.32046 0.03415 0.05012 0.05703 0.06493 0.05222 0.00804 -0.04113 
-0.07040 -0.06877 -0.02579 0.01439 0.00092 -0.03043 -0.01631 0.00725 
0.01173 0.02478 0.03622 0.03910 0.03474 0.01099 -0.01704 -0.02291 
-0.0'1376 -0.00192 0.00177 -0.01699 -0.04394 -0.06674 -0.08531 -0.09014 
-0.07555 -0.05184 -0.01033 -0.03949 -0.03527 -0.03314 -0.03337 -0.03026 
-0.02284 0.00858 0.06070 0.09097 0.08702 0.08164 0.08500 0.08067 
0.07338 0.05925 0.03090 0.03327 0.09071 0.13753 0.13521 0.11800 
0.10833 0.11321 0.11848 0.10540 0.09378 0.08433 0.06063 0.03467 
0.02118 0.01379 -0.00078 -0.01721 -0.02465 -0.03243 -0.04090 -0.03437 
-0.02611 -0.03212 -0.03670 -0.02818 -0.03114 -0.05515 -0.06491 -0.05851 
-0.06180 -0.05840 -0.03899 -0.02308 -0.01802 -0.01237 0.00394 0.02066 
0.02607 0.03937 0.05282 0.04047 0.02448 0.00603 -0.01779 -0.06135 
-0.07395 -0.03618 0.02134 0.06464 0.08044 0.06753 0.04167 0.01539 
-0.00492 -0.00820 -0.00576 0.00244 0.00797 -0.32458 -0.04155 -0.94751 
-0.03306 -0.0'1337 0.03867 0.07637 0.10995 0.10812 0.09426 0.05826 
0.01899 -0.00151 -0.00320 0.01072 0.01679 0.00989 0.00793 0.01426 
0.01090 -0.01005 -0.03169 -0.05552 -0.07953 -0.08716 -0.07372 -0.04090 
-0.01167 -0.02135 -0.05763 -0.07263 -0.05598 -0.02673 -0 .00936 -0.02004 
-0.03176 -0.01093 0.01905 0.02754 0.01162 -0.00670 0.00026 0.02556 
0.03593 0.02642 0.01026 -0.00046 0.00614 0.02816 0.05289 0.06416 
0.04856 0.01683 -0.00741 -0.02696 -0.01102 -0.03561 -0.02215 -0.02304 
-0.02376 0.00346 0.03232 0.02390 0.00022 -0.00971 -0.01831 -0.03736 
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26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 - 
40 
41 
42 
43 
44 
4s 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 . 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68- 

69 
70 
71 
72 

74 
75 
76 
7'1 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

n 
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PILBN3JJB : prsne.fi1 DATB : 08-08-94 
TITLE : SHAKB inpuc and excerpts from output 

-0.01866 -0.03226 -0.00693 0.01767 0.02650 0.01823 0.Q2271 0.01878 96 
0.04089 0.06415 0.08149 0.08966 0.08727 0.07036 0.01630 0.03242 97 
0.03656 0.01980 0.04174 0.01642 0.00055 -0.00213 0.01200 0.01207 98 
-0.02631 -0.04521 -0.01082 0.03892 0.07370 0.08613 0.09033 0.08888 99 
0.08471 0.09903 0.12820 0.14622 0.14445 0.13027 0.10118 0.07420 200 
0.06538 0.06318 0.05189 0.05320 0.06155 0.04130 0.00793 0.00824 101 
0.02453 0.01883 0.01006 0.03373 0,06556 0.09100 0.12019 0.11148 102 
0.15574 0.14676 0.11676 0.08752 0.04074 -0.01171 -0.03264 -0.03565 103 
-0.03371 -0.02400 -0.03575 -0.06636 -0.08261 -0.09543 -0.11865 -0.13410 104 
-0.14222 -0.14961 -0.15963 -0.16601 -0.25269 -0.12331 -0.10516 -0.11748 105 
-0.13617 -0.13073 -0.09538 -0.05376 -0.04147 -0.05823 -0.06425 -0.05262 106 
-0.04105 -0.02196 0.00194 0.01133 0.01159 0.01309 0.00845 -0.00129 l G 7  
-0.01916 -0.02184 0.01590 0.04984 0.02894 0.00821 0.01568 0.03920 108 
0.02426 -0.02608 -0.01336 -0.00474 0.02838 0,03099 0.03163 0.03394 109 . 
0.02831 0.01289 -0.02070 -0.06093 -0.06576 -0.04522 -0.01521 -0.05536 110 
-0.03400 0 . 0 0 8 3 0 -  0.01729 -0.00310 -0.01921 -0.01961 -0.00815 -0.00394 111 
-0.01042 -0.01654 -0.02137 -0.03278 -0.05763 -0.07758 -0.07002 -0.04878 112 
-0.03595 -0.02482 0.00030 0.01058 0.00217 -0.01780 -0.07914 -0.06603 113 
-0.05233 -0.07171 -0.07801 -0.03552 0.01235 0.02335 0.03281 0.06791 114 
0.08148 0.06881 0.08131 0.10504 0.11127 0.11054 0.10921 0.09909 115 
0.08336 0.07642 0.07963 0.07522 0.06419 0.04132 -0.00153 -0.03320 116 
-0.03401 -0.02935 -0.02784 -0.04146 -0.08214 -0.11265 -0.12629 -0.11726 117 
-0.09272 -0.07333 -0.08410 -0.10557 -0.08172 -0.03642 -0.04328 -0.09869 118 
-0.13492 -0.13923 -0.13218 -0.11981 -0.10307 -0.06589 -0.03613 -0.02204 119 
-0.00364 0.01879 0.02720 0.00795 -0.00081 0.01857 0.07862 0.01986 120 
0.01157 0.00116 -0.00539 -0.02808 -0.05516 -0.03964 0.02603 0.08985 121 
0.11012 0.08393 0.01025 0.00284 -0.01354 -0.09079 -0.10188 -0.08721 122 
-0.07508 -0.04795 -0.01099 0.01113 0.01779 0.00135 -0.01465 -0.04104 123 
-0.06223 -0.05884 -0.03220 -0.02042 -0.03821 -0.05464 -0.05214 -0.02193 124 
0.02113 0.04812 0.05646 0.06347 0.09027 0.10568 0.08846 0.07965 125 
0.07947 0.07228 0.06030 0.01660 -0.01628 -0.05915 -0.01902 0.00998 126 
0.02500 0.05818 0.09276 0.08905 0.01493 -0.00026 -0.01700 -0.01014 127 
0.01698 0.06122 0.09920 0.10232 0.09359 0.08651 0.38227 0.07471 128 
0.07247 0.08710 0.09148 0.07006 0.03105 -0.01351 -0.05101 -0.05854 129 
-0.03267 0.01653 0.04130 0.03264 0.01351 0.00147 -0.00064 0.00415 130 
0.01686 0.01250 0.00187 0.00804 0.01002 0.02412 0.06193 0.07139 131 
0.01033 -0.06937 -0.09333 -0.06034 -0.04165 -0.06060 -0.05646 -0.03424 132 
-0.04716 -0.06844 -0.05680 -0.03036 -0.01251 -0.00659 -0.00021 0.01566 133 
0.05996 0.06786 0.04430 0.02220 0.00518 -0.01257 -0.03103 -0.05002 134 
-0.06031 -0.05019 -0.01557 0.01462 0.02196 0.02552 0.03334 0.03491 135 
-0.00207 -0.05197 -0.08147 -0.07773 -0.04010 -0.01254 0.00309 0.03725 136 
0.06808 0.08114 0.08211 0.07611 -0.08608 0.08663 0.06018 0.03322 137 
0.01863 0.03518 0.04983 0.01231 -0.04886 -0.07370 -0.04851 -0.02368 138 
-0.02517 -0.02690 -0.01833 -0.01831 -0.02992 -0.02799 -0.00921 0.00858 139 
0.00506 -0.02438 -0.05211 -0,06493 -0,05906 -0.03595 -0.02130 -0.07900 140 
-0.04026 -0.01593 -0.06657 -0.08419 -0.10786 -0.09923 -0.06337 -0.05165 3.41 
-0.05668 -0.04199 -0.01923 0.00660 0.03374 0.04649 0.03192 0.01272 142 
0.01313 0.04368 0.07175 0.06866 0.05452 0.04848 0.05627 0.00501 143 
0.09473 0.07096 0.01726 0.04128 0.04330 0.03118 0.00803 -0.01773 144 
-0.03863 -0.05987 -0.07577 -0.06347 -0.01820 -0.01031 -0.02271 -0.01489 145 
0.02229 0.01179 0.03679 0.02611 0.02274 0.02219 0.01161 0.00654 146 
0.02764 0.05844 0.07383 0.07760 0.07398 0.05352 0.02360 0.00095 147 
-0.01271 -0.01789 -0.03683 -0.03485 -0.01829 -0.01179 0.00584 0.0’1521 148 
0.02007 0.02318 0.01837 -0.00088 -0.01633 -0.04612 -0.06483 -0.07090 149 
-0.03900 0.01680 0.068’17 0.10606 0.23165 0.13220 0.20594 0.09623 150 
0.10159 0.06912 0.01980 -0.00275 -0.01230 -0.01217 -0.05360 -0.07482 151 
-0.09557 -0.10691 -0.11353 -0.11021 -0.08879 -0.07531 -0.07955 -0.06654 152 
-0.01687 -0.03530 -0.01561 0.00437 0.01049 0.01174 0.03231 0.05573 153 
0.04538 0.01903 0.01005 0.02476 0.04590 0.05660 0.05755 0.05891 154 
0.06087 0.04906 0.02444 .-0.01098 -0.04900 -0.06080 -0.01652 -0.08195 155 
-0.06943 -0.05024 -0.05299 -0.06969 -0.06348 -0.01549 0.01763 0.03014 256 
0.00081 -0.03719 -0.05999 -0.07427 -0.07917 -0.01680 -0.09082 -0.05607 157 
-0,00109 0.01175 -0.00584 -0.01876 -0.01765 -0.01572 -0.00578 0.01671 158 
0.03489 0.03841 0.03829 0.03903 0.04938 0.07747 0.09289 0.07770 159 
0.05557 0.04476 0.05017 0.07213 0.09193 0.07160 0.07710 0.09937 160 
0.10543 0.08121 0.06808 0.08699 0.09917 0.08372 0,05642 0.04012 161 
0.01189 0.02196 0.03755 0.06112 0.05786 0.04093 0.01506 -0.01098 162 
-0.03121 -0.04491 -0.05521 -0.08237 -0.10884 -0.10509 -0.09482 -0.08134 163 
-0.04754 -0.03192 -0.03216 -0.02006 -0.01431 -0.01607 -0.05561 -0.08411 t64 
-0.09125 -0.08495 -0.06975 -0.04313 -0.01037 0.02066 0.04061 0.05007 165 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILHHA~B : print-fil DATB : 08-08-94 
rrng : SW input urd excerpts f r o m  output 

TIM : 2:32p 

0.05271 0.06703 0.07981 0.07010 0.04670 0.04089 0.02220 -0.00491 166 
-0.01077 -0.00936 -0.01971 -0.03657 -0.05015 -0.06323 -0.07312 -0.06781 167 
-0.05573 -0.05123 -0.05603 -0.06890 -0.08156 -0.10271 -0.14473 -0.17596 168 
-0.16003 -0.10101 -0.03923 -0.01039 0.00156 0.01276 0.01133 -0.01064 169 
-0.04239 -0.05461 -0.05902 -0.07983 -0.09891 -0.09593 -0.06606 -0.03045 170 
-0.00281 0.03051 0,04509 0.02557 0.00347 -0.00676 -0.00163 -0.00099 171 
-0.01780 -0.02487 -0.01532 0.00237 0.02356 0.04551 0.06831 0.0'1436 172 
0.05423 0.02453 -0.00187 -0.01546 -0.01187 -0.00435 -0.00180 -0.00175 173 
-0.01180 -0.01935 -0.00717 -0.01263 -0.04402 -0.06661 -0.06392 -0.05541 174 
-0.06590 -0.06058 -0.02872 -0.01585 -0.01581 0.00611 0.02393 0.00550 175 
-0.02531 -0.02974 -0.00201 0.02692 0.05660 0.09502 0.10061 0.06303 176 
0.02467 -0.00507 -0.02179 -0.00840 0.00904 0.00643 -0.00030 0.02629 177 
0.02794 0.01151 0.00519 0.01127 0.01158 0.01249 0.01905 0.03165 178 
0.04766 0.05094 0.03824 0.03831 0.05461 0.05780 0.06513 0.07328 179 
0.06339 0.05993 0.05749 0.05194 0.05526 0.05309 0.03700 0.01981 180 
0.01531 0.02907 0.04731 0.04796 0.03216 0.01801 -0.00853 -0.04205 181 
-0.05136 -9.05626 -0.06433 -0.06062 -0.05413 -0.05440 -0.06551 -0.07664 182 
-0.08264 -0.09643 -0.10485 -0.07220 -0.01175 0.03204 0.05139 0.05637 183 
0.05827 0.05111- 0.03578 0.03004 0.03515 0.05287 0.05641 0.02749 184 
0.00477 0.00648 0.02631 0.04637 0.03394 -0.00312 -0.02330 -0.01666 185 
0.00077 0.02427 0.04166 0.04080 0.02795 0.02351 0.03866 0.06047 186 
0.06361 0.03712 0.00629 -0.00419 -0.00010 0.01204 0.03005 0.03495 187 
0.03679 0.06177 0.09366 0.10770 0.09238 0.05533 0.02261 0.01722 188 
0.03225 0.04043 0.04507 0.06939 0.08312 0.06266 0.04813 0.03994 189 
0.01225 -0.01460 -0.03275 -0.06644 -0.09561 -0.08762 -0.06829 -0.07416 190 
-0.09328 -0.09443 -0.08400 -0.08660 -0.09879 -0.11637 -0.13440 -0.12161 191 
-0.09196 -0.08705 -0.10209 -0.11574 -0.12076 -0.12412 -0.11566 -0.06809 192 
-0.00503 0.02186 0.02000 0.00961 0.00030 0.01415 0.03074 0.00485 193 
-0.04829 -0.06297 -0.02947 -0.00371 -0.01248 -0.01886 0.00146 0.03183 194 
0.06788 0.09337 0.09201 0.08673 0.07384 0.04038 0.01973 0.03130 195 
0.06457 0.10104 0.10630 0.08463 0.07986 0.09754 0.11620 0.11015 196 
0.38325 0.06630 0.06056 0.03778 0.01211 0.02613 0.05528 0.07597 197 
3.00667 0.07956 0.06562 0.06029 0.05748 0.05150 0.05918 0.06565 198 
0.31489 0.02428 0.02123 0.01962 0.02047 0.02775 0.02361 0 . 0 0 8 8 6  199 
0.01102 0.02098 0.00416 -0.03553 -0.08392 -0.11909 -0.10646 -0.05313 200 
-0.00241 0.01148 -0.00496 -0.01652 -0.01820 -0.01928 -0.01558 -0.01114 201 
-0.01060 -0.04669 -0.07105 -0.08660 -0.09806 -0.09416 -0.05085 -0.01807 202 
0.01778 0.03330 0.03448 0.05308 0.07056 0.06639 0.04311 0.01495 203 
-0.00386 -0.02957 -0.05790 -0.07686 -0.10711 -0.12870 -0.10383 -0.04818 204 
-0.01057 -0.01218 -0.02831 -0.01868 -0.02525 -0.02773 -0.00600 0.02306 205 
0.03428 0.05643 0.08732 0.07635 0.04654 0.03070 0.03344 0.04644 206 
0.06895 0.06650 0.03732 0.01450 0.01151 0.02889 0.04621 0.0416: 207 
0.02967 0.00746 -0.04410 -0.09588 -0.11545 -0.20147 -0.07874 -0.07078 208 
-0.07469 -0.08530 -0.08455 -0.06721 -0.05313 -0.07341 -0.12722 -0.15539 209 
-0.12874 -0.07290 -0.01194 0.02911 0.03432 0.02903 0.04066 0.05397 210 
0.03595 0.00370 -0.00060 0.01126 0.01286 0.00588 0.01188 0,04110 211 
0.05001 0.02121 0.00035 -0.00698 -0.01981 -0.03729 -0.04284 -0.02390 212 
-0.01368 -0.02282 -0.03143. -0.03934 -0.03897 -0.02152 0.00374 0.02098 213 
0.02180 0.01696 0.02583 0.03281 0.02474 0.02749 0.04025 0.04055 214 
0.03829 0.03070 0.02333 0.04855 0.07877 0.07467 0.05283 0.04030 215 
0.03304 0.01537 -0.00462 -0.02229 -0.01849 -0.06472 -0.06359 -0.06883 216 
-0.06954 -0.05206 -0.03434 -0.03052 -0.04477 -0.05850 -0.06104 -0.07162 217 
-0.08456 -0.08803 -0.08035 -0.05123 -0.01938 -0.00743 0.03265 0.07709 218 
0.10280 0.10519 0.09417 0.07451 0.06109 0.05360 0.03257 0.02132 219 
0.03379 0.03989 0.02674 0.00842 0.00026 -0.01499 -0.06016 -0.09640 220 
-0.09138 -0.07948 -0.08989 -0.09656 -0.07420 -0.04972 -0.04121 -0.03128 221 
-0.00987 0.01627 0.02783 0.01553 0.00014 0.00247 -0.00'740 -0.05731 222 
-0.09316 -0.10007 -0.08761 -0.08198 -0.11110 -0.11115 -0.06148 -0.03251 223 
-0.05874 -0.07221 -0.02441 0.01644 0.00113 -0.02652 -0.04518 -0.05668 224 
-0.04320 -0.00455 0.01957 0.01512 0.00156 -0.01304 -0.00494 0.02806 225 
0.04532 0.03002 0.00111 -0.01899 -0.02028 0.01273 0.05653 0.08888 226 
0.i3688 0.18099 0.19709 0.19005 0.15801 0.11756 0.09890 0.09158 227 
0.06359 0.04058 0.04579 0.06622 0.07197 0.04894 0.03376 0.04067 228 
0.05934 0.05890 0.02349 -0.00227 0.00169 0.01512 0.01476 -0.00780 229 
-0.03186 -0.04329 -0.04830 -0.05762 -0.07226 -0.07050 -0.05087 -0.04595 230 
-0.05297 -0.04081 -0.00417 0.03405 0.05580 0.07875 0.10127 0.10130 231 
3.09981 0.09453 0.07500 0.05096 0.02184 -0.02801 -0.03838 -0.04254 232 
-0.05310 -0.04850 -0.01059 0.03964 0.04512 0.00921 -0.01114 0.01365 233 
0.54265 0.03890 0.02741 0.03350 0.03848 0.03283 0.04944 0.07925 234 
0.37677 0.05519 0.06227 0.07141 0.05153 0.03071 0.02946 0.01423 235 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILRNAHB : prine.fi1 QATR : 08-08-94 
T1TI.a : SHAKB input and excerpt. f r o m  output 

R U B  : 2:32p 

0.06321 0.08555 0.11924 0.15520 0.16827 0.15487 0.22804 0.09644 236 
0.06582 0.03601 0.00511 -0.00432 0.01580 0.03269 0.04392 0.05139 237 
0.03466 0.01519 0.02062 0.03417 0.02543 -0.00883 -0.03991 -0.05789 238 
-0.06822 -0.07200 -0.08964 -0.24155 -0.18495 -0.27386 -0.14917 -0.13785 239 
-0,12684 -0.12806 -0.14191 -0.16011 -0.17285 -0.11524 -0.18293 -0.20000 240 
-0.17174 - 0 . 0 8 0 5 8  -0.01462 0.01375 0.01897 0.08196 0.10632 0.11875 241 
0.12429 0.12242 0.11049 0.08016 0.03963 0.03067 0.05371 0.06024 242 
0.03819 0.02434 0.02814 0.039'18 0.02975 -0.01141 -0.04251 -0.05679 243 
-0.07032 -0.07627 -0.06810 -0.04756 -0.03020 -0.04870 -0.01629 -0.07822 244 
-0.06162 -0.03560 -0.01878 -0.01222 0.00603 0.03186 0.01486 0.02793 245 
0.00156 -0.01007 -0.03236 -0.07023 -0.09136 -0.20389 -0.11323 -0.09173 246 
-0.05164 -0.02905 -0.02441 -0 .00636 0.02544 0.02167 -0.02454 -0.05281 247 
-0.04775 -0.04076 -0.03999 -0.03079 -0.00658 0.01391 0.03952 0-07208 248 
0.08982 0.08711 0.07503 0.06900 0.05148 0.02222 -0.01250 -0.03463 249 - 
-0.01772 0.02764 0.04890 0.03812 0.02591 0.03019 0.03433 0.01308 250 
-0.02126 -0.05249 -0.06259 -0.03145 -0.00180 -0.01617 -0.01375 -0.03723 251 
0.00303 0.01357 0.00558 -0,00576 -0.00733 0.00010 -0.01640 -0.05694 252 
-0.07464 -0.05419 -0.04472 -0.06319 -0.06147 -0.01288 0.03617 0-04770 253 
0.03169 0.01545- 0.02486 0.04264 0.04961 0.05414 0.06913 0.10024 254 
0.12385 0.10537 0.06572 0.05891 0.05672 0.01106 -0.03358 -0.03181 255 
0.00688 0.04876 0.05388 0.03304 0.00696 -0.02793 -0.04886 -0.04399 256 
-0.03863 -0.01592 -0 .05553 -0.06629 -0.06965 -0.05100 -0.01734 -0.02235 257 
-0.03616 -0.04933 -0.04714 -0.04392 -0.04894 -0.05166 -0.05980 -0.05307 258 
-0.03'183 -0.03451 -0.03798 -0.03497 -0.02792 -0.02659 -0.02296 -0.01531 259 
-0.02011 -0.03250 -0.02319 0.00894 0.02677 0.046'19 0.08566 0.10568 260 
0.10012 0.06194 0.00219 -0.02136 0.00617 0.05828 0.10343 O.lZ543 261 
0.12827 0.12508 0.12369 0.11958 0.11592 0.10808 0.08350 0.03827 262 
-0.00725 -0.02812 -0.03448 -0.03130 -0.0118% 0.01915 0.04757 0.08776 263 
0.10702 0.08153 0.05081 0.01456 0.04'157 0.03963 0.02836 0.02343 264 
0.02105 0.02411 0.03383 0.03660 0.03267 0.03267 0.03124 0.02708 265 
0.02340 0.02195 0.01833 0.01118 0.00422 -0.02040 -0.03481 -0.05658 266 
-0.06442 -0.06328 -0.06315 -0.05607 -0.03116 -0 .00300 0,00467 -0.01590 267 
-0.03414 -0.02546 -0.01519 -0.00927 -0.00785 -0.02015 -0.03655 -0.04928 268 
-0.04753 -0.03607 -0.01557 -0.01855 -0.02376 -0.04230 -0.05941 -0.05615 269 
-0.03722 -0.01489 0.00661 0.01665 0.01810 0.02410 0.03551 0.03743 270 
0.02524 0.01588 0.00984 -0.00337 -0.02609 -0.03577 -0.02342 -0.02651 271 
-0.04141 -0.03900 -0.03996 -0.05987 -0.07288 -0.06971 -0.05630 -0.03898 272 
-0.03238 -0.03061 -0.02836 -0.02761 -0 ,02560 -0.02267 -0.02237 -0.02819 273 
-0.02926 -0.02017 -0.01678 -0.02066 -0.01874 -0.01229 -0.01250 -0.02941 274 
-0.05510 -0.06286 -0.05180 -0.05113 -0.06669 -0.07635 -0.07409 -0.06564 275 
-0.05432 -0.04212 -0.01764 -0.02106 -0.02980 -0.03730 -0.02935 -0.01766 276 
-0.01587 -0.01467 -0.01077 -0.00717 0.00136 0.01851 0.03460 0.03187 277 
0.03396 0.03195 0.03413 0.03584 0.03718 0.03524 0.02465 0.01546 278 
0.01459 0.02073 0.03535 0.05370 0.05595 0.03385 0.00942 0.00554 279 
0.01195 0.01092 0.00929 0.01135 0.01239 0.01567 0.02110 0.01909 280 
0.01418 0.01688 0.01917 0.01486 0.00712 -0.00490 -0.02066 -0.03406 281 
-0.03927 -0.03514 -0.02892 -0.02451 -0.02076 -0.02331 -0.02971 -0.02735 282 
-0.02038 -0.01797 -0.01514 -0.00862 0.00126 0.00480 0.00055 -0.00321 283 
-0.00232 0.00268 0.00693 0.00917 0.01203 0.01197 0.00972 0.01100 204 
0.01228 0.01155 0.01210 0.01240 0.01244 0.01362 0.01399 0.01315 285 
0.01086 0.00836 0.00741 0.00742 0.00771 0.00741 0.00663 0.00518 286 
0.00362 0.00287 0.00283 0.00197 0.00307 0.00314 0.00299 0.00260 207 
0.00197 0.00137 0.00112 0.00119 289 
2 
1 17 17 G R 0 U l " T  SIT8 
1 1 1 12.92 3261. 
2 1 1 10.58 8517. 
3 1 1 9.33 8517 * 
4 1 1 12.25 8517. 
5 1 1 6.92 8517. 
6 1 1 13.00 13258. 
7 1 1 15.00 13258. 
8 1 1 20.00 13250. 
9 1 1 20.00 13258. 
10 1 1 25.00 24262. 
11 1 1 25.00 24262. 
It 1 1 30.00  24262. 
13 1 1 30.00 24262. 
14 1 1 30.00 24262. 
15 1 1 35.00 24262. 

0 . 0 5  
.0 .05 
0.05 
0.05 
0.05 
0 .05  
0.05 
0.05 
0.05 
0.05 
0 . 0 5  
0 .05  
0 . 0 5  
0 .05  
0.05 

0.1050 
0.1100 
0 .llOO 
0.1100 
0.1100 
0.2100 
0.1100 
0.1100 
0 ..llOO 
0.1250 
0.1250 
0.1250 
o.l.250 
O.lZS0 
0.l250 

3261. 1. 
S517. 1. 
8517. 1. 
8517. 1. 
8517. 1. 
13259. 1. 
13258. 1. 
13258. 1. 
13258. 1. 
24262. 1. 
24262. 1. 
24262. 1. 
24262. 1. 
24262. 1. 
24262. 1. 
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F I W B  : print-fil DATB : 08-08-94 
TITLK 

16 
17 
3 
1 
4 
0 
5 
1 
1 
1 
9 

1 
3 

0 . 0 5  
9 
2 
3 

0 . 0 5  
9 
6 
3 

0.05 
9 
8 
3 

0 . 0 5  
0 

TIHB : 2:32p 

24262. 1. 

: S W  input and excerpts frum output 

1 1 3 5 - 0 0  24262. 0 .05  0.1250 
1 98100. 0.1500 

0 

5 5 .  0.65 

2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 8  
1 1 1 1 1 1 1 1 1 1 1 1 1 1  
l l l l l l l  1 

1 
0 1 1 4  
0.07 0.10 

1 
0 1 1 4  

0.07 0.10 

1 
0 1 1 4  

0.07 0.10 

1 
0 1 1 4  

0 . 0 7  0.10 

WHC-SD-W3 20-ANAL-002 
Rev. 0 
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WHC-SD-W320-ANAL-002 
Rev. 0 

U A X .  m B E R  OF TERMS IN POURIKR fRlrHSPORn - 4096 
NECBSSARY L8NGM OP B U N K  COHHON X 25619 
EARTH PRBSSURB AT REST W R  SAND I 0.450 

[ omitted portion of output here 1 

EARMQUAKB - 
SOIL PROPILE * 

WHC-SD-GN-DA-30018 THl .  
GROm VAULT SITB 

ITBRRTION m B E R  3 
l X S  ULLCULUION HA9 BEEN CARRIgD O m  IN THB TIHB D O W N  ' X I 7 3  SPP. STRAIN I .65* .W. STRAIN 

LAYER lYPB OBPTH BPP. STRAIN NHWOAH?. DAnPUSBD KRROR N E W  G 

1 
2 
3 

1 
1 
1 

6.5 
18.2 
28.2 

0.00308 
0.00321 
0.00504 

0.015 
0.015 
0.019 

0.015 
0.015 
0.019 

H-17 

0 . 0  
0.1 
0.3 

G WBD 

3101.03 3101.15 
8078.80 8 0 8 0 . 0 7  
7746.50 1750.73 

SRROR 

0 . 0  
0 . 0  

-0.1 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I W B  : p r i n t . f i 1  DATB : 08-08-94 
T1TI.B : SHAKg inpue m d  .xcarpts from output 

4 1  
5 1  
6 1  
7 1 
8 1 
9 1  
10 I 
11 1 
12 1 
13 1 
14 1 
15 I 
16 1 

39.0 
48.5 
58.5 
72.5 
90.0 

110.0 
132.5 
157.5 
185.0 
215.0 
245.0 
277.5 
312.5 

VALUES I N  TIHE D O W N  

U Y E R  TYPB - T H I ~ S S  
PT 

1 1  
2 1  
3 1 
4 1  
5 1  
6 1  
7 1  
8 1 

9 1 
10 1 
11 1 
12 I 
13 1 
14 1 
15 1 
16 I 

12.9 
10.6 
9.3 
12.3 
6.9 

13.0 
15.0 
20.0 
20.0 
25.0 
25.0 
30.0 
30.0 
30.0 
35.0 
35.0 

0.00695 
0.00851 
0.00615 
0.00769 
0.00977 
0.01222 
0.00721 
0.00830 
0.00927 
0.00993 
0.01024 
0.01027 
0.01045 

DEPTH 
PT 

6.5 
18.2 

39.0 
48.5 
58.5 
72.5 
90.0 
110.0 
132.5 
157.5 
185.0 
215.0 
245.0 
277.5 
312.5 

28.2 

0.022 
0.024 
0.021 
0.023 
0.02s 
0.030 
0.022 
0.023 
0.024 
0.025 
0.026 
0.026 
0.026 

UdXIWDn XnPLIPICXION = 27.59 
?OR ?RBQUHNCY = 1.76 C/SBC. 

PBRIOD I 0 . 5 7  SBC. 

UAX STRAIN 
PRCNT 

0.00473 
0.00494 
0.00775 
0.01069 
0.01310 
0.00946 
0.01182 
0.01504 
0. 01880 
0.01109 
0.01277 
0.01427 
0.01527 
0.01575 
0.01580 
0.01607 

TIUB : 2:32p 

0.022 
0.024 
0.021 
0.023 
0.025 
0.029 
0.022 
0.023 
0.024 
0.025 
0.026 
0.026 
0.026 

UAX SPRBSS 
PSP 

146.71 
399.37 
600.26 
802.81 
963.70 
1118.92 
1368.33 
1698. Sf 
2018.99 
2364.01 
2683 -23 
2964.93 
3152.27 

3238 -40 
3280.44 

3230. sa 

0.4 
0.4 
0.3 
0.4 
0.5 
3.1 
0.3 
0.2 
0.2 
0.1 
0.3 
0.1 
1.2 

R U B  
SBC 

19.18 
19.18 
19.17 
19.17 
19.17 
19.16 
19.15 
19.14 
19.14 
19.13 
19.13 
19.12 
19.12 
19.11 
19.10 
8.04 

7508.46 
7358.50 
11829.07 
11572.23 
11295.58 
10737.51 
21311.57 
21015.33 
20781.51 
20637.87 
20508.00 
20492.65 
20410.64 

PACE 16 

7515.19 
7366.35 

11837.53 
11584.85 
11311.65 
10831.77 
21326.57 
21026.43 
20791.95 
20642.65 
20522.20 
20498.63 
20471.10 

-0.1 
-0.1 
-0.1 
-0.1 
-0.1 
-0.9 
-0.1 
-0.1 
-0.1 
0.0 
-0.1 
0.0 
-0.3 

[ o d c t s d  portion of output hers I 

H-18 



WHC-SO-W320-ANAL-002 
Rev. 0 

PILBNMB : print.fi1 DATE : 08-08-94 nns : 2:32p 
TIRO : SWUCB input and excerpt. f r o m  output 

************** sHAttB input for upper-bound soil properties ************ 
Pilename: s~c106.iZ 

4096 
8 
4 1 10 1. 

11 2 .  SHEAR HODULUS CLAY 
.0001 .000316 .OOl .00316 .Ol 

1. 3.16 10. 
1. 1. .99 .95 .85 

.08  .os .os 
11 2 .  DAMPING CLAY 
.0001 .000316 .001 .00316 .01 

1. 3.16 10. 
.1 .5 1.0 1.5 2.5 

21.0 2 4.. 24. 
11 1. -SHEAR flODOLUS SAND : I D R I S S  1990 
.OOOl .000316 . D O 1  ,00326 .01 

1. 3.16 LO. 
I. 1. .99 .95 .85 

.OB .08 .OB 
11 .038  DAnPING SAND : I D R I S S  1990 
.0001 .000316 .001 .00316 .Ol 

1. 3.16 10. 
.l .5 1.0 1.5 2.5 

21.0 24. 24. 
2 1. SHEAR flODULUS XOCK : NOT USED 
.0001 10. 

1 1 

.0001 10. 
1 I. 

2 1. DAMPIXG ROCK : NOT USED 

10 I. S H W  HODULUS GRAVBL : HUVP 11/89 P L X E  ll 
.OOOl .0003 .OOl .003 101 .03 .l .3 

1. .96 .85 .73 .54 .36 -2 .1 
1 10. 

.os .05 
10 .038 DAMPING GRAVEL : HUVP 21/89 P M  11 
.0001 .0003 .OOl .003 .Ol .03 .1 .3  

I. 10. 
.5 1. 1.7 3 .  5.4 10. 15.5 21. 

25. 26. 
1 

2300 4096 .01 WC-SD-GN-DA-30018 TH1.HST 
.216 15 

-0 .00030 -0.00070 -0.00075 -0.00096 -0.00109 -0.00058 0.00023 0.00107 1 
0,00180 0.00223 0.00268 0.00263 0.00105 -0.00027 0.00050 0.00181 2 
0.00204 0.00125 0.00070 0.00110 0.00141 0.00083 -0.00029 -0.00126 3 
-0.00097 -0.00165 -0.00471 -0.00771 -0.00965 -0.01001 -0.00946 -0.00871 4 
-0.00841 -0.01017 -0.01158 -0.01490 -0.01507 -0.01281 -0.01268 -0.Ol.205 5 
-0.00973 -0.00819 -0.00587 -0.00280 -0.00171 -0-00506 -0.00774 -0.00799 6 
-0.00705 -0.00718 -0.00938 -0.01207 -0.01302 -0 .00636 0.00556 0.01345 7 
0.01387 0.01396 0.01754 0.01687 0.01087 0.00660 0.00706 0.00516 8 
-0.00186 -0.00701 -0.00500 -0.00184 0.00178 0.01037 0.02048 0.02676 9 
0.02610 0.020ii 0.01487 0.01256 o.oiooz 0.00724 o.oiis5 o.oia93 io 
0,01957 0.01'182 0.01660 0.01379 0.00527 -0.00952 -0.01908 -0.01671 11 
-0.01184 -0.01511 -0.02109 -0.01952 -0.01893 -0.02160 -0.01861 -0.Ol362 12 
-0.01477 -0.02519 -0.03350 -0.03288 -0,03059 -0.03097 -0.03582 -0.03987 13 
-0.03593 -0.02353 -0.01111 -0.00214 0,00961 0.01467 0.00796 0.01081 14 
0.02181 0.01869 -0.00275 -0.01672 -0.01209 -0.00048 0.00150 -0.01025 15 
-0.02064 -0.01762 -0.01t2l -0.01443 -0.01745 -0.01326 -0.00222 0.00556 16 
-0.00432 -0.01137 -0.00195 0 . 0 0 6 3 0 .  0.00684 0.00484 0.00352 0.00286 17 
-0.00286 -0.02101 -0.04126 -0.04843 -0.04523 -0.04063 -0.04058 -0.03053 18 
-0.00354 0.02449 0.03'187 0.02587 0.00150 -0.00394 0.00743 0.00696 19 
-0.00217 -0.00160 0.00881 0.01187 0.00946 0.01069 0.01130 0.00226 20 
-0.00792 -0.00709 0.00060 0.01391 0.01989 0-07860 0.03514 0.03128 21 
0.04193 0.05309 0.05697 0.05965 0.05751 0.05423 0.05136 0.05000 21 
0.05283 0.05406 0.04734 0.02808 0.01074 0.01138 0.02086 0.03544 23 
0.05332 0.05950 0.05808 0.06037 0.06407 0.06855 0,06927 0.05480 24 
0.02913 0.01319 0.01865 0.01384 0.04442 0.05288 0.06123 0.05739 25 

.0316 

.62 

-0316 

5.5 

-0316 

.62 

.0316 

5.5 

.l .316 

.36 .16 

.t -316 

10. 16.0 

.I. .316 

-36 .16 

.1 .316 

10. 16.0 
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WHC-SD-W320-ANAL-002 
Rev. 0 

P I L E W E  : print.fi1 DATB : 08-08-94 
TITLE : SHAKB input and axcsrpta frcm output 

TIM : 2:32p 

0.04715 0.04547 0.04081 0.01547 -0.01549 -0.02342 -0.01709 -0.01176 
0.01233 0.05624 0.07748 0.07315 0.05364 0.07852 0.01320 -0.00730 

-0.03215 -0.03363 -0.00794 0.01567 0.01774 0.01923 0.03877 0.05156 
0.02733 -0.00956 -0.01880 -0.01469 -0.01968 -0.01481 -0.00239 0.00963 
0.02685 0.02719 0.01123 0.00297 -0.00535 -0.03263 -0.06205 -0.07828 

-0.08510 -0.08266 -0.08296 -0.08215 -0.07587 -0.07209 -0.06879 -0.06851 
-0.07494 -0.07786 -0.06029 -0.03515 -0.02455 -0.01377 0.01004 0.02179 
0.02951 0.01064 -0 .03078 -0.07821 -0.11984 -0.11281 -0.13064 -0,08465 

-0.02719 0.00576 0.00727 0.00537 0.01198 0.02475 0.04570 0.07319 
0.07938 0.05384 0.04667 0.06784 0.08151 0.08382 0.07163 0.04668 
0.02590 0.02498 0.05196 0.08416 0.07512 0.05428 0.04138 0.03046 
0,04389 0 .08585  0.11999 0.10886 0.06818 0.05043 0.05362 0.03992 
0.01456 0.00073 -0.01156 -0.03307 -0.06004 -0.07566 -0.05418 -0.02834 

-0.03802 -0.05441 -0.04845 -0.02472 -0.00705 -0.01983 -0.04567 -0.05696 
-0.06206 -0.07345 -0.09217 -0.11137 -0.10549 -0.07211 -0.04850 -0.06030 
-0.08346 -0.08768 -0.08781 -0.08570 -0.07623 -0.06471 -0.06151 -0.06958 
-0.01685 -0.07582 -0.05525 -0.02639 -0.02069 -0.03682 -0.03996 -0.02660 
-0.01082 0.00809 0.00764 -0.02534 -0.06101 -0.07600 -0.08522 -0.08566 
-0.05007 -0.00774--0.00244 -0.01202 -0.01687 -0.02777 -0.03662 -0.04074 
-0.03598 -0.01717 -0.00106 0.00641 0.00057 -0.00645 -0.00391 0.00385 

0.02746 0.03195 0.00747 0.00634 0.03121 0.04435 0.01406 0.01726 
0 .05824  0.06707 0.06487 0.05790 0.05942 0.05844 0.03843 0.02088 
0.01455 0.00922 0.01516 0.02825 0.03126 0.01655 0.00168 0.00089 
0.00425 -0.00063 -0.01869 -0.03017 -0.01565 0.00202 0.01103 0.01920 
0.01365 -0.00405 -0.01756 -0.01531 -0.00550 -0.02965 -0.05926 -0.08895 

-0.09568 -0.07650 -0.03345 0.01254 0.03638 0.02590 0.01413 0.02239 
0.02155 0.00522 -0.01151 -0.02708 -0.02232 -0.00829 -0.00226 0.01969 
0.03420 0.02485 0.02567 0.04525 0.04953 0.02528 -0.00235 -0.02570 

-0.03869 -0.04674 -0.06604 -0.09174 -0.10398 -0.08481 -0.05592 -0.03509 
-0.00213 0.02969 0.04934 0.05556 0.03596 0.01932 0.01525 0.00852 
-0.01028 -0.03738 -0.05189 -0.04329 -0.01894 0.00003 0.01634 0.04336 

0.06174 0.07295 0.10367 0.14132 0.15731 0.15379 0.13311 0.10246 
0 .08015  0.05374 0.03407 0.02048 0.00372 0.01904 0.06100 0.10034 
0.L2799 0.13603 0.10974 0.06854 0.03716 0.01078 -0.01119 -0.02591 

-0.03047 -0.02798 -0.03213 -0.02495 -0.01369 -0.03741 -0.07620 -0.09048 
-0.08669 -0.08197 -0.05798 -0.01545 0.02493 0.05800 0.09311 0.13804 

0.15486 0.12096 0.08044 0.06783 9.06100 0.05035 0.04602 0.03578 
0.00911 -0.02880 -0.06109 -0.08199 -0.10525 -0.11476 -0.11637 -0.10774 

-0.09083 -0.08671 -0.09354 -0.08026 -0.05457 -0.01652 -0.05865 -0.09261 
-0.13144 -0.14645 -0.13056 -0.09411 -0.04751 0.00608 0.04883 0.05165 

0.04120 0.01749 0.02610 -0.03020 -0.05722 -0.03649 0.00073 0.02695 
0.02737 0.01272 -0.01081 -0.04421 -0.06884 -0.07394 -0.06791 -0.04408 

-0.01288 -0.01209 -0.04942 -0.07592 -0.06365 -0.04400 -0.05263 -0.09404 
-0.10993 -0.06058 -0.00526 0.00916 0 .01110 0.01323 0.02556 0.00352 
-0.01256 -0.00076 0.01861 0.03795 0.04775 0.03565 0.01584 -0.00161 
-0.03787 -0.06255 -0.07107 -0.06749 -0.06000 -0.04400 -0.00913 O.OU21 

0.01413 0.03655 0.08622 0.10696 0.08510 0.07067 0.07177 0.05520 
0.02296 0.00756 0.01296 0.01058 -0.01807 -0.06018 -0.08614 -0.07500 

-0.02046 0.03415 0.05012 0.05703 0.06493 0.05222 0.00804 -0.04113 
-0.07040 -0.06817 -0.02579 0.01439 0.00092 -0.03043 -0.01631 0.00725 

0.01173 0.02478 0.03622 0.03910 0.03474 0.01099 -0.01704 -0.02292 
-0.01376 -0.00192 0.00177 -0.01699 -0.04384 -0.06674 -0.08531 -0.09014 
-0.07555 -0.05184 -0.04033 -0.03949 -0.03527 -0.03324 -0.03337 -0.03026 
-0.02281 0.00858 0.06070 0.09097 0.08702 0.08164 0.08500 0.09067 

0.07338 0.05925 0.03090 0.03327 0.09071 0.13753 0.13521 0.11900 
0.10833 0.11371 0.11848 0.10540 0.09378 0.08433 0.06063 0.03467 
0.02118 0.01379 -0.00078 -0.01721 -0.02465 -0.03243 -0.04090 -0.03437 

-0.02611 -0.07212 -0.03170 -0.02918 -0.03114 -0.05515 -0.06491 -0.05951 
-0.06180 -0.05840 -0.03899 -0.02308 -0.01802 -0.01237 0.00394 0.02066 

0.02607 0.03937 0.05282 0.01047 0.02448 0.00603 -0.02179 -0.06435 
-0.07395 -0.03618 0.02134 0.06464 0.08044 0.06753 0.04167 0.01539 
-0.90492 -0.00820 -0.00576 0.00244 0.00797 -0.01458 -0.04125 -0.04751 
-0.03306 -0.01337 0.01067 0.07637 0.10995 0.10811 0.09426 0.05926 

0.01899 -0.00151 -0.00320 0.01072 0.01679 0.00989 0.00793 0.01426 
0.01090 -0.01005 -0.03169 -0.05552 -0.07953 -0.08716 -0.07372 -0.04090 

-0.01167 -0.02135 -0.05763 -0.07263 -0.05598 -0.07673 -0.00836 -0.01004 
-0.03176 -0.01093 0.01905 0.02754 0.01162 -0.00670 0.00026 0.02556 

0.03593 0.02642 0.01026 -0.00046 0.00614 0.02816 0.05189 0.06426 
0.04856 0.01683 -0.00741 -0.01696 -0.04102 -0.03561 -0.01215 -0.02304 

-0.01376 0.00346 0.03232 0.02390 0.00022 -0.00971 -0.01831 -0.03736 

H-20 

26 
27 
28 
29 
30 
3 1  
32 
33 
34 
3s 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
92 
83 
84 
85 
86 
87 
89 
89 
90 
91 
92 
93 
94 
95 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILBNAMB : prine.fi1 DATB : 08-08-94 
TITLE : SHAKS input and excdrpts from output 

TIHB : 2:32p 

-0.01866 -0.03226 -0.00693 0.01767 0.02650 0.01823 0.02273 0.02878 96 
0.04089 0.06415 0.08149 0.08966 0.08727 0.07036 0.04630 0.03242 97 
0.03656 0.04980 0.04174 0.01642 0 . 0 0 0 5 5  -0.00213 0.01200 0.01207 98 
-0.02634 -0.04521 -0.01082 0.03892 0.07370 0.08613 0.09033 0.09888 99 
0.08471 0.09903 0.12820 0.14622 0.14445 0.13027 0.10118 0.07420 100 
0.06538 0.06348 0.05489 0.05320 0.06155 0.04130 0.00793 0.00834 201 
0.02453 0.01883 0.01006 0.03373 0.06556 0.09100 0.12019 0.14148 102 
0.15574 0.14676 0.11676 0.08752 0.04074 -0.01171 -0.03264 -0.03565 103 
-0.03371 -0.02400 -0.03575 -0.06636 -0.08261 -0.09543 -0.11865 -0.13410 104 
-0.14222 -0.14961 -0.15963 -0.16601 -0.15269 -0.12331 -0.10516 -0.11748 105 
-0.13627 -0.13073 -0.09538 -0.05376 -0.04147 -0.05823 -0.06425 -0.05262 106 
-0.04105 -0.02196 0.00194 0.01133 0.01159 0.01309 0.00845 -0.00129 107 
-0.01916 -0.02184 0.01590 0.04284 0.02891 0.00811 0.01568 0.03920 108 
0.02426 -0.01608 -0.04336 -0.00474 0.02838 0.03099 0.03263 0.03394 109 
0.02831 0.01289 -0.02070 -0.06083 -0.06576 -0.04522 -0.04521 -0.05536 1 1 0  ~ 

-0.03400 0 .00830  0.01729 -0.00310 -0.01921 -0.01962 -0.00815 -0.00394 111 
-0.01042 -0.01654 -0.02137 -0.03278 -0.05763 -0.07758 -0.07002 -0.04878 l l 2  
-0.03595 =0.02482 0 . 0 0 0 3 0  0.02058 0.00217 -0.04780 -0.07914 -0.06603 1 U  
-0.05233 -0.07171--0.07801 -0.03552 0.01235 0.02335 0.03181 0.06791 114 
0.08148 0.06881 0.08131 0.10501 0.11127 0.11054 0.10921 0.03909 115 
0.08336 0.07642 0.07963 0.07521 0.06419 0.04232 -0.00153 -0.03320 116 
-0.03401 -0.02935 -0.02781 -0.04446 -0.08214 -0.11265 -0.12629 -0.11726 117 
-0.09272 -0.07333 -0.08410 -0.10557 -0.08172 -0.03642 -0.04328 -0.09869 119 
-0.13492 -0.13923 -0.13118 -0.11981 -0.10307 -0.06589 -0.03613 -0.02204 119 
-0.00364 0.01879 0.02720 0.00795 -0.00081 0.01857 0.02862 0.01986 120 
0.01157 0.00416 -0.00539 -0.01808 -0.05516 -0.03964 0.02603 0.08995 121 
0.11012 0.08391 0.04025 0.00284 -0.01354 -0.09079 -0.10188 -0.08724 122 
-0.07508 -0.01795 -0.01099 0.01113 0.01779 0.00235 -0.02465 -0.04704 123 
-0.06223 -0.05884 -0.03220 -0.02012 -0.03811 -0.05464 -0.05274 -0.02193 124 
0.02113 0.01842 0.05646 0.06347 0.09027 0.10568 0.08846 0.07965 125 
0.07947 0.01228 0.06030 0.01660 -0.04628 -0.05915 -0.01902 0.00998 126 
0.02500 0.05818 0.09276 0.08905 0.04493 -0.00026 -0.01700 -0.01014 127 
0.01698 0.06422 0.09920 0.10232 0.09359 0.08651 0.08227 0.07471 129 
0.07247 0.08740 0.09148 0.07006 0.03405 -0.01352 -0.05104 -0.05854 129 
-0.03167 0.01653 0.01130 0.03261 0.01351 0.00147 -0.00064 0.00415 130 
0.01686 0.01250 0.00287 0.00804 0.01002 0.02412 0.06193 0.07139 U’l 
0.01033 -0.06937 -0.09333 -0.06034 -0.01165 -0.06060 -0.05646 -0.03124 132 
-0.04716 -0.06844 -0.05680 -0.03096 -0.01251 -0.00659 -0.00021 0.02566 133 
0.05996 0.06786 0.04430 0.02220 0.00519 -0.02257 -0.03103 -0.05007 134 
-0.06031 -0.05019 -0.01557 0.01462 0.02196 0.02352 0.03334 0.03491 115 
-0.00207 -0.05197 -0.09447 -0.07773 -0.04010 -0.01154 0.00309 0.03725 U 6  
0.06808 0.08114 0.08221 0.07611 0.08608 0.09663 0.06018 0.03322 U 7  
0.01863 0.03518 0.01983 0.01231 -0.04886 -0.07370 -0.04851 -0.02368 138 
-0.00517 -0.02690 -0.01833 -0.01831 -0.02992 -0.02789 -0.00921 0.00858 U S  

0 . 0 0 5 0 6  -0.01438 -0.05211 -0.06493 -0.05906 -0.03585 -0.02130 -0.02900 140 
-0.04016 -0.04597 -0.06057 -0.08479 -0.10786 -0.09923 -0.06337 -0.05165 141 
-0.05668 -0.04459 -0.01923 0.00660 0.03374 0.04649 0.03192 0.01272 142 
0.01313 0.04368 0.0’1275 0.06866 0.05452 0.04848 0.05627 0.08501 143 
0.09473 0.07096 0.04726 0.04118 0.04330 0.03218 0.00803 -0.01773 144 
-0,03863 -0.05987 -0.07577 -0.06347 -0.02820 -0.01031 -0.02272 -0.01489 145 
0.02229 0.04179 0.03679 0.02611 0.02274 0.02218 0.01162 0.00654 146 
0.02764 0.05844 0.07383 0.07760 0.07398 0.05352 0.02360 0.00095 147 
-0.01271 -0.02789 -0.03683 -0.03485 -0.02829 -0.01179 0.00584 0.01521 148 
0.02007 0.02148 0.01837 -0 .00088 -0.02633 -0.04622 -0.06483 -0.07090 149 
-0.03900 0.01680 0.06877 0.10686 0.13165 0.13210 0.10594 0.09623 150 
o.ioiss 0.069i2 o.oisao -0.ooz75 -0.oi230 -0.03217 -o.osaso -0.ona2 1st 
-0.09557 -0.10654 -0.11353 -0.11021 -0.08879 -0.07531 -0.07955 -0.06654 152 
-0.01687 -0.03590 -0.01561 0.00437 0.01049 0.01174 0.03231 0.05573 153 
0.04538 0.01903 0.01005 0.02476 0.04590 0.05660 0.05745 0.05892 154 
0.06087 0.04906 0.02444 -0.01098 -0.04900 -0.06880 -0.07651 -0.08195 155 
-0.06943 -0.05024 -0.05299 -0.06869 -0.06348 -0.02548 0.01763 0.03014 156 
0.00081 -0.03719 -0.05999 -0.07427 -0.07917 -0.09680 -0.09082 -0.05607 157 
-0.00409 0.01175 -0.00584 -0.01876 -0.01765 -0.01572 -0.00578 0.01671 158 
0.03489 0.03841 0.03829 0.03903 0.04938 0.07747 0.09289 0.07770 159 
0.05557 0.04476 0.05047 0.07243 0.08193 0.07260 0.07710 0.09937 160 
0.10543 0.08121 0.06808 0.08699 0.09917 0.08372 0.05642 0.04012 1 6 1  
0.03188 0.02146 0.03755 0.06112 0.057.86 0.04093 0.01506 -0.01098 162 
-0.03121 -0.04491 -0.05521 -0.08237 -0.10884 -0.10509 -0.09482 -0.08134 163 
-0.01754 -0.03192 -0.03216 -0.02006 -0.01431 -0.02607 -0.05562 -0.08412 164 
-0.09125 -0.08495 -0.06975 -0.01343 -0.01037 0.02066 0.04067 0.05002 165 

H-21 

PAGB 19 



WHC-SD-W320-ANAL-002 
Rev. 0 

PILHHA~B : print-fil DATB : 08-08-94 
TLlZB : SHAlCB input and excerpts from o u t p c  

TIME : 2:32p 

0.05271 0.06203 0.07981 0.07010 0.04670 0.04089 0.02220 -0.00491 166 
-0.01077 -0.00936 -0.01971 -0.03657 -0.05015 -0.06323 -0.07312 -0.06781 167 
-0.05573 -0.05123 -0.05603 -0.06890 -0.08156 -0.10271 -0.14473 -0.17596 168 
-0.16003 -0.10101 -0.03923 -0.01039 0.00156 0.01276 0.01133 -0.01064 169 
-0.04239 -0.05461 -0.05901 -0.07983 -0.09891 -0.09593 -0.06606 -0.03045 170 
-0.00281 0.03051 0.04509 0.02557 0.00347 -0.00676 -0.00163 -0.00099 171 
-0.01780 -6.02487 -0.ois32 0.00237 0.02356 0.04551 0.06831 0.07436 172 
0.05423 0.02453 -0.00187 -0.01546 -0.01187 -0.00435 -0.00180 -0.00175 173 
-0.01180 -0.01935 -0.00747 -0.01163 -0.04402 -0.06661 -0.06392 -0.05541 171 
-0.06590 -0.06058 -0.02872 -0.01585 -0.01581 0.00611 0.02393 0.00550 175 
-0.02531 -0.02974 -0.00201 0.02692. 0.05660 0.09502 0,10061 0.06303 176 
0.02467 -0.00507 -0.02179 -0.00840 0.00904 0.00643 -0.30030 0.01629 177 
0.02794 0.01151 0.00519 0.01127 0.01158 0.01249 0.01905 0.03165 178 
0.01766 0.05094 0.03824 0.03831 0.05461 0.05780 0.06513 0.07328 179 
0.06339 0.05993 0.05749 0.05194 0.05526 0.05309 0.03700 0.01981 180 
0.01531 0.02907 0.04731 0.04796 0.03216 0.01802 -0.00853 -0.04205 181 
-0.05136 -!.OS626 -0.06133 -0.06062 -0.05413 -0.05140 -0.06554 -0.07664 182 
-0.08264 -0.09643 -0.10485 -0.07220 -0.01175 0.03204 0.05139 0.05637 183 
0.05827 0.05lll- 0.03578 0.03004 0.03515 0.05287 0.05647 0.02749 184 
0.00477 0.00648 0.02631 0.04637 0.03394 -0.00312 -0.02330 -0.01666 185 
0 . 0 0 0 1 7  0.02427 0.04266 0.04080 0.02795 0.02351 0.03866 0.06047 186 
0.06361 0.03712 0.00629 -0.00449 -0.00010 0.01204 0.03005 0.03495 187 
0.03679 0.06177 0.09366 0.10770 0.09218 0.05533 0.02261 0.01722 188 
0.03225 0.04043 0.04507 0.06939 0.08312 0.06266 0.04813 0.03994 189 
0.01225 -0.01460 -0.03275 -0.06644 -0.09567 -0.08762 -0.06829 -0.07416 190 
-0.09328 -0.09443 -0.08400 -0.08660 -0.09879 -0.11637 -0.13440 -0.12161 191 
-0.09196 -0 .08705 -0.10209 -0.11574 -0.12076 -0.12412 -0.11566 -0-06809 192 
-0.50503 0.01186 0.02000 0.00961 0 . 0 0 0 3 0  0.01415 0.03074 0.00485 193 
-0.04829 -0.06297 -0.02941 -0.00371 -0.01248 -0.01886 0.00146 0.03183 194 
0.06788 0.09337 0.09201 0.08673 0.07384 0.04038 0.01973 0.03130 195 
0.06457 0.10104 0.10630 0.08463 0.07986 0.09754 0.11620 0.1101s 196 
0.08325 0.06630 0.06056 0.03778 0.01211 0.02613 0.05528 0.07597 197 
0.08667 0.07956 0.06561 0.06029 0.05148 0.05150 0.05978 0.06565 198 
0.04489 0.01428 0.02123 0.01962 0.02047 0.02775 0.02361 0.00886 199 
0.01102 0.02098 0.00476 -0.03513 -0.08392 -0.11909 -0.10646 -0.05313 200 
-0.00241 0.01148 -0.00496 -0.01652 -0.01820 -0.01928 -0.01558 -0.01114 201 
-0.02060 -0.04669 -0.07105 -0.08660 -0.09806 -0.08416 -0.05085 -0.01807 202 
0.01778 0.03330 0.03448 0.05308 0.07056 0.06639 0.04311 0.01495 203 
-0.00386 -0.02951 -0.05790 -0.07686 -0.10711 -0.12870 -0.10383 -0.04818 204 
-0.01057 -0.0'1219 -0.02837 -0.02868 -0.32525 -0.02773 -0.00600 0.02306 205 
0.03428 0.05643 0.08132 0.07635 0.04654 0.03070 0.03344 0.04644 206 
0.06895 0.06650 0.03732 0.01450 0.01151 0.02889 0.04621 0.04165 207 
0.02967 0.00746 -0.01470 -0.09588 -0.21545 -0.10147 -0.07874 -0.01078 208 
-0.07469 -0.08530 -0.08455 -0.06721 -0.05313 -0.07341 -0.12722 -0.15579 209 
-0.12874 -0.07290 -0.01194 0.02911 0.03432 0.07903 0.04066 0.05397 210 
0.03595 0.00370 -0.00060 0.01126 0.01286 0.00588 0.01188 0.04110 211 
0.05001 0.07121 0.00035 -0.00698 -0.01981 -0.03729 -0.04284 -0.02390 212 
-0.01368 -0.02281 -0.03141 -0.03934 -0.03897 -0.02152 0.00374 0.02099 213 
0.02180 0.01696 0.02583 0.03281 0.02474 0.02749 0.04025 0.04055 214 
O.il3829 0.03070 0.09333 0.04855 0.07817 0.07467 0.05183 0.04030 215 
0.03304 0.01537 -0.00462 -0.02229 -0.04849 -0.06412 -0.06359 -0.06883 216 
-0.06954 -0.05206 -0.03434 -0.03052 -0.04477 -0 .05850 -0.06104 -0.07162 217 
-0.08156 -0.08803 -0 .08035 -0.05123 -0.07938 -0.00743 0.03265 0.07709 219 
0.10280 0.30519 0.09417 0.07451 0.06109 0.05360 0.03257 0.02132 219 
0.03378 0.03999 0.02674 0.00842 0.00026 -0.01499 -0.06016 -0.09640 220 
-0.09138 -0.07948 -0.08989 -0.09656 -0.07420 -0.04972 -0.04121 -0.03128 221 
-0.00981 0.01627 0.07783 0.01553 0.00014 0.00241 -0.00740 -0.05231 222 
-0.09316 -0.10007 -0.08761 -0.09798 -0.11110 -0.11215 -0.06248 -0.03251 223 
-0.05874 -0.07222 -0.02441 0.01644 0.00113 -0.02652 -0.04518 -0.05668 224 
-0.01320 -0.00455 0.01957 0.01512 0.00156 -0.01304 -0.00194 0.02806 225 
0.04532 0.03002 0.00111 -0.01899 -0.02028 0.01273 0.05653 0.08888 226 
0.i368a 0.18099 0.19709 0.19005 0.1580~ 0.11756 0.09890 0.09158 227 
0.06359 0.04050 0.01579 0.06622 0.07197 0.01894 0.03376 0.04067 228 
0.05934 0.05890 0.02349 -0.00227 0.00169 0.01512 0.01476 -0.00780 229 
-0.03186 -0.01329 -0.04830 -0.05762 -0.07226 -0.07050 -0.05087 -0-04595 230 
-0.55297 -0.04081 -0.00417 0.03405 0 . 0 5 5 8 0  0.07875 0.10127 0.10230 231 
0.09981 0.09453 0.07500 0.05096 0.01184 -0.02801 -0.03838 -0.01254 232 
-0.05310 -0.04850 -0.01059 0.03961 0.04512 0.00921 -0.01114 0-01365 233 
0.04265 0.03890 0.02141 0.03350 0.03848 0.03283 0.04944 0.07925 234 
0.07677 0.OSSl9 0.06227 0.07141 0.05153 0.03074 0.02946 0.04423 235 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILBNA~B : print.fi1 DATE : 08-08-94 
TI- : SHAK8 input and excerpts fran output 

TIHE : 2:32p 

0.06321 0.08555 0.11924 0.15520 0.16827 0.15487 0.l2804 0.09644 236 
0.06582 0.03601 0.00511 -0.00432 0.01580 0.03269 0.04392 0.05138 237 
0.03466 0.01529 0.02062 0.03417 0.02543 -0.00683 -0.03991 -0.05189 238 
-0.06822 -0.07200 -0.08964 -0.14155 -0.18495 -0.17386 -0.14917 -0.13785 239 
-0.11684 -0.12806 -0.14191 -0.16011 -0.17285 -0.17524 -0.18293 -0.20000 240 
-0.17174 -0.08058 -0.01462 0.01375 0.04897 0.08296 0.10632 0.11875 241 
0.12429 0.12242 0.11049 0.08016 0.03963 0,03067 0.05372 0.06024 242 
0.03819 0.02434 0.02814 0.03978 0.02975 -0.01141 -0.04252 -0.05679 243 
-0.07032 -0.07627 -0.06810 -0.04756 -0.03020 -0,04820 -0.07629 -0.07822 244 
-0.06162 -0.03560 -0.01878 -0.01222 0.00603 0.03286 0.04486 0.02793 245 
0.00156 -0.01007 -0.03236 -0.07023 -0.09136 -0.10389 -0.11323 -0.09173 246 
-0.05164 -0.02909 -0.02441 -0.006S6 0.02544 0.02167 -0.02454 -0.05281 247 
-0.01775 -0.04076 -0.03999 -0.03079 -0.00658 0.01391 0.03951 0.07208 248 
0.08982 0.08711 0.07503 0.06900 0.05449 0.02222 -0.01250 -0.03463 249 
-0.01772 0.02764 0.04890 0.03812 0.01594 0.03019 0.03433 0.01308 250 
-0.02126 -0.05249 -0.06259 -0.03145 -0.00180 -0.01627 -0.04375 -0.03223 251 
0.00303 0.01357 0.00558 -0.00576 -0.00733 0.00010 -0.01640 -0.05694 252 
-0.07464 -0.05119 -0.04472 -0.06319 -0.06117 -0.01288 0.03617 0.04770 253 
0.03169 0.01545- 0.01486 0.04264 0.04961 0.05414 0.06913 0.10024 254 
0.12385 0.10537 0.06572 0.05891 0.05672 0.01106 -0.03358 -0.03181 255 
0.00688 0,04876 0.05388 0.03304 0.00696 -0.02793 -0.04886 -0.01399 256 
-0.03863 -0.04592 -0.05553 -0.06629 -0.06965 -0.05100 -0.02734 -0.02235 257 
-0.03616 -0.04933 -0.04714 -0.04392 -0.04894 -0.05466 -0.05980 -0.05307 258 
-0.03783 -0.03451 -0.01798 -0.03497 -0.02792 -0.02659 -0.02296 -0.01931 259 
-0.02011 -0.03150 -0.02319 0.00894 0.02677 0.04679 0.08566 0.10568 260 
0.10012 0.06~94 0.00219 -0.02136 0.00617 0.0582a 0.10343 0.12543 261 
0.12827 0.12508 0.12369 0.11958 0.11592 0.10808 0.08350 0.03817 262 
-0.00715 -0.02812 -0.03448 -0.03430 -0.01181 0.01915 0.04757 0.08776 263 
0.10702 0.08153 0.05081 0.04456 0.04757 0.03963 0.07836 0.02343 264 
0.02105 0.02411 0.03383 0.03660 0.03267 0.03267 0.03124 0.02708 265 
0.02340 0.02195 0.01833 0.01118 0.00422 -0.01040 -0.03481 -0.05658 266 
-0,06442 -0.06328 -0.06315 -0.05607 -0.03116 -0.00300 0.00467 -0.01590 267 
-0.03414 -0.02546 -0.01519 -0.00927 -0.00185 -0.02015 -0.03655 -0.01928 268 
-0.04753 -0.03607 -0.02557 -0.01855 -0.02176 -0.04230 -0.05944 -0.05615 269 
-0.03722 -0.01489 0.00661 0.01665 0.01820 0.02410 0.01552 0.03743 270 
0.02524 0.01588 0.00981 -0.00337 -0.02609 -0.03577 -0.02312 -0.026S1 271 
-0.04141 -0.03900 -0.03996 -0.05987 -0.07788 -0.06971 -0.05630 -0.03898 272 
-0.03238 -0.03061 -0.02836 -0.02761 -0.02560 -0.02267 -0.02237 -0.02819 273 
-0.02926 -0.02017 -0.01678 -0.02066 -0.01874 -0.01229 -0.01250 -0.02941 274 
-0.05520 -0.06286 -0.05180 -0.05143 -0.06669 -0.07635 -0.07409 -0.06564 275 
-0.05132 -0.04222 -0.02764 -0.02106 -0.02980 -0.03730 -0.02935 -0.01766 276 
-0.01587 -0.01467 -0.01077 -0.00717 0.00136 0.01851 0.03460 0.07787 277 
0.03396 0.03195 0.03413 0.03584 0.03728 0.03524 0.02465 0.01546 278 
0.01459 0.02073 0.03535 0.05370 0.05595 0.03385 0.00942 0.00554 279 
0.01195 0.01092 0.00929 0.01135 0.01239 0.01567 0.02118 0.01909 280 
0.01418 0.01688 0.01917 0.01486 0.00712 -0.00490 -0.02066 -0.03406 281 
-0.03917 -0.03514 -0.02892 -0.02451 -0.02076 -0.02331 -0.02971 -0.02735 282 
-0.02038 -0.Uf797 -0.01574 -0.00862 0.00126 
-0.00232 0.00268 0.00693 0.00917 0.01203 
0.01228 0,01155 0.01210 0.01240 0.01244 
0.01086 0.00836 0.00741 0.00742 0.00771 
0.00362 0.00287 0.00283 0.00297. 0.00307 
0.00197 0.00137 0.00112 0.00119 
2 
I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

a7 
1 
I 
1 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 

28 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
1 

GRom VAULT SITP 
12.92 6522. 
20.58 17034. 
9.33 17034. 
12.25 17034. 
6.92 17034. 
13.00 26516. 
15.00 26516. 
20.00 26516. 
20.00 26516. 

25.00 49524. 
30.00 48524. 
30.00 48524. 
30.00 48524. 
35.00 48524. 

25.00 411524. 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05  
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

o.00480 o.00055 -0.00321 2113 
0.01197 0.00972 0.01100 284 
0.01362 O.Ol399 O.Ol315 285 

0.00314 0.00299 0.00260 287 
288 

0.0074i 0.00663 o.oo5ia 2116 

0.1050 
0.1100 
0 -1100 
O.llO0 
0.1100 
0 .no0 
0.1100 
0.1100 
0.1100 
0.1250 
0.1250 
0.1250 
0.1250 
0.1250 
0.1250 
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6522. 1. 
17034. 1. 
17034. 1. 
17034. 1. 
17034. I. 
26516. 1. 
26516. 1. 
26516. 1. 
26516. 1. 
48524. 1. 
48524. 1. 
48524. 1. 
48524. 1. 
48524. 1. 
48524. 1. 
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PILBNAMB : princ.fi1 
TITLB 

16 
17 
3 
1 
4 
0 
5 
1 
1 
1 
9 
1 
3 

0.05 
9 
2 
3 

0 . 0 5  
9 
6 
3 

0 . 0 5  
9 
8 
3 

0 . 0 5  
0 

DATB : 08-08-94 
: SHAlcB input and excerpts f m m  output 

1 1 3 5 . 0 0  48524. 0 . 0 5  
1 98200. 

0 

5 5 .  

2 3  
1 1  
1 1  

1 
0 1  

0 .07  

1 

0 -  1 
0 . 0 7  

1 
0 1  

0 . 0 7  

1 
0 1  

0 . 0 7  

0 . 6 5  

0.1150 
0.lSOO 

lIMB : 2:32p 

49524. 1. 

4 5 6 7 8 9 10 11 12 13 14 18 
1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1  1 

1 4  

0.10 

1 4  
0.10 

1 4  
0.10 

1 4  
0.10 

WHC-SD-W320-ANAL-002 
Rev. 0 
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Rev. 0 

*********** Excerpt fmm SKAKI( output for uppor-bound soil proporties *********** 
P i l e m a :  8hJCa2.out 

[ W t t o d  por+ion of output hero I 

BARTHQUAKB - WHC-SD-~~DA-30018 Ml. 
SOIL PROPILB - GRom v m r  SITE 

ITKRATIONHDnBRR 2 
THB -ON HAS BEEN u\RRIKD OUT I N  THB TIME W l W N  OrrZH EPP. STRAIN - .65* MAX. STRAIN 

I 1  
2 1  
3 1  
4 1  
S I  
6 1  
’ I t  
8 1  
9 1  

LO 1 
11 1 
12 1 
13 1 
14 1 
I5 1 
16 1 

6.5 
18.2 

- 28.2 
39.0 
49.5 
5 8 . 5  
72.5 
90.0 
110.0 
132.5 
157.5 

215.0 
245.0 
277.5 
312.5 

u s .  o 

VALUES I N  R H E  WlwN 

LJIYBR N P E  MIaCNBSS 
PT 

1 1  12.9 
a i  10.6 
3 1  9.3 

0.00150 
0.00161 
0.00250 
0.00344 
0.00426 
0.00314 
0.00382 
0.00462 
0.00563 
0.00361 
0.00444 
o.oos20 
0.00610 
0.00676 
0.00729 
0.00771 

0.012 
0.012 
0.014 
0.016 

0.015 
0.017 
0.018 
0.020 
0.016 
0.018 
0.019 
0.021 
0.022 
0.032 
0.023 

0 .  019 

0.012 
0.012 
0.014 
0.015 
0.017 
0.015 
0.016 
0.018 
0.019 
0.016 
0.017 
0.019 
0.020 
0.031 
0.021 
0.022 

6.5 0.00231 147.00 
10.2 0.00247 410.16 
29.2 0.00395 628.51 

H-25 

. .  

-0.1 
0.0 
0.4 
1.5 
2.3 
0.8 
1.9 
2.4 
3.3 
2.6 
3.3 
3.5 
3.8 

3.6 
3.6 

3.9 

n n E  
SEC 

19.18 
19.18 
19.18 

6364.66 
16582.47 

16057.77 
15740 .Ob 
25196.53 
24756.06 
24317 .OS 
23860.~ 
45542.57 
44665.10 
43936.21 
43330.02 
42891.67 
42574.62 
41338.45 

16320.28 

G USED 

6361.28 
16581.96 
16328.75 
16098.26 
15809.65 
25220.70 
24940.64 
24431.96 
24037.07 
45743 .os 
44953.4s 
44262.97 
43710.27 
43288.68 
42961.26 
42731.54 

ERROR 1 

0 . 0  
0 . 0  
-0.1 
-0.3 
- 0 * 4  
-0.1 
-0.3 
- 0 . 5  
-0.7 
-0.4 
-0.6 
-0.7 
-0.9 
-0.9 
-0.9 
-0.9 



PILBHAnB : p r i n t . f i 1  DATB : 10-07-94 
TITLB : SHAKE input lad excerpts from output 

4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

1 
1 
1 
I. 
1 
1 
1 
1 
1 
1 
I 
1 
1 

12.3 
6.9 

13.0 
1S.O 
20.0 
20.0 
25.0 
25.0 
30.0 
30.0 
30.0 
35.0 
3 5 . 0  

39.0 
48.5 
58.5 
72.5 
90.0 
110.0 
132.5 
157.5 
285.0 
215.0 
245.0 
277.5 
312.5 

PKRIOD - 0.44 FROX d=B SWBARVBL. I 2994. 

M I X U 7 4  AXFLIPICATION I 33.44 
FOR PRBQWNCY - 2-56 C/SZC. 

PERIOD I 0.39 SBC. 

0.00529 
0.00656 
0.00483 
0.00587 
0.00710 
0.00866 
0.00555 
0.00683 
0.00812 
0.0093a 
0.01041 
0.01122 
0.01197 

TIHB : 10:25r 

849.25 
1031.99 
1216.55 
1453.35 
1727.56 
2066.72 
2526.03 
3051.09 
3569.37 
4063.86 
4463.95 
4777.35 
5024.83 

19.18 
19.17 
19.17 
19.17 
19.16 
19-15 
19.14 
19.14 
19.14 
19.13 
19.13 
19.13 
19.12 
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PILEHAnB : p r i n t . f i 1  DATE : 10-07-94 
TITLE : SHAKB input and o ~ ~ e t p t 8  frcm output 

****** OPTION 5 *** CQXPVPB XOTION IN NEW SUBLAYBR9 

aARTHQUAKB - WHC-SD-ON-DA-300la M1. 
SOIL DEPOSIT - GROm VAULT SITB 

WITHIN 

WITHIN 

WITHIN 

n r Z H I N  

WZZHIN 

'AZTXIN 

D E P M  
PT 

0.0  

12 .9  

23 .5  

3 2 . 8  

45 .1  

52 .0  

65.0 

8 0 . 0  

100.0 

120 10 

145.0 

1 7 0 . 0  

200.0 

230.0 

0 . 0  

UAX. ACC. 
a 

0.21591 

0.20534 

0.19785 

0.18917 

0.17649 

0.17628 

0.28204 

0 -18723 

o . iaas6  

0.18504 

0.17652 

0.16129 

o . i u a 2  

O.ll756 

0.10959 

TIXE 
SBC 

18 .10  

13. ia 

19.17 

15-17 

19.16 

19 .15  

19 .14  

19.14 

19.13 

19.13 

19.13 

19.13 

19.12 

19.10 

19 .18  

TIXE : 1 O : Z f a  

X W  SQ. PR. 
C/SBC 

3.59 

3 -26 

3.01 

2.73 

2 . m  

2.25 

2 .19  

2.20 

2.30 

2 . 4 1  

2.43 

2 .35  

2 .24  

2 .21  

3.59 

[ omittod port ion of output hare I 
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0 .002  

0 . 0 0 1  

0.001 

0.000 

0 . 0 0 1  

0 . 0 0 1  

0.002 

0.007 

0 f 0 0 1  

0 . 0 0 0  

0.001 

0.001 

0 .001  

0.000 

0.003 

1 

1 

1 

1 

I. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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- SASSI Input File 

tttlowa.jci to tttlowf.jci, 
combi n. jci 
site. inp 
point. inp 
house. i np 
mot i on. i np 

stressl80.inp 

I. 2 TANK-TO-TANK INTERACTION HALF MODEL (LOWER-BOUND SOIL PROPERTIES) 

Description 

Job control (also ANALYS & COMBIN input) 

SITE input 
POINT input 
HOUSE input 
MOTION input 

STRESS input (elements along 180" 
meri di an) 

The set of SASSI inputs provided in this section models the following 
set of conditions: 

1-2 
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- 
SASSI Input File Description 

qlowliv.jci Job control (also ANALYS & COMBIN input) 
si te19. inp SITE input 
point4.inp POINT input 

HOUSE input 
motion.inp MOTION input 
house1 i v. i np 

stressl80.inp STRESS input (elements along 180" 
meridian) 

I. 3 QUARTER MODEL FOR VERTICAL EXCITATION (LOWER-BOUND SOIL PROPERTIES) 

The set of SASSI inputs provided in this section models the following 
set of conditions: 

1-3 
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SASSI Input File 

qhi . jci 
site. inp 
point.inp 
house. i np 

(not i ncl uded) 
(not i ncl uded) 

1.4 COARSE QUARTER MODEL FOR HORIZONTAL EXCITATION (UPPER-BOUND S O I L  
PRO PERT I ES) 

Descri pt i on 

J o b  control (also ANALYS & COMBIN input) 
SITE input 
POINT input 
HOUSE input 
MOTION input 

STRESS input (elements along 180" 
meridian) 

The set of SASSI inputs provided in this section models the following 
set of conditions: 

Run ID: QH I 
Excitation direction: Horizontal 
Model type: Coarse quarter model with 95 interaction nodes 
Soi 1 properties : Upper-bound 
Tank stiffness: Best-estimate 
Waste effects: 
Live load mass: None 

Impulsive (100% of mass) 

1-4 
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SASSI Input  File 

anal .nqs 

s i t e  

p o i n t  

house 
( n o t  i ncl uded) 

( n o t  i ncl uded) 

I .5 COARSE QUARTER MODEL WITH LOWER-BOUND TANK STIFFNESS (BEST-ESTIMATE SOIL 
PROP E RT I ES ) 

Descript ion 

Job control  ( a l s o  ANALYS & COMBIN i n p u t )  

SITE i n p u t  

POINT i n p u t  

HOUSE i n p u t  

MOTION i n p u t  

STRESS i n p u t  (elements along 180” 
meridian) 

The s e t  of  SASSI i n p u t s  provided i n  this s e c t i o n  models t h e  fol lowing 
set  o f  c o n d i t i o n s :  

1-5 
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SASSI Input File 

q7ri s-y . jci 
s i t ey . i np 
poi nt . i np 
housey . i np 
motiony-inp 
stressl80.inp 

1.6 QUARTER MODEL WITH PITS AND RISERS FOR Y-DIRECTION HORIZONTAL EXCITATION 
(BEST-ESTIMATE SOIL PROPERTIES) 

Description 

Job control (also ANALYS & COMBIN input) 
SITE input 
POINT input 
HOUSE input 
MOTION input 

STRESS input (elements along 180" 
meridian) 

The set of SASSI inputs provided in this section models the following 
set of  conditions: 

1-6 
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APPENDIX J 

COMPUTER PROGRAM FOR HOUSE-TO-ANSYS CONVERSION (CONV3) 

This appendix contains a listing o f  a FORTRAN program (CONV3) that was 
developed to convert a HOUSE input file into an ANSYS PREP7 input file. 
SASS1 has no preprocessing/plotting capability, all plots of the model were 
made via ANSYS PREP7. 
conditions, material types, and section properties o f  the numerous HOUSE 
model s. 

Since 

PREP7 files also were utilized in checking boundary 

.J-1 
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PII.sX?&!B : conv3.for DATE : 05-10-94 TIHE : 9:30a 
! TITLE : P O ~ ~ M  p-m to convert HOUSE input to ANSYS input 

Program Conv3 

i 

c This version produces ANSYS dement numbers identical to the 
c SILSSI element numbers and assigns proper material conetants t o  
c shell elements. 

Characrer Title*72 
Character D ( 6 )  *4 

Intager*2 MMNP, HUnEG, MML, NIXP 

Real x(3) 
Real rp(99) 
Inceger*Z Nrp 

Integer'2 W~?n.~.N4,N5.Nfi,H1,N8.N(8),X(8) 
Integgr*2 T8.3, T6,TS,T4,TB 
Integer*2 NC.HL(8) 

Bquivalence(N(1) ,?n) 
Bquivalence(N(21 ,N2) 
Equivalence (N (3 1 , M 1 
Squivalence(N(4) ,MI 
Bquivdence(N(5) ,N5) 
Bquivalence(N(6) ,N6) 
Equivalence (N ( 7  1 , N7) 
Bquivalence(N(8) ,X8) 

iJIi te(*, '  (lx,6h/?REP7)') 
Read(*,' (8x,A72)') Title 
W r i t  e ( * , ' ( 1%. 7hjTTTLB, , a72 ' 1 Title 
vrite(*, 999) 

999 f O W t ( '  /out. $unk. date/ 
h / W P , l . Z ' /  
& ' /viev,l.l,-1,1'/ 
6 /shou., ,2' / 
& ' jt-ype,1.2'/ 
& ' jnum. 2' 

Read(*,*l 
Read(*, ' (IS, 5%. 215. lox ,  15) ' MMNP, HUnEG, NUXL, NIlP 

If(NIXP .ne. 1) Then 
W r i C S ( * , * )  Only direct mechod is implemented ! *  
stop 

Bndif 

Read(*, *) 
Read(*, *) 

c Nodal Generation 

nite(*.'(rx, 7hP** 1 ' )  
W r i t e  (*, ' (lx. 12h-f' 
write(*,' (lx, 7hP.W 1 ' )  

1 Read(*,*)i, (N(j),j=l,fi), x 

Nodes) ' 1 

PAGE 1 
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TIHB : 9:30a PILBNAnB : conv3.for DATB : 05-10-94 
T I R B  : Port- program to convert HOUSB input t o  ANSYS input 

B l s e i f ( j  .oq. 5)  Than 
D(ND) = 'RCtTY' 

D(ND) I .ROTZg 
B l s e i f ( j  .-. 6 )  Than 

Bndif 
Bndif 

Bnddo 

If(ND .oq. 0 )  Then 
write(*, 101) i , x  
Format (I%, ZhN, i5.3 (lh, F9.3) 

Mite (*, 1 0 1 )  i,%, i, (D ( j l  , j - l , N D )  

101 
Blsa 

1 0 1  Pormat (l%,ZhN, i5,3 (lh,P9.3) ,3%,3h$D, i f ,  lh,a4,4h, , , , , S  (lh,al) 
Bndif 

f f ( i  _ne. NTlHNP) -to 1 

Read(+,+)i  - 
f f ( i  .ne. 0 )  Tlmn 

D o k = 1 ,  j 

Bnddo 

j - (i-1)/16 + 1 

Read(*, *) 

Bndif 

Do k - 1, NUHL 
Rnddo 

Read(*, *I 

Write (*, ' (lx, 7hC*** ' 
writ- (*, (lx, zohc*** Blement Group, 14) ' i 
Write (*, ' (lx, 20hC*** 3-0 Solid ) ' I  
W r i t m ( * , ' ( l % ,  7hC*** ) I )  

W r i t e ( * ;  (lx, 3hm,i3,4h, 45 ) ' ) i  

Writ-(*,' (1x.31hR.1.1.00 * s o i l  Blemenc) ' ) 
'rJrate(*,' (1%,31hR,~,~.00 Structural Element)') 

D o k = 1 , =  
R-ad(*, *) 
Write(*, ' (lx,3hEG, i4. Sh. 3. 07, 3%. 6hSDKNS. , i 4 ,  Sh. . 0 0 3 , )  ' 

+ i*lOO+k, i*100+k 
Knddo 

Write (*, ' (lx, ShTYPB, 13 ) 1 i 

T8 = 0 
T f = o  
T6 I 0 
TS = 0 
T4 = 0 
T B - 0  

m = o  

11 Read(*, *)N'X,N,Hl ,HZ,H3 
I f ( H 2  .oq. 1) n2 - 2 
If(H2 -9. -1) n2 I 1 
n3 = i*ioo+n3 

PAGE 2 

m = m + 1  
NC = 0 
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T I H B  : 9:308 P I L B N ~ B  : conv3.for DATB : 05-10-94 
~ I ~ L B  : P o t f r r n  program to convett HOUSB input  co ANslS input 

Do ii = 1, 8 
1 f l g  = 0 
do j = 1. NC 

Bnddo 
x f ( 1 f l g  . m q .  0 )  Then 

NC = NC + 1 
NL(NC) = N ( i i )  

I f (NL( j )  .eq. N ( i i ) )  I f l g  = 1 

Bndif 
Bnddo 

PAGB 3 
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PILBNAnB : conv3.for DATE : 05-10-94 TIflB : 9 : 3 0 8  
 TI^ : PORN program t o  convsre HOUSB input to W S Y S  input  

.+ 

+ 

+ 

+ 

WHC-SD-W320-ANAL-OOz 
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~ I L E N A ~ B  : conv3.for DATB : 05-10-94 TIHB : 9:30a 

r I x 3  : p o e m  program to convert HOUSB input to ANSYS input 

+ 

D o k - 1 .  IO 
b a d  (* , *)mat, 8 ,  pr. den 
-&t.(*,' (U,3hgX,.i4,lh,alo.4.3x.6h$Dms,,i4,lh,.f6.4. 

+ 3x, 6h$NmCY, ,i4,th,, f4.2)') k,B,k,den.k,pr 
Bnddo 

N r p  = 0 

32 Read( *, (515,Sx. IS, Sx, P10.3) ' )NB.Nl,NZ.N3,N4,H3, thick 
Xri te (11 ,  ' (SI5,Sx. 15. Sx.PlO.3) ' )NB,Nl,NZ,M,N4, H3, thick 

PAGE 5 

Rewind(l1) 

D o j  =I. Mp 
E amsign shell reah 

- m e a ( * ,  300)f*200+j, rp( j) 
F0-t (lx, Z h R . ,  i4, *, P9.4,3x, 17h* Plate Thickness) 300 

J-6 



TIME : 9:308 FILENAME : conv3. for DATB : 05-10-94 
TITLE : Fortran program t o  convert HOUSE input to ANSYS input 

32 

c 

Enddo 

W r i t e  (*, ' (lx, 5hTYPB. i 3  ) ' ) i 

Read(l1, ' ( 5 1 5 .  5x. 15, Sx, PZO. 0 )  ' NB,Nl, N2, M, N4, M 3 ,  thick 

n2 = 999 

Do j * 1, N q  
I f ( r b s ( ( r p ( j ) - e h i c k ) / ~ i c k )  . le .  0.001)  n2 = i*lOO+j 

Bnddo 

If(N4 .oq. 0 )  N4 * M 

Kite(*,301) n2, n3, NE, (N(jl,J=l,4) 

301 Format (lx, ShRp.1, ,14, Jx, Sh$KA!C,, U,3x. 4h$BH,, IS, 4 (lh, IS) 1 

If(- .ne. K1)Goco 32 

Close (11) 

E l s e  

write(*,*) Such Element Group is not implamanted !. 
stop 

Rndif 

Enddo 

WHC-SD-W320-ANAL-002 
Rev. 0 
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APPENDIX K 

MATHCAD FILES FOR ROTATING NONSEISMIC DEMANDS IN HAUNCH ELEMENTS INTO 
PRINCIPAL TANK DIRECTIONS 

ABAQUS reports shell element forces and moments in the local element 
coordinate system. For the ACI code evaluation, section demands must be in 
the principal (circumferential and meridional) directions of the t ank .  The 
convention for the ABAQUS local coordinate system i s  such t h a t  the local 
element axes a t  the 0 " ,  g o " ,  and 180" meridians of the model are generally 
well-aligned with the principal t a n k  directions. ;he general correlation of 
local axes t o  global axes i s  indicated in Figure 7.2-1 where the +1, -1, and 
+2 global axes are equivalent t o  the 0",  180°, and 90" meridians, 
respectively. 
(elements 1317 and 1321) and on the 180" meridian (elements 384 and 388) which 
have local-coordinate systems tha t  do not  align w i t h  the t a n k  principal 
directions. A t  these locations, a transformation i s  made via MathCad t o  
convert the ABAQUS nonsei smic response from the local element coordinate 
system t o  the principal directions o f  the t a n k .  The methodology used in the 
transformation i s  identical t o  t h a t  used in Appendix B of WHC-SD-W340-ANAL-001 
(Marlow 1994). 
s t ress  directions for axisymmetric loading on the axisymmetric structure are 
nearly aligned w i t h  the circumferential and meridional directions o f  the 
structure. The principal stress directions associated w i t h  the axisymmetric 
response of the tank t o  nonseismic Load Case l a  are taken as the principal 
di recti  ons  for a1 1 nonsei smi c 1 oadi ng conditions . 

Exceptions arise for two haunch elements on the 0" meridian 

This methodology makes use of the fact t h a t  the principal 

The nonseismic demands for elements 384, 388, 1317, and 1321 as 
transformed by MathCad are included in the spreadsheets l is ted in Appendix M. 

K- 1 
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Compute Rotated Moments and Forces for Element 384 - Load Case l a  
(r384-1 a.mcd) 

/193716 - 74508\ 
\-74508 61596 
\ i 

i 

M = I  

/193716 -74508\, 
I = \ 74508 61596 

c = eigenvals/M I 
\ 1 

u = eigenvec@ 1, c$ 
\ 

\ 
!0.9 12 \, 

?41 i 
u c = i  

.:=("") - 3043 

' 18540 267221 
F = I -  j26722 27180) 

Define in-plane forces and moments 
for element 384. 
Units are lbf/ft and in-lbfiff, 
respectively. 

Define moments for axisym. load case (la). 

I 
2272.105 \ 

C = (  \2.8O8.lO4 

v = eigenvecfM 1, c,) 
\ 

/0.4 1 '\'! 

q 0.912 ; 
v c = !  

\ /  

= r . 9 1 2  0.41 1 
0.41 0.912 / 

2.272*IOS -2.91*10-" 

2.808*104 
M code = 

Use these values in the code 
check. 

Define tranverse shears for element 384 as reported by ABAQUS. 

vcode=(  -7.121*103 ) 
-133.646 

K- 2 

Use these values in the code check. 
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Compute Rotated Moments and Forces for Element 388 - Load Case l a  
(r388-1 a.mcd) 

/393576 - 47784 / 29892 18000' 
hf = I ) =\18000 117360) 

\47784 46128 

h93576 - 47784\ 
'Mi = \ 47784 46128) 

9 c := eigenvalsh 
\ 

u = eigenvec64 ,co 
i I> 

/ \  
/-0.991\, 

\ /  
u -  - \ 0.134 ! 

Define in-plane forces and moments 
for element 388. 
Units are Ibf/ft and in-lbf/ft, 
respectively. 

Define moments for axisym. load case (la). 

4.105 \ 
3.968. lo4 ] 

v = eigenvedM 1, cl> 
\ 

v c = !  !O.l3d\ 
0.991 ' \ I  

/0.99 1 -0.134\. 
\ 0.134 0.991 ' 

R = i  
\ 1 

0 

3.968.10" 
M code = 

.code=( -3.2031 O4 -2.171. Id ) 
-2.171.1d 1.195.105 

Use these values in the code 
check. 

Define tranverse shears for element 388 as reported by ABAQUS. 

v -de = ("- 1') Use these values in the code a&. 
-81.496 
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Compute Rotated Moments and Forces for Element 384 - Load Case  1 b 
(r384-1 b.mcd) 

c = eigenvals M I 0 

Define in-plane forces and moments 
for element 384. 
Units are IbfM and in-lbflft 
respectively. . 

Define moments for axisym. load case (la). 

2.808- 10" 

v '=eigenvec M I c ( .I> 
(0.41 ) 

- i 0.912) 
\ 

v -  

.:;("'"') - 2987 

2.241*105 4.573 
code = ( ) 

4.573 2.665. 10'' 

.code=( -3.00210" -666.184 ) 
-666.184 3.664.104 

Use these values in the code 
chedc 

Define tranverse shears for element 384 as reported by ABAQUS. 

K-4 
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Compute Rotated Moments and Forces for Element 388 - Load Case l b  
(r388-1 b.mcd) 

393576 - 47784) 

(-47784 46128 / 
M I ' =  

c = eigenvals M I 0 

u '= eigenvec/M I, cO\ 
\ )  

De5ne in-plane forces and moments 
for element 388. 
Units are lbf/ft and in-lbflft, 
respectively. 

Define moments for axisym. load case (la). 

c=t105 3.968. lo4 1 
v .= eigenvec(M I, cl> 

\ 

f 0.1341, 
= p.991, 

= p . 1 3 4  0.991 

M a d e = (  3.922. lo5 -47.846 ) 
-47.846 3.081*104 

Use these values in the code 
check. 

. .code=( -3.109 lo4 -2.062- 103 ) 
-2.062-103 1 .111 .10~ 

Define tranverse shears for element 388 as reported by ABAQUS. 

v code = t e S 7 5  -85.807 lo3) use these values in the d e  check. 

K- 5 
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Compute Rotated Moments and Forces for Element 384 - Load Case 2 (r384-2.mcd) 

M . = (  185676 -72180 ) 
-72180 57924 

c eigenvaldM I 
\ 1 

u = e i g e n v e c p  1.~4 

.:;("'") - 2912 

Define in-plane forces and moments 
for element 384. 
Units are Ibf/ft and in-lbflft, 
respectively. 

Define moments for axisym. load case (1 a). 

/2.27> 10' \ 
\ 2.808. lo4 1 C =:  

, 
v =eigenvec M 1.c' ( 9  

10.41 '!, 

A.912 0.41 \ 
\ 0.41 0.912 i 

R =  
\ / 

2.182105 89.759 
code = ( 89.759 2.5410 lo4 ) 

Use these values in the code 
check. 

Define tranvene shears for element 384 as reported by ABAQUS. 

V code = p8. '") Use these values in the code check. 
-135.196 

K- 6 
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Compute Rotated Moments and Forces for Element 388 - Load Case 2 (r388-2.mcd) 

47040 33120 

u := eigenvecp 1, c$ 

k . 9 9 4  
U c =  b.134) 

v := R*V 

Define inplane forces and moments 
for element 388. 
Units are lbf/ft and in-lbflft, 
respectively. 

Define moments for ax-sym. load case (la). 

.-("'" 3.968. lo4 ) 
v :=eigenvcc M 1,c1 0 

R =  (0.991 4.1321 
v . 1 3 4  0.991/ 

3.815 16 -6.658 

Use these vafues in the code 
Ch&. 

Define tranverse shears for element 388 as reported by ABAQUS. 
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APPENDIX L 

TANK EVALUATION USING BEST-ESTIMATE SOIL PROPERTIES IN SSI ANALYSIS 

Although seismic response of the tank computed using best-estimate soil 
properties i s 1 ess than sei smic response based on 1 ower-bound soi 1 properties , 
a code-based evaluation using results from the best-estimate soil analysis is 
provided in this appendix. The larger of the horizontal seismic demands from 
the lower-bound tank stiffness condition and the best-estimate tank stiffness 
condition are considered in calculating the total seismic response. Vertical 
seismic demands come solely from the best-estimate tank stiffness analysis. 
Spreadsheets used in the calculation of tank demands are included at the back 
of this appendix. 
the choice of nonseismic load case, only one of the nonseismic load cases 
(Load Case 2) is considered herein. 

diagrams for the meridional and circumferential directions, respectively. 
All sections meet ACI 349-90 criteria for combined moment and axial load; 
however, Figure L-17 warrants further discussion. In Figure L-17, it appears 
that a number of demands exceed capacities at circumferential capacity 
sections 4, 5, and/or 6.  The demands labeled "bottom of wall" correspond to 
capacity section 4 and are thus acceptable. 
correspond to capacity section 6 where the capacity shown considers only a 
portion of the actual circumferential reinforcement. 
steel in the most lightly reinforced haunch element consists of 12 - 14 in. 
square bars. 
capacity calculation is as follows: 

Since the total demands are generally not very sensitive t o  

Figures L-1 to L-12 and Figures L-13 to L-22 provide M-P interaction 

The demands labeled "haunch" 

The circumferential 

The area of circumferential reinforcement not considered in the 

= [12(1.25)2 x 12/23.8] - (0.72 +- 0.72) 

= 8.01 in2/ft 

where the width of the haunch element is 23.8 in. The tensile capacity 
associated with the "supplemental" area of reinforcement is as follows: 

TSUPP = 0.9(A,),,fY .= 0.9(8.01)38,000 = 273,900 lbf/ft 

This minimum additional tensile capacity in the haunch is clearly larger 
than the margin by which the haunch axial load demand exceeds the capacity 
section 6 capacity envelope. 
shown in Figure L-17 are acceptable by this simple, rational approach. 

moment. 
checked since seismic transyerse shear values were not computed for the best- 
estimate soil properties case (refer to Appendix G). 

Therefore, the circumferential haunch demands 

Table L-1 summarizes the code evaluation for in-plane shear and twisting 
Transverse shear and construction joint shear friction are not 

L- 1 
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Figure L-1 
Meridional M-P Interaction Diagram for Inner Base Sections: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 
Properties) - Capacity Section 1 

(tension top) 
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Figure L-2 
Meridional M-P Interaction Diagram for Outer Base Sections: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 
P rope rties) 
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Figure L-3 
Meridional M-P Interaction Diagram for BaseNVall Interface 

Section: Nonseismic (Load Case 2) + Seismic (Best- 
Estimate Soil Properties) 

(Tension Bottom) 
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Figure L-5 
Meridional M-P Interaction Diagram for 12-lm-Thick Wall 
Sections: Nonseismic (Load Case 2) + Seismic (Best- 

Estimate Soil Properties) - Capacity Section 4 - Capacity Section 5 - Capacity Section 6 400,000 h I 
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Figure L-7 
Meridional M-P Interaction Diagram for Lower Wall Section: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 
Properties) 

0 250,000 500,000 750,000 1,000,000 1,250,000 

Moment (in-lbf/ft) 

. L-8 M1-4A-Z.XLC 



WHC-SD-W320-ANAL-002 
Rev. 0 

I 

I 

Figure L-8 
Meridional M-P Interaction Diagram for WalVHaunch 

Interface Section: Nonseismic (Load Case 2) + Seismic 
(Best-Estimate Soil Properties) - Capacity Section 6a 

(Tension outer) 
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Figure L-9 
Meridional M-P Interaction Diagram for Haunch Section: 
Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 

P rope rties) 
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Figure L-IO 
Meridional M-P Interaction Diagram for HaunchIDome 

Interface Section: Nonseismic (Load Case 2) + Seismic 
(Best-Estimate Soil Properties) - Capacity Section 7 - Capacity Section 7 

(Tension Top) 
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Figure L-11 
Meridional M-P Interaction Diagram for Intermediate Dome 

Sections: Nonseismic (Load Case 2) + Seismic (Best- 
Estimate Soil Properties) I 
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Figure L-12 
Meridional M-F Interaction Diagram for Dome Sections Near 
Apex: Nonseismic (Load Case 2) + Seismic (Best-Estimate 

Soil Properties) - Capacity Section 9 
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Figure L-13 
Circumferential M-P Interaction Diagram for Inner Base 
Sections: Nonseismic (Load Case 2) .+ Seismic (Best- 

Estimate Soil Properties) 
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Figure L-14 
Circumferential M-P interaction Diagram for Outer Base 
Sections: Nonseismic (Load Case 2) + Seismic (Best- 

Estimate Soil Properties) - 

- 

Capacity Section 2 
(tension top, refined - Capacity Section 2 
(tension bottom) 
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Figure L-15 
Circumferential M-P Interaction Diagrarn for BaseNVall 

Interface Section: Nonseismic (Load Case 2) + Seismic 
(Best-Estimate Soil Properties) 
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Figure L-16 
Circumferential M-P Interaction Diagram for Footing Section: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 
Properties) 
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Figure L-17 
Circumferential M-P Interaction Diagram for 1 2-In.-Thick 

Wall Sections: Nonseismic (Load Case 2)+ Seismic (Best- 
Estimate Soil Properties) 
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Figure L-18 
Circumferential M-P Interaction Diagram for Haunch Section: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil 
Properties) 
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Figure L-19 
Circumferential M-P interaction Diagram for Haunch/Dome 

Interface Section: Nonseismic (Load Case 2) + Seismic 
(Best-Estimate Soil Properties) 
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Figure L-20 
Circumferential M-P Interaction Diagram for Outer Dome 

Section: Nonseismic (Load Case 2) + Seismic (Best- - Capacity Section 7c 
(Tension Bottom) 
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Figure L-21 
Circumfetential M-P Interaction Diagram for Intermediate 
Dome Sections: Nonseismic (Load Case 2) + Seismic 

(Best-Estimate Soil Properties) 
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Figure L-22 
Circumferential M-P Interaction Diagram for Dome Sections 

Near Apex: Nonseismic (Load Case 2) + Seismic (Best- 
Estimate Soil Properties) - 
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Table L-1 
Evaluation of In-Plane Shear and Twisting Moment: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil Properties) 
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Table L-1 
Evaluation of In-Plane Shear and Twisting Moment: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil Properties) 
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Evaluation of In-Plane Shear and Twisting Moment: 

Nonseismic (Load Case 2) + Seismic (Best-Estimate Soil Properties) 
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I File Name Description 

PPS-U1A.abdat ABAQUS input file to add temperature, waste load, and 
Load Case la live loads (restarts from binary file 
LOAD1 .res) . 
ABAQUS input file to add temperature, waste load, and 
Load Case lb live loads (restarts from binary file 
LOADl.res). 
ABAQUS input file to add temperature, waste load, and 
Load Case lb live loads (restarts from binary file 

PPS-U1B.abdat 

PPS-U2.abdat 

APPENDIX M 

PPS-U1AP.abdat 

PPS-U1BP.abdat 

PPS-U2P.abdat 

ABAQUS INPUT/OUTPUT FILES AND EXCEL SPREADSHEETS FOR DETERMINING 
NONSEISMIC DEMAND 

ABAQUS input file to extract Load Case la element 
demands (restarts from binary file PPS-U1A.res). 
ABAQUS input file to extract Load Case lb element 
demands (restarts from binary file PPS-U1B.res). 
ABAQUS input file to extract Load Case 2 element 
demands (restarts from binary file PPS-U2.res). 

This appendix contains spreadsheets and ABAQUS input and output files 
used in calculating and compiling tank section demands from nonseismic loads. 

PPS-U1AP.about 

PPS-U1BP.about 

PPS-U2P. about 

PPS-UlAP . xl s 

PPS-U1BP.xl s 

PPS-U2P .xl s 

ABAQUS output file containing nonseismic Load Case la 
el ement demands. 
ABAQUS output file containing nonseismic Load Case lb 
element demands. 
ABAQUS output fi 1 e containing nonsei smic Load Case 2 
element demands. 

Spreadsheet containing demands reported in PPS- 
UlAP. about. 
Spreadsheet containing demands reported in PPS- 
U1BP.about. 
Spreadsheet containing demands reported in PPS- 
U2P.about. 
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P I L ~ B  : print.fi1 
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Rev. 0 

PAGB 1 

*HBmING 
PPS-Ula.ABDAT (6/24/94). UHPAmRED LOAD CAS8 l a  WITH PPS SPBCIPIC LIVK IRADS 
40 PSP SNOW WAD, 100 TON SOIL OVRR DOHB APBX, Ho CRANE LOAD 20 PT. FRW W B  
XBSTdRT LOADlNB. FSS 

~R~ST~RT,RBAD,STBP=~,INCI~O,WRIT~,~Q=~OO 
**.* 

***. 
** step 3 applies live load, temperature, urd h y h  load 
** 
** waste preeaure is applied 
*BLSET.  3 L S E T - H Y D R A . G m  
1285.1296 
1181,1192 
1077.1088 
973,984 
869,880 
765.776 - 
662.672 
557.568 
453,464 
349.360 
** ovKR concains elements *ve tank 
** (OVER also contains a thin layer of dements bdov  the tank) 
*ELSET, HLSFI=OVER, GHNKRATB 
2121.6000 
** SIDB contains a l l  soil elements not in over 
*BLSET. BLSBT-SIDB, GHHKRATB 
6001,10000 
** refined TOPBLS contains top layer of soil elements h v e  the tank 

** TOPBLS2 is eurfac. soil ehments w i t h  face 2 up 
'ELSET, EZLSkP=TOPBLSZ, GKNBRATB 
2444. 5576. 348 
2445, 5 5 7 7 ,  348 
2446, 5578, 348 
2447. 5579. 348 
2448, 5580, 348 
2443. 5 5 8 1 .  348 
2450. 5582, 348 
2451. 5583. 348 
2458, 5590, 348 
2459. 5591. 348 

hydra contains lover three mws of tarde w a l l  elements onto vhich the 

- 

1. 

aooi. 8100. 11 
7001, 7010. 1 
7111, 7120. 1 

** TOPBLSl is surfaco soil elemts w i t h  facm 1 up 
*ELSET, 3LSET-TOPBLSl. GKHgRATg 

2451,5586,348 
2455.5587.348 
2466. 5598. 348 

** TOPBLSS'is eurfaco soil elemants w i t h  face 5 up 
* B I S E ,  BLSBT-TOPBLSS, GBHgRAT8 
2464. 5596. 348 
2463. 5595, 348 

** 

** 

** 
fSTBP, INC-9999, CYC-3 
*STATIC, PTUL-lOO., I C I Y ) L r l l O O . ,  DIRBCT&%TUP 
o . o s . 1 .  

** apply distributed live load on mil surface t40psf) 
'DLOilD 
TOPBLSl, P1.0.278 
TOPELSZ, P2.0.278 
TOPBLSS, PS, 0.278 

** apply loo ton concentrated load over dome apex (half-valum due to L T Y W J ~ C ~ ~ )  

*cLoAD 
377.3, -100000 

** 

.. 



P I L 8 W 8  : p r i n t - f i l  
TITL8 : Appendix t4 

DAT8 : 00-06-94 

*e 

** apply waaca prsasurs 
*DLOAD 
mu, P,l. 18 
** 
*THnPBU=B 
171,200 
112,200 
173,200 

apply csmpsrature to csmperatura distribution i n  f 

i8sa. 90 
1853,200 
1054,200 - 
1855,200 
L056.200 - 
*am STBP 
***e 
**e* 

** no crane load ( l i v e  load) for thie load caas 
..*e 
e* 

-8ND OF ;INALYSIS 

T I H B  : 0:Slp 

rr ,.., -,-.---.-*..,-- ..,*.. . 1. --,I?--?- --.-->--,.-,e.-- .-yuil . . .. .-.. . I _,.-. ” .~.. _ _  
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P I L M B  : princ.fi1 
TITL2 : Appendix M 

DATR : 08-06-94 TIM6 : 8:53p 

*HBADING 
PPS-Ulb.ILBDAT (6 /24 /94) ,  IINPACK)RBD LOAD O I S B  tb  W I T H  PPS SPBCIPIC LIVB LORDS 
4 0  PSP SNOW 'LOAD. 100 TON SOIL LOAD OVBR TANK RDGR. CRANB LOAD 19.5 PT. FROU RDGB 
RESTART 50ADlNB. RBS 

*RBSTART, RRAD,SlgP-2, INC-1O.WRITR. PRBQ-100 

** step 3 applies live load, temperature, and hydro load 
** 
** waste pressure is applied 

*BLSHP, BURT-HYDRA, GBHHRATg 

1285.1296 
1181.1192 
l077.1088 
973,984 
a69.880 - 
765.776 
661.672 
557.568 
453.464 
349,360 

.*** 

**** 

hydra contains l o w e r  three IOWO of tank w a l l  elements onto which the 

**** 

** OVKR contains elemants above tank 
** 
' R L S H P ,  2LSRTIOm. GBHHRATg 

2121,6000 
** SIDR contains a11 soil elements not in over 

(OVER also contains a thin layer  of dements h l o v  the tank) 

* R L S H P ,  BLSRT-SIDR,GRNKPATB 
6001,10000 
** refined TOPRU contains top layer of soil elements above the tank 

** TOPBLS2 is surface soil elements Vith face 2 up 
+ R L S R T ,  BLSKT-TOPBLS2, G m  

2444, 5576. 348 
2445. 5577. 348 
2446. 5578. 348 
2447. 5579. 348 
2448. 5500. 340 
2449, 5581. 348 
7450. 5582, 348 
2451, 5 5 8 3 .  348 

** 

1458,  5590. 348 
2459. 5591. 348 
3001, 8100. If 
7001, 7010, 1 
7111, 7120, 1 

** TOPRLSl  is surface soil eleraxta with face 1 up 
* B U R T .  RLSBT=TOPRLSI, GXNRFATB 
2454.5586.348 
24%. 5587,348 
2466. 5598. 348 

** 

** 
** TOPRLSS is turface soil elem.nts with face 5 up 
'RLSHP, RLSRT-TOPRLSS, (ilMKRATB 

2464. 5596. 348 
2463, 5.595, 348 
** 
'STBP, INC19999, CYC-3 
'STATIC. PTOL-100.. ~ L - 1 2 0 0 . ,  DIRBCl'=NOspOP 
0.05.1. 

** apply distributed l ive  load on soil surface (40psf) 
*DLOAD 
~ P R L S l . P 1 , 0 . 2 7 8  
TOPRLSI,P2, 0.278 
TOPRLSS, PS, 0.178 

** apply 100 ton concentrated load over tank -11 (half value due to symmetry) 
*cLoaD 

** 

.* 

PAGR 3 
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P I L B N A ~ E  : princ.fi1 
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DATE : 09-06-94 R I B  : 8:S3p 

WHC-SD-W320-ANAL-002 
Rev. 0 

1902.3. -100000 
.* 
** 8pply waete pressure 
*DLOAD 
HYDRA, P.3.18 
** 
rPanPgRATURB 
171,200 
172,200 
173,200 
174,200 

8pply temperature to temperature distribution in f 

18S1,90 

1853,200 - 
1854,200 
1855,200 
1856,200 
*BND STEP 

-STEP, INC=9999,CYC=3 
'STATIC. pToL=lOO., HTOL-1200. ,DIFSCT=HOSTOP 
0.1,l. 
** 
*CLOAD 
6033,3, -85000 
*BND STBP 

1es2,90 

**.. 

apply 85 ton concentrated crane lo8d 19.5 ft. frop tank edge (half d u o  due to .YmnetrY) 

.... 
** 
**END OF ANALYSIS 

M-5 
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P I L M B  : princ.fi1 
T I n B  : Appendix U 

DATE : 08-06-94 TIME : 8:53p 

*HEADING 
PPS-UZ.ABDAT ( 6 / 2 0 / 9 4 ) ,  UNPACrORBD LOAD W B  2 WITH PPS SPBCIPIC LIVB LOADS 
NO SNOW LOAD. :OO TON SOIL LOAD 20 PT. PROM BDGB, QuLNg LOAD 20 PT. FROU BM;B 
RBSTdRT LOADlNB. RBS 
**** 
~RBSTXRT,R~,~P-2,INC~10.WRITB,PRBQ=~OO 

** step 3 applies camperacure and hydro load 
**  
** vasce gressure is applied 
'PISET, ELSET-HYDRA, GBNXFATB 
1285.1296 
1181,1192 
1077.1088 
973,984 
869, a80 
765.776 - 
661,672 
557.568 
453,464 
3 4 9 , 3 6 0  
** OVER concaina elenenca above tank 
** (0- also concalns a chin layer of elemencs below the tank) 
* E L S E T ,  3LSET-OVRR. GENE= 
2121,6000 

.**t 

hydra concains lover three rove of tank wall elements onto which the 

** S I D E  concains a11 soil elements not in over 
*ELSET, PLSFI-SIDB. GXNEWCl3 
6O01.10000 
** TUPBLS contains top layer of so11 elemencs above the tank 
'ELSET, BLSET-TOPBLS 
2460 
2463 
7466 
2467 
2808 
2812 
2813 
2814 
8001 
a0:2 
2460 
2464 
2465 
2466 
aooi 
2908 
2811 
2814 
2815 
3156 
3160 
3161 
3162 
8012 
8023.  
3156 
3159 
3162 
3163 
3504 
3508 
3509 
3510 
8023 
8034 
3504 
3507 
3510 
3 5 2 1  
3 852 

PAGE 5 
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PILENAHE : princ.fi1 
TITLE : Appendix H 

3056 
3857 
3058 
8034 
0045 
J052 
3955 

3959 
4200 
4204 
4205 
4206 
0045 
0056 - 
4200 
4203 
4206 
4207 
4548 
4552 
4553 
4554 
0056 
8067 
4540 
4551 
4554 
4555 
4096 
4900 
4901 
4902 

385.9 

- 

a067 
00-18 
4896 
4099 
4902 
4903 
5244 
5248 
5249 
5250 
0078 
8009 
5244 
5247 
5250 
5251 
5592 
5596 
5597 
5590 
9099 
0100 
5592 
5595 
5598 
5599 
8100 
2444 
2792 
3140 
3488 
3936 
4104 
4532. 
4990 
5229 
5576 

DATE : 08-06-94 TIME : 8:53p 
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PIUWB : print. f il 
TIRE : Appendix M 

2444 
2446 
2447 
2792 
2793 
2794 
2444 
2445 
2446 
2447 
2449 
2793 
2445 
2446 
2447 - 
2448 
2445 
2449 
2 4 5 1  
2796 
2448 
2449 
2450 
2448 
2 4 5 1  
2453 
2455 
2798 
2802 
2450 
2 4 5 1  
2452 
2454 
2455 
2450 
2454 
2455 
2459 
2802 
2454 
2455 
2458 
2454 
2459 
2463 
2806 
2812 

2459 
2463 
2464 
2466 
2458 
2464 
2792 
2794 
2795 
3140 
3 1 4 1  
3142 
2795 
2797 
3 1 4 1  
2793 
2794 
2195 
2796' 
2797 
2799 
3114 

2458 

DATB : 08-06-94 

WHC-SD-W320-ANAL-002 
Rev. 0 
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PXLBNAHB : print-fil 
TIRB : Appendix H 

2796 
2797 
2798 
1799 
2801 
2803 
3146 
3150 
2798 
2799 
2800 
2802 
2803 
2803 
2807 
3150 
2802 
2903 
2806 
2807 
2911 
3154 
3160 
2806 
2807 
2811 
2812 
2814 
3140 
3142 
3143 
3488 
3489 
3490 
3143 
3145 
3489 
3141 
3142 
3143 
3144 
3145 
3147 
3492 
3144 
3145 
3146 
3147 
3149 
3151 
3494 
3498 
3146 
3147 
3148 
3150 
3151 
3151 
3255 
3498 
3150 
3151 
3154 
3155 
3159 
3502 
3508 
3154 
3155 
3159 

DATB : 08-06-94 TIME : 8:53p 
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FILBNAHB : prine . f i1  OATB : 08-06-94 

TI~LB : Appandix H 

3160 
3162 
3488 
3490 
3491  
3836 
3837 
3838 
3491  
3493 
3837 
3489 
3490 
3491  
3492 
3493 
3495 
3840 
3492 
3493 
3494 
3495 
3497 
3499 
3842 
3846 
3494 
3495 
3496 
3498 
3499 
3499 
3503 
3846 
3498 
3499 
3502 
3503 
3507 
3850 
3856 
3502 
3503 
3507 
3508 
3510 
3936 
3838 
3939 
4184 
4185 
4186 
3839 
3941 
4185 
3937 
3838 
3839 
3840 
3841 
3843 
4188 
3840 
3841 
3842 
3843 
3845 
3847 
4190 
4194 

WHC-SD-W320-ANAL-002 
Rev. 0 

PAGB 9 
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PZLBNA~B : print.fi1 
TITLE : Appandix M 

3842 
3843 
3844 
3846 
3847 
3847 
3 8 5 1  
4194 
3846 
3847 
3850 
3 8 5 1  
3855 
4198 
4204 - 
3850 
3 8 5 1  
3855 
3856 
3858 
4184 
4186 
4187 
4532 
4533 
4534 
4187 
4189 
4533 
4185 
4186 
4187 
4188 
4189 
4191 
4536 
4188 
4189 
4190 
4191 
4193 
4195 
4538 
4542 
4190 
4191 
4192 
4194 
4195 
419s 
4199 
4542 
4194 
4195 
4198 
4199 

4546 
4552 
4198 
4199 
4203 
4204 
4206 
4532 
4534 
4535 
4880 
4881  
4882 

4107 

DATE : 08-06-94 TIME : 8:53p 

WHC-SD-W320-ANAL-002 
Rev. 0 
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PILBNAMB : p r i n t . f i 1  
n n a  : Appandix M 

4535 
4537 
4 8 8 1  

4533 

4534 
453s 
453 6 

4537 
4539 
4884 

4536 
4537 
4538 
4539 
4 5 4 1  - 
4543 
4986 
4990 
4538 

4539 
4540 
4542 
4543 

4543 
4547 
4990 
4S42 
4543 
4546 

4547 
4 5 5 1  

4894 

4900 
4546 

4547 

4 5 5 1  
4552 
4554 
4880 

4 8 8 1  
4883 

5228 
5229 
5230 
4983 
4985 

5219 
4 8 8 1  
4882 
4883 
4884 
4885 
4887 

5232. 
4884 
4885 
4886 

4997 
4989 

4 9 9 1  
5234 
5238 
4986 

4987 
4888 
4890 
4 8 9 1  

4 8 9 1  
4895 

5238 

DATB : 08-06-94 

WHC-SD-W320-ANAL-002 
Rev. 0 
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PILBNAJ~B : print.fi1 
TITLX : Appendix I4 

4890 
4891 
4894 
4895 
4899 
5242 
5248 
4894 
4895 
4899 
4900 
4902 
5218 
5130 
5231 
5576 
5577 
5578 
5231 
5233 
5577 
5229 
5230 
5231 
5232 
5233 
5235 
5580 
5232 
5233 
5234 
5235 
5237 
5239 
5582 
5586 
5234 
5235 
5236 
5238 
523 9 
5239 
5243 
5586 
5238 
5239 
5241 
5143 
5147 
5590 
5596 
5142 
5243 
5247 
5248 
5150 
5576 
5578 
5579 
5579 
5581 
5577 
5578 
5579 
5580 
5581 
5583' 
5580 
5 5 8 1  
5582 

OATX : 08-06-94 m x  : 8:53p 
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PILBNMB : print.fi1 
r 1 T Y B  : Appendix n 

DATB : 08-06-94 TIME : 8:53p 

5583 
5585 
5587 
5582 
5583 
5584 
5586 
5587 
5587 
5591 
5586 
5587 
5590 
5591 
5595 
5590 
5591 
5595 
5596 
5598 
** l'UPELS.2 contains the balance of che soil surface elements 
* B I S E ,  BLSET=TOPBLS2, GBNBRATg 
7001,7010,l 
7111,7120, I 
** 
'STEP, INC=9999, CYCx3 
*STATIC, PTOL-loo., WL=1200., DIFSCI=NOSTOP 
0.05.1. 

** no snov load for this load caae 

** 
'CCOAD 
6033.3, -100000 

** apply waste pressure 
*DWAD 
HYDRA, P. 3.18 
** 
*'fan?sRx3vRg 

* T  

** 
apply 100 ton concent=atsd load 20 ft. f r o m  tank edge (half value due to grmmetry) 

'. 
apply temperature to temperature dietribution in f 

I71.200 
172.200 
173,200 
174.200 
175,200 
i76.200 

1853,200 
1854.200 
1855,200 
l856.200 
*END STEP 
***' 
*STEP. INC=9999,CYC=3 
*SPATIC.PTOL-100.,ICmL-l200.,OIRBCI.-NOSTOP 
0.1,l. 
** 
** 
'CLOAD 
5033,3, -185000 
*END STBP 

'*END OP ANALYSIS 

apply 85 ton concentrated crane 1o.d 2 0  f t .  
(add to existing 100 ton live lo8d at t h i s  nodo) 

f m s  bilk edge (half n l u .  due to symmetry) 

*T 
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PILBNA~B : print.fi1 
f I l L B  : Appendix n 

DATB : 08-06-94 R I B  : 8:53p 

*I* Rescarr: pps-ulr.ras to postpmcees run of unfaceored in situ lords 
*** €or local forces and moments 
*POST OLTl'PVT, s l g P = 3  
20 

** demencs along the positive l-&a 
*ELSET, BLSBT=axIS-Pt 
289, 290, 291, 293, 295, 298, 301 
3 0 8 ,  305. 314, 312, 318, 317, 320 
*ELSET, BLSBT=AXIS-Pl, GKHKRATB 
1257, 1357, 4 

** elements along the nmgstive 1-uCis 
*ELSET, BLSBT=AXIS-M 

I* 

I* 

1, 2, 4 ,  6 ,  9, 12. 16 
23, 19, 28, 2-5, 31, 29, 32 

324, 424, k 
*BLSBT. B@BT-AXIS-tJl, GENERATE 

** 
-* elements along the poeitivo 2 - 6 8  
*BL48T, BLSBT-AXIS-P2 
161,  162, 164,  166, 169, 172, 176 
1 8 3 ,  179, 188. 185, 191, 189, 192 
*BLSET, BLSBT=AXIS-P2, G m  
844, 944, 4 
*I 

*in PRINT, aLSgP=xas-pi, S[IXIW~Y=NO 

*EL PRINT, BLsm-xcs-m, SUX)WLY=NO 
SP 

SP 
*EL PRINT, BLSBPJIXIS-PZ, S[IXHARY=NO 
SP 

M-15 
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PILBNWB : print.fi1 
TITLE : appendix U 

DATB : 08-06-94 T I U B  : B:53p 

*** Restart pps-ulb.res to postprocess run of unfactorad in situ lords 
*** for  local forces and moments 
*POST OUTPUT, STBP-4 
10 

** elements along che positive 1-axis 

289, 290. 291, 293, 295, 298, 301 
308, 305. 314, 312, 318, 317, 320 
*BLSHT, BLSW=AXIS-PI, G W R A T B  
1257, 1357. 4 

** elements along the negative 1-axis 
* K L S E T ,  BLSET=AXIS-Nl 

** 

*BLSET, HLSKT=~XIS-PI 

.* 

1, 2, 4, 6. 9, 12, 16 
23, 19, 2 8 ,  25, 31, 29, 32 

*BLSET, ELSET=AXIS-Hl, GBNBRATB 
324. 424, 4 

** 
** elements along the peitiva 2-axis 
'BLSHT, XLSm-dXIS-P2 
161. 162. 164. 166. 169. 172. 176 
183, 179, 188. 185. 191, 189. 192 
* B I S E T ,  ELSHT-AXIS-P2, G m  
844, 944, 4 

** 
*BL 1RINT. ELSET-=IS-P1, SUMMARY-NO 
SP 
*EL ?RINT, aLsx13xIs-rn, SUMMARY-NO 
SP 
*SL PRIKT, ZLSET=iuCIS-P2, SUMf4ARY-W 
SP 

PAGE 15 
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OATB : 08-06-94 TXHB : 8:53p 

*** Reetarz pps-u2.rea to postprocms m n  of unfactored in situ loads 
*** for local forces and moments 
*POST OmPvP, STBP=4 
LO 

** elements along ehe positive l-&s 
*ELSET, BUST-AXIS-Pl 
2139, 290, 291, 293, 295, 298, 301 
JOE, 305,  3x4, 312. 3113, 317, 320 

** 

*BLSBT, BLSETaAXI.9-P1, GIMBRATB 
1257, 1357, 4 

*I elements along ehe negative Z-axis 
*BLSEl', BLSET=AXIS-Nl 

** 

1, 2, 4, -6. 9 ,  12, 1 6  
23, 19, 213, 25, 31, 29, 32 
*ELSET, BLSBT-AXIS-H1, G K N X W B  
324, 424, 4 

** - 
** elements along the positive 2 - 4 s  
*ELSET, BLSW=AXIS-PZ 
161, 162, 164, 166, 169, 172, 176 

*ELSET, BLSHT=AXIS-PZ, GIMBRATB 
183, 179, m a ,  185, s i ,  1139, 192 

844, 944. 4 
*. 
*BL PRINT, BLSET=AXIS-Pl, SuWHARY=HQ 
SP 
*BL PRINT, BLSET=AXIS-Nl. SUUUdRY-NO 
SP 
*BL PRIm, BLsET=jWS-P2, SUnni\RY=NO 
SP 

M-17 
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FILENAME : princ.fi1 
TIT= : Appendix U 

1 

RBApUS PRODUCTION VERSION 4-9-1 

OATB : 08-06-94 

POR USE BY WESTINGHOUSE W O R D  COUPANY UNDER LICENSE FROU HKS, INC. 

PPS-Ula.hBDAT (6/24/94), UNPACTORBD LOAD W E  la WITH PPS SPECIFIC LIVB toADS 

B+OO 

S l g P H U x B E R  3 INCRBUXNT.XTHBBR 20 

T I n E  COHPLFlXD DORING THIS STEP 1 .00  PRACTION OF STBP IS 1.00 
TOTAL ACCU?im;ATgD TInB 3.00 

THE F’OLLOWING TXBLB IS PRINlZD FOR BtSKP dXIS-Pl AND aLgngKp TYPE SIRS 

BLZHERT ETT7ooT- SFl  SP2 S P 3  SP4 SF5 
NOTE 

289 1 -1239. -1241. -2.222 -4.843 1.214 
290 1 -1195. -1236. -6.686 -23.18 4.115 
291 1 -1187. -1209. .6442 -14.06 -4.852 
293 I -1254. -1219. 4.235 6 . 0 5 8  -2.900 
295 f -1259. -1221. -1.914 4.6548E-02 -7.403 
298 1 -1372. -1236. 4.713 20.23 -3.973 
301 1 -1405. -1274. -33 .65  14.01 9.704 

THE FOLLOWING TAB= IS PRRJllgD FOR ELSKP dXXS-Pl AND 2LgnKKP TYPE SIRS 

BLXHENT ?T BOOT- SF1 SP2 SF3 SF4 SF5 
NQTB 

305 1 -5267. -3928. -37.69 66.44 -27.01 
308 1 -5195. -3204. -92.92 61.29 12.43 

1 

dBAQUS PRODUCTION vKRSIOH 4-9-1 DAls 25-JUn-94 
FOR USE SY ‘#BsI?f3GHOUSE HAHPORD COUPANY UNDER LICBNSE FROU Hw, INC. 

sni 

662.7 
201.8 
145.8 
91.61 
71.60 
584.3 
623.8 

sn1 

2432. 
2803. 

PAGB 11 

STBP 0 INCRBHBNT 0 
r u n  COUPLHT~D IN THIS STEP .ooo 

sn2 

490.7 
413.2 
180.3 
169.2 
65.06 
139.4 
235.9 

912 

-3312. 
-1843. 

T I n B  10:37:12 

913 

-533 6 
60.70 
1.975 
17.65 

-2.672 
-25.66 
17.23 

813 

401.2 
-2.857 

PAGB 2 

. PPS-0 la .bBDAT (6/24/94), U N P A m R g o  LOAD CASE la WITH PPS SPECIPIC Lnrs LOADS ST8P 3 mQzH1JBNT 20 
r x n B  anPLgTHD IN  IS STEP 1.00 

THE FOLLOWING TABLB IS PRI- FOR KLSBT X I S - P l  AND HLgngKp TYPB S4R5 

BLE?4ENT PT FOOT- SP1 SP2 SF3 SP4 SPS sni 5112 sn3 
NOTE 

312 1 -5555.  -4711. -55.20 42.06 19.54 -913.8 -5317. 383.0 
314 I -5480. -3977. -114.9 49.45 -4.781 -640.0 -3765. 110.3 

THE FOLLOWING TAB= IS PRIKPgD FOR BLSBT X I S - P l  AND HLHnBNp N P E  S4R5 

M- 18 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L E W E  : print.fi1 
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BLEURNT PT POOT- SP1 
N O l B  

317 1 -5960. 
318 1 -5840. 

DATE : 08-06-94 T I X B  : 8:53p PAGB 18 

SP2 SP3 SP4 SPS sn1 s n 2  SU3 

-5962. 3.502 76.58 1.554 -5041. -8625. 575.0 
-5044. -73.23 73.55 40.10 -4521. -6046. 51.76 

THE POLLOWING TABLE IS P R I N T E D  FOR R L S F P  AXIS-Pl AND B W U W  Z P B  SIRS 

ELEUENT PT PQoT-- SPl 
NOTE 

320 -1 -5735. 

SP2 SP3 

.5630. -12.01 

SP4 SPS 

,16.98 -8.119 

TXE POLLOWING TABLB IS PRINTED POR E L S a  AXIS-PI dND RLEUKHP TIPB SIRS 

ELEUENT PTPOOT- SP1 SP2 SP3 SP4 SPS 
NOTB 

' 1257 1 -1451. -1310. 38.99 -10.19 2.159 
1261  1 -1450. -1296. -30.98 -10.70 2.713 
1265 1 -1447. -1275. 45.40 32.10 -2.058 

I. 

MXqUS PRODUCION W R S I O N  4-9-1 DATB 25-JUn-94 
FOR USE BY 'WESTINGHOUSE M O R 0  COUPANY DNDRR LICENSB PROU HK9, MC. 

sn1 sxz 

-9265. -9160. 

sni s n 2  

632.0 259.4 
169.7 194.3 
728.6 274.3 

ZIUE 10:37:12 

sn3 

5.315 

sn3 

-8.510 
6.459 

-4.768 

PAGB 3 

PPS-UlaJBDAT (6/24/94) ,  UNPACPORRD LOAD W E  la M T H  PPS SPRCIFIC LIVB WADS SPBP 3 INcIlgnENT 20 
' R U B  COUP- IN THIS STBP 1.00 

TXE POLLOWING TA6La IS PRINTED ?OR ELSET dXIS-Pl AND 2LEUW mPR SIRS 

ELBURNT PT POOT- SP1 SP2 SP3 SP4 SPS sn1 
NOTE 

1269 1 -1483. -1304. -49.70 -60.03 -3.450 -26.98 
1273 I -1496. -1252. 86.80 46.45 -51.97 -19.53 

snz 9113 

115.3 24.26 
42-56 35.24 

THE POLLOWING TABLB IS PRINTBD POR BLSET W I S - P 1  AND BLanKHP TYPB 94% 

BLBnENT PTPOOT- S P I  SF2 SP3 SP4 SPS Snl snz 
NQPB 

1217 1 -1477. -1215. -27.74 -113.3 -45.86 -1494. -287.9 

Tt lR FOLLOWING TABLB IS PRIHIHD FOR BLSET AXIS-Pl AND BLBnKHT TYPB S4RS 

BLBURNT PT POOT- SP1 SP2 sm SP4 SP5 sn1 sp12 
NOTE 

1201  1 -2200. -1313. -7.499 761.8 37.85 1.5761B+O4 -3123. 

M-19 

sn3 

23.82 

su3 

-633.8 
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DATB : 08-06-94 TIUB : 8:53p PAGB 19 

THB POLLOWING TXBLB IS PRINTBD POR BLSBT A X I S - P l  AND BLRUENT TYPB S 4 R 5  

BLBUHKT ?T POOT- SP1 
NOTB 

SP2 SP3 

87.69 

SP4 SP5 SUl su2 su3 

1285 1 1283. 
1 

-2936. 42.72 793.4 4139. 2 . 3 8 3 1 B + 0 4  -220.0 

ABAQUS IRODUCZON VBXSION 4-9-1 DATB 25-JUn-94 T?UB 10:37:12 
POR 'JSB 3Y 'WBSTINGHOUSB HANPORD d U P A N Y  UNDBR LICBNSB PROU HKS, INC. 

PAGB 4 

PPS-Ula.XBDAT (6/24/94). UNPAClQRBD LOAD CASB la WITH PPS S P B C I P I C  LIvg LOADS STBP 3 INCREUBNT 20 
T I U B  COUPLBTBD I N  MIS STBP 1.00 

M H  POLLOWING TXBLB IS  PRINTBD ?OR BLSBT AXIS-P1  AND BLBUBNT TYPB S4R5 

SP2 SP3 SP4 SPS S U l  su2 

8575.  

su3 

-115.5 1289 1 516.1 -2824. -168.8 10.55 5 3 6 . 0  1149. 

THB P O W W I N G  TXBLa IS P R I K W  ?OR BLSKT AXIS-P1  AND BL2UHKT TYPB S 4 R 5  

S U l  su2 su3 SP2 s P3 SP4 SPS 

i293 1 -298.6 -2757. 117.5 -3.415 329.9 -106.9 -671.0 -16.30 

THB ' O W d I X G  TdBLB IS I R I K W  ?OR BLSBT X I S - P 1  AND BLaUBNT TYPB S4R5  

BLanKKT ?T ?COT- S P l  
NOTB 

SP2 S P 3  

-2732. -69.96 

SP4 

-7.503 

SPS S X l  

134.2 -1035. 

su2 

7178. 

513 

-23.40 1297 1 -1219. 

THE B O W W I N G  TXBLB IS PRINTBD POR B U R T  A X I S - P I  AND BLBUHKP TYPB S I R S  

B L x u B m  PTPOOT- SP1 
NOTB 

1301 1 -2619. 

SP2 

-2666. 

SP3 

67.70 

SP4 

-9.258 

SPS SUl su2 

3 -832 -1323. -9114. 

su3 

3 . 0 6 6  

AEAQUS P R O D U m O N  VBRSION 4-9-1 DATB 25-Jm-94 TIXB 10:37:12 
POR USB BY 'WBSTINGHOUSB W O R D  CUUPANY UNDER LICENSB FROU KKS, INC. 

PAGB 5 

2PS-Ula.XBDAT (6/24/94). UNPAClQRBD LOAD CASB la WITH P P S  S P B C I P I C  LIvg LOADS STEP 3 I N W U H K P  20 
T I U B  COUPLBTBD I N  T H I S  S T E P  1 . 0 0  

THB POLLOWING TXBLB IS PRINTBD POR BLSBT AXIS-P1  AHD BLBUENT TYPB SIRS 

S U l  su2 su3 2L2UBNT ?T ?oar- SP1 
NOTB 

SP2 S P 3  SP4 SP5 
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DATB : 08-06-94 T U B  : 

1305 1 -2443. -2612. -72.68 -6.770 -82.80 

THB FOLLOWING TABLB IS PRINTBD FOR BLSBT AXIS-PI AND BLBH- TYPB SIRS 

BLBHBNP PT FOOT- SP1 SP2 s n  SP4 SPS 
NOTE 

1309 1 -1051. -2566. 53.82 -3.041 -218.2 

M B  POLLOWING TABLB IS PRINTBD FOR BLSBT AXIS-P1 AND HLHnKKp TYPB SIRS - 
SLBHaKT PT P W -  SP1 SP2 SP3 SP4 SPS 

NOTB- 

1313 1 1150. -2539. -73.48 .1102 -449.0 

THB POLLOWING TABLB IS PRINTBD ?OR BLSm iucIS-Pl AND KLZHKKP TYPB S4RS 

BLmBNT PT FOOT- S P l  SP2 SP3 SP4 SP5 
NOTB 

1317 1 -154s. 2265. -2231. -536.6 -253.6 
1 

XBAQUS PRODUCPION VBRSION 4-9-1 DATB 2 5 - a - 9 4  
POR US8 BY WBSTMGHOOSB HiwpORD COHPAHY UNDER LI-B PRolJ HKS, MC. 

8:53p 

-1147. 

PAGB 20 

-8011. 34.21 

sni sn2 sn3 

-521.1 -3802.  24.54 

sn1 512 sn3 

827.8 5545. 24.12 

sni sn2 SH3 

1.6143B+04 5133. 6209. 

'RHB 10:37:12 PAGB 6 

PPS-Ula.ABDAT (6/24/94) ,  ONFdCORBD LOAD CASE la 'dITH PPS SPBCIPIC LIVB LOADS STBP 3 INCRBHENT 20 
TIHB c=npLgpgD IN THIS SPBP 1.00 

THB POLLOWING TXBLZ IS PRINTXD FOR BLSBT AXIS-PI iiw BLBMBNT TYPB SIRS 

2IdnBKP PT FOOT- SPl SP2 SF3 SP4 SFS 
HOTB 

1 3 2 1  1 -2491. 9781. -1500. -587.4 -86.10 

TliB POLLOWING TABLB IS PRINTXO FOR BLSBT AXIS-P1 AND BLXUgKp TYPB 949.5 

BLMBKP PT FOOT- SPl SP2 SF3 SP4 SPS 
NoTg 

1325 1 -2830. 9328. -597.2 866.4 37.57 

THB FOLLOWING TABLB IS PRINlgo FOR BLSBT ;UUS-Pl AND BLBMm TPPB SIRS 

B L B P I m  PTPOOT- SP1 SP2 sm SP4 SPS 
NOTB 

1329 1 -3339. 3450. -283.9 553.2 20 .  08 

M-21 

slll sn2 

3.28008+04 3845. 

g 1  sn2 

3.11538+04 -1.16668+04 

SI1 Sn2 

1.2948B+04 -3647. 

513 

3982. 

SH3 

1869. 

SH3 

737.5 
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PAGB 2 1  DATB : 08-06-94 TIUB : 8:53p 

THB FOLLOWING TAELB IS PRINTED FOR BLSET AXIS-P1 AND BLBXBNT TYPB S4R5 

sn1 s n 2  su3 ZLiiMSNT PT TOOT- S P 1  
NOTB 

1333 1 -3654. 

SPZ 

894.3 

SP3 

-207.1 

SF4 

294.6 

SFS 

7 .806  -210.8 -3605. 144.0 
1 

dBAQUS BRODUCPION V B R S I O N  4-9-1 D m  25-JUn-94 
FOR USB BY WBSTINGHOUSB XANUJRD COUPANY UNDBR LICKNSB mzon HKS. INC. 

TIUB 10:37:12 PAGB 7 

P?S-Ula.xBDdT (6 /24 /94) ,  IJNpACl?JRBD LOAD CASB la WITH PPS SPBCIPIC LrVg LOADS STBP 3 INCRBUBNT 20 
TIUB COUPLaPgD IN M I S  STBP 1 .00  

THB POLLOWING TAB-LE IS PRINTBD FOR BLSHP AXIS-P1 AND BLZWHKP n P B  SIR5 

SP2 SP3 SP4 SPS sn1 ELZUSNT PT TOOT- SP1 
XGTB 

-3902. -549.3 

m 2  

1337 1 -132.2 73.09  -1.860 -5980. -3831. -86.20 

T H B  POLLOWING TXBL2 I S  2RINfBD POR Z U E T  AXIS-P1 AND BLBUBNT TYPB S4R5 

BLZUHNT ?T ?COT- SP1 SF2 
XQTB 

1341 1 -4097. -1687. 

SP3 

-104.5 

SP4 SPS 

-44.40 -6.184 

SUl 

-6584. 

snz 

-3320. 

su3 

-130.1 

THB TOLLOWING TAB= IS PRINTBD FOR SLSBT AXIS-P1 AND BLBUBNT TYPB SIR5 

sn1 sn2 513 BLZHRXl' PT ?WT- S P l  
SOTS 

-4287. -2469. 

SP2 SP3 SP4 SPS 

1345 1 - 6 3 . 6 3  -91.85 -8.564 -4205. -2352. -82.08 

THB TOLLOWING TABLB IS PRIKPHD FOR B U E T  AXIS-P1 AND 2LBHHKP TY?S S4R5 

ELBURNT FT FOOT- SP1 
NOTB 

SP2 SP3 

-83.34 

SP4 SPS sni SR2 

1349 1 
1 

-4506. -2832. -92.03 -1.997 -502.9 -1552. 79.25 

ABAQUS PRODU-ON VBRSION 4-9-1 DATB 25-Jun-94 
FOR USB BY '-0OSB W O R D  WUPAHY DNDBR LICXNSB FROU Hxs, MC. 

T I U B  10:37:12 DAGS 8 

?PS-Ula..;IBDAT (6 /24 /94) ,  UNFACIPRRD WAD CASB la WITH PPS SPBQPIC LIVB LOADS STBP 3 INCRgnKKP 20 
T I U B  COUPLKTgD I N  THIS STBP 1.00 

THH FOWWING TAELB IS PRINTBD FOR BLSBT AXIS-P1 dND BLBUBNT TYPB SIRS 

ZLBUBNT FT 3OOT- SP1 
NOTB 

SP2 SP3 SP4 SPS sur 

M-22 



DATE : 08-06-94 T I H B  : 

1353 1 -4782. -3043. -54.98 -47.27 -1.218 

M B  P O W W I N G  TABU IS PRIKPBD FOR ELSBT X I S - P l  AND BLBHBNT N P B  S 4 R 5  

B L B U r n  PTPOOT- SP1 SP2 SP3 SP4 SP5 
NOTE 

1357 1 -1282. -2604. -290.8 65.46 69.27 

M B  P O W W I N G  YABLB IS PRIKPKD FOR B L S m  AXIS-Nl AND BLBUBNT TYPB S4R5 

BLBUBNT Pl'PoQp- SPl SPZ SP3 SP4 SPS 
NOTB 

1 1  -1238. -1243. 3.6542B-02 5 .197  .22es 

6 1  -1255. -1222. -4.068 -6.975 -1.881 

2 1  -1195. -1237. 4.205 22.71 3 .07S 
4 1  -1190. -1212. - -7050 12.12 - -2456 

9 1  -1258. -1222. - .37s3  -2.668 1.123 
12 I. -1373. -1238. -6.969 -18.29 - .2908 
16 1 -1407. -1275. 33.08 -13.78 6.367 

PTPOOT- SP1 SPZ SP3 SP4 SPS 
NOTB 

19 1 -5266. -3926. 38.35 -61.22 -2 .759 
1 

-0s P R O D U ~ I O N  VBRSION 4-9-1 DATS 25-Jm-94 
POR USB BY 'WBSTZNGXOUSB W O R D  COUPANY UNDBR LICXNSB PROH HKS, INC. 

8 :  53p 

2832. 

SUl 

-571.8 

S H l  

660.8 
200.3 
145.2 
107.0 
93.03 
590 .8  
624.7 

sn1 

2442. 

Rev. 0 

-1439. 

sn2 

-8010 * 

si92 

493.3  
416.5 
197.3 
188.8 
95.59 
167.4 
240 .6  

sn2 

-3302. 

TIME 10:37:12 

P P S - U l a . M D A T  (6/24/94) ,  UNFACK)Rgo LOAD CdSB la 'WITH P P S  S P B C I P I C  LIVB LOADS 

BLBUSNT PTPOQP-  SPl SP2 SP3 SP4 SPS 
HoTg 

23 1 -5195. -3202. 92.30 -62.26 -5.177 

MB P O W W I N G  TABLB IS P R I H W  FOR BISgP AXIS-Nl AND BLBUBNT TYPB S4RS 

BLBHBNT Pl' POQP- SP1 SP2 SP3 SP4 SP5 
NQPB 

25 1 -5552. -4709. S4.69 -43.39 32.51 
29 1 -5475. -3975. 116 .9  -54.15 -18.98 

m FOLLOWING TABLE IS P R I ~  FOR HLSBT Axrs-n AND RLBUBNT TYPB 9 4 s  

BLBUaKp PP FOOT- SF1 SP2 SP3 SP4 SPS 
NOTB 

sn1 

2811. 

sn1 

-893.6 
-618.3 

SMl 

PAGB 22 

121.9 

9x3 

1160. 

913 

-2809 
-58.03 

.4267 
-13.36 
- .3305 
19.28 

-17.54 

sx3 

-399.5 

PAGB 9 

STXP 3 INQLBHKNT 20 
T I H B  COHPLgPKO ZN 'PNIS S W P  1.0, 

sn2 9x3 

-1838. 2.221 

sn2 913 

-5309. -384.0 
-3753. -109.4 

. SM2 

M-23 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L B W B  : prine.fi1 
TIT= : Appendix t4 

29 I -5959. -5961. 
3 1  1 -5843. -5043. 

DAlB : 09-06-94 

3.531 
74.47 

T I U B  : 8:53p PAGB 23 

-74.23 21.72 -5055. -8652. -582.0 
-7a. 97 21.08 -4527. -6041. -51.49 

R i E  P O W W I N G  TABLB IS PRIKlBD ?OR BLSBT A X I S - W  AHD BLBUKHl TYPB SIR5 

3LauBNT PTP0o-r- SP1 SP2 SP3 SP4 SPS SUl 5n2 5n3 
NOTB 

32 1 -5732. -5628. 16.57 20.33 2.151 -9295. -9189. -9.235 
1 

dEAQUS PRODUCTION -ION 4-9-1 WCCB 25-JUn-94 TIUB 10:37:12 PAGB 10 
FOR USE BY 'XBSTINGHOUSB HANFORD COUPANY W S R  LIC2Z?SB FRCU HKS, ZNC. 

P P S - U ~ ~ . ~ E D A T  (6/24/94), WACPORBD LOAD CLSB la WITH PPS SPBCIPIC LNB LOADS STBP 3 INCRHnBKP 20 
TIUB w n P L H T g D  m THIS STBP 1.00 

M B  P O W W I N G  TdBLB IS PRINTHD FOR Bum A X I S - W  AND BLKngKp TYPB 94RS 

H L 2 U B N T  PT ?OOT- S P l  SP2 SF3 SP4 SPS SUl 5n2 5u3 
HQIg 

314 1 -1449. -1310. -38.83 9.386 1.859 625.0 259.5 7.771 
328 1 -1449. -1296. 31.06 11-06 2.549 171.7 193.8 -6.266 
332 1 -1447. -1274. -45.50 -32.24 -2.183 726.5 273.7 4.760 

THE ? O W W I N G  TdEL2 IS PRIXTBD FOR BLSHP AXIS-Nl AND aLangKp TYPB SIRS 

B L B . Y m  PT FOOT- SPl SPZ SP3 SP4 SP5 sni 5h2 5u3 
NOT2 

336 1 -1483. -1304. 49.66 SO. 05 -3.474 -26.59 115.4 -24.06 
340 1 -1495. -1253. -86.75 -48.46 -51.93 -19.47 43.03 -35 .27  

P r a 4 B l n  P r P 0 o . r -  SP1 SFZ 9F3 SP4 SP5 SUl Snz 5u3 
NOTB 

344 1 -1477. -1216. 27.70 113 -3 -45.93 -1494. -207.7 -23 -93 

nm FOOLLOWING TABLB IS PRIKPHD POR BLSBT m s - m  AND H L ~ ~ B N T  TYPB SIRS 

sLa(HKT P T P 0 o . r -  SP1 SP2 SF3 SPI SPS sni 5112 5u3 
NOTB 

348 1 -2200.  -1313. 7.532 -761.8 37.96 1.576lB+O4 -3113. 633.6 
1 

ABAQUS PRODUCTION VERSION 4-9-1 DATB 25-JUn-94 TIUB 10:37:lZ PAGB 11 
FOR usg BY -XBSTINGHOUSB WORD COUPANY UNDER LICXNSB pRon HKS. IHC. 

P P S - U h . d E D A T  (6/24/94), VNPACTORKD LOAD -8 la PPS S P B C I P I C  LNB LOADS STEP 3 INtRgnKKp 3 
TIMB COHPLgPKD I N  Z W S  STBP 

M-24 
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DATE : 08-06-94 TIME : 8:53p 

THE FOLLOWING TABLE IS PRINTED FOR SLSFP AXIS-Nl AND BLBUBXZ TYPB SIRS 

ELBnaKp PT FOOT- SP1 SP2 SP3 SP4 SPS 
NOTB 

352 1 1283. -2936. -07.73 -42.72 793.4 

M E  FOLLOWING TABLB IS PRINTED FOR ELSET AXIS-Nl AND HLgnKKp TYP2 SIRS 

ilLBnaKp PT FOOT: SP1 SP2 SP3 SP4 SPS 
- NOTB 

356 1 - 516.0 -2024. 168.0 -10.54 535.9 

SUl snz sn3 

4139. 2.3831B+04 220.2 

SUl sn2 913 

1149. 8575. 115.4 

PAGE 24 

M E  BOLLOWING TABL2 is PRINTED FOR ELSET AXIS-Nl aLHngKp TYPE SIRS 

JLmEKT PT FOOT- SPY. SPZ SP3 SP4 SPS sn1 sn2 913 
NOTB 

360 1 -298.7 -27%. -117.5 3.418 329.9 -107.1 -671.2 16.33 

ZfB FOLLOWING TAB= IS PRINTED FOR XSET X I S - N l  AND BLgngKp TYPE SIR5 

JLJUBNT ?T FOOT- SPl SPZ SP3 SP4 SFS sn1 snz 913 
NOTB 

364 1 -1219. -2732. 69.96 7.505 134.2 -1035. -7178. 23.36 
1 

XaAQUS PRODUETION VHRSION 4-9-1 DATB 25-JUn-94 TIHB 10:37:12 PAGE 12 
?OR US2 3 Y  WESTINGHOOSB W O R D  COMPANY UNDER Li-2 RLOn HKS, INC. 

PPS-Ulr.XaLlAT (6 /24 /94) ,  UNFACXORBD Lo39 C;\SE la 'dIlX PPS SPECIFIC LIVB LOADS STEP 3 mQlgngKp 7 0  
mna COMPLRTRD N =IS STSP 1 - 0 0  

THE FOWWXNG TABLE IS PRIKPHD FOR BLSBT NXS-Nl AND m K K p  TYPE S4R5 

BL2UliKp PT FOOT- SPI S P l  SP3 SP4 SPS Snl sn2 Sn3 
NOTR 

368 1 -2620. -2666. -67.70 9.258 3.827 -1323. -9114. -3.069 

B L a n m  PT FOOT- S P ~  SP2 SP3 SP4 SPS 
NOTE 

372 1 -2443. -2612. 72.68 6.771 -82.81 

THE tOLLOWING TABL2 IS PRIKIBD FOR ZLSHP AXIS-Nl AND m g K p  TYPE S4RS 

M-25 

S n l  sn2 SU3 

-1147. -8011. -34.24 
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DATB : 08-06-94 TIUB : a:53p PAGB 25 

6LBUBNT ?T FOOT- SP1 
NOTB 

SP2 SP3 SP4 SP5 sni s n 2  sn3 

376 1 -53.82 3.040 -218.1 - 5 2 1 . 1  -3801. -24.53 -1051. -2566. 

THB FOLLOWING TABLB IS PRIKPHD FOR ELSET AXIS-Nl AND HLBUBNT TYPB S4R5 

BLBUKKP F T P O O T -  SP1 
NOTs 

SP2 SF3 

73.48 

SP4 

-.1108 

SPS sn1 s n 2  sn3 

-24.14 

PAGB 13 

380 1 1150. -2S39. 
1 

-449.8 827.7  5545. 

AEAQUS PRODUCPION VERSION 4-9-1 DATB 25-JUn-94 
FOR USE BY 'HESTINCHOUSB WORD COMPAHY OM)= L I ~ . ~ B  mon HKS, mc. 

TIUB 10:37:12 

STBP 3 INOLBMBNT 20 
TIM6 COUPLETRD I N  THIS STEP 1.00 

PPS-T-a-dBDAT (6/24/94) ,  UNFACXORXD LOAD CAS8 la  WXTX PPS SPBCIPIC LIVE ?DADS 

THB FOLLOWING TABLE I S  PRIKPBD FOR BLSET A X I S - N 1  AND BLBU6NT N P B  SIRS 

2L2UKKP ???ooP- SPI 
XrrB 

384 : -1545. 

SP2 

2265. 

SP3 

2231. 

SP4 

536.6 

SPS sn1 sn2 

-253.6 1.6143B+04 5133. 

SM3 

-6208. 

MB IOLSOVING ~aata is P R I ~  FOR arsm AXIS-m AM) K L ~ ~ B N P  TYPB ~ 4 ~ 5  

sn1 sn2 s n 3  ZLZUKKP X P W -  SPI 
NOTB 

388 I -2491. 

SPZ SP3 S P t  SPS 

9780. 1500. 587.4 -86.17 3.27988+04 3844. -3982. 

-mz FOLLOWING TABLE IS P R I ~  FOR ELSBT Ax1s-m AND ~ldnmr TYPB SIRS 

SPZ 

9327. 

SP3 

597.2 

SP4 SPS . sn1 sn2 913 

-866.4 37.57 3.1151B+O4 -1.3666B+04 -1869. 392 1 -2830. 

M B  FOLLOWING TABLB I S  PRIMgD FOR BLSET AXIS-Nl AND XLXMKKP TYPB S4RS 

BLBUm FTPOQP- SP1 
NQPB 

396 1 -3338. 

SP2 

3450. 

SP3 

283.9 

SP4 SPS 9x1 s n 2  

-553.2 2 0 . 0 8  1.29478+04 -3647. 

913 

-737.4 

PAGB 1 4  

SPBP 3 INCRBMRNT 2 
TIUB COUPLBTXD I N  THIS STBP . J 

M U S  PRODG'CTION VBRSION 4-9-1 DAl'B 25-JUn-94 TIMB 10:37:12 
FOR USB BY *XESTINGHOUSB W O R D  COUPANY UNDBR LICHNSB FROU IM9, INC. 

PPS-Ufa.dBDAT (6/24/94) ,  ONPACrORBD LOAD CFSB 18 W I l X  PPS SPBCIPIC LIVB W S  

M-26. 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L B W B  : print.fi1 
T I T L E  : Appandix U 

DATB : 08-06-94 T I H B  : 8:53p PAGB 26 

THB POLLOWING TABLE IS PRIKPHD POR BLSBT AXIS-N1 AND BLKngKp TYPB 94R5 

SUl 5n2 5n3 BLBHRNT PT POOT- S P l  
NOTB 

400 1 -3653. 

SP2 SP3 SP4 SPS 

893.9 207.0 -294.6 7.804 -212.3 -3605. -143.9 

THB POWWING TABLB IS PRINTED POR ~LSET =Is-m AND BLRHHKP TYPB s a 5  . 

SP3 SPS sn1 5n2 9133 BLanRNT FTPOOT- SP1 
NOTB 

-3901. -549.5 

SP2 SP4 

404 1 132.2 -73.09 -1.883 -5982. -3831. 86.38 

MB POLIKJWING TABLE IS PRIKPBD POR BLSET A x T s - m  AND BLBUKKP TYPB SIRS 

SP2 

-1608. 

SP3 

104.4 

so4 

44.36 

SPS sn1 

-6.171 -6507. 

5n2 

-3319. 

5n3 

130.2 400 1 -4097. 

THB P O W W I N G  TABLE IS PRINTBD POR BLSBT XIS-HI AND ELangKp N P B  SIRS -. 

BLBMBKP PTPOOT- SPl SP2 
NOTB 

112 1 -4286. -2469. 

SP3 

63.57 

SP4 

91.85 

SP5 Snl 

-8.543 -4209. 

5n2 

-2352. 

sm 

82 -32 
1 

XBAQUS ?RODUCTION VBRSION 4-9-1 25-JUn-94 T I U B  10:37:12 
POR USB 2Y *WBSTINGHOUSB W O R D  COUPAHY UNDER LICKNSE PROU HKS, INC. 

PAGB 15 

PPS-Ola.aBDA!I' (6/24/94), UNFACNRED WAD UISB 18 Wrrx PPS S P B C I P I C  LIVB u3AL19 

TXB POLLOWING TABLE IS P R I m  POR BLSBT AXIS-HI AND RLBUXWl' l T P B  S4RS 

SP2 SP3 SP4 SP5 5n2 BLaURNT PT FOOT- SP1 
NOTB 

-4504. -2832. 416 1 83.24 92.40 -5.090 -502.9 -1547. -77 -76 

THB P O W W I N G  TABLB IS PRIKpgD POR BSSBT AXIS-= AND BLIIPIBNT m g  S4RS 

BLZURNT PT POOT- SP1 
NOTB 

SP2 SP3 

55.13 

SP4 

47.06 

M-27 

SP5 

-1.493 

a t  

2835. 

5w2 

-1432. 

5n3 

-121.9 420 1 -4782. -3042. 



WHC-SD-W320-ANAL-002 
Rev. 0 

PILENWB : princ.fi1 
=In2 : Appendix H 

DATB : 08-06-94 T I H B  : 8:53p PAGB 27 

TXB FOLLOWING TABLB IS PRIKPBD FOR BLSBT AXIS-N1 AND BLBHBNT N P B  S4R5 

S H l  SH2 SH3 BLBHBKT PT FOOT- SP1 
NOTB 

SP2 SP3 SP4 SPS 

69.26 -572 .O  -8010. -1160. 424 1 -1282. -2604. 290.8 -65.46 

M E  FOLLOWING TABLE 19 P R I M B D  FOR BLSBT AXIS-P2 AHD BLBHHKP TYPB SIR5 

3LKnRNT PT POOT- SPI 
NOTB- 

SP2 SP3 SP4 SPS . S H l  SH2 

161 1 
162 1 
164 1 
166 1 
169 I 
172 1 
176 1 

-1242. -1238. 
-1236. -1195. 
--1210. -1189. 
-1220. -1255. 
-1221. -1259. 
-1237. -1373. 
-1275. -1405. 

-1.420 
-5.436 
.6401 
4.029 

-. 5691 
6.475 
-32.68 

-1.531 
-3.578 

2.301 
4.002 
2.278 

-6.137 

.9ma 

4.850 
22.66 
12.11 
-6.390 
-1.644 
-18.76 
-14.39 

661.6 
584.1 
353.4 
343.6 
244.2 
317. S 
404.6 

491.7 
40.23 
-14.74 
-61.62 
-78 -55 
414.8 
450.1 

-7042 
59.90 
1.330 
15.81 - .7772 
-22.20 

17.28 
1 

ABAQUS PRODUCXON =ION 4-9-1 DATg 25-Jun-94 TIME 10:37:12 
FOR USB ay 'WBSTINGHOUSB HANFORD COHPAHY UNDER LICENSB FROH HKS, INC. 

PAGB 16 

PPS-Ula .xBDAT (6/24/94), UNPACrORBD LOAD CASE :a WITH PPS  S P B C I P I C  L i i  WADS STBP 3 INCRBnENT 20 
R H B  COHPLHPW I N  T H I S  STBP 1 . 0 0  

TXB P O W W I N G  TABLE IS PRIWIXD ?OR BLSkp  AXIS-P2 AND SLgHXNT N P B  SIRS 

SP4 SPS S H l  sn2 BISHKKP PTPOOT-  SP1 
NOTB 

SP2 SP3 

179 1 
183 1 

-3927. -5266. 
-3202. -5195. 

-35.66 
-90.30 

-2.517 61.18 
-5.210 62.25 

-3299. 
-1837. 

2446. 
2815. 

394.7 
-5.79'1 

THB POLLOWING TXBLB IS PRINTBD ?OR BLSBT AXIS-P2 dND BLBHBNT N P B  S4R5 

S H l  sn2 ZLBlgKT PTPOOT- SP1 
NOTB 

SP2 SF3 SP4 SPS 

185 1 
188 I 

-5553. 
-5477. 

-53.86 
-114.6 

33.30 42.99 
-18.68 53.70 

-5281. 
-3747. 

-870.9 
-599.2 

379.1 
108.7 

-4709. 
-3976. 

THB FOLLOWING TABLB IS PRINTXU FOR BLSHP e S - P Z  AND B!X?tgKp TYPB SIRS 

BLgnKKP PTPOOT- SP1 
NOTB 

SP2 SP3 SP4 SPS S H l  sx2 

189 1 -5962. 
191 1 -5043. 

-5958. 
-5841. 

-1.594 
-74.06 

18.58 73.82 
22.18 71.88 

-8703.  
-6092. 

-4980. 
-4467. 

519.3 
51.43 

ZXB FOLLOWING TABLB IS PRINTHD FOR BLSBT X I S - P 2  AND BLBHBNT N P B  S4RS 

BLaXBNT PT POOT- SP1 SP2 SP3 

M- 28 

SP4 SPS S H l  sx2 



WHC-SD-W320-ANAL-002 
Rev. 0 

PILBNAHB : print-fil 
T I T L B  : Appendix H 

NOTB 

DATB : 08-06-94 f I H B  : 8:53p PAGB 28 

192 1 -5629. 
1 

-5732. -13.93 .5885 -19.31 -9245. -9196. 

T I H B  10:37:12 

9.344 

PAGB 17 ABAQUS PRODUCTION VERSION 4-9-1 D M B  25-JUn-94 
POR USE BY WBSTINGHOUSB HANPORU COHPANY UNDRR LICKNSB PROH HKS, INC. 

S T E P  3 INCRBHBKP 2 0  
T I H B  COMPLZTBD I N  THIS STBP 1 .00  

P P S - U l a . M D A T  (6/24/94), DHpAcroRBD LQAD CASE la Wrrx PPS S P E C I P I C  LIv8 LOADS 

M B  POLLOWING TABLE IS PRIHTBD POR BLSHT AXIS-PZ AND BLBngKP TYPE S4R5 

SP4 SPS 

-1.945 9.477 
-2.625 11.00 
2.103 -32.14 

S H l  BLBHBNT El' POOT- SP1 
NOTB 

844 1 -1310. 
848 1 -1295. 
852 1 -1274. 

SP2 SP3 SH2 913 

-1450. 
-1450. 
-1447. 

38.55 
-30.98 

45. 05 

426.3 
359.1 
439.9 

456.4 
1.451 
555.3 

-8.215 
6.550 

-4.882 

THE POLLOWING TABU IS PRIHpgD FOR BLSBT AXIS-P2 AHD KLangKp N P B  S4R5 

BLBHENT PT POOT- SP1 
NOTB 

SPZ SP3 SP4 SPS sn1 SH2 SM3 

856 1 -1302. 
860 1 -1250. 

-1483. 
-1496. 

-49 144 
86.21 

3.482 59.67 
51.86 -48.24 

279.2 
204.3 

-191.4 
-181.2 

24.09 
35.36 

THE P0LIX)WIUG TABLE IS PRIHIKD FOR B L S g P  AXIS-P2 AND Z2XHKT ZYPB SIRS 

BLBHBNT PT BOOT- SP1 
NOTE 

SP2 

-1478. 

SP3 

-27.51 

SP4 

45.64 

SPS 

111.6 

SHl 

-129.7 

SM2 

-1623. 

913 

23.80 864 I - 1212. 

MB POLLOWING TABU IS P R I N l g o  POR BLSBT AXIS-P2 AND SL8UBKT N P B  S4Rs 

S H l  

-3129. 

SH2 

1.57368+04 -609.2 

SH3 BLBnWT PTPOOT- SP1 
NOTB 

868 1 -1317. 

SPZ 

-2200. 

SP3 

-8.975 

SP4 SPS 

-38.74 -763.9 

JgnQUS PRODUCRON -ION 4-9-1 oA18 25-JUn-94 
POR USE BY WBSPINC;HOOSB WORD a m p m  V M ) ~  LICKHSB =on IMS, WE. 

TIM 10:37:12 PAGB 18 

S f B P  3 INCRgnHKP 20 
TIME CQHP- IN THIS STBP 1.00 

THB POLLOWING TABLE IS PRIHIKD POR BLSm AXIS-PI  AND KLangKp TYPE SIRS 

BLBnBKp PT POQT- SPI 
NQPB 

SP2 SP3 SP4 SPS sxi SH2 

872 1 1281. -2937. -86.97 -45.15 793.9 4165. 

M-29 



WHC-SD-W32O-ANAL-002 
Rev. 0 

P I L E M E  : pr:nc.fil 
T I T L E  : hppandix U 

DATE : 08-06-94 T I U B  : 8:53p PAGB 29 

M E  FOLLOWING TABLE IS PRINTBD FOR BLSBT AXIS-P2 AND ELBUBX' TYPE SIRS 

E L S H m  P T F o o f -  SP1 
NOTB 

876 1 514.9 

SP2 

-2825. 

sF3 

168.  s 

SP4 

-11.34 

SPS 

536.2 

S M l  

1158. 

sn2 

8583. 

sn3 

119.3 

M E  POLLOWING TABLB IS PRINTED FOR ELSET AXIS-92  AND BLHnENT TYPB S4RS 

S M l  su2 

-666 . 5  

913 BLSUgKT ET IOOT- SP1 
NOTB 

-298.7 

SP2 SP3 SP4 SPS 

880 1 -2757. -117.4 3.123 330 .1  -100.3 20.15 

M B  P O W W I N G  TABLE IS PRINTED FOR ZLSBT AXIS-P2 AND HLBnBST TYPB SIRS 

SP2 SP3 

70.17 

SP4 SPS SMl 912 

-1031. -7175.  

TIMB 10:37:12 

sn3 

24.57 

PAGB 19 

-1219 -2732. 7 .412 134.3 
1 

;\axpUS PRODUCTION VERSION 4-9-1 DATB 25-Juri-94 
FOR US3 3 Y  WESTIXGHOUSB HANPORD COUPANY UNDER LICKNSE FROU HKS. INC. 

7PS-Ula.ABDAT ( 6 / 2 4 / 9 4 ) ,  UNPACl'ORED LOAD CXSE la W I T H  P P S  S P E C I P I C  LIVB LOADS STEP 3 I N C R B U W  20 
TIMB COUPLaPgD IN T H I S  S I g P  1 .00  

THE P O W W I N G  TABLE IS P R I m  FOR BLSBT AXIS-P2 AND HLBngKp TYPE S4RS 

sn1 sn2 sn3 2LSURtn PT FOOT- SP1 
NOTB 

888 I -2619. 

SP2 SP3 

-67.75 

SP4 SP5 

-2666. 9 .251  3.983 -1321. -9113. -2.343 

THE P O W W I N G  TABL3 IS PRINTBD FOR ELSET AXIS-PZ AND BLBWBHP TYPE S4RS 

3LSHENT ?T FOOT- SP1 
NOTB 

SP2 SP3 SPI SPS S M l  512 sn3 

892 I -2443. -2613 72.67 6.157 -82.80 -1145. -9010. -34.82 

THE FOLLOWING TABLB IS P R I W X D  FOR ELSET AXIS-P2 AND KLgnBKT TYPE S4RS 

S L a n W  PT FOOT- SP1 
NOTB 

SP2 

-2567. 

SP3 

-54.16 

SF4 SP5 

2.962 -218.2 

Snl 

-518.0 

sn2 

-3801. 

sn3 

-25.87 896 1 -1050. 

M-3 0 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L E W E  : princ.fi1 
TITLE : Appendix n 

DATB : 08-06-94 TIUB : 8:53p PAGB 30 

TlfB P O W W I N G  TABLE IS PRI- POR BLSHP AXIS-P2 AND ELBUBKP TYPB SIRS 

S P 2  SP3 

72.73 

SP4 S P S  sn1 sn2 

831.7 5543. 

TIUB 10:37:12 

sn3 

-26 .66  

PAGE 20 

900 1 1150. -2540. - .4098 -449.8 
I. 

ABAQUS PRODUmION VERSION 4-9-1 DATB 25-Jun-94 
POR USE 9 Y  ‘WESTINGHOUSE W O R D  COUPANY UNDER LICENSE PROU tM9, INC. 

PPS-uZa.xBDRT (6/24/94), IJNPAmRED LOAD W E  la ‘WITH PPS S P E C I P I C  LlvB UIADS STEP 3 INCRBnKKP 20 
TIUB COUPLBTBD I N  THIS STBP 1.00 

THE POWWING TABLE IS P R I m  POR ELSHP XXIS-P2 AND BLangKP TYPB SIR5 

SP2 SF3 SP4 SPS sn1 

2348. 

sn2 sn3 

1.89368+04 89.43 904 1 3292. -2575.  -86.98 -15.12 -593.4 

THE P O W W I N G  TABLE IS PRINTED POR BLSHP AXIS-P2 AND BLanENT TYPB S4R5 

sn1 sn2 sn 3 BLDIHKP P T ? W -  SP1 
NOTB 

9960. -2675 

SP2 SP3 SP4 SPS 

908 1 -75.91 -20.41 -593 .5 3354. 3.33328+04 603.1 

THB P O W W I N G  fdBLE ZS PRIKPBD FOR 2LSBT AXIS-02 AND 2L2HHKP TYPB S4R5 

SP2 SF3 

-476.6 

SF4 

28.68 

SPS sn1 sn1 sn3 

867.0 -1.16762+04 3.1206B+O4 1447. 912 1 9338. -2843 

THH P O W W I X G  TABLE IS PRINTXD FOR BLSHP AXIS-PZ AND BL2UW TYPE S4R5 

E L B n W  PTPOOT- S P t  SP2 
NOTE 

916 1 3454. -3343. 

SP3 

-234.6 

SP4 

15.91 

SFS 

553.4 

sn1 

-3655. 

sn2 sn3 

3.29638+04 615.6 

ABAQUS PRODUCTION VBRSION 4-9-1 DATZ 25-JUa-94 5 W B  10:37:lZ 
FOR USE BY WESTINGHOUSE HANPORD COUPANY UNDER LICENSE PROU HK9, INC. 

PAGE 2 1  

PPS-0la.ABDAT (6/24/94), UNFACIURED u)AD CASE 18 WITH PPS SPBCIPIC LZVB LQADS STBP 3 mCRmlENT 20 
TIHS COUPLHPgD IN THIS STBP 1-00 

M B  P O W W I N G  TABLE IS PRTNlgD POR ELSHP AXIS-P2 AND aLBJHKp TYPB S4RS 

sn1 sn2 sn3 SP2 SP3 984 SPS 

M-3 1 



WHC-SD-W3 20-ANAL-002 
Rev. 0 

PILBNAUB : p n n t . f i 1  
f ~ n a  : wpsndix n 

DATE : 08-06-94 l1n8 : 8:53p PAGB 3 1  

920 1 896.8 -3656. -178.a 5.900 294.7 -3604. -210. I 123 .1  

THB POLLOWING TABLB I S  P R I m  FOR BISKP xXIS-P2 AND BLBHHKP TYPB S4R5 

BLBUBNT PTPOOT- SPl SP2 SP3 SP4 SP5 S U l  a 2  313 
NOTB 

924 1 -547.7 -3903. -113 - 2  -2.305 73.10 -3829. -5983. -74 .42 

3 i B  POLLOWING T e L g  IS PRINTBD POR B I S B T  AXIS-P2 AND HLBUHKP TYPE SIR5 

BL2nBNT PT PCQT- SP1 SP2 SF3 SP4 SPS sn1  912 sn3 
m- 

928 1 -1686. -4098. -92.70 -5.964 -44.39 -3337. -6589. -114.7 

THB P O W W I N G  TABLB IS P R I m  POR BLSKP AXIS-P2 AND BLBMgKp N P B  S4R5 

SLEUENT PT POOT- S P l  SQ2 SP3 SP4 SPS Sn1 sn2 913 
NOTE 

932 1 -2468. -4287. -57.21 -8.241 -91.87 -2351. -4210. -76.17 
1 

ABAQUS PRODUmON VKRSION 4-9-1 DATB 25-JUn-94 TIUB 10:37:12 PAGE 22 
?OR USE BY WBSTINGHOOSB  ANF FORD conem UNDER LICBNSB PROU HKS, INC. 

PPS-Ula.xBDAT (6/24/94) ,  UNPACPORKD LOAD CASB la WITX PPS SPECIPIC LZVB IAADS SPBP 3 INCRBXBKP 20 
1 w 2  cowr?LBpKD IN THIS STBP 1 .00  

X i E  ?OLLOWiNG TilBLB IS PRTKpgD ?OR HLs8T AXIS-P2 AND SLanBNT TYPB SIRS 

3mBN.r P T I W P -  SP1 SP2 SP3 SP4 SPS Snl SI2 sn3 
NOTB 

936 1 -2831. -4505. -79.26 -4 - 825 -92.29 -1548. -505.2 75.82 

THB POLLOWING TABU 19 PRIKPKD POR BLSm AXIS-P2 AND BLBMKKP N P B  S4Rs 

BLBUBNT PTPOOT- SPI SP2 SP3 SP4 SP5 snl 5n2 913 
NOTB 

940 1 -3041.  -4782. -52.23 -1.373 -47.25 -1433. 2a33. 115.3 

THB POLLOWING TABU IS PRINTgD POR BLSKT AXIS-P2 dND 2LBMHKP rYPB SIRS 

BLBnEKT PT ?COT- SP1 SP2 SP3 SP4 SPS Snl sn2 913 
NOTB 

944 1 -2610. -1281. -292.8 -69.20 -65.39 -8014. -578.7 1167. 

M:3 2 



FILBWE : p r i n t . f i 1  
TITLE : A p p a n d i x  H 

DATE : 08-06-94 

THB JWALYSIS HAS BEEN aneLHPgD 

BND OF RUN 

RUN SUUMARY: 
TOTAL OF 0 INCRBflBNTS 

0 ctfiBAaC3 ZN xuK)UATIC I N C R S R ~ A T I O N  
0 ITHRRTIONS 
0 PASSES THROUGH M E  BQUATION SOLVER OF WHIOI 
0 RBPRBSRNT(S) DBCO~WSITION OF THB WASS MAlXfX 

M-33 
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~1-g : print.fi1 
i i T L B  : Appandix H 

DATB : 08-06-94 TIHB : 8:53p PAGE 33  

-US PRODUCTION VXRSION 4-9-1 DATB 25-JU-94 
FOR USB BY .XBSTINGHOUSE WORD m n e m  mmz LICXNSB mon ms, INC. 

TIME 11:14:10 PAGB 1 

STBP 0 INehiMBKT 0 
T I n B  COMPLBTRD I N  T H I S  STBP . O O O  

PPS-Ulb.dBDAT (6/24/94) ,  UNPAcrORBD LOAD CXSB lb WITH PPS S P E C I F I C  LIVB LOADS 

s+oo 

STBPNUHBBR 4 I N C ? S H W H ( R ( B B R  10 

TIMB COHPLZZBD DURING T H I S  STBP 1.00 
TOTAL ACccIMQLiU'BD T I H E  4.00 

PRACXON OF STBP IS 1.00 

B L 8 X B N T  O Q T P U i  

TIiB FOLLOWING TABU IS PR- ?OR 2LSm AXIS-PI, AND BLBUBHT TYPB S4R5 

P r P o o T -  SFl 
NOTB 

SF2 SP3 SP4 SP5 SMl 912 sn3 

.4455 
60.28 
1.910 
17 .48  

-2.170 
-24.52 
17 .43  

289 
290 
291 
293 
295 
298 
301 

1 -1259. 
1 -1218. 

-1210. 
1 -1279. 
1 -1283. 
I -3.398. 
1 -1431. 

-1222. 
-1217. 
-1187. 
-1197. 
-1197. 
-1212. 
-1247. 

-1.845 
-6.484 

.7836 
4.086 

-2.086 
4.167 

-34.62 

-4.988 
-22.97 
-13.86 
6.107 
.1735 
19.47 
13.58 

1.050 
4.024 

-4.636 
-2.794 
-6.931 
- 3 . 8 1 5  

9.539 

662 .1  
203.4 
147 .7  
96.88 
77 .41  
580.3 
619.0 

488 .0  
410.8 
179 .3  
1 6 8 . 7  
64.56 
137 .4  
230 .5  

POLLOWING TABLE IS PRIKTED FOR BLSBT AXIS-P1 AND BLplBHT TYPE S4R5 

SP2 SP3 SP4 SP5 512 sn3 

305 1 -4063 - -3660.  

308 1 -4052. -3531. 
-0.10s 
-15.26 

2.273 
3.561 

.6031 -263 - 3  
-5.426 -265.9 

-345.6 
-558.0 

23 -37 
17.58  

AElQUS PRODUCPION -ION 4-9-1 DAlg 25-JUll-94 T I H B  11:14:10 
POR USB BY -XESTIPINGHOOSE WORD COUPANY ma LICKNSB mon ms. INC. 

PAGB 2 

STBP 4 mHcRKE(KNT 10 
TIMB conPLgPKD IN TBIS STBP 1.00 

PPS-Ulb.ABDAT (6/14/94) ,  UNFACI'QRgD LOAD C U B  Lb WITH PPS S P E C I F I C  LIVB Lcu\DS 

TIiB FOLLOWING TABLS IS PRI- FOR BLSHP AXIS-Pl AND BL8HW TYPE S4RS 

SH1 912 SH3 SF2 SF3 SP4 SPS 

312 1 -4074. 
314 1 -4085. 

-3626. 
-3671. 

-18.20 
-6.671 

-19.53 
-15.44 

12.68 
-2.355 

215.4 
148.7 

-193 .1  
-275.1 

-27.01 
54.67 

THB POLLOWING TdBLS IS P R I m  ?OR HLSBP XXIS-PI AND 2LBMBKT "YPB SIR5 
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PAGB 34 

SPS SUl sn2 sn3 BLBHKm PT POOT- S P l  SP2 SP3 SP4 
NOTB 

317 1 -4219. -4220. 19.96 21.03 
318 1 -4179. -3901. -4.608 20 -27 

1.240 
17.56 

351.8 -522.3 143.6 
465.3 -178.0 1.692 

THB POLLOWING TASX IS PRIKPBD POR BLSBT AXIS-P1  AND HLgngKp r y P B  SIRS 

BLBHBNT PT POOT- S P 1  SP2 SF3 SP4 SP5 . S U l  S U 2  
NOT! 

320 - I -4002. -3929. 6 .529  -14 - 04 -4.520 -808.5 -790.5 

SX3 

6.666 

THB POLLOWING TABLB IS PRIKP8D FOR BLSBT A X I S - P t  AND B U M =  TYPB SIRS 

BLBHBNT PT POOT- SPI SP2 SF3 SP4 S P S  Snl sn2 
NOT8 

1257 1 -1481. -1279. 39.74 -9.635 1.920 631.3 255.0 
1261 1 -1488. -1262. -32.16 -11.07 a .  542 170.0 190 .7  
1265 1 -1492. -1236. 46.27 32.40 -2.101 730.0 271.7 

I 

ABAQUS PRODUCTION -ION 4-9-1 DATX z s - ~ u n - 9 4  TIUB iz:i4:ia 
?OR USB BY 5JESTINGHOUSB W O R D  COnPANY UNDBR LICKNSB FXOU HKS, INC. 

-8 .  845 
6.463 

-5 -182 

PAGB 3 

PPS-Ulb.XBDAT (6 /24/94) ,  UHPACl'ORHo LOAD CASB l b  SrrPH PPS S P B O P I C  L N B  =ADS STBP 4 MCRBngKP 10  
TIUB COUP- I N  T H I S  STBP 1 . 0 0  

THB BOLLOWING TABLB IS PRIKPHO POR BLSBT A X I S - P l  AM) m B N T  TXPB S4RS 

sni SU2 sn3 BLZMBNT POOT- SP1 SP2 SF3 SP4 S P S  
NOTB 

1269 1 -1538. -1259. -51 - 99 -60 -22 -3.228 
1273 1 -1559. -1203. 87.70 48.37 -52.07 

-24.06 114. 8 23.63 
-22.32 42.17 35.44 

THB FOLLOWING TABLB IS PRIKZHO FOR BLSBT AXIS-P1 AND -.¶?IT TYPB SIRS 

E W B N T  PT POOT- SP1 SP2 SF3 SP4 SPS 
NOTB 

1277 1 -1547. -1154 -30.11 -1u.2 -45.42 

Snl sn2 sn3 

-1495. -291.0 24.19 

THB POLLOWING TABLB IS P R I m  POR BLSm AXIS-= AND SLESXWr TYPB S4R5 

sn1 st42 .Sm BLBHBNT PT POOT- S P I  SP2 SF3 SP4 SPS 
NOTB 

1281 1 -2285. -1068. -4 .610  777.3 38.21 1.6234B+04 -2977. -593.2 
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THB P O W W I N G  TABLB IS PRINTED FOR BLSBT AXIS-P1  AND BLBnBNT TYPE S4R5 

SLBUENT FT FOOT- S P 1  SP2 SP3 SP4 SPS 5n1 5u2 5n3 
NOTE 

1285 1 1537. - 3 0 0 8 .  115.6 43.34 820.8 4153. 2.43408+04 -228.1 
1 

ABAQUS PRODUCTION 'JEFSION 4-9-1 DATE 25-JUn-94 T i n B  11:14:10 PAGE 4 
FOR USE BY 'WBSTINGHOUSB W O R D  COnPANY UNDER LIC8NSB FROU Hfcs, INC.  

PPS-Ulb.ABDAT (6/24/94), U N P A m R E D  LOAD CASB lb WITH P P S  SPBCIPXC LIVE LOADS STEP 4 INeRBnBKP 10  
T I U B  ConPLXl'RD I N  T H I S  S T E P  1 . 0 0  

M B  P O W W I N G  TXBLa IS P R I N l g D  FOR BLSBT A X I S - P 1  dND ELBnKKp TYPB S4R5 

BLBnBXT PTPOOT- S P 1  SP2 SP3 SP4 SPS 
SOY2 

1289 1 655.9 -2923. -148.2 10.34 547.0 

TXB POLLOWIHG TABU IS PRINTED FOR BLSBT AXIS-P1  AND BLBMINT TYPB S4R5 

BLBnRNT FT FOOT- 511 SP2 SP3 SP4 SP5 
HCT3 

1293 1 -191.8 -2886. 148.0 - 3 . 0 3 0  332.5 

THB P O W W I N G  TABLa IS P R I N l g D  FOR BLSBT AXIS-P1  AND BLBHgKS TYPB SIRS 

BLHnKKT PT FOOT- SF1 SF2 SP3 SP4 SPS 
NOT3 

1297 1 -1151. -2912. -42.69 -5.977 129.6 

5h1 5u2 5n3 

1133. 8610. -113.9 

5n1 5n2 5n3 

-131.3 -769.4 -5.310 

SUl 

-1040. 

5u2 513 

7255. -12.72 

Z I E  P O W W I N G  TABU IS P R I K l g D  FOR ELSBT X I S - P l  AN0 BLZMENT TYPB SIRS 

BLZMHKP I T P O O T -  S P 1  SP2 SP3 SP4 SPS 5n1 5n2 5n3 
NOT3 

130.1 1 -2595. -2888. 101.4 -5.816 8.109 -1315. -9185. 14.29 
1 

W U S  PRODOCION VERSION 4-9-1 DATB 25-JUn-34 T I n E  11:14:10 PAGB 5 
FOR USB BY WBSTXNGXOUSB W O R D  CQnPANY UNDER LICENSB FROn HKS, INC. 

PPS-Ulb.ABDAT (6/24/94), UNFACPORKD IDAD CASE lb  WITH P P S  S P E C I F I C  LIVE LOADS S T E P  4 LNCRBUXNT 10 
T I n B  COflPLETBD I N  T H I S  STBP 1.00 

THE FOLLOWING TXBU IS P R I K l g D  FOR BLSBT A X I S - P I  AND Kanm TYPB S 4 R 5  

SLEWBKP PT FOOT- S P t  SP3 SP3 SP4 SPS 
NOTB 

Snl 5n2 5n3 
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1305 1 -2460. 

DATB : 08-06-94 R I B  : 8:53p 

-2882. -39.89 -3.079 -88.24 -1142. 

THB POLLOWING TABLB IS P R I K I g D  ?OR RLSBT A X I S - P l  AND BLBUBNTTYPB SIR5 

BLBMgKp PT FOOT- SPl SPZ SP3 SP4 SP5 
NOTB 

1309 1 -1101. -2885. 100.2 - -9763 -205.3 

THB FOLLOWING T j a U  IS PRINTRD FOR BLSgP d X I S - P l  AND ELBUBKP TYPB S I R 5  

- 
BLBUgKp PTPOQP-  SPl SPZ SP3 SP4 SPS 

N m -  

1313 1 1086. -2870. -45.34 -1.203 -479.1 

THB POLLOWING TABLB IS PIUKPKD FOR ELSE A X I S - P l  AND ELKUKKP TYPE SIRS 

BLBUBNT PTPOOT- SP1 SPZ SP3 SP4 SPS 
N m  

1317 1 -1816. 2098. -2362. -556.2 -250.8 

1 

ABAQUS PRODUmION VBFSION 4-9-1 DATB 25-JUn-94 
FOR USE SY '%IBSTINGHOOSB W O R D  COMPANY UNDER LICBNSB FROM ZCS, INC. 

sni 

-568.5 

sn1 

768.4 

PAGB 36 

-8053 .  1 5 . 3 3  

SH2 sn3 

- 3 9 3 .  -. 1176 

sn2 513 

5647. -12.48 

sn1 su2 

1.67958+04 5236. 

T I H B  11:14:10 

su3 

6510. 

?AGE 6 

PPS-Ulb.ABDAT (6/24/94) ,  mSeACNRBD LOAD CASB Ib -rrpH PPS S P B C I P I C  LIVR LOADS STEP 4 INQ(Bn6NT.  1 0  
T I U B  COPIPLBTRD M THIS STBP 1.00 

M B  POLLOWING TXBLB IS PRINTED FOR BLSBT X I S - P 1  AHD RIZUKKP TYPB S4RS 

BLBUBNT PTPOOT- SP1 S P 2  sm SF4 SPS 
rn 

1321 1 -2818. 9293. -1490. -593. f -82.86 

THB POLLOWING TABU IS PRINTBD FOR BL9m AXIS-P1  AND 2L2XKKP r Y P B  SIRS 

BLBUBNT PTPPOOT- SP1 SP2 SP3 SP4 SF5 
NOT8 

1325 1 -3028. 8136. -562 .8 966.9 48.04 

TXB FOLLOWING TABU IS PRzypgD FOR AXIS-P1  AMI BLgnm TYPB 

BLBMBNT PTPOOT- SPl SP2 SP3 SP4 SP5 
NOTB 

1329 1 -3529. 2630. -274.4 556.6 29.20 

sn1 

3.3892B+O4 

Snl 

sn2 

27S8. 

sua 

sn1 snz 

1.2047B+O4 -5082. 

sn3 

4310. 

913 

2272. 

SU3 

814.7 

M-37. 
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THE POLWWING TABLE IS PRINTED ?OR ELSET A X I S - P 1  AND ELBnKNT TYPE SIRS 

s n i  sn2 SM3 SP2 SP3 SP4 SPS 

1333 1 -3755. 152 .9  
1 

-167 .7  284.8 18.36 -838.7 -4505. 248.6 

ABdQUS PRODUCTION VERSION 4-9-1- DATB 25-.T'm-94 
POR USE BY WESTINGHOUSE W O R D  COMPANY UHDRR LICKNSE PROM HKS, S C .  

TIHB 11:14:10 7 PAGE 

PPS-Ulb .ABDAT (6 /24/94) ,  UNFACIORBD WAD CASE lb WITH PPS S P E C I F I C  LIVB LOADS STEP 4 XNcRRnRtn 1 0  
TIUB COMPLETED I N  T H I S  STEP 1 .00  

M E  P O W W I N G  TABLE IS PRINTED ?OR ELSET A X I S - P 1  AND ELanKNT TYPB S4RS 

SP2 SP3 

-110.3 

SP4 SPS S M l  

167.5 17.65 -7729. 

sn2 

-5023. 

813 

-13.37 1337 1 -3882. -1366. 

THE P O W W I l G  TABLE IS PRIKfED ?OR ELSET A X I S - P 1  M D  BLBnKNT TYPE S4RS 

su2 sn3 PLWENT 5T 3ooT- SP1 SP2 
NOTE 

1341 1 -4039. -2599. 

SP3 

-55 .75  

SP4 

-33.07 

SFS S M l  

7.304 -1.00588+04 -4961. -178.2 

THB ? O W W I N G  TABLE IS PRIKTED POR ELSBT A X I S - P 1  AND 2LBnBNT TYPE S4RS 

SP3 SP4 SPS sn1 sn2 sm BLanBNT =FOOT- SP1 
NOTB 

-4177. -3253. 

SP2 

1345 1 -4 .413 -181.3 -7.126 -6545. -3291. -290.0 

M E  P O W W I N G  TABLE IS PRINTED ?OR ELSET A X I S - P l  RND ELEMENT W E  S4RS 

ELanENT PT POQP- SP1 
NOTE 

SPZ SP3 

2.118 

SF4 SPS SMl s)(2 

-1910. -1376. 

TIME 11:14:10 

sn3 

-119.0 

PAGB 8 

1349 1 
1 

-4118. -3428. -74.03 -8.546 

ABAQUS P R O D U m O N  VERSION 4-9-1 DATB 25-JUU-94 
FOR USE BY WBSTINGHOUSE HANPORD COUPANY UNDER LICKHSB PROM HKS, RIG. 

PPS-Ulb.dBDAT (6/24/94) ,  UNFACIORXD toAD CASE lb Wrpx PPS S P E C I F I C  LIVB LQRDS STEP 4 XNQLgnm 10  
TIHE COnPLETED I N  THIS STBP 1.00 

M E  P O W W I N G  TABLE IS PRINTED ?OR ELSET d X I S - P l  AND BLgnSNT TYPE SIRS 

S M l  sn2 SM3 SP2 SP3 SP4 SPS 

M138 
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DATB : 08-06-94 TIM8 : 8:53p PAGE 38 

1353 I -4033. -3502. 2.026 -12.78 -6.431 -404.7 -669.4 -32.69 

THB POWWING TAELB IS PRINTED FOR BLSBT AXIS-Pl dND BLBUBKT rYPB SIRS 

BLRUBNT PTPOQT- SPI SPZ SP3 SF4 SP5 sn1 sn2 5n3 

NOTB 

1357 1 -1311. -2115. -272 -9 64.36 71.81 -574.1 -7461. 1159. 

TXB FOLLOWING TAELB IS P R I m  FOR BLSHP A X I S - N l  AND HLSUgKp rYPB S4R5 

B L B U m  PTPOOP-  SP1 SP2 SP3 SP4 SPS 
NQlB 

I 1  -1256. -1228. 2.2616B-02 5.166 -1411 
2 1  -1211. -1223. 4.089 22.83 3.063 
4 1  -1206. -1199. -.4904 12.19 -.3351 
6 1  -1269. -1209. -4.030 -6.981 -1.916 
9 1  -1272. -1211. -.2620 -2.654 1.043 

26 1 -1419. -1266. 32.57 -13.82 6.347 
12 1 -1386. -1226. -7.085 -18.45 - .3145 

sn1 

664.2 
201.8 
146.6 
107.0 
92.92 
593 .1  
627.0 

sn2 

493.0 
416.0 
196.7 
188.0 
94.73 
166.9 
240.6 

5n3 

.2946 
-58.14 

.4800 
-13.37 
-.2818 

19.44 
-17.36 

THB FOLLOWING TABLB IS ?RIMBD FOR BLSET ;\XIS-Nl AND BL2XBNT TYPB SIRS 

2LgnBHT PTPOOT- SP1 SPZ SP3 SP4 SP5 sxi sn2 913 

NoTB 

19 1 -3971. -3723. 18.51 .6771 1.937 -592.0 -375.5 -21.99 

1 

A5AQQS TRODUCTION VERSION 4-9-1 DATB 25-Juri-94 T I H B  l l : l 4 : 1 0  PAGB 9 
FOR QSB BY WBSRNGHOUSB W O R D  COMPANY UNDER LICENSB FROU fM9, INC. 

PPS-Ulb.ABDAT (6/24/94) ,  QNPXCPORKD LOAD CASB Ib PPS SPBCIPIC LIVB LOADS 

SLHnENT PTPOOT- SP1 SP2 sP3 SP4 SPS sn1 -~ 
23 1 -3961. -3602. 25.66 -1.236 -5.413 -600.3 

STBP 4 INCRBXKM' 10 
T Z B  COUPLHlgD IN THIS SPBP 1-90 

snz 5n3 

-528.8 -26.55 

TXB POLLQWING TABLB IS PRINTBD FOR BLSKP AXIS-M Rw BLBUm ZXPB SIRS 

R L R U W  PTPOOP- SP1 SP2 SP3 SP4 SP5 
NQLg 

25  1 -4010. -3674. 26.58 16.28 12.34 
29 z -4021. -3737. 15.83 14.94 2.774 

M B  POWWING TABLB IS PR- FOR BLSBT AXIS-Nl AM, BLBPIEUZ TYPB SIR5  

BLBUBNT PTPOOT- SP1 SP2 SP3 SP4 SP5 
NoTg 

sn1 912 813 

14.10 -269.4 15.99 
-37.91 -286 .O  -50.34 

sn1 SM2 5n3 

M-39 



Rev. 0 

I]ATII : 08-06-94 TIMB : 

29 1 -4189. -4243. -14.46 -18.92 4.235 
31 1 -4154. -3955. 6.940 -15.64 16.34 

M E  POLLOWING TAB= IS PRINTED FOR 2tSBT AXIS-Nl AND BLBUgKp TYPB SIRS 

BLWBNr FT Poor- S F l  SF2 SP3 SP4 SPS 
NOTB 

32 1 -3392. -3952. -2.876 17.20 -.4101 
1 

ABAQQS BRODQCPIOH VERSION 4-9-1 DATB 25-Jun-94 
FOR USB SY .WBSl!.ISGHOUSE W O R D  COUPANY DNDBR LICBNSB F'ROU XKS, INC. 

8 :  53p 

224.1 
320.3 

sn i  

-850.4 

PAGB 39 

-552.6 -126.5 
-248.5 -7.927 

sn2 5u3 

-816.6 .2727 

R M E  11:14:10 PAGB 10 

PPS-UlB.ABDAT (6/24/94), ONPACIURBD LOAD CASE lb WlZX PPS S P E C I F I C  LIVE LQADS STBP 4 I N a B H B K P  10 
TIHB COUPLBTRD I N  T H I S  STBP 1 . 0 0  

THB POLIDWING TAB- IS PRIKCBD FOR ELSBT =Is-m AND BLBUBNT TYPB SIRS 

ELEUKNT PTFCQT- SP1 SPZ SF3 SP4 SPS sni 512 913 
No?g 

324 I -1460. -1301. -38.29 9.504 1.883 626.2 259.4 7.646 
326 1 -1458. -1289. 30.67 10.9s 2.511 173.3 193.7 -6.254 
332 1 -1453. -1269. -44.70 -32.09 -2.236 726.8 273. I 4.633 

BZSUENT FT PCQT- SFl SP2 SF3 SP4 SPS s n i  su2 913 
XOTB 

336 I -1487. -1300. 49.08 59.85 -3.571 -24.76 115.2 -23.93 
340 1 -1498. -1251. -85. 63 -47.96 -51.4s -25.49 42.54 -34.77 

THB FOLLOWING TABLB IS PRIKPgD ?OR ZLSBT AXIS-Nl AND ELBURNT N P B  S4FS 

XLEUBNT PT FOOT- SP1 SP2 SP3 SP4 SP5 SUl 512 913 
NOTB 

344 1 -1481. -1217. 27.50 111.1 -4f.25 -1460. -280.5 -23.28 

THB POWWING TAELB IS PRIHP~D FOR KLSBT Axrs-m AND H L ~ ~ X N T  TYPB SIRS 

BLKnBNT VPFOOT- SF1 SPI SF3 SF4 SPS S U l  SU2 5n3 
Nom 

348 1 -2197. -1336. 8.841 -751.4 37.30 l..5S7SB+O4 -3211. 624.9 
I 

;\BxpUS PRODUCTION VERSION 4-9-1 DATB 25-Gun-94 TIUB 11:14:10 PAEB 11 
FOR 3SE SY WBSTINGXOQSE W O R D  COUPANY UNDBR LICENSB F'ROH HKS, INC. 

PPS-Ulb.ABDAT (6/24/94). DNPAcrORED LOAD CASB lb WITH PPS SPBCIPIC  LIVH LQADS STBP 4 1 N - m  10 
R I B  CQUPLHPgD I N  T H I S  STBP 

M-40 
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DATE : 08-06-94 TIHB : 8:53p PAGE 40 

THE POLLOWING TABLE IS PRINTBD FOR BWBT MIS-N1  AND BLBHBNT TYPE S4R5 

se2 SF3 SF4 SFS Snl s n 2  ELEH6Np PT FOOT- SFI 
NOTE 

1257. -2872. 352 1 -87.81 -42.13 793.6 4137. 2.3914E+O4 218.4 

THB FOLLOWING TABLE IS PRI- FOR ELSET =Is-m XND BLEHBKP TYPE six 

ELEHBKP PT FOOT. SFI  SFZ 
NOTB - 

356  1 511.2 -2761. 

SF3 

16.5. I 

SF4 

-10.27 

SFS 

536.7 

sn1 

1152. 

512 

8649. 115. s 

M E  FOLLOWING TABLB IS PRINTEO FOR ELSET M I S - N 1  AM) BLangKT TYPE 94RS 

BLEH6NT PT FOOT- SF1 SFZ 
NOTB 

360 1 -295.4 -2694. 

SF3 

-117.3 

SF4 

3 .705  

SFS Snl 

330.3 -109.4 

SH2 

-609.9 

SH3 

18.35  

M E  FOLLOWING TdBL3 IS PRISTEO FOR ELSET =XIS-Nl AND ELHnBNT TYPE S4RS 

Sxl SU2 SH3 ELBURNT PT FOOT- SF1 
NOT9 

SF2 SF3 SP4 SFS 

364 1 -1212. -2668. 
1 

7. a75 133.8 -1039. -7119. 22.06 

-US PRODUCTION VBRSION 4-9-1 DAT8 25-JUn-94 
FOR USB aY 'WBSTINGHOUSB W O R D  COHPANY ONDBR LICBNSB FROn HKS, INC. 

TIHB 11:14:10 PAtB 1 2  

PPS-Ulb.XBDAT (6/24/94) ,  UHpRcrORBD LORD fA9B lb WITH PPS SPECIFIC LNB LOADS STXF 4 1 N - m  LO 
TIME COHPLaTgD I N  THIS STEP 1.00 

THE POLLOWING TXBLE I S  PRIHIgD FOR ELSET AXIS-Nl AND BLgnm TYPE S4RS 

X L B M W  PT FOOT- SF1 
NOTB 

SF2 SF3 

-67.06 

SP4 

9.485 

SPS Snl 

2.812 -1322. 

SXZ 

-903a. 

sn3 

-6.593 368 1 -2619. -2601. 

THB POLLOWING TAELB IS P m  FOR ELSET AXIS-Nl AND BLgnBKP N P B  SIRS 

ELWENT PTFOOT- SF1 SF2 
NOTB 

372 I -2460. -2547. 

SF3 

72.78 

SF1 

6.747 

SFS SUl 

-83.82 -113s. 

sn2 

-7909. 

a 3  

-38.97 

THE FOLLOWING ?ABLE IS PRIKIgD FOR BLSBT AXIS-N1 AND ELBBIm TYPE S4Rs 
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DATB : 08-06-94 TIUB : 8:53p PAGB 41 

2LBUENT PT FOOT- SP1 
NOTE 

SP2 SP3 SP4 SPS 

2.719 -217.2 

suz 

-502.3 

su2 

-3702. 

SH3 

-28.18 -53.16 376 1 -1102. -2498. 

TH2 POLLOWING TAB= IS P R I m  FOR 2LSBT AXIS-Nl  AND BLBHBNT TYPB SIRS 

2Lo’HENT PT FOOT- SF1 
NOTB 

SP2 SF3 SP4 SP5 sn1 su2 

5531. 

913 

-23.53 380 1 - 1043. 
1 

A5MU.S ?RODUCTlON VERSION 4-9-1 DATB 25-JUn-94 
FOR ’JSB ay WBSTINGHOUSB WORD COUPANY ONDBR LICBNSB FROH HKS, INC. 

-2470. 72.58 - -5790 -442.7 832.2 

T I H B  11:14:10 PAGE 13 

S T E P  4 INaLBHBNT 10 
T I H B  COMPLETED I N  T H I S  S Z P  1.00 

PPS-Ulb.dEDAT (6/24/94), UHFACIQRBD LOM CASB Ib WITH P P S  S P B C I P I C  LIVB WADS 

’IHB FOLLOWING TAB= IS P R I m  FOR BLSBT AXXS-Nl dND BL2HRNT TYPB SIRS 

su1 512 su3 BL2UBNT PT TOOT- SP1 
NOTB 

384 1 -1525. 

SPZ SP3  SP4 SPS 

2077. 2115. 525.1 -248.9 1.59058+04 4990. -6156. 

=E TOLLOWING rxBLB IS DRINTKD FOR BLSET X C I S - N l  AND BL2HXNT TYPB S4RS 

BLanBNT PT FOOT- SP1 
NOTB 

SP2 

9095. 

SP3 

1406. 

SP4 SPS 

566.8 -83.75 

sn1 SM2 

3.214lB+O4 3108.  

sn3 

-3997. 388 1 -2424. 

T’KB T0LLX)WING TABLB IS P R I m  ?OR BLSm X X S - N l  AND BLBHBNT rYPB SIRS 

SMl SM2 su3 

3.0500B+O4 -1.2753B+04 -1894. 

BL2HBNT PT 8OOT- SPl 
NOTB 

392 1 -2714. 

SP2 

8412. 

SF3 

549.4 

SF4 

-846.7 

SPS 

36.50 

0 

THB FOLLOWING TABU IS PRI- FOR BLSBT AXIS-Nl AND BLBHBNT TYPB SIRS 

sn1 SMZ SM3 SP2 SP3 SP4 SP5 

396 1 -3173. 2971. 
1 

258.6 -543.1 19.69 1.2719B+OI -3652. -730.1 

ABnQUS PRODUCTION VXRSION 4-9-1 DATB 25-JUn-94 
?OR USE SY ‘ ~ I N G U O Q S E  W O R D  COHPAHY UNDBR LICBNSB FROM KKS, INC. 

TIUB 11:14:10 ?AGB 14 

DPS-Ulb.MDAT (6/24/94), UNFACIORBD LOR0 CASB lb ’WITH PPS  S P B C I P I C  LIVB LOADS STBP 4 ZNCRgnENT 
TIUB COHPLBTBD I N  T H I S  STBP 

M-42. 



WHC-SD-W320-ANAL-002 
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PILBNAUB : print .  fil 
TITLB : Appendix bl 

TRIB : 8:53p 

THB FOLLOWING TABLB IS P R I ~  FOR WET AxIs-m AND BLBHBNT TYPB SIRS 

BLEHBKP PT FOOT- SP1 SPZ SP3 SP4 SPS 
NOTB 

400 1 -3441. 492.6 178.5 -295.5 7.924 

THE FOLLOWING TABLB IS PRINTBD FOR BLSKP AXIS-m AND BLEUENT TYPE SIRS 

- 
ELBUBHT PTPOOT- SPl SPZ SP3 SP4 SP5 

- NOT8 

404 1 --3632. -962.7 103.9 -00.48 -1.456 

THB FOLLOWING TABU IS PRINTRD FOR BLSKP AxIs-m AND BXSHBKP TYPB SIRS 

BLBURNT PT FOOT- SP1 SPZ SP3 SP4 SP5 
NOTB 

408 1 -3747. -2150. 69.64 35.79 -5.171 

THE P O W W I N G  TABLB IS PRINTED FOR 2LSKP dXIS-Hl AND ZL2UENT TYPB S4RS 

sn1 5((2 sn3 

-288.1 -3594. -140.6 

sn1 sx2 sn3 

-6193. -3833. 95.21 

SUl sn2 sn3 

-7123. -3329. 150.6 

PAGE 42 

BL2MBNT PT FOOT- SFZ SPZ SP3 SP4 SPS SUl sn2 st43 
NOTB 

412 1 -3833. -2991. 29.21 75.43 -6.436 -5355. -2347. 128.7 
1 

ABAQUS PRODUCRON 'JgRSION 4-9-1 DATB 2s-JUn-94 T X B  11:14:10 PAGB 15 
FOR USE BY 'WXSTINGHOUSB W O R D  COUPANY UNDBR LICBNSB PROU Hx9, INC. 

PPS-Ulb.XBDAT (6/24/94), mmAcPoRg0 LOA0 U S B  T b  WITH PPS SPECIFIC LFJB LOADS STBP 4 INocHnHKp 10 
TIUB conpmmm IN THIS STBP 1.00 

THE POLLOWING TABLB IS P- FOR BLSKP AxIs-m AND BLEUENT TXPB S ~ R S  

BLBUKHT ET FOOT- SPI SP2 SF3 SP4 SP5 
NQIg 

416 1 -3876. -3415. 23.05 53.92 -4.942 

THB P O W W I N G  TABLE IS PRINTRD FOR =BY! AXIS-N1 AND gLgnKKp TYPB S4RS 

BLBUBKP !?T FOOT- SP1 SP2 SP3 SP4 SP5 
NOTB 

420 1 -3894. -3577. 1.939 36.88 -5.561 

SUl sn2 SU3 

-3045. -1426. 55.52 

Slll SI42 343 

-1379. -793.1 42.03 

M-43 
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FILaHAnB : print.fi1 
T I n a  : Appendix H 

DATE : 08-06-94 PAGB 43 

THB FOLLOWING TABLE IS PRINTHD FOR BLSBT AXIS-N1 AND EL2flENT n P B  S4RS 

ELBnSNT FT FOOT- S F I  
N m E  

SP2 SP3 

292.9 

SP4 

-82.24 

SP5 

67.13 

sn1 

-821.2 

sn2 

-8145. 

913 

-1149. 424 1 -1289. -2694. 

Tiis POIJAWING TABLa IS PRIKI'BD FOR.BLSKP dXIS-P2 AND BLan2NT TYPE SIRS 

sn1 sn2 sn3 BLBHBHP PT FOOT- SP1 
MTB 

SP2 

-1221. 
-1178. 
-1172. 
-1238. 
-1242. 
-1356. 
-1389. 

S F 3  

-2.004 
-5 .lo9 
-3.488 
4.023 
-1.343 
6.679 
-33.27 

SP4 

-1. a33 4.817 
- 3 . 6 8 7  22.58 
1.060 12.11 
2.400 -6.358 
4.040 -1.636 
2.279 -18.68 
-6.246 -14.41 

SPS 

-1261. 
-1256. 
-1229. 
-1239. 
-1240. 
-1256. 
-1292. 

1.498 
60.52 
1.848 
16.08 - .7979 
-22.15 
17.59 

161 
162 
164 
166 
169 
172 
176 

662.7 
585.4 
355.0 
345.3 
245. 5 
318.7 
405.4 

490.4 
39.87 
-15.12 
-61.80 
-78.94 
413.6 
449.0 

1 

XBXpUS PRODUCTION VBRSION 4-9-1 IlATB 25-JUn-94 
FOR USB aY WESTINGHOUSB W O R D  COMPANY UNDER LICXNSB FROU HKS. INC. 

PAGB 16 

I P S - U l b . M D A T  (6/24/94), WACTORED WAD CASB Ib WITH PPS SPECZFIC LIVB LOADS STEP 4 INOlBMKKP LO 
x n B  COMPL~TBD IN THIS STBP 1.00 

3 i X  FOLLOWING TdBLX IS PRINT8D POR BLSKP AXIS-P2 AND BLBMBKP TYPE SIRS 

sn1 sn2 sn3 SP2 S F 3  SP4 SP5 

179 1 
1.33 1 

-3771. -3930. 11.20 
-3642. -3920. . 4.978 

3 .388  -. 9337 
-4.958 1.000 

- 3 5 8 . 5  
-514.3 

-631.3 
-638.9 

27.55 
3 0 .  a6 

THE ?OLLOWING TABU IS PRINTED FOR BLSBT dXIS-P2 AND X L Z M m  TZPB SIRS 

3LLWHKP PTFOOT-  SP1 
NOTE 

SF2 SF3 S F 4  SPS Snl Sn2 SKI 

185 1 
188 1 

-3728. -3957. 
-3 785. -3971. 

-4.851 
11.18 

13.56 -16.64 -248.3 
4.221 -15.62 -265.7 

-5 - 023 
-56.24 

-6.571 
59.34 

THB FOLLOWING T;LBLB IS PRIKPBD FOR BLSm dXIS-PZ AND BLgnBHP TZPB SIRS 

BL2HSNT PT FOOT- SPl 
NOTX 

SP2 SP3 SP4 SF5 S X l  SM2 SKI 

189 1 -4310. 
191 1 -4011. 

-4120. 
-4087. 

24.39 
10.38 

8.899 
17.80 

18.01 
15.16 

-546.2 
-227.2 

240.2 
3 3 5 . 1  

137.9 
21.67 

THB FOLLOWING TMLB IS PRIKPED POR B U S T  AXIS-P1  AND BLXHBNT TZPB SIRS 

sn1 sn2 9143 SP2 SF3 SF4 SPS 

M-44 
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PAGB 44 DJ4TB : 08-06-94 T I H B  : 8:53p F I L E M B  : princ.fi1 
ZITLB : Appendix n 

Nom 

192 1 -4017. -3919. 10.12 2.303 -16.99 -809.4 -801.3 13.20 
1 

ABAQUS P R O D U a I O N  VERSION 4-9-1 * DATE 25-Jun-94 T I n B  11:14:10 PAGB 17 
FOR USB BY 'WBSPINCHOUSB W O R D  COMPANY UNDBR LICKNSB FROU HKS, INC. 

PPS-Ulb.ABDAT (6/24/94), UHPACPORBD LOAD CASB l b  WITH P P S  S P B C I P I C  LIVE LOADS STBP 4 INCRBMENT 1 0  
TIHB COXPLBTRD I N  THIS STEP 1.00 

THB FOLLOWZNC TABLE IS P R I m  FOR ELSET AXIS-P2 AND BLRHHKP TYPB S4RS 

BLBHHHT PTFOQP- SP1 SF2 SP3 SF4 SPS 
- N o m  

844 1 -1329. -1433. 38.41 -1.968 9.456 
848 I -1313. -1433. -30.21 -2 -662 10.97 
a52 1 -1293. -1430. 46.38 2.054 -32.10 

THB POLLOWING TABU IS PRIKPKD FOR ELSgP AXIS-P2 AND BLRHKKP TYPB S4RS 

Z L 6 M N T  PT FOOT- SPl SF2 SP3 SF4 SPS 
HOTB 

056 1 -1321. -1466. -46.35 3.442 59.58 
a60 1 -1270. -1479. 89.08 51.81 -48.21 

M B  FOLLOWING 'c9rBLB IS PRIKPKD FOR BLSET AXIS-P2 AND ZLangKP l Y P B  SIRS 

ZLBflgKT ?T IOQP- SP1 SF2 SP3 SP4 SFS 
N0l-B 

064 1 -1233. -1461. -22.23 46.07 111. 8 

THB FOLLOWING TABU IS PRIKPKD FOR gtsHp AXIS-P2  AND BLirnKKP TYPB S4RS 

ZLanENT PTIOQP- SP1 SP2 SP3 SP4 SPS 
Nom 

068 1 -1390. -2183. -2.609 -37 .01  -761.2 
1 

-US PRODU-ON VBRSION 4-9-1 DATE 25-Juri-94 
FOR US8 BY 'WBSRNQiOUSB HANPORD CONPANY UNDER LICKNSB PROW HKS, INC. 

sn1 

427.9 
360.3 
442.0 

sni 

281.4 
206.1 

sni 

-128.9 

5n2 5n3 

455.1 -8.096 
1.151 6.843 
554.0 -4.857 

5m2 5n3 

-191.3 24.35 
-179.5 35.49 

5m2 5n3 

-1625. 24.70 

sn1 5n2 5x3 

-3117. 1.56498+04 -642.6 

TIHB 11:14:10 PAGB 18 

PPS-Ulb.ABDAT (6/24/94), WNFACTORXD =AD CASX l b  WITX P P S  SPEQPIC Ii#B LOADS STBP 4 INCRgnBNT LO 
TIME COUPLBPgD I N  THIS STBP 1 . 0 0  

THB FOLLOWING *-LE IS PR- FOR BLSET AXIS-PZ AND ELXMENT TYPB S4RS 

BLEflBHP ?T PCGT- SP1 SP2 SP3 SP4 SPS 
N o R l  

872 1 1221. -2928. -54.96 -44 -7'1 788.7 

SI1 

4167. 

912 5n3 

2.31768+04 216.6 
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T I n B  : 8:53p PAGE 45 

THE FOLLOWING TABLB IS PRIWEO FOR BLSET AXIS-P2 AND BLBxKN1: TYPE SIRS 

EhEXBm PT FOOT- SP1 SP2 SF3 SP4 SPS 
NOTH 

876 1 477.8 -2803. 198.5 -11.92 533.5 

THE FOLLOWING T a L B  IS P R I m  FOR ELSET AXIS-PZ AND BLBxKKp TYPE SIRS 

EGMBNT PT FOOT- S P I  SP2 SF3 SP4 SPS 
- N o m  

880 1 -326.4 -2736. -87.84 2.332 328.6 

THB POLLOWING TdELB IS PRIKPgO FOR H L S B T  dXIS-P2 AND gLKnKKp TYPE SIRS 

SLanKKP PT POOT- SF1 SP2 SP3 SP4 SP5 
NOTE 

884 1 -1235. -2702. 96.61 6.416 133.9 
1 

ABAQUS PROOUCTION VKRSION 4-9-1 OATB 25-Jun-94 
FOR USE BY 'XBSTINGXOUSB HANPORO COHPANY 0M)BR LICBNSB PROn HKS, INC. 

sn1 sn2 

1168. 8606. 

Snl sX2 

-82.48 -601.0 

sn1 sn2 

-1013. -7077. 

l?UE 11:14:10 

sn3 

106.4 

sn3 

11.78 

SI43 

24.90 

PAGB 19 

PPS-Ulb.AB0.4CZ (6/24/94), UNFACPORRO LOA0 CXSB l b  WITH PPS SPECXPIC LSVB LQADS SlgP 4 MmmKN1: 10 
R n B  COflPLHpHD M -9 STBP 1.00 

THB POLLOWING TABU IS PRINTHD FOR B U R T  AXIS-PI AND m m  TYPE S4RS 

ELZflBST ?T FOOT- SF1 SP2 SP3 SP4 SPS sn1 sn2 2.13 
NOTE 

888 1 -2633. -2635. -45.36 8.472 3.933 -1315. -9006. 6.360 

THE POLLOWING TABU IS PRINTBD FOR BLSET AXIS-P2 XM) ELEHW TYPB 94- 

ELBMSKP PTPOOT- SP1 SF2 SF3 SF4 SPS sn1 Sn2 sn3 
NOTB 

892 1 -2468. -2576. 93.76 6.678 -82.62 -1160. -79l2. -20.55 

THE FOLLOWING TABLE IS PRINTED POR BLSBT AXIS-P2 AND BLgnW TYPE SIRS 

ELanBKT PT FOOT- SPl  SF2 SF3 SPI SPS sni sn2 sn3 
N o m  

896 1 -1107. -2530. -35.48 3.830 -215.5 -553.1 -3753. -16.70 

M-46 
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M B  FOLLOWING TABLB I S  PRIKPBO FOR BLSHP AXIS-P2 AND ELanBKP TYPB S4RS 

BLBHHKT PT P o o f -  SPl SP2 SP3 SP4 SPS SM1 982 SM3 

NOTB 

900 1 1044. -2501. 95.30 1.170 -445. I 782.2 5489. -31.98 
1 

;\sAQUS P R O O I J ~ O N  VBRSION 4-9-1 OAT8 25-JU-94  TIHB 11:14:10 PAGE 20 
FOR USE BY 'WBSTINGHOUSB W O R D  COUPANY UNDBR LI-SB FROM HKS, INC. 

PPS-Ulb.;\sOAT (6 /24 /94) ,  UNFACLQRBD LOAD CASB lb .WITH PPS SPBCIPIC 'YTVB LOADS STBP 4 I N C X H P I m  10  
T U B  Q)HPLBTBD IN MIS STBP 1.00 

M B  POLL6WING TABLB IS PRI- FOR SLSBT AXIS-02 AND BLBUBXT TYPB SIRS 

B L E P I m  PT FOOT- SP1 SP1 SP3 SP4 SPS 
?IQl?l 

904 I 3059. -2527. - 6 2 . 1 6  -13.32 -583.9 

M B  POLLOWIXG TABU IS PRIKPgD ?OR BLSHP AXIS-P2 AND BLBUBXT TYPB S4RS 

BLWKNT PT FOOT- SPZ SP2 SP3 S?I SPS 

NOTB 

908 I 9329. -2620. -38.74 -19.74 -576.2 

M E  F0LIX)WIMG TABLa IS PRISTBO ?OR 2LSBT AXIS-P2 dND BLBUBXT TYPB SIRS 

SLBnHKT PT a m -  SPt SP2 SF3 SP4 SPS 
NOTB 

912 1 8510. -2738. -410 - 2  29.11 849.3 

THB S'OLWWING TABU iS PRIKIgD FOR HLSBT AXIS-P2 Aw 2LRUlPAT TYPE S4RS 

BLangKT PTTOOT-  SPl  SP2 SF3 SP4 915 

NOTB 

916 1 3010. -3287. -281.9 15 - 77 544.3 
1 

ABAQUS PRODUCTION VBRSION 4-9-1 OATB 25-Jun-94 
FOR USE BY *msrINcHousz HAHPORO CQ~PANY ~ B R  LXCENSB mon HK~, INC. 

sn1 s n 2  

2205. i . a 7 0 2 ~ + 0 4  

SXt sna 

2644. 3.2774B+O4 

Snl s n 2  

-1.2447B+O4 3.06538+04 

sn1 s n 2  

1.27588+04 -3618. 

sn3 

59.32 

sn3 

571.6 

sn3 

1446. 

sn3 

577.3  

TIHB 11:14:10 PAGB 2 1  

PPS-Ulb.ABOAT (6/24/94) ,  UNFACNRED LOA0 CASB l b  WITH PPS SPBCIPIC L N B  LOADS SPB? 4 INCRgngKp LO 
TXHB COHPLBTKD IN T M S  STBP 1.OC 

THB POLLOWING TABLB 19 PRIMgo FOR BLSBT dXIS-P2 AND BLBUKNT TYPB SIRS 

BLBUgKP PTtOOT- SFI  SP2 SP3 SP4 SPS sn1 SM2 
NOTB 

M-47 
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PILGNAnB : princ.fi1 
T I T L B  : Appendix 

DATB : 08-06-94 T I H B  : 8:53p 

296.0 -3564. 

PAGB 47 

-3447. -121.7 5.480 -302.3 101.7 920 1 5 0 8 . 2  

THB POLLOWING TABLE IS P R I K P W  POR BLSBT AXIS-P2 AND BLKnBNT TYPB S4R5 

BLBnBNT PT POOT- SP1 
NOT8 

SP2 sP3 SP4 SPS sn1 SM2 

-6235. 

sn3 

924 1 -956.8 -3634. -55.70 -2.345 81.17 -3812. -97.32 

THB POLLOWING TABLB IS PRIKPH) ?OR 2LSET AXXIS-PZ AND BLBMKKP TYPB SIRS 

KL2MBNT kl? POOT- SP1 -- SPZ sm SP4 SPS sn1 sn2 sn3 

-143.4 928 1 -2156. -3744. -27.23 -5.229 -35.69 -3312. -7177. 

THB POLLOWING TABLB IS PRIKPKD W R  KLSHT AXIS-P2 AND BLKnENT TYPB SIRS 

sn1 snz sn3 2L2MBNT PT POOT- SP1 
NOTB 

932 1 -3007. 

SP2 SP3 SP4 SPS 

-3824. 8 .  a43 -6.265 -75.67 -2334. -5407. -128.3 

ABAQUS PRODUCTION -ION 4-9-1 DATB 25-JUn-94 
POR USE BY 5IBSTINGIiOUSE W O R D  COHPANY UNDER LI-SB ZROn HK9, INC. 

T I H B  11:14:10 PAGB 22 

?PS-Ulb.igDAT (6/24/94), UNPAClURXD LOAD CXSB l b  'KITH I P S  S P B C I P I C  LXVB LOADS STXP 4 INCRBMBNT 10 
T I H B  COflPLBTKD IN 31s STBP 1 . 0 0  

THE POLLOWING TABLB IS PR- POR BLSBT AXIS-P2 AND BLBHKKP TYPB SIRS 

BL8nJHNT PT o m -  SP1 
NOT8 

SP2 

-3958. 

SP3 

13.73 

SP4 SP5 S H l  

-4.706 -53.77 -1412. 

SH2 

-3095. 

sn3 

-56.29 936 1 -3441. 

THB POLLOWING TdBLB 19 PRIHfgD W R  ILSET AXIS-P2 AND BLBMKKP TYPB SIRS 

BLBn8NT PT POOT- SP1 
NOTB 

940 1 -3611. 

SP2 

-3866. 

SP3 

31.86 

SP4 SP 5 SMl 

-5.224 -37.16 -704.3 

sn2 

-1430. 

sn3 

-42.34 

THB POLLOWING TABLB IS PRIHTKD POR ELSBP AXIS-02 AND BLBnKKP TYPE SIRS 

SMl sn2 BLEMBNT ?T POOT- SP1 
NOT8 

944 I -2754. 

SP2 SP3 SP4 SPS 

-1277. -315.5 . -69.42 -66.54 -8163. -602 .8  1128. 

M-48 



F I L E W E  : p d n t . f i 1  
TITLE : Appendix U 

DATB : 08-06-94 TIHB : 8:53p 

M B  ANALYSIS HA9 BBEN COMPLETED 

END OF RUN 

RUN SMlWCY: 
TOTAL OF 0 INCRBUENTS 

0 m C K S  I N  XTSUUATIC INCRBXENl'mON 
0 ITBRATTONS 
0 
0 RBPRBSBKp(S) DECOHWSITION OF THB UASS MAl lZX  

PASSES THRODCH THB EQUATION SOLVER OF WQI 

M-49 
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FILKHAnB : p r i n c . f i 1  DATE : 08-06-94 T I U B  : 8:53p PAGB 49 
T I T L B  : Appandix U 

1 

ABApUS PRODUCTION VBRSION 4-9-1 DATE 21-Juri-94 T I U H  10:29:33 PAGB 1 
FOR USR BY -XBSTINGHOUSB HANPORD COUPAHY UNDRR LICBNSB FROU HKS, INC. 

pPS-U2.ilBDAT (6/20/94), UNF'ACXURBD LOAD CASE 2 WITH PPS S P B C I F I C  L N B  LOADS STBP 0 INCRBUENT 0 
T I U B  MUPLBTBD I N  T H I S  STBP . O O O  

B+OO 

STBP NOnBER 4 INCRBWBNT m B E R  10 

T I U B  COUPLaTBD DURING T H I S  STRP 1.00 PRACTION OF STBP IS 1.00 
TVTAL ACC3MULATED TIME 4.00 

B L B U B N T  O U T P U T  

THB FOLLOWING TABU IS P R I K l g D  FOR BLSBT AXIS-P1 AND BLRUBNT TYPB SIR5 

BLWBNT P T F O O T -  SF1 SF2 S P 3  SP4 SPS 
.NOTE 

289 1 -1254. -1214. -7..  512 -4.996 .E401 
290 1 -1214. -1209. -6.264 -22.63 3.905 
291 1 -1207. -1178. .6604 -13.60 -4.452 
293 t -1275. -1188. 3 .a49 6.034 -2.686 
295 1 -1280. -1187. -2.394 .3593 -6.036 
298 1 -1393. -1202. 3.754 19.05 -3.496 
301 1 -1424. -1236. -33.64 13.06 8.163 

sn1 

660.7 
207.1 
152.3 
103.6 
84.65 
579.1 
615.4 

5n2 

486.5 
410.3 
182.7 
172.3 
67.53 
139.1 
227.4 

5u3 

.2880 
59.28 
1.799 
17.40 
-1.591 
.23.15 
16.11 

THE FOLLOWING TAB= IS PRIKfBD POR BLSBT d X I S - P l  AND BLHnXNT TYPB S4R5 

3 r n B N T  ?T?OOT- SF1 SP2 SF3 SP4 SP5 sn1 5u2 513 
HOTB 

305 1 -3799. -3583. -13.44 -1.583 3.096 -619.6 -309.4 21.81 
308 1 -3785. -3460. -25.52 .la69 -4.804 -631.4 -456.8 31.07 - 

ABAQUS PRODUCTION =ION 4-9-1 DATB 21-JUn-94 TIUB 10:29:33 PAGB 2 
FOR USB BY XBSTINGHOUSB W O R D  COUPANY UNDER LICENSB FROU HXS. INC. 

PPS-U2.ABDAT (6/20/94), UNPACPQRBD WAD CRSB 2 WITH PPS S P B C I P I C  LIVg W A D S  STBP 4 INCRBUlUC 10 
T I U B  COUPLBTED IN THIS STBP 1.00 

THB POLLOWING TABU IS PRINTBD POR BLSKP AXIS-P1  AND BLBURNT TYPB S4RS 

ELZUBNT P T B O O T -  S P l  SP2 SF3 SP4 SF5 sn1 5u2 5u3 
mTB 

312 1 -3835. -3538. -23.66 -19.10 14.38 12.45 -189.4 -19.79 
314 1 -3848. -3596. -10.53 -14.77 6.7058B-02 -42.60 -216.8 50.19 

THB P O W W I N G  TdBL2 IS PRINTBD FOR BLSBT S I S - P l  AND 2LanENT TYPB S 4 R 5  

M-50 
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P I L a W E  : pr int . f i1  
T I T L E  : Appendix H 

DATB : 08-06-94 T I U E  : 8:53p 

ELEHENT FT FOOT- SF1 SPZ SF3 SP4 SP5 
NOTB 

317 1 -4003. -4107. 18-34 18.05 2.067 
318 I -3965. -3815. -6.390 17-18 19 .27  

TXB POLLOWING TABLE IS PR!NTBD BOR BLSgP dXIS-Pl AND BLBnKWf rYPE S4RS 

ELEHBKP PT FOOT- SP1 SP2 SF3 SP4 SPS 

320 -l -3805. -3820. 5.246 -14.67 -4.231 

THB FOLLOWING -9rBLE IS PRIHZIlD FOR BLSBT AXIS-P1 AND KL&ngKp TYPB SIR5 

ELaMENT PT FOOT- SP1 SP2 SF3 SP4 SP5 
NOTB 

1257 1 -1474. -1268. 38 .54  -9.271 1 .671  
1261 1 -1482. -1250. -31.16 -10.96 2.320 
1265 1 -1487. -1226. 44.73 32.00 -1.932 

1 

ABAQUS PRODUCTION W I O N  4-9-1 DATB 21-Juri-94 
FOR USB BY 'WESTINGHOUSE W O R D  cc)UPANY UNDKR LICXNSE FRCH iMs, TNC. 

sut 

267.8 
359.9 

. SUl 

-736.4 

S H l  

627.4 
174.8 
723.5 

PAGB 50 

912 

-448 .2  
-159.4 

sn2 

-704 .a  

su3 

120.8 
6 . 8 1 6  

sn3 

1.216 

sn2 SH3 

253.0 -8.725 
191 .5  6.039 
272.9 -5.690 

TINB 10:29:33 PAGB 3 

PPS-U2 .MDAT (6/20/94) ,  WACCORED LOAD CAS= 2 WITH PPS S P E C I F I C  LIVE IDADS SlgP 4 INCRBHXNT 10 
TIHB CQHPLaKD I N  THIS STEP 1.30 

TXB FOLLOWING TABLE IS PRIKpgo FOR BLSBT X I S - P I  AND m g K p  TYPB S4RS 

ELXMBNP ?T ?COT- SP1 S P 2  SP3 SP4 SPS S H l  sn2 
NOTB 

1269 1 -1535. -1250. -50.72 -59. ?a -2.704 -8.525 124.6 
1273 1 -1555. -1195. 84.77 46.53 -49.98 -22.69 51-09  

ME P O U W I N G  TABLE IS PRINTED FOR BLSBT AXIS-P1 AND m W  TYPB S4RS 

ELEMENT PTPOQP- SP1 S P 2  Sp3 SP4 SP5 sn1 sn2 
NOTB 

1277 1 -1551. -1148. -31.39 -107.6 -43.72 -1407. -269.0 

St43 

21.89 
35.64 

sn3 

24.56 

THE FOLLOWING TABLE IS PRINTED FOR BLSgP AXIS-= AND BLgngKp TYPE SlRs 

BLBHENT PT FOOT- SF1 SPZ SF3 SP4 SP5 S H l  snz su3 
NOTE 

1281 1 -2275. -1099.  -6.228 74s.  a 36.01 1.56363+04 -2932. -565.5 

W-51 



WHC-SD-W320-ANAL-002 
Rev. 0 

P I L E W B  : print-fil 
T I T L B  : Appendix H 

DJLTB : 08-06-94 TIMB : 8:53p 

THB POLLOWIHG TXBLB IS PRIKTBD POR BLSBT AXIS-P1  AND BLBnBNT m B  S4R5 

BLHHBNT PT POOT- SP1 SP2 SP3 SP4 SP5 sni 9x2 5n3 
NOT2 

1285 1 1487. -2027. 104.4 41.40 814.1 4147. 2.4225E+O4 -213.7 
1 

XBmUS ?RODUCI?ON VBRSION 4-9-1 DATB 21-JUn-94 TIHB 10:29:33 PACB 4 
?OR USB BY 'WBSTINGHOUSB W O R D  COMPANY UNDER LICRNSB PROn KKS, INC. 

PACE 51 

PPS-UZ.XBDAT (6/20/94). UNPACTORBD LOAD G S B  2 WITH P P S  S P E C I F I C  LF7B LOADS STBP 4 INCRBUHKP 10 
T I H B  COMPLBTXD I N  THIS STBP 

M B  P O W W I N G  T F L 2  IS ?RIKTBD POR BLSBT AXIS-PY. AND BLanBKP TYPB S4R5 

EL2HBNT PT POOT- S P l  SP2 SF3 SP4 SPS 
NOTB 

1289 1 664.6 -2732. -141.3 9.192 538.8 

M B  POL53WING TABL2 IS PRIKTBD POR BLSBT AXIS-P1  AND BLBnBKP N P B  SIR5 

2LZHBhT PT POOT- SP1 SP2 SP3 SP4 SPS 
XOTB 

1293 1 -139.6 -2689. 136.9 -3.445 318.2 

M B  ? O W W I N G  TABLil IS 2RI-D POR 2LSBT A X I S - P I  AND BLplBKP TYPE SIRS 

sn1 5n2 5n3 

1148. 8634. -95.88 

sn1 snz 

-48.90 -484.9 

BLanBNT PT FOOT- SP1 SP2 SP3 SP4 SF5 sn1 5n2 
NOTH 

i297 1 -1071. -2721. -37.09 -4.046 122.9 -017.9 -6685. 

M E  POLLOWIHG TABLE IS PRIKPBD POR BLSBT AXIS-P1  AND BLgnBNT TYPB S4R5 

BL2HBN'T PT POOT- SP1 SP2 SP3 SP4 SPS 
SOTB 

1301 1 -2574. -2690. 87.32 -2.763 11.72 
1 

ABdQUS PRODUCTION =ION 4-9-1 DATE 21-JUl-94 
POR USB BY WBSTINGHOUSB HANFORD COnPANY UNDBR LICKHSB PROn HK9, INC. 

5u3 

13.12 

5u3 

5.348 

SUl 5n2 917 

-1132. -8569. 17.90 

T M B  10:29:33 PAGB 5 

1.00 

PPS-U2.ABDAT (6/20/94), UNPACTORBD LOAD U\SE 2 WITX P P S  SPBCIPIC LXVR LOADS SPBP 4 INcRKnHKP 10 
TIUB C O n P L K r m  I N  THIS STEP 1 .00  

M2 POLCOWING TABLB IS PRINTBD POR BLSBT A X I S - P 1  AND ELBnKKP TYPB 9 4 s  

BLBMBNT PTPOOT- SPl SP2 SF3 SP4 SPS 
NOTB 

9x1 5n2 5n3 



WHC-SO-W3 20-ANAL-002 
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FILBNAUB : print.fi1 
TITLB : Appandix U 

DAlg : 08-06-94 TIMB : 8:53p PAGB 52 

1305  1 -2593. -2679. -30.14 .2579 -74.29 -1013. -7663.  -10.46 

THB FOLLOWING TABLB I S  PRIKPBD FOR BLSET AXIS-P1 AND BLBUBNT N P B  S4R5 

BLBnBKP PT POOT- SP1 SP2 SP3 SP4 SP5 
NOTB 

1309 1 -1479. -2670. 8 1 . 0 6  1.136 -160.1 

THB POLLOWING TBBLB ZS PRI- FOR BLSET AXIS-P1 iWD BLBUKKP TYPB S4R5 

BLBUBKP PTPOQP- SP1 SP2 SF3 SP4 SP5 
m- 

1313 1 4 7 5 . 9  -2582. -59.08 -2.497 -436.9 

sni su2 913 

-608.  E -4353. -33.68 

sxi s u 2  su3 

498.1 4029. -56.47 

THE POWWING TJIBLB IS PRIKPBD FOR BLSBT AXIS-P1 AND BLBUBKP N P H  SIRS 

BLanKKT PTPOQI-  SF1 SF2 SP3 SP4 SFS SUl su2 su3 
NOTB 

1317 I -1711. 1399. -1899. -556.2 -249.1 1.4787B+O4 4307. 5893. 
1 

AEAQUS PRODUCPION 'J'BRSION 4-9-1 DATB 21-JU-94 T R ( B  1 0 : 2 9 : 3 7  PAGB 6 
FOR OSB BY WBSTINGHOUSB HANFORD COUPANY UNDER LIciMSK PROU HKS, INC. 

PPS-UZ.XBDAT (6 /20 /94) ,  LNFACrORBD LOAD CASB 2 WITH PPS SPBCIPIC LIVB LOADS STBP 4 INCFSUBNT 20 
'PIUH COUPLZL'BD I N  ?HIS STBP 1 .00  

IXB FOLLOWING TABLB IS PRIKPW POR SLSBT ;UcIS-Pl AND 3I5tIKKP l Y P B  S4RS 

3LBUgKT FT FOOT- S P I  SP2 SF3 SF4 SP5 
NOT8 

1321 1 -2521. 7924. -1238. -575.1  -76 .10  

MB FOLLOWING TABLB IS PRI- FOR BLSBT dXIS-Pl AND BLBUKKP TYPR 9 4 s  

BLBUBKP PT FOOT- SF1 SP2 SPJ SP4 SPS 
NOTB 

1325 1 -2781. 7548. -470.4 820.8 34.30 

THE FOLLOWING TABLE IS lRTNPg0 FOR BLSaT AXIS-P1 AND BLZUgKP TYPB S4RS 

BLBURNT PT POQT- SF1 SP2 SF3 9P4 SF5 
NOTB 

1329 1 -3223. 2846. -201.4 449.3 .1729 

M-53 

sni su2 su3 

3 .  U13B+O4 947.5 4000. 

sua sn2 su3 

2.99188+04 -1.0682B+04 1522. 

Snl 912 983 

1..36363+04 -2411. 456.0 
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PILHNA~B : p r i n t . 5 1  
T i i L B  : Appendix U 

n m  : 08-06-94 TIUB : 8:53p PAGB 53 

THB FOLLOWING TABLB IS PRIKl'HD FOR 3LSBT AXIS-P1 AND BLBUBNT TYPB SIRS 

2LzUBWr PT FOOT- SPl SF2 SP3 SP4 SPS Snl s n 2  913 

NOTB 

1333 1 -3389. 625.6 -150.8 277.1 -8.716 2259. -2247. 146.7 
1 

AEAQUS PRODUCTION V E R S I O N  4-9-1 DATB 21-Jun-94 TIMB 10:29:33 PACB 7 
FOR us2 BY 'WESTINGHOOSB WORD COUPANY UHDBR LICBNSB mon HK~, INC. 

PPS-U2 .AEDAT (6 /20 /94) ,  UHPACPORBD LOAD CASB 2 WITH PPS SPBCIPIC LIW WADS STBP 4 INCRBUBKP 10 
TIUB anPLKPgD IN THIS STBP 1.00 - 

'=HB POLLOWING TABU IS PRIKfKD FOR BLSKT AXIS-P1 AND BLBUBNT TYPB SIRS 

ELWENT PTPOOT- SP1 SP2 SP3 SP4 SFS SXl s n 2  sn3 
NQTB 

XI37 1 -3479. -782.7 -101.5 145 .0  -5.274 -4333. 

THB ? O W W I N G  TABU IS IRIKfKD FOR BLSFl AXIS-PI XM) BLanBNT TYPB SIRS 

B L M E N T  P T P O O T -  SF1 SP2 sm SF4 SPS 
SOTB 

1 3 4 1  1 -3586. -1993. -72.03 -11.84 -4.419 

THB POLLOWIXG TAB= I S  P R I m  FOR 3LSZ AXIS-PI dND 3LBUm TYPB S4R5 

BLangKT PT FOOT- SPZ SP2 SP3 SP4 SPS 
NOTB 

1345 1 -3680. -2833. -26.26 -76.33 -6.361 

-2772. 9 I 545 

Snt 912 sn3 

-6629. -2791. -79.44 

Snl s n 2  sn3 

-5215. -2035. -117.5 

THB FOLLOWING TABU IS P m  FOR BLSBT AXIS-P1 AND BLBMBNT TYPB SIRS 

BLanENT PTPOOT- SF1 SP2 SP3 SP4 SP5 3 1  s n 2  m 
NOTB 

1349 1 -3717. -3251. -23.00 -49.87 -5.315 -2896. -1181. -40.73 
1 

AEAQUS PRODUCTION VgRSION 4-9-1 DATg 21-JUU-94 TIHK 10:29:33 PACB m 
FOR USB BY WBSTINGHOUSB WORD c o n p m  m m  LICXNSB mon m a ,  INC. 

PPS-02.ABDAT (6/20/94) ,  "PACTORBD WAD CASB 2 WITH PPS SPBCIPIC LIVB LOADS STBP 4 INCIZBUBKP 10  
TIUB conPLgTKD IN THIS STBP 1 . 0 0  

THB POLLOWING TAELB IS ?RIKfKD FOR BLSBT AXIS-P1 AND BLgwKKp TYPE S4R5 

BLBUBNT ET FOOT- sp1 SP2 SP3 s e 4  SPS Sn1 s n 2  sn3 
N O T .  

M-54 
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PILBNAHB : p r i n t . f i 1  
T I T L E  : Appendix H 

DATB : 08-06-94 T I H B  : 8:53p PAGX 54 

-3725. -3425. - .6333 -32.14 -5.119 -1354. -666.8  -30.71 1353 1 

M B  POLLOWING TABLE IS PRINTED FOR BLSBT AXIS-P1  AND BLgnSNT TYPE S4R5 

SFZ SP3 SP4 SPS sn1 sn2 sn3 

-2331. -284.4 101.7 6 6 . 6 1  -1124- -7767. 1096. 

f71B POLLOWING T h B  IS PRIKPBD FOR BLSBT AXIS-N1 AND ELgngKp N P B  S4R5 

BLEMENT PT FOOT- SP1 
NOTB 

SPZ SF3 SP4 SPS snz S X 2  sn3 

9.41798-02 662.8 
3.003 205.5 

- .3267 150.9 
-1.888 110.9 
I. 018 96.89 

-.3282 593.2 
6.094 626.3 

.3000 
-51.46 

.4728 
-13.26 - .2058 
19.36 

-16.58 

I 1  -1251. 
2 1  -1206. 
4 1  -1202. 
6 1  -1263. 
9 1  -1267. 

12 1 -1378. 
1 6  1 -1411. 

-1220. 
-1214. 
-1192. 
-1201. 
-1204. 
-1219. 
-1258. 

- .1764 
3.840 - .5293 

-4.047 
- .2694 
-7.061 
31.82 

5.150 
22.56 
12.03 

-6.856 
-2.585 
-18.47 
-13.63 

491.2 
415.0 
198.4 
189.7 
97.43 
169.0 
242.1 

THB POLLCWING 'PXBLB IS P R I m E D  P O R B L S B T  AXIS-Nl AND BLplgKp TYPB SIRS 

ZLZHENT ?l' ?COT- SP1 
NOTB 

SP2 SE3 

17-08 

SP4 SP5 sn1 sn2 513 

-19.45 

PAGB 9 

19 1 - 3 8 0 8 .  -3603 .  1.035 1.859 -552.9 -314.9 

ABAQOS P R O D U C T I O N ' ~ I O N  4-9-1 DATB 21-JUn-94 
FOR USB BY 'WBSTINGHOUSB W O R D  COUPANY UNDER LICKNSB PROM HKS, INC. 

TIHB 10:29:33 

STEP 4 INQcgngKp 10  
T I H B  COHPLm-ED XN T H I S  S m P  1-00 

sx2 SU3 

PPS-U?.ABDAT (6/20/94),  fJNFAmRBD LOAD U S B  2 WITH P P S  S P E C I F I C  UVS LOADS 

S P 2  

-3493. 

SP3 

24.56 

SP4 

- -8153 

SPS S H l  

-5.212 -563 .l 23 1 -3198. -411.0 -26.19 

M B  POLLOWING TABLE IS PRINTED FOR BLSBP AXIS-Nl AND ELplBWZ TYPE SIRS 

sn1 sn3 BLEHBNT PT BOOT- SP1 
NOTE 

-3839. 
-3850. 

SPZ SP3 SP4 SPS 

25 1 
28 1 

-3550. 
-3615. 

24.49 
13.76 

15.84 
14.60 

11.70 
2.729 

51.05 
.1248 

-203.2 
-225.5 

16.46 
-48. ii 

THB POLMWING TAELB IS PRIKPKD FOR BLSBP AXIS-= AND BLKHBKP TYPB S4R5 

BLZHBNT PT FOOT- SPI 
NOTB 

SP2 SP3 SP4 SPS sn1 sn2 513 

M-55 
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PAGB 5 5  P I L ~ B  : p r i n c . f i 1  
. T I T L B  : dppendix tl 

DATE : 08-06-94 T I H B  : 8:53p 

29 1 
31 1 

-4004. 
-3969. 

-17.87 
-14.06 

-4110. -15.52 
-3827. 5.299 

3.509 
15.56 

279.0 -456.3 
360.9 -170.3 

-120.0 
-8.378 

M B  POLLOWING TXBLB IS PRINTBD FOR BLSBT AXIS-N1 dND BLBHBNT TYPB S4R5 

SPS 

- -6453 
sn: sn2 

-736.7 -713.3 

913 

-.5112 

SLanBW7! i?TPpooT- SP1 
NOTB 

SP2 SF3 SP4 

15.35  32 1 -3803. -3822. -3 -233 
1 

PAGB 10 XBApUS P R O D U n I O N  VKRSION 4-9-1 DATE 21-JW-94 TIMB 10:29:33 
FOR USB 3~ WBSTINGHOOSB WORD m n p m  UNDER LICKNSB mon m, INC. 

?PS-UI.XBDAT (6/20/94), UNFACXQRKD LOAD W B  2 *WITH PPS SPBCIPIC LIVB LOADS STBP 4 INmm 10 
TIMB COnPLBTgD I N  T H I S  STBP 1 . 0 0  

THB POLLOWING raau IS P R I ~  FOR BLSBT wIs-m XND z m g ~ p  TYPB SIRS 

sni 5n2 5n3 SP2 sF3 SP4 SPS 

324 1 
328 1 
332 1 

-1293. - 3 7 . 5 1  
-1281. 30.00 
-1261. -43.68 

9.477 
10.84 
-31.82 

1.861 
2.432 
-2.274 

625.4 
175.8 
725.5 

260.5 
194.9 
273.5 

7.269 
- 6 . 0 6 8  
4.374 

-1451. 
-1448. 
-1442. 

MB FOLLOWING TABU IS P R I . ~  FOR BLSBT =Is-m XND ~ ~ g x g ~ p  TYPB S ~ R S  

ZLZnKNp PTPOOT- SP1 SP2 SP3 SP4 SPS sni 5n2 5n3 
NOT6 

-1474. -1292. 48-14 
-1482. -1245. -84.38 

336 1 
340 1 

59.35 
-47.16 

-3 .605 
- 5 0 . 6 8  

-20.13 
-24.05 

117.0 
45.42 

-23.51 
-34.04 

THB FOLLOWING TXBLB IS P- FOR BLSBT m s - m  XM) B ~ B N T  TYPK SIRS 

sni 912 5n3 SP2 SF3 SP4 SP5 

27.32 109.1 -44.39 -1476. -270.3 -22.62 344 I -1468. -1211. 

THB POLLOWING TABLB IS P R I ~  FOR BLSBT =Is-m AND B L B P I ~  TYPH 94- 

BLBMBNT PTPOQT- SPl 
HQlg 

SP2 SF3 SP4 SPS sni 9132 5143 

348 1 -2174. -1341. 8.915 -735.1 36.69 1.5232B+04 -3077. 610.4 

PAGB I1 XBApOS PRODUCrrON -ION 4-9-1 D A T ~  2i-~un-94 TInz io:29:33 
POR USB 3y -XBSTINGHOUSB MORD m n p m  UNDER LICKNSB FROM HKS, INC. 

PPS-U2.=DAT (6/20/941, UNFAcrORED LOAD W B  2 WITH PPS SPBCIPIC LIVZ X A D S  

M-56 
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P I L B W ~  : print.fi1 
TITLE : Appendix 

DAlB : 08-06-94 TINE : 8:53p 

ME POLLOWING TABLB IS PRIKPHD POR ELSET =Is-m AND HLB~BNT TYPE S ~ R S  

BLBMHNP PT POOT- SPI SP2 SP3 SP4 SFS 
NOTE 

352 1 123 6 ,  -2787. -87.29 -41 -36 787.7 

ME FOLLOWING TABLE IS PRIKPBD FOR ELSET Axrs-m AND HLK~XNT TXPE 9 4 ~ 5  

BLEHBm PT BOOT- SP1 SP2 SP3 SP4 SPS 
- NOTB 

356 I - 512.0 -2678. 160 .9  -9.780 533.1 

MB POLLOWING TABLB IS PRINTED POR ELSET =Is-m AND BLB~BHP TYPE SIRS 

ELEMEm PT POOT- SP1 SPZ SF3 SP4 SPS 
NOTE 

360 1 -277.9 -2611. -115.2 4.320 327.1 

MB FOLLOWING T A B L ~  IS PRINTED ?OR BLSKP m s - m  AND ELEUBNT TYPB S ~ R S  

BLEHBNT PT POOT- SPY. SPZ SF3 SP4 SP5 
NOTE 

364 1 -1177. -2587. 61-18 8.525 132.8 
1 

XBAQUS 2RODUCTION VgR9ION 4-9-1 DATE 2l-Jun-94 
POR USE BY WBSTINGXOOSE HAHPORD a n p w  UNDRR LICBNSB mzon m, INC. 

PAGE 56 

sn i  sx2 sn3 

4109. 2.37463+04 217.1  

s n i  

1141. 

SUl 

-113.2 

snz SM3 

8591. 116.0 

sn2 sn3 

-591.5 20.72 

SH1 snz 

-1036. -7041. 

TIHE 10:29:33 

sn3 

19.26 

PAGX I2 

PPS-OI.ABDAT (6/20/94) .  UNPACPORED LOAD CASE 2 31ITH PPS SPECIFIC LIVE UJAM STEP 4 *cREpIKKp 10 
TINE WMPLBTKO I N  THIS STEP 1.00 

THB POLLGWING TABLB IS PRINTED FOR ELSET AxIs-m AM) B L ~ ~ K K P  TXPB s a s  

ELilnHNP PT POOT- SP1 SP2 SF3 SP4 S P S  sn i  
Nom 

368 1 -2580. -2518. -63.61 9.940 1.390 - l309.  

TXB POLLOWING TABU IS PRIHTKD FOR BLSBF AXIS-LR AM) BtEnKKP IYPB SIRS 

ELBHHKP PT POOT- SPf SP2 SP3 SP4 SFS Snl 
NOTE 

372 1 -2437. -2463. 72.24 6.923 -83.09 -1113. 

~ X B  POLMWING TABLB IS PRIKPW FOR ELSXT m s - m  AND BLB~BKP m x  S ~ R S  

- M-57 

sn2 SKI 

-8928. -9.944 

sn2 sn3 

-7793. -44.86 
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PILBNAHB : prinC.fi1 
T I T L B  : Appendix n 

DATB : 08-06-94 TIMB : 8:53p PACB 57 

BLBMBNT PT ?COT- S P 1  SP2 SP3 SP4 SP5 s n i  5n2 5n3 
NOTB 

376 1 -1115. -2412. -49 .21 2.667 -214.1 -480.5 -3641. -30.13 

THB POLMWING TABLB IS P R 1 . m  FOR BLSBP AXIS-N1 AND BL2MBNT N P B  S4RS 

SLBMBNT PT POUT- SP1 SPZ SF3 SP4 SP5 s n i  912 5n3 

Nom 

380 1 978.2 -2384. 71.14 - .6995 -430.8 825.5 5380. -23.12 
1 

ABiulUS PRODUCTION TBRSION 4-9-1 DATB 21-Juri-94 TIMB 10:29:33 . PAGB 13 

?OR USB BY 5lgsIINGHOUSB HiwpORD COMPANY UNDBX LICBNSB FROM HKS, MC. 

PPS-UZ.XBDAT (6 /20 /94) ,  WNF'A~ORBD M A D  CASB 2 'WITH P P S  S P B C I P I C  LlvB M A D S  

ZHB POLMWING TXBLB IS tRIKTBD ?OR iiLSET AXIS-Nl  AND BLBMBNT N P B  S4RS 

B L B n s m  i~ POUT- SPI SPZ SP3 SP4 SPS 
NOTB 

384 1 -1480. 1966. 2025. 5 1 1 . 0  -242.7 

THB POLLOWIXG TABLa IS PRINTSD ?OR ELSZZ AXIS-N1 AND 2LaHBNT N P B  S4RS 

BLGMBNT VP POOT- SP1 SP2 SP3 SP4 SPS 
NOTB 

388 1 -2343. 8721. 1351. 548.4 -80.83 

TWB IOLLOWING TXBLB IS PRINTKD FOR BLSBP AXIS-Nl AND BLBHBNT TYPB SIR5 

BLBMENT PTPOOT- S P l  SP2 SP3 SP4 SPS 
NOTB 

392 1 -2628. 8027. 529.9 -822.9 35. 80 

THB POWWING TABLB IS PRIETBD FOR BLSBT m s - m  AND BLBMBNT TYPB S ~ R S  

BLgnBNT PTPOOT-  S F l  SP2 SP3 SP4 SP5 
NOTB 

396 1 -3067. 2848. 247.0 -529 .5 19.25 
1 

-US PRODUCTION -ION 4-9-1 DATE 21-JUn-94 
FOR USB BY -WBSTINGHOUSB WORD m n p m  U N D ~  LICENSB =on HKS. INC. 

s n i  

1. 5473B+O4 

SMl 

3 . 1 2 5 9 B + 0 4  

SMl 

STBP 4 INCRBHKKT io 
TIMB m n p m  IN THIS STBP 

5n2 5m3 

4827. -6015. 

912 5h3 

2760 .  -3920. 

912 5m3 

2.9655B+04 -1.2774B+04 -1852. 

s n i  5n2 5m3 

1.2366B+04 -3514. -714.1 

T I H B  10:29:33 PAGB 14  

PPS-fJ2.XBDAT (6/20/94) ,  UNFAcrORBD M A D  U \ S B  2 WITH P P S  S P B C I P I C  LIVB WADS S l g P  4 INQLBngKP 
T I n B  MHPLaPHD I N  T H I S  STBP 

1.00 

J O  

M-58 
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PAGB 58 

THB FOLLOWING TAELB IS PRINTRD FOR B U R T  %IS-N1 AND ELEUENT TYPB S4RS 

BLBHBNT PT FOOT- SPZ SPZ SP3 SP4 SPS sni sn2 SU3 
NOTB 

400 I -3323. 455.4 173.6 -287.9 7.724 -308.8 -3482. -135.3 

THB POLLOWING TABU IS p x m m  FOR BLSRT m s - m  AND mm TXPB SIRS - 

BLBUENT PT FOOT- SP1 SPZ SP3 SP4 SPS sn1 sn2 913 

NQPB 

404 I -3506. -951.2 97.21 -77.82 -1.527 -6054. -3718. 93.31 

THB FOLLOWING TAELB IS P R I ~  FOR B U ~  m s - m  a m  ~ K K P  TYPE s w  

BLBHBNT PT FOOT- SP1 SP2 SP3 SP4 SPS sni sn2 sn3 
NOTB 

408 1 -3614. -2102. 67.21 34.67 -5.171 -6957. -3223. 149.2 

THB POLLOWIXG TAB= IS P R ~  FOR BURT m s - m  XND 3~anm TYPB S ~ R S  

BL2nBNT PT FOOT- S P l  SP2 sm SP4 SP5 sn1 sn2 sn3 
NOTB 

412 I -3691. -2917. 25 -25 73.56 -6.400 -5243. -2263. 126.4 
I 

ABAQOS ORODUCPIOH 'JKRSION 4-9-1 OATB 21-JUn-94 TIUB l0:29:33 PAGE 15 
FOR USB SY *SIISTIHGHOOSE WORD mnpm UHDKR LI-SB mon ~ ( 9 ,  nc. 

PPS-02.ABDAT (6/20/94), UNPAClQRBD LOAD M E  2 W I Y X  PPS SPBCIPIC LIw LQADS STEP 4 2 N - m  10 
mnB conp~a~go IN MIS STBP i . o a  

l W B  FOLLOWING IS PRWl'ED FOR glsm AXIS-Nl AND TXPB SIRS 

BLEUBXT PTFO0"- SFl SPZ SF3 SP4 SP5 sn1 Sn? 983 
NOTB 

416 1 -3728. -3323. 22.12 52.87 -4.927 -2991. -1360. 56.44 

THB FOLLOWING TABU IS P- FOR g~sm m s - m  AND p~gnm TYPB S ~ R S  

BLBUBKP PT FOOT- SP1 SPZ SE3 SP4 SP5 sn1 sn2 913 
N O T E  

'420 1 -3740. -3473. -. 6766 36.00 -5.516 -U51. -735.4 41.68 

M-59 
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DATE : 08-06-94 n n z  : 8:53p 

THE FOLLOWING TABLE IS P R I ~ E D  FOR ELSBT AxIs-m AND ELEHHKP TYPE 9 4 s  

BLanKNT PT FOOT- SP1 SP2 SP3 SP4 SFS Snl sn2 sn3 
NOTE 

424 1 -1277. -2760. 292.7 -97.29 64.83 -1048. -8201. -1129. 

7338 POLLOWING '=ABLE IS P R I m  ?OR BLSFP AXIS-P2 AND ELEHKKP TYPE S4R5 

ELHMHKT PT ?e- SPl SP2 sm SP4 SPS 
N O T k  

161 '1 -1257. -1213. -2 -422 -1.948 4.760 
162 1 -1251. -1170. -5.774 -3.684 22.29 
164 1 -1225. -1164. - -5610 1.108 11.97 
166 1 -1235. -1229. 3.092 2.403 -6.212 
169 1 -1235. -1233. -2 -231 4.078 -1.563 
172 1 -1251. -1346. 5 . 5 6 8  2.287 -18.72 
176 1 -1287. -1378. -33.59 -5.963 -14.23 

1 

XBAQUS PRODUCPION VBRSION 4-9-1 DATS 21-JUn-94 
POR USE BY *WESTINGHOUSE .XANFORD COMPANY m m  LICXNSE =on HKS, INC. 

PAGE 59 

sn1 sn2 sn3 

661,7 48a.6 1.576 
585.2 43.54 60.03 
357.0 -10 - 83 2.045 
347.3 -57.80 16.18 
248.0 -75.01 -. 8163 
320.7 413.9 -22. 08 
406.9 446.6 16.82 

X H R  10:29:33 PAGB 16 

PPS-U~.XBDAT (6/20/94), UNFAC~ORED LOAD USE 2 *an! PPS s P B a p I c  LXVB LOADS STBP 4 McRBngKp 10 
ITHE conprsrm IN THIS STEP 1 .00  

TXE POLioWING TABLB IS PRI- FOR ELSBT dXIS-P2 AND BLEUBKP TYPE S4RS 

a L w m n  PT FOOT- SPI SF2 S F 3  SP4 SP5 
NOTa 

179 1 -3611. -3796. -20.06 a .  506 -1.077 
183 1 - 3 5 0 5 .  -3787. -26.93 - 5 . 0 5 0  .SO53 

THB BOLLOWING TABL2 IS PRI- FOR ELSBT AXIS-P2 AND RLENBNT TYPB S4RS 

SLaBNT PI ?e- SP1 SP2 SF3 SP4 SPS 
m 

185 1 - 3 5 5 4 .  -3831. -28.13 11.64 -16.07 
188 1 -3624. -3844. -13.91 3.359 -1s. 03 

rxB POLLOWING TABLE IS P R I m  FOR ELSBT AXIS-P2 AND -ENT TYPH WR5 

sni sn2 913 

-327.9 -567.8  29.14 
-479.2 -578.1 35.97 

sni  sllz SM 

-212.9 50.56 -10.97 
-236.9 -2.213 56.26 

ELHnEm PTFOQP- SP1 SPZ SP3 SP4 SPS sn1 sn2 
NOTE 

189 1 -4114. -3998. 13.87 4.192 17.70 -475.6 294.8 
191 1 -3831. -3963. -6 .605 15.54 14.79 -192.1 383.2 

THE POLMh'ING TABLE IS PRINTED POR ELSET dXIS-P2 AND ELEUgKP TYPE S 4 R 5  

BLEMBNT ?T POOT- S F 1  SP2 SF3 SP4 SPS 

M- 60 

Snl sn2 

123.1 
12.93 
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PAGB 60 DATB : 08-06-94 T I U B  : 8:53p PILZNAHB : pr int . f i1  
TI= : Appendix H 

NOTE 

192 1 -3825. -3800. 4.172 -. 1856 -15.55 -732.1 -711.0 2.401 
1 

AEAQUS PRODUCTION VBRSION 4-9-1 IIATB 21-JUn-94 TIHR 10:29:33 PAGB 17 
POR usB BY WBSTINGHOUSB WORD c o n p m  ~ B R  LICBNSB PRM m, INC. 

PPS-02.ABDAT (6/20/94), UNPACNRKD LOAD CASE 2 W r p H  PPS S P E C I P I C  LJVB LOADS STXP 4 INQZBnEKP 10  
T I H B  COUPLBTBD I N  T H I S  STXP 1.00 

ZHB POLLOWING TABLB IS PRINTBD POR BLSFP AXIS-P2  AND gLBnHKp N P B  SIR5 - 
amm P T P O O T -  SPI  SP2 SP3 SP4 SP5 SUl 

N- - 
844 1 -1323. -1421. 36.05 -1.967 9.432 429.2 
848 1 -1307. -1421. -30.81 -1.658 10.82 362.5 
852 1 -1285. -1417. 43.49 1.931 -31.17 443.5 

TlU3 POLLOWING TABLE IS PRIKLgD POR X I S =  AXIS-PZ AND EL2XBNT TYPB SIR5 

5n2 5n3 

454.4 -7.920 
4.526 6.534 
552.1 -5 .005 

amuwr PT FOOT- SPI SP2 SP3 SP4 SPS SUl 5n2 
NOTB 

856 1 -1313. -1452. -46.58 3.299 58.85 285.9 -183.1 
860 1 -1259. -1465. 85.92 50.89 -47.31 708.9 -178.3 

ESB POLJXWING TABLB IS PRINTBD FOR SLSBT AXIS-PZ AND 8LgxRNT TYPB 9485 

aLauxm IT BOOT- spi S P 2  S P 3  SP4 SPS SHl 882 
NOTR 

a64 I -1222. -1450. -24.65 45.33 109.1 -119.0 -1583. 

THB POLLOWING TAB= IS PRINTXD FOR B W B T  AxfS-PZ  AND KLgnBNT TYPB 94R5 

BLBHENT PTPOQP- SP1 SP2 sF3 SP4 SPS 
NOTE 

a68 1 -1397. -2159. -4.109 -36 .83  -742.0 
1 

AEAQUS P R O D U a I O N  VXRSION 4-9-1 DAZB 21-JUn-94 
POR USE BY WBSTINGHOUSB WORD CO~PANY UHDBR LICRNSB =on HKS, INC. 

5n3 

23.64 
35.48 

5u3 

23.33 

SMl 9x2 5n3 

-3154. 1.5252X+04 -625.5 

PAGB 18 T I U X  10:29:33 

PPS-UZ.ABDAT (6/20/94), UNPACKRBD LOAD CASB 2 WITX P P S  S P B C I P I C  LIVB mADS STBP 4 INCRgnBNT LO 
T I H E  COnPLaTBD IN THIS STsp 1.00 

THB POLLOWING TABLE IS PRINTXD POR BLSBT dXIS-P2 AND BL2UBNT r z P B  S4RS 

BLEHKKP P T P O O T -  581 SF2 SP3 SP4 9P5 SU1 5n2 5n3 
Nolg 

872 1 1203. -2828. -52.61 -43.84 782.7 4151. 2.36308+04 209.1 

M-6 1 
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P I L B W B  : p r i n t . f i 1  
TITLB : Appendix U 

DATB : 08-06-94 TIHE : 8:53p 

M B  FOLLOWING TABLE IS P R I m  FOR BLSET AXIS-PZ AND B L H p I m  TYPB SIRS 

BLEUHKP PTPOQT-  SP1 SP2 SF3 SP4 SF5 sn1 sn2 sn3 
NOTB 

876 1 493.5 -2707 .. 189.5 -11.79 529.2 1168. 8578. 100.3 

THE FOLLOWING TABU IS PRINTED FOR BLSRJ! AXIS-P2 AND BLEnBNT TYPB SIRS 
- 

BLBnBNT fi POOT- SF1 SP2 SF3 SP4 SFS -- 
880 1 -292.0 -2637. -87.77 2.071 325.3 

THB FOWWING TABLB IS P R I m  FOR BLSHP AXIS-P2 AND BLgngKp TYPB S4RS 

2LaWBNT FTTOOT- S P l  S P 1  SP3 SP4 SPS 
rn 

884 1 -1183. -2604. 87.52 5.922 133.6 
1 

XSAQUS PRODUCTION ‘BRSION 4-9-1 OATg 21-Gun-94 
?OR us2 ay *XBSTINGHOUSB W O R D  COUPANY UNDKR LICXNSB =on -ms, INC. 

sn1 sn2 

-72.27 -542.6 

sn1 sn2 

-1002. -6962. 

T I U B  10:29:33 

PACE 61 

913 

10.46 

sn3 

27.70 

PAGE 19 

PPS-Ll2.XSDXT (6/20/94), UHPACPORXD LOAD CASE 2 WIm PPS SPECIFIC LIVB ?DADS STBP 4 INCRgnKKP 10 
‘RUE COUPLZTBD IN THIS STEP 1.00 

THB P O W W I N G  TABLB 19 P R I m  FOR BLSRJ! AXIS-P2 AND BLgnKKp TYPB SIRS 

SLZURNT ?T FOOT- SP1 SP2 SP3 SP4 SPS SUl sn2 9133 
SOTB 

888 1 -2579. -2541. -50.62 8.234 3.662 -l318. -8872. 20.79 

THE FOLLOWING TABLB IS P R I m  POR BLSRJ! AXIS-P2 AND BLEnKKT TYPE S4RS 

BLEUBNT PTFOOT- SP1 SP2 SF3 SP4 SP5 Snl snz 513 
NOTB 

892 1 -2438. -2486. 81.86 7.241 -78. 57 -1189. -7809. -4.371 

THB FOWWING TAELB IS PRI- FOR gLsHP AXIS-P2 AND BLEngKp TYPE S49.S 

BLEUBKP PT PCOT- SF1 SP2 SF3 SF4 SPS sn1 912 817 
Nun 

896 1 -1118. -2449. -43.30 5.520 -210 .s -613.6 -3758. -2.351 

fl-62 
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PILENAME : print.fi1 
T I T L E  : Appendix n 

DATB : 08-06-94 TIHB : *:53p PAGB 62 

THE FOLLOWING TABLE IS PRIKPBD FOR BLSET X i I S - P Z  AND BLKHW TYPE S4RS 

ELEMENT PT FOOT- SP1 SP2 SP3 SP4 SP5 sn1 5n2 5n3 
NQTB 

900 I 969.6 -2425. 87.39 3.578 -434.8 692.6 5267. -37.93 
1 

AeAQUS PRODUCPION VERSION 4-9-1 DATE 21-Juri-94 TIHE 10:29:33 PAGE 20 
FOR USE BY ’WBSTINGXOUSE PANPORD COHPANY GmER LICENSE PROn HKS, INC. 

PPS-02.AeDAT (6/20/94), UNFACKIRBD LOAD CASE 2 WITH PPS SPBCIPIC LIVB IAMS STBP 4 I N Q L H n W  10 
TIHE COilPLKpgD I N  THIS STBP 1.00 

- 

THE FOLLOWING TABLE IS 7RINTED FOR ELSET AXIS-P2 AND ELBUKKP TYPE SIRS 

BLEM6NT PT FOOT- SP1 SPZ SP3 SP4 SP5 
NOTB 

904 1 2881. -2454. -63.54 -10 -16 -571.1 

snt 5n2 5n3 

2039. 1.8181B+04 40.16 

THE FOLLOWING TABLE IS PRINTED FOR BLSHP d X I S - P 2  AND BLBUBNT TYPE S4RS 

BLBMENT PT TOOT- SP1 SPZ SP3 SP4 SP5 SUl 5m2 5u3 
NOTB 

908 1 8875. -2541. -33.14 -17.54 -558.3 2107. 3.1880E+04 522.0 

THE FOLLOWING TABLE IS 7RINTSD FOR ELSET AXIS-P2 AND BLBUgKP TYPE SIRS 

E L B n E m  PTPOOT- SP1 SP2 SP3 SP4 SPS VI1 5n2 5n3 
NOTE 

912 1 8053. -2650. -394.3 29.18 924.2 -L.ISS~E+OI 2.9806E+04 1407. 

TXE P O W W I N G  TABLE IS PRIKPBD FOR ELSHP AXIS-P2 AND BLBMKKP TYPE S4RS 

ELEMENT PTPOOT- SFI se2 SP3 SP4 SPS sni 9x2 5u3 
NOTE 

916 1 2950. -3068. -176.6 15.88 529.3 -3507. 1.2413B+04 546.8 
1 

ABAQUS PRODUCXON VHRSION 4-9-1 DATE 21-JUn-94 TIHE 10:29:33 PAGE 21 
FOR USE BY WBSTINGHOUSE W O R D  COUPANY UNDER LICKNSB PROn IiKS, W C .  

PPS-UZ.ABDAT (6/20/94), U N F m R B D  LOAD CASE 2 WITH PPS S P E C I P I C  LIW LOA09 STBP 4 INcRgnW 10 
TIHB COMPLglKD I N  niIs STEP 1.00 

TH8 FOLLOWING TaLB IS PRINTED FOR ELSET AXIS-P2 AND ELEMENT TYPE S4FS 

ELWENT PT P W T -  SP1 SP2 SF3 SP4 SPS 
NOTB 

M-63 

SXt 5n2 5n3 
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PILBNAHB : p r i n c . f i 1  
TITLB : Appendix H 

DATB : 08-06-94 TIHB : a:53p 

2 ~ 7 . 7  -3451. 

PAGB 63 

5.466 -307.7 96.35 920 1 442.6 -3314. -132.a 

THB POWWING TABLE IS PRINTED FOR BLSBT MIS-P2  AND BLBMBNT N P B  S4R5 

sn1 s n 2  sn3  BLBHBNT P T P O O T -  S P l  
NOTB 

-965.4 -3493. 

SP2 SP3 SP4 SP5 

924 1 -69.11 -2.217 7a.79 -3688. -6081. -88.74 

THB FOLLOWING fABU IS  PRI- FOR BLSBT X I S - P I  AND BLBHBNT TYPB S4R5 

BLaJBXT FTFOOT- S P 1  
NoTk 

SP2 SP3 

-52.12 

SP4 

-5.109 

SPS sn1 

-34.49 -3205. 

s n 2  sn3  

-128.9 928 1 -2122. -3600. -7002. 

THB FOLLOWING TABU IS PRINTBD FOR BLSBT MIS-PZ AND BLBMXNT TYPB S4R5 

s n 2  

- 5 2 8 0 .  

sn3 

-109. a 

2LaJ8NT PPPOOT-  SP1 SP2 
NQlg 

932 1 -2934. -3679. 

SP3 

-19.03 

SP4 

-6.219 

SPS sn1 

-73. as -2256. 

1 

-0s PRODUffION -ION 4-9-1 DATB 21-JUn-94 R U B  10:29:33 
?OR USB 3Y ‘8XCXINGHOUSB XANFORD COMPANY UNDgR LICXNSB FROM HKS, INC. 

PAGB 22 

PPS-U2.xBDAT (6/20/94), UNPACPORED WAD CXSB 2 .JITH TPS SPBCIPIC LIVE LOADS STBP 4 INQlBHKNT 10 
TIHB COHPLBTBD I N  XIS STBP 1.30 

ZfB POWWING TXBLB IS PRI- FOR BLSBT MIS-P2 AND BLBMgKp N P B  S4R5 

snr SM2 s n 3  ZLKnBKP p1 FOOT- SP1 
NOTB 

936 1 -3340. -3716. 

SP2 SP3 SP4 SPS 

-21.08 -4.765 -52.69 -1358. -3017. -42.60 

THB POWWING TABLB IS PRINTBD FOR BLSBT AXIS-PI AM) BLKnBKP N P B  SIRS 

BLRWKNT PTFDOT- S P l  
NOTH 

SP2 sF3 

- . S f 3 8  

SP4 

-5.351 

SPS sn1 

-36.94 -743.9 

912 

-1374. 

s n 3  

-31.82 940 1 -3485. -3729. 

X f E  POWWING TABLB IS PRINIgD FOR BLSBT AXIS-P2 AM) B L B M m  TYPB S4R5 

2LBMBNT PTPOOT- SP1 SP2 
N O T 3  

944 1 -2805. -1263. 

SP3 

-312 .7 

SP4 

-65.85 

SPS SM1 

-86.27 -8268. 

snz 

-890.2 

s n 3  

1119.  

M-64 
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RND OP RDN 

RUN S U M M Y :  
TOTAL OP 0 INQLBIJHKPS 

0 INAUIQIU\TIC INCREUKKPARON 
0 -IONS 
0 PASSES THROUGH 5HB EQUATION SOLVER OP WHIQI 
0 RBPRBSKKp(S) DBCOUWSITION OP HASS KATRX 

WHC-SD-W320-ANAL-002 
Rev. 0 

PAGB 64 

M-65 
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- _  

31 
32 
33 
34 

haunch eiements'(see 1384-1 kmcd  & I388-la.rncd ;or transfoked demands on elemenis 131 7, 1321) 
13171 1 -394801 30840 I 622) 134 7121 1 28080 I 227200 I 0 
13211 1 -1195001 320301 21711 81 71241 39680) 4000001 0 
13251 1 339601 -1119361 -71661 10397 4511 3738361 1399921 22428 

P--J%++ 
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48 31 8 11 501481 468121 -55 
49 31 7 11 50628 I 50640 I 240 
50 320 11 48024 I 471 48 I 78 

243 211 I 5584 I 21 36 20 
252 151 42221 6268 1723 
168 54 I 9702 I 9582 80 

51 
5 2  
53 
5 4  

-3 
M-69 

I 
footing element I 1 

1357) 1 15732 25380 -3275 772 a62 I 6889 895321 13908 
I I 1 

PPS-u1 BP.XLS 
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- 
109 
110 
111 
112 
113 
114 
115 
116 
117 

119 

121 
122 
123 
124 
125 

- 
- 
- 
- - - 
- - - i i a  

120 

- 
- - - 
- - - 

- 
130 
131 
132 

- 
- 

A 8 C I D I E F G H I I J 
I I I 

ELSET AXIS-P2: along the positive Z-axis 

ELEMEN PTFO SF1 SF2 SF3 SF4 SFS SM1 SM2 SM3 
positive is compression absolute value absolute value 

NOT (PI) (P2) W 3 )  0123) (MZ) (MI11 
I I 

I I I I I 

floor element 1 I 
161 I I I  15084 145561 -29 23 I 57 I 7940 5863 19 

138 I I I I I 
139 haunch elements I 
140 904 1 -34572 29448 -762 122 6853 24468 2181721 482 
141 908 1 -106500 30492 -398 210 6700 25284 3825601 6264 
142 91 2 1 -96636 31800 -4732 350 9890 150696 3576721 16884 

1621 I I I I I I - 
M-74 
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APPENDIX N 

CALCULATION OF NASTE MASS 

Horizontal Excitation 

In the SASS1 analyses, the impulsive effect of the waste in the tank for a 
horizontal excitation i s  approximated by prescribing lumped masses at nodes on 
the tank wall. 
The tributary volume is computed as follows: 

Each lumped mass corresponds to a tributary volume of waste. 

Vi = Rwcos20i x l i  

i 
R 
W 
oi 

l i  

= node number 
= tank radius = 451 in 
= tributary width of node in hoop direction = Rsin(4.5") = 35.4 in 
= angle between excitation direction and line connecting node i 
and tank axis 
= tributary length of node i in vertical direction (in.) 

Thus as 0 approaches go", the lumped mass goes to zero. Table N-1 is a 
spreadsheet which calculates the lumped masses representing the waste for the 
baseline quarter model. 
above the inside bottom of the tank at the tank centerline. 
it is assumed that the tank is flat-bottomed and the waste is 84 in. deep. In 
global model coordinates, the z-coordinate at the top of the waste is 96.0 in. 
The specific gravity of the waste is taken to be 2.0. 

This approach to modeling tank waste is approximate and typically 
conservative since waste mass is distributed around the full circumference of 
the tank. In reality, impulsive waste forces are .applied to only one-half of 
the tank wall at any given point in time. - earth pressures and impulsive waste forces, rather than being additive, are 
counteracting to some degree (assuming small or zero phasing differences in 
the two loads). 
counteracting effect of impulsive waste forces on dynamic earth pressures 
tends to be underestimated. 

The in situ waste level is considered to be 7.33 ft 
For simplicity, 

Further, the effects of dynamic 

Using the approximate approach described above, the 

Vertical Excitation 

Using an approach similar to that described for a horizontal excitation, 
the impulsive effects of waste associated with a vertical seismic excitation 
is approximated by increasing the density of the tank floor material to 
include the waste mass. 

The incremental value of unit weight added to the tank base (floor) 
material to account for the mass of the waste is calculated as follows: 

2.4xf1 x (7.0 ft deep) 

N- 1 
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The va r i ab le  tshl i s  the  thickness ( i n  uni t s  of inches) of a she l l  
element represent ing t h e  base o f  t h e  tank. 
i s  2.0. 

The s p e c i f i c  grav i ty  of t he  waste 

Table N-2 i s  a spreadsheet t h a t  ca lcu la tes  t he  i n  situ she l l  element 
sec t ion  and mater ia l  p roper t ies  f o r  a ve r t i ca l  exc i t a t ion  model. 
dens i ty  i n  t h e  l a s t  column of the table includes t h e  incremental value of u n i t  
weight t o  account f o r  waste impulsive mass. 

The weight 

N-2 
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Table N-I 
Lumped Masses Representing Waste in the Baseline Quarter Model 

(Horizontal Excitation) 

1 o f 2  sassi\LMASSQTI.XLS 
N-3 
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Table N-1 
Lumped Masses Representing Waste in the Baseline Quarter Model 

(Horizontal Excitation) 

968,273 

Notes: 
1. Assumptions: waste height = 84" (top of waste at z=967; specific gravity of waste is 2.0. 
2. Check: weight = dens x ht x area = 968,859 Ibf. 

2 of 2 N-4 sassi\LMASSQ7.XLS 
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dome 31 31 15.00 68.1 245 4.100E+06 
dome 32 32 15.00 30.3 246 3.998E+06 
footing 424 264 24.00 R= 472 111 3.188E+06 

;1 
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80.46 2.02€+07 0.0480 3.375 0.0480 
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APPENDIX 0 

MATRIX OF C-106 SASSI ANALYSES 

Table 0-1 summarizes the  s e t  o f  SASSI analyses completed i n  s u p p o r t  of 
t h e  C-106 seismic evaluat ion.  

I/ 
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Model Type 
111 

Run ID Concrete Sedlon Soil Waste 
Properties Propertles Mass 

Exck  
Direc. Control Motlon 

Incornpat. -R" 
No. F r q s  I Layers #Or  in X Struc. 
Max. Freq. 

Dlspl. 

Included 
Modes (inches) Excav. 

-~ ~ 

horlz. 

horiz. 

horiz. 

horlz. 

~~ ~- ~~ 

12113hz 4 

12113hz 4 

12113hz 4 

12113hz 4 

SY-101 

SY-101 

SY-101 

Rohay, Welner 

Rohay, Welner 

Rohay, Welner 

Rohay, Welner 

2/3 x Rohay, Welner 

Rohay, Welner 

2l3 x Rohay, Welner 

horlz. 24113hz 4 4 Yes 130 

horlz. 12113hz 4 4 yes 130 

horiz. 12113hz 4 4 yes 130 

horiz. 12 I13  hz 4 4 Yes 130 

horlz. 12 I 13 hz 8 4 yes 130 

horlz. 12 I 13 hz 8 7 Yes 130 

horlz. 18 I 24 hz 8 4 Yes 130 

vert. 18 I 2 4  hz 8 7 Yes 130 

horlz. 12 I 13 hz 4 7 Yes 130 

vert. 12 I 13 hz 4 4 Yes 130 

,-. 

Table 0-1 
C-106 SASS1 Analyses 

SY-101 
~~ 

SY-101 

SY-101 

SY-101 

SY-101 I horlz. I 12113hz I 4 

RUNSXLS 1 of6  
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Run ID Comments 

Table 0-1 

Location of Output Files (IANL cfs runs 
only) 

Location of Input Files 

(2-106 SASS1 Analyses 

9 

-1 

Basls for prellmlnary sslsmk evaluation Jxd3801sh106 on cfs 

i 
4 

Q5.5 

Q8 

jxd3801q5.5 on cfs 

jxd3801q8 on cfs 

Contrd mations used In SHAKE and SASS1 are not 
congruent. 

Updated control motlon 

Same as QB but wtth vertlcal rather than horlzontal 
exctatlon QBV 

9a 1 Sdl mesh does not extend to antlsym. plane I jxd3801aclO6 on cfs I 

Jxd3801q8v on cfs (also 
u3/jxd380/qfJv on INEL) 

9b I Soli mesh extends to antisym. plane I Jxd380 on cfs 

Q2 I Equivalent to Run 9 I Jxd3801q2 on cfs I I 

Q3 I Shell properties updated to simulate In situ condtlon I Jxd3801q3 on cfs I I 
I I Jxd3801q4oncfs I Same as Q3 but wtth hvlce as many frequenclw WHhln 

Q4 I the same ranne 

I I Bd3801q5 on cfs Same as Q4 but with waste modeled vla lumped 
Q5 I masses on lank walls 

I I Jxd3801q7 on cfs Same as Q6 but WHh tlghter spacing of lnteractlon 
Q7 I nodes 

I Q7-2 I Same as Q7 above but 7% struc. damplng L run on uo/57042Z/q7 on L4NL I 57042Z/q7/d3gelI.tar.Z (7 freqs) & 
L4NL I ebt6n8.tar.Z (18 f r q )  

Q7B I Same as Q7 but Includes hlgher frequencies I Jxd3801q7b on cfs (house In 197) I I 

I I u3/j(d38O/q7v on INEL Same as Q7B but with vertlcal rather than horizon. 
excitation; also 7% stm. damplng I 

I Jxd380/q8 on cfs (also I u3/jxd380/q8 on INEL) Q8 1 Same as Q8 but with hlgher structural damplng 
h) 
0 
I 
D z 
D 
r 
I 
0 
0 
h) 
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Table 0-1 
C-106 SASS1 Analyses 

t 

#of Sol1 % Struc. ExcH. No. Freqs I Layers In 
Dlrec. Max. Freq. Excav. Damping Waste Control Motlon Model Type Concrete Sectlon Sol1 

Propertles Propartles Mass 111 
Run ID 

1 

Q9 quarter I21 (lower-bound); all (bStest.) yes Rohay, Welner horlz. 12 113 hz 4 7 Grout Vault In SIW concrete 

-- ~- 

yes Rohay,Welner horlz. 12/13hz 4 7 

Rohay, Welner horlz. 18 I 24 hz 4 7 

In sltu (best-estlmate, Grout Vault 

In eltu (best-estlmate, Grout Vault 

In 

55 years) (bestest.) m half 141 

QHI quarter l2] 55 years) (upper-bound) Yes 

4 7 (beatQatlmate' Grout Vaun no Zf3 x Rohay, Welner vert. 18 I24  hz 
55 years) (upper-bound) 

quarter i21 55 years) (lower-bound) 

QHI-V quarter 121 

yea Rohay, Welner horlz. 12 I13  hz 4 7 

Rohay, Welner horlz. 18 I24  hz 8 7 

Rohay, Welner horlz. 7 I 13 hz 8 4 

In slh, (ba8tasllmate, Qrout Vault 

In s h  (best-estlmate, Grout Vault 

In s h  (W-estlmate, Grout Vault 

In sltu (best-estlmate, Grout Vault 

In sltu (best-estlmate, Grout VauR 

In sltu (best-estlmate, Grout Vault 

In slhr (best-estlmate, Grout VauR 

In sltu (bestastlmate, Grout Vault 

In sltu (best-estlmate, Grout Vault 

In sku (best-eastlmate, Grout Vault 

In sltu (best-estlmate, Grout Vault Rohay, Welner @ horlz. 

5 0 H  

QLOW quarter 121 55 years) (lower-twnd) Yes 

damp) (lower-bound) yes 

QL0W-m quarter 121 55 (lower-bound) yes Rohay,Welner horlz. 20/24hz 8 7 e 
P 

cmd50 quarter 8 7 

cmom 

RohaYt Weher @ ' h d ,  18 24 hz 
55 years) (lower-bound) yes outcrop of 2nd layer 

(lower-bound) Yes outcrop of 2nd layer 
8 7 RohaY, Welner 8 ho&. 7 13 hz quatter 121 55 SUP 

Rohay, Welner horlz. 7 I 13 hz 8 7 QLOWpntz quarter 121 55 (lower-bound) 

QLoWw Rohay, Welner horlz. 7 I 13 hz 8 4 
55years) (lower-bound) yes 

QLOWPt3 quarter 12) 55 (lower-bound) Yes 

(lower-bound) yes QLOWpnt4 quarter 121 55 

(lower-bound) Yes outcrop of 2nd layer 

Rohay, Welner horlz. 7 I 13 hz 8 7 

Rohay, Welner horlz. 7 I 13 hz 8 7 

7113hz 8 4 
~~ 

QLOW4pt4 

Jncmpat. -R- 
Dlrpl. 

Included (Inches) 

yes 130 

Yes 130 

Yes 130 

yes 130 

yes 130 

Yes 130 

yes 130 

Yes 130 

Yes 130 

no 130 

yes 42 

yes 42 

Yes 84 

yes 72 

no 72 

RI' ' S  ' 0  



Same as QLOW except reduced "R" used (based on 
avg. I.N. spaclng) QLOWpnt3 I 

same as QLOW except reduced 'R" used (based on 
avg. 85% I.N. spaclng) QLOWpnt4 I 

damped) except 'R" = 72" & 9 
Incornpat. dlspl. modes are suppressed 

Run ID CormKnts 

u31jxd380tq9 on INEL 

w81646MlclO6 on cfs (also 
u3ljxd380M1 on INEL) 

uOm04221qhl on LANL 

u0/570422/qhl-v on LANL 

u31jxd380/SOh on INEL 

5704WqhVd3gtw.tar.Z 

d a  

uOK7fJ4WqIowon LANL 5704 Wqlow1nkwzll.tar.Z 

uO15704Wqlow on LANL 

10/5704WqIow/cmot50 on LANL 

5704Wqlowln5navx.tar.Z 

570422/qlowtcrnot50/pb2j6k.tar.Z 

Table.0-1 
C-106 SASS1 Analyses 

Location of Output Files (LANL cfs runs 
only) 

Locatlon of Input Files 

Same as Q8 but lower-bwnd rather than best- 
estlmate tank stlffness Q9 

m Same a s  Q8 but Includes tank-tdank Interadon 

QHI Same a s  Q8 except sol1 data Increased by 100% 

QHI-V Not fun (QHI showed 200% sdl properties do not 
a m )  

Same as Q8 except sol data reduced by 50% 

Same as 50H except tlghter spaclng of lntemctlon 
nodes; also effect of hlgher frequencles examlned 

u01570422/qlow on tANL I swmqtow/fc9evtt.tar.Z 
(housdhp)  (4% I Same as QLOW except reduced structural damplng 

damp) 

QLOW-20 I Same as QLOW except 2 frequencles added uO/S70422fqlow on LANL I mwwqlownmmw.tar3 ('addhp) 

mot50 QLOW 
~ ~ 0 4 ~ q l o w l c m o t 5 0 ~ ~ . t a r . Z  (7 freq) 8 

hzksrnv.tar.2 (18 freq) I IOm04Wqlowlcmot50 on LANL Same as QLOW except control motion based on 
Incompetent lsl sol1 layer 

Same a s  QLOW-cmotso except 9 Incornpat. dlspl. 
modes are suppressed 

1 Same as QLOW except reduced "R" In POINT used 
(based on lloor node spaclng) QLOWpnt2 

uOK704Wqlow on LANL I 5704WqlowlnuJ7db.tar.Z QLOW4ptZ 1 Same as QLOWpnt2 except reduced damplng used. 

5704Wqlowlnuk42d.tar.Z I u0/5704Wqlow on LANL N 
0 
I z 
D 
I- 
I 
0 
0 
N 
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Table 0-1 
C-106 SASS1 Analyses 

l n c m p r t  
Excit. No. Freqs I ' Or 'Oil 'rc Struc. Dlspl. 

Properties Mass Control Motlon Dlrec. Max. Freq. Layers Excav. In Damplng Modes 
Model Type Concrete Sectlon Sol1 

Properlles 
Included 

F I  Run ID 

cmot50 In sku (best-estlmate, Grout Vault Rohay, 8 ho&. 19 / 24 hz 8 7 no 

In @est-est1mate1 Grout vault no 2 outcrop of 2nd vert. 19 I 2 4  hz 8 7 no 

In sku (bestaatlmate, Grout Vault Rohay* @ bok. 15 / 24 hz 8 7 no 

In (best-est1mtet Orout YES 2 outcrop of 2nd vert. 19 / 24 hz 8 7 no 
55 years) (lower-bound) QLOWVMAS quarter p] 

In sRu (best-esllmate, Grout Vauk YES @ outcrop of 2nd vert. 19 I 24 hz 8 7 no 
QLOWVLIV quarter [2] 55 Yean) (lower-bound) 

In sRu (best-estlmate, Grout Vault yes Rohay, Welner horlz. 7 I 13 hz 8 7 yes 

QLOWpnt4 quarter 55 years) (lower-bound) yes outcrop of 2nd layer 
x Rohay, Welner 

QLOW-V qVartW [2] 55 P a w  (lower-bound) 

m L O W  haH[4] 55 years) (lower-bound) outcrop of 2nd layer 
x Rohay, Welner 

laver 

laver 

55 Years) (bestest.) Q7pnt4 quarter121 

In sku (best-estlrnate, Grout Vault Rohay, Welner horlz. 7 I 13 hz 4 7 Yes Q8Pns quarter 121 55 (best-est.) yes 

Q N W S  quarter14 55years) (best-est.) 
In Grout YES 2/3 x Rohay, Welner vert. 19 I 2 4  hz 8 7 no 

In sku (best-estlmate, Grout Vauit yes Rohay, Welner horlz. 11 I 2 4  hz 8 7 no 
55 years) (best-est.) QTl-Tl half [4] 

crnotm In 8th Wst-e-estlmate, bound) (except Rohay, @ ho& 7 / 13 hz 8 7 no 
G.V. (lower- 

near-fleld) 

(best-cst .) 

yes outcrop of 2nd layer QLOWFIL quarter 121 55 years) 

Q7risem quarter [2] 55 In sku (bestaatlmate, Orout Vault yes Rohay, Welner horlz. (x) 12 I 1 3  hz 8 7 YBS 

In s h  (best-estlmate, Grout Vault yes Rohay, Welner horlz. (y) 12/ 13 hz 8 7 Yes 
Q 7 t h ~  ydlr quarter Dl 55 (best-est.) 

In Grout no 213 x Rohay, Welner vert. 12 I 13 hz 8 7 Yes 
55 Years) (best-est.) Q7rlsers zdlr quarter p] 

wRm in 

72 

72 

72 

72 

72 

72 

156 

72 

72 

72 

130 

130 

130 

C' 'VSXLS 

Notes: 
1. All models ernploy a symmetry plane along the x-axls. 
2. Employs an antlsymmetry plane along the y-axls. 
3. Employs a symmetry plane along the y-axls. 
4. Employs an antisymmetry plane at x = 600 Inches to slmulate tank-to-tank Interaction. 
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Vertlcal excltatlon (50% sol1 propertles case) 

Includes tank-to-tank Interaction (50% soli propertles 
a=) 

uOK70422/qlow-v on LANL 5704Wqlow-vlpnpfil.tar.Z (also pb26yl) 

uOK70422MlIow on LANL (also 570422Mllow/6tM.tar.Z (also p91rs7, rfd3p3, 
570422Mllow on LANL cfs) rfec6u, nn753r, rpcy2h, tz7xk8, fort8-12f) 

Table 0-1 
C-106 SASS1 Analyses 

I Location of Output Files (LANL cfs runs I only) Location of Input Files I Run ID 

I S10422/qlowlcmot50/nS~l5.tarl (1st 7 frq); 
Same as QLOW4pt4 except 7% damplng used. I uOm0422lqlow/cmot5O on LANL I nfjzewx tnefi 1, freq): png4cs (191h) 

~ ~~ 

cmolSO 
QLOWpnt4 

QLOW-V 

m L O w  

3LOwvwS I Same as QLOW-V but wtth waste mass consldered I u015704221qlow-v on LANL I 
QLOWVLlV 5704Wqlcnv-v/at3a42.tar.Z I Same as QLOWVMAS but with 100 ton live load I u01510422/qlow-v on LANL I 

Same as Q7 except reduced’R“ In POINT uO/5704Wq7 on LANL 570422/q7/pnmfcn.tar.Z Q7pnt4 

Q8pnt5 I Same as Q8 except increased ”R” (based on I.N. 
spsclng) 

570422/q8/prudtcw.t a r l  
d 

Q N W S  I Same as Q7pnt4 but wtth waste mass consldered I uO/5704Wq7v on LANL I 
570422/q7mm84mb4.tar.Z (also a7sscr, 

bmll) 
uO/!j70422/q7lll on LANL Includes tank-to-tank Intemctlon (best&. soli 

propsrtles cess) 

Same as QLOWpnt4 except near-fleld soli moduli = uO/5704Wqlow/cmo150 on LANL 5 7 0 4 ~ q l ~ ~ c m o t 5 0 ~ p a ~ ~ ~ ~ t a r . Z  
freq) I (housefllhp) I fnaneki soli moduli ttmes 0.707 

I 
~~ ~ 

Includes beams for risers, smeared representallon of 5704Wq7rlserdnputs.larZ on 
PR. I cfe 

tnctudes beams for tisers, smeared representatton of ~ 1 ~ ~ ~ q ~ s e r d i n p u t s . t a r . ~  on I 5704wq7,,sewIrnywaz6.1ar3. I pits. Sym., antisym. planes switched. I cfs (‘y.lnp) Q7rkers ydlr 

Q7risers zdir 
Includes beams for risers, smeared repmentatton of 5704Wq7rlserdinputs.tar.Z on I 5704221q7rlsershdlrApfls.tar.Z I 

DRS I cfs (‘zlnp) 
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To: John Lysmer 

From: Jim Day 
ADVENT Engineering Services, Inc. 

Date: 2/24/94 

Prof. Lysmer: 

I'll call you on Monday to discuss the following questions. 

1. For the case of a vertically propagating P- or S-wave, should the cutoff frequency 
of the analysis (fW) be limited by the horizontal spacing of the interaction nodes as 
well as the vertical spacing (soil layer thickness)? If so, what are the implications of 
violating the Vs/5(fhk) rule for m&um horizontal spacing (but remaining less than 
V,/2(f,)) ? 

2. How important is it to choose analysis frequencies equal to or very close to the 
dominant frequencies of the structure? The dominant frequencies of an underground 
structure are not readily determined: therefore, we potentially have the situation 
where the analysis frequencies may not correspond well to the domlnant frequencies 
of the structure. Is it reasonable to assert that because soil-structure interaction 
tends to "flatten the sharp peaks and sometimes eliminate some of the structural 
peaks", the close proximity of the analysis frequencies to the dominant structural 
frequencies is of little importance? If not, is there a means of identlfving the 
dominant st ructura l  frequencies from the SASS1 results so that analysis frequencies 
can be subsequently added? 

P-2 
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Englneering Consultant 
1968 Marln AVmJo 
brrkdoy, Callfoornta 04707.2U2 

Fax: (610) 6273762 
Telex: @1036O71U UC BERK BERK 

WW: (Lie) m a 1 6  
J O H N  

L Y S M E R  

Professor Emeritus 
University of Calllornio 
440 Rvls Hall 
Berkeky, Cslilwnir 94720 
Voke: (110) 6434638 
Fax: (610) 6 4 3 4 2 ~ 4  

FAX TRANSMISSION 

This transmission consists of I page(8) including this sheet 

J i m  Day 
ADVENT Engineering Services Fax: 743-0414  

Dear J i m :  

8inae X'have not heard from you with regard to your fax dated 2/24/94, 
here are the  answers t o  your questions: 

I. AB you suggest, for vertiaally propagating waves it is the vertical 
dimension of elemants that matters. The implications of violating the 
waveleagth rule  for t h e  horizontal dimension of elements are minor. Z 
would suggest that you do not exceed h / 2 . 5  in the horizontal  direotion 
near the struaturs.  The selection of the correct vertical dimension is 
most important within the depth of embedment. At greater depths you can 
gradually increase the vartioal dimension of elements beyond that 
specified by the wavelength rule, 

s 

2. For Underground tank analyses the natural frequences of the external 
concrete ctructure are completely irrelevant and they will not show up 
in your computed response. If t h e  tank has an internal lining which aan 
vibrate relative to the exterior shell, the fixed-base frequenoy of this 
lining may show up in the response. The frequencies used in the 8 A S 8 1  
calculations need not be close to the frequencies of the structure. What 
matters is t h a t  you should not develop more than t v o  peaks within each 
5-point interpolation range. The beat way of identifying peaks in the 
response of an underground structure is to let 8A88I produae printer 
plots of some of the traasfsr functions, Modes in t h e  usual sense do not 
exist in soil-structure interaction respona. 

Binoerely yours, 

John Lysmer 

P-3 
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APPENDIX Q 

MODELING DETAILS FOR PITS AND RISERS 

C-106 has three reinforced-concrete pits located above the tank dome and 
The.three pi ts  include the Heel Pit ,  the Pump Pit ,  and 

The t o p  end of each r i se r  i s  coupled with the p i t  floor 
These coupling 

embedded in the soil .  
the Sluicing Pit. Each box-shaped p i t  i s  separated from the t a n k  dome by a 
layer of  so i l .  Steel pipes (risers) span vertically from the f loor  of each 
p i t  t o  the t a n k  dome. 
i n  the horizontal  direction bu t  n o t  i n  the vertical direction. 
conditions are consistent w i t h  the absence of structural attachment between 
the r i s e r s  and the pits. 

The Young's modulus (E) and the shear modulus ( G )  used in modeling the 

These values of p i t  moduli  greatly exceed the corresponding 
p i t  concrete have been halved t o  approximately account for the empty volume 
inside the p i t .  
moduli fo r  the f i r s t  two layers of soi l .  The Poisson's ra t io  (v) used for the 
p i t  concrete i s  0.15. Based on the mass density (p), Poisson's r a t i o ,  and 
Young's  modu1us;the compression wave speed (V,) and the shear wave speed 
(V,) are computed for use in SASSI. The key formulae used are as follows: 

= E / (2 (1 t V) ) 

= (G / 

(3) v, = v, [ 2 ( v  - 1) / (2v  - 1)1% 

The key material properties of  concrete are a s  follows: 

Concrete u n i t  weight 

Nominal concrete E . 

where f, 

Modeled concrete E 

Poisson's ratio,  v 

- - 
- - Modeled concrete G 

150 
0.08681 

1 bf/ft3 
1 bf/in3 

57,000 (f,)' 
3.122E6 1 bf/in: 
3 , 000 1 bf/in 

1.561E6 

0.15 

1 bf/in2 

1.561E6 / [2(1 t Oi15)] 
678,696 1 bf/in 

Heel P i t  Modelinq Details: 

The Heel P i t  i s  modeled as a cylindrical p i t  over the apex of  the dome. 
The minimum distance between the underside o f  the p i t  and the t o p  surface of 
the dome i n  the model i s  20.5 in., the same as the "actual" soil layer 
thickness between the p i t  agd the dome. 

The weight of the p i t  (accounting for the vo id )  and the estimated weight 
The modeled u n i t  weight i s  computed by dividing the of equipment i s  computed. 

computed weight by the modeled volume. 
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The heel p i t  r i se r  connects the dome (Node I )  t o  t h e  p i t  (Node J ) .  Node 
J has been end released t o  prohibit transfer of moments and vertical force a t  
t h e  t o p  o f  the r i se r .  

The following summarizes the properties used for  the Heel P i t :  

No. 
f 01 

Concrete unit weight 

To ta l  concrete volume = - - 
- - 

Tota l  concrete weight = - - 

Equ i pmen t we i g h t 

T o t  a1 we i g h t  

Weight (for 1/4 model) = 
- - 

Model ed vol ume 

Unit weight 

Mass density 

"* 

"P 

150 
0.08681 

1 bf/ft3 
1 bf/in3 

(144 x 108 x 73.375) - (108 x 72 x 25.875) 
1,141,128 - 20{,204 
939 , 924 in 

0.08681 x 939,924 
81 , 595 lbf 

3 , 000 
84,595 

1 bf 

lbf 

84,595 / 4 
21,149 lbf 

n (0.4) (54) 4 4 
210,198 in 

(n r2 h 2 )  / 4 

21,149 / 210,198 
0.10061 lbf/in3 

260..6E-6 1 bf-s2/in4 

(678,696 / 0.00026059)' 
51,034 in/s 

51,034 CZ(0.15 .- 1 ) / ( 0 . 3  - l ) ] "  
79,531 i n/s 

The r i s e r  i s  12 i n .  Sch. 40 pipe of Grinnel low carbon steel (Drawing 
H-2-41295). The material and section properties of the r i se r  are as 

1 ows : 

E 

G 

A, cross-section area 

A,, shear area 

I ,  moment of iner t ia  

3 ,  polar moment of inertia 

S,  section modulus 

27.9E6 

10.8E6 

15.75 

7.87 

300.3 

600.4 

47.1 

9-2 

lbf/in2 

lbf/in2 

i n2 

i n2 

i n4 

i n4 

i n3 
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f 
Since the beam i s  located a t  the intersection of 2 symmetry planes, the 

above section properties are divided by 4. 

PumD Pit  / SJuicinq P i t  Modeling Details: 

Since the SASS1 modeJ i s  a 1/4 model and the Pump Pit  and the Sluicing 
Pit  are located on opposite sides of the projected dome area, either the Pump 
Pit  or the Sluicing Pi t  should be modeled. The Pump Pit  i s  selected for two 
primary reasons; the Pump P i t  i s  larger and is  likely t o  have more interaction 
w i t h  the t ank ;  and, the Pump Pit has 3 r isers ,  i .e . ,  the 4 in. and the 12 in. 
r i se rs  which are common t o  both  pits  and the 36 in. r i se r  which is  unique t o  
the Pump P i t .  

To take advantage of t h e  existing soil modeling geometry, the Pump Pit  
i s  modeled with the walls running i n  radial and circumferential directions. 
The distance between the inside corner of the p i t  bottom and the t o p  o f  the 
dome has been modeled as 10 i n . ,  the "actual" soil layer thickness between the 
p i t  and the dome. 

equipment i s  computed. 
computed weight by the modeled volume. 

The weight of the p i t  (accounting for the void) and estimated weight of 
The modeled u n i t  weight i s  computed by dividing the 

The compression wave speed and the shear wave speed used for t h e  Pump 
Pi t  are the same as for the Heel Pit. 

The 4 in. r i s e r  i s  assumed t o  be 4 in. Sch. 40 pipe and the 12 in. r i s e r  
i s  assumed t o  be 12 i n .  Sch. 40 pipe. The pump column r i s e r  (Drawing No. 
H-2-41267) has a 36.75 in. OD and thickness of 0.375 i n .  The r i se rs  span 
ver t ical ly  from the dome (Node I )  t o  the p i t  (Node J ) .  Node J has been end 
released t o  prohibit transfer of moments and vertical force a t  the t o p  of 
ri ser.  

The following summarizes the properties used for the Pump Pit: 

T o t a l  concrete volume = 

Total concrete weight = - - 
Equipment weight 

Total wei g h t  

. =  

Weight (for 1/4 model) = - - 

Modeled volume 

-.. - , --. - .. ... 1; .: . .-~q . -7,. 

(216 x 168 x 116.5) t (216 x 7 x 30) + 

2,769,102 i n  

(216 x 11 x 36) - (174.5 x 132 x 69) 
4,227,552 i- 453360 + 85,536 - 1,589,346 

0.08681 x 2,769,102 
240 , 386 lbf 

6,000 

246,386 

246 , 386/2 
123,193 

lbf 

lbf 

Jbf 

71 h (r * - ri2) / 20 
n (95.9) (427.$5* - 260.42) / 20 
1,722,945 i n  

4-3 
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Unit weight - - 123,193 / 1,722,942 

Mass density - - 185.0E-6 1 bf-s2/in4 

- - 0.07150 1 bf/in 

51 , 034 i n/s 

VP - - 79,531 i n/s 

- - 
VS 

The 4 i n .  r iser  i s  comprised of Grinnel low carbon s teel .  The material 

E - 27.9E6 1 bf/in2 

G - - 10.8E6 lbf/in2 

A - 3.17 i n2 

1.59 i n2 A S  

I - 7.23 i n4 

J - 14.47 i n4 

S - - 3.21 i n3 

and section properties of the r i se r  are as follows: 

- 

- 

- - 
- 

- 

Since the beam is  located on a symmetry plane, the above section 

The 12 in. r i se r  i s  comprised of A53 Gr. A steel .  

E - - 27.9E6 lbf/in2 

G - - 10.8E6 1 bf/in2 

A - - 15.75 i n2 

As - - 7.87 ' in2 

I - 300.21 i n4 

J - - 600.42 i n4 

S - - 47.1 i n3 

properties are divided by 2. 

section properties of the r i s e r  are as follows: 
The material and 

- 

Since the beam i s  located on a symmetry plane, the above section 
properties are divided by 2. 
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The 36 i n .  r i s e r  i s  comprised of A285 Gr. C s t e e l .  The material and 

E - - 27.9E6 1 bf/in2 

G - - 10.8E6 1 bf/in2 

A - - 42.85 i n2 

As - - 21.43 i n2 

I - - 7088 i n4 

J 14177 i n4 

S 772 i n3 

section properties o f  the r i s e r  are as follows: 

Since the  beam i s  located on a symmetry plane, the above section 
properties are  divided by 2.  

The’SASSI quarter model’which incorporates the Heel P i t  and the Pump / 
Sluicing P i t  i s  shown i n  Figure Q-1. 
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APPENDIX R 

COMPUTER PROGRAM FOR GENERATING SASS1 HALF MODEL FROM BASELINE QUARTER MODEL 
I 

The l i s t ing  of a FORTRAN computer program ( M G E N )  written t o  generate the 
b u l k  of the HOUSE input for  the TTI half model i s  provided in t h i s  appendix. 
M G E N  uses excerpts from the baseline quarter model HOUSE i n p u t  f i l e  as i n p u t .  
The ha l f  model f in i t e  element mesh thus mirrors the mesh of the baseline 
quarter model. The input f i l e s  for MGEN (nl.in, n 2 . i n ,  e l . in ,  e2.in, e3.in, 
and e4.in) are included in this  appendix. 
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F I L E W  : rgm.for DATE : 342 04-2 TIWE : 94 3 
TITLE 

c w i l e  by typing 'fl /Gt1000 awm.forH 

i : t a m r t s  P7 querter -1 (558 I . Y . )  to half wdel 

dimension q1(350),hcoor(3),qel(386l,qe2(136), iord(386), 
L mt1(386),at2(136), thk(lM), hbc(6), r(3501, tan0(350), 
& q b c ( 3 5 O 8 6 ) , q c o o r ( 3 5 0 , 3 1 , s o l ~ o n ( 3 8 6 , 8 ) , s h , ~ ) ,  
& nOde(746,lO) 

c 766 is the last nodc nm&r in the file *&?.inn 
integer qI,qCl ,-2, qbc 8 Sol con, sh Lcon,etW#hb 
open(2l8file='n1.in') 
oQen(U,file='nZ.in') 
opcn(3l8fi1e='el.in') 
open(32,f i le='&. in') 
opm(33,file='e3.in1) 
open(34,f i le='d.inl) 
~ ( 4 1 ,  f i lce'nodes .cut' ) 
~(42,file;~solick.cut~) 
open(43,file='shells.out') 
cgo(4C.f i le='debug.out') 

C 
c ml = no. of node+ per slice in excavation 
c mZ = no. of & j ' L  rrxles per slice in near-field soil 
c -1 = no. of solid elements per slice in excavation 
c m 2  t no. of solid elements pcr slice in near-field s o i l  
c M3 = no. of triangular tank shells per slice 
c nl = no. of guad tank shells per slice 
C 

ml=l62 
m2=188 
&=96 
m 2 = m  
ne3=32 
&=lo6 
imr=  

1. c 10 wrn slice in radians 
rlr&18./57.29578 
tol=.Oll 
to124 J57.29578 

& i=l,ml 

d& 

& iml+l,mlrrr2 

d d o  

c reed data for excavation ncdes (1st slice) 

reed(218+)cp(i),(qk(i , j), j=l ,6), (qcoorci, k),k=1,3) 

c reed data for rammining nodes (1st slice) 

reed(22,*)qn(i ), (qbc(i, j), j=l ,6), (qcoorc i ,k),k=l,3) 

-m* c- 
c Oarrate half model nodes 

c half clodel excavation nodes 
c J = slice &r 

do j=l,lO 

md=l 

dang=(j-l)*slrd 

-qcoor(i .l))) 
- SngCi)) 

hcoor(2)=r( i)*sin(&ngctang(i )) 
d i f  

hcoor(3)=qcoor( i ,3) 
c r-coord remains the sane (except m e  bottan of 1st s o i l  layer) 

c if rak falls directly on dang subsequent to 1st slice, it YBS 

PACE 1 
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F J L E H W  : ngen.for DATE : 342 04-2 
TITLE : Converts 07 quarter lradel (558 J.W.) to half Rodel 

TIME : 94 3 

c defined in previcus slice 

c identify 1st slice w r t e r  d l  node (1) located +dong fran 1st slice 
c egrter r#lcl node i 

do 14-l,l,-1 

if (j.gt.l.Md.qcoor(i,2).q.O.) then 

if<r(l).le.(r(i)+tol) .and. r(l).ge.(r(i)-tot) .and. 
L qcoor(l,3).q.qcoor(i ,3) .and. 
L twg(L).Le.(slrd+tol2) .and. t~(L).ge.<slrad-t012))then 

node(cp(i),i)=node(cp(l >,J-1> 

go to 150 

C writeP,W)i, l,tsng(t),qcoor(i,3),qcoor(l,3),r(i),r~L) 
e 9 9  fomt(2i5,5fl0.4) 

nd if 
end& 

150 go to loo 
end if 

c associate 1st slice no& rmmter wd slice rrrnkr with half rpdel node 

c Logic to define bovdary conditions <sym plane at y = 0) 
node(cp( i ), J)tmod 

if (hcoor(2). le. to1  .and.hcoor(2).ge.-tol) then 
hk(l)=O 
hk(2)=1 
hbc(3)=0 
hbc(4)=l 
hk(5)=0 
hbc(6)=1 

hbc( 1 )=0 
hk(2)=0 
hbc(3)=0 
hbc(41=D 
hbc(5)=0 
hkC6)4 

else 

end if 

i f (qbc(i , l ) .q. l .and.qbc(i ,5) .q. l .and.qbc(i ,6) .q. l ) th~ 

e if a l l  rotations fixed in 1st slice of quarter d l ,  then half model 
c node is not part of a shell and a l l  rotatias can k fixed 

hbc(4)=1 
hbc(li)=l 
hbc(6)=1 

hcoor(3)=384.5 
imw=imv*l 

end if 
if(hcoor(3).q.405.)then 

d if 
write(41,30)mod, (hk(k),k=1,6), (hcoar(k),k=l,3) 

-1 
30 forrat(7i5,3f10.2) 

100 end do 
erddo 

do j=l,lO 
c half pdel reining nodes 

dsng=( j-l)*slrd 
do i=ml+l,rnl+m2 

c node i s  on axis of rotation 

r(i)=sqrt(qcoor(i ,1)-2 + qcoor(i ,2)-2) 
if<qcoor(i ,l).q.O.) then 

hcoor<l)=O. 
hcoor(2)=0. 
if(j.q.1) then 

else 

md i f  

tang(i)=atan(qcoor( i ,2)/(-qcoor(i ,l))) 
hcoorC1 )=-r( i )*cos<&ng+tang( i)) 
hcoor(2)=r( i )*sin(dang+tang( i)) 

node(cp(i ), j)=mod 

nock(cp(i ),j)=mde(cp(i),l) 

else 

end if 
c t-coard rermins the r a n  (except at bottan of 1st toil Layer) 

R-3 
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f 
FILENAME : men.for 
TITLE 

DATE : 342 04-2 
: Comerts a7 V r t e r  mock1 (558 1.W.) to half codel 

TIME : 94 3 

hcoor(3)=qcoor(i ,3) 

if( j .gt.l .d.~coor(i,2).eq.O.) then 
c if mde falls directly on dang s&scqwnt to 1st slice, it is rlreedy defined 

c identify 1st slice grarter rmdel node (I) located dang f r m  1st slice 
c qusrtcr Ddcl no& i 

do l=i-1,ml-1,-1 
if(r(l).le.(r(i)+tol) .ad. r(l).Qe.(r(i)-tol) .and. 
Toor( I ,3) .eq.qcoor( i ,3) .ad. L 

L tang(t).le.(slrad+tol2) .and. tang(l).ge.(stred-t012))thm 
ncdeCcp(i), j)=node(cp( L), j-1) 
go to 160 

end if 
d d o  

160 go to 200 
end if 

nodt(qn(i 1, j ) d  

if(hcoor(2).le.tol.ad.hcoor(2).ge.-tol) then 

c associate 1st slice r d e  rm&r a d  slice nuiter with half &l node 

c Logic to &fin bovrjary conditions (syn p l w c  at y = 0) 

hbc(l)=O 
hbc(2)=1 
h&<3)=0 
hbc(4)=l 
hbc(5)=0 
hbc(6)-1 

h&(l )=O 
hbc<2)=0 
hbc(3)=0 
hbc(C)=O 
hbc(5)=0 
hbc(6)=0 

else 

d if 
c if a l l  rotatioras fixed in 1st slice of quarter model, then half d l  
c node is not part of a shell  a d  a l l  rotations can be fixed 

if (qbc(i ,4).eq. 1 .and.qbc(i ,SI .eq.l .and.qbc(i ,6) .eq.l )then 
hbc(L)=l 
hbc(S)-l 
hbc(6)=1 

hcoor(3)=384.5 
imY=imwl 

erd if 
if (hcoor(3).qq.4O5. )then 

end if 
uri te(41,30)d, (hbc(k), k=l,6), (hcoor(k), k=l,3) 
-1 

200 end & 
end& 

c- 
urite(44,55) (i,i=l,lO) 

55 forrrat(4~,~slice~,lOi7) 
do 14,350 

60 forat(i5,5x,lOil) 
uri te(44,60) cp(il,(node(qn( i ),j),j=l ,lo) 

enddo 
c-- 
c read data for excavation elements 

do i-1,nel 

L atl(i) 
red(31 ,lo) qel ( i ) ,  (solcon( i, j), j=l,8), iord(i 1, 

10 fomt(lOi5,5x,f5) 
enddo 

c read data for reminim soil elarnts 
do isrl+l,nel+ne2 

L mtl(i) 
enddo 

do i=l,ne3 

resd(32,lO) qel( i), (solcon( i,j),j=l88I8 iordci ), 

c read data for triangular shell elements 

ted(33,20) qe2( i ) ,  (shtcon( i, J), j=l,iI,at2( i), 

PAGE 3 
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f l L E H M  : rgm.for DATE : 342 04-2 TIME : 94 3 
TlTLE : Converts Q7 qusrter .ode1 (558 I.N.) to half rnxkl 

L thk( I )  
20 fomt(5i5,5X8i5,5x,f 10.4) 

enddo 

Q i=ne3+l,ne3*ncs 

enddo 

c read data for qued shell  elemnts 

reSd(34,20) qe2(i),(shtcon(i, J), J=1,4),st2(i), 
L thk(i) 

C M  
e generate excavation elements 

n c l 4  
e t p - 1  
do j = l , l O  

da i=l,nel 
nlrcnxlc(so Leon( i , 1 ) , j ) 
n2=nock(so 1 con( i ,2), j) 
n3=node(solcon(i,3l,j) 
nb=nak<solcon(i ,4), 1) 
nS=node(sotcon<i,S), j) 
n6=m&(solcon(i ,6), j> 
n7=node(sol con( i , 7), I ) 
n8=nccJe(solcon(i,8), J 1 
urite(62,40) rel,nl,n2,n3,n4,n5,n6,n7,n8,iord(i),etyp,mtl(i) 

40 fonnet(l2i5) 
ncl=ncl+l . 

enddo 
d d o  

etyp=1 
da J.l,10 

c Omrate r a i n i n g  s o i l  elenmts 

do i=nel+l,nel+ne2 
nl=node(solcon(i ,1), j) 
n2=node(so 1 con( i ,2), j 1 
rS=node(solconci ,3), j) 
n4=lrodt(solcon(i,4), j) 
rb=nock(soLcon(i,51, j) 
n6==(solconC i ,6), j) 
n7=node<solcon(i,7>, j) 
nS=nodeCsotccn(i ,S),j> 
write(42,40) nel,nl,n2,r3,n4,n5,n6,n7,n8,iord(i),etyp,mtl(i) 
nel=ml+l 

e d &  
*-t- 

end& 

nl=l 

do j = l , l O  

c-- 
c generate tank shell elements 

c triangles 

do f=l,& 
nlsnodc(ch Icon( i , 1 ), j) 
rQ=node(shlcm( i,2), j) 
n3=n0&<shlcon( i ,3), j) 
urite(43.50) n l  ,nl,n2,n3,art2<i),thk(i) 

nlswl+l 
50 forast(4f5,10x,i5,Sx,f10.4) 

enddo 
a d d o  

do j = l , l O  
cqusds 

do ir*w3+1,nJ+& 
nl=no&(shlcon( i ,l), j> 
n2=mde(sh 1 con( i ,2), j) 
n3--nock(shlcon(i ,3), j) 
rr4lnode(shlcm(i,4), j) 
writeC43,rn) ncl,nl,n2,r3,n4,mtZ<i),thk(i) 

ncl - t t+ l  
70 foraat(5i5,5x,i5,5x,f10.4) 

a d d o  
enddo 

c urite interatfar node d r s  to &.out 

PAGE 4 
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FILEHAHE : nrpen.for 
TITLE 

DATE : 342 04-2 
: Converts P7 quarter model (558 I . W . )  t o  h a l f  mdel 

nl=1053/16 + 1 
do i = l ,n l  

959 foraret(l6i5) 
d d o  
uri te(*,*) iaov 
*top 
cnd 

i i=( i - l ) '16 
uri te(bl,999) <i i+j j, j j=l,l6) 

TIME : 94 3 

WHC-SD-W320-ANAL-002 
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P I L E W E  : print2.fil 
TITLE : Input files for UGEN.for 

tttt tttttttt nl.in t t t t t * t t t t t t T t t  

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

15 
16 
17 
28 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

,14 

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 
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 

I 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 

' 0  
0 
1 
0 
0 
1 
0 
0 
I 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
I 
0 
0 
1 
0 
0 
1 
I 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 

1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 

DATE : 08-08-94 TIHE : 8:43r 

0.00 
-68.00 
-71.50 
-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-325.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.76 
-507.00 

0.00 
-68.00 
-71.50 
-13 6.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.76 
-507.00 

0.00  
-68 .00  
-71.50 
-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.16 
-507.00 

0 . 0 0  
-68 .00  
-71.50 
-136.00 
-141.24 
-143 .OO 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 

0.00 
22.09 
0.00 
44.19 
22.37 
0.00 
71.38 
36.14 
0.00 

98.58 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79 -31 

0.00  
0.00 

22.09 
0.00 

44.19 
22.37 
0.00 

71.38 
36.14 
0.00 
98.58 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79.31 
0.00 
0.00 
22.09 
0.00 

44 -19 
22-37 
0.00 
71.39 
36.14 
0.00 
98.59 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79.31 
0.00 
0.00 

22.09 
0.00 

44.19 
22.37 
0.00 
71.38 
36.14 
0.00 
9a. 58 
49.90 
0.00 

127.62 
64.61 
0.00 

-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
-24.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
39.00 
6 8 - 0 0  
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
68.00 
60.00 
68.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124.00 
124 .OO 
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WHC-SD-W320-ANAL-002 
Rev. 0 

P I L H ~ B  : ~rint2.fil 
TITLB 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
98 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
10s 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
13 6 
137 
13 9 
13 9 

: Input files for UGBN.for 

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 
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 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 

1 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 
0 
1 
0 

0 
1 
0 
0 

1 
0 
0 
1 
0 

0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

a 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DATB : 08-08-94 

-482.19 
-500.76 
-507.00 

0.00 
-68.00 
-71.50 
-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.76 
-507.00 

0.00 
-68.00 
-71.50 
-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.76 
-507.00 

0.00 
-68.00 
-71.50 
-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413.00 
-482.19 
-500.76 
-507.00 

0.00 
-68.00 
-71.50 
-136.00 
-141.24 
-143 .OO 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 

356.67 
79.31 
0.00 
0.00 
22.09 
0.00 
44.19 
22.37 
0.00 
71.38 
36.14 
0.00 
98.58 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79.31 
0.00 
0.00 

22.09 
0.00 

44.19 
22.37' 
0.00 
71.38 
36.14 
0.00 
98.58 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79.31 
0.00 
0.00 
22.09 
0.00 
44.19 
22.37 
0.00 
71.38 
36.14 
0.00 
99.59 
49.90 
0.00 

127.62 
64.61 
0.00 

156.67 
79.31 
0.00 
0.00 

22.09 
0.00 

44.19 
21.37 
0.00 
71.38 
36.14 
0.00 
98.58 
49.90 
0.00 

127.62 

R- 8 

TIUB : 8:43a 

124.00 
124.00 
124.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
' 180 .00  
180.00 
180.00 
180.00 
lSO.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
180.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
236.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
307.00 
405.00 
405.00 
405.00 
405.00 
405.00 
405 .OO 
405.00 
405.00 
405.00 
405.00 
405.00 
405.00 
405.00 

PAGB 2 



P I L E W B  : ~ r i n t 2 .  f il 
TITLB 

140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 

: Input fils8 for MGBN.for 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
0 
1 
1 
0 
1 
0 
0 
I 
0 
0 
I 
0 
0 
1 
0 
0 
1 
0 
0 
1 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 

1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 

I 
I 
1 
1 
I 
1 
I 
I 
1 
1 
I 
I 
I 
1 
1 
1 
I 
1 
I 
1 
1 
I 
1 

DATE : 08-08-94 

-407.92 
-413.00 
-482.19 
-500.76 
-507 . O O  

0 .00  
-68.00 
-71 -50 

-136.00 
-141.24 
-143.00 
-219.69 
-228.16 
-231.00 
-303.39 
-315.07 
-319.00 
-392.79 
-407.92 
-413 - 0 0  
-482.19 
-500.76 
-507.00 

64 .61  
0.00 

156.67  
7 9 . 3 1  

0 .00  
0 . 0 0  

2 2 . 0 9  
0 .00  

44.19 
22 .37  

0.00 
71 .38  
36.14 

0 .00  
98 .58  
49 .90  

0 .00  
127.62 

64 .61  
0 .00  

356.67 
7 9 . 3 1  

0 .00  

TIUB : 8:43r  

405.00 
405.00 
405.00 
405.00 
405.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 

, 

R- 9 

IHC-SD-W320-ANAL-002 
iev.  0 
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WHC-SD-W320-ANAL-002 
Rev. 0 

I 
PILPNAYB : print2 . fil DATB : 08-08-94 
TITLE : Input f i les  for HGEN.for 

.t.ttttttttt.t*tttt n2.in t ~ t t t t t t t ~ t t t t t ~ t t t t  

559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 

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 
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 

1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 

0 
0 

0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 

1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 

1 
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 
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 

1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
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 
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 
0 

1 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 

0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0.00 
-34.00 
-35.75 
-68.00 
-70.62 
-71.50 
-102.00 
-104.91 
-106.66 
-107.25 
-136.00 
-139.05 
-141.24 
-142.56 
-143 .OO 
-177.85 
-181.83 
-184.70 
-186.42 
-187.00 
-219.69 
-224.62 
-228.16 
-230.29 
-231.00 
-261.54 
-267.40 
-271.61 
-274.15 
-275.00 
-303.39 
-310.19 
-315.07 
-318.02 
-319.00 
-345.23 
-352.97 
-358.53 
-361.88 
-363.00 
-387.08 
-395.75 
-401.99 
-405.75 
-407.00 
-434.63 
-444.37 
-451.31 
-455.59 
-457.00 
-434.63 
-444.37 
-451.37 
-455.59 
-457.00 
-434.63 
-444.37 
-451.37 
-455.59 
-457.00 
-434.63 
-444.37 
-451.37 
-455.59 
-457.00 
-434.63 
-444.37 
-451.37 
-455.59 

0.00 
11.05 
0.00 

22.09 
11.19 
0.00 

33.14 
22.30 
11.21 
0.00 

44.19 
33.38 
22.37 
11.22 
0.00 
57.79 
43.65 
29.25 
14.67 
0.00 
71.38 
53.93 
36.14 
18.12 
0.00 

84.98 
64.20 
43.02 
21.58 
0.00 
98.58 
74.47 
49.90 
25.03 
0.00 

112.17 
84.74 
56.79 
28.48 
0.00 

125.77 
95.01 
63.67 
31.93 
0.00 

141.22 
106.68 
71.49 
35.86 
0.00 

141.22 
106.68 
71.49 
35.86 
0.00 

141.22 
106.68 
71.49 
35.86 

0 .00  
141.22 
106.68 
71.49 
35.86 
0.00 

141.22 
106.60 
71.49 
35.86 

TIHB : 8:43r 

4.00 
4.25 
4.25 
4.50 
4.50 
4.50 
4.75 
4.75 
4.75 
4.75 
5.00 
5.00 
5.00 
5.00 
5.00 
6.83 
6.83 
6.83 
6.83 
6.83 
8.67 
8.67 
8.67 
8.67 
8.67 

10.50 
10.50 
10.50 
10.50 
10.50 
12.33 
12.33 
12.33 
12.33 
12.33 
14.17 
14.17 
14.17 
14.17 
14.17 
16.00 
16.00 
16.00 
16.00 
16.00 
24.00 
24.00 
24.00 
24.00 
24.00 
50.80 
50.80 
50.80 
50.80 
50. 80 
68.00 
68.00 
68.00 
68.00 
68.00 
96.00 
96.00 
96.00 
96.00 
96.00 

124.00 
124.00 
124.00 
124.00 

PAGB 4 
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WHC-SD-W320-ANAL-002 
Rev. 0 

P I W B  : print2.fil DATB : oe-08-91 
i TITLE : Input files for HGBN.for 

628 
629 
630 
63 1 
632 
633 
634 
635 
63 6 
637 
63 8 
639 
640 
6 4 1  
642 
643 
644 
645 
646 
647 
648 
649 
650 
651  
652 
653 
654 
655 
656 
657 
658 
659 
660 
662 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671  
672 
673 
674 
675 
676 
677 
670 
679 
680 
601 
602 
693 
604 
COS 
686 
687 
C 0 8  
cas 
690 
6 9 1  
692 
693 
694 
695 
696 
697 

O l O l O l  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
O l O l O l  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
O l O l O l  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
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 1 0 1 0 1  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  
0 0 0 0 0 0  

-457.00 
-434.63 
-444 .37 
-451.37 
-455.59 
-457.00 
-434.63 
-444.37 
-451.37 
-455.59 
-457.00 
-434.63 
-444-37 
-451.37 
-455.59 
-451.00 
-434.63 
-444.37 
-451.37 
-455.59 
-457.00 
-432.64 
-442.33 
-449.30 
-453.50 
-454.90 
-425.60 
-435.34 
-441.99 
-446.12 
-447.50 
-404.58 
-413.65 
-420.16 
-424.09 
-425.40 
-375.67 
-384.09 
-390.14 
-393.78 
-395.00 
-348.47 
-356.28 
-361.09 
-365.27 
-366.40 

-328.17 
-333.34 
-336.46 
-337.50 
-284.65 
-291.03 
-295.62 
-298.38 
-299.30 
-247.66 
-253.21 
-257.19 
-259.60 
-260.40 
-210.09 
-214. 00 
-218.58 
-220.22 
-220.90 
-172.14 
-176.00 
-178.77 
-180 .44 

-310.98 

0.00 
141.22 
106.68 

71.49 
35.86 

0.00 
141.22 
106.68 

71.49 
35.86 

0.00 
141.22 
106.68 

71.49 
35.86 

0.00 
141.22 
106.68 
71.49 
35.86 

0.00 
140.57 
106.19 

71.16 
35.69 

0.00 
138,29 
104.47 

70.00 
35 .11  

0.00 
131.46 

99.31 
66.55 
33.38 

0.00 
122.06 

92.21 
61.79 
30.99 

0.00 
113.22 

85.53 
57.32 
28.75 

0.00 
104.29 
78.79 
52. PO 
26.48 

0.00 
92.49 
69. 07 
46.02 
23.48 

0.00 
80.47 
60.79 
40.74 
20.43 

0.00 
68.26 
51.57 
34.56 
17.33 

0.00 
55.93 
42.25 

14.20 
2e.31 

R-11 

TIHB : 8:43a 

124.00 

352.00 
152.00 
152.00 
152.00 
180.00 
180.00 
180.00 
180.00 
180.00 
208.00 
208.00 
208.00 
208 .00  
208.00 
236.00 
236.00 
236.00 
236.00 
236.00 
259.80 
259.80 
259.80 
259.80 
259.80 
282.50 
282.50 
282.50 
282.50 
282.50 
294.20 
294.20 
294.20 
294.20 
294 -20 
307.80 
307.80 
307.80 
307.80 
307.80 
319.70 
319.70 
319.70 
319.70 
319.70 
331.00 
331.00 
331.00 
331.00 
331.00 
344.70 
344.70 
344.70 
344.70 
344.70 
356.40 
356.40 
356.40 
356.40 
356.40 
366.00 
366.00 
366.00 
366.00 
366.00 
373 .SO 
373.50 
373.50 
373 .50 

151. oo  
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! 

I 

FILENAME : p r i n t 2 .  f il 
TITLB 

698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
72 6 
727 
728 
729 
73 0 
731 
732 
733 
734 
735 
736 
73 7 
73 8 
73 9 
740 
741 
742 
743 
744 
745 
746 

: Input f i les  for nGBN.for 

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 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 

3 
0 
0 

1 
0 
0 
1 
0 
0 

1 
0 

1 
1 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

DATB : 08-08-94 

-181 .00  
-129 .34  
-133.03 
-135.16 
-136 .00  

-86 .36  
-89.68 
-90 .80  
-43.18 
-45 .40  

0 .00  
-463.16 
-473 .54  
-481 .00  
-485 .50  
-487.00 
-375.67 
-390 .14  
-395.00 
-320.98 
-333.34 
-337.50 
-246.56 
-256 .06  
-259 .25  
-172 . I 4  
-178.77 
-181 .00  

-86 .07  
-90.50 

0 . 0 0  
0 .00  

-86.36 
-90 .80  

-172.14 

-181.00 
-247 .66  
-257 .19  
-260 .40  
-320.98 
-333.34 
-337.50 
-375 .67  
-390 .14  
-395 .00  
-375.67 
-390.14 
-395 .00  

-17a.n 

0.00 
4 2 . 0 3  
28 .28  
1 4 . 2 2  

0 .00  
28 .06  
1 4 . 2 0  

0 . 0 0  
1 4 . 0 3  

0 . 0 0  
0.00 

1 5 0 . 4 9  
113 .69  

76 .18  
3 8 . 2 1  

0.00 
1 2 2 . 0 6  

61 .79  
0 .00  

104 .29  
5 2 . 8 0  
0.00 

80 .11  
4 0 . 5 6  

0 . 0 0  
55 .93  
2 8 . 3 1  

0 . 0 0  
27 .97  

0 . 0 0  
0 . 0 0  
0 .00  

2 8 . 0 6  
0 . 0 0  

55 .93  
2 8 . 3 1  

0 .00  
80 .47  
40 .74  

0 . 0 0  
1 0 4 . 2 9  

52 .80  
0 .00  

122 .06  
61 .79  

0 .00  
122 .06  

61 .79  
0 .00  

TIHB : 8:43a 

373.50 
379.70 
379.70 
379.70 
379.70 
384.30 
384.10 
384.10 
386 .70  
386.70 
387.50 

24 .00  
24.00 
24.00 
24 .00  
24.00 

347.00 
347.00 
347.00 
371.00 
371.00 
371.00 
396.00 
396.00 
396.00 
407.00 
407.00 
407.00 
407.00 
407.00 
407.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
462.00 
420.00 
420.00 
420.00 
462.00 
462.00 
462.00 

WHC-SD-W320-ANAL-002 
Rev. 0 
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WHC-SD-W3 2 0-ANAL- 002 
Rev. 0 

P I L G W B  : print2.fil DATE : 08-08-94 
TITLE : Input files for MGEN.fOr 

\ 

Ttttt 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

ttttt 

1 
19 
37 
55 
73 
91 
109 
127 
3 
21 
39 
57 
75 
93 
111 
129 
3 
21 
39 
57 
75 
93 
111 
129 
2 
20 
38 
56 
74 
92 
110 
128 

5 
23 
41 
59 
77 
95 

113 
131 
4 
22 
40 
58 
76 
94 

112 
13 0 

8 
26 
44 
62 
80 
98 
116 
13 4 
7 
25 
43 
61 
79 
97 

115 
13 3 
I1 
29 
47 
65 
83 

tttt, 

2 
20 
38 
56 
74 
92 
110 
128 
5 

23 
41 
59 
77 
95 
113 
131 
2 
20 
38 
56 
74 
92 
110 
128 
4 
22 
40 
58 
76 
94 
112 
13 0 

8 
26 
44 
62 
80 
98 
116 
13 4 
7 

25 
43 
61 
79 
97 
115 
133 
11 
29 
47 
65 
83 
101 
119 
137 
10 
28 
46 
64 
02 
100 
It8 
13 6 
14 
32 
50 
68 
86 

t alein tttttttttttttttt 
3 3 19 20 21 
21 21 37 38 39 
39 39 55 56 57 
57 S7 73 74 75 
7 5  75 91 92 93 
93 93 109 110 111 
111 111 127 128 129 
129 129 145 146 147 
6 6 21 23 24 

24 24 39 41 42 
42 42 57 59 60 
60 60 75 77 78 
78 78 93 95 96 
96 96 111 113 114 

114 114 129 131 132 
132 132 147 149 150 

5 5 21 20 23 
23 23 39 38 41 
41 41 57 56 59 
59 59 75  74 77 
77 77 93 92 95 
95 95 111 110 113 
113 113 129 128 131 
131 131 147 146 149 
5 5 20 22 23 
23 23 38 40 41 
41 41 56 58 59 
59 59 74 76 77 
77 77 92 94 95 
95 95 110 112 113 
113 113 128 130 131 
131 131 146 148 149 
9 6 23 26 27 

27 24 41 44 45 
45 42 59 62 63 
63 60 77 80 81 
81 78 95 98 99 
99 96 113 116 117 
117 114 131 134 135 
135 132 149 152 153 
8 5 22 25 26 

26 23 40 43 44 
44 41 58 61 62 
62 59 76 19 80 
80 77 94 97 98 
98 95 112 115 116 
116 113 130 133 134 
134 131 148 151 152 
12 9 26 29 30 
30 27 44 47 48 
48 45 62 65 66 
66 63 80 83 84 
84 81 98 101 102 
102 99 116 119 120 
120 117 134 137 138 
138 135 152 155 156 
11 8 25 28 29 
29 26 43 46 47 
47 44 61 64 65 
65 62 79 82 83 
83 so 97 100 101 
101 98 115 118 119 
119 116 133 136 137 
137 134 IS1 154 155 
15 12 29 32 33 
33 30 47 50 51 
51 48 65 68 69 
69 66 83 86 87 
87 84 101 104 105 

21 
39 
57 
7 5  
93 
111 
129 
147 
24 
42 
60 
78 
96 
114 
132 
150 
23 
41 
59 
77 
95 

113 
131 
149 
23 
41 
59 
77 
95 
113 
13 1 
149 
24 
42 
60 
78 
96 
114 
132 
150 
23 
41 
59 
77 
95 

113 
131 
149 
27 
45 
63 
01 
99 
117 
135 
153 
26 
44 
62 
80 
98 
116 
134 
152 
30 
40 
66 
84 
102 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

TIME : 8:43r 

8 
7 
6 
5 
4 
3 
2 
1 
a 
7 
6 
5 
4 
3 
2 
1 
8 
7 
6 
f 
4 
3 
2 
1 
8 
7 
6 
5 
4 
3 
2 
1 
0 
f 
6 
5 
4 
3 .  
2 
1 

7 
6 
5 
4 
3 
2 
1 
8 
7 
6 
5 
4 
3 
2 
1 
8 
7 
6 
5 
4 
3 
2 
1 
8 
7 
6 
5 
4 

a 

R-13 
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P I L E W E  : print2.fil 
TITLE : Input files for MGEN.for 

DATE : 08-08-94 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
98 
89 
90 
91 
92 
93 
94 
95 
96 

101 104 105 102 119 122 123 120 
119 122 123 120 337 140 141 138 
137 140 141 138 155 158 159 156 
10 13 14 11 28 31 32 29 
28 31 32 29 46 49 50 47 
46 49 50 47 64 67 68 65 
64 67 68 65 82 85 86 83 
82 85 86 83 100 103 104 101 
100 103 104 101 118 121 122 119 
118 121 122 119 136 139 140 137 
136 139 140 137 154 157 158 155 
14 17 18 15 32 35 36 33 
32 35 36 33 50 53 54 51 
50 53 54 51 68 71 72 69 
68 71 72 69 86 89 90 87 
86 89 90 87 104 107 108 105 

104 107 108 105 122 125 126 123 
122 125 126 123 140 143 144 141 
140 143 144 141 158 161 162 159 
13 16 17 14 31 34  35 32 
31 34 35 32 49 52 53 50 
49 52 53 50 67 70 71 68 
67 70 71 68 85 88 89 86 
85 88 89 86 103 106 107 104 
103 106 107 104 121 124 125 122 
121 124 125 122 139 142 143 140 
139 142 143 140 157 160 161 158 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

TIME : 8:43a 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

3 
2 
1 
8 
7 
6 
s 
4 
3 
2 
1 
8 
7 
6 
5 
4 
3 
2 
1 
8 
7 
6 
5 
4 
3 
2 
1 

WHC-SD-W320-ANAL-002 
Rev. 0 
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WHC-SD-W320-ANAL-002 
Rev. 0 

PILEWE : print2.fil DATE : 08-08-94 
TITLE : Input files for MGBN.for 

t..T.t.t*.t 

481 2 
482 564 
483 560 
484 563 
485 3 
486 562 
487 567 
488 563 
489 4 
490 571 
491 565 
492 570 
493 5 
494 573 
495 567 
496 572 
497 8 
498 583 
499 582 
500 578 
501 577 
502 8 
503 5 
504 6 
505 9 
506 7 
507 581 
508 580 
509 576 
510 575 
531 7 
512 4 
513 5 
524 8 
515 11 
516 593 
527 592 
518 588 
519 587 
520 11 
521 8 
522 9 
523 12 
524 10 
525 591 
526 590 
527 586 
528 585 
529 10 
530 7 
532 0 
532 11 
533 14 
534 603 
535 602 
536 598 
537 597 
538 14 
539 11 
540 I2 
541 15 
542 13 
543 601 
544 600 
545 596 
546 595 
547 13 
548 10 
549 11 

e* * * *  

3 
563 
561 
562 
2 

563 
566 
564 
5 

570 
566 
569 
6 

572 
568 
571 
9 

582 
581 
577 
576 
5 
6 
9 
8 
8 

580 
579 
575 
574 
4 
5 
8 
7 
I2 
592 
591 
587 
586 
8 
9 
12 
11 
11 
590 
589 
585 
584 
7 
8 
11 
10 
15 
602 
601 
597 
596 
11 
12 
15 
14 
14 
600 
599 
595 
594 
10 
11 
14 

***** a2.i 
1 2  

561 564 
563 560 
560 563 
5 3  

566 562 
563 567 
567 563 
2 4  

566 571 
570 565 
565 570 
3 5  

568 573 
572 567 
567 572 
6 5  

577 578 
576 577 
572 573 
571 572 
576 576 
572 572 
578 578 
582 582 
5 4  

575 576 
574 575 
570 571 
569 570 
574 574 
570 570 
576 576 
580 580 
9 8  

587 588 
586 587 
582 583 
581 582 
586 586 
582 582 
588 588 
592 592 
8 7  

585 586 
584 585 
580 581 
579 580 
584 584 
580 580 
586 586 
590 590 
12 11 
597 598 
596 597 
592 593 
591 592 
596 596 
592 592 
598 598 
602 602 
11 10 
595 596 
594 595 
590 591 
589 590 
594 594 
590 590 
596 596 

n * T *  

560 
3 
2 
2 

567 
2 
3 
3 

565 
5 
4 
4 

567 
6 
5 
5 

577 
9 
8 
6 
5 
8 
5 
6 
9 

575 
8 
7 
5 
4 
7 
4 
5 
8 

587 
12 
11 
9 
8 
11 

8 
9 
12 
585 
11 
10 
e 
7 
10 
7 
8 
11 
597 
15 
14 
12 
11 
14 
11 
12 
15 
595 
14 
13 
11 
10 
13 
10 
11 

~ . t t t . T t t t t t . t  

561 559 560 
3 3 3  
3 3 2  
2 2 2  

566 571 567 
2 2 2  
2 2 3  
3 3 3  

566 562 565 
5 5 5  
5 5 4  
4 4 4  

568 564 567 
6 6 6  
6 6 5  
5 5 5  

577 577 577 
9 9 9  
8 8 8  
6 6 6  
5 5 5  
5 577 577 
6 577 577 
9 577 577 
8 577 577 

575 575 575 
8 8 8  
7 7 7  
5 5 5  
4 4 4  
4 575 575 
5 515 575 
8 575 575 
7 575 575 

587 587 587 
12 12 12 
11 11 11 
9 9 9  
8 8 8  
8 587 587 
9 587 587 
12 587 587 
11 587 587 
585 585 585 
11 11 11 
10 10 10 
1 8 8  
7 7 7  
7 585 585 
8 585 585 
11 585 585 
10 585 585 
597 597 597 
15 IS 1s 
14 14 14 
12 12 12 
11 11 11 
11 597 597 
12 597 597 
15 597 597 
14 597 597 
595 595 595 
14 14 14 
13 13 13 
11 11 11 
10 10 10 
10 595 595 
11 595 595 
14 595 595 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
I 
I 
1 
1 
1 
I 
1 
1 
1 
1 
1 

R-I5 

TIHB : 8:43r 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
0 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
e 
8 
8 
8 
e 
B 
8 
e 
8 
e 
e 
8 
8 
8 
8 
e 
e 
8 
8 
8 
8 
e 
8 
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WHC-SD-W320-ANAL-002 
Rev. 0 

I 

FILENAMB : print2.fil DWB : 08-08-94 
TITLB : Input files for HGBN.for 

550 14 13 600 600 14 13 595 
551 17 18 15 14 607 607 607 
552 713 712 607 608 18 18 18 
553 712 711 606 607 17 17 17 
554 608 607 602 603 15 15 15 
555 607 606 601 602 14 14 14 
556 17 14 606 606 17 14 607 
557 14 15 602 602 14 15 607 
558 15 18 608 608 15 18 607 
559 18 17 712 712 18 17 607 
560 16 17 14 13 605 605 605 
561 711 710 605 606 17 17 17 
562 710 709 604 605 16 16 16 
563 606 605 600 601 14 14 14 
564 605 604 599 600 13 13 13 
565 16 13 604 604 16 13 605 
566 13 14 600 600 13 14 605 
567 14 17 606 606 14 17 605 
568 17 16 710 710 17 16 605 
569 709 34 16 16 710 35 17 
570 35 711 17 17 35 710 17 
571 711 35 17 17 712 35 17 
572 36 713 18 18 35 712 17 
573 604 609 709 709 605 610 710 
574 605 610 710 710 606 611 711 
575 606 611 711 711 607 612 712 
576 607 612 712 712 608 613 713 
577 35 34 52 53 610 610 610 
578 709 710 610 609 34 34 34 
579 710 711 611 610 35 35 35 
580 609 610 615 614 52 52 52 
581 610 611 616 615 53 53 53 
582 35 53 611 611 35 53 610 
583 53 52 615 615 53 52 610 
584 52 34 609 609 52 34 610 
585 34 35 710 710 34 35 610 
586 36 35 53 54 612 612 612 
587 711 '712 612 611 35 35 35 
588 712 713 613 612 36 36 36 
589 611 612 617 616 53 53 53 
590 612 613 618 617 54 54 54 
593 36 54 613 613 36 54 612 
592 54 53 617 617 54 53 612 
593 53 35 611 611 53 35 612 
594 35 36 712 712 35 36 612 
595 53 52 70 71 620 620 620 
596 614 615 620 619 52 52 52 
597 615 616 621 620 53 53 53 
598 619 620 625 624 70 70 70 
599 620 621 626 625 71 71 71 
6 0 0  53 71 62% 621 53 71 620 
601 71 70 625 625 71 70 620 
602 70 52 619 619 70 52 620 
603 52 53 615 615 52 53 620 
604 54 53 71 72 622 622 622 
605 616 617 622 621 53 53 53 

607 621 622 627 626 71 71 71 
606 617 618 623 622 54 54 54 

608 622 623 628 627 72 72 72 
609 54 72 623 623 54 72 622 
6x0 72 71 627 627 '12 7% 622 
cii 71  53 621 621 71 53 622 
612 53 54 617 617 53 54 622 
613 71 70 88 89 630 630 630 
614 624 625 630 629 70 70 70 
615 625 626 631 630 71 71 71 
616 629 630 635 634 88 88 a8 
617 630 631 636 635 89 89 89 
618 71 89 631 631 71 89 630 
619 89 88 635 635 89 88 630 

595 
607 
18 
17 
15 
14 
607 
607 
607 
607 
605 
17 
16 
14 
13 
605 
605 
605 
605 
17 
17 
17 
17 
710 
711 
712 
713 
610 
34 
35 
52 
53 
610 
610 
610 
610 
612 
35 
36 
53 
54 
612 
612 
612 
612 
620 
52 
53 
70 
71 
620 
620 
620 
62 0 
622 
53 
54 
71 
72 
622 

622 
622 
63 0 
70 
71 
98 
89 
63 0 
63 0 

622 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

TIHB : 8:43r 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
8 
8 
7 
7 
7 
7 
7 
8 
7 
8 
8 
7 
7 
7 
7 
7 
8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 

PAGB 10 
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PILHHWIB : print2 .  f il DhTE : 06-06-94 
TZTLB I Input file8 for HCBN.for 

WHC-SD-W320-ANAL-002 
Rev. 0 

TIHE : 8:43a PAGE 11 

I 

620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
63 2 
633 
634 
63 5 
63 6 
637 
63 8 
63 9 
640 
641 
642 
643 
644 
645 
64 6 
647 
648 
64 9 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
67 0 
672 
672 
673 
674 
675 
676 
677 
679 
679 
680 
691 
682 
683 
614 
615 
686 
687 
689 
619 

88 70  629 
1 0  71 625 
72 71 89 
626 627 632 
627 628 633 
631 632 637 
632 633 630 

72 90 633 
90 89 637 
89 71 631 
72  72 627 

634 635 640 
635 636 641 
639 640 645 
640 641 646 
89 107 641 
101 106 645 
106 88 639 
88 89 635 
90 89 101 
636 637 642 
637 638 643 
641 642 647 
642 643 648 
90 108 643 
108 107 647 
107 89 641 
89 90 637 

507 106 124 
644 645 650 
645 646 651 
649 650 655 
650 651 656 
107 125 651 
125 124 655 
124 106 649 
106 107 645 
108 107 125 
646 647 652 
647 648 653 
651 652 657 
652 653 658 
108 126 653 
126 125 657 
125 107 651 
507 101 647 

654 655 660 
655 656 661 
659 660 665 
660 661 666 
125 715 661 
715 714 665 
724 124 659 
124 125 655 
126 125 715 
656 657 662 
657 658 663 
661 662 667 
662 663 668 
126 716 663 
716 715 667 
715 125 661 
125 126 657 
715 714 717 
664 665 670 
665 666 671 
669 670 675 
670 671 676 

89 8s a06 

125 a24 714 

629 
625 
90 
631 
632 
63 6 
637 
633 
63 7 
63 1 
627 
107 
639 
640 
644 
645 
641 
645 
639 
635 
108 
641 
642 
646 
647 
643 
647 
641 
637 
125 
649 
650 
654 
655 
651 
655 
649 
645 
126 
651 
652 
656 
657 
653 
657 
651 
647 
715 
659 
660 
664 
665 
661 
665 
659 
655 
716 
661 
662 
666 
667 
663 
667 
661 
657 
711 
669 
670 
674 
675 

98 1 0  630 630 
70 71 630 630 
632 632 632 632 
71 11 71 71 
72 72 72 72 
89 89 89 89 
90 90 90 90 

90 89 632 632 
89 71 632 632 
71 72 632 632 
640 640 640 640 
18 88 88 88 
99 a9 89 99 
106 106 106 106 
107 107 107 107 
89 107 640 640 
107 106 640 640 
106 88 640 640 
88 89 640 640 
642 642 642 642 
89 89 89 89 
90 90 90 90 
107 107 107 107 
108 108 108 108 
90 108 642 642 
108 107 642 642 
107 89 642 642 
89 SO 642 642 
650 650 650 650 
106 106 106 106 
107 107 107 107 
124 124 124 124 
125 125 125 125 
107 125 650 650 
125 124 650 650 
124 106 650 650 
106 107 650 650 
652 652 652 652 
107 107 107 107 
108 108 108 108 
125 125 125 125 
126 126 126 126 
108 126 652 652 
126 125 652 652 

107 108 652 652 
660 660 660 660 

125 125 125 125 
714 714 714 714 
715 715 -115 715 
125 715 660 660 
715 714 660 660 
714 124 660 660 
124 125 660 660 
662 662 662 662 
125 125 125 125 
126 126 126 126 
715 115 715 715 

126 716 662 662 
716 715 662 662 
715 125 662 662 
125 126 662 662 
670 670 670 670 
714 714 714 714 
715 715 715 715 
717 717 717 717 

72 so 632 632 

a i s  107 652 652 

124 a24 124 124 

716 716 7x6 716 

iia iin i a s  718 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
'3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 



WHC-SD-W320-ANAL-002 
Rev. 0 

TIHB : 0:43r PAGB 12 PILBNAnB : print2.fil DAzg : 08-08-91 
TITLB : Input 

690 715 718 
691 710 717 
692 717 714 
693 714 715 
694 716 715 
695 666 667 
696 667 660 
697 671 672 
690 672 673 
699 716 719 
700 719 710 
701 718 715 
702 715 716 
703 718 717 
704 674 675 
705 675 676 
706 679 600 
707 600 681 

709 721 720 
710 720 717 
711 717 710 
712 719 710 
713 676 677 
714 677 670 
715 601 602 
716 602 603 
717 719 722 
710 722 721 
719 721 710 
710 710 719 
721 721 720 
722 684 605 

724 609 690 
725 690 691 

727 724 723 
720 723 720 
729 720 721 
730 722 721 
731 686 687 

733 691 692 
734 692 693 
735 722 725 

737 724 721 

739 724 723 
740 694 695 
741 700 699 
742 695 696 
743 725 724 
744 696 697 
745 702 701 
746 697 690 
747 726 727 
740 705 704 
749 700 701 
750 704 703 
751 727 726 
752 703 704 
753 707 706 
754 704 705 
755 728 726 
7 5 6  725 727 
757 727 726 
750 726 723 

708 718 721 

723 6 0 s  606 

726 721 724 

732 687 6 8 8  

736 725 724 

738 721 722 

759 724 721 

files for HGBN.for 

671 671 715 710 
675 675 710 717 
669 669 717 714 
665 665 714 715 
710 719 672 672 
672 671 715 715 
673 672 716 716 
677 676 710 710 
670 677 719 719 
673 673 716 719 
677 677 719 710 
671 671 710 715 
667 667 715 716 
720 721 600 600 

601 680 730 710 
605 604 720 720 
6 0 6  605 721 721 
601 681 710 721 
605 605 721 720 
679 679 720 717 
675 675 717 710 
721 722 602 602 
602 601 710 710 
603 602 719 719 
607 686 721 721 
600 607 722 722 
603 683 719 722 
607 607 722 721 
681 601 721 710 
677 677 710 719 
723 724 690 690 
690 609 720 720 
691 690 721 721 
695 694 723 723 
696 695 724 724 
691 691 721 724 
695 695 724 723 
609 609 723 720 
605 605 720 721 
724 725 692 692 
692 691 721 721 
693 692 722 722 
697 696 724 724 

693 693 722 725 

691 691 724 721 
607 607 721 722 

680 679 717 717 

698 697 725 725 

697 697 725 724 

726 724 700 699 
699 694 723 723 
695 700 724 723 
700 695 724 724 

701 696 724 724 

702 697 725 725 
724 726 700 701 
701 705 727 727 

700 704 726 726 

706 703 726 726 
704 707 727 726 

727 727 729 730 

724 724 731 730 

722 725 733 736 

727 725 702 701 

697 702 72s 724 

704 700 726 727 

728 727 707 706 

707 '104 727 727 

724 724 734 731 

724 '124 730 732 

670 
670 
670 
670 
672 
715 
716 
710 
719 
672 
.672 
672 
672 
600 
717 
710 
72 0 
721 
680 
600 
680 
680 
602 
718 
719 
721 
722 
682 
602 
602 
602 
690 
720 
721 
723 
724 
690 
690 
690 
690 
692 
72 1 
722 
724 
725 
692 
692 
692 
692 
7 03 
723 
723 
724 
705 
724 
724 
72 5 
696 
727 
727 
726 

72 6 
726 
727 
731 
773 
733 
733 
737 

708 

670 
670 
670 
670 
672 
715 
716 
710 
719 
672 
672 
672 
672 
600 
717 
710 
72 0 
721 
600 
600 
600 
680 
602 
710 
719 
721 
722 
602 
602 
602 
602 
690 
720 
721 
723 
724 
690 
690 
690 
690 
692 
721 
722 
724 
725 
692 
692 
692 
692 
700 
723 
724 
724 
702 
724 
725 
72 5 
700 
727 
726 
72 6 
707 
726 
72 7 
727 
73 1 
733 
73 3 
733 
734 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
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WHC-SD-W320-ANAL-002 
Rev. 0 
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PILEI;AI(E : print2.fil 
TITLB : Input files for nG6N.for 

DATE : 08-08-94 

tt..ttt.ttttttt.t a3.in ttttttttttt.ttttt*tt~T 

1 559 561 560 1 5.95 
2 560 561 563 2 5.95 
3 560 563 562 2 5.95 
4 561 564 563 2 5.95 
5 562 563 566 3 5.95 
6 563 564 567 3 5.95 
7 562 566 565 3 5.95 
8 563 567 566 3 5.95 
9 564 568 567 3 5.95 
10 565 566 570 4 5.95 
11 566 567 571 4 5.95 
12 567 568 572 4 5.95 
13 565 570 569 4 5.95 
14 566 571 570 4 5.95 
15 567 572 571 4 5.95 
16 560 573 572 4 5.95 
17 699 695 700 30 15.06 
18 700 696 701 30 15.06 
19 701 697 702 30 15.06 
20 699 694 695 30 15.06 
21 700 695 696 30 15.06 
22 701 696 697 30 15.06 
23 702 697 698 30 15.06 
24 703 700 704 31 . 15.05 
25 704 701 705 31 15.05 
26 703 699 700 31 15.05 
27 704 700 701 31 15.05 
28 705 701 702 31 15.05 
29 706 704 707 32 14.97 
30 706 703 704 32 14.97 
31 707 704 705 32 14.97 
32 708 706 707 33 14.98 

TIMB : 8:43a 

WHC-SD-W320-ANAL-002 
Rev. 0 

PAGB 14 
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161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 

569 
570 
571 
572 
574 
575 
576 
577 
579 

581 
582 
584 
585 
586 
587 
589 
590 
591 
592 
594 
595 
596 
597 
599 
600 
601 
602 
604 
605 
606 
607 
609 
610 
611 
612 
614 

sa0 

570 
571 
572 
573 
575 
576 
577 
578 
580 
581 
582 
583 
585 
586 
587 
588 
590 
591 
592 
593 
595 
596 
597 
598 
600 
601 
602 
603 
605 
606 
607 
608 
610 
611 
612 
613 
615 

575 
576 
577 
578 
580 
581 
582 
583 
585 
586 
587 
588 
590 
591 
592 
593 
595 
596 
597 
598 
600 
601 
602 
6 03 
605 
606 
607 
608 
610 
611 
612 
6 13 
615 
616 
617 
618 
62 0 

574 
575 
576 
577 
579 
580 
581 
582 
584 
585 
586 
587 
589 
590 
591 
592 
594 
595 
596 
597 
599 
600 
601 
602 
604 
605 
606 
607 
609 
610 
611 
612 
614 
615 
616 
617 
619 

5 
5 
5 
5 
6 
6 
6 
6 
9 
7 
7 
7 
8 
8 
8 
8 
9 
9 
9 
9 
10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
13 
14 

WHC-SD-W320-ANAL-002 
Rev. 0 

1 

ttttttttttttttttttttt e4.in tttttttttrtt.tttt.t 

5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.95 
5.96 
5.96 
5.96 
5.96 
5.96 
5.96 
5.96 
5.96 
12.75 
12.75 
12.75 
12.75 
18.24 
18.24 
18.24 
18.24 

9 . 8 5  
9.85 
9.85 
9.85 

12.03 
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P I L E W E  : print2.fil 
TITLB : Input files for MGBN.for 

198 615 616 621 620 
199 616 617 622 621 
200 617 618 623 622 
201 619 620 625 624 
202 620 621 626 625 
203 621 622 627 626 
204 622 623 628 627 
205 624 625 630 629 
206 625 626 631 630 
207 626 627 632 631 
208 627 628 633 632 
209 629 630 635 634 
210 630 631 636 635 
211 631 632 637 636 
212 632 633 638 637 
213 634 635 640 639 
214 635 636 641 640 
215 636 637 642 641 
216 637 638 643 642 
217 639 640 645 644 
218 640 641 646 645 
219 641 642 647 646 
220 642 643 648 647 
221 644 645 650 649 
222 645 646 651 650 
223 646 647 652 651 
224 647 648 653 652 
225 649 650 655 654 
226 650 651 656 655 
227 651 652 657 656 
228 652 653 658 657 
229 654 655 660 659 
230 655 656 661 660 
231 656 657 662 661 
232 657 658 663 662 
233 6f9 660 665 664 
234 660 661 666 665 
235 661 662 667 666 
236 662 663 668 667 
237 664 665 670 669 
238 66s 666 671 670 
239 666 667 672 673 
240 667 668 673 672 
241 669 670 675 674 
242 670 671 676 675 
243 671 672 677 676 

245 674 675 680 679 
246 675 676 681 680 
247 676 677 682 681 
248 677 670 683 682 
249 679 680 6PS 684 
250 690 681 686 685 
251 681 682 607 686 
252 682 603 688 687 
253 684 685 690 689 
254 685 686 691 690 
255 606 687 692 691 
256 607 688 693 692 
257 689 690 695 694 
258 690 691 696 695 
259 691 692 697 696 
260 692 693 698 697 
261 604 709 710 605 
262 605 710 711 606 
263 606 711 712 607 
264 607 712 713 608 

244 6-11 6-15 670 677 

a4 
14 
14 
15 
15 
15 
15 
16 
16 
16 
16 
17 
17 
17 
17 
18 
18 
18 
18 
19 
19 
19 
19 
20 
20 
20 
20 
21 
21 
21 
21 
22 
22 
22 
22 
23 
23 
23 
23 
24 
24 
24 
24 
25 
25 
25 
25 
26 
26 
26 
26 
27 
27 
27 
27 
28 
20 
28 

29 
29 
29 
29 
34 
34 
34 
34 

20 

DATE : 08-08-94 

12.03 
12.03 
12.03 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
12.02 
9.16 
9.16 
9.16 
9.16 
27.51 
27.51 
27.51 
27.51 
31.93 
31.93 
31.93 
31.93 
21.46 
21.46 
21.46 
21.46 
18.18 
18.18 
18.18 
18.18 
17.48 
17.48 
17.48 
17.40 
17.01 
17.01 
17.01 
17.01 
16.48 
16.48 
16.48 

15.90 
15.90 
15.90 
15.90 
15.33 
15.33 
15.33 
15.33 
24.13 
24.13 
24.13 
24.13 

16.4~ 

TIMB : 8:43a 
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APPENDIX S 

NODE AND ELEMENT NUMBERS IN TANK MESH OF BASELINE QUARTER MODEL 
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3ase Elements in Baseline Quarter Model 

3ase Nodes in Baseline Quarter Model 

s-2 



WHC-SD-W320-ANAL-002 
Rev. 0 

Base Elements in Baseline Quarter Model 

Base  Nodes in Baseline Quarter Model 
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Wall Elements in Baseline Quarter Model 

Wall Nodes in Baseline Quarter Model 
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Dome Elements in Baseline Quarter Model 

Dome Nodes in Baseline Quarter Model 
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Dome Elements in Baseline Quarter Model 

Dome Nodes in Baseline Quarter Model 
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APPENDIX T 

NODE AND ELEMENT NUMBERS IN TANK MESH OF TTI HALF MODEL 

! 

T- 1 



WHC-SD-W320-ANAL-002 
Rev. 0 

Base Elements in TTI Half Model 

Base Nodes in TTI Half Model 
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Base Elements in TTI Half Model (0 to 90 deg) 
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Base Elements in TTI Half Model (90 to 180 deg) 

Base Nodes in TTI Half Model (90 to 180 deg) 
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I , 

I 

90 deg 0 deg 

Wall Nodes in TTI Half Model (0 to 90 deg) 
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180 deg 

Wall Elements in TTI Half Model (90 to 180 deg) 

90 deg 

Wall Nodes in TTI Half Model (90 to 180 deg) 
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Dome Elements in TTI Half Model 

Dome Nodes in TTI Half Model 
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Dome Elements in TTi Half Model (0 to 90 deg) 

Dome Nodes in IT1 Half Model (0 to 90 deg) 
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Dome Elements in TTI Half Model (90 to 180 deg) 

Dome Nodes in TTI Half Model (90 to 180 deg) 
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APPENDIX U 

DEVELOPMENT OF IN SITU CONCRETE SECTION PROPERTIES 

i 

For the seismic analyses, the t a n k  i s  modeled with shell elements of 
e las t ic ,  isotropic material. By " t u n i n g "  t h e  thickness and Young's modulus of 
each shell element as described below, the effect of reinforcement, the s ta te  
of cracking, and the "true" st iffness of concrete and reinforcement including 
degradation with time and temperature are taken i n t o  account. In effect ,  the 
axial and bending stiffnesses o f  the shell elements are matched with the 
corresponding stiffnesses of the in s i tu  t a n k  sections as  calculated in the 
nonseismic analysis (Julyk 1994). 

The effective shell thickness and effective Young's modulus for  each 
shell element are calculated via a spreadsheet shown in Table U-1. 
i s  identical t o  Table 5.2.2-1. 
i s  described as follows by referring t o  the spreadsheet columns. 

This table 
The approach for calculating these quantities 

Tank Region: a general description of the shell element location. 

1 /2  Model Shell-Element Number: 
alongside the 180" meridian i n  the SASSI ha l f  model. 
do n o t  vary i n  the circumferential direction. 

the element number of  the shell element 
Shell properties 

1/4 Model Shell Element Number: the element number of the shell element 
alongside the 180" meridian in the SASSI baseline quarter model. 
properties do n o t  vary i n  the circumferential direction. 

Shell 

Nominal Thickness, t: the average thickness (inches) of the reinforced 
concrete in the portion of the t a n k  modeled by the shell element. 

Meridional Coordinate of Centroid: t h e  r a d i a l  coordinate o f  the shell 
element centroid for shells i n  the t a n k  base and t a n k  dome; the axial 
coordinate (global Z)  o f  the shell element centroid for shells in the 
t a n k  wal l .  

ABAQUS S o l i d  Element Number: the element number of the ABAQUS solid 
element nearest the SASSI shell element centroid. The axisymmetric 
ABAQUS model t o  which this item refers is documented in WHC-SD-W320- 

E; caiculated by the Hanford "best-estimate" concrete model i n  the 55 year 
ABAQUS analysis. The ABAQUS postprocessing i n p u t  and o u t p u t  f i l e s  
('lmodulus.abd'l and "mbdulus.abo", respectively) used t o  obtain the 
values of E, and Temp (described below) are attached. 

ANAL-001 (Julyk 1994). 

the i n  situ value of Young's modulus of the concrete (lbf/in2) as 

Temp: 
p o i n t  nearest the SASSI shell element centroid) a t  55 years. 

the temperature ( O F )  of the ABAQUS solid element (integration 

E ,: 
t8e temperature tabulated in the p5evious column. Linear interpolatJon 
i s  used between Est = ,28.3E6 lbf / in  a t  70 "F and E,, = 27.6E6 lbf / in  a t  
200 O F .  

Young's modulus (lbf/in2) of the Grade 40 steel  reinforcement a t  

u- 1 
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AJinch: 
per inch of section width. 

area of reinforcement (in2) on the tension side of the section 

d ' :  distance ( i n )  from the extreme tension f iber  o f  the section t o  the 
centroid of the tension reinforcement (Figure U - 1 ) .  

A,'/inch: 
section per inch o f  section w i d t h .  

area o f  reinforcement (in ')  on the compression s ide of the 

d": distance ( i n )  from the extreme compression f iber  of the section t o  
the centroid of the compression reinforcement. 

d: distance ( i n )  from the extreme compression f iber  o f  the section t o  
the centroid o f  the tension reinforcement. 

d = t - d '  

n :  r a t i o  of Young's modulus for s teel  t o  Young's modulus f o r  concrete. 

n = E,$, 

Igro ,: 
negjecting reinforcement. 

moment of iner t ia  (in4) of the uncracked concrete section 

Igross = t3/12 ' 

X, (uncracked section):  distance ( i n )  from the extreme compression 
f i b e r  t o  the neutral axis (ax is  where s t ra in  is zero) o f  the uncracked 
section including the effect  o f  reinforcement. Since the net axial 
forces on the tank sections are generally small re la t ive  t o  t h e  axial 
capacit ies,  the e f fec t  of.axia1 l o a d  on the location o f  the neutral a x i s  
i s  neglected. X,, is  computed by finding the centroid o f  the uncracked, 
transformed section. . In defining the uncracked (or cracked) transformed 
sections as shown i n  Figure U - 1 ,  reinforcement i s  replaced w i t h  an 
equivalent area o f  concrete equal t o  the area o f  reinforcement times the 
r a t i o  n .  

X,, = [t2/2 + (n- l ) (Asd + As1dI1)J / [t + (n-l)(As + A s 1 ) ]  

Alternately, the neutral axis can be calculated by assuming a l inear  
s t r a i n  prof i le  w i t h  strain equal t o  zero a t  the neutral axis and se t t ing  
the sum of forces t o  zero. The two approaches are equivalent and give 
the same value of X,,. 

Ieff (uncracked section):  moment of iner t ia  (in4) o f  the uncracked 
section about i t s  neutral axis. 

Ieff = t3/12 + t ( t / 2  - X,,)' + (n- l ) [As(d - X,,)' + Asl(X,, - d I I  ) 2 ] 

( X  a)tr  (cracked section): 
f i b e r  t o  the neutral ax is  (ax is  where strain i s  zero) of the cracked 
section including the effect  of reinforcement. The e f fec t  o f  net axial 
load on the location o f  the neutral ax is  is  neglected. X,, i s  computed 
by finding the centroid of the cracked, transformed section. In the 
transformed section (Figure U - l ) ,  the concrete i s  assumed t o  be cracked 

distance ( i n )  from the extreme compression 

u-2 
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on the tension side a l l  the way t o  the neutral  axis. In other words, 
concrete on the tension side i s  neglected in defining the transformed 
section. 
greater t h a n  d",  i .e. ,  the stee.1 A,' i s  i n  compression. 

I t  i s  assumkd i n  the following quadratic equation t h a t  X,, i s  

X,, = [X,,2/2 + nA,d + (n-l)A,'d"] / [Xna t nA, + ( n - l ) A , ' ]  

Alternately, the neutral axis can be calculated by assuming a l inear 
s t ra in  profile with strain equal t o  zero a t  the neutral ax is  and setting 
the sum o f  forces t o  zero. 
the same value of Xna. 

X (cracked section): same as (X,,) i f  ( X n a j t r  i s  greater t h a n  d". If 

onyy bending action) and the above equat ion for  X,, of a cracked section 
must be modified by replacing the quantity (n-1) w i t h  n .  

The two approaches are equivalent and give 

is  less t h a n  d" ,  then the sfeel A,' i s  i n  tension (considering 

I ff (cracked section): moment of inertia (in4) of the cracked section 
aLout i t s  neutral axis. 

Ieff = X,,3/3 + nA,(d - X,a)2 + (n-l)As'(Xna - d ' 1 ) 2  

Is  section cracked?: 
cracks are indicated by the crack p l o t  (Figure U-2) corresponding t o  the 
55 year i n  s i tu  s ta te  with best-estimate concrete (Julyk 1994). 
shell  elements i n  locations where cracking is  evident, Ieff (cracked) i s  
considered i n  subsequent calculations. 
used. 

the answer t o  th i s  question i s  yes i f  meridional 

For 

Otherwise, Ieff (uncracked) i s  

Axial  s t i f fness  (EA)shl :  
shell  element must be equal t o  the axial s t i f fness  of the .appropriate 
transformed section. 

the axia l  (membrane) st iffness ( lbf)  of the 

For an uncracked section: 

For a cracked section: 

i f  X,, > d" 

(EA),,, = E s h l t s h l  = E,[&,, + n(A, + A, ' ) ]  i f  x,, < d" 

Bending stiffness (12E1)sh1: 
shell  element must be equal t o  the bending s t i f fness  of the appropriate 
transformed section. 

the bending s t i f fness .  (1 bf-in') of the 

(12E1)&[ = Eshltsh: = 12Ec1eff 

the effective value of Young's modulus (lbf/in2) for the shell 
The equations given above for  axial s t i f fness  and e emen ma e r ia l .  

bending stiffness are solved simul taneously t o  o b t a i n  the expression for 
E s h l '  

Esh[ = [(EA),h:/(12E1),h, 
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tshl: the effective thickness (in) of the shell element. 

yshl: the effective weight density (lbf/in3) of the shell element 
material. By prescribing this density for the shell element, the true 
weight of the tank is.retained even though the effective shell thickness 
may be different than the nominal thickness. 

y is the nominal weight density of concrete (0.087 lbf/in3), thus the 
evfect of reinforcement on density is neglected. 
thicknesses of the tank base sections do not include the 2” thick layer 
of grout, values of Yshl along the tank base are increased to include 
the weight of the grout layer. 

As the nominal 

Quantity and/or placement of steel reinforcement in the tank are 
different in the two orthogonal directions. 
differences in quantity of steel; the differences in bar placement (cover) are 
relatively minor. It is noted from the table that the overall differences in 
reinforcement in the two directions are small in the base and the dome, large 
in the footing and wall (approximately twice as much steel in the hoop 
direction), and very large in the haunch (approximately ten to fifteen times 
as much steel in the hoop direction). These differences in circumferential 
and meridional reinforcement cause the reinforced concrete to behave in an 
orthotropic manner; however, the analysis software is limited to isotropic 
representations. Because meridional demands generally control over 
circumferential demands, the effective shell properties are computed based on 
meridional reinforcement. In effect, the shell element model is an 
idealization of the actual tank where the circumferential reinforcement is the 
same as the meridional reinforcement. The error associated with this modeling 
approximation is relatively insignificant given that the quantity of 
reinforcement has only a setondary effect on the stiffness of an uncracked 
section and most of the tank is uncracked. 

Table U-2 summarizes the major 

An additional approximation applies to sections where meridional 
reinforcement is not symmetrical with respect to the midplane of the section. 
Such nonsymmetry occurs in the base, footing, haunch, and dome. In these 
regions, it becomes necessary to make a judgement as to which face of a 
section is in tension due to bending. 
calculated accordingly. 

The effective shell properties are then 
The assumptions made are as follows: 

e the top face of the tank base is in tension 
e the bottom face of the footing is in tension 

e the outside face of the haunch i s  in tension 

e the inside face of the dome from R = 0 to R = 260 in. is in tension 

e the outside face of the dome from R = 260 in. to the haunch is in 
tension. 
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Figure U-3 summarizes the variation of meridional reinforcement in the 
dome. As the tank radius increases, bar spacing increases until new bars are 
added. The new bars become'fully effective after one development length 1,. 
Such complications spurred the generation and use of a graphical aid for 
calculating areas of steel for given shell elements in the dome. An average 
area of steel over the length of a given shell was approximated using Figure 
U-3. 
corresponding dome section. 
scale at the top of  Figure U-3. 

This area of reinforcement is used in Table U-1 as A, and A,' for the 
For convenience, shell locations are indicated to 

i 

u-5 



c 
I 

01 
h 

Figure U-1 
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Figure U-2 
Crack Pattern of 241-C-106 (Best-Estimate Concrete Strength at 55 Years) (Julyk 1994) 
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Table U-1 
Shell Element Section and Material Properties (Best-Estimate Tank Stiffness) 
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Table U-I 
Shell Element Section and Material Properties (Best-Estimate Tank Stiffness) 
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Table U-I 
Shell Element Section and Material Properties (Best-Estimate Tank Stiffness) 
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Region 

Base 

Table U-2. Tank Reinforcement. 

Meridional Hoop Mer i d i on a1 Hoop 
Reinforcement Reinforcement Reinforcemen Reinforcemen 
(bar size, (bar size, t t 
spacing) spacing (i n2/i n) ( i n2/i n) 

0.5 in. diameter 0.5 in. 0.0167 0.0167 
@ diameter @ 

Table U-2 
Tank Reinforcement 

0.0550 

0.0367 

0.0733 

0.1250 

0.0600 to 
0.1000 

0.6510 to 
1.170 

Foot i ng 
(bottom) 

Wall 

Haunch 

Dome 

12 in. 
0.75 in. 

diameter @ 
8 in. 

0.75 in. 
diameter @ 

12 in. 

0.75 in. @ 
6 in. 

0.75 in. @ 13.2 
in. 

12 in. 
1 in. square @ 

8 in. 

0.875 in. 
diameter @ 
6 in. min., 
10 in. max. 

1.25 in. square 
@ 6 in. with 

3 to 7 interior 
1 avers 

0.75 in. @ I 0.0333 I 0.0366 
12 in. 
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DATB t 11-14-93 T I K E  I 10829p PILEXAw I oodulum.abo 
TITLE x ABAQUS pomtprocesmfng output file for Ec and T e m p  a55 yemrm 

0.000 CPU TIW (SEC) - 0.002 Nhtt CLOCX TIW (SXC) - 
1 

i, 

PAGE 1 

TIW 09~53x58 PACE 1 ABAQUS PRODUCPIOH VERSION 4-9-1 D m  11/19/93 
FOR USX BY WESTIHCHOUSE EMFORD co. ~ E R  LICZNSE mon HW, Inc. 

mtepm 56 to 64 

x+oo 

STEP 0 INCRZKENT 0 
TIW COW- I H  T R I S  Fpgp 0.000 

STEpHDnaER 64 I H C R W E N T H U X 8 W  8 

TIW COWLETED DURING T H I S  FPEP 730. IRACTIOH O? STZP IS 1-00 
TOTAL ACCUMULATED TIW 2.007B+OI 

E L S X S B T  O U T P U T  

T H E  ?OLZbKIHG TAB= IS PRIATEO ?OR &ET S S I S B L S  -KENT TYPE CAXBR A T  TKB I H T B W T I O H  P O I N T S  

IrIZKKHT 

4 
4 
4 
4 
10 
10 
10 
10 
16 
16 
16 
16 
22 
22 
22 
22 
28 
28 
28 
28 
34 
34 
34 
34 
42 
42 
42 
42 
48  
48 
48 
48 

1 

PT FOOT- SDV6 
nom 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

2.14303+06 
2.14353+06 
2.13583+06 
2.1363X+06 
2.1470E+06 
2.14841+06 
2.1399B+06 
2.14121+06 
2.15551+06 
2.15763+06 
2.1483X+06 
2.1504t+O6 
2.1678X+06 
2.17093+06 
2.1607S+06 
2.16381(+06 
2.18411+06 
2.1888L+06 

2.18163+06 
2.2057X+06 
2.21041+06 

2.2033E+06 
2.24211+06 
2.24851+06 
2.23531+06 
2.2417S+06 

2.28331+06 
2.2681E+06 
2.27591(+06 

2.177n+os 

2.1989X+06 

2.2755E+06 

ABAQUS PRODUCTIOH VZRSIOH 

Txw 

157.3 
157.3 
157.5 
157.4 
157.0 
156.9 
157.2 
157.1 
156.4 
156.3 
156.6 
156.4 
155.6 
155.3 
155.7 
155.5 
154.3 
134.1 
154.5 
154.2 
152.8 . 
152.3 
153.0 
132.6 
150.2 
149.8 
150.4 
149.9 
147.8 
147.2 
148.0 
147.4 

4-9-1 DATE 11/19/93 TIHE 09:53:58 PACE 2 

?OR USt BY WESTIRGHOUSX -0RD CO. UNOKR LICHRSX ?ROH HL5, IRC. 

steps 56 to 64 64 I A C R Z W R T  8 
TIW CO)BLElZD I A  THIS STEP 
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?Imm 1 moduluo.ab0 DATE 8 11-14-93 TI= 1 1 0 1 2 9 ~  
TI= I ABAQUS postprocoaaing output file for Xc and Temp a55 yoara 

z7.r- 

56 
56 
56 
56 
64 
64 
64  
64 

108 
108 
108 
108 
131 
111 
111 
111 
122 
122 
122 
122 
131 
131 
131 
131 
140 
140 
140 
140 
149 
149 
149 
149 
151 
153 
151 
151 
161 
361 
16 1 
161 
163 
163 
163 
163 
172 
172 
172 

1 

pT?ooT- SDV6 
H r n  

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 

2.33171+06 
2.34131+06 
2.3249E+06 
2.33438+06 
2.420411+06 
2.4432E+06 
2.40991+06 
2.43081+06 
2.596511+06 
2.627511+06 
2.5735X+06 
2.60093346 
3.162811+06 
3 .2  08 9E+06 
3.135=+06 
3.18781+06 

2.82488+06 
2.84251+06 

2.778lK+06 

2.8824X+06 
2.65521+06 

2.62361+06 
2.69572+06 

2.65851(+06 
3.01011+06 
3.0575W06 
3.15521+06 
3.1900B+O6 
3 .5195E46 
3.523lK+06 
3.6316X+06 
3.629&+06 

3.7392St06 
3.73351+06 

3.74931+06 
3.7581X+06 
3.7584X+06 
3.7695E+06 
3.77321+06 
3.7861X+06 
3.80101+06 
3.8247E+06 
3.81678+06 
3.845OlW06 
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APPENDIX V 

SENSITIVITY OF TANK RESPONSE TO NEAR-FIELD SOIL NODULI 

P l a s t i c i t y  i n  the near-field soil and slippage a t  the soil-tank 
interface i s  addressed i n  this appendix by a r b i t r a r i l y  reducing the shear 
modulus o f  the  near-field s o i l  by a factor  o f  two. T h i s  reduction i s  
equivalent t o  d i v i d i n g  the shear wave speed and compression wave speed by 42. 
Figures V-1 t o  V-6 compare bending moments and axial loads i n  the  tank 
calculated using "softened" near-field soil t o  the corresponding quant i t ies  
calculated us ing  "nominal" near-field soil. The near-field soil properties i n  
the "nominal" case are the same as the free-field soil properties. In the 
"softened" case, wave speeds o f  the near-field soil are equal t o  the free- 
f ie ld  soil wave speeds divided by 42. 
properties are  equal t o  the lower-bound soil properties defined i n  Section 
5.3.2 of the  main body of this report. 
considered f o r  purposes of comparison. 

In bo th  cases, the free-field soil 

Only the horizontal exci ta t ion is  

The f igures  reveal only minor differences between the two cases 
indicating t h a t  tank response is relat ively insensit ive t o  near-field soil 
nonl ineari  t i e s .  

v- 1 
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Figure V-I. Meridional Seismic Response of Tank Base at 
180 deg Meridian from Horizontal Excitation: Sensitivity to 

Near-Field Soil Moduli 
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Figure V-2. Circumferential Seismic Response of Tank 
Base at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Near-Field Soil Moduli 
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Figure V-3. Meridional Seismic Response of Tank Wall at 
180 deg Meridian from Horizontal Excitation: Sensitivity to 

Near-Field Soil Moduli 
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Figure V-4. Circumferential Seismic Response of Tank 
Wall at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Near-Field Soil Moduli 
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Figure V-5. Meridional Seismic Response of Tank Dome at 
180 deg Meridian from Horizontal Excitation: Sensitivity to 

Near-Field Soil Moduli 
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Figure V-6. Circumferential Seismic Response of Tank 
Dome at 180 deg Meridian from Horizontal Excitation: 

Sensitivity to Near-Field Soil Moduli 
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APPENDIX W 

CLARIFICATION OF DAMPING TERMS 
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Professor Emeritus 
Untvusity of CaRfcwnlr 
440 OIVlc Wall 
k rkdny ,  catlfornb 94720 
Vdce: (610) W48# 

I 
October 12, 1994 

V o l a  743-7777 
Fax 743-0414 

are my co~mmnts on Question 10 of your fax dated 10.5.94. 

tho twnoedt. of iraction of critical damping, as i t  is used t n  modal  analysis, 

I Dear Jim: 

indeed true tha t ,  strictly apeiking, one should distinquish between 

dAnping ratio), as the latter i s  used in material 
retponae analysis  (SHAKE, F W S H ,  SASST, eto.). 

standpoint, there are no differences between these 
in the enclosure, Lysnrer (1973), the si tuation is that 8 

lard to essentially the 8- response as a complex response 
1 analysis of a structure using a fraction.of critical damping standard 

caqlcx moduli: 

shoal modulus 
I 

Consbained modulus 

y diffemce bet- the two solutions i s  a phase s h i f t  of the order 
which, as shown i n  the malosure, I s  insignificant for practical 

arqlleudts a t  all frequencies ate exactly the same for the two 
solutions ., 

I 

Sincerely yours, 

5-2 
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Rev. 0 HODAL DAMPING AND COMPLEX STIFFNESS 

by John Lysmer 8/23/73 

3is note discusses the relacionship becoem the fraction of 
d damping which i s  commonly used i n  modal analysis and t h e  con- 
: complex modulus or stiffness vhich is used in che method of 
: response. 

:onsider first a simple danped oscil lator subjected t o  a harmonic 
th unit ampUtude and frequency w. The equation of motion i s  

er diyiaioa vith the mass m. . 

, 

x = displacement 

B - -  = fraction of critical damping 
2 G  

.- 

I 

o = E = natural frequency 
0 

dy state solution t o  Eq. 2 is 



. 0 .  

s . 
f 

i 
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i Next cooeider the use of complex stiffness i n  the method of 
compl~x response. In this method the equation of mocion for the simple 
dampled oeciUator i s  written: 

* iot G + k x = e  (6) 

vhere I k* = k1 + ikz is  a -cimplox Eciffness.' 

The edpady state solution t o  Eq. 6 is: 
I 

1 i w t  %=--e 
k*+u2xa (7) 

h i s  response is different from the modal response given by Eq. 3 
for any constant stiffness k*. Eowvez, complete agreemeat in a p l i t u d e  
at  all! frequendes can be achieved if the fo l lwiag  c o m p h  stiffness is 

k* = k(1-28' +;. 2 i B W )  , 8 5 .  1 (8) I' 
substitution into Eq. 7 and divis ion by k v t l l  shov that the 
e with t h i s  s t i f f n e s s  is 

( 9 )  
iwt - - e  Ilk x -  

1-2&a2 + 21 Bm 

( 

I 
I 

vhich indeed has the amplitude given by Eq. 4 and the phase lag 

I 
%e phase differace between the two E O ~ U ~ ~ O M  can be found from 

which, vith a trigonometric fornula, y i e l d  the relation 
. .  ' .  

I For thy usual mall valuer of . 6 Eq. 12 reducoa to 

. .  
f . _  . .  * . .\ 

_ '  . . .  W-5 
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I Henc?, the largest difference in phaee, 28 radian, occurs for static 
loadfng (a- 0 ) .  Near the peak on the response cume (a 
difference in phase is approximately $ radian, and a t  hiaher Sraqueocies 
the d,ffference vanishes. 
peak jis usually quite insignificant for rechaicai purposes (for B - 10% 
i t  cqrresponds to less then 6 O ) .  

1) the 

A phase differesce of S radian EZ the 

TABLE I - DIFFERENCE IN PHASE LAC 
I (Computed from Eq. 11 Values are givan in degr3es) - I 
I 

i 
i j  a,-- 

* '  '.- 61 . .OS 10 -1: . .. 

23.07' - 28.95' 

14.380 19 . 24. 24.16O 

12.33' 16.50" 20.71' ' 

- 5.73O ll. 48" - 17.25" - -3 I .  
I 

2.780 

4.09' 

3.580 

3 .  lao 

2.87.  

2.61' 

2.39' 

- 

9.57. 

8.20' a = .  

7.18" 10.79' 

9.59' 

8.63' 

7-84' 

- 

14.43' 

i2- 82' 

11.54' - 
io. 48. 

18.12' 

16.09. 

14.48' 

l3.U. 

-. 

a -  . 
a = .  

- .  
6.38' 

5 . 7 4 O  

5.22* 

- a 91.8 

a 01.. 

. u -1. 

a -1. 

- 

7.19. . 9.61. 

' 8.87' 

4.780 . 12.05. 

u . 1 z e  2.20. 4 . 41' 6.63. 

-6.16. 10.32' a -1. 

a -2.1 

2.05. 4.10° .8 . 23 

7.68. 9.75. * 9.63. . .  3.82. 1.91. 

' I  

. \ *  

* .. . . .  
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!The complex s t i f fness  can ale0 be  written in exponential 

whet4 6 1s called the 103s angle. It expresses  the phase lag 
between the causative force and the resulting displacement in the 
comp4ex plane. It follows from Eq. 8 that: . 

I 
f i - t a n 6  - 3R 1-2B2 B 2  . # S , . l  i 

which: for small damping reduces t o  

'The above arguments can be extended to multi-degree-of-freedom 
syst& like those encountered in dynamic finice element analysis. 
They show that i n  order t o  g e t  good agreement between a modal analysis 
and 
follcr$ng relacionship between the real modulus G vhicb'is usFd in the 
modal; analysis and the complex modulus G* used In t h e  complex :response 
analysis 

complex response analysis w l c h  complex moduli one must choose the 

- 
. .  

Even v i th  th is  choice. small deviations w c  be expected ln tha phose' 
relat+onship between the two robt ions .  For small dam?ing Eq.' 16 can 

G* f G(1+218) (17) 

- 

- 
of coprse ba'simplffied t o  d 

I i 
I 

i 

. .. 
Where! the aubscriptr S and P correspond t o  S- and P-aves, respectively. 

i A 

- 1  
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I 

. . .- i 

i .. 
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I 
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