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PREFACE 

The original analysis report on the gunite tank was issued in July 1994 as SAIC-94/1106. During the review 
process, a computer code validation was performed. A cantilever beam was modeled using the GTSTRUDL 
program and its eight-node brick “IPSLyy finite elements. The result showed that GTSTRUDL significantly 
underpredicts the beam deflections and stresses for a certain geometry and aspect ratios of the finite elements. 
To confirm the analysis results, it was considered necessary to check the tank stresses using a different finite 
element program In addition, the earth loading on top of the dome has been incorrectly applied. Therefore, the 
loading was corrected and the analysis was performed using GTSTRUDL and a program named SUPERSAP. 
There were no significant differences between the results. It was concluded that GTSTRUDL is applicable for 
this geometq and produced acceptable results. The updated analysis results fiom GTSTRUDL are reported here 
and the verification results fim SUPEXSAP are documented in a revised Appendix C. This work was performed 
under Work Breakdown Structure 1.4.12.6.1.06.01.01 (Activity Data Sheet 3306). 





EXECUTIVE SUMMARY 

LO CATION 

This report documents the structural analysis of the 5 0 4  diameter underground gunite storage tanks 
constructed in 1943 and located in the Oak Ridge National Laboratory (ORNL) South Tank Farm, known as 
Facility 3507 in the 3500-3999 area. The six gunite tanks (W-5 through W-10) are spaced in a 2 x 3 matrix at 
60 R on centers with 6 ft of soil cover. 

GEOMETRY 

Each tank (Figures 1 , 2, and 3) has an inside diameter of 50 ft, a 12-ft vertical sidewall having a thickness 
of 6 in. (there is an additional 1.5-in. inner liner for much of the height), and a spherical domed roof (nominal 
thickness is 10 in.) rising another 6 ft, 3 in. at the center of the tank. The thickness of both the sidewall and the 
domedmof increases to 30 in. near their juncture. The tank floor is nominally 3-in. thick, except at the juncture 
with the wall where the thickness increases to 9 in. 

CONSTRUCTION 

The tanks are constructed of gunite (a mixture of Portland cement, sand, and water in the form of a mortar) 
sprayed fiom the nozzle of a cement gun against a form or a solid surface. The floor and the dome are reinforced 
with one layer of welded wire mesh and reinforcing rods placed in the radial direction. The sidewall is reinforced 
With three layers of welded wire mesh, vertical '/Tin. rods, and 21 horizontal rebar hoops (attached to the vertical 
rods) post-tensioned to 35,000 psi stress. The haunch at the sidewalVroof junction is reinforced with 17 
horizontal rebar hoops post-tensioned with 35,000 to 40,000 psi stress. The yield strength of the post-tensioning 
steel rods is specified to be 60,000 psi, and all other steel is 40,000 psi steel. The specified 28-day design strength 
of the gunife is 5,000 psi. 

PENETRATIONS IN THE DOME 

Penetrations in the dome were made at different stages. The size, number, and location of the penetrations 
varies fiom tank to tank. In one case, five 24-in. and one 30-in. penetrations exist on one tank. This analysis 
considered a conservative structural model (Figure ES-1) with seven non-symmetrical penetrations (Figure ES-2). 
The assumed penetrations include one 24-in-diameter hole in the center, four 24-in.-diameter holes along a 204 
radius circle, one 30-in.-diameter hole and one 12-in.dameter holes along a 22-R radius circle. The actual 
penetrations are reinforced with concrete pads. For simplicity, the structural model did not include the pads nor 
any penetrations smaller than 12-in. diameter. 

ANALYSIS 

Engineering analysis of the tanks in recent years was carried out in 1986 and an additional report on further 
evaluation of the results was published in 1993. In 1995, a simplified calculation performed by Hanskat reported 
that the tension in the dome ring resorcement steel has exceeded the code allowable stresses. The 1986 analysis 
had a limited scope and, as a result, simplified finite element model of a partial tank was used. The 1995 
simplified calculation provided safety factors against buckling but not against tensile failure on the dome ring 
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which is the controlling failure mechanism. This current report uses 3-D iinite elements (eight-node bricks) to 
model the entire tank (Figure ES-1). The liner inside the wall is observed to have partially deteriorated in two of 
the tanks (W-5 and W-6) and has limited structural strength. Therefore the liner is not included in the structural 
model. 

STRUCI'URAL LOADINGS 

Static and dynamic loading are considered in this analysis. Dynamic loading is applied to the structure as 
equivalent static loading. Loads considered are dead load, static soil pressure, static hydraulic load, tank 
earthquake load, dynamic seismic soil load, and dynamic seismic hydraulic load. 

The scope of this report does not include miscellaneous loads such as equipments on the super structure, 
occasional live loads, etc. Buoyancy effects analyzed previously by Martin Marietta Energy Systems, Inc. 
concluded uplift was an unlikely event. 

SEISMIC HAZARDS 

As a result of a hazard screenin& the South Tank Farm was placed in the general hazard category. Therefore, 
following the guidelines of UCRL-15910, the methodology used is a static-equivalent seismic analysis on a three 
dimensional model representing the entire tank. Seven however, the tanks have a high safety factor against 
buckling in both the dome and the vertical wall. Seismic-induced stresses range from 7 to 12% of the maximum 
static stresses. The maximum principal compressive stress is 642 psi, which is a low value compared to the 
allowable compressive stress of concrete having an f c=5000 psi. The maximum directional tensile and shear 
stresses, and the maximum principal stresses from three typical sections of the model are presented in 
Table ES-1. Maximum stresses at the top of the wall are presented in Table ES-2. These typical sections are 
situated at O", go", and 180°, with respect to the direction of seismic loading. Total stress was due to static load 
plus seismic load. Loading case 4 represents the case of earthquake applied to an empty tank. It can be seen that 
the earthquake increases the stress levels by approximately 10%. 

For all loading cases considered, the concrete at the top of the tank wall has a high potential to form 
horizontal cracks on the exterior face according to the maximum principal tensile stress theory. The vertical 
reaorcement at the top of the wall is ins&cient to satisfy flexural requirements and this region of the tank wall 
is not in compliance with ACI 3 18, for resisting moments. However, reinforcement is adequate to withstand the 
hoop tensile forces in the wall and the dome ring as required by ACI 3 18, ACI 334, and ACI 344R Another area 
not fully in compliance with these ACI codes is a 3-ft wide band at the edge of dome adjacent to the dome ring. 
This region is noncompliant in that the reinforcement cross section provided is not sufficient, by itself, to resist 
the tensile load on the gross cross section. However, the concrete tensile stress in this area is smaller than the 
allowable tensile stress limit for flexure in plain concrete and much smaller than the modulus of rupture, therefore 
cracking is not expected to occur in this region of the tank dome for the load conditions considered. 

Openings in the dome do not induce significant stress concentrations. The maximum principal stress, 524 
psi, is high, but less than the maximum principal stress, 689 psi, at the top of the wall. Any additional openings 
larger than 30-in diameter may induce higher stresses. Further analysis of openings larger than 30-in. diameter 
is recommended. Reduction in section at the top of the wall may induce cracks under all loadings. At elevations 
2 ft below the top of the wall, a reduction of the wall thickness fiom 6 in. to 5 in., does not increase the concrete 
stress beyond the rupture stress limit. At 3 ft below the ring, a 2-in. reduction in wall thickness does not 
overstress the concrete. Deflections from all loading combinations are less than 0.1 in. 
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It is the conclusion of this analysis that the gunite tank is structurally stable with respect to the load 
conditions considered. This analysis shows that the dome shell exhibits a safety factor of 5 1 against buckling. 
This factor is considerably larger than safety factor of 4 to 6 recommended by ACI 344-70. The structural 
stability of the tank dqne is, however, dependant on the peripheral confinement provided by the dome ring. The 
dome ring is primarily subjected to tensile loading which is resisted by embedded reinforcement having a yield 
strength of 60 hi. This analysis shows the dome ring reinforcement exhibits a capacity to demand ratio of 1.88 
with respect to the recommended ACI 318-89 working stress tensile allowable of 24 ksi for prestressed 
reinforcement (reinforcement resisting all tension in the cross section). With respect to yield, the ring 
rexorcement exhibits a capacity to demand ratio of 3.5. The cylindrical wall exhibits a sdety factor of 44 against 
buckling. 

Some horizontal cracking is expected to occur in a narrow band of the tank wall just below the dome ring. 
Cracking will primarily be confined to-the exterior surface of the wall. The narrow band at the top of the wall 
below the dome ring was one of two regions of the tank f d  not to be in compliance with applicable ACI codes. 
A 3 ft. wide ring at the edge of the dome adjacent to the dome ring was also found to be non-compliant with 
respect to ACI 344 requirements for tensile reinforcement. With respect to the former noncompliant finding, it 
should be noted that many tanks of this type have been designed with a through wall joint in this location (e.g. 
Fig. 2.5.4.2b ACI 344-70). It is evident that should a through wall crack develop in the subject region of the tank 
wall, the structural integrity of the tank will be maintained. With respect to the latter, calculations show that the 
tensile stress level on the gross section of plain concrete in the subject region is so low that the section will not 
crack and the integrity of the section will be maintained when subjected to the load conditions considered. 
N o n c ~ m p l i ~  with respect to applicable codes in these instances clearly does not affect the structural integrity 
or stability of the tanks. The confinement capability of the tanks may be compromised by a through wall crack 
below the dome ring, however, contmlling the elevation of fluids stored in the tanks administratively will mitigate 
that potential problem. 
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Directional Sxx 
Tensile and 

StresSeS 
Shear SYY 

SiZ 

Sxy 

SXZ 

syz 

Principal Tension 
StresSeS 

Compression 

Tmax 

Location* 

1 

5 

3 

6 

4 

6 

6 

2 

6 

Table ES-1. Maximum stresses of overall tank structure (psi) 

Static and 
seismic Loads static Load 

~ 

Loading 
CaSe 

Loading 
CaSe Type of Stress Node Ratio** 

8128 

4071 

8592 

542 

549 

833 

488 

489 

781 

1.11 

1.12 

1.07 

4071 

8903 

41 

544 

453 

523 

491 

410 

488 

1.11 

1.10 

1.07 

407 1 4 689 1 621 1.11 

8595 642 4 1 597 1.08 

1 420 1.11 407 1 4 467 

NOTES: 

Skssa  show above are finite fiber stresses for an uncracked section. Stresses may have been recast in calculations in order to evaluate 
reinforced cross sections. 

*Locations 1: 30-in. opening, bottom surface 
2: 30-in. opening, middle surface 
3: 30-in. opening, top surface 
4 Edge of dome, bottom surface 
5: Bottomofring 
6 Top of wall, exterior surface 

**Ratio = Stress due to static plus seismic load/stress due to static load 



Table ES-2. Maximum stresses at top of wall (psi) 

Static Load 
(Loading Case 1) 

196 

189 

249 

49 1 

1 

10 

62 1 

249 

-218 

Ratio* 

1.10 

1.06 

1.00 

1.11 

1.00 

0.70 

1.11 

1.00 

1.13 

Directional 
Tensile and 
Shear Stresses 

Type of stress at Node 4071 

215 I sxx I 

Static and 
Seismic Loads 

(Loading Case 4) 

I sJY I 200 

250 I szz I 
544 

SXZ 1 

I SF I 7 

Principal 
Stresses 

-246 I I s3 

NOTES: 

Strtsscs &own above ll~t finitt fiber stresses for an uncracked section. Stresses may have been recast in calculations in order to evaluate 
rcinforoed cross sections. 

*Ratio = Stress due to static plus seismic loadstress due to static load. 
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SUGGESTIONS 

The structural integrity of the dome ring is very important. As long as the ring is intact, the tank will not 
collapse regardless of localized spalling in the vertical tank wall. Presently the ring has a reserve capacity of 
more than 80% with respect to tensile working stress code allowables and a capacity to demand ratio of 
approximately 3.5 with respect to ultimate tensile capacity. Provided the ring maintains its integrity, the dome 
has a safety factor of 5 1 against buckling for the load conditions considered. The cylindrical wall has a safety 
factor of 44 (assumes hinges form at the top and bottom of the wall, i.e. worst case boundary conditions). The 
most likely path to failure is that the stiffening ring becomes overstressed due to additional dome loading or 
severe reduction of the dome ring reinforcing steel cross section, cracks develop in the dome ring and the tank 
wall immediately below, followed by large deformations in the dome ring in both radial and circumferential 
directions causing the dome shell to loose edge constraint, eventually the dome collapse follows. Therefore the 
integrity of the dome ring must be insured. The following precautions are recommended: 

Drilling in or near the ring should be avoided as such activity could cause severe weakening of the structure. 

The dome roof should not be subjected to any additional soil or equipment load without engineering 
evaluation. If cracking in the tank wall below the dome ring is acceptable, the dome will accommodate a good 
deal of additional load. 

Any additional openings larger than 30-in. diameter in the dome should be evaluated on a case-by-case basis. 
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Fig. ES-1. Cut-up Tank Section of Finite Element Model 
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Fig. ES-3. Maximum Hoop Tensile Stress 

xvii 

. - -  





1. INTRODUCTION 

This report documents the seismic analysis of the underground gunite storage tanks located in the South 
Tank Farm at the Oak Ridge National Laboratory (ORNL). The South Tank Farm, known as Facility 3507, is 
a storage facility located in the 3500-3999 area of the main plant area of O N .  This analysis was performed 
in support of the Gunite and Associated Tanks (GAAT) Treatability Study which is being performed to study 
the feasibility of various remedial action techniques. 

The analysis does not represent the behavior of any specific tank, but rather is considered a typical analysis 
representing a reasonably conservative behavior of the tanks in general. Physical inspection of the tanks was not 
possible. Remote inspection (Energy Systems, 1992a) indicates some deterioration of the tank inner liners 
especially in Tank W-5. Effects of deterioration were accounted for in the mathematical model and calculation. 

The hand calculations are attached in Appendix A. The peer review comments and resolutions are included 
in Appendix B. The SuperSAP computer code verification and selection of the finite elements are attached in 
Appendix C. The input file for the analysis is attached in Appendix D. 

This analysis did not address uncertainties in soil or material properties (e.g. degradation of concrete 
strength), undocumented stress risers (e.g. irregularities in penetration cross section), or undocumented abrupt 
changes in cross section (e.g. wall spalling). Some simplification in the math model was required due to model 
size limitations. 





3 

2. DESCRIPTION OF TANKS 

Section 2.1 provides a description of the tanks as they were constructed in 1943. Section 2.2 gives a 
description of the tanks based on information obtained more recently during the Sludge Removal Project in 1981 
(Fricke, 1993). Section 2.3 discusses the penetrations in the dome. A second video review of these tanks was 
made in 1992 (Bechtel, 1992). There has been no apparent deterioration of the tanks in addition to that visible 
in 1981. The details of the condition of the outside of the shell is not known. 

2.1 GENERAL DESCRIPTION 

Facility 3507 consists of six inactive below-ground waste storage gunite tanks. All pipelines feeding the 
tauks have been capped, and the tanks are no longer part of the active LLLW system. They were used to collect 
and store the liquid portion of the radioactive and/or hazardous chemical wastes produced as part of normal 
facility operations at ORNL. As the tanks were taken out of service, the liquid waste from these tanks was 
pumped out, although some residual liquid and sludge may be left in them. 

The six gunite tanks (W-5 through W-lo), originally constructed in 1943, are located at 6 0 4  centers in a 
2x3 matrix in the South Tank Farm (Ref. UCC-ND Drawing C3E-20539 X006). A limited amount of 
information is available concerning details of tank construction. The following data are obtained from Fricke 
(1986, 1993). Figures 1 and 2 show the major details of the tanks; these figures are taken fiom UCC-ND 
drawings E56866 and D-56867, respectively. Each tank has an inside diameter of 50 rt, a 12-ft vertical sidewall 
with anominal thickness of 6 in. (there is an additional 1.541. inner liner for much of the height), and a spherical 
domed roof (nominal thickness is 10 in.) rising another 6 il, 3 in. at the center of the tank. The thickness of both 
the sidewall and the domed roof increases to 30 in. near their juncture. The tank floor is nominally 3-in. thick, 
except at the juncture with the wall where the thickness increases to 9 in. 

The tanks are constructed of gunite (a mixture of Portland cement, sand, and water in the form of a mortar) 
sprayed from the nozzle of a cement gun against a form or a solid surface (Fricke, 1986). The floor is reinforced 
with one layer and the dome with two layers of 4 x 4 - W2.1 x W2.1 welded wire mesh and 3/8-in.-diameter 
reinforcing rods placed in the radial direction. The sidewall is reinforced with three layers of welded wire mesh, 
vertical 1/2-in. rods, and 21 horizontal rebar hoops (attached to the vertical rods) post-tensioned to 35,000 psi 
sires. The haunch at the sidewalvroof junction is reinforced with 17 horizontal rebar hoops post-tensioned with 
35,000 to 40,000 psi stress. The yield strength of the post-tensioning steel rods is specified to be 60,000 psi, and 
all other steel is 40,000 psi steel. The specified 28-day design strength of the gunite is 5,000 psi (Union Carbide 
drawing 556866). Each tank has approximately 8,000 fF of wire mesh and over six tons of reinforcing steel rods 
within the concrete (Fricke, 1986). 

Each tank sits on an individual concrete pad. The thickness of soil between tank foundation and top of rock 
varies flom 0 (near Tank W-6) to 14 ft (near Tank W-9). The concrete pad has a raised rim that forms a saucer 
(Figure 3) which directs drainage and any leakage into a dry well and drain system. The tank sidewall has a 3-ft- 
thick backfill of crushed stone forming a French drain and providing for passage of groundwater drainage and 
any leakage to the dry well and drain system, The rest of the surrounding soil is composed of compacted available 
fill, and clay. The tank domes are covered with 6 ft of compacted earth. 
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2.2 EXISTING CONDITION OF THE TAM<S 

The existing condition of the tanks is not well known since a hands-on inspection is not permitted. The 
details of the condition of the outside of the shell are not known. 

As part of the Sludge Removal Project (Fricke, 1993): 1) Schmidt Rebound Hammer readings, to estimate 
concrete strength, were taken of the dome of all tanks except for W-9,2) core samples were taken from the dome 
of Tanks W-5 and W-10 at various locations and cylinder strength tests performed on the cores, and 3) a 
television camerawas lowered into each tank where black and white videotapes and photographs of the interior 
of the tanks were made. The Schmidt Rebound Hammer test results indicate that the concrete strength (for the 
dome) varies between 4,700 and 6,400 psi. The cylinder tests of the cores fiom Tanks W-5 and W-10 show 
concrete strengths consistently higher than those obtained from the Schmidt Hammer tests; the cores produce 
strengths between 5,500 and 16,000 psi (10,200 psi average). Since the construction techniques were similar, 
it is reasonable to assume the walls have the same strength as the dome. A compressive strength of 5,000 psi for 
the concrete was specified in the design drawing and is assumed for this analysis. 

It is obvious fiom the photographs and the videos of the tank interiors that the existing condition of the tanks 
varies Pricke, 1993). Tank W-5 is in the worst condition of the six tanks; parts of its inner 1.5-in. liner appear 
to be so thin that, in some areas, the wire mesh is exposed; in some areas, the wire mesh has folded back on itself 
(probably at overlap boundaries where the inner liner is thin). There are also indications that there may be more 
extensive deterioration of the walls of Tank W-5, such as areas of discoloration indicating possible holes or 
erosion. The past history of the six tanks indicates that Tank W-5 has been used more extensively as a holding 
tank for chemicals and has been, on several occasions, exposed to highly acidic liquids, which probably accounts 
to a large degree for its present condition. Tank W-6 shows similar, but less deterioration. The video tapes and 
photographs of the remaining four tanks do not reveal deterioration like those found in Tanks W-5 and W-6. 
None of the other tanks have exposed wire mesh, holes, or discoloration (Fricke, 1993). 

23  PENETRATION IN THE DOME 

Penetrations in the dome were made at different times in the life of each tank. The size, number, and location 
of the penetrations varies from tank to tank In one case, five 24-in. and one 30-in. penetrations exist on one tank. 
This analysis used a conservative structural model with seven nonsymmetrical penetrations. The assumed 
penetrations include one 24-in. diameter hole in the center, four 24-in. diameter holes along a 20-fi radius circle, 
one 30-in diamekr hole, and one 12-in. diameter hole along a 22-it radius circle. The actual penetrations in the 
field are reinforced with concrete caisson of additional thickness and diameter. For simplicity, the finite element 
model did not include the caisson nor any penetrations smaller than 12-in. diameter. 
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3. ANALYSES 

This section discusses the methods used in the analysis of the typical gunite tank. Section 3.1 summarizes 
the methodology, while Section 3.2 discusses the seismic hazard level used in this analysis. Sections 3.3 and 3.4 
describe in detail the finite element model and the structural loads applied to the model. Section 3.5 discusses the 
various loading combinations required to describe the state of stress in a tank accurately. 

3.1 METHODOLOGY 

The finite element technique was used to perform this study. This approach was selected for modeling the 
tanks and the loads because it can easily handle complex structures with varied material properties, geometric 
configurations, and boundary conditions. The computer program selected was GTSTRUDL (GTICES Systems 
Laboratory, 1991) which is available on the ORNL-RISC computer workstation. 

A nonlinear soil-structure interaction (SSI) is beyond the scope of this study. Therefore, only the tank 
structure is included in the mathematical (three-dimensional finite element using solid elements) model of the 
system. An equivalent static analysis was performed for the evaluation of the dynamic effects of the surrounding 
soil. 

3.2 SEISMIC HAZARD CLASSIFICATION 

The only non-standard industrial hazards associated with the South Tank Farm are a radiation source 
hazard and a toxic hazard associated with the radioactive liquid waste. Resulted fiom a hazard screening (Energy 
Systems, 1992b), the South Tank Farm was placed in the general hazard category. The DOE seismic requirement 
(UCRL-15910) for a general hazard category structure is to withstand an earthquake with return period of 500 
years using the static-equivalent seismic analysis procedures specified in Uniform Building Code (UBC 1994). 
As shown in Figure 4, the Oak Ridge Site Specific rock PGA for a 500-year return period is 0.08g (Beavers and 
Hunt, 1994). To account for different site geology and soil characteristics, UBC code specifies a soil and site 
correction factor S established fiom substantiated geotechnical data. In locations where the soil properties are 
not known in sufficient detail to determine the soil profde type, as is the case in this analysis, UBC codes 
recommends a soil profle k tor  of S = 1.5. This analpis conservatively used a PGA of 0.14g. The tank structure 
is therefore subjected to static and seismic (dynamic) loads induced by a 0.14-g horizontal and a 0.09-g vertical 
ground accelerations. (The vertical earthquake component is typically defined to be two-thirds of the horizontal 
component.) 

3.3 FINITE ELEMENT MODEL 

The gunite tanks are upright cylindrical tanks having domed roofs and buried 6 ft underground. A three- 
dimensional model of the MI-size tank, as shown in Figure 5, was constructed of eight-node elements using 
GTSTRUDL's tridimensional "IPSL" elements. Since local stress conditions around the various openings in the 
tank dome are required by Energy Systems, the entire tank has been modeled. The bottom of the tank was not 
modeled completely as it contributes little to the stiffiess of the tank. The tank wall and the modeled portion of 
the tank floor were modeled one layer thick Because of uncertain structural strength and integrity, the inner liner 
of the wall was assumed to provide no additional structural capacity and was not included in the model. 
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The dome was modeled as being two layers thick, as shown in Figure 6, with the bottom of the upper layer 
mected to the lower layer via rigid space trusses (mathematically equivalent to a gap element that transfers only 
compressive axial force to the lower dome). The dome was modeled in two layers because the original 5-in.-thick 
dome was thickened after original construction by the addition of a 5-in.-thick over-layer. Available drawings (see 
list at the end of Attachment A) indicate that a cold joint exists between the two dome layers. The two 5-in. layers 
of domemq behave like a single 10-in. layer of dome, but uncertainties remain, and it is conservative to assume 
the two 5-in. layers cor@pation. Themodel consists of 8,424 elements, 2,392 rigid links and 16,120joints. The 
model is axi-symmetric except for seven openings in the dome (as shown in Figures 7). The tank model is 
restrained in al l  translational directions at nodes along the bottom face of the tank floor. All other nodes are fiee 
to translate and rotate in three directions. 

The material property of the finite element represents uncracked concrete strength. the strength of the 
reinforcing steel is not included in the element but considered in hand calculations after the stresses in the finite 
element are reported by the computer. The tank floor, wall, and dome elements are assumed to be homogenous 
and isotropic (ACI Committee 344,198 1). Wall elements are modeled as being 6-in. thick, dome elements as 
being 5-in. thick (each layer), and floor elements as being 3-in. thick. Floor elements within a 4-ft band near the 
wall thicken in the radial direction fiom 3 in. to 9 in. at the inside face of the tank wall. The stflening ring at the 
edge of the dome was represented by a cross section of 15 finite elements. The finite element model is axi- 
symmetric except the seven openings in the dome are not located axi-symmetrically. See Figure 8 for detailed 
configuration. 

The selection of the 8-node elements over 20-node elements was based on computer capacity, computing 
the,  accuracy of results, and effort required to interpret the results. Detailed assessment of element applicability 
and accuracy is reported in Appendix C. The most critical stresses used in the analysis are the maximum principal 
stress and Syy. The maximum principal stress was used for screening purpose. The direction stress Syy is used 
for the evaluation of vertical wall strength below the haunch. These stresses are almost identical between two 
programs. It is concluded the results predicted by GTSTRUDL are adequate and compatible with the results 
obtained fiom the program SuperSAP. 

The model consists of 104 identical pie segments representing the entire tank. Earthquake induced dynamic 
soil and fluid pressures were treated as static loading conditions. Soils were considered as loads, not as a part of 
the finite element model. Group behavior due to tank-to-tank interaction during a seismic event was not 
considered in the model, but was later evaluated (see Appendix A) and found to add only 3% to the maximum 
combined stresses. 

3.4 STRUCTURAL LOADING 

Static and dynamic loading considered in this analysis. Dynamic loading is applied to the structure as 
equivalent static loading. Loads considered are dead load (DL), static soil pressure (Hd, static hydraulic load 
(Fs), post-tensioning in reinforcing steel (x), tank earthquake load (E), dynamic seismic soil load @ ), and 
dynamic seismic hydraulic load (F,,). 

The scope of this report does not include miscellaneous loads such as equipment on the super structure, 
occasional live loads, etc. The uplift fiom buoyancy effects was analyzed previously by Energy Systems and was 
determined to be unlikely. 
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3.4.1 Static Loads 

Static loads applied to the structure include: 

Dead Load @L) Structure self-weight is accounted for by GTSTRUDL. The unit density of the gunite 
(0.0868 Ib/in3) is input and GTSTRUDL computes unit weights by applying the 
density to the element volume at 1 g. Element weight is distributed to structural joints 
in proportion to tributary volume. 

Static Soil Pressure (H& Consists of dome pressure (Hm) and wall pressure @Iw) : 

Dome Pressure @Im). The 6-ft.-thick soil overburden on the dome is applied to the model as a surface 
pressure on dome elements. Soil dome pressure is computed based on a unit 
weight of soil of 110 Ib/fY. The soil overburden is applied in the vertical (global) 
direction as an element surface load 

Wall Pressure (Hw). Lateral at-rest earth pressures are applied externally and normal to the tank walls. 
The load diagram is trapezoidal, being 1.604 psi at the top of the tank wall and 
5.306 psi at the bottom. 

Hydrostatic Pressure (Fa Hydrostatic pressures fiom stored fluids are applied to the interior face of the tank 
wall based on a fluid having a specific gravity of 1.25 (Fricke, 1986) for the full 
(1 1-ft fluid depth) and the half full (6.24 fluid depth) conditions. Hydrostatic 
loading is applied internally and normal to the tank walls. Hydrostatic loading is 
investigated for both the full (F,) and half-full condition &a. 

Post-Tensioning (T& The hoop reinforcement in the tank walls and the confinement ring at the edge of 
the tank dome are fabricated from steel with a 60-hi yield. (ACI Committee 
344,1981) recommends that, unless precise methods are used to determine 
prestress losses, 32-ksi losses should be assumed (Friction loss was compensated 
in the construction stage to achieve the design prestress). Fricke (1986) predicts 
that 90% of pretension has been lost. This analysis assumes that all prestress has 
been lost. 

3.4.2 Dynamic Loads 

The dynamic loads considered include seismically induced soil pressure, hydrodynamic pressure, seismically 
induced sloshing, and structural inertial forces. Dynamic loading is applied to the tank model as a set of 
equivalent static loads. In each case, the equivalent static loads are derived from the estimated peak dynamic 
loading. The tank is very stiffwith respect to lateral loading (height to diameter ratio = 0.25); similarly, in the 
vertical direction the walls and the dome (as a result of its geometry and applied load distribution) are also stif€. 
This analysis accounts for that stif%ess by neglecting dynamic amplification and damping effects of the structure. 

Inertial Loads (E) Equivalent static loading is determined by multiplying model element mass by Design 
Basis Earthquake @BE) peak ground accelerations. In reality, the inertia load (E) acts 
in the opposite direction to the dynamic soil loads @ID) discussed below. In this 
analysis, both inertia loads and dynamic soil loads are conservatively combined as if 
both loads acted together in the same direction. 
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Dynamic soil loading (€ID) Dynamic soil loading is determined as though the tank were a retaining wall. The 
methods of Prakash (1981) are used to determine lateral dynamic pressures. 
Dynamic soil pressures also act along the direction of seismic motion and are 
distributed to the structure according to proportion of mass acting on each element 
in that direction The resulting pressure bulb in plan is crescent shaped at a given 
elevation above the tank; Vertically, the dynamic earth pressure distribution is 
non-linear. The resultant in a typical vertical slice is located 0.6 of the wall height 
(h) fiom the bottom of the tank. This analysis uses an equivalent trapezoidal 
stress distribution. Horizontal pressures are distributed over the wall height with 
pressure intensities in a vertical slice being zero at the bottom, increasing linearly 
to a maximum value at O S h ,  remaining constant to 0.8h, then decreasing linearly 
to 0 at the top of wall. The resultant fiom this equivalent distribution is located 
at 0.56h = 0.6h. 

Dynamic soil pressures on the "leeward" side of tank are neglected. The 6-fi-thick soil blanket is treated as 
dead weight and accelerated vertically at peak ground acceleration. 

Hydrodynamic Loads (FJ When subjected to random vibrations, confined fluids develop inertial forces due 
to ground acceleration and sloshing forces due to wave action. This analysis uses 
the methodology of Newmark (1971) to develop equivalent static loadings for 
both loading types. Newmarkk methodology determines the magnitude of the 
equivalent static forces and their location with respect to the bottom of the tank. 
These equivalent static loadings are applied to the interior face of the tank shell 
as a surface pressure on a horizontal band of elements at the elevation of the force 
center determined by the Newmark method. Distribution of the equivalent load as 
an equivalent localized pressure is conservative (local stress levels near the loaded 
elements are overestimated), but is computationally expedient. 

Hydrdynamic fluid pressure acts along the direction of seismic motion. The hydrodynamic pressure in each 
pressure band is distributed to the face of each tank wall (band) element in proportion to the fluid mass acting 
dynamically on the element. Because of the geometry of the circular tank wall, the resulting pressure bulbs are 
crescent shaped. Pressures are maximum at the center of the pressure band (e.g., at the 0" azimuth of the tank 
in plan), tapering off to zero at the pressure band extremes 90 O and 180 O azimuths). Hydrodynamic loading is 
investigated for both the full &+), half-full condition (FxDc) and in-phase with the earthquake soil pressure 
and for (FB) and (FxB) out-of-phase (against) the earthquake soil pressure direction. 

When the inertia force and the sloshing force are in phase, the forces exert on the same direction against 
the same wall. When the forces are out-of-phase, they were exerted on opposite sides of the tank wall. 
Observation indicates that the total loads on the tank wall are more conservative when the forces act on the same 
side of the tank wall. In this analysis, the inertia force is added to the sloshing forces as if they act in-phase with 
each other. 

3.5 LOAD COMBINATIONS 

The purpose of this analysis is to determine whether the tank has the capacity to resist the DBE for the 
ORNL site. During a seismic event the probability that the hydrodynamic and dynamic soil loading will occur 
simultaneously is mote.  Structural response to these loadings should be combined probabilistically (e.g., Square 
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Root of the Sum of the Squares). This analysis conservatively combines responses algebraically. Loading 
combinations analyzed by the GTSTRUDL program include: 

Static Load Cases: 

1. DL + H, + H, ........................................................... Empty Tank 
2. DL + H, + H,+ F, .......................................................... Full Tank 
3. DL + H, + H, + Fa4 ..................................................... Half-fill Tank 

Dynamic Load Cases: 

where: 

DL = 
H, = 

E =  

F, = 
F,, = 
FDt = 

F,,. = 

H, = 

HD = 

F, Dt 

F, P 

tank structural self weight 
static soil top pressure from earth over dome 
static soil lateral pressure from earth adjacent to tank wall 
tank structural force induced by earthquake 
dynamic soil loading 
hydrostatic liquid pressure of full tank 
hydrostatic liquid pressure of half-full tank 
hydrodynamic liquid pressure of full tank that is in-phase with the earthquake 
= 

hydrodynamic liquid pressure of full tank that is out-of-phase with the earthquake 
= 

hydrodynamic liquid pressure of half-full tank in-phase with the earthquake 

hydrodynamic liquid pressure of half-full tank out-of-phase with the earthquake 

3.6 BOUNDARY CONDITIONS AND ASSUMPTIONS 

3.6.1 Tank Foundations 

The soil boring log (Geotech, 1978) reveals that the soil layer beneath the tanks varies from 0- to 14.5-ft 
thick. It is very unlikely that fill concrete extends 14.5 ft. below the tank bottom. This analysis evaluates the 
behavior of the tanks in general. All tanks are considered as supported on soil. In accordance with the 
methodology of the Uniform Building Code (UBC) and this assumption a higher value, 0.14g, of the peak 
ground acceleration was used in this analysis. 

3.6.2 Structural Integrity 

Video inspection shows deterioration of concrete walls in Tanks W-5 and W-6 (Bechtel, 1992; Energy 
Systems, 1992a). The domes are in good condition For the finite element analysis, wall section thickness without 
the inside liner is used. Then, evaluation of the wall sections with M e r  deterioration is hand calculated. 
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3.6.3 Openings in Dome 

Openings in dome vary from 3/8-in.-diameter small pipe penetrations to 30-in.-diameter manholes. The 
number and location of the openings are not uniform in all tanks (Appendix A). A configuration of one 30-in., 
five 24-in., and one 12-in. openings is used (Figure 7). All smaller openings (3/8 in. to 6 in.) are ignored; stress 
concentration around smaller openings is assumed not to be a problem. 

3.7 MATERIAL PROPERTIES 

f,' = 5,000 psi, compressive strength of concrete 

$r = 40,000 psi, yield strength of non-prestressed reinforcement 

$y = 60,000 psi, yield strength of prestressed reinforcement 

f = 18,000 psi, allowable tensile stress in non-prestressed reinforcement for static loadings with 33% 
increase for static loading plus seismic loading 

f, = 1,900 psi, allowable compressive stress of concrete 

c = 300 psi, concrete tensile stress limit in terms of maximum principal tensile stress (S,) 

The yield strength of the post-tensioning steel $y is specified to be 60 ksi in the original design. The steel 
was tensioned to 30 to 40 ksi. The stress loss can be as high as 32 ksi (ACI Committee 344,1981). The post- 
tensioning steel behaves essentially as regular steel, assuming loss of the entire pre-stressing capability. 

3.8 ACCEPTANCE CRITERIA 

The underground reinforced gunite tank is evaluated as a shell structure. There is no record indicating the 
tank has been exposed to elevated temperature nor will be subjected to temperature higher than 150' F. Guiding 
criteria are from the work of ACI Committees 344 (198la 1970), 318 (1989), and 334 (1982). High tensile 
stress areas in concrete are determined by the maximum principal tensile stress theory. Von Mises criterion was 
also considered, but it was dropped because the Von Mises stresses were driven by a large compression value, 
and not tension. 

The acceptance criteria used in this analysis are based on the working strength design (WSD) design 
philosophy for design of r e x o d  concrete (ACI Committee 334 (1982). WSD is the reinforced concrete design 
criterion in general use during the time in which the tank was constructed. 

Crack potential of the shell is determined by comparing computed maximum concrete tensile stresses to the 
tensile stress limit of concrete. 

3.8.1 Tensile Stress in the Concrete 

In this analysis, allowable tensile capacity for the comparison with principal tensile stress is taken as the 
concrete tensile stress limit recommended by Chen (1982) viz., c = 4&, or approximately 300 psi. This tensile 
stress is only used as a screening criteria to determine whether a cross section is prone to cracking. 

--_-I_-- . . .  .____.__ . 
I .  L 
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3.8.2 Compressive Stress in the Concrete 

The compressive stress in concrete is limited to the WSD-bearing stress allowable for bearing on the full 
cross section, Le., 0.38fc or 1900 psi (ACI 344-70). 

3.8.3 Tensile Stress in the Reinforcement 

Ultimate tensile capacity is generally limited to the yield strength (Fy) of that grade of steel from which the 
reinforcement is fabricated. ACI Committee 344 (198 l), however, suggests that the allowable tensile stress of 
the non-prestressed steel be taken as 18,000 psi with 33% increase for seismic loadings regardless of yield stress. 
The rational for this seemingly non-conservative treatment of reinforcement is that flexure is not the primary 
behavior in thin shells. Because of the geomeby of the shell and the load distribution on the shell, stresses in shell 
strucftnesaregenerallycompressiveortensile(ACICommittee318,1989). ACI344 (1981) andACI334 (1982) 
recommend that tension in shell structures be carried entirely by the reinforcement and that the reinforcement be 
sized accordingly. The low allowable stress is conservative for sizing steel in pure tension, however, in flexural 
situations sizing steel according to this guidance can ultimately lead to brittle behavior. Shell structures generally 
do not exhibit a large degree of flexural behavior (ACI Committee 334, 1982; ACI Committee 344, 1981; 
Billington, 1982). The gunite tank in question exhibits bending behavior at the top of the cylindrical wall. 

For prestressed reinforcement, the allowable tensile stress is taken as 24,000 psi with 33% increase for 
seismic loadings. 



---- _._, ~~ . . . _.__I-- 
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4. ANALYSIS RESULTS 

This section discusses the stresses, displacements, effects of holes in the dome, permissible overloads on 
top of the dome, permissible reduction in the wall section, tank stability, and structural integrity. 

4.1 STRESSES 

Of all the load cases considered, the empty tank during earthquake (load case 4) (with no internal hydrostatic 
pressure to provide countca%alance force to resist the external pressure fiom the soil) caused highest stress in the 
tank The maximum principal stress distribution plot of tank top surface for load case 4 is shown in Figure 9. The 
stresses for different portions of the tank are discussed in the following paragraphs. 

4.1.1 Dome Top Surface 

The center portion of the dome is in compression. The maximum principal compressive stress is 642 psi (at 
midsurface not visible fiom the plot), which is a low value compared to the allowable compressive stress 
in concrete (1,900 psi). No M e r  evaluation of compressive stress is needed. There is no significant stress 
increase near the hole openings. The perimeter of the dome is in tension with stresses less than 150 psi. 

4.1.2 Dome Ring 

The detailed dome ring stress distribution of Figure 9 is magnified in Figure 10. The dome ring is in tension 
With stresses ranging fiom less than 250 psi (in Figure 9) at the top surface to 350 psi at the bottom of the 
ring in (Figure lo), with an average tensile stress of about 300 psi. The highest principal stress above 650 
psi occurs, in a highly localized region viz., at the junction between the dome ring and the top of the wall. 
The stress decreases very rapidly as the location drops below the dome-wall junction. 

4.1.3 Tank wall 

As shown in Figure 9, the tank wall is in compression primady at locations four feet below the top ring-wall 
junction. The bottom junction with the floor displays slight tensile stress, less than 150 psi, due to flexure 
caused by lateral earthquake motion. 

4.1.4 Dome Ring Bottom Surface 

As shown in Figure 11, the center portion of the dome is in compression. Similar to the dome top surface, 
at locations closer to the edge of the dome, the stresses become tensile. The principal stresses increase to 
about 200 psi. 

4.1.5 Penetrations on Dome 

The closeup view of stress distribution around the holes shown in Figure 1 1 is magnified in Figure 12. The 
stresses are intensified at the edges of the penetrations. The stress increases around the hole intens* more 
rapidly at hole locations closer to the dome perimeter (dome ring). The stresses at the bottom edge surface 
of hole E increase fiom less than 100 psi to more than 250 psi. The Inner surface of hole E has stress well 
above 300 psi. Figures 13,14, and 15 depict the global stress of Sxx, Syy, and Szz respectively. The stress 
intensification around the holes influences only areas within approximately 1.5 diameters of the hole. It can 
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be sen that when additional holes are drilled, the impact on dome structural integrity can be minimized if 
the holes are spaced at least three diameters away fiom other hole center and one diameter away fiom the 
dome ring. 

4.2 MAXIMUM STRESSES DUE TO TOTAL LOAD 

Maximum stresses due to static and seismic loads are presented in Table 1. The directional stresses for node 
4071 of element 2126 where stress is maximum are show on page 73 of Appendix A. 

For all loading cases, concrete at the top of the wall has a high potential to form horizontal cracks on the 
exterior d a c e  according to the maximum principal tensile stress theory. The vertical reinforcement at the top 
of the wall is not in compliance with ACI codes for resisting moments. However, reinforcement is adequate to 
withstand hoop tensile forces in the wall, dome ring, and stresses in most of the dome as required by ACI-3 18, 
ACI-334, and ACI-344. Another area not fhlly in compliance with the ACI codes on the requirement of 
reinforcement is the 3-ft band at the edge of dome; however, the concrete tensile stress in this area is relatively 
low failure is not expected to occur. Figures 16 through 18 show the distribution of stresses. 
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Static and 
Seismic Loads 

Loading Stress 

CaSe (Psi) 

6 542 

4 549 

4 833 

Table 1. Maximum stresses of overall tank structure (psi) 

static Load 

Loading Stress 
CaSe @si) 

2 488 

1 489 

1 781 

Type of Stress 

Tensile and 

stresses 

Principal 
stresses 

SXZ 

syz 

Tension 

Compression 

Tmax 

Location* 

6 

2 

6 

Node 

8128 

4071 

8592 

4071 

8903 

41 

4071 

8595 

4071 4 467 1 

Ratio** 

1.11 

1.12 

1.07 

1.11 

1.10 

1.07 

1.11 

1 .08 

1.11 

NOTES: 

Stressea shown above are finite fiber stresses for an uncracked section. Stresses may have been recast in calculations in order to evaluate 
reinforced cross sections. 

*Locations 1: 30-in. opening, bottom surface 
2: 30-in. opening, middle surfixe 
3: 30-in. opening, top surface 
4 Edge of dome, bottom surface 
5: Bottomofring 
6 Top of wall, exterior surface 

**Ratio = Stress due to static plus seismic load/stress due to static load 



16 

Directional SXX 
Tensile and Shear I 

stresses SYY 

S2.2 

Sxy 

SX2 

Syz 

Principal Stresses s1 

s 2  

s 3  

Table 2. Maximum stresses at top of wall (psi) 

215 196 

200 189 

250 249 

544 491 

1 1 

7 10 

689 621 

250 249 

-246 -218 

Type of stress at Node 4071 
Static Load 

(Loading Case 1) 

Static and 
Seismic Loads 

(Loading Case 4) Ratio* 

1.10 

1.06 

1 .oo 

1.11 

1 .oo 

0.70 

1.11 

1 .oo 

1.13 

NOTES: 

Stresses shown above m fmite fiber stresses for an uncracked section. Stresses may have been recast in calculations in order to evaluate 
reinforced cross sections. 

*Ratio = Stress due to static plus seismic Idstress due to static load. 
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Vertical 

Horizontal 

4.3 DISPLACEMENTS 

Maximllm 
Displacement Loading 

(in.) Location Element Node Combination 

0.093 Center of 58 152 5 
dome 

0.023 Top of wall 20 41 5 

All displacements are small. Displacements are listed below and are illustrated in Figures 19 and 20. 
Although temperature change and shrinkage effects are not included in the analysis, these small displacements 
indicate that no fbther evaluation is needed. They also reveal that monitoring the displacements of the dome will 
not give adequate indication of any potential overall structural failure. 

4.4 EFFECTS OF HOLES IN DOME 

The maximum principal tensile stress around the 30-in. manhole is 3 16 psi. The stress is not high compared 
to other locations. It is reasonable to conclude that any additional openings smaller than 30-in. diameter and not 
located within three diameters of another opening or the edge of the dome ring can be made in the dome without 
inducing stress concentration problems (Timoshenko and Goodier, 1951). Any openings larger than 30-in. 
diameter should be evaluated on a case-by-case basis. 

4.5 ADDITIONAL DOME LOADS 

Additional soil or equipment load on the dome may cause horizontal cracks on the exterior surface of the 
wall in a narrow band just below the dome ring. However, stresses exceeding the cracking strength of the concrete 
only exist in localized areas. The stability of the tank is not threatened since the stresses in the remainder of the 
tank wall and the dome ring are not high. 

Further analysis should be performed to determine the effects of additional soil load and large concentrated 
loads on the dome (e.g., platform columns and footings). 

4.6 REDUCTION IN SECTION 

The 1.5-in. gunite liners on the interior surface of the wall in Tanks W-5 and W-6 show some degree of 
spalling, patches of welded mesh wires are exposed. Inspection did not show any deterioration in other tanks. 

Deterioration at the top of the wall can be a problem. After exposure to the chemicals, the quality of gunite 
becomes uncertain. The maximum principal tensile stress, already at the code stress limits, may be intensified 
and additional cracking may occur. No reduction of the wall thickness in the top 2 ft is desirable. A reduction of 
1 in. is acceptable for the portion of the wall 2 R below the top. If the section reduction is located at 3 ft or more 
below the top of the wall, then a reduction of 2 in. in the wall thickness is acceptable. 
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4.7 STABILITY 

This analysis shows that the dome shell exhibits a safety factor of 51 against buckling. This factor is 
considerably largerthan safety factor of 4 to 6 recommended by ACI 344-70. The structural stability of the tank 
dome is, however, dependant on the peripheral confinement provided by the dome ring. The dome ring is 
primarily subjected to tensile loading which is resisted by embedded reinforcement having a yield strength of 60 
ksi. This analysis shows the dome ring reinforcement exhibits a capacity to demand ratio of 1.88 with respect to 
the recommended ACI 318-89 working stress tensile allowable of 24 ksi for prestressed reinforcement 
(reinforcement resisting all tension in the cross section). With respect to yield, the ring reinforcement exhibits 
a capacity to demand ratio of 3.5. The cylindrical wall exhibits a safety factor of 44 against buckling. 

4.8 STRUCTURAL INTEGRITY 

It is the conclusion of this analysis that the gunite tanks are structurally sound and are adequate to 
perform the functions they were designed for. The structural stability of the tank dome is dependant on the 
integrity of the dome ring. For the load conditions considered the dome ring exhibits a capacity to demand ratio 
of 1.88 with respect to working stress limits and a demand capacity ratio of approximately 3.5 with respect to 
ultimate strength limits. 

The hoop tension capacities in both the ring and cylindrical wall are more than adequate to resist the loads 
considered by this analysis. 

Vertical tensile stresses at the top of the wall on the exterior face are high and reinforcement is not adequate 
to prevent surface cracking. The interior face of the wall in this region of the tank wall is in compression and 
should prevent both in and out leakage of liquids at this level. The tank will not loose its structural stability even 
ifplastic hinges are formed along the top of the wall below the dome ring.. Historically, many tanks have been 
constructed with structural hinges between the dome and wall and have performed satisfactorily. 
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5. RECOMMENDATION AND SUGGESTIONS 

These recommmenWons are presented as guidelines for future studies of the tanks and to reduce the chances 
of accidents during work in the area of the tanks. 

5.1 CORE SAMPLING AND OPENINGS 

Core samples should not be taken fiom the dome inside the three foot wide circumferential band adjacent 
to the dome ring or within three penetration diameters of an existing penetration. Core samples should not be 
taken fiom the wall in the two foot deep circumferential band adjacent to and immediately below the dome ring. 
Cores should not be taken fiom any location in the dome ring cross section. The integrity of the thickened ring 
must be maintained to prevent an overall structural failure. 

Core samples may be fiom all other areas of the tank, however, main reinforcement steel should not be cut 
without approval of the cognizant engineer. 

5.2 FINITE ELEMENT MODELING 

For future analysis, a finer grid may be used to model the top 3 R of the wall and in the areas within 3 ft of 
the dome edge where the high stresses exist. The finer grid will allow the evaluation of reduced thickness in the 
deteriorated portions of the wall. 

A dynamic SSI analysis, if desired, can be performed on a 2-D slice of the tank and surrounding soils. A 
3-D dynamic SSI analysis can be performed on a coarse-grid, simplified model in light of limited computer 
capability. 

5.3 GROUP BEHAVIOR OF TANKS 

The 50-R tanks in the South Tank Farm are located 60 R a p a  center-to-center, and thus the clear distance 
between tanks is less than 10 ft. The behavior of a tank is modiiied by adjacent tanks. Different assumptions are 
made about soil and tank conditions when a single tank is considered than are made when a group of closely 
spaced tanks are considered This analysis performed a limited investigation based on a study of the behavior of 
a group of tanks (Xu et al. 1994). The study found that the maximum stress increase due to tank-to-tank 
interaction is about 3% over the combined stress of a single tank and does not change the overall structural 
assessments. However, it is suggested that this phenomenon especially for groups of concrete tanks, be further 
investigated. 

5.4 ADDITIONAL LOADING ON DOME 

The dome roof should not be subjected to any additional soil or equipment load without engineering 
evaluation. Limited additional loads will cause cracking below the dome ring before buckling occurs, if the 
cracked tank can still meet the hctional requirements. 
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5.5 SOIL SAMPLING AND TESTING 

The existing soil boring log gives only limited information on soil; consequently, only conservative 
assumptions are used in the current analysis. 

Standard Penetration Test (SPT) with blow counts, ground water level information, and lab index testing 
are all required for any important engineering evaluation. 

If SSI analysis is attempted, then some additional lab testing of undisturbed soil samples is needed. 

5.6 INSTRUMENTATION 

It would appear to be ineffective to monitor the deflections of the dome for the detection of impending 
collapse of the tanks. The analysis shows that deflections are very small under all loading conditions. Monitoring 
the circumferential displacement or strain of the dome ring will be an effective method to predict impending 
dome failure. 

Video inspection of the interior of the tank, concentrating on the areas near the top of the wall, offers the 
best chance for detecting structural deterioration. 

5.7 OTHER CALCULATION METHODS 

A hand calculation on the tank stress was performed by Hanskat (1995) based on design formula in ACI 
344 (1988). The tensile stress of the dome ring reinforcement was reported to have exceeded the code-allowable 
stress of 32,000 psi. This method served well as a conservative design tool and provided favorable comparison 
of the finite element analysis. The overly conservative design approach does not provide sufficient information 
about the factor of safety needed to assess the existing dome-ring stress condition under current loads. The 
calculated safety factors against tank buckling are consistent with the finite element results. 
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Fig. 5. Cut-up Section of Tank 
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Fig. 6. Finite Element Numbering System 
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Fig. 9. Stress Distribution of Ehternal Tank Surface 
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Fig. 18. Maximum Tensile Stress Distribution in Ring 
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Fig. 19. Horizontal Displacement of Wall 
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Fig. 20. Vertical Displacements of Dome 
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Eric C. Dmrnm, P.E. 
1239 Forest Brook Road 

fioxville, Tennessee 37919 
(615) 584 - 9296 

June 2, 1994 

Mr. Tony Chung 
SAIC 
301 Laboratory Rd. 
Oak Ridge, TN 37830 

RE: Structural Analysis of Underground Gunite Tank 

Dear Mr. Chung: 

I have completed the requested peer review of the analysis of the underground buried gunite 
tanks. This review concentrated on the analysis assumptions and the estimation of lateral earth 
pressures acting on the tank. 

It should be kept in mind that dynamic lateral earth pressures are difficult to estimate, and 
most methods assume cohesionless backfill materials. In this case, very limited information was 
available on the backfill soil. The crushed stone and clay material could have a wide range of 
properties depending upon the amount of clay, ranging from behavior expected of pure clay to that 
expected of pure gravel. This material was treated as crushed stone in the analysis, which is 
consistent with available design methods for estimating lateral earth pressures. 

The calculations I reviewed were well organized, complete, and well documented. My review 
yielded the following comments which are listed by page number in the calculations: 

PP 1 

PP 2 

PP 7 

PP 8 

PP 9 

Dynamic loadings - only horizontal dynamic soil pressures were used in the analysis. While this is 
perhaps appropriate, statement about vertical dynamic pressures is misleading. 

UBC provisions for lateral forces yield 0.065g. On pp 12 and in subsequent calculations, horizontal 
acceleration of 0.14g was used. This is a reasonable value, and presumably was given by owner. It 
should be stated if this was an assumption. 

Angle of internal friction for crushed stone and clay backfii assumed to be 40 degrees. Seems high if 
significant clay content, but conservative for static earth pressures. 

Is "SURFACE FORCE PLANAR" command for uniformly distributed pressure (stress), With Units of 
psi? 

Dynamic earth pressure - assumption of flexible wall is valid. Rough check With characteristic length 
from beam-onelastic foundation yields same conclusion. Calcs state that only active earth pressure is 
considered. In fact, at-rest pressures were used which is appropriate. 



pp 10 Dynamic earth pressure - the dynamic lateral earth pressures on the tank dome were neglected, 
assuming the "soil is self-supporting for horizontal earth pressure." The height of the dome is about half 
the height of the tank walls. Perhaps these pressures should be investigated. Lateral pressures on the 
dome are likely to induce significant stresses in the tank. However, this condition could be neglected 
if it is assumed that the induced stresses would be confined to the dome area, and hence would not 
affect the containment function. 

Dynamic soil pressure was applied to one half of the tank as an independent loading condition. A 
reduction of the at-rest static pressures on the opposite side of the tank was acknowledged, but not 
considered since amount of reduction is unknown. Perhaps conditions With both static and dynamic 
pressures applied to one side and zero pressure to other side would govern, since the dynamic loading 
could reduce or remove static pressure. (Nice treatment of vertical and radial distribution of dynamic 
earth pressures.) 

pp 12 Dynamic earth pressure - assume ground acceleration of 0.1% (Same as pp 2 comment.) Is this OK? 
Dynamic earth pressures based on at-rest pressures are appropriate. 

Computed earth pressures were compared with those from an alternative method (Richards et al. 1990). 
This method yields dynamic earth pressure coefficients equal to at-rest coefficients (035) provided the 
acceleration ratio, tan 9, is below 0.295, where: 

- ah 

g 

1 - -  a, 
8 

For ah = 0.1% and assuming & = 0.67 ah, tan 9 = 0.13. This would $eld 
PI, = 135 P,,, which compares with PIa = 1.40 PNlk used in analysis. 

Reference: Richards, R., Elms, D.G., and Budhu, M. (1990) "Dynamic 
Fluidization of Soils" Journal of Geotechnical Engineering, ASCE, Vol. 116, 
NO. 5, pp. 740-759. 

pp 17 Static and dynamic fluid pressures based on specific gravity of fluid = 1.25. Is this conservative, or 
representative of actual conditions? Was analysis conducted with no fluid? Do results support use of 
heavy fluid? 

pp 19 Hydrodynamic pressures - assumed hydrodynamic pressures act on tank walls only, neglected pressures 
on floor. Appropriate assumption perhaps, but it should be stated. 

pp 26 Hydrodynamic pressures - Applied pressures for the full tank case appear to be about 15% low, based 
on my understanding of the approach. Attached page shows sum of element stresses*contributory 
element area yields force of about 52 kips, when assumed force is 61 kips. Mistake could be mine, but 
this should be checked. Similar approach was used for loading due to half-full tank. 

Most of these comments pertain to documentation of the calculations and the relevant 
assumptions, and therefore do not impact the calculations. However, the comments related to pages 
10 and 26 should be reviewed. In spite of the comments above, this was a very well prepared series 
of calculations. If you have any questions about my review, please contact me at 974-7715 or 584- 
9296. 

Sincerely, 

Eric C. D r u m ,  P.E., Ph.D. 



SAlC tank analysis, June 2,1994 
Hydro dynamic pressure check 

theatan Area Ele stress Ele Force 

full tank, rigid part 
r 

check 90 

88.27 

81.3 
77.9 
74.4 
70.9 
67.5 

64 
60.6 
57.1 
53.6 
50.2 
46.7 
43.3 
39.8 
36.3 
32.9 
29.4 

26 
22.5 

19 
15.6 
12.1 
8.65 
5.1 9 
1.73 

84.8 

226.50 

226.40 
225.57 
223.89 
221.47 
21 8.1 6 
21 4.03 
209.26 
203.58 
197.33 
1 90.1 7 
182.31 
174.02 
164.84 
155.34 
144.98 
134.09 
123.03 
111.19 
99.29 
86.68 
73.74 
60.91 
47.48 
34.07 
20.49 
6.84 

270.7 61 31 3.55 

10.4 
10.34 
10.1 8 
9.96 
9.66 
9.31 
8.91 
8.42 
7.9 

7.34 
6.77 
6.1 4 
5.52 
4.9 

4.28 
3.65 
3.09 
2.52 

2 
1.52 
1.11 
0.76 
0.46 
0.24 
0.08 
0.01 

2354.53 
2332.37 
2279.24 
2205.82 
21 07.39 
1992.63 
1864.50 
1714.12 
1558.91 
1395.88 
1234.23 
1068.46 
909.92 
761.1 6 
620.54 
.489.43 
380.1 6 
280.20 
198.58 
131.75 
81.85 
46.29 
21.84 
8.1 8 
1.64 
0.07 

total 26039.66 pounds 
for 2 sides of tank x 2 52079.32 

2 0 5 %  compare with 61 300 Ibf 
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Eric C. Drumm, P.E. 
1239 Forest Brook Road 

Rhxville, Tennessee 3791 9 
(615) 584 - 9296 

July21, 1994 

Mr. Mike Kelly 
SAIC 
301 Laboratory Rd. 
Oak Ridge, TN 37830 

RE: Peer review nf the analysis of the underground buried gunite tanks 

Dear Mr. Kelly: 

I have completed a review of the SAIC response to my peer review (comments of letter 
dated June 2, 1994) of the analysis of the u n d e r p u n d  buried gunite tanks. Each of my concerns 
has been adzqiately addressed k thc iCGFczse and revised calculations. 

If there are furrher questions about my rcvlew, please contact me at 974-7715 or 584-9296. 

Sincerely, 

. L- mr- 
Eric C. Drumm, P.E., Ph.D. 
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Computer Code Verification 

In order to confirm that the computer program GTSTRUDL used in this analysis 
produces reliable results, another finite element program SuperSAP was used to 
duplicate the same problem and compare the predicted stresses at critical structural 
locations. The program SuperSAP, maintained and enhanced by Algor, Inc. of 
Pittsburgh, Pennsylvania., is a commercial version of SAP-IV (Structural Analysis 
Program). The following are the eight load cases that were analyzed by GTSTRUDL 
program and reported in the main text. 

Static Load Cases: 

1. DL+HsD+Hsw ............................................ EmptyTank 

2. DL + HSD + Hsw+ Fs .......................................... FullTank 

3. DL + HsD + Hsw + FH ...................................... Half-full Tank 

Dvnamic Load Cases: 

4. DL + HsD + Hsw + E + HD ........................... Empty Tank + Earthquake 

5. DL + HsD + Hsw + E + HD + Fs + FD+ ............. Full Tank (in-phase) + Earthquake 

6. DL + HsD + Hsw + E + HD + Fs + FB ............ Full Tank (out-of-phase) + Earthquake 

7. DL + HsD + Hsw + E + HD + FHs + FHDt ........... Half Tank (in-phase) + Earthquake 

- 8. DL + HsD + Hsw + E + HD + FHs + FHp ........ Half Tank (out-of-phase) + Earthquake 

where: 
DL 
HSD 

Hsw 

HD 
F S  

F H  S 

FDt 
FH D+ 
FD 

E 

FH D 

= tank structural self weight 
= static soil top pressure from earth over dome 
= static soil lateral pressure from earth adjacent to tank wall 
= tank structural force induced by earthquake 
= dynamic soil loading 
= hydrostatic liquid pressure of full tank 
= hydrostatic liquid pressure of half-full tank 
= hydrodynamic liquid pressure of full tank that is in-phase with the earthquake 
= hydrodynamic liquid pressure of half-full tank in-phase with the earthquake 
= hydrodynamic liquid pressure of full tank that is out-of-phase with the 

earthquake 
= hydrodynamic liquid pressure of half-full tank out-of-phase with the 

earthquake 

c-2 



To minimize the duplicated analysis efforts, only six load cases are analyzed using 
the SuperSAP program. The 6 load cases are: 

Static Load Cases: 

1. DL+HsD+Hsw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E m p t y T a n k  

2. DL + HsD + Hsw+ Fs .......................................... FullTank 

3. DL + HsD + Hsw + FHs ...................................... Half-fulliank 

Dvnamic Load Cases: 

4. DL+HsD+Hsw+E+HD.. ......................... EmpiyTank+Earthquake 

5. DL + HsD + Hsw + E + HD + Fs + Fo+ ............. Full Tank (in-phase) + Earthquake 

7. DL+ HsD+ Hsw+ E + HD+ FHs+ FHD+ ........... HalfTank(in-phase)+Earthquake 

The applied loading conditions and the exaggerated deflections for each loading condition 
are presented graphically in the pages that follow (Figures D-1 to D-16). In each of the 
graphic presentations, only one slice-cross-section view of the tank is shown. The uniform 
normal pressure, derived from static soiVfluid pressure to the element surfaces, is scaled 
and represented by an arrow head pointed perpendicular to the element surface. The nodal 
forces, derived from dynamic soiVfluid pressure, are scaled and represented by horizontal 
arrow heads. The deflections are exaggerated to show the direction of deflections. 

Figure D-17 shows the predicted maximum tensile stress Syy distribution along the 
veiical direction at the haunch during load case 1, empty tank during gravity load only. The 
maximum tensile stress occurs on the exterior surface just below the haunch. 

Figure D-18 shows the predicted maximum tensile stress Syy distribution along the 
vertical direction at the haunch during load case 4, empty tank during earthquake load. The 
maximum vertical tensile stress of 549 psi occurs on the exterior surface immediately below 
the haunch. 

Figure D-19 is the comparison of predicted wall lateral (Z-direction) deflections by 
GTSTRUDL and SuperSAP. 

Figure D-20 is the comparison of predicted tank dome (Y-direction) deflections by 
GTSTRUDL and SuperSAP. 

Figure D-21 is the summary of stress predictions by GTSTRUDL and SuperSAP. 
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Comparative results from the two programs are summarized in the following paragraphs. 

Deflections: 

The maximum lateral wall expansion predicted by SuperSAP is 0.024 in. 
GTSTRUDL predicted the maximum displacement is 0.01 9 in. SuperSAP predicted 
the wall will cave in 0.009 in. GTSTRUDL predicted the wall will cave in 0.005 in. 
The point of curvature reversal predicted by both programs are at the same wall 
location. The vertical deflections predicted by both programs are about the same. 
However, the deflected curvature predicted by GTSTRUDL exhibits the 
characteristics of a stiffer structure. 

Principle stress: 

SuperSap program predict higher minimum principal stress (compression) by 50% 
. The maximum principal stress and shear stress are about the same. 

Von Mises Stress: 

SuperSap predicted higher Von Mises stress by 30%. 

Directional Stress: 

SuperSAP predicted overall lower shear stresses (Sxy, Sxz, and Syz) by 40%. and 
lower radial stress (Su) by 50%. The vertical stress Syy are about the same 
between GTSTRUDL and SuperSAP program. 

Location of maximum stresses: 

The general location of maximum stresses predicted by GTSTRUDL and SuperSAP 
are very close when the stresses are similar (e.g. maximum principal stress and 
SW). 

Conclusion 

The most critical stresses used in the analysis are the maximum principal stress and Syy. 
The maximum principal stress was used for screening purpose. The direction stress Syy 
is used for the evaluation of vertical wall strength below the haunch. These stresses are 
almost identical between two programs. It is concluded the results predicted by GTSTRUDL 
is adequate and compatible with the results obtained from the program SuperSAP. 
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Gunite tank, f in i te  clement model firg SttpcrSap 
Load e w e  1, empty tank with gravltp h a d  only 

Figure D-1 . Load case 1, empty tank with gravity load only 
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Gunite tank, ffxxite element mode8 by Snpersap 
Y Load e w e  1, empty tank with gravity load only 

7 X  

Figure D-2. Load case 1, deflection of empty tank with gravity load only 
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Guxlfde tank, firxlte element model by SnperSap 
Load ca8c 2, full tank wjth gravity only 

Figure D-3. Load case 2, full tank with gravity load only 

c-7 

-- I__ 

6 



Gunite! tank, f in i te  element mode1 by StrperSap 
Y Load cam 2, full tank with gravity oniy 

7 X  
. 

Figure D-4. Load case 2, deflection of full tank with gravity load only 
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f;-umftc tank, f inite element model by SttperSap 
Load eaee 3, half tank with gravity only Y 

z 

Figure D-5. Load case 3, half tank with gravity load only 
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&mite tank, f inite  element model by SngerSap 
Load ea8c 3, half tank with gravfty only 

Figure D-6. Load case 3, deflection of half tank with gravity load only 
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Gunite tank, finite element model by SuperSap 
Y Load Cam 4, empty tank with earthquake 

7 X  

Figure D-7. Load case 4, empty tank with earthquake (East) load, 
slice angle = 90 degree from East direction 
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Gunite. tank, f j ~ d t c  element model by StiperSap 
Load c a m  4, empty tank with earthquakc 

.................................... 
.. A%,.*<..A....,...,~ 

................................... 

................................... 
........................... 

Figure D-8. Load case 4, empty tank with earthquake (East) load, 
slice angle = 0 degree from East direction 
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Gunfta?: tank, finite elemeat model by SuperSap 
Y Load ea3e 4, empty tank wlth earthquake 

7 X  

Figure D-9. Load case 4, deflection of empty tank with earthquake (East) load, 
slice angle = 90 degree from East direction 
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Gtxnite tank, finite element model by SttperSap 
Y Load case 4, empty tank with earthquake 

Figure D-10. Load case 4, deflection of empty tank with earthquake (East) load, 
slice angle = 0 degree from East direction 

. . __ . . .  , , . - .  
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7 X  

Figure D-1 1. Load case 6, full tank with earthquake (East) load, 
slice angle = 90 degree from East direction 
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Gunite tank, finite element model by SuperSap 
Load caec 6, full tank with earthquake 

................................. 
........ ,,, .... -.,.--.. 
..................................... 
.................................... 

.......................... 

............... 

..... 

Figure D-12. Load case 6, full tank with earthquake (East) load, 
slice angle = 0 degree from East direction 
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Figure D-13. Load case 6, deflection of full tank with earthquake (East) load, 
slice angle = 0 degree from East direction 
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Gunite tank, finite element model by SaperSap 
Load cast  6, full tank with  earthquake 

,.v> ..... ,.A ...,,*v,,- 

................... 
...................................... 

......................................... 
........................................ 
....................................... 

........................... 

' Figure D-14. Load case 6, deflection of full tank with earthquake (East) load, 
slice angle = 0 degree from East direction 
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Gunite tank, finite clement model by SttperSap 
Load c a m  7, half tank with earthquake 

............ ?q;g,. 

~ . ,  .............. fi>,i. 

.............. :::;> 
........... ::,< 

.-..... &yd 

.A%. ,,,, .*, 

............................................................................... -g :w. .F- 
....... !z;T 4c-- 

*$-kr:x...3 ..... L .... 2 ............... f 

Figure D-15. Load case 7, half .k with earthquake (East) load, 
slice angle = 0 degr, L from East direction 
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G.ran.itte tank, finite element model by supersag 
Y Load case 7, balf tank with earthquake 

............................................. 
............................................................. 

Figure D-16. Load case 7, deflection of half tank with earthquake (East) load, 
slice angle = 0 degree from East direction 
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Figure D-17. Load case 1, stress contour of Syy at the haunch, 
empty tank with gravity load only 
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Tensor 
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Figure D-18. Load case 4, stress contour of Syy at the haunch, 
empty tank with earthquake load 
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Gunite Tank Side Wall Deflections 
Gravity load only 

0 40 80 120 160 
Wall elevation from base of tank, in 

200 

I + predicted by SuperSAP + predicted by GTSTRUDL I 

Figure D-19. Load case 1, tank side-wall deflections, 
predicted by GTSTRUDL and SuperSAP, 

empty tank with gravity load only 
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Gunite Tank dome deflections 
Gravity load only 

0 40 80 120 160 200 240 280 320 
Radius from dome center, in 

+ predicted by SuperSAP --c predicted by SuperSAP 

Figure D-20. Load case 1, tank dome deflection, 
predicted by GTSTRUDL and SuperSAP, 

empty tank with gravity load only 
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Summary of SuperSap's Evaluatlon of Gunite Tank 

star/c+sersmlc load statlc load 
Type of Stress stress node Io c a ti o n loading case stress node location loading case stress 

,- ~- I- -. 
directional Sxx 8128 edge of 30-in. (E) opening, bottom surface 6 542 8128 edge of 30-in. (E) opening, bottom surface 2 488 

tensile Syy 4071 top of wall, exterior surface 4 549 4071 top of wall, exterior surface 1 489 

I shear Sxy 4071 top of wall, exterior surface 4 544 4071 top of wall, exterior surface 1 491 
stresses SXZ 41 top of wall, exterior surface 4 523 41 top of wall, exterior surface 1 488 

and Sn 8592 edge of (F)-opening, top surface 4 833 8592 edge of (F)-opening, top surface 1 781 

Syr 8903 edge of (F)-opening, top surface 8 453 8903 edge of (F)-opening, top surface 3 410 

Principle Prin-max 4071 top of wall, exterior surface 4 689 4071 top of wall, exterior surface 1 621 

Tmax 4071 top of wall, exterior surface 4 467 4071 top of wall, exterior surface 1 420 
Von Mises Stress 4071 top of wall, exterior surface 4 468 4071 top of wall, exterior surface 1 421 

I Stress Prin-min 8595 edge of 30-in. (E) opening, top surface 4 642 8595 edge of 30-in. (E) opening, top surface 1 597 
I 
i 
I 
I 
I 

Type of Stress stress 

Figure D-21. Summary of stress predictions by GTSTRUDL and SuperSAP 

static load statlc+selsmic load 
node location loading case stress node 
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APPENDIX D 
GTSTRUDL Input File 



I 

'TITLE 'X-10 TANK FARM GUNITE TANK ANALYSIS - SAC 1995' 
STRUDL 'GUNITE96.GTS' '3-D MODEL OF X-10 TANK FARM GUNITE TANK, STATIC LOAD' 
$ 
$ INPUT FILE NAME: GUNITE96.GTS 
$ DATE PREPARED: 
$ RUN NUMBER: 01 03/21/95 
$ OVERDOME EARTH PRESSURE IS APPLIED TO THE CORRECT (EXPOSED) FACE 
$ ADD SOIL SPRING FROM SIDE 
$ 
$ R-DIRECTION, HORIZONTAL 
$ THETA-DIRECTION, ANGLE PIVOTED ABOUT Y-AXIS, 0 DEG MEASURED FROM Z-AXIS, 
$ Y-DIRECTION, VERTICAL UP 
$ 
$ X-DIRECTION, WEST 
$ Y-VERTICAL, VERTICAL UP 
$ 2-NORTH 
$ 
UNIT INCH DEGREE POUND 
JOINT COORDINATES CYLINDRICAL 
GENERATE 104 JOINTS CYL ID 1,155 R 204.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 2,155 R 216.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 3,155 R 228.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 4,155 R 240.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 5,155 R 252.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 6,155 R 264.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 7,155 R 276.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 8,155 R 288.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 9,155 R 300.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 10,155 R 306.00 TH 0.0,3.4615 LY -3.0 SUPPORT 
GENERATE 104 JOINTS CYL ID 11,155 R 204.00 TH 0.000,3.4615 LY 0.000 
GENERATE 104 JOINTS CYL ID 12,155 R 216.00 TH 0.000,3.4615 LY 0.000 
GENERATE 104 JOINTS CYL ID 13,155 R 228.00 TH 0.000,3.4615 LY 0.000 
GENERATE 104 JOINTS CYL ID 14,155 R 240.00 TH 0.000,3.4615 LY 0.000 
GENERATE 104 JOINTS CYL ID 15,155 R 252.00 TH 0.000,3.4615 LY 0.000 
GENERATE 104 JOINTS CYL ID 16,155 R 264.00 TH 0.000,3.4615 LY 1.500 
GENERATE I04 JOINTS CYL ID 17,155 R 276.00 TH 0.000,3.4615 LY 3.000 
GENERATE 104 JOINTS CYL ID 18,155 R 288.00 TH 0.000,3.4615 LY 4.500 
GENERATE 104 JOINTS CYL ID 19,155 R 300.00 TH 0.000,3.4615 LY 6.000 
GENERATE 104 JOINTS CYL ID 20,155 R 306.00 TH 0.000,3.4615 LY 6.000 
GENERATE 104 JOINTS CYL ID 21,155 R 300.00 TH 0.000,3.4615 LY 18.500 
GENERATE 104 JOINTS CYL ID 22,155 R 306.00 TH 0.000,3.4615 LY 18.500 
GENERATE 104 JOINTS CYL ID 23,155 R 300.00TH 0.000,3.4615 LY 31.000 

03/24/95 

GENERATE 104 JOINTS CYL ID 24,155 R 306.00 TH 0.000,3.4615 LY 31.000 
GENERATE 104 JOINTS CYL ID 25,155 R 300.00 TH 0.000,3.4615 LY 43.500 
GENERATE 104 JOINTS CYL ID 26,155 R 306.00 TH 0.000,3.4615 LY 43.500 
GENERATE 104 JOINTS CYL ID 27,155 R 300.00 TH 0.000,3.4615 LY 56.000 
GENERATE 104 JOINTS CYL ID 28,155 R 306.00 TH 0.000,3.4615 LY 56.000 
GENERATE 104 JOINTS CYL ID 29,155 R 300.00 TH 0.000,3.4615 LY 65.000 
GENERATE 104 JOINTS CYL ID 30,155 R 306.00 TH 0.000,3.4615 LY 65.000 
GENERATE 104 JOINTS CYL ID 31,155 R 300.00 TH 0.000,3.4615 LY 74.000 
GENERATE 104 JOINTS CYL ID 32,155 R 306.00 TH 0.000,3.4615 t Y  74.000 
GENERATE I04 JOINTS CY L ID 33,155 R 300.00 TH 0.000,3.4615 LY 86.000 
GENERATE 104 JOINTS CYL ID 34,155 R 306.00 TH 0.000,3.4615 LY 86.000 
GENERATE 104 JOINTS CYL ID 35,155 R 300.00 TH 0.000,3.4615 LY 98.000 
GENERATE 104 JOINTS CYL ID 36,155 R 306.00 TH 0.000,3.4615 LY 98.000 
GENERATE 104 JOINTS CYL ID 37,155 R 300.00 TH 0.000,3.4615 LY 110.000 
GENERATE 104 JOINTS CYL ID 38,155 R 306.00 TH 0.000,3.4615 LY 110.000 
GENERATE 104 JOINTS CYL ID 39,155 R 300.00 TH 0.000,3.4615 LY 122.000 
GENERATE 104 JOINTS CYL ID 40,155 R 306.00 TH 0.000,3.4615 LY 122.000 
GENERATE 104 JOINTS CYL ID 41,155 R 306.00 TH 0.000,3.4615 LY 132.000 
GENERATE 104 JOINTS CYL ID 42,155 R 309.00 TH 0.000,3.4615 LY 135.000 
GENERATE 104 JOINTS CYL ID 43,155 R 309.00 TH 0.000,3.4615 LY 147.000 
GENERATE 104 JOINTS CYL ID 44,155 R 309.00 TH 0.000,3.4615 LY 159.000 
GENERATE 104 JOINTS CYL ID 45,155 R 309.00 TH 0.000,3.4615 LY 166.000 
GENERATE 104 JOINTS CYL ID 46,155 R 300.00 TH 0.000,3.4615 LY 135.000 
GENERATE 104 JOINTS CYL ID 47,155 R 299.62 TH 0.000,3.4615 LY 141.036 
GENERATE 104 JOINTS CYL ID 48,155 R 298.84 TH 0.000,3.4615 LY 150.768 
GENERATE 104 JOINTS CYL ID 49,155 R 299.13 TH 0.000,3.4615 LY 160.430 
GENERATE 104 JOINTS CYL ID 50,155 R 299.71 TH 0.000,3.4615 LY 166.929 
GENERATE 104 JOINTS CYL ID 51,155 R 290.00 TH 0.000,3.4615 LY 143.000 
GENERATE 104 JOINTS CYL ID 52,155 R 290.23 TH 0.000,3.4615 LY 148.705 
GENERATE 104 JOINTS CYL ID 53,155 R 289.70 TH 0.000,3.4615 LY 156.110 
GENERATE 104 JOINTS CYL ID 54,155 R 289.27 TH 0.000,3.4615 LY 161.861 
GENERATE 104 JOINTS CYL ID 55,155 R 290.43 TH 0.000,3.4615 LY 167.857 
GENERATE 104 JOINTS CYL ID 56,155 R 280.00 TH 0.000,3.4615 LY 151.000 
GENERATE 104 JOINTS CYL ID 57,155 R 281.77 TH 0.000,3.4615 LY 152.936 
GENERATE 104 JOINTS CYL ID 58,155 R 280.71 TH 0.000,3.4615 LY 158.754 
GENERATE 104 JOINTS CYL ID 59,155 R 279.41 TH 0.000,3.4615 LY 163.291 
GENERATE 104 JOINTS CYL ID 60,155 R 281.14 TH 0.000,3.4615 LY 168.786 
GENERATE 104 JOINTS CYL ID 61,155 R 270.00 TH 0.000,3.4615 LY 159.000 
GENERATE 104 JOINTS CYL ID 62,155 R 269.55 TH 0.000,3.4615 LY 164.722 
GENERATE 104 JOINTS CYL ID 63,155 R 271.86 TH 0.000,3.4615 LY 169.714 
GENERATE 104 JOINTS CYL ID 64,155 R 256.51 TH 0.000,3.4615 LY 165.114 
GENERATE 104 JOINTS CYL ID 65,155 R 258.52 TH 0.000,3.4615 LY 169.692 
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GENERATE 104 JOINTS CYL ID 66,155 R 258.73 TH 0.000,3.4615 LY 170.150 
GENERATE 104 JOINTS CYL ID 67,155 R 260.74 TH 0.000,3.4615 LY 174.727 
GENERATE 104 JOINTS CYL ID 68,155 R 245.48 TH 0.000,3.4615 LY 169.839 
GENERATE 104 JOINTS CYL ID 69,155 R 247.41 TH 0.000,3.4615 LY 174.454 
GENERATE 104 JOINTS CYL ID 70,155 R 247.60 TH 0.000,3.4615 LY 174.915 
GENERATE 104 JOINTS CYL ID 71,155 R 249.53 TH 0.000,3.4615 LY 179.530 
GENERATE 104 JOINTS CYL ID 72,155 R 234.36 TH 0.000,3.4615 LY 174.356 
GENERATE 104 JOINTS CYL ID 73,155 R 236.20 TH 0.000,3.4615 LY 179.005 
GENERATE 104 JOINTS CYL ID 74,155 R 236.39 TH 0.000,3.4615 LY 179.470 
GENERATE 104 JOINTS CYL ID 75,155 R 238.22 TH 0.000,3.4615 LY 184.120 
GENERATE 104 JOINTS CYL ID 76,155 R 223.16 TH 0.000,3.4615 LY 178.662 
GENERATE 104 JOINTS CYL ID 77,155 R 224.91 TH 0.000,3.4615 LY 183.346 
GENERATE 104 JOINTS CYL ID 78,155 R 225.09 TH 0.000,3.4615 LY 183.814 
GENERATE 104 JOINTS CYL ID 79,155 R 226.84 TH 0.000,3.4615 LY 188.498 
GENERATE 104 JOINTS CYL ID 80,155 R 211.88 TH 0.000,3.4615 LY 182.757 
GENERATE 104 JOINTS CYL ID 81,155 R 213.55 TH 0.000,3.4615 LY 187.472 
GENERATE 104 JOINTS CYL ID 82,155 R 213.71 TH 0.000,3.4615 LY 187.944 
GENERATE 104 JOINTS CYL ID 83,155 R 215.37TH 0.000,3.4615 LY 192.660 
GENERATE 104 JOINTS CYL ID 84,155 R 200.53 TH 0.000,3.4615 LY 186.638 
GENERATE 104 JOINTS CYL ID 85,155 R 202.10 TH 0.000,3.4615 LY 191.385 
GENERATE 104 JOINTS CYL ID 86,155 R 202.26 TH 0.000,3.4615 LY 191.859 
GENERATE 104 JOINTS CYL ID 87,155 R 203.83 TH 0.000,3.4615 LY 196.605 
GENERATE 104 JOINTS CYL ID 88,155 R 189.10 TH 0.000,3.4615 LY 190.306 
GENERATE 104 JOINTS CYL ID 89,155 R 190.59 TH 0.000,3.4615 LY 195.081 
GENERATE 104 JOINTS CYL ID 90,155 R 190.74TH 0.000,3.4615 LY 195.558 
GENERATE 104 JOINTS CYL ID 91,155 R 192.22 TH 0.000,3.4615 LY 200.333 
GENERATE 104 JOINTS CYL ID 92,155 R 177.61 TH 0.000,3.4615 LY 193.757 
GENERATE 104 JOINTS CYL ID 93,155 R 179.01 TH 0.000,3.4615 LY 198.559 
GENERATE 104 JOINTS CYL ID 94,155 R 179.14TH 0.000,3.4615 LY 199.039 
GENERATE 104 JOINTS CYL ID 95,155 R 180.54 TH 0.000,3.4615 LY 203.841 
GENERATE 104 JOINTS CYL ID 96,155 R 166.06 TH 0.000,3.4615 LY 196.992 
GENERATE 104 JOINTS CYL ID 97,155 R 167.36 TH 0.000,3.4615 LY 201.819 
GENERATE 104 JOINTS CYL ID 98,155 R 167.49 TH 0.000,3.4615 LY 202.302 
GENERATE 104 JOINTS CYL ID 99,155 R 168.79 TH 0.000,3.4615 LY 207.129 
GENERATE 104 JOINTS CYL ID 100,155 R 154.44 TH 0.000,3.4615 LY 200,009 
GENERATE 104 JOINTS CYL ID 101,155 R 155.65 TH 0.000,3.4615 LY 204.860 
GENERATE 104 JOINTS CYL ID 102,155 R 155.77 TH 0.000,3.4615 LY 205.345 
GENERATE 104 JOINTS CYL ID 103,155 R 156.99 TH 0.000,3.4615 LY 210.196 
GENERATE 104 JOINTS CYL ID 104,155 R 142.77 TH 0.000,3.4615 LY 202.806 
GENERATE 104 JOINTS CYL ID 105,155 R 143.89 TH 0.000,3.4615 LY 207.679 
GENERATE 104 JOINTS CYL ID 106,155 R 144.00 TH 0.000,3.4615 LY 208.166 
GENERATE 104 JOINTS CYL ID 107,155 R 145.12 TH 0.000,3.4615 LY 213.039 

GENERATE 104 JOINTS CYL ID 108,155 R 131.05 TH 0.000,3.4615 LY 205.383 
GENERATE 104 JOINTS CYL ID 109,155 R 132.08TH 0.000,3.4615 LY 210.277 
GENERATE 104 JOINTS CYL ID 110,155 R 132.18TH 0.000,3.4615 LY 210.766 
GENERATE 104 JOINTS CYL ID 111,155 R 133.21 TH 0.000,3.4615 LY 215.659 
GENERATE 104 JOINTS CYL ID 112,155 R 119.29 TH 0.000,3.4615 LY 207.740 
GENERATE 104 JOINTS CYL ID 113,155 R 120.22 TH 0.000,3.4615 LY 212.651 
GENERATE 104 JOINTS CYL ID 114,155 R 120.32 TH 0.000,3.4615 LY 213.142 
GENERATE 104 JOINTS CYL ID 115,155 R 121.25TH 0.000,3.4615 LY 218.054 
GENERATE 104 JOINTS CYL ID 116,155 R 107.48 TH 0.000,3.4615 LY 209.874 
GENERATE 104 JOINTS CYL ID 117,155 R 108.32 TH 0.000,3.4615 LY 214.802 
GENERATE 104 JOINTS CYL ID 118,155 R 108.41 TH 0.000,3.4615 LY 215.295 
GENERATE 104 JOINTS CYL ID 119,155 R 109.25 TH 0.000,3.4615 LY 220.224 
GENERATE 104 JOINTS CYL ID 120,155 R 95.637 TH 0.000,3.4615 LY 21 1.786 
GENERATE 104 JOINTS CYL ID 121,155 R 96.387 TH 0.000,3.4615 LY 216.729 
GENERATE 104 JOINTS CYL ID 122,155 R 96.462 TH 0.000,3.4615 LY 217.223 
GENERATE 104 JOINTS CYL ID 123,155 R 97.212TH 0.000,3.4615 LY 222.167 
GENERATE 104 JOINTS CYL ID 124,155 R 83.756 TH 0.000,3.4615 LY 213.474 
GENERATE 104 JOINTS CYL ID 125,155 R 84.413 TH 0.000,3.4615 LY 218.431 
GENERATE 104 JOINTS CYL ID 126,155 R 84.479 TH 0.000,3.4615 LY 218.926 
GENERATE 104 JOINTS CYL ID 127,155 R 85.136 TH 0.000,3.4615 LY 223.883 
GENERATE 104 JOINTS CYL ID 128,155 R 71.846 TH 0.000,3.4615 LY 214.939 
GENERATE 104 JOINTS CYL ID 129,155 R 72.410 TH 0.000,3.4615 LY 219.907 
GENERATE 104 JOINTS CYL ID 130,155 R 72.466 TH 0.000,3.4615 LY 220.404 
GENERATE 104 JOINTS CYL ID 131,155 R 73.030 TH 0.000,3.4615 LY 225.372 
GENERATE 104 JOINTS CYL ID 132,155 R 59.91 I TH 0.000,3.4615 LY 216.179 
GENERATE 104 JOINTS CYL ID 133,155 R 60.381 TH 0.000,3.4615 LY 221.157 
GENERATE 104 JOINTS CYL ID 134,155 R 60.428 TH 0.000,3.4615 LY 221.654 
GENERATE 104 JOINTS CYL ID 135,155 R 60.898 TH 0.000,3.4615 LY 226.632 
GENERATE 104 JOINTS CYL ID 136,155 R 47.954 TH 0.000,3.4615 LY 217.194 
GENERATE 104 JOINTS CYL ID 137,155 R 48.330 TH 0.000,3.4615 LY 222.180 
GENERATE 104 JOINTS CYL ID 138,155 R 48.368 TH 0.000,3.4615 LY 222.678 
GENERATE 104 JOINTS CYL ID 139,155 R 48.744 TH 0.000,3.4615 LY 227.664 
GENERATE 104 JOINTS CYL ID 140,155 R 35.981 TH 0.000,3.4615 LY 217.984 
GENERATE 104 JOINTS CYL ID 141,155 R 36.263 TH 0.000,3.4615 LY 222.976 
GENERATE 104 JOINTS CYL ID 142,155 R 36.291 TH 0.000,3.4615 LY 223.475 
GENERATE 104 JOINTS CYL ID 143,155 R 36.573 TH 0.000,3.4615 LY 228.467 
GENERATE 104 JOINTS CYL ID 144,155 R 24. TH 0.000,3.4615 LY 218.55 
GENERATE 104 JOINTS CYL ID 145,155 R 24. TH 0.000,3.4615 LY 223.55 
GENERATE 104 JOINTS CYL ID 146,155 R 24. TH 0.000,3.4615 LY 224.05 
GENERATE 104 JOINTS CYL ID 147,155 R 24. TH 0.000,3.4615 LY 229.06 
GENERATE 104 JOINTS CYL ID 148,155 R 18. TH 0.000,3.4615 LY 218.75 
GENERATE 104 JOINTS CYL ID 149,155 R 18. TH 0.000,3.4615 LY 223.75 
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GENERATE IO4 JOINTS CYL ID 150,155 R 18. TH 0.000,3.4615 LY 224.25 
GENERATE 104 JOINTS CYL ID 151,155 R 18. TH 0.000,3.4615 LY 229.25 
GENERATE 104 JOINTS CYL ID 152,155 R 12. TH 0.000,3.4615 LY 219.00 
GENERATE 104 JOINTS CYL ID 153,155 R 12. TH 0.000,3.4615 LY 224.00 
GENERATE 104 JOINTS CYL ID 154,155 R 12. TH 0.000,3.4615 LY 224.50 
GENERATE 104'JOINTS CYL ID 155,155 R 12. TH 0.000,3.4615 LY 229.50 

$ ECHO CONSOLE 'JOINT COORDIANTES FINISHED ......I 

$ MODIFY DOME GEOMETRY TO PUT IN MANHOLES 

DELETIONS 

JOINTS - 
1618 1619 1620 1621 1622 1623 1624 1625 1626 1627 1628 1629 
1773 1774 1775 1776 1777 1778 1779 1780 1781 1782 1783 1784 
1928 1929 1930 1931 I932 1933 1934 1935 1936 1937 1938 1939 
6268 6269 6270 6271 6272 6273 6274 6275 6276 6277 6278 6279 
6423 6424 6425 6426 6427 6428 6429 6430 6431 6432 6433 6434 
6578 6579 6580 6581 6582 6583 6584 6585 6586 6587 6588 6589 
7966 7967 7968 7969 7970 7971 7972 7973 7974 7975 7976 
8121 8122 8123 8124 8125 8126 8127 8128 8129 8130 8131 
8276 8277 8278 8279 8280 8281 8282 8283 8284 8285 8286 
8586 8587 8588 8589 8590 8591 8592 8593 8594 8595 8596 
8741 8742 8743 8744 8745 8746 8747 8748 8749 8750 8751 
8896 8897 8898 8899 8900 8901 8902 8903 8904 8905 8906 
9678 9679 9680 9681 9682 9683 9684 9685 9686 9687 9688 9689 
9833 9834 9835 9836 9837 9838 9839 9840 9841 9842 9843 9844 
9988 9989 9990 9991 9992 9993 9994 9995 9996 9997 9998 9999 
14328 14329 14330 14331 14332 14333 14334 14335 14336 14337 14338 14339 - 
14483 14484 14485 14486 14487 14488 14489 14490 14491 14492 14493 14494- 
14638 14639 14640 14641 14642 14643 14644 14645 14646 14647 14648 14649 

ADDITION 

JOINT COORDINATES CARTESIAN 
1618 148.74 169.839 199.23 
1619 148.74 174.454 199.23 
1620 148.74 174.915 199.23 
1621 148.74 179.530 199.23 
1622 140.69 174.356 194.81 
1623 140.69 179.005 194.81 

1624 140.69 
1625 140.69 
1626 138.13 
1627 138.13 
1628 138.13 
1629 138.13 
1773 157.56 
1774 157.56 
1775 157.56 
1776 157.56 
1777 150.06 
1778 150.06 
1779 150.06 
1780 150.06 
1781 142.56 
1782 142.56 
1783 142.56 
1784 142.56 
1928 161.99 
1929 161.99 
1930 161.99 
1931 161.99 
1932 159.42 
1933 159.42 
1934 159.42 
1935 159.42 
1936 151.38 
1937 151.38 
1938 151.38 
1939 151.38 
6268 161.99 
6269 161.99 
6270 161.99 
6271 161.99 
6272 159.42 
6273 159.42 
6274 159.42 
6275 159.42 
6276 151.38 
6277 151.38 
6278 151.38 
6279 151.38 

179.470 
184.120 
178.662 
183.346 
183.814 
188.498 
169.839 
174.454 
174.91 5 
179.530 
174.356 
179.005 
179.470 
184.120 
178.662 
183.346 
183.814 
188.498 
169.839 
174.454 
174.915 
179.530 
174.356 
179.005 
179.470 
184.120 
178.662 
183.346 
183.81 4 
188.498 
169.839 
174.454 
174.91 5 
179.530 
174.356 
179.005 
179.470 
184.1 20 
178.662 
183.346 
183.814 
188.498 

194.81 
194.81 
185.99 
185.99 
185.99 
185.99 
196.67 
196.67 
196.67 
196.67 
187.3 
187.3 
187.3 
187.3 
177.94 
177.94 
177.94 
177.94 
188.62 
188.62 
188.62 
188.62 
179.8 
179.8 
179.8 
179.8 
175.38 
175.38 
175.38 
175.38 

-1 88.62 
-1 88.62 
-1 88.62 
-1 88.62 
-1 79.80 
-1 79.80 
-1 79.80 
-1 79.80 
-1 75.38 
-1 75.38 
-1 75.38 
-1 75.38 
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6423 157.56 
6424 157.56 
6425 157.56 
6426 157.56 
6427 150.06 
6428 150.06 . 
6429 150.06 
6430 150.06 
6431 142.56 
6432 142.56 
6433 142.56 
6434 142.56 
6578 148.74 
6579 148.74 
6580 148.74 
6581 148.74 
6582 140.69 
6583 140.69 
6584 140.69 
6585 140.69 
6586 138.13 
6587 138.13 
6588 138.13 
6589 138.13 
7966 10.61 
7967 10.61 
7968 10,61 
7969 15.00 
7970 15.00 
7971 15.00 
7972 15.00 
7973 10.61 
7974 10.61 
7975 10.61 
7976 10.61 
8121 .ooo 
8122 ,000 
8123 ,000 
8124 .OOO 
8125 ,000 
8126 .OOO 
8127 .OOO 

169.839 -196.67 
174.454 -196.67 
174.915 -196.67 
179.530 -1 96.67 
174.356 -187.3 
179.005 -187.3 
179.470 -1 87.3 
184.120 -187.3 
178.662 -1 77.94 
183.346 -1 77.94 
183.814 -1 77.94 
188.498 -1 77.94 
169.839 -1 99.23 
174.454 -1 99.23 
174.915 -199.23 
179.530 -1 99.23 
174.356 -194.81 
179.005 -194.81 
179.470 -194.81 
184.120 -194.81 
178.662 -185.99 
183.346 -1 85.99 
183.814 -185.99 
188.498 -185.99 
159.00 -274.61 
162.82 -274.61 
168.34 -274.61 
161.57 -264.00 
167.06 -264.00 
167.61 -264.00 
173.09 -264.00 
166.38 -253.39 
I71 .83 -253.39 
172.37 -253.39 
177.81 -253.39 
154.71 -279.00 
160.82 -279.00 
166.36 -279.00 
161.77 -264.00 
167.26 -264.00 
167.80 -264.00 
173.28 -264.00 

8128 
8129 
8130 
81 31 
8276 
8277 
8278 
8279 
8280 
8281 
8282 
8283 
8284 
8285 
8286 
8586 
8587 
8588 
8589 
8590 
8591 
8592 
8593 
8594 
8595 
8596 
8741 
8742 
8743 
8744 
8745 
8746 
8747 
8748 
8749 
8750 
8751 
8896 
8897 
8898 
8899 
8900 

,000 
.ooo 
.ooo 
.ooo 

-10.61 
-10.61 
-10.61 
-15.00 
-15.00 
-15.00 
-15.00 
-10.61 
-10.61 
-10.61 
-10.61 
-56.21 
-56.21 
-56.21 
-53.54 
-53.54 
-53.54 
-53.54 
-54.3 
-54.3 
-54.3 
-54.3 
-60.74 
-60.74 
-60.74 
-59.39 
-59.39 
-59.39 
-59.39 
-58.04 
-58.04 
-58.04 
-58.04 
-64.48 
-64.48 
-64.48 
-65.23 * 

-65.23 

168.36 -249.00 
173.79 -249.00 
174.33 -249.00 
179.75 -249.00 
156.73 -274.61 
162.82 -274.61 
168.34 -274.61 
161 5 7  -264.00 
167.06 -264.00 
167.61 -264.00 
173.09 -264.00 
166.38 -253.39 
171.83 -253.39 
172.37 -253.39 
177.81 -253.39 
156.730 -262.32 
162.82 -262.32 
168.34 -262.32 
165.114 -258.58 
169.692 -258.58 
170.150 -258.58 
174.727 -258.58 
169.839 -254.05 
174.454 -254.05 
174.91 5 -254.05 
179.530 -254.05 
154.71 -263.08 
160.82 -263.08 
166.36 -263.08 
165.1 14 -257.23 
169.692 -257.23 
170.150 -257.23 
174.727 -257.23 
169.839 -251.39 
174.454 -251.39 
174.91 5 -251.39 
179.530 -251.39 
156.73 -260.41 
162.82 -260.41 
168.34 -260.41 
165.114 -255.88 
169.692 -255.88 
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8901 -65.23 
8902 -65.23 
8903 -62.57 
8904 -62.57 
8905 -62.57 
8906 -62.57 
9678 -148.74 
9679 -148.74 
9680 -148.74 
9681 -148.74 
9682 -140.69 
9683 -140.69 
9684 -140.69 
9685 -140.69 
9686 -138.13 
9687 -138.13 
9688 -138.13 
9689 -138.13 
9833 -157.56 
9834 -157.56 
9835 -157.56 
9836 -157.56 
9837 -150.06 
9838 -150.06 
9839 -150.06 
9840 -150.06 
9841 -142.56 
9842 -142.56 
9843 -142.56 
9844 -142.56 
9988 -161.99 
9989 -161.99 
9990 -161.99 
9991 -161.99 
9992 -159.42 
9993 -159.42 
9994 -159.42 
9995 -159.42 
9996 -151.38 
9997 -151.38 
9998 -151.38 
9999 -151.38 

170.150 
174.727 
169.839 
174.454 
174.915 
179,530 
169.839 
174.454 
174.915 
179.530 
174.356 
179.005 
179.470 
184.120 
178.662 
183.346 
183.814 
188.498 
169.839 
174.454 
174.915 
179.530 
174.356 
179.005 
179.470 
184.120 
178.662 
183.346 
183.814 
188.498 
169.839 
174.454 
174.915 
179.530 
174.356 
179.005 
179.470 
184.120 
178.662 
183.346 
183.814 
188.498 

-255.88 
-255.88 
-252.15 
-252.15 
-252.15 
-252.15 
-1 99.23 
-1 99.23 
-199.23 
-199.23 
-194.81 
-1 94.81 
-1 94.81 
-194.81 
-1 85.99 
-1 85.99 
-1 85.99 
-185.99 
-1 96.67 
-1 96.67 
-1 96.67 
-1 96.67 
-187.30 
-1 87.30 
-1 87.30 
-1 87.30 
-1 77.94 
-1 77.94 
-1 77.94 
-1 77.94 
-1 88.62 
-1 88.62 
-1 88.62 
-1 88.62 
-179.8 
-179.8 
-179.8 
-179.8 
-175.38 
-175.38 
-175.38 
-175.38 

14328 -161.99 169.839 188.62 
14329 -161.99 174.454 188.62 
14330 -161.99 174.915 188.62 
14331 -1 61.99 179.530 188.62 
14332 -159.42 174.356 179.8 
14333. -159.42 179.005 179.8 
14334 -1 59.42 179.470 179.8 
14335 -159.42 184.120 179.8 
14336 -151.38 178.662 175.38 
14337 -151.38 183.346 175.38 
14338 -151.38 183.814 175.38 
14339 -151.38 188.498 175.38 
14483 -157.56 169.839 196.67 
14484 -157.56 174.454 196.67 
14485 -157.56 174.915 196.67 
14486 -157.56 179.530 196.67 
14487 -150.06 174.356 187.3 
14488 -150.06 179.005 187.3 
14489 -150.06 179.470 187.3 
14490 -150.06 184.120 187.3 
I4491 -142.56 178.662 177.94 
14492 -142.56 183.346 177.94 
14493 -142.56 183.814 177.94 
14494 -142.56 188.498 177.94 
14638 -148.74 169.839 199.23 
14639 -148.74 174.454 199.23 
14640 -148.74 174.915 199.23 
14641 -148.74 179.530 199.23 
14642 -140.69 174.356 194.81 
14643 -140.69 179.005 194.81 
14644 -140.69 179,470 194.81 
14645 -140.69 184.120 194.81 
14646 -138.13 178.662 185.99 
14647 -138.13 183.346 185.99 
14648 -138.13 183.814 185.99 
14649 -138.13 188.498 185.99 
$ END OF DOME MODIFICATION 

$ ADD SOIL SPRINGS COORDINATES 
GENERATE 104 JOINTS CYL ID 16121,17 R 316.00 TH 0.000,3.4615 LY -3.000 
GENERATE 104 JOINTS CYL ID 16122,17 R 316.00 TH 0.000,3.4615 LY 6.000 
GENERATE 104 JOINTS CYL ID 16123,17 R 316.00 TH 0.000,3.4615 LY 18.500 
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GENERATE 104 JOINTS CYL ID 16124,17 R 316.00TH 0.000,3.4615 LY 31.000 
GENERATE 104 JOINTS CYL ID 16125,17 R 316.00TH 0.000,3.4615 LY 43.500 
GENERATE IO4 JOINTS CYL ID 16126,17 R 316.00TH 0.000,3.4615 LY 56.000 
GENERATE 104 JOINTS CYL ID 16127,17 R 316.00 TH 0.000,3.4615 LY 65.000 
GENERATE 104 JOINTS CYL ID 16128,17 R 316.00TH 0.000,3.4615 LY 74.000 
GENERATE 104 JOINTS CYL ID 16129,17 R 316.00TH 0.000,3.4615 LY 86.000 
GENERATE 104 JOINTS CYL ID 16130,17 R 316.00TH 0.000,3.4615 LY 98.000 
GENERATE 104 JOINTS CYL ID 16131,17 R 316.00TH 0.000,3.4615 LY 110.000 
GENERATE 104 JOINTS CYL ID 16132,17 R 316.00 TH 0.000,3.4615 LY 122.000 
GENERATE 104 JOINTS CYL ID 16133,17 R 316.00TH 0.000,3.4615 LY 132.000 
GENERATE 104 JOINTS CYL ID 16134,17 R 319.00TH 0.000,3.4615 LY 135.000 
GENERATE 104 JOINTS CYL ID 16135,17 R 319.00 TH 0.000,3.4615 LY 147.000 
GENERATE 104 JOINTS CYL ID 16136,17 R 319.00 TH 0.000,3.4615 LY 159.000 
GENERATE 104 JOINTS CYL ID 16137,17 R 319.00TH 0.000,3.4615 LY 166.000 
$ END OF SOIL SPRINGS 

STATUS SUPPORT 16121 TO 17888 

TYPE TRIDIMENSIONAL 
ELEMENT INCIDENCE 

GEN 103 ELE ID 1 INC 81 F I 1  INC 155 T I T 2 T 12 T 166 T 156 T 157 T I67 
GEN 103 ELE ID 2 INC 81 F 12 INC 155 T 2 T 3 T 13 T 167 T 157 T 158 T 168 
GEN 103 ELE ID3 INC81 F 13 INC 1 5 5 T 3 T 4 T  14T 168T 158T 159T 169 
GEN 103 ELE ID4 INC 81 F 14 INC 1 5 5 T 4 T 5 T  15T 169T 159T 160T 170 
GEN 103 ELE ID5 INC 81 F 15 INC 155T5T6  T 16 T 170T 160T 161 T 171 
GEN 103 ELE ID6INC81 F 16 INC 1 5 5 T 6 T 7 T  17T 171 T 161 T 162T 172 
GEN 103 ELE ID 7 INC 81 F I 7  INC 155 T 7 T 8 T 18 T 172 T 162 T 163 T 173 
GEN 103 ELE ID8 INC81 F 18 INC 1 5 5 T 8 T 9 T  19T 173T 163T 164T 174 
GEN 103 ELE ID 9 INC 81 F 9 INC 155 T 10 T 20 T 19 T 164 T 165 T 175 T 174 
GEN 103 ELE ID 10 INC 81 F 19 INC 155 T 20 T 22 T 21 T 174 T 175 T I77 T 176 
GEN 103 ELE ID I 1  INC 81 F 21 INC 155 T 22 T 24 T 23 T 176 T 177 T 179 T 178 
GEN 103 ELE ID 12 INC81 F23 INC 155T24T26 T25T  178T 179T 181 T 180 
GEN 103 ELE ID 13 INC81 F25 INC 155T26T28 T27T  180T 181 T 183T 182 
GEN 103 ELE ID 14 INC 81 F 27 INC I55 T 28 T 30 T29 T 182 T I83 T 185 T 184 
GEN 103 ELE ID 15 INC 81 F 29 INC 155 T 30 T 32 T 31 T 184 T 185 T 187 T 186 
GEN 103 ELE ID 16 INC 81 F31 INC l 5 5 T  32T34 T33T  186T 187T 189T 188 
GEN 103 ELE ID 17 INC 81 F 33 INC 155 T 34 T 36 T 35 T 188 T 189 T 191 T 190 
GEN 103 ELE ID 18 INC81 F35 INC 155 T36T38 T37T  l9OT 191 T 193T 192 
GEN103ELEID 19INC81 F37INC 155T38T40T39T192T193Tl95T194 
GEN 103 ELE ID 20 INC 81 F 39 INC 155 T 40 T41 T 46 T 194 T 195 T 196 T 201 
GEN 103 ELE ID 21 INC 81 F 41 INC 155 T 42 T47 T46 T 196 T 197 T 202 T 201 

GEN 103 ELE ID 22 INC 81 F 47 INC 155 T 42 T43  T48 T 202 T 197T 198 T 203 
GEN 103 ELE ID 23 INC 81 F 48 INC 155 T 43 T 4 4  T49 T203 T 198 T 199 T 204 
GEN 103 ELE ID 24 INC 81 F49 INC 155T 44T45 T50T204 T 199T200T 205 
GEN 103 ELE ID 25 INC 81 F 46 INC 155 T 47 T 5 2  T 51 T201 T202 T207 T206 
GEN 103 ELE ID 26 INC 81 F 52 INC 155 T 47 T 48 T 53 T 207 T 202 T 203 T 208 
GEN 103 ELE ID 27 INC 81 F 53 INC 155 T 48 T 49 T 54 T 208 T 203 T 204 T 209 
GEN 103 ELE ID 28 INC 81 F 54 INC 155 T 49 T 50 T 55 T 209 T 204T 205 T 210 
GEN103ELEID29INC81 F51 INC155T52T57T56T206T207T212T211 
GEN 103 ELE ID 30 INC 81 F 57 INC 155 T 52 T 53 T 58 T212 T 207 T 208 T 213 
GEN 103 ELE ID 31 INC 81 F 58 INC 155 T 53 T 54 T 59 T 213 T 208 T 209 T 214 
GEN 103 ELE ID 32 INC 81 F 59 INC 155 T 54 T 55 T 60 T214 T209 T 210 T 215 
GEN103ELEID33INC81 F56INC155T57T58T61 T211 T212T213T216 
GEN 103 ELE ID 34 INC 81 F 61 INC 155 T 58 T 59 T 62 T216 T 213 T214 T 217 
GEN 103 ELE ID 35 INC 81 F 62 INC 155 T 59 T 60 T63 T217T214 T215 T 218 
GEN 103 ELE ID 36 INC 81 F 61 INC 155 T 62 T 65 T64T216 T217 T 220 T 219 
GEN 103 ELE ID 37 INC 81 F 64 INC 155 T 65 T 69 T 68 T 219 T 220 T 224 T 223 
GEN 103 ELE ID 38 INC 81 F 68 INC 155 T 69 T73 T72  T223 T224 T228 T 227 
GEN 103 ELE ID 39 INC 81 F 76 INC 155 T 72 T 73 T 77 T 231 T 227 T 228 T 232 
GEN 103 ELE ID 40 INC 81 F 80 INC 155 T 76 T 77 T 81 T235 T 231 T 232 T 236 
GEN 103 ELE ID 41 INC 81 F 84 INC 155 T 80 T 81 T 85 T 239 T 235 T 236 T 240 
GEN 103 ELE ID 42 INC 81 F 88 INC 155 T 84 T 85 T 89 T243 T 239 T240 T244 
GEN 103 ELE ID 43 INC 81 F 92 INC 155 T 88 T 89 T 93 T247 T243 T244T248 
GEN 103 ELE ID 44 INC 81 F 96 INC 155 T 92 T 93 T 97 T 251 T247 T 248 T 252 
GEN 103 ELE ID 45 INC 81 F 100 INC 155 T 96 T 97 T 101 T 255 T 251 T 252 T 256 
GEN 103 ELE ID 46 INC 81 F 104 INC 155 T 100 T 101 T 105 T 259 T 255 T 256 T 260 
GEN 103 ELE ID 47 INC 81 F 108 INC 155 T 104 T 105 T 109 T 263 T 259 T 260 T 264 
GEN 103 ELE ID 48 INC 81 F 112 INC 155 T 108 T 109 T I13 T 267 T 263 T 264 T 268 
GEN 103 ELE ID 49 INC 81 F 116 INC 155 T 112 T I13 T I17 T 271 T 267 T 268 T 272 
GEN 103ELEID50INC81 F120INC155T116T117T121 T275T271 T272T276 
GEN 103ELEID51 INC81 F124INC155T120T121 T125T279T275T276T280 
GEN 103 ELE ID 52 INC 81 F 128 INC 155 T 124 T 125 T 129 T283 T279 T 280 T284 
GEN 103 ELE ID 53 INC 81 F 132 INC 155 T 128 T 129 T 133 T 287 T 283 T 284 T 288 
GEN 103 ELE ID 54 INC 81 F 136 INC 155 T 132 T 133 T 137 T291 T 287 T 288 T 292 
GEN 103 ELE ID 55 INC 81 F 140 INC 155 T 136 T 137 T 141 T 295 T 291 T 292 T 296 
GEN 103 ELE ID 56 INC 81 F 144 INC 155 T 140 T 141 T 145 T299 T 295 T 296 T 300 
GEN 103 ELE ID 57 INC 81 F 148 INC 155 T 144 T 145 T 149 T 303 T 299 T 300 T 304 
GEN 103 ELE ID 58 INC 81 F 152 INC I55  T 148 T 149 T 153 T 307 T 303 T 304 T 308 
GEN 103 ELE ID 59 INC 81 F 62 INC 155 T 63 T 67 T 66 T 217 T 218 T222 T 221 
GEN 103 ELE ID 60 INC 81 F 66 INC 155 T 67 T 71 T70 T221 T222 T 226 T 225 
GEN 103 ELE ID 61 INC 81 F 70 INC 155 T 71 T 75 T 74 T 225 T 226 T 230 T 229 
GEN 103ELE tD62INC81 F78INC 155T74T75T79T233T229T230T234 
GEN 103 ELE ID 63 INC 81 F 82 INC 155 T 78 T 79 T 83 T 237 T 233 T 234 T 238 
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GEN 103 ELE ID 64 INC 81 F 86 INC 155 T 82 T 83 T 87 T 241 T 237 T 238 T 242 
GEN 103 ELE ID 65 INC 81 F 90 INC 155 T 86 T 87 T 91 T245 T241 T242 T 246 
GEN 103 ELE ID 66 INC 81 F 94 INC 155 T90 T91 T95T249 T245 T246T250 

. GEN 103 ELE ID 67 INC81 F 98 INC 155 T 94T95 T99 T253 T249T250T254 
GEN 103 ELE ID 68 INC 81 F 102 INC 155 T 98 T 99 T 103 T 257 T 253 T 254 T 258 
GEN103ELEID69INC81 F106INC155T102T103T107T261 T257T258T262 
GEN 103 ELE ID 70 INC 81 F 110 INC 155 T 106 T 107 T 111 T265 T 261 T 262 T266 
GEN 103 ELE ID 71 INC 81 F I14 INC 155 T 110 T Ill T I15 T269T 265 T266 T270 
GEN 103 ELE ID 72 INC 81 F 118 INC 155 T 114T l 1 5 T  119 T273 T269T270T274 
GEN 103 ELE ID 73 INC 81 F 122 INC l 5 5 T  l l 8 T  119T 123T277T273T274T278 
GEN 103 ELE ID 74 INC 81 F 126 INC 155 T 122 T 123 T 127 T 281 T 277 T 278 T 282 
GEN 103 ELE ID 75 INC 81 F 130 INC 155 T 126T 127T 131 T285T281 T282T286 
GEN 103 ELE ID 76 INC 81 F 134 INC 155 T 130 T 131 T 135 T 289 T 285 T 286 T 290 
GEN 103 ELE ID 77 INC 81 F 138 INC 155 T 134 T 135 T 139 T 293 T 289 T 290 T 294 
GEN 103ELEID78INC81 F 1421NC 155T138T139T143T297T293T294T298 
GEN 103 ELE ID 79 INC 81 F 146 INC 155 T 142 T 143 T 147 T 301 T 297 T 298 T 302 
GEN 103ELEID80INC81 F 150INC155T146T147T151 T305T301 T302T306 
GEN 103 ELE ID 81 INC 81 F 154 INC 155 T 150 T 151 T 155 T 309 T 305 T 306 T 310 

$ CONNECT ELEMENTS BEWTEEN FIRST AND LAST SLICES PLAN 
ELEMENT INCIDENCE 
8344 15976 15966 15967 15977 I 1  1 2 12 
8345 15977 15967 15968 15978 12 2 3 13 
8346 15978 15968 15969 15979 13 3 4 14 
8347 15979 15969 15970 15980 14 4 5 15 
8348 15980 15970 15971 15981 15 5 6 16 
8349 15981 15971 15972 15982 16 6 7 17 
8350 15982 15972 15973 15983 17 7 8 18 
8351 15983 15973 15974 15984 18 8 9 19 
8352 15974 15975 15985 15984 9 10 20 19 
8353 15984 15985 15987 15986 19 20 22 21 
8354 15986 15987 15989 15988 21 22 24 23 
8355 15988 15989 15991 15990 23 24 26 25 
8356 15990 15991 15993 15992 25 26 28 27 
8357 15992 15993 15995 15994 27 28 30 29 

8359 15996 15997 15999 15998 31 32 34 33 
8360 15998 15999 16001 16000 33 34 36 35 
8361 16000 16001 16003 16002 35 36 38 37 
8362 16002 16003 16005 16004 37 38 40 39 
8363 16004 16005 16006 16011 39 40 41 46 
8364 16006 16007 16012 16011 41 42 47 46 

* 8358 15994 15995 15997 15996 29 30 32 31 

8365 16012 16007 16008 16013 47 42 43 48 
8366 16013 16008 16009 16014 48 43 44 49 
8367 16014 16009 16010 16015 49 44 45 50 
8368 16011 16012 16017 16016 46 47 52 51 
8369 16017 16012 16013 16018 52 47 48 53 
8370 16018 16013 16014 16019 53 48 49 54 
8371 16019 16014 16015 16020 54 49 50 55 
8372 16016 16017 16022 16021 51 52 57 56 
8373 16022 16017 16018 16023 57 52 53 58 
8374 16023 16018 16019 16024 58 53 54 59 
8375 16024 16019 16020 16025 59 54 55 60 
8376 16021 16022 16023 16026 56 57 58 61 
8377 16026 16023 16024 16027 61 58 59 62 
8378 16027 16024 16025 16028 62 59 60 63 
8379 16026 16027 16030 16029 61 62 65 64 
8380 16029 16030 16034 16033 64 65 69 68 
8381 16033 16034 16038 16037 68 69 73 72 
8382 16041 16037 16038 16042 76 72 73 77 
8383 16045 16041 16042 16046 80 76 77 81 
8384 16049 16045 16046 16050 84 80 81 85 
8385 16053 16049 16050 16054 88 84 85 89 
8386 16057 16053 16054 16058 92 88 89 93 
8387 16061 16057 16058 16062 96 92 93 97 
8388 16065 16061 16062 16066 100 96 97 101 
8389 16069 16065 16066 16070 104 100 101 105 
8390 16073 16069 16070 16074 108 104 105 109 
8391 16077 16073 16074 16078 112 108 109 113 
8392 16081 16077 16078 16082 116 112 113 117 
8393 16085 16081 16082 16086 120 116 117 121 
8394 16089 16085 16086 16090 124 120 121 125 
8395 16093 16089 16090 16094 128 124 125 129 
8396 16097 16093 16094 16098 132 128 129 133 
8397 16101 16097 16098 16102 136 132 133 137 
8398 16105 16101 16102 16106 140 136 137 141 
8399 16109 16105 16106 16110 144 140 141 145 
8400 16113 16109 16110 16114 148 144 145 149 
8401 16117 16113 16114 16118 152 148 149 153 
8402 16027 16028 16032 16031 62 63 67 66 
8403 16031 16032 16036 16035 66 67 71 70 
8404 16035 16036 16040 16039 70 71 75 74 
8405 16043 ,16039 16040 16044 78 74 75 79 
8406 16047 16043 16044 16048 82 78 79 83 
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8407 16051 16047 16048 16052 86 82 83 87 
8408 16055 16051 16052 16056 90 86 87 91 
8409 16059 16055 16056 16060 94 90 91 95 
8410 16063 16059 16060 16064 98 94 95 99 
8411 16067 16063 16064 16068 102 98 99 103 
8412 16071 16067 16068 16072 106 102 103 107 
8413 16075 16071 16072 16076 110 106 107 111 
8414 16079 16075 16076 16080 114 110 111 115 
8415 16083 16079 16080 16084 118 114 115 119 
8416 16087 16083 16084 16088 122 118 119 123 
8417 16091 16087 16088 16092 126 122 123 127 
8418 16095 16091 16092 16096 130 126 127 131 
8419 16099 16095 16096 16100 134 130 131 135 
8420 16103 16099 16100 16104 138 134 135 139 
8421 16107 16103 16104 16108 142 138 139 143 
8422 16111 16107 16108 16112 146 142 143 147 
8423 16115 16111 16112 16116 150 146 147 151 
8424 16119 16115 16116 16120 154 150 151 155 

TYPE SPACE TRUSS 
MEMBER INCIDENCE 
GEN 104 MEM ID 10001 INC 23 F 65 INC 155 T 66 
GEN 104 MEM ID 10002 INC 23 F 69 INC 155 T 70 
GEN 104 MEM ID 10003 INC 23 F 73 INC 155 T 74 
GEN 104 MEM ID 10004 INC 23 F 77 INC 155 T 78 
GEN 104 MEM ID 10005 INC 23 F 81 INC 155 T 82 
GEN 104 MEM ID 10006 INC 23 F 85 INC 155 T 86 
GEN 104 MEM ID 10007 INC 23 F 89 INC 155 T 90 
GEN 104 MEM ID I0008 INC 23 F 93 INC 155 T 94 
GEN 104 MEM ID 10009 INC 23 F 97 INC 155 T 98 
GEN 104 MEM ID 10010 INC 23 F 101 INC 155 T 102 
GEN 104MEM ID 10011 INC 23 F 105 INC 155T 106 
GEN 104 MEM ID 10012 INC 23 F 109 INC 155 T 110 
GEN104MEMID 100131NC23F 113INC155T114 
GEN104MEMID 100141NC23F 117INC155T118 
GEN 104 MEM ID 10015 INC 23 F 121 INC 155 T 122 
GEN 104 MEM ID 10016 INC 23 F 125 INC 155 T 126 
GEN 104 MEM ID 10017 INC 23 F 129 INC 155 T 130 
GEN 104 MEM ID 10018 INC 23 F 133 INC 155 T 134 
GEN 104 MEM ID 10019 INC 23 F 137 INC 155 T 138 
GEN 104 MEM ID 10020 INC 23 F 141 INC 155 T 142 
GEN 104 MEM ID 10021 INC 23 F 145 INC 155 T 146 

GEN 104 MEM ID 10022 INC 23 F 149 INC 155T 150 
GEN 104 MEM ID 10023 INC 23 F 153 INC 155 T 154 

$ ADD SOIL SPRINGS 
TYPE SPACE TRUSS 
MEMBER INCIDENCE 
GEN 104 MEM ID 20001 INC 17 F 10 INC 155 T 16121 INC 17 
GEN 104 MEM ID 20002 INC 17 F20 INC 155 T 16122 INC 17 
GEN 104 MEM ID 20003 INC 17 F22 INC 155 T 16123 INC 17 
GEN 104 MEM ID 20004 INC 17 F24 INC 155 T 16124 INC 17 
GEN 104 MEM ID 20005 INC 17 F26 INC 155T 16125 INC 17 
GEN 104 MEM ID 20006 INC 17 F 28 INC 155 T 16126 INC 17 
GEN 104 MEM ID 20007 INC 17 F 30 INC 155 T 16127 INC 17 
GEN 104 MEM ID 20008 INC 17 F32 INC 155 T 16128 INC 17 
GEN 104 MEM ID 20009 INC 17 F34 INC 155 T 16129 INC 17 
GEN 104 MEM ID 20010 INC 17 F 36 INC I55 T 16130 INC 17 
GEN 104MEM ID 20011 INC 17 F38 INC 155T 16131 INC 17 
GEN 104 MEM ID 20012 INC 17 F40 INC 155T 16132 INC 17 
GEN 104 MEM ID 20013 INC 17 F41 INC 155 T 16133 INC 17 
GEN 104 MEM ID 20014 INC 17 F42 INC 155 T 16134 INC 17 
GEN 104 MEM ID 20015 INC 17 F 43 INC 155 T 16135 INC 17 
GEN 104 MEM ID 20016 INC 17 F44 INC 155 T 16136 INC 17 
GEN104MEM ID 20017INC17F45 INC155T16137INC17 
$ END OF SOIL SPRINGS 

MEMBER PROPERTY 

10001 TO 12392 AX 10 

20001 TO 21752 BY 17 AX 18.90 
20002 TO 21753BY 17 AX 45.15 
20003 TO 21754BY 17 AX 52.50 
20004 TO 21755 BY 17 AX 52.50 
20005 TO 21756 BY 17 AX 52.50 
20006 TO 21757BY 17 AX 45.15 
20007 TO 21758 BY 17 AX 37.80 
20008 TO 21759BY 17 AX 44.10 
20009 TO 21760 BY 17 AX 50.40 
20010 TO 21761 BY 17 AX 50.40 
2001 1 TO 21762 BY 17 AX 50.40 
20012 TO 21763BY 17 AX 46.20 
20013 TO 21764BY 17 AX 27.30 
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20014 TO 21765BY 17 AX 31.50 
20015 TO 21766BY 17 AX 50.40 
20016 TO 21767BY 17 AX 39.90 
20017 TO 21768BY 17 AX 14.70 

$ END OF SOIL SPRING AREA SPECIFICATION 
$ 
OUTPUT DECIMAL 3 
$ 
OUTPUT ORDERED 

INACTIVE JOINTS - 
1777 TO 1780 6427 TO 6430 8124 TO 8127 8744 TO 8747 9837 TO 9840 14487 TO 14490 

$ REMOVE HOLES 

INACTIVE ELEMENTS - 
848 849 871 872 929 930 952 953 3278 3279 3301 3302 3359 3360 3382 3383 4167 
4168 4190 4191 4248 4249 4271 4272 4491 4492 4514 4515 4572 4573 4595 4596 5060 - 
5061 5083 5084 5141 5142 5164 5165 7490 7491 7513 7514 7571 7572 7594 7595 

- 

$ REMOVE TRUSSES 
INACTIVE MEMBERS 10256 10946 11452 12142 11197 11289 
UNITS KIPS INCH 
ELEMENT PROPERTY 

DISPLACEMENTS 
$ 
$ GUNITE PROPERTY 
CONSTANT E 4030. MEMBER I TO 8424 
CONSTANT G 1722. MEMBER 1 TO 8424 
CONSTANT DENSITY 0.0000868 I TO 8424 
$ 
$ RlDGlD LINKS BETWEEN DOME LAYERS 
CONSTANT E 3000. MEMBER 10001 TO 12392 
CONSTANT DENSITY 0.0000001 10001 TO 12392 

1 TO 8424 TYPE 'IPSL' WITH INTEGRATION ORDER 4 $ FOR CONSTANT 

$ SOIL SPRINGS 
CONSTANT E I .OOO MEMBER 20001 TO 21768 
CONSTANT DENSITY 0.0000001 20001 TO 21768 

$ PLOT DEVICE PLOTTER NEUTRAL 
$ PLOT PLANE XZ PROJECTION 
$ 
$MEMBER SELF WEIGHT LOAD CASE. INCLUDES ONLY GUNITE TANK 
$ 
$ BEGIN DEAD LOAD ON DOME 
LOADING 'DEADLOAD' 'VERTICAL GRAVITY LOAD' 
UNITS INCH LBS 
ELEMENT LOADS 

1 THROUGH 8424 BODY FORCES GLOBAL UNIFORM BY -0.0868 
$ 
LOADING 'EQ-TANK' 'HORIZONTAL ACCELERATION OF TANK MASS' 
UNITS INCH LBS 
ELEMENT LOADS 
$0.14 G TIME DENSITY OF 150 #/CU.FT. 

1 THROUGH 8424 BODY FORCES GLOBAL UNIFORM BX 0.0122 

$ 
LOADING 'OVERDOME' 'WEIGHT OF OVERBEARING SOIL ON DOME' 
UNITS INCH LBS 
ELEMENT LOADS 
$ FACE 4 = NODE 2,3,6,7 
$ FACE 5 = NODE 3,7,8,4 
24 THROUGH 8367 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
28 THROUGH 8371 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
32 THROUGH 8375 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
35 THROUGH 8378 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
59 THROUGH 8402 BY 81 SURFACE FACE 4 GLOBAL UNIFORM PY -4.58 
60 THROUGH 8403 BY 81 SURFACE FACE 4 GLOBAL UNIFORM PY -4.58 
61 THROUGH 8404 BY 81 SURFACE FACE 4 GLOBAL UNIFORM PY -4.58 
62 THROUGH 8405 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
63 THROUGH 8406 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
64 THROUGH 8407 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
65 THROUGH 8408 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
66 THROUGH 8409 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
67 THROUGH 8410 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
68 THROUGH 841 1 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
69 THROUGH 8412 BY 81 SVRFACE FACE 5 GLOBAL UNIFORM PY -4.58 
70 THROUGH 8413 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
71 THROUGH 8414 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
72 THROUGH 8415 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
73 THROUGH 8416 BY 81 SURFACE FACE 5 GLOBAL UNIFORM PY -4.58 
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183 
184 
185 
186 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 

I 262 
263 
264 
265 

I 266 
267 
333 
334 
335 
336 
337 

I 338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
414 
415 
416 
417 
418 
41 9 

I 

1 

I 

I 

SURFACE FACE 3 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 3 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 3 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.312 
-0.241 
-0.125 
-0.034 
-0.01 6 
-0.066 
-0.133 
-0.200 
-0.268 
-0.326 
-0.374 
-0.446 
-0.446 
-0.446 
-0.446 
-0.446 
-0.436 
-0.336 
-0.175 
-0.047 
-0.021 
-0.084 
-0.170 
-0.256 
-0.342 
-0.416 
-0.479 
-0.571 
-0.571 
-0.571 
-0.571 
-0.571 
-0.557 
-0.430 
-0.224 
-0.060 
-0.025 
-0.102 
-0.207 
-0.312 
-0.41 6 
-0.506 

420 SURFACE FACE 4 GLOBAL UNIFORM PX 
421 SURFACE FACE 4 GLOBAL UNIFORM PX 
422 SURFACE FACE 4 GLOBAL UNIFORM PX 
423 SURFACE FACE 4 GLOBAL UNIFORM PX 
424 SURFACE FACE 4 GLOBAL UNIFORM PX 
425 SURFACE FACE 4 GLOBAL UNIFORM PX 
426 SURFACE FACE 3 GLOBAL UNIFORM PX 
427 SURFACE FACE 4 GLOBAL UNIFORM PX 
428 SURFACE FACE 4 GLOBAL UNIFORM PX 
429 SURFACE FACE 4 GLOBAL UNIFORM PX 
495 SURFACE FACE 4 GLOBAL UNIFORM PX 
496 SURFACE FACE 4 GLOBAL UNIFORM PX 
497 SURFACE FACE 4 GLOBAL UNIFORM PX 
498 SURFACE FACE 4 GLOBAL UNIFORM PX 
499 SURFACE FACE 4 GLOBAL UNIFORM PX 
500 SURFACE FACE 4 GLOBAL UNIFORM PX 
501 SURFACE FACE 4 GLOBAL UNIFORM PX 
502 SURFACE FACE 4 GLOBAL UNIFORM PX 
503 SURFACE FACE 4 GLOBAL UNIFORM PX 
504 SURFACE FACE 4 GLOBAL UNIFORM PX 
505 SURFACE FACE 4 GLOBAL UNIFORM PX 
506 SURFACE FACE 4 GLOBAL UNIFORM PX 
507 SURFACE FACE 3 GLOBAL UNIFORM PX 
508 SURFACE FACE 4 GLOBAL UNIFORM PX 
509 SURFACE FACE 4 GLOBAL UNIFORM PX 
510 SURFACE FACE 4 GLOBAL UNIFORM PX 
576 SURFACE FACE 4 GLOBAL UNIFORM PX 
577 SURFACE FACE 4 GLOBAL UNIFORM PX 
578 SURFACE FACE 4 GLOBAL UNIFORM PX 
579 SURFACE FACE 4 GLOBAL UNIFORM PX 
580 SURFACE FACE 4 GLOBAL UNIFORM PX 
581 SURFACE FACE 4 GLOBAL UNIFORM PX 
582 SURFACE FACE 4 GLOBAL UNIFORM PX 
583 SURFACE FACE 4 GLOBAL UNIFORM PX 
584 SURFACE FACE 4 GLOBAL UNIFORM PX 
585 SURFACE FACE 4 GLOBAL UNIFORM PX 
586 SURFACE FACE 4 GLOBAL UNIFORM PX 
587 SURFACE FACE 4 GLOBAL UNIFORM PX 
588 SURFACE FACE 3 GLOBAL UNIFORM PX 
589 SURFACE FACE 4 GLOBAL UNIFORM PX 
590 SURFACE FACE 4 GLOBAL UNIFORM PX 
591 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.581 
-0.694 
-0.694 
-0.694 
-0.694 
-0.694 
-0.677 
-0.522 
-0.272 
-0.073 
-0.029 
-0.120 
-0.243 
-0.365 
-0.488 
-0.594 
-0.682 
-0.814 
-0.814 
-0.814 
-0.814 
-0.814 
-0.794 
-0.613 
-0.31 9 
-0.086 
-0.034 
-0.137 
-0.278 
-0.418 
-0.558 
-0.679 
-0.780 
-0.931 
-0.931 
-0.931 
-0.931 
-0.931 
-0.908 
-0.701 
-0.365 
-0.098 
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I 

657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 

SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 3 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 3 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 
SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.038 
-0.154 
-0.31 1 
-0.469 
-0.626 
-0.762 
-0.875 
-1.045 
-1.045 
-1.045 
-1.045 
-1.045 
-1.019 
-0.787 
-0.409 
-0.1 11 
-0.042 
-0.170 
-0.344 
-0.519 
-0.692 
-0.842 
-0.968 
-1.155 
-1.155 
-1.155 
-1.155 
-1.155 
-1.127 
-0.869 
-0.452 
-0.122 
-0.046 
-0.186 
-0.376 
-0.566 
-0.756 
-0.919 
-1.056 
-1.261 
-1.261 
-1.261 

829 SURFACE FACE 4 GLOBAL UNIFORM PX 
830 SURFACE FACE 4 GLOBAL UNIFORM PX 
831 SURFACE FACE 3 GLOBAL UNIFORM PX 
832 SURFACE FACE 4 GLOBAL UNIFORM PX 
833 SURFACE FACE 4 GLOBAL UNIFORM PX 
834 SURFACE FACE 4 GLOBAL UNIFORM PX 
900 SURFACE FACE 4 GLOBAL UNIFORM PX 
901 SURFACE FACE 4 GLOBAL UNIFORM PX 
902 SURFACE FACE 4 GLOBAL UNIFORM PX 
903 SURFACE FACE 4 GLOBAL UNIFORM PX 
904 SURFACE FACE 4 GLOBAL UNIFORM PX 
905 SURFACE FACE 4 GLOBAL UNIFORM PX 
906 SURFACE FACE 4 GLOBAL UNIFORM PX 
907 SURFACE FACE 4 GLOBAL UNIFORM PX 
908 SURFACE FACE 4 GLOBAL UNIFORM PX 
909 SURFACE FACE 4 GLOBAL UNIFORM PX 
910 SURFACE FACE 4 GLOBAL UNIFORM PX 
91 1 SURFACE FACE 4 GLOBAL UNIFORM PX 
912 SURFACE FACE 3 GLOBAL UNIFORM PX 
913 SURFACE FACE 4 GLOBAL UNIFORM PX 
914 SURFACE FACE 4 GLOBAL UNIFORM PX 
915 SURFACE FACE 4 GLOBAL UNIFORM PX 
981 SURFACE FACE 4 GLOBAL UNIFORM PX 
982 SURFACE FACE 4 GLOBAL UNIFORM PX 
983 SURFACE FACE 4 GLOBAL UNIFORM PX 
984 SURFACE FACE 4 GLOBAL UNIFORM PX 
985 SURFACE FACE 4 GLOBAL UNIFORM PX 
986 SURFACE FACE 4 GLOBAL UNIFORM PX 
987 SURFACE FACE 4 GLOBAL UNIFORM PX 
988 SURFACE FACE 4 GLOBAL UNIFORM PX 
989 SURFACE FACE 4 GLOBAL UNIFORM PX 
990 SURFACE FACE 4 GLOBAL UNIFORM PX 
991 SURFACE FACE 4 GLOBAL UNIFORM PX 
992 SURFACE FACE 4 GLOBAL UNIFORM PX 
993 SURFACE FACE 3 GLOBAL UNIFORM PX 
994 SURFACE FACE 4 GLOBAL UNIFORM PX 
995 SURFACE FACE 4 GLOBAL UNIFORM PX 
996 SURFACE FACE 4 GLOBAL UNIFORM PX 
1062 SURFACE FACE 4 GLOBAL UNIFORM PX 
1063 SURFACE FACE 4 GLOBAL UNIFORM PX 
1064 SURFACE FACE 4 GLOBAL UNIFORM PX 
1065 SURFACE FACE 4 GLOBAL UNIFORM PX 

-1.261 
-1.261 
-1.230 
-0.949 
-0.494 
-0.133 
-0.049 
-0.201 
-0.406 
-0.61 1 
-0.816 
-0.993 
-1.141 
-1.362 
-1.362 
-1.362 
-1.362 
-1.362 
-1.328 
-1.025 
-0.533 
-0,144 
-0.053 
-0.215 
-0.435 
-0.655 
-0.874 
-1.063 
-1.221 
-1.458 
-1.458 
-1.458 
-1.458 
-1.458 
-1.422 
-1.097 
-0.571 
-0.154 
-0.056 
-0.229 
-0.462 
-0.695 
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1066 SURFACE FACE 4 GLOBAL UNIFORM PX 
1067 SURFACE FACE 4 GLOBAL UNIFORM PX 
1068 SURFACE FACE 4 GLOBAL UNIFORM PX 
1069 SURFACE FACE 4 GLOBAL UNIFORM PX 
1070 SURFACE FACE 4 GLOBAL UNIFORM PX 
1071 SURFACE FACE 4 GLOBAL UNIFORM PX 
1072 SURFACE FACE 4 GLOBAL UNIFORM PX 
1073 SURFACE FACE 4 GLOBAL UNIFORM PX 
1074 SURFACE FACE 3 GLOBAL UNIFORM PX 
1075 SURFACE FACE 4 GLOBAL UNIFORM PX 
1076 SURFACE FACE 4 GLOBAL UNIFORM PX 
1077 SURFACE FACE 4 GLOBAL UNIFORM PX 
1143 SURFACE FACE 4 GLOBAL UNIFORM PX 
1144 SURFACE FACE 4 GLOBAL UNIFORM PX 
1145 SURFACE FACE 4 GLOBAL UNIFORM PX 
1146 SURFACE FACE 4 GLOBAL UNIFORM PX 
I147 SURFACE FACE 4 GLOBAL UNIFORM PX 
1148 SURFACE FACE 4 GLOBAL UNIFORM PX 
1149 SURFACE FACE 4 GLOBAL UNIFORM PX 
1150 SURFACE FACE 4 GLOBAL UNIFORM PX 
1151 SURFACE FACE 4 GLOBAL UNIFORM PX 
1152 SURFACE FACE 4 GLOBAL UNIFORM PX 
1153 SURFACE FACE 4 GLOBAL UNIFORM PX 
1154 SURFACE FACE 4 GLOBAL UNIFORM PX 
1155 SURFACE FACE 3 GLOBAL UNIFORM PX 
1156 SURFACE FACE 4 GLOBAL UNIFORM PX 
1157 SURFACE FACE 4 GLOBAL UNIFORM PX 
1158 SURFACE FACE 4 GLOBAL UNIFORM PX 
1224 SURFACE FACE 4 GLOBAL UNIFORM PX 
1225 SURFACE FACE 4 GLOBAL UNIFORM PX 
1226 SURFACE FACE 4 GLOBAL UNIFORM PX 
1227 SURFACE FACE 4 GLOBAL UNIFORM PX 
1228 SURFACE FACE 4 GLOBAL UNIFORM PX 
1229 SURFACE FACE 4 GLOBAL UNIFORM PX 
1230 SURFACE FACE 4 GLOBAL UNIFORM PX 
1231 SURFACE FACE 4 GLOBAL UNIFORM PX 
1232 SURFACE FACE 4 GLOBAL UNIFORM PX 
1233 SURFACE FACE 4 GLOBAL UNIFORM PX 
1234 SURFACE FACE 4 GLOBAL UNIFORM PX 
1235 SURFACE FACE 4 GLOBAL UNIFORM PX 
1236 SURFACE FACE 3 GLOBAL UNIFORM PX 
1237 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.928 
-1.129 
-1.298 
-1 349 
-1 549 
-1.549 
-1.549 
-1.549 
-1.51 1 
-1.166 
-0.607 
-0.164 
-0.059 
-0.241 
-0.487 
-0.734 
-0.979 
-1 .I91 
-1 369 
-1.634 
-1.634 
-1.634 
-1.634 
-1.634 
-1 594 
-1.230 
-0.640 
-0.173 
-0.062 
-0.253 
-0.51 I 
-0.769 
-1.027 
-1.249 
-1.435 
-1.71 3 
-1.713 
-1.713 
-1.713 
-1.71 3 
-1.671 
-1.290 

1238 SURFACE FACE 4 GLOBAL UNIFORM PX 
1239 SURFACE FACE 4 GLOBAL UNIFORM PX 
1305 SURFACE FACE 4 GLOBAL UNIFORM PX 
1306 SURFACE FACE 4 GLOBAL UNIFORM PX 
1307 SURFACE FACE 4 GLOBAL UNIFORM PX 
1308 SURFACE FACE 4 GLOBAL UNIFORM PX 
1309 SURFACE FACE 4 GLOBAL UNIFORM PX 
1310 SURFACE FACE 4 GLOBAL UNIFORM PX 
1311 SURFACE FACE 4 GLOBAL UNIFORM PX 
1312 SURFACE FACE 4 GLOBAL UNIFORM PX 
1313 SURFACE FACE 4 GLOBAL UNIFORM PX 
1314 SURFACE FACE 4 GLOBAL UNIFORM PX 
1315 SURFACE FACE 4 GLOBAL UNIFORM PX 
1316 SURFACE FACE 4 GLOBAL UNIFORM PX 
1317 SURFACE FACE 3 GLOBAL UNIFORM PX 
1318 SURFACE FACE 4 GLOBAL UNIFORM PX 
1319 SURFACE FACE 4 GLOBAL UNIFORM PX 
1320 SURFACE FACE 4 GLOBAL UNIFORM PX 
1386 SURFACE FACE 4 GLOBAL UNIFORM PX 
1387 SURFACE FACE 4 GLOBAL UNIFORM PX 
1388 SURFACE FACE 4 GLOBAL UNIFORM PX 
1389 SURFACE FACE 4 GLOBAL UNIFORM PX 
1390 SURFACE FACE 4 GLOBAL UNIFORM PX 
1391 SURFACE FACE 4 GLOBAL UNIFORM PX 
1392 SURFACE FACE 4 GLOBAL UNIFORM PX 
1393 SURFACE FACE 4 GLOBAL UNIFORM PX 
1394 SURFACE FACE 4 GLOBAL UNIFORM PX 
1395 SURFACE FACE 4 GLOBAL UNIFORM PX 
1396 SURFACE FACE 4 GLOBAL UNIFORM PX 
1397 SURFACE FACE 4 GLOBAL UNIFORM PX 
1398 SURFACE FACE 3 GLOBAL UNIFORM PX 
1399 SURFACE FACE 4 GLOBAL UNIFORM PX 
1400 SURFACE FACE 4 GLOBAL UNIFORM PX 
1401 SURFACE FACE 4 GLOBAL UNIFORM PX 
1467 SURFACE FACE 4 GLOBAL UNIFORM PX 
1468 SURFACE FACE 4 GLOBAL UNIFORM PX 
1469 SURFACE FACE 4 GLOBAL UNIFORM PX 
1470 SURFACE FACE 4 GLOBAL UNIFORM PX 
1471 SURFACE FACE 4 GLOBAL UNIFORM PX 
1472 SURFACE FACE 4 GLOBAL UNIFORM PX 
1473 SURFACE FACE 4 GLOBAL UNIFORM PX 
1474 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.671 
-0.181 
-0.065 
-0.264 
-0.532 
-0.802 
-1.071 
-1.302 
-1.496 
-1.786 
-1.786 
-1.786 
-1.786 
-1.786 
-1.743 
-1.344 
-0.700 
-0.189 
-0.067 
-0.273 
-0.552 
-0.832 
-1.111 
-1.351 
-1.552 
-1 .853 
-1 .853 
-1.853 
-1.853 
-1.853 
-1.807 
-1.394 
-0.726 
-0.196 
-0.069 
-0.282 
-0.570 
-0.859 
-1.146 
-1 394 
-1.602 
-1.912 
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1475 SURFACE FACE 4 GLOBAL UNIFORM PX 
1476 SURFACE FACE 4 GLOBAL UNIFORM PX 
1477 SURFACE FACE 4 GLOBAL UNIFORM PX 
1478 SURFACE FACE 4 GLOBAL UNIFORM PX 
1479 SURFACE FACE 3 GLOBAL UNIFORM PX 
1480 SURFACE FACE 4 GLOBAL UNIFORM PX 
1481 SURFACE FACE 4 GLOBAL UNIFORM PX 
1482 SURFACE FACE 4 GLOBAL UNIFORM PX 
1548 SURFACE FACE 4 GLOBAL UNIFORM PX 
1549 SURFACE FACE 4 GLOBAL UNIFORM PX 
1550 SURFACE FACE 4 GLOBAL UNIFORM PX 
1551 SURFACE FACE 4 GLOBAL UNIFORM PX 
1552 SURFACE FACE 4 GLOBAL UNIFORM PX 
1553 SURFACE FACE 4 GLOBAL UNIFORM PX 
1554 SURFACE FACE 4 GLOBAL UNIFORM PX 
1555 SURFACE FACE 4 GLOBAL UNIFORM PX 
1556 SURFACE FACE 4 GLOBAL UNIFORM PX 
1557 SURFACE FACE 4 GLOBAL UNIFORM PX 
1558 SURFACE FACE 4 GLOBAL UNIFORM PX 
1559 SURFACE FACE 4 GLOBAL UNIFORM PX 
1560 SURFACE FACE 3 GLOBAL UNIFORM PX 
1561 SURFACE FACE 4 GLOBAL UNIFORM PX 
1562 SURFACE FACE 4 GLOBAL UNIFORM PX 
1563 SURFACE FACE 4 GLOBAL UNIFORM PX 
1629 SURFACE FACE 4 GLOBAL UNIFORM PX 
1630 SURFACE FACE 4 GLOBAL UNIFORM PX 
1631 SURFACE FACE 4 GLOBAL UNIFORM PX 
1632 SURFACE FACE 4 GLOBAL UNIFORM PX 
1633 SURFACE FACE 4 GLOBAL UNIFORM PX 
1634 SURFACE FACE 4 GLOBAL UNIFORM PX 
1635 SURFACE FACE 4 GLOBAL UNIFORM PX 
1636 SURFACE FACE 4 GLOBAL UNIFORM PX 
1637 SURFACE FACE 4 GLOBAL UNIFORM PX 
1638 SURFACE FACE 4 GLOBAL UNIFORM PX 
1639 SURFACE FACE 4 GLOBAL UNIFORM PX 

* 1640 SURFACE FACE 4 GLOBAL UNIFORM PX 
. 1641 SURFACE FACE 3 GLOBAL UNIFORM PX 

1642 SURFACE FACE 4 GLOBAL UNIFORM PX 
1643 SURFACE FACE 4 GLOBAL UNIFORM PX 
1644 SURFACE FACE 4 GLOBAL UNIFORM PX 
1710 SURFACE FACE 4 GLOBAL UNIFORM PX 
1711 SURFACE FACE 4 GLOBAL UNIFORM PX 

-1.912 
-1.912 
-1.912 
-1.912 
-1.866 
-1.439 
-0.749 
-0.202 
-0.071 
-0.290 
-0.586 
-0.882 
-1.178 
-1.433 
-1.646 
-1.965 
-1.965 
-1.965 
-1.965 
-1.965 
-1.917 
-1.479 
-0.770 
-0.208 
-0.073 
-0.297 
-0.599 
-0.903 
-1.205 
-1.466 
-1.685 
-2.01 1 
-2.01 1 
-2.01 1 
-2.01 1 
-2.01 1 
-1.961 
-1.513 
-0.787 
-0.213 
-0.074 
-0.302 

1712 SURFACE FACE 4 GLOBAL UNIFORM PX 
1713 SURFACE FACE 4 GLOBAL UNIFORM PX 
1714 SURFACE FACE 4 GLOBAL UNIFORM PX 
1715 SURFACE FACE 4 GLOBAL UNIFORM PX 
1716 SURFACE FACE 4 GLOBAL UNIFORM PX 
1717 SURFACE FACE 4 GLOBAL UNIFORM PX 
1718 SURFACE FACE 4 GLOBAL UNIFORM PX 
1719 SURFACE FACE 4 GLOBAL UNIFORM PX 
1720 SURFACE FACE 4 GLOBAL UNIFORM PX 
1721 SURFACE FACE 4 GLOBAL UNIFORM PX 
1722 SURFACE FACE 3 GLOBAL UNIFORM PX 
1723 SURFACE FACE 4 GLOBAL UNIFORM PX 
1724 SURFACE FACE 4 GLOBAL UNIFORM PX 
1725 SURFACE FACE 4 GLOBAL UNIFORM PX 
1791 SURFACE FACE 4 GLOBAL UNIFORM PX 
1792 SURFACE FACE 4 GLOBAL UNIFORM PX 
1793 SURFACE FACE 4 GLOBAL UNIFORM PX 
1794 SURFACE FACE 4 GLOBAL UNIFORM PX 
1795 SURFACE FACE 4 GLOBAL UNIFORM PX 
1796 SURFACE FACE 4 GLOBAL UNIFORM PX 
1797 SURFACE FACE 4 GLOBAL UNIFORM PX 
1798 SURFACE FACE 4 GLOBAL UNIFORM PX 
1799 SURFACE FACE 4 GLOBAL UNIFORM PX 
1800 SURFACE FACE 4 GLOBAL UNIFORM PX 
1801 SURFACE FACE 4 GLOBAL UNIFORM PX 
1802 SURFACE FACE 4 GLOBAL UNIFORM PX 
1803 SURFACE FACE 3 GLOBAL UNIFORM PX 
1804 SURFACE FACE 4 GLOBAL UNIFORM PX 
1805 SURFACE FACE 4 GLOBAL UNIFORM PX 
1806 SURFACE FACE 4 GLOBAL UNIFORM PX 
1872 SURFACE FACE 4 GLOBAL UNIFORM PX 
1873 SURFACE FACE 4 GLOBAL UNIFORM PX 
1874 SURFACE FACE 4 GLOBAL UNIFORM PX 
1875 SURFACE FACE 4 GLOBAL UNIFORM PX 
1876 SURFACE FACE 4 GLOBAL UNIFORM PX 
1877 SURFACE FACE 4 GLOBAL UNIFORM PX 
1878 SURFACE FACE 4 GLOBAL UNIFORM PX 
1879 SURFACE FACE 4 GLOBAL UNIFORM PX 
1880 SURFACE FACE 4 GLOBAL UNIFORM PX 
1881 SURFACE FACE 4 GLOBAL UNIFORM PX 
1882 SURFACE FACE 4 GLOBAL UNIFORM PX 
1883 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.61 1 
-0.920 
-1.228 
-1.494 
-1.717 
-2.049 
-2.049 
-2.049 
-2.049 
-2.049 
-1.999 
-1 342 
-0.802 
-0.217 
-0.075 
-0.307 
-0.620 
-0.934 
-1.247 
-1.516 
-1.742 
-2.080 
-2.080 
-2.080 
-2.080 
-2.080 
-2.029 
-1 365 
-0.814 
-0.220 
-0.076 
-0.310 
-0.627 
-0.944 
-1.260 
-1 333 
-1.762 
-2.103 
-2.1 03 
-2.103 
-2.103 
-2.103 
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1884 SURFACE FACE 3 GLOBAL UNIFORM PX 
1885 SURFACE FACE 4 GLOBAL UNIFORM PX 
1886 SURFACE FACE 4 GLOBAL UNIFORM PX 
1887 SURFACE FACE 4 GLOBAL UNIFORM PX 
1953 SURFACE FACE 4 GLOBAL UNIFORM PX 
1954 SURFACE FACE 4 GLOBAL UNIFORM PX 
1955 SURFACE FACE 4 GLOBAL UNIFORM PX 
1956 SURFACE FACE 4 GLOBAL UNIFORM PX 
1957 SURFACE FACE 4 GLOBAL UNIFORM PX 
1958 SURFACE FACE 4 GLOBAL UNIFORM PX 
1959 SURFACE FACE 4 GLOBAL UNIFORM PX 
1960 SURFACE FACE 4 GLOBAL UNIFORM PX 
1961 SURFACE FACE 4 GLOBAL UNIFORM PX 
1962 SURFACE FACE 4 GLOBAL UNIFORM PX 
1963 SURFACE FACE 4 GLOBAL UNIFORM PX 
1964 SURFACE FACE 4 GLOBAL UNIFORM PX 
1965 SURFACE FACE 3 GLOBAL UNIFORM PX 
1966 SURFACE FACE 4 GLOBAL UNIFORM PX 
1967 SURFACE FACE 4 GLOBAL UNIFORM PX 
1968 SURFACE FACE 4 GLOBAL UNIFORM PX 
2034 SURFACE FACE 4 GLOBAL UNIFORM PX 
2035 SURFACE FACE 4 GLOBAL UNIFORM PX 
2036 SURFACE FACE 4 GLOBAL UNIFORM PX 
2037 SURFACE FACE 4 GLOBAL UNIFORM PX 
2038 SURFACE FACE 4 GLOBAL UNIFORM PX 
2039 SURFACE FACE 4 GLOBAL UNIFORM PX 
2040 SURFACE FACE 4 GLOBAL UNIFORM PX 
2041 SURFACE FACE 4 GLOBAL UNIFORM PX 
2042 SURFACE FACE 4 GLOBAL UNIFORM PX 
2043 SURFACE FACE 4 GLOBAL UNIFORM PX 
2044 SURFACE FACE 4 GLOBAL UNIFORM PX 
2045 SURFACE FACE 4 GLOBAL UNIFORM PX 
2046 SURFACE FACE 3 GLOBAL UNIFORM PX 
2047 SURFACE FACE 4 GLOBAL UNIFORM PX 
2048 SURFACE FACE 4 GLOBAL UNIFORM PX 
2049 SURFACE FACE 4 GLOBAL UNIFORM PX 
21 15 SURFACE FACE 4 GLOBAL UNIFORM PX 
21 16 SURFACE FACE 4 GLOBAL UNIFORM PX 
21 17 SURFACE FACE 4 GLOBAL UNIFORM PX 
21 18 SURFACE FACE 4 GLOBAL UNIFORM PX 
21 19 SURFACE FACE 4 GLOBAL UNIFORM PX 
2120 SURFACE FACE 4 GLOBAL UNIFORM PX 

-2.051 
-1.583 
-0.824 
-0.222 
-0.077 
-0.313 
-0.631 
-0.951 
-1.270 
-1 545 
-1.775 
-2.118 
-2.1 18 
-2.118 
-2.118 
-2.118 
-2.066 
-1 594 
-0.830 
-0.224 
-0.077 
-0.314 
-0.634 
-0.955 
-1.274 
-1.550 
-1.781 
-2.126 
-2.126 
-2.126 
-2.126 
-2.126 
-2.074 
-1.600 
-0.833 
-0.225 
-0.077 
-0.314 
-0.634 
-0.955 
-1.274 
-1.550 

2121 SURFACE FACE 4 GLOBAL UNIFORM PX 
2122 SURFACE FACE 4 GLOBAL UNIFORM PX 
2123 SURFACE FACE 4 GLOBAL UNIFORM PX 
2124 SURFACE FACE 4 GLOBAL UNIFORM PX 
2125 SURFACE FACE 4 GLOBAL UNIFORM PX 
2126 SURFACE FACE 4 GLOBAL UNIFORM PX 
2127 SURFACE FACE 3 GLOBAL UNIFORM PX 
2128 SURFACE FACE 4 GLOBAL UNIFORM PX 
2129 SURFACE FACE 4 GLOBAL UNIFORM PX 
2130 SURFACE FACE 4 GLOBAL UNIFORM PX 
2196 SURFACE FACE 4 GLOBAL UNIFORM PX 
2197 SURFACE FACE 4 GLOBAL UNIFORM PX 
2198 SURFACE FACE 4 GLOBAL UNIFORM PX 
2199 SURFACE FACE 4 GLOBAL UNIFORM PX 
2200 SURFACE FACE 4 GLOBAL UNIFORM PX 
2201 SURFACE FACE 4 GLOBAL UNIFORM PX 
2202 SURFACE FACE 4 GLOBAL UNIFORM PX 
2203 SURFACE FACE 4 GLOBAL UNIFORM PX 
2204 SURFACE FACE 4 GLOBAL UNIFORM PX 
2205 SURFACE FACE 4 GLOBAL UNIFORM PX 
2206 SURFACE FACE 4 GLOBAL UNIFORM PX 
2207 SURFACE FACE 4 GLOBAL UNIFORM PX 
2208 SURFACE FACE 3 GLOBAL UNIFORM PX 
2209 SURFACE FACE 4 GLOBAL UNIFORM PX 
2210 SURFACE FACE 4 GLOBAL UNIFORM PX 
221 1 SURFACE FACE 4 GLOBAL UNIFORM PX 
2277 SURFACE FACE 4 GLOBAL UNIFORM PX 
2278 SURFACE FACE 4 GLOBAL UNIFORM PX 
2279 SURFACE FACE 4 GLOBAL UNIFORM PX 
2280 SURFACE FACE 4 GLOBAL UNIFORM PX 
2281 SURFACE FACE 4 GLOBAL UNIFORM PX 
2282 SURFACE FACE 4 GLOBAL UNIFORM PX 
2283 SURFACE FACE 4 GLOBAL UNIFORM PX 
2284 SURFACE FACE 4 GLOBAL UNIFORM PX 
2285 SURFACE FACE 4 GLOBAL UNIFORM PX 
2286 SURFACE FACE 4 GLOBAL UNIFORM PX 
2287 SURFACE FACE 4 GLOBAL UNIFORM PX 
2288 SURFACE FACE 4 GLOBAL UNIFORM PX 
2289 SURFACE FACE 3 GLOBAL UNIFORM PX 
2290 SURFACE FACE 4 GLOBAL UNIFORM PX 
2291 SURFACE FACE 4 GLOBAL UNIFORM PX 
2292 SURFACE FACE 4 GLOBAL UNIFORM PX 

-1.781 
-2.126 
-2.126 
-2.126 
-2.126 
-2.126 
-2.074 
-1.600 
-0.833 
-0.225 
-0.077 
-0.313 
-0.631 
-0.951 
-1.270 
-1 345 
-1.775 
-2.118 
-2.1 18 
-2.118 
-2.1 18 
-2.118 
-2.066 
-1 394 
-0.830 
-0.224 
-0.076 
-0.310 
-0.627 
-0.944 
-1.260 
-1 533 
-1.762 
-2.103 
-2.103 
-2.103 
-2.103 
-2.103 
-2.051 
-1.583 
-0.824 
-0.222 
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2358 SURFACE FACE 4 GLOBAL UNIFORM PX 
2359 SURFACE FACE 4 GLOBAL UNIFORM PX 
2360 SURFACE FACE 4 GLOBAL UNIFORM PX 
2361 SURFACE FACE 4 GLOBAL UNIFORM PX 
2362 SURFACE FACE 4 GLOBAL UNIFORM PX 
2363 SURFACE FACE 4 GLOBAL UNIFORM PX 
2364 SURFACE FACE 4 GLOBAL UNIFORM PX 
2365 SURFACE FACE 4 GLOBAL UNIFORM PX 
2366 SURFACE FACE 4 GLOBAL UNIFORM PX 
2367 SURFACE FACE 4 GLOBAL UNIFORM PX 
2368 SURFACE FACE 4 GLOBAL UNIFORM PX 
2369 SURFACE FACE 4 GLOBAL UNIFORM PX 
2370 SURFACE FACE 3 GLOBAL UNIFORM PX 
2371 SURFACE FACE 4 GLOBAL UNIFORM PX 
2372 SURFACE FACE 4 GLOBAL UNIFORM PX 
2373 SURFACE FACE 4 GLOBAL UNIFORM PX 
2439 SURFACE FACE 4 GLOBAL UNIFORM PX 
2440 SURFACE FACE 4 GLOBAL UNIFORM PX 
2441 SURFACE FACE 4 GLOBAL UNIFORM PX 
2442 SURFACE FACE 4 GLOBAL UNIFORM PX 
2443 SURFACE FACE 4 GLOBAL UNIFORM PX 
2444 SURFACE FACE 4 GLOBAL UNIFORM PX 
2445 SURFACE FACE 4 GLOBAL UNIFORM PX 
2446 SURFACE FACE 4 GLOBAL UNIFORM PX 
2447 SURFACE FACE 4 GLOBAL UNIFORM PX 
2448 SURFACE FACE 4 GLOBAL UNIFORM PX 
2449 SURFACE FACE 4 GLOBAL UNIFORM PX 
2450 SURFACE FACE 4 GLOBAL UNIFORM PX 
2451 SURFACE FACE 3 GLOBAL UNIFORM PX 
2452 SURFACE FACE 4 GLOBAL UNIFORM PX 
2453 SURFACE FACE 4 GLOBAL UNIFORM PX 
2454 SURFACE FACE 4 GLOBAL UNIFORM PX 
2520 SURFACE FACE 4 GLOBAL UNIFORM PX 
2521 SURFACE FACE 4 GLOBAL UNIFORM PX 
2522 SURFACE FACE 4 GLOBAL UNIFORM PX 
2523 SURFACE FACE 4 GLOBAL UNIFORM PX 
2524 SURFACE FACE 4 GLOBAL UNIFORM PX 
2525 SURFACE FACE 4 GLOBAL UNIFORM PX 
2526 SURFACE FACE 4 GLOBAL UNIFORM PX 
2527 SURFACE FACE 4 GLOBAL UNIFORM PX 
2528 SURFACE FACE 4 GLOBAL UNIFORM PX 
2529 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.075 
-0.307 
-0.620 
-0.934 
- 1.247 
-1.516 
-1.742 
-2.080 
-2.080 
-2.080 
-2.080 
-2.080 
-2.029 
-1 365 
-0.814 
-0.220 
-0.074 
-0.302 
-0.61 1 
-0.920 
-1.228 
-1.494 
-1.717 
-2.049 
-2.049 
-2.049 
-2.049 
-2.049 
-1.999 
-1.542 
-0.802 
-0.21 7 
-0.073 
-0.297 
-0.599 
-0.903 
-1.205 
-1.466 
-1.685 
-2.01 1 
-2.01 1 
-2.01 1 
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2530 SURFACE FACE 4 GLOBAL UNIFORM PX 
2531 SURFACE FACE 4 GLOBAL. UNIFORM PX 
2532 SURFACE FACE 3 GLOBAL UNIFORM PX 
2533 SURFACE FACE 4 GLOBAL UNIFORM PX 
2534 SURFACE FACE 4 GLOBAL UNIFORM PX 
2535 SURFACE FACE 4 GLOBAL UNIFORM PX 
2601 SURFACE FACE 4 GLOBAL UNIFORM PX 
2602 SURFACE FACE 4 GLOBAL UNIFORM PX 
2603 SURFACE FACE 4 GLOBAL UNIFORM PX 
2604 SURFACE FACE 4 GLOBAL UNIFORM PX 
2605 SURFACE FACE 4 GLOBAL UNIFORM PX 
2606 SURFACE FACE 4 GLOBAL UNIFORM PX 
2607 SURFACE FACE 4 GLOBAL UNIFORM PX 
2608 SURFACE FACE 4 GLOBAL UNIFORM PX 
2609 SURFACE FACE 4 GLOBAL UNIFORM PX 
2610 SURFACE FACE 4 GLOBAL UNIFORM PX 
261 1 SURFACE FACE 4 GLOBAL UNIFORM PX 
2612 SURFACE FACE 4 GLOBAL UNIFORM PX 
2613 SURFACE FACE 3 GLOBAL UNIFORM PX 
2614 SURFACE FACE 4 GLOBAL UNIFORM PX 
2615 SURFACE FACE 4 GLOBAL UNIFORM PX 
2616 SURFACE FACE 4 GLOBAL UNIFORM PX 
2682 SURFACE FACE 4 GLOBAL UNIFORM PX 
2683 SURFACE FACE 4 GLOBAL UNIFORM PX 
2684 SURFACE FACE 4 GLOBAL UNIFORM PX 
2685 SURFACE FACE 4 GLOBAL UNIFORM PX 
2686 SURFACE FACE 4 GLOBAL UNIFORM PX 
2687 SURFACE FACE 4 GLOBAL UNIFORM PX 
2688 SURFACE FACE 4 GLOBAL UNIFORM PX 
2689 SURFACE FACE 4 GLOBAL UNIFORM PX 
2690 SURFACE FACE 4 GLOBAL UNIFORM PX 
2691 SURFACE FACE 4 GLOBAL UNIFORM PX 
2692 SURFACE FACE 4 GLOBAL UNIFORM PX 
2693 SURFACE FACE 4 GLOBAL UNIFORM PX 
2694 SURFACE FACE 3 GLOBAL UNIFORM PX 
2695 SURFACE FACE 4 GLOBAL UNIFORM PX 
2696 SURFACE FACE 4 GLOBAL UNIFORM PX 
2697 SURFACE FACE 4 GLOBAL UNIFORM PX 
2763 SURFACE FACE 4 GLOBAL UNIFORM PX 
2764 SURFACE FACE 4 GLOBAL UNIFORM PX 
2765 SURFACE FACE 4 GLOBAL UNIFORM PX 
2766 SURFACE FACE 4 GLOBAL UNIFORM PX 

-2.01 1 
-2.01 1 
-1.961 
-1.513 
-0.787 
-0.213 
-0.071 
-0.290 
-0.586 
-0.882 
-1.178 
-1.433 
-1.646 
-1.965 
-1.965 
-1.965 
-1.965 
-1.965 
-1.917 
-1.479 
-0.770 
-0.208 
-0.069 
-0.282 
-0.570 
-0.859 
-1.146 
-1.394 
-1.602 
-1.912 
-1.912 
-1.912 
-1.912 
-1.912 
-1 .866 
-1.439 
-0.749 
-0.202 
-0.067 
-0.273 
-0.552 
-0.832 
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2767 SURFACE FACE 4 GLOBAL UNIFORM PX 
2768 SURFACE FACE 4 GLOBAL UNIFORM PX 
2769 SURFACE FACE 4 GLOBAL UNIFORM PX 
2770 SURFACE FACE 4 GLOBAL UNIFORM PX 
2771 SURFACE FACE 4 GLOBAL UNIFORM PX 
2772 SURFACE FACE 4 GLOBAL UNIFORM PX 
2773 SURFACE FACE 4 GLOBAL UNIFORM,PX 
2774 SURFACE FACE 4 GLOBAL UNIFORM PX 
2775 SURFACE FACE 3 GLOBAL UNIFORM PX 
2776 SURFACE FACE 4 GLOBAL UNIFORM PX 
2777 SURFACE FACE 4 GLOBAL UNIFORM PX 
2778 SURFACE FACE 4 GLOBAL UNIFORM PX 
2844 SURFACE FACE 4 GLOBAL UNIFORM PX 
2845 SURFACE FACE 4 GLOBAL UNIFORM PX 
2846 SURFACE FACE 4 GLOBAL UNIFORM PX 
2847 SURFACE FACE 4 GLOBAL UNIFORM PX 
2848 SURFACE FACE 4 GLOBAL UNIFORM PX 
2849 SURFACE FACE 4 GLOBAL UNIFORM PX 
2850 SURFACE FACE 4 GLOBAL UNIFORM PX 
2851 SURFACE FACE 4 GLOBAL UNIFORM PX 
2852 SURFACE FACE 4 GLOBAL UNIFORM PX 
2853 SURFACE FACE 4 GLOBAL UNIFORM PX 
2854 SURFACE FACE 4 GLOBAL UNIFORM PX 
2855 SURFACE FACE 4 GLOBAL UNIFORM PX 
2856 SURFACE FACE 3 GLOBAL UNIFORM PX 
2857 SURFACE FACE 4 GLOBAL UNIFORM PX 
2858 SURFACE FACE 4 GLOBAL UNIFORM PX 
2859 SURFACE FACE 4 GLOBAL UNIFORM PX 
2925 SURFACE FACE 4 GLOBAL UNIFORM PX 
2926 SURFACE FACE 4 GLOBAL UNIFORM PX 
2927 SURFACE FACE 4 GLOBAL UNIFORM PX 
2928 SURFACE FACE 4 GLOBAL UNIFORM PX 
2929 SURFACE FACE 4 GLOBAL UNIFORM PX 
2930 SURFACE FACE 4 GLOBAL UNIFORM PX 
2931 SURFACE FACE 4 GLOBAL UNIFORM PX 
2932 SURFACE FACE 4 GLOBAL UNIFORM PX 
2933 SURFACE FACE 4 GLOBAL UNIFORM PX 
2934 SURFACE FACE 4 GLOBAL UNIFORM PX 
2935 SURFACE FACE 4 GLOBAL UNIFORM PX 
2936 SURFACE FACE 4 GLOBAL UNIFORM PX 
2937 SURFACE FACE 3 GLOBAL UNIFORM PX 
2938 SURFACE FACE 4 GLOBAL UNIFORM PX 

-1.111 
-1.351 
-1.552 
-1 853 
-1 .a53 
-1 .853 
-1 .853 
-1 .a53 
-1 .807 
-1.394 
-0.726 
-0.196 
-0.065 
-0.264 
-0.532 
-0.802 
-1.071 
-1.302 
-1.496 
-1.786 
-1.786 
-1.786 
-1.786 
-1.786 
-1.743 
-1.344 
-0.700 
-0.1 89 
-0.062 
-0.253 
-0.51 1 
-0.769 
-1.027 
-1.249 
-1.435 
-1.713 
-1.713 
-1.713 
-1.713 
-1.713 
-1.671 
-1.290 

2939 SURFACE FACE 4 GLOBAL UNIFORM PX 
2940 SURFACE FACE 4 GLOBAL UNIFORM PX 
3006 SURFACE FACE 4 GLOBAL UNIFORM PX 
3007 SURFACE FACE 4 GLOBAL UNIFORM PX 
3008 SURFACE FACE 4 GLOBAL UNIFORM PX 
3009 SURFACE FACE 4 GLOBAL UNIFORM PX 
3010 SURFACE FACE 4 GLOBAL UNIFORM PX 
301 1 SURFACE FACE 4 GLOBAL UNIFORM PX 
3012 SURFACE FACE 4 GLOBAL UNIFORM PX 
3013 SURFACE FACE 4 GLOBAL UNIFORM PX 
3014 SURFACE FACE 4 GLOBAL UNIFORM PX 
3015 SURFACE FACE 4 GLOBAL UNIFORM PX 
3016 SURFACE FACE 4 GLOBAL UNIFORM PX 
3017 SURFACE FACE 4 GLOBAL UNIFORM PX 
3018 SURFACE FACE 3 GLOBAL UNIFORM PX 
3019 SURFACE FACE 4 GLOBAL UNIFORM PX 
3020 SURFACE FACE 4 GLOBAL UNIFORM PX 
3021 SURFACE FACE 4 GLOBAL UNIFORM PX 
3087 SURFACE FACE 4 GLOBAL UNIFORM PX 
3088 SURFACE FACE 4 GLOBAL UNIFORM PX 
3089 SURFACE FACE 4 GLOBAL UNIFORM PX 
3090 SURFACE FACE 4 GLOBAL UNIFORM PX 
3091 SURFACE FACE 4 GLOBAL UNIFORM PX 
3092 SURFACE FACE 4 GLOBAL UNIFORM PX 
3093 SURFACE FACE 4 GLOBAL UNIFORM PX 
3094 SURFACE FACE 4 GLOBAL UNIFORM PX 
3095 SURFACE FACE 4 GLOBAL UNIFORM PX 
3096 SURFACE FACE 4 GLOBAL UNIFORM PX 
3097 SURFACE FACE 4 GLOBAL UNIFORM PX 
3098 SURFACE FACE 4 GLOBAL UNIFORM PX 
3099 SURFACE FACE 3 GLOBAL UNIFORM PX 
3100 SURFACE FACE 4 GLOBAL UNIFORM PX 
3101 SURFACE FACE 4 GLOBAL UNIFORM PX 
3102 SURFACE FACE 4 GLOBAL UNIFORM PX 
3168 SURFACE FACE 4 GLOBAL UNIFORM PX 
3169 SURFACE FACE 4 GLOBAL UNIFORM PX 
3170 SURFACE FACE 4 GLOBAL UNIFORM PX 
3171 SURFACE FACE 4 GLOBAL UNIFORM PX 
3172 SURFACE FACE 4 GLOBAL UNIFORM PX 
3173 SURFACE FACE 4 GLOBAL UNIFORM PX 
3174 SURFACE FACE 4 GLOBAL UNIFORM PX 
3175 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.671 
-0.181 
-0.059 
-0.241 
-0.487 
-0.734 
-0.979 
-1.191 
-1.369 
-1.634 
-1.634 
-1.634 
-1.634 
-1.634 
-1.594 
-1.230 
-0.640 
-0.173 
-0.056 
-0.229 
-0.462 
-0.695 
-0.928 
-1.129 
-1.298 
-1.549 
-1.549 
-1 349 
-1.549 
-1.549 
-1.51 1 
-1.166 
-0.607 
-0.164 
-0.053 
-0.21 5 
-0.435 
-0.655 
-0.874 
-1.063 
-1.221 
-1.458 
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3176 SURFACE FACE 4 GLOBAL UNIFORM PX 
3177 SURFACE FACE 4 GLOBAL UNIFORM PX 
3178 SURFACE FACE 4 GLOBAL UNIFORM PX 
3179 SURFACE FACE 4 GLOBAL UNIFORM PX 
3180 SURFACE FACE 3 GLOBAL UNIFORM PX 
3181 SURFACE FACE 4 GLOBAL UNIFORM PX 
3182 SURFACE FACE 4 GLOBAL UNIFORM PX 
3183 SURFACE FACE 4 GLOBAL UNIFORM PX 
3249 SURFACE FACE 4 GLOBAL UNIFORM PX 
3250 SURFACE FACE 4 GLOBAL UNIFORM PX 
3251 SURFACE FACE 4 GLOBAL UNIFORM PX 
3252 SURFACE FACE 4 GLOBAL UNIFORM PX 
3253 SURFACE FACE 4 GLOBAL UNIFORM PX 
3254 SURFACE FACE 4 GLOBAL UNIFORM PX 
3255 SURFACE FACE 4 GLOBAL UNIFORM PX 
3256 SURFACE FACE 4 GLOBAL UNIFORM PX 
3257 SURFACE FACE 4 GLOBAL UNIFORM PX 
3258 SURFACE FACE 4 GLOBAL UNIFORM PX 
3259 SURFACE FACE 4 GLOBAL UNIFORM PX 
3260 SURFACE FACE 4 GLOBAL UNIFORM PX 
3261 SURFACE FACE 3 GLOBAL UNIFORM PX 
3262 SURFACE FACE 4 GLOBAL UNIFORM PX 
3263 SURFACE FACE 4 GLOBAL UNIFORM PX 
3264 SURFACE FACE 4 GLOBAL UNIFORM PX 
3330 SURFACE FACE 4 GLOBAL UNIFORM PX 
3331 SURFACE FACE 4 GLOBAL UNIFORM PX 
3332 SURFACE FACE 4 GLOBAL UNIFORM PX 
3333 SURFACE FACE 4 GLOBAL UNIFORM PX 
3334 SURFACE FACE 4 GLOBAL UNIFORM PX 
3335 SURFACE FACE 4 GLOBAL UNIFORM PX 
3336 SURFACE FACE 4 GLOBAL UNIFORM PX 
3337 SURFACE FACE 4 GLOBAL UNIFORM PX 
3338 SURFACE FACE 4 GLOBAL UNIFORM PX 
3339 SURFACE FACE 4 GLOBAL UNIFORM PX 
3340 SURFACE FACE 4 GLOBAL UNIFORM PX 
3341 SURFACE FACE 4 GLOBAL UNIFORM PX 
3342 SURFACE FACE 3 GLOBAL UNIFORM PX 
3343 SURFACE FACE 4 GLOBAL UNIFORM PX 
3344 SURFACE FACE 4 GLOBAL UNIFORM PX 
3345 SURFACE FACE 4 GLOBAL UNIFORM PX 
341 1 SURFACE FACE 4 GLOBAL UNIFORM PX 
3412 SURFACE FACE 4 GLOBAL UNIFORM PX 

-1.458 
-1.458 
-1.458 
-1.458 
-1.422 
-1.097 
-0.571 
-0.1 54 
-0.049 
-0.201 
-0.406 
-0.61 1 
-0.81 6 
-0.993 
-1.141 
-1.362 
-1.362 
-1 362 
-1.362 
-1.362 
-1 328 
-1.025 
-0.533 
-0.144 
-0.046 
-0.186 
-0.376 
-0.566 
-0.756 
-0.919 
-1.056 
-1.261 
-1.261 
-1.261 
-1.261 
-1.261 
-1.230 
-0.949 
-0.494 
-0.133 
-0.042 
-0.170 
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3413 SURFACE FACE 4 GLOBAL UNIFORM PX 
3414 SURFACE FACE 4 GLOBAL UNIFORM PX 
3415 SURFACE FACE 4 GLOBAL UNIFORM PX 
3416 SURFACE FACE 4 GLOBAL UNIFORM PX 
3417 SURFACE FACE 4 GLOBAL UNIFORM PX 
3418 SURFACE FACE 4 GLOBAL UNIFORM PX 
3419 SURFACE FACE 4.GLOBAL UNIFORM PX 
3420 SURFACE FACE 4 GLOBAL UNIFORM PX 
3421 SURFACE FACE 4 GLOBAL UNIFORM PX 
3422 SURFACE FACE 4 GLOBAL UNIFORM PX 
3423 SURFACE FACE 3 GLOBAL UNIFORM PX 
3424 SURFACE FACE 4 GLOBAL UNIFORM PX 
3425 SURFACE FACE 4 GLOBAL UNIFORM PX 
3426 SURFACE FACE 4 GLOBAL UNIFORM PX 
3492 SURFACE FACE 4 GLOBAL UNIFORM PX 
3493 SURFACE FACE 4 GLOBAL UNIFORM PX 
3494 SURFACE FACE 4 GLOBAL UNIFORM PX 
3495 SURFACE FACE 4 GLOBAL UNIFORM PX 
3496 SURFACE FACE 4 GLOBAL UNIFORM PX 
3497 SURFACE FACE 4 GLOBAL UNIFORM PX 
3498 SURFACE FACE 4 GLOBAL UNIFORM PX 
3499 SURFACE FACE 4 GLOBAL UNIFORM PX 
3500 SURFACE FACE 4 GLOBAL UNIFORM PX 
3501 SURFACE FACE 4 GLOBAL UNIFORM PX 
3502 SURFACE FACE 4 GLOBAL UNIFORM PX 
3503 SURFACE FACE 4 GLOBAL UNIFORM PX 
3504 SURFACE FACE 3 GLOBAL UNIFORM PX 
3505 SURFACE FACE 4 GLOBAL UNIFORM PX 
3506 SURFACE FACE 4 GLOBAL UNIFORM PX 
3507 SURFACE FACE 4 GLOBAL UNIFORM PX 
3573 SURFACE FACE 4 GLOBAL UNIFORM PX 
3574 SURFACE FACE 4 GLOBAL UNIFORM PX 
3575 SURFACE FACE 4 GLOBAL UNIFORM PX 
3576 SURFACE FACE 4 GLOBAL UNIFORM PX 
3577 SURFACE FACE 4 GLOBAL UNIFORM PX 
3578 SURFACE FACE 4 GLOBAL UNIFORM PX 
3579 SURFACE FACE 4 GLOBAL UNIFORM PX 
3580 SURFACE FACE 4 GLOBAL UNIFORM PX 
3581 SURFACE FACE 4 GLOBAL UNIFORM PX 
3582 SURFACE FACE 4 GLOBAL UNIFORM PX 
3583 SURFACE FACE 4 GLOBAL UNIFORM PX 
3584 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.344 
-0.519 
-0.692 
-0.842 
-0.968 
-1 .I55 
-1.155 
-1.155 
-1.155 
-1.155 
-1.127 
-0.869 
-0.452 
-0.122 
-0.038 
-0.154 
-0.31 1 
-0.469 
-0.626 
-0.762 
-0.875 
-1.045 
-1.045 
-1.045 
-1.045 
-1.045 
-1.019 
-0.786 
-0.409 
-0.1 11 
-0.034 
-0.137 
-0.278 
-0.418 
-0.558 
-0.679 
-0.780 
-0.931 
-0.931 
-0.931 
-0.931 
-0.931 



3585 SURFACE FACE 3 GLOBAL UNIFORM PX 
3586 SURFACE FACE 4 GLOBAL UNIFORM PX 
3587 SURFACE FACE 4 GLOBAL UNIFORM PX 
3588 SURFACE FACE 4 GLOBAL UNIFORM PX 
3654 SURFACE FACE 4 GLOBAL UNIFORM PX 
3655 SURFACE FACE 4 GLOBAL UNIFORM PX 
3656 SURFACE FACE 4 GLOBAL UNIFORM PX 
3657 SURFACE FACE 4 GLOBAL UNIFORM PX 
3658 SURFACE FACE 4 GLOBAL UNIFORM PX 
3659 SURFACE FACE 4 GLOBAL UNIFORM PX 
3660 SURFACE FACE 4 GLOBAL UNIFORM PX 
3661 SURFACE FACE 4 GLOBAL UNIFORM PX 
3662 SURFACE FACE 4 GLOBAL UNIFORM PX 
3663 SURFACE FACE 4 GLOBAL UNIFORM PX 
3664 SURFACE FACE 4 GLOBAL UNIFORM PX 
3665 SURFACE FACE 4 GLOBAL UNIFORM PX 
3666 SURFACE FACE 3 GLOBAL UNIFORM PX 
3667 SURFACE FACE 4 GLOBAL UNIFORM PX 
3668 SURFACE FACE 4 GLOBAL UNIFORM PX 
3669 SURFACE FACE 4 GLOBAL UNIFORM PX 
3735 SURFACE FACE 4 GLOBAL UNIFORM PX 
3736 SURFACE FACE 4 GLOBAL UNIFORM PX 
3737 SURFACE FACE 4 GLOBAL UNIFORM PX 
-3738 SURFACE FACE 4 GLOBAL UNIFORM PX 
3739 SURFACE FACE 4 GLOBAL UNIFORM PX 
3740 SURFACE FACE 4 GLOBAL UNIFORM PX 
3741 SURFACE FACE 4 GLOBAL UNIFORM PX 
3742 SURFACE FACE 4 GLOBAL UNIFORM PX 
3743 SURFACE FACE 4 GLOBAL UNIFORM PX 
3744 SURFACE FACE 4 GLOBAL UNIFORM PX 
3745 SURFACE FACE 4 GLOBAL UNIFORM PX 
3746 SURFACE FACE 4 GLOBAL UNIFORM PX 
3747 SURFACE FACE 3 GLOBAL UNIFORM PX 
3748 SURFACE FACE 4 GLOBAL UNIFORM PX 
3749 SURFACE FACE 4 GLOBAL UNIFORM PX 
3750 SURFACE FACE 4 GLOBAL UNIFORM PX 
3816 SURFACE FACE 4 GLOBAL UNIFORM PX 
3817 SURFACE FACE 4 GLOBAL UNIFORM PX 
3818 SURFACE FACE 4 GLOBAL UNIFORM PX 
3819 SURFACE FACE 4 GLOBAL UNIFORM PX 
3820 SURFACE FACE 4 GLOBAL UNIFORM PX 
3821 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.908 
-0.701 
-0.365 
-0.098 
-0.029 
-0.120 
-0.243 
-0.365 
-0.488 
-0.594 
-0.682 
-0.814 
-0.814 
-0.814 
-0.814 
-0.814 
-0.794 
-0.613 
-0.319 
-0.086 
-0.025 
-0.102 
-0.207 
-0.312 
-0.41 6 
-0.506 
-0.581 
-0.694 
-0.694 
-0.694 
-0.694 
-0.694 
-0.677 
-0.522 
-0.272 
-0.073 
-0.021 
-0.084 
-0.170 
-0.256 
-0.342 
-0.416 

3822 SURFACE FACE 4 GLOBAL UNIFORM PX 
3823 SURFACE FACE 4 GLOBAL UNIFORM PX 
3824 SURFACE FACE 4 GLOBAL UNIFORM PX 
3825 SURFACE FACE 4 GLOBAL UNIFORM PX 
3826 SURFACE FACE 4 GLOBAL UNIFORM PX 
3827 SURFACE FACE 4 GLOBAL UNIFORM PX 
3828 SURFACE FACE 3 GLOBAL UNIFORM PX 
3829 SURFACE FACE 4 GLOBAL UNIFORM PX 
3830 SURFACE FACE 4 GLOBAL UNIFORM PX 
3831 SURFACE FACE 4 GLOBAL UNIFORM PX 
3897 SURFACE FACE 4 GLOBAL UNIFORM PX 
3898 SURFACE FACE 4 GLOBAL UNIFORM PX 
3899 SURFACE FACE 4 GLOBAL UNIFORM PX 
3900 SURFACE FACE 4 GLOBAL UNIFORM PX 
3901 SURFACE FACE 4 GLOBAL UNIFORM PX 
3902 SURFACE FACE 4 GLOBAL UNIFORM PX 
3903 SURFACE FACE 4 GLOBAL UNIFORM PX 
3904 SURFACE FACE 4 GLOBAL UNIFORM PX 
3905 SURFACE FACE 4 GLOBAL UNIFORM PX 
3906 SURFACE FACE 4 GLOBAL UNIFORM PX 
3907 SURFACE FACE 4 GLOBAL UNIFORM PX 
3908 SURFACE FACE 4 GLOBAL UNIFORM PX 
3909 SURFACE FACE 3 GLOBAL UNIFORM PX 
3910 SURFACE FACE 4 GLOBAL UNIFORM PX 
3911 SURFACE FACE 4 GLOBAL UNIFORM PX 
3912 SURFACE FACE 4 GLOBAL UNIFORM PX 
3978 SURFACE FACE 4 GLOBAL UNIFORM PX 
3979 SURFACE FACE 4 GLOBAL UNIFORM PX 
3980 SURFACE FACE 4 GLOBAL UNIFORM PX 
3981 SURFACE FACE 4 GLOBAL UNIFORM PX 
3982 SURFACE FACE 4 GLOBAL UNIFORM PX 
3983 SURFACE FACE 4 GLOBAL UNIFORM PX 
3984 SURFACE FACE 4 GLOBAL UNIFORM PX 
3985 SURFACE FACE 4 GLOBAL UNIFORM PX 
3986 SURFACE FACE 4 GLOBAL UNIFORM PX 
3987 SURFACE FACE 4 GLOBAL UNIFORM PX 
3988 SURFACE FACE 4 GLOBAL UNIFORM PX 
3989 SURFACE FACE 4 GLOBAL UNIFORM PX 
3990 SURFACE FACE 3 GLOBAL UNIFORM PX 
3991 SURFACE FACE 4 GLOBAL UNIFORM PX 

. 3992 SURFACE FACE 4 GLOBAL UNIFORM PX 
3993 SURFACE FACE 4 GLOBAL UNIFORM PX 

-0.479 
-0.571 
-0.571 
-0.571 
-0.571 
-0.571 
-0.557 
-0.430 
-0.224 
-0.060 
-0.016 
-0.066 
-0.133 
-0.200 
-0.268 
-0.326 
-0.374 
-0.446 
-0.446 
-0.446 
-0.446 
-0.446 
-0.435 
-0.336 
-0.1 75 
-0.047 
-0.012 
-0.047 
-0.095 
-0.144 
-0.192 
-0.233 
-0.268 
-0.320 
-0.320 
-0.320 
-0.320 
-0.320 
-0.312 
-0.241 
-0.125 
-0.034 
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4059 SURFACE FACE 4 GLOBAL UNIFORM PX 
4060 SURFACE FACE 4 GLOBAL UNIFORM PX 
4061 SURFACE FACE 4 GLOBAL UNIFORM PX 
4062 SURFACE FACE 4 GLOBAL UNIFORM PX 
4063 SURFACE FACE 4 GLOBAL UNIFORM PX 
4064 SURFACE FACE 4 GLOBAL UNIFORM PX 
4065 SURFACE FACE 4 GLOBAL UNIFORM PX 
4066 SURFACE FACE 4 GLOBAL UNIFORM PX 
4067 SURFACE FACE 4 GLOBAL UNIFORM PX 
4068 SURFACE FACE 4 GLOBAL UNIFORM PX 
4069 SURFACE FACE 4 GLOBAL UNIFORM PX 
4070 SURFACE FACE 4 GLOBAL UNIFORM PX 
4071 SURFACE FACE 3 GLOBAL UNIFORM PX 
4072 SURFACE FACE 4 GLOBAL UNIFORM PX 
4073 SURFACE FACE 4 GLOBAL UNIFORM PX 
4074 SURFACE FACE 4 GLOBAL UNIFORM PX 
4140 SURFACE FACE 4 GLOBAL UNIFORM PX 
4141 SURFACE FACE 4 GLOBAL UNIFORM PX 
4142 SURFACE FACE 4 GLOBAL UNIFORM PX 
4143 SURFACE FACE 4 GLOBAL UNIFORM PX 
4144 SURFACE FACE 4 GLOBAL UNIFORM PX 
4145 SURFACE FACE 4 GLOBAL UNIFORM PX 
4146 SURFACE FACE 4 GLOBAL UNIFORM PX 
4147 SURFACE FACE 4 GLOBAL UNIFORM PX 
4148 SURFACE FACE 4 GLOBAL UNIFORM PX 
4149 SURFACE FACE 4 GLOBAL UNIFORM PX 
4150 SURFACE FACE 4 GLOBAL UNIFORM PX 
4151 SURFACE FACE 4 GLOBAL UNIFORM PX 
4152 SURFACE FACE 3 GLOBAL UNIFORM PX 
4153 SURFACE FACE 4 GLOBAL UNIFORM PX 
4154 SURFACE FACE 4 GLOBAL UNIFORM PX 
4155 SURFACE FACE 4 GLOBAL UNIFORM PX 

$ 

-0.007 
-0.028 
-0.057 
-0.086 
-0.1 15 
-0.140 
-0.161 
-0.1 92 
-0.192 
-0.192 
-0.192 
-0.1 92 
-0,188 
-0.145 
-0.075 
-0.020 
-0.002 
-0.009 
-0.019 
-0.029 
-0.039 
-0.047 
-0.054 
-0.064 
-0.064 
-0.064 
-0.064 
-0.064 
-0.063 
-0.048 
-0.025 
-0.007 

LOADING 'F-HYDYNt' 'FULL TANK HYDRODYNAMIC LOAD IN t X  DIRECTION' 
UNITS INCH LBS 
ELEMENT LOADS 
$ FULL TANK HYDRODYNAMIC FORCE 

15 SURFACE FACE 6 GLOBAL UNIFORM PX 
96 SURFACE FACE 6 GLOBAL UNIFORM PX 
177 SURFACE FACE 6 GLOBAL UNIFORM PX 
256 SURFACE FACE 6 GLOBAL UNIFORM PX 

0.03 
0.27 
0.74 
1.45 

339 SURFACE FACE 6 GLOBAL UNIFORM PX 
420 SURFACE FACE 6 GLOBAL UNIFORM PX 
501 SURFACE FACE 6 GLOBAL UNIFORM PX 
582 SURFACE FACE 6 GLOBAL UNIFORM PX 
663 SURFACE FACE 6 GLOBAL UNIFORM PX 
744 SURFACE FACE 6 GLOBAL UNIFORM PX 
825 SURFACE FACE 6 GLOBAL UNIFORM PX 
906 SURFACE FACE 6 GLOBAL UNIFORM PX 
987 SURFACE FACE 6 GLOBAL UNIFORM PX 
1068 SURFACE FACE 6 GLOBAL UNIFORM PX 
1149 SURFACE FACE 6 GLOBAL UNIFORM PX 
1230 SURFACE FACE 6 GLOBAL UNIFORM PX 
I31 1 SURFACE FACE 6 GLOBAL UNIFORM PX 
1392 SURFACE FACE 6 GLOBAL UNIFORM PX 
1473 SURFACE FACE 6 GLOBAL UNIFORM PX 
1554 SURFACE FACE 6 GLOBAL UNIFORM PX 
1635 SURFACE FACE 6 GLOBAL UNIFORM PX 
1716 SURFACE FACE 6 GLOBAL UNIFORM PX 
1797 SURFACE FACE 6 GLOBAL UNIFORM PX 
1878 SURFACE FACE 6 GLOBAL UNIFORM PX 
1959 SURFACE FACE 6 GLOBAL UNIFORM PX 
2040 SURFACE FACE 6 GLOBAL UNIFORM PX 
2121 SURFACE FACE 6 GLOBAL UNIFORM PX 
2202 SURFACE FACE 6 GLOBAL UNIFORM PX 
2283 SURFACE FACE 6 GLOBAL UNIFORM PX 
2364 SURFACE FACE 6 GLOBAL UNIFORM PX 
2445 SURFACE FACE 6 GLOBAL UNIFORM PX 
2526 SURFACE FACE 6 GLOBAL UNIFORM PX 
2607 SURFACE FACE 6 GLOBAL UNIFORM PX 
2688 SURFACE FACE 6 GLOBAL UNIFORM PX 
2769 SURFACE FACE 6 GLOBAL UNIFORM PX 
2850 SURFACE FACE 6 GLOBAL UNIFORM PX 
2931 SURFACE FACE 6 GLOBAL UNIFORM PX 
3012 SURFACE FACE 6 GLOBAL UNIFORM PX 
3093 SURFACE FACE 6 GLOBAL UNIFORM PX 
3174 SURFACE FACE 6 GLOBAL UNIFORM PX 
3255 SURFACE FACE 6 GLOBAL UNIFORM PX 
3336 SURFACE FACE 6 GLOBAL UNIFORM PX 
3417 SURFACE FACE 6 GLOBAL UNIFORM PX 
3498 SURFACE FACE 6 GLOBAL UNIFORM PX 
3579 SURFACE FACE 6 GLOBAL UNIFORM PX 
3660 SURFACE FACE 6 GLOBAL UNIFORM PX 

2.37 
3.49 
4.81 
6.29 
7.92 
9.68 
11.53 
13.46 
15.42 
17.41 
19.37 
21.30 
23.15 
24.91 
26.54 
28.02 
29.34 
30.46 
31.38 
32.09 
32.56 
32.80 
32.80 
32.56 
32.09 
31.38 
30.46 
29.34 
28.02 
26.54 
24.91 
23.15 
21.30 
19.37 
17-41 
15.42 
13.46 
11.53 
9.68 
7.92 
6.29 
4.81 
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, 

3741 SURFACE FACE 6 GLOBAL UNIFORM PX 
3822 SURFACE FACE 6 GLOBAL UNIFORM PX 
3903 SURFACE FACE 6 GLOBAL UNIFORM PX 
3984 SURFACE FACE 6 GLOBAL UNIFORM PX 
4065 SURFACE FACE 6 GLOBAL UNIFORM PX 
4146 SURFACE FACE 6 GLOBAL UNIFORM PX 

13 SURFACE FACE 6 GLOBAL UNIFORM PX 
94 SURFACE FACE 6 GLOBAL UNIFORM PX 
175 SURFACE FACE 6 GLOBAL UNIFORM PX 
256 SURFACE FACE 6 GLOBAL UNIFORM PX 
337 SURFACE FACE 6 GLOBAL UNIFORM PX 
418 SURFACE FACE 6 GLOBAL UNIFORM PX 
499 SURFACE FACE 6 GLOBAL UNIFORM PX 
580 SURFACE FACE 6 GLOBAL UNIFORM PX 
661 SURFACE FACE 6 GLOBAL UNIFORM PX 
742 SURFACE FACE 6 GLOBAL UNIFORM PX 
823 SURFACE FACE 6 GLOBAL UNIFORM PX 
904 SURFACE FACE 6 GLOBAL UNIFORM PX 
985 SURFACE FACE 6 GLOBAL UNIFORM PX 
1066 SURFACE FACE 6 GLOBAL UNIFORM PX 
1147 SURFACE FACE 6 GLOBAL UNIFORM PX 
1228 SURFACE FACE 6 GLOBAL UNIFORM PX 
1309 SURFACE FACE 6 GLOBAL UNIFORM PX 
1390 SURFACE FACE 6 GLOBAL UNIFORM PX 
1471 SURFACE FACE 6 GLOBAL UNIFORM PX 
1552 SURFACE FACE 6 GLOBAL UNIFORM PX 
1633 SURFACE FACE 6 GLOBAL UNIFORM PX 
1714 SURFACE FACE 6 GLOBAL UNIFORM PX 
1795 SURFACE FACE 6 GLOBAL UNIFORM PX 
1876 SURFACE FACE 6 GLOBAL UNIFORM PX 
1957 SURFACE FACE 6 GLOBAL UNIFORM PX 
2038 SURFACE FACE 6 GLOBAL UNIFORM PX 
21 19 SURFACE FACE 6 GLOBAL UNIFORM PX 
2200 SURFACE FACE 6 GLOBAL UNIFORM PX 

2362 SURFACE FACE 6 GLOBAL UNIFORM PX 
2443 SURFACE FACE 6 GLOBAL UNIFORM PX 
2524 SURFACE FACE 6 GLOBAL UNIFORM PX 
2605 SURFACE FACE 6 GLOBAL UNIFORM PX 
2686 SURFACE FACE 6 GLOBAL UNIFORM PX 
2767 SURFACE FACE 6 GLOBAL UNIFORM PX 

* 2281 SURFACE FACE 6 GLOBAL UNIFORM PX 

3.49 
2.37 
1.45 
0.74 ~ 

0.27 
0.03 

0.01 
0.09 
0.24 
0.46 
0.75 
1.11 
1.52 
2.00 
2.51 
3.07 
3.66 
4.27 
4.89 
5.52 
6.14 
6.75 
7.34 
7.90 
8.42 
8.89 
9.30 
9.66 
9.95 
10.18 
10.33 
10.40 
10.40 
10.33 
10.18 
9.95 
9.66 
9.30 
8.89 
8.42 
7.90 

2848 SURFACE FACE 6 GLOBAL UNIFORM PX 
2929 SURFACE FACE 6 GLOBAL UNIFORM PX 
3010 SURFACE FACE 6 GLOBAL UNIFORM PX 
3091 SURFACE FACE 6 GLOBAL UNIFORM PX 
3172 SURFACE FACE 6 GLOBAL UNIFORM PX 
3253 SURFACE FACE 6 GLOBAL UNIFORM PX 
3334 SURFACE FACE 6 GLOBAL UNIFORM PX 
3415 SURFACE FACE 6 GLOBAL UNIFORM PX 
3496 SURFACE FACE 6 GLOBAL UNIFORM PX 
3577 SURFACE FACE 6 GLOBAL UNIFORM PX 
3658 SURFACE FACE 6 GLOBAL UNIFORM PX 
3739 SURFACE FACE 6 GLOBAL UNIFORM PX 
3820 SURFACE FACE 6 GLOBAL UNIFORM PX 
3901 SURFACE FACE 6 GLOBAL UNIFORM PX 
3982 SURFACE FACE 6 GLOBAL UNIFORM PX 
4063 SURFACE FACE 6 GLOBAL UNIFORM PX 
4144 SURFACE FACE 6 GLOBAL UNIFORM PX 

$ 

7.34 
6.75 
6.14 
5.52 
4.89 
4.27 
3.66 
3.07 
2.51 
2.00 
1.52 
1.11 
0.75 
0.46 
0.24 
0.09 
0.01 

LOADING 'F-HYDYN-' 'FULL TANK HYDRODYNAMIC LOAD IN -X DIRECTION' 
UNITS INCH LBS 
ELEMENT LOADS 
$ FULL TANK HYDRODYNAMIC FORCE 

4227 SURFACE FACE 6 GLOBAL UNIFORM PX 
4308 SURFACE FACE 6 GLOBAL UNIFORM PX 
4389 SURFACE FACE 6 GLOBAL UNIFORM PX 
4470 SURFACE FACE 6 GLOBAL UNIFORM PX 
4551 SURFACE FACE 6 GLOBAL UNIFORM PX 
4632 SURFACE FACE 6 GLOBAL UNIFORM PX 
4713 SURFACE FACE 6 GLOBAL UNIFORM PX 
4794 SURFACE FACE 6 GLOBAL UNIFORM PX 
4875 SURFACE FACE 6 GLOBAL UNIFORM PX 
4956 SURFACE FACE 6 GLOBAL UNIFORM PX 
5037 SURFACE FACE 6 GLOBAL UNIFORM PX 
51 18 SURFACE FACE 6 GLOBAL UNIFORM PX 
5199 SURFACE FACE 6 GLOBAL UNIFORM PX 
5280 SURFACE FACE 6 GLOBAL UNIFORM PX 
5361 SURFACE FACE 6 GLOBAL UNIFORM PX 
5442 SURFACE FACE 6 GLOBAL UNIFORM PX 
5523 SURFACE FACE 6 GLOBAL UNIFORM PX 
5604 SURFACE FACE 6 GLOBAL UNIFORM PX 
5685 SURFACE FACE 6 GLOBAL UNIFORM PX 
5766 SURFACE FACE 6 GLOBAL UNIFORM PX 

-0.03 
-0.27 
-0.74 
-1 -45 
-2.37 
-3.49 
-4.81 
-6.29 
-7.92 
-9.68 
-1 1.53 
-1 3.46 
-1 5.42 
-17.41 
-1 9.37 
-21.30 
-23.1 5 
-24.91 
-26.54 
-28.02 

D-22 



5847 SURFACE FACE 6 GLOBAL UNIFORM PX 
5928 SURFACE FACE 6 GLOBAL UNIFORM PX 
6009 SURFACE FACE 6 GLOBAL UNIFORM PX 
6090 SURFACE FACE 6 GLOBAL UNIFORM PX 
6171 SURFACE FACE 6 GLOBAL UNIFORM PX 
6252 SURFACE FACE 6 GLOBAL UNIFORM PX 
6333 SURFACE FACE 6 GLOBAL UNIFORM PX 
6414 SURFACE FACE 6 GLOBAL UNIFORM PX 
6495 SURFACE FACE 6 GLOBAL UNIFORM PX 
6576 SURFACE FACE 6 GLOBAL UNIFORM PX 
6657 SURFACE FACE 6 GLOBAL UNIFORM PX 
6738 SURFACE FACE 6 GLOBAL UNIFORM PX 
6819 SURFACE FACE 6 GLOBAL UNIFORM PX 
6900 SURFACE FACE 6 GLOBAL UNIFORM PX 
6981 SURFACE FACE 6 GLOBAL UNIFORM PX 
7062 SURFACE FACE 6 GLOBAL UNIFORM PX 
7143 SURFACE FACE 6 GLOBAL UNIFORM PX 
7224 SURFACE FACE 6 GLOBAL UNIFORM PX 
7305 SURFACE FACE 6 GLOBAL UNIFORM PX 
7386 SURFACE FACE 6 GLOBAL UNIFORM PX 
7467 SURFACE FACE 6 GLOBAL UNIFORM PX 
7548 SURFACE FACE 6 GLOBAL UNIFORM PX 
7629 SURFACE FACE 6 GLOBAL UNIFORM PX 
7710 SURFACE FACE 6 GLOBAL UNIFORM PX 
7791 SURFACE FACE 6 GLOBAL UNIFORM PX 
7872 SURFACE FACE 6 GLOBAL UNIFORM PX 
7953 SURFACE FACE 6 GLOBAL UNIFORM PX 
8034 SURFACE FACE 6 GLOBAL UNIFORM PX 
81 I5 SURFACE FACE 6 GLOBAL UNIFORM PX 
8196 SURFACE FACE 6 GLOBAL UNIFORM PX 
8277 SURFACE FACE 6 GLOBAL UNIFORM PX 
8358 SURFACE FACE 6 GLOBAL UNIFORM PX 

4225 SURFACE FACE 6 GLOBAL UNIFORM PX 
4306 SURFACE FACE 6 GLOBAL UNIFORM PX 
4387 SURFACE FACE 6 GLOBAL UNIFORM PX 
4468 SURFACE FACE 6 GLOBAL UNIFORM PX 
4549 SURFACE FACE 6 GLOBAL UNIFORM PX 
4630 SURFACE FACE 6 GLOBAL UNIFORM PX 
471 1 SURFACE FACE 6 GLOBAL UNIFORM PX 
4792 SURFACE FACE 6 GLOBAL UNIFORM PX 
4873 SURFACE FACE 6 GLOBAL UNIFORM PX 

-29.34 
-30.46 
-31.38 
-32.09 
-32.56 
-32.80 
-32.80 
-32.56 
-32.09 
-31.38 
-30.46 
-29.34 
-28.02 
-26.54 
-24.91 
-23.15 
-21.30 
-1 9.37 
-17.41 
-1 5.42 
-1 3.46 
-1 1.53 
-9.68 
-7.92 
-6.29 
-4.81 
-3.49 
-2.37 
-1.45 
-0.74 
-0.27 
-0.03 

-0.01 
-0.09 
-0.24 
-0.46 
-0.75 
-1.11 
-1.52 
-2.00 
-2.51 

4954 SURFACE FACE 6 GLOBAL UNIFORM PX -3.07 
5035 SURFACE FACE 6 GLOBAL UNIFORM PX -3.66 
51 I6 SURFACE FACE 6 GLOBAL UNIFORM PX -4.27 
5197 SURFACE FACE 6 GLOBAL UNIFORM PX -4.89 
5278 SURFACE FACE 6 GLOBAL UNIFORM PX -5.52 
5359 SURFACE FACE 6 GLOBAL UNIFORM PX -6.14 
5440 SURFACE FACE 6 GLOBAL UNIFORM PX -6.75 
5521 SURFACE FACE 6 GLOBAL UNIFORM PX -7.34 
5602 SURFACE FACE 6 GLOBAL UNIFORM PX -7.90 
5683 SURFACE FACE 6 GLOBAL UNIFORM PX -8.42 
5764 SURFACE FACE 6 GLOBAL UNIFORM PX -8.89 
5845 SURFACE FACE 6 GLOBAL UNIFORM PX -9.30 
5926 SURFACE FACE 6 GLOBAL UNIFORM PX -9.66 
6007 SURFACE FACE 6 GLOBAL UNIFORM PX -9.95 
6088 SURFACE FACE 6 GLOBAL UNIFORM PX -10.18 
6169 SURFACE FACE 6 GLOBAL UNIFORM PX -10.33 
6250 SURFACE FACE 6 GLOBAL UNIFORM PX -10.40 
6331 SURFACE FACE 6 GLOBAL UNIFORM PX -10.40 
6412 SURFACE FACE 6 GLOBAL UNIFORM PX -10.33 
6493 SURFACE FACE 6 GLOBAL UNIFORM PX -10.18 
6574 SURFACE FACE 6 GLOBAL UNIFORM PX -3.95 
6655 SURFACE FACE 6 GLOBAL UNIFORM PX -9.66 
6736 SURFACE FACE 6 GLOBAL UNIFORM PX -9.30 
6817 SURFACE FACE 6 GLOBAL UNIFORM PX -8.89 
6898 SURFACE FACE 6 GLOBAL UNIFORM PX -8.42 
6979 SURFACE FACE 6 GLOBAL UNIFORM PX -7.90 
7060 SURFACE FACE 6 GLOBAL UNIFORM PX -7.34 
7141 SURFACE FACE 6 GLOBAL UNIFORM PX -6.75 
7222 SURFACE FACE 6 GLOBAL UNIFORM PX -6.14 
7303 SURFACE FACE 6 GLOBAL UNIFORM PX -5.52 
7384 SURFACE FACE 6 GLOBAL UNIFORM PX -4.89 
7465 SURFACE FACE 6 GLOBAL UNIFORM PX -4.27 
7546 SURFACE FACE 6 GLOBAL UNIFORM PX -3.66 
7627 SURFACE FACE 6 GLOBAL UNIFORM PX -3.07 
7708 SURFACE FACE 6 GLOBAL UNIFORM PX -2.51 
7789 SURFACE FACE 6 GLOBAL UNIFORM PX -2.00 
7870 SURFACE FACE 6 GLOBAL UNIFORM PX -1.52 
7951 SURFACE FACE 6 GLOBAL UNIFORM PX -1.11 
8032 SURFACE FACE 6 GLOBAL UNIFORM PX -0.75 
81 I3 SURFACE FACE 6 GLOBAL UNIFORM PX -0.46 
8194 SURFACE FACE 6 GLOBAL UNIFORM PX -0.24 
8275 SURFACE FACE 6 GLOBAL UNIFORM PX -0.09 
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8356 SURFACE FACE 6 GLOBAL UNIFORM PX 
$ 

-0.01 

LOADING 'FULLSTAT' 'FULL TANK HYDROSTATIC LOAD' 
UNITS INCH LBS 
ELEMENT LOADS 
$ FULL TANK HYDRODSTATIC FORCE 

$ HYDROSTATIC PRESSURE 
10 THROUGH 8353 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -5.405 
I 1  THROUGH 8354 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -4.841 
12 THROUGH 8355 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -4.277 
13 THROUGH 8356 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -3.713 
14 THROUGH 8357 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -3.227 
15 THROUGH 8358 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -2.821 
16 THROUGH 8359 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -2.347 
17 THROUGH 8360 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -1.805 
18 THROUGH 8361 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -1.264 
19 THROUGH 8362 BY 81 SURFACE FACE 6 PLANAR UNIFORM Pi! -0.722 
20 THROUGH 8363 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -0.226 

LOADING 'H-HYDYNt' 'HALF TANK DYDRODYNAMIC FORCE IN THE t X  DIRECTION' 
UNITS INCH LBS 
ELEMENT LOADS 
$ HALfTANK HYDRODYNAMIC FORCE 

12 SURFACE FACE 6 GLOBAL UNIFORM PX 
93 SURFACE FACE 6 GLOBAL UNIFORM PX 
174 SURFACE FACE 6 GLOBAL UNIFORM PX 
255 SURFACE FACE 6 GLOBAL UNIFORM PX 
336 SURFACE FACE 6 GLOBAL UNIFORM PX 
417 SURFACE FACE 6 GLOBAL UNIFORM PX 
498 SURFACE FACE 6 GLOBAL UNIFORM PX 
579 SURFACE FACE 6 GLOBAL UNIFORM PX 
660 SURFACE FACE 6 GLOBAL UNIFORM PX 
741 SURFACE FACE 6 GLOBAL UNIFORM PX 
822 SURFACE FACE 6 GLOBAL UNIFORM PX 
903 SURFACE FACE 6 GLOBAL UNIFORM PX 
984 SURFACE FACE 6 GLOBAL UNIFORM PX 
1065 SURFACE FACE 6 GLOBAL UNIFORM PX 
1146 SURFACE FACE 6 GLOBAL UNIFORM PX 
1227 SURFACE FACE 6 GLOBAL UNIFORM PX 
1308 SURFACE FACE 6 GLOBAL UNIFORM PX 

0.01 
0.12 
0.34 
0.66 
I .08 
1.59 
2.19 
2.87 
3.61 
4.42 
5.26 
6.14 
7.04 
7.94 
8.84 
9.72 
10.56 

1389 SURFACE FACE 6 GLOBAL UNIFORM PX 
1470 SURFACE FACE 6 GLOBAL UNIFORM PX 
1551 SURFACE FACE 6 GLOBAL UNIFORM PX 
1632 SURFACE FACE 6 GLOBAL UNIFORM PX 
1713 SURFACE FACE 6 GLOBAL UNIFORM PX 
1794 SURFACE FACE 6 GLOBAL UNIFORM PX 
1875 SURFACE FACE 6 GLOBAL UNIFORM PX 
1956 SURFACE FACE 6 GLOBAL UNIFORM PX 
2037 SURFACE FACE 6 GLOBAL UNIFORM PX 
21 18 SURFACE FACE 6 GLOBAL UNIFORM PX 
2199 SURFACE FACE 6 GLOBAL UNIFORM PX 
2280 SURFACE FACE 6 GLOBAL UNIFORM PX 
2361 SURFACE FACE 6 GLOBAL UNIFORM PX 
2442 SURFACE FACE 6 GLOBAL UNIFORM PX 
2523 SURFACE FACE 6 GLOBAL UNIFORM PX 
2604 SURFACE FACE 6 GLOBAL UNIFORM PX 
2685 SURFACE FACE 6 GLOBAL UNIFORM PX 
2766 SURFACE FACE 6 GLOBAL UNIFORM PX 
2847 SURFACE FACE 6 GLOBAL UNIFORM PX 
2928 SURFACE FACE 6 GLOBAL UNIFORM PX 
3009 SURFACE FACE 6 GLOBAL UNIFORM PX 
3090 SURFACE FACE 6 GLOBAL UNIFORM PX 
3171 SURFACE FACE 6 GLOBAL UNIFORM PX 
3252 SURFACE FACE 6 GLOBAL UNIFORM PX 
3333 SURFACE FACE 6 GLOBAL UNIFORM PX 
3414 SURFACE FACE 6 GLOBAL UNIFORM PX 
3495 SURFACE FACE 6 GLOBAL UNIFORM PX 
3576 SURFACE FACE 6 GLOBAL UNIFORM PX 
3657 SURFACE FACE 6 GLOBAL UNIFORM PX 
3738 SURFACE FACE 6 GLOBAL UNIFORM PX 
3819 SURFACE FACE 6 GLOBAL UNIFORM PX 
3900 SURFACE FACE 6 GLOBAL UNIFORM PX 
3981 SURFACE FACE 6 GLOBAL UNIFORM PX 
4062 SURFACE FACE 6 GLOBAL UNIFORM PX 
4143 SURFACE FACE 6 GLOBAL UNIFORM PX 

11 
92 
173 
254 
335 
416 

SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 

11.36 
12.11 
12.78 
13.38 
13-90 
14.32 
14.64 
14.85 
14.96 
14.96 
14.85 
14.64 
14.32 
13.90 
13.38 
12.78 
12.11 
11.36 
10.56 
9.72 
8.84 
7.94 
7.04 
6.14 
5.26 
4.42 
3.61 
2.87 
2.19 
1.59 
1.08 
0.66 
0.34 
0.12 
0.01 

0.00 
0.03 
0.07 
0.14 
0.23 
0.35 
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497 
578 
659 
740 
821 
902 
983 
1064 
1145 
1226 
1307 
1388 
1469 
1550 
1631 
1712 
1793 
1874 
1955 
2036 
2117 
2198 
2279 
2360 
2441 
2522 
2603 
2684 
2765 
2846 
2927 
3008 
3089 
3170 
3251 
3332 
341 3 
3494 
3575 
3656 
3737 
3818 

SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 
SURFACE FACE 6 GLOBAL UNIFORM PX 

0.48 
0.62 
0.79 
0.96 
1.14 
1.33 
1.53 
1.73 
1.92 
2.1 1 
2.29 
2.47 
2.63 
2.78 
2.91 
3.02 
3.1 1 
3.18 
3.23 
3.25 
3.25 
3.23 
3.18 
3.1 1 
3.02 
2.91 
2.78 
2.63 
2.47 
2.29 
2.1 1 
1.92 
1.73 
1.53 
1.33 
1.14 
0.96 
0.79 
0.62 
0.48 
0.35 
0.23 

3899 SURFACE FACE 6 GLOBAL UNIFORM PX 
3980 SURFACE FACE 6 GLOBAL UNIFORM PX 
4061 SURFACE FACE 6 GLOBAL UNIFORM PX 
4142 SURFACE FACE 6 GLOBAL UNIFORM PX 

$ 
LOADING 'H-HYDYN-' 'HALF TA'JK DYDRODYNAMIC F 
UNITS INCH LBS 
ELEMENT LOADS 
$ HALFTANK HYDRODYNAMIC FORCE 

4224 SURFACE FACE 6 GLOBAL UNIFORM PX 
4305 SURFACE FACE 6 GLOBAL UNIFORM PX 
4386 SURFACE FACE 6 GLOBAL UNIFORM PX 
4467 SURFACE FACE 6 GLOBAL UNIFORM PX 
4548 SURFACE FACE 6 GLOBAL UNIFORM PX 
4629 SURFACE FACE 6 GLOBAL UNIFORM PX 
4710 SURFACE FACE 6 GLOBAL UNIFORM PX 
4791 SURFACE FACE 6 GLOBAL UNIFORM PX 
4872 SURFACE FACE 6 GLOBAL UNIFORM PX 
4953 SURFACE FACE 6 GLOBAL UNIFORM PX 
5034 SURFACE FACE 6 GLOBAL UNIFORM PX 
51 15 SURFACE FACE 6 GLOBAL UNIFORM PX 
5196 SURFACE FACE 6 GLOBAL UNIFORM PX 
5277 SURFACE FACE 6 GLOBAL UNIFORM PX 
5358 SURFACE FACE 6 GLOBAL UNIFORM PX 
5439 SURFACE FACE 6 GLOBAL UNIFORM PX 
5520 SURFACE FACE 6 GLOBAL UNIFORM PX 
5601 SURFACE FACE 6 GLOBAL UNIFORM PX 
5682 SURFACE FACE 6 GLOBAL UNIFORM PX 
5763 SURFACE FACE 6 GLOBAL UNIFORM PX 
5844 SURFACE FACE 6 GLOBAL UNIFORM PX 
5925 SURFACE FACE 6 GLOBAL UNIFORM PX 
6006 SURFACE FACE 6 GLOBAL UNIFORM PX 
6087 SURFACE FACE 6 GLOBAL UNIFORM PX 
6168 SURFACE FACE 6 GLOBAL UNIFORM PX 
6249 SURFACE FACE 6 GLOBAL UNIFORM PX 
6330 SURFACE FACE 6 GLOBAL UNIFORM PX 
641 1 SURFACE FACE 6 GLOBAL UNIFORM PX 
6492 SURFACE FACE 6 GLOBAL UNIFORM PX 
6573 SURFACE FACE 6 GLOBAL UNIFORM PX 
6654 SURFACE FACE 6 GLOBAL UNIFORM PX 
6735 SURFACE FACE 6 GLOBAL UNIFORM PX 
6816 SURFACE FACE 6 GLOBAL UNIFORM PX 

0.14 
0.07 
0.03 
0.00 

'ORCE IN THE -X DIRECTION' 

-0.01 
-0.12 
-0.34 
-0.66 
-1.08 
-1.59 
-2.19 
-2.87 
-3.61 
-4.42 
-5.26 
-6.14 
-7.04 
-7.94 
-8.04 
-9.72 
-10.56 
-1 1.36 
-12.1 1 
-12.78 
-1 3.38 
-1 3.90 
-1 4.32 
-14.64 
-1 4.85 
-14.96 
-14.96 
-14.85 
-1 4.64 
-14.32 
-13.90 
-13.38 
-1 2.78 
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6897 SURFACE FACE 6 GLOBAL UNIFORM PX 
6978 SURFACE FACE 6 GLOBAL UNIFORM PX 
7059 SURFACE FACE 6 GLOBAL UNIFORM PX 
7140 SURFACE FACE 6 GLOBAL UNIFORM PX 
7221 SURFACE FACE 6 GLOBAL UNIFORM PX 
7302 SURFACE FACE 6 GLOBAL UNIFORM PX 
7383 SURFACE FACE 6 GLOBAL UNIFORM PX 
7464 SURFACE FACE 6 GLOBAL UNIFORM PX 
7545 SURFACE FACE 6 GLOBAL UNIFORM PX 
7626 SURFACE FACE 6 GLOBAL UNIFORM PX 
7707 SURFACE FACE 6 GLOBAL UNIFORM PX 
7788 SURFACE FACE 6 GLOBAL UNIFORM PX 
7869 SURFACE FACE 6 GLOBAL UNIFORM PX 
7950 SURFACE FACE 6 GLOBAL UNIFORM PX 
8031 SURFACE FACE 6 GLOBAL UNIFORM PX 
8112 SURFACE FACE 6 GLOBAL UNIFORM PX 
8193 SURFACE FACE 6 GLOBAL UNIFORM PX 
8274 SURFACE FACE 6 GLOBAL UNIFORM PX 
8355 SURFACE FACE 6 GLOBAL UNIFORM PX 

4223 SURFACE FACE 6 GLOBAL UNIFORM PX 
4304 SURFACE FACE 6 GLOBAL UNIFORM PX 
4385 SURFACE FACE 6 GLOBAL UNIFORM PX 
4466 SURFACE FACE 6 GLOBAL UNIFORM PX 
4547 SURFACE FACE 6 GLOBAL UNIFORM PX 
4628 SURFACE FACE 6 GLOBAL UNIFORM PX 
4709 SURFACE FACE 6 GLOBAL UNIFORM PX 
4790 SURFACE FACE 6 GLOBAL UNIFORM PX 
4871 SURFACE FACE 6 GLOBAL UNIFORM PX 
4952 SURFACE FACE 6 GLOBAL UNIFORM PX 
5033 SURFACE FACE 6 GLOBAL UNIFORM PX 
5114 SURFACE FACE 6 GLOBAL UNIFORM PX 
5195 SURFACE FACE 6 GLOBAL UNIFORM PX 
5276 SURFACE FACE 6 GLOBAL UNIFORM PX 
5357 SURFACE FACE 6 GLOBAL UNIFORM PX 
5438 SURFACE FACE 6 GLOBAL UNIFORM PX 
5519 SURFACE FACE 6 GLOBAL UNIFORM PX 
5600 SURFACE FACE 6 GLOBAL UNIFORM PX 
5681 SURFACE FACE 6 GLOBAL UNIFORM PX 
5762 SURFACE FACE 6 GLOBAL UNIFORM PX 
5843 SURFACE FACE 6 GLOBAL UNIFORM PX 
5924 SURFACE FACE 6 GLOBAL UNIFORM PX 

-12.1 I 
-1 1.36 
-1 0.56 
-9.72 
-8.84 
-7.94 
-7.04 
-6.14 
-5.26 
-4.42 
-3.61 
-2.87 
-2.19 
-1.59 
-1.08 
-0.66 
-0.34 
-0.12 
-0.01 

-0.00 
-0.03 
-0.07 
-0.14 
-0.23 
-0.35 
-0.48 
-0.62 
-0.79 
-0.96 
-1.14 
-1.33 
-1 3 3  
-1.73 
-1.92 
-2.1 1 
-2.29 
-2.47 
-2.63 
-2.78 
-2.91 
-3.02 

6005 SURFACE FACE 6 GLOBAL UNIFORM PX 
6086 SURFACE FACE 6 GLOBAL UNIFORM PX 
6167 SURFACE FACE 6 GLOBAL UNIFORM PX 
6248 SURFACE FACE 6 Gl  OBAL UNIFORM PX 
6329 SURFACE FACE 6 GLOBAL UNIFORM PX 
641.0 SURFACE FACE 6 GLOBAL UNIFORM PX 
6491 SURFACE FACE 6 GLOBAL UNIFORM PX 
6572 SURFACE FACE 6 GLOBAL UNIFORM PX 
6653 SURFACE FACE 6 GLOBAL UNIFORM PX 
6734 SURFACE FACE 6 GLOBAL UNIFORM PX 
6815 SURFACE FACE 6 GLOBAL UNIFORM PX 
6896 SURFACE FACE 6 GLOBAL UNIFORM PX 
6977 SURFACE FACE 6 GLOBAL UNIFORM PX 
7058 SURFACE FACE 6 GLOBAL UNIFORM PX 
7139 SURFACE FACE 6 GLOBAL UNIFORM PX 
7220 SURFACE FACE 6 GLOBAL UNIFORM PX 
7301 SURFACE FACE 6 GLOBAL UNIFORM PX 
7382 SURFACE FACE 6 GLOBAL UNIFORM PX 
7463 SURFACE FACE 6 GLOBAL UNIFORM PX 
7544 SURFACE FACE 6 GLOBAL UNIFORM PX 
7625 SURFACE FACE 6 GLOBAL UNIFORM PX 
7706 SURFACE FACE 6 GLOBAL UNIFORM PX 
7787 SURFACE FACE 6 GLOBAL UNIFORM PX 
7868 SURFACE FACE 6 GLOBAL UNIFORM PX 
7949 SURFACE FACE 6 GLOBAL UNIFORM PX 
8030 SURFACE FACE 6 GLOBAL UNIFORM PX 
81 11 SURFACE FACE 6 GLOBAL UNIFORM PX 
8192 SURFACE FACE 6 GLOBAL UNIFORM PX 
8273 SURFACE FACE 6 GLOBAL UNIFORM PX 
8354 SURFACE FACE 6 GLOBAL UNIFORM PX 

-3.1 1 
-3.18 
-3.23 
-3.25 
-3.25 
-3.23 
-3.18 
-3.1 1 
-3.02 
-2.91 
-2.78 
-2.63 
-2.47 
-2.29 
-2.1 I 
-1.92 
-1.73 
-1.53 
-1.33 
-1.14 
-0.96 
-0.79 
-0.62 
-0.48 
-0.35 
-0.23 
-0.14 
-0.07 
-0.03 
-0.00 

$ 
LOADING 'HALFSTAT' 'HALF TANK DYDROSTATIC FORCE' 
UNITS INCH LBS 
ELEMENT LOADS 
$ HYDROSTATIC PRESSURE 

10 THROUGH 8353 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -2.787 
I 1  THROUGH 8354 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -2.223 
12 THROUGH 8355 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -1.659 
13 THROUGH 8356 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -1.095 
14 THROUGH 8357 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -0.609 
15 THROUGH 8358 BY 81 SURFACE FACE 6 PLANAR UNIFORM PZ -0.203 
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$ 

$ 
STIFFNESS ANALYSIS REDUCE BAND 
$ 
$ 
$ END OF MATRIX FORMULATION CHECK 
$ 
$...LOAD COMBINATIONS 
$ 

PRINT JOINT COORDINATE 
PRINT MEMBER INCIDENCES 

LOADING LIST 'DEADLOAD 'OVERDOME' 'SIDESOIL' 'DYNASOIL' 'EQ-TANK' 'F-HYDYNt' * 

$ 
$ STATIC LOADS 
$ 
CREAT LOADING COMB 1 SPEC 'DEADLOAD 1.0 'OVERDOME' 1.0 'SIDESOIL' 1.0 
s 

'F-HYDYN-' 'FULLSTAT' 'H-HYDYNt' 'H-HYDYN-' 'HALFSTAT' 

CREAT LOADING COMB 2 SPEC 'DEADLOAD' 1.0 'OVERDOME' 1.0 'SIDESOIL' 1.0 - 
'FULLSTAT' 1 .O 

$ 

CREAT LOADING COMB 3 SPEC 'DEADLOAD 1 .O 'OVERDOME' 1 .O 'SIDESOIL' 1 .O - 
'HALFSTAT' 1 ,O 

$ 
$ DYNAMIC LOADS 

CREAT LOAD COMB 4 SPEC 'DEADLOAD 1.093 'OVERDOME' 1.093 'EQ-TANK' 1.0 - 
'SIDESOIL' 1 .O 'DYNASOIL' 1 .O 

CREAT LOAD COMB 5 SPEC 'DEADLOAD 1.093 'OVERDOME' 1.093 'EQ-TANK' 1 .O - 
'SIDESOIL' I .O 'DYNASOIL' 1 .O 'FULLSTAT' I .O 'F-HYDYNt' 1 .O 

CREAT LOAD COMB 6 SPEC 'DEADLOAD 1.093 'OVERDOME' 1.093 'EQ-TANK' -1 .O - 
'SIDESOIL' 1.0 'DYNASOIL' 1 .O 'FULLSTAT' 1 .O 'F-HYDYN-' 1.0 

CREAT LOAD COMB 7 SPEC 'DEADLOAD 1.093 'OVERDOME' 1.093 'EQ-TANK' I .O - 
'SIDESOIL' 1.0 'DYNASOIL' 1.0 'HALFSTAT' 1.0 'H-HYDYNt' 1.0 

CREAT LOAD COMB 8 SPEC 'DEADLOAD 1.093 'OVERDOME' 1.093 'EQ-TANK' -1.0 - 
'SIDESOIL' 1.0 'DYNASOIL' 1.0 'HALFSTAT' 1.O'H-HYDYN' 1.0 

OUTPUT DECIMAL 3 
OUTPUT ORDERED 
OUTPUT BY MEMBER 
OUTPUT BY ELEMENT 

LOADING LIST 'DEADLOAD 'OVERDOME' 'SIDESOIL' 'DYNASOIC 'EQ-TANK' 'F-HYDYN+' - 
'F-HYDYN-' 'FULLSTAT' 'H-HYDYNt' 'H-HYDYN-' 'HALFSTAT' 1 TO 8 

LIST DlSP JOINTS 1 TO 155 
LIST FORCES MEMBERS 10001 TO 12392 
$ VERTICAL WALLS 
LIST STRESS ELEMENTS 1 TO 81 2107TO 21874213 TO 4293 

$ TOP LAYER 
$ DOME HOLE 'D-TOP', 24 IN DIA. 
LIST STRESS ELEMENTS 4919 TO 5324 BY 81 
LIST STRESS ELEMENTS 4920 TO 5325 BY 81 
LIST STRESS ELEMENTS 4921 TO 5326 BY 81 
LIST STRESS ELEMENTS 4922 TO 5327 BY 81 
LIST STRESS ELEMENTS 4923 TO 5328 BY 81 
LIST STRESS ELEMENTS 4924 TO 5329 BY 81 
$ DOME HOLE 'E-TOP', 30 IN DIA. 
LIST STRESS ELEMENTS 4001 TO 4406 BY 81 
LIST STRESS ELEMENTS 4004 TO 4409 BY 81 
LIST STRESS ELEMENTS 4028 TO 4433 BY 81 
LIST STRESS ELEMENTS 4029 TO 4434 BY 81 
LIST STRESS ELEMENTS 4030 TO 4435 BY 81 
LIST STRESS ELEMENTS 4031 TO 4436 BY 81 

$ BOTTOM LAYER 
$ DOME HOLE 'D-BOTTOM, 24 IN DIA. 
LIST STRESS ELEMENTS 4896 TO 5301 BY 81 
LIST STRESS ELEMENTS 4897 TO 5302 BY 81 
LIST STRESS ELEMENTS 4898 TO 5303 BY 81 
LIST STRESS ELEMENTS 4899 TO 5304 BY 81 
LIST STRESS ELEMENTS 4900 TO 5305 BY 81 
LIST STRESS FLEMENTS 4901 TO 5306 BY 81 
$ DOME HOLE 'E-BOTTOM', 30 IN DIA. AND 'F-BOllOM 12 IN. DIA. 
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LIST STRESS ELEMENTS 4000 TO 4729 BY 81 
LIST STRESS ELEMENTS 4003 TO 4732 BY 81 
LIST STRESS ELEMENTS 4005 TO 4734 BY 81 
LIST STRESS ELEMENTS 4006 TO 4735 BY 81 
LIST STRESS ELEMENTS 4007 TO 4736 BY 81 
LIST STRESS ELEMENTS 4008 TO 4737 BY 81 
$ 
CALCULATE AVERAGE PRlN STRES VON AND ENVELOPE AT MID SURFACES FOR 
ELEMENTS - 
1 TO 81 2107 TO 2187 4213 TO 4293 - 
4919 TO 5324 BY 81 - 
4920 TO 5325 BY 81 - 
4921 TO 5326 BY 81 - 
4922 TO 5327 BY 81 - 
4923 TO 5328 BY 81 - 
4924 TO 5329 BY 81 - 
4001 TO 4406 BY 81 - 
4004 TO 4409 BY 81 - 
4028 TO 4433 BY 81 - 
4029 TO 4434 BY 81 - 
4030 TO 4435 BY 81 - 
4031 TO4436 BY 81 - 
4896 TO 5301 BY 81 - 
4897 TO 5302 BY 81 - 
4898 TO 5303 BY 81 - 
4899 TO 5304 BY 81 - 
4900 TO 5305 BY 81 - 
4901 TO 5306 BY 81 - 
4000 TO 4729 BY 81 - 
4003 TO 4732 BY 81 - 
4005 TO 4734 BY 81 - 
4006 TO 4735 BY 81 - 
4007 TO 4736 BY 81 - 
4008 TO 4737 BY 81 

CINPUT 
FINISH 
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