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1.0 O B J E ~ I V ~ ~ P O S E  

The purpose of this calculahon 1s to develop a paramefmc model for the single shell tank 
(SST) 5, and prowde a sample analysis of the SST-S tank based on andysls of record 
(AOR} loads. The SST-5 model IS based on buyer-supplied as-built drawmgs and 
information for the AOR for SSTs, encornpassmg the exisbng tank load condibons, and 
evaluates stresses and deformabons throughout the tank and surrounding sox1 mass. 

These sample calculabons in &IS document are not to be used for assessing the 
structural integrity of the SST-S tanks at the Hanford site. 

2.0 METHODS OF ANALYSIS 

3 .  A 3-degree s h e  3D model of the SST-S tanks was hrst developed usmg the 
ANSYS Parametric Design Language (APDL) in ANSYS 7.0, a general purpose 
h i te  element analysis program w. Compared with the h e a r  mode1 
reported in RPP-14000 [Ref-51, the 3D s h e  model includes some non-hear 
characterisbcs of the analysis, such as a) contact between the sod and tank with 
fnchon and b) plashc soil material. Also, the reinforcement bars embedded m the 
concrete tank were mcluded for this analysis. 

2. The parametric model of the SST-S tank was then analyzed based on AOR loads. 
Contour plots showmg stress and displacement are provided, as weU as path 
plots showmg sechon force/moment. 

3.0 INPUTDATA 

The geometry of the SST-S tank IS provlded m drawmg H-2-3783 &[-a, and IS shown 
in F~gur c I. The parametric model mcludes material properhes for the tank and nominal 
sod material properties. For purposes of this calculahon, the soil overburden (at the top 
of the tank dome) is 10.59 feet M I ,  with a wut weight of 125 pcf and Poisson ratio of 
0.27. The soil is divided mto three layers as shown in Figure 2. Each layer has a different 
elask modulus. Material properties for structural concrete and soil are the same as 
those m document RPP-14249 @eA-2J. The concrete remforcmg bar properbes are also 
specified. All linear matenal properties are listed m Table 1. 
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Table 1. Linear Material Properties [Ref31 

“Urucker-Prager plashcity is used for sod, and the fnchon angle 1s 35.4 degrees for all 
three layers of sod. 

The concrete tank is modeled with 3D solid elements SOLID65, and the soil is modeled 
with SOLID45 elements. Figwes 3 through 3 show the finite element mesh used for this 
calculation. The tank is divided into small volumes of 1” wide according the location of 
the steel reinforcing bars (~~~~~~~~ 6 to @. Real constants are assigned to tank elements to 
represent the rebar volume ratios and rebar orientations (E . The volume ratio is 
calculated using Excel spreadsheets listed in j’ables 2 to 3. In the dome and slab, the 
volume ratio of the radial rebars increases linearly with decreasing radius. Given this 
variety of the rebar volume ratio, the average radius was used during the calculation of 
the real constants for the radial rebars in the dome and slab. There are 3 element 
coordinate systems used to orient the rebars, and they are listed in a b u i .  F&gwt%Hj 
shows the rebar elements colored by element coordinate systems. FiPure ‘1 1. to 13 depict 
the rebar orientations at various locations of the concrete tank. Standard contact with a 
friction coefficient of 0.3 is d e k e d  between the tank and the surrounding soil. 

The AOR loads for the SST-S tank include a uniform pressure load of 40 ibf/ftz on the 
soil surface and a concentrated load of 200 kip over a circular region with a radius of 10 
ft. The concentrated load is applied to the soil surface as a uniform pressure load in this 
calculation. A vacuum load of -6 in. water gage is also applied to the inside surface of 
the tank. Boundary conditions are applied to the model so that both ends of the slice are 
constrained in the circumferential direction, the outside radius surface of the soil is fixed 
in the radial h c t i o n ,  and the bottom surface of the soil is fixed in the vertical direction. 
Gravity is also included in the calculation. 

The parametric inputs used in this calculation are summarized in the attachments. The 
fils and their functions are listed in Table 7. 
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Table 2. Calculation of Steel Reinforcement Ratios for Slab 

I I 
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Table 3. Calculation of Steel Reinforcement Ratios for Wall 
200 

Table 4. Calculation of Steel Reinforcement Ratios for Dome 
I W  l..T8 .It..lR*inm~~n.nlR.".*b,Orr~l .ndn."neh . R*1".*.17Ia 
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Element Axes 
X Y Z 

Originator Xianghong Li A' Date 4/25/03 
Checker Jim Radochia P Date 4/25/03 

Thickness 
Direction Spheroidal 101 

Table 5. Calculation of Steel Reinforcement Ratios for Haunch Core 

Radial Hoop 
Direction Direction 

loo 1 I Thickness 1 Radial 1 Hoop Spheroidal Direction Direction Direction 

llo 1 I Radial 1 Hoop 1 Vertical Cylindrical Direction Direction Direction 

Covered Region 

Interior rebars in 
dome and haunch, 

haunch core 
Exterior rebars in 
.- 

dome dnd haunch 
Rebars in wall and 
slab, verhcal part 

of the exterior 
haunch rebar - 
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Input File Name 

sst-s-slice.mac 

Pam-s.mac 

slice-1oad-s.mac 

pst-s-slice.mac 

get-res-slice.mac 

get-hpfrc.mac 

plpng.mac 
path-s.plt 

axial-path.mac 
shear-path.mac 
hoop-path.mac 

noment-path.mac 
Smisc-plt.plt 

Table 7. Input File List 

Function 
Main inout creatine oarametric slice mode 

for &T-S tank g d  getting solutions 
Set all parametric variables used to create 

the parametric model 
Apply boundary conditions and AOR 

loads 

Calculate section forces/moments and 
generate path plots, output path data to 

path-s.dat file 

Calculate total forces and moments at 
individual cross section 

Calculate hoop force from hoop stress 
results 

Create image hard copy in png format 
View setting for path plot 

Define and plot the path plot of axial force 
Define and plot the path plot of shear force 
Define and plot the path plot of hoop force 
Define and plot the path plot of moment 

View setting for rebar stress dots 

Calling For 
parm-s.mac 

s-load-slice.mac 

NONE 

NONE 

get-res-slice.mac 
get-hpfrc.mac 

pIpng.mac 
path-s.pIt 

axial-path.mac 
shear-path.mac 
hoop-path.mac 

moment-path.mac 

NONE 

smisc-plt.plt 

NONE 

NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
NONE 
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SST-s 511ce model 
.- 

Figure 1. Geometry of SST-5 Tank 
. . 

IT-I slrcr madel 

Figure 2. Soil Layers 
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__~ __-__ __ 1 &;J-slice model 

Figure 3. Finite element mesh, showing elements colored by material ID, 

Figure 4. Close-up of finite element mesh. 
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Figure 5. Close-up of finite element mesh. 
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Figure 7. Close up of rebar region 

I 
59T-5 slice model L .-._. __~ ~ _ _ ~  ~ i 

Figure 8. Close up of rebar region 
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Figure 9. Rebar elements colored by real constants 
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Figure 30. Rebar elements colored by element coordinate systems 
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- ,  
S B F S  911ce model __ 

Figure 11. Rebar orientation at  haunch core 

Figure 12. Rebar orientation at dome 
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- ... - _ _ _ _ ~  I i_Jm-s slice model 
~..~~. 

Figure 13. Rebar orientation at waUJslab joint 

4.0 RESULTS 

The solution can be obtained by running the master mput macro ssf-s_slice.mac (see 
attachment), which loads the macro definmg the pdrameters, creates the tank/sod 
geometry and finite element mesh, apphes loads, and defines the material properties 
and real constants. 

F ippes  14 and E sununarize the displacement response due to AOR loads identified in 
Section 3. The peak displacement of the soil mass is 2.02 inches, and this occurs at grade 
far away from the tank The peak tank displacement is 1.47 inches, at the dome apex. 
Fi- 16 and 12 show exaggerated views of the tank/soil displacement. 

The von Mises equivalent stress contours are presented in F i ~ s , ; l i s  and E. The peak 
equivalent stress in the tank is approximately 1.7 ksi, and this occurs at the joint of the 
tank wall and slab. The hoop stress of the tank is shown in Figure 21). The maximum 
hoop stress i s  about 511 psi at the haunch region, and the minimum hoop stress is -558 
psi at the dome center. The rebar stresses in the first, second, and third rebar directions 
are plotted in Fi~ures 21 to a. 
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Force and moment resultants are calculated m pst-s-slice.mae. In order for 
pst-s-slice.mac to generate correct results, the tank has to be map meshed. The mapped 
mesh results in a set of nodes ahgned m a straght Ime, creatmg a cross section for 
sechon force and moment evaluation. Once the cross sechon nodes and elements 
attached to one side of the nodes ace selected, the macro gef-res-slice.mac then 
calculates the nodal forces, determes the location of the neutral axis, and evaluates the 
moment about the neutral axis. The force and moment per unit length are calculated 
accordmg to the radius of the neutral axis. The section hoop force i s  calculated In macro 
get-hpfrc.mac. The nodal hoop stresses are retrieved and averaged over the tluckness. 
The hoop force over the mendzonal length is then obtained from the averaged nodal 
hoop stress and wall thickness. Fisires 27 to 3 show the axlal force, shear force, hoop 
force, and moment, respectively. The wall/slab jomt sees the most severe loadmg, wth 
maxmum axlal force of about 85 hp/ft, maximum shear force of 45 kip/ft, and 
maxmum moment of 1560 kipin/&. Maximum hoop force of 113 kip/& OCCLZS at the 
haunch regon. 

Figure 14. Total displacement contour of sod and tank 
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Figure 15. Total displacement contour of tank 
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Figure 16, Defomed shape of soil 
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Figure 17. Deformed shape of tank 

L 4 slice &l 

Figure 18. Equivalent stress contours of tank and sod (psi), 
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Figure 19. Equivalent stress contours of tank (psi). 

SEN -558.298 
Sl!4 -510.964 

Figure 20. Hoop stress of tank (psi) 



R P P - 1 ~ ~ ’  Rev.0 

Page =of73 
ANALYTICAL ~ ~ ~ L A T I ~ N S  

Subject 

Oripator Xianghong Li x Date 4/25/03 
Checker Jim Radochra Date 4/25/03 

Sample AOR Calculation using ANSYS 
Slice Parametric Model for Tank SST-S 

Figure 21, Rebar stresses in first rebar dvection 

Figure 22. Rebar stresses in second rebar direction 
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3420 
-10014 -7028 -4043 -1058 

-8521 -5536 -25% 434.734 
___i_..." 

Figure 23. Rebar stresses in third rebar direciion 

B L. I 2471 
16% -20.934 1638 3109 9972 

SST-s slice model 
~ -. ~~~ . - ~ _ _  ~~ 

Figure 24. Close up of rebar stresses in €irst rehar direction 
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Figure 25. Close up of rebar stresses in second rebar dwecbon 

Figure 26. Close up of rebar stress m third rebar ckection 
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p3si 25 2003 
09:46 !xm 
“2 

p m  1 

.. . ... . .... . - 
Figure 27. Unit section axial force (kip/ft) 

. . ,. . 
Mu 

AFi? 25 2003 
09: 4 6 5 5  m m , .  1. 

kLi[ 

-4.527 . l l .989 28.506 . 45.023 
.. 

Figure 28. Unit section shear force (kip/ft) 
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13.496 
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Figure 24. Unit section hoop force (kip,%) 

Figure 30. Unit section moment (kip-in/ft) 
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5.0 CONCLUSIONS 

The 30 parametric slice model is capable of giving a more accurate estimation, 
compared with the 2D linear model, of tank behavior under AOR loads because of the 
inclusion of contact and soil plasticity. A sample calculation demonstrates the use of the 
parametric model for tank SST-S, and provides examples of the types of inputs that can 
be defined and the types of outputs that can be obtained. The parametric model can be 
used effectively to evaluate the tank response to a broad range of loading conditions and 
material properties. 
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7.0 ATTACHMENTS AND APPENDICES 

sst-s-slice.mac 

!--Create cross section of SST S tank 
finish 
/clear 
/prep7 

SHPP,MODIF, 1,100, 

/INPUT,'parm - s','mac' 

!--Create dome 
/TRIAD, RTOP 
wpcsys, -1,o 
wpoff, ,dn-rl, 
csys, 4 
k, I 
k, 2, dr2, -dhZ 
k,3,dr3,-dh3 
k, 4, dr4, -dh4 
k, 5, dr5, -dh5 
k, 6, dr6, -dh6 
k ,  7, dr7, -dh7 
k, 8, dr8, -dh8 
k, 9, dr9, -dh9 
k,lO,drI@,-dhlO 
k,ll,drIl,-dhll 
k, IZ,drlZ,-dhlZ 
k,I3,dr13,-dhI3 
k, 14,dr14, -dhI4 
k,15,dr15,-dh15 
k,16,dr16,-dh16 
k, 17,dr17,-dh17 
k,18,dr18,-dh18 

larc,I,Z,lO,dm rl 
larc, 2,3, IO, dmr3 - 
lstr, 3,4 
lstr, 4, 5 
Istr, 5,6 
lstr, 6,7 
lstr, 7,8 
lstr, 8, 9 
Istr, 9 , l O  
lstr, 10.11 
:arc, 11,12,1, tk r2 
larc, 12,13,l,tkIrl 
lstr, 13,14 
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larc, 14,15,10, hnch r2 
larc, 15,16,10,hnch:rl 
larc, 16,17,1O,dm r4 
larc, 17,18,10,dmr2 - 

Istr, 1,18 

al, all 
lstr, 2,17 
*get,l-num,line, ,num,max 
asbl, 1,l-num 
lwpla, -1,16 
lsbw, 3 
lstr, 16,19 
asbl, 3,3 
wpcsys, - 1 , o  
kwpave, 14 
wprot,, 90 
asbw, 4 

kwpave, 13 
asbw, 5 

kwpave, 5 
wprot, , ,90 
asbw, 6 

kwpave, 12 
asbw, 7 

kwpave, 8 
asbw, 8 
wprot, , , -90 
asbw, 9 

!---Create Soil mass 
wpcsys, - 1 , o  
kwpave, 1 
csys, 4 
wpoff, ,depth 
rectng, 0 ,  soil - r, 0 ,  - (dh7+depth+soil - h) 
aovlp, a l l  
adele, ll,, ,1 

as el,^, , ,12 
cm, a-tank, area 

!--cut soil for different soil properties 
allsel 
cmsel,u,a-tank 
cm, a-soil, area 
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kwpave, 4 
wprot, , 90 
asbw, all 
kwpave, 7 
asbw, all 
wprot,, , 9 0  
kwpave, 6 
asbw, all 
kwpave, 4 
asbw, 17 
kwpave, 9 
asbw, 18 
wprot, , ,90 
asbw, all 
cm, a soil, area 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

- 

! Cut tank for rebar regions 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
rbar-t=l 
rbar_depl=3 !rebar clearance @dome top and bottom 
rbarpdep2=2 !rebar clearance for interior wall rebar 
rbar_dep3=3.25 !rebar clearance for exterior wall rebar 
rbar dep4=3.5 !rebar clearance for top slab rebar 
rbarIdep5=4.125 
rbar-dep6=4.25 !rebar clearance at inside bottom slab 
rbar dep7=3.5 !rebar clearance at slab end 

cmsel, s, a-tank 
allsel, below, area 
lwpla, -1,2,1 
asbw, 1 

lwpla, -1,18 
wpoff,,,rbar-depl 

k 
wpoff, , , rbar-t 
k 

!rebar clearance at outside bottom slab 

csys,4 

lwpla, -1,18,1 
wpoff, , , -rbar-depl 
k 
wpoff, , , -rbar-t 
k 

lwpla,-1,2 
wpof f, rbar-depl 
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k 
wpoff,rbar - t 
k 

lwpla, -1,43 
wpoff, -rbar-depl 
k 
wpof f, -rbar-t 
k 

lwpla,-l,2, 1 
wpoff,rbar-depl 
k 
wpoff,rhar - t 
k 

lwpla, -1,43,1 
wpof f, -rbar_depl 
k 
wpof f, -rbar-t 
k 

lwpla, -1,3,1 
wpoff, , , -rbar - depl 
k 
wpof f, , , -rbar - t 
k 

lwpla, -1,3 
wpof f, , , rbar - depl 
k 
wpof f, , , rbar-t 
k 

lwpla,-l,15 
wpoff, - (rbar - depl+rbar_dep2) /2 
k 
wpof f, -rbar-t 
k 

lwpla, -1,23 
wpoff, , , rbar - dep2 
lsbw, 23 
wpof f , , , rbar-t 
lshw, 60 

lwpla, -1,23 
wpoff,,,rbar - dep3 
lshw, 23 
wpof f, , , rbar-t 
lsbw, 62 
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iarc,40,44,11,dn-rl-rbar depl 
larc,41,45,11,dm rl-rbarIdep1-rbar t 
larc,43,41,11,dm-r2+rbar depl+rbar-t - 
larc,42,46,ll,dmIr2trbar-depl 
larc, 44,48,1l,dm r3-rbar-depl 
larc, 45,49,11,dm;r3-rbar-depl-rbar t 
larc,47,51,ll,dm r4trbar-deplcrbar-t - 
larc,46,50,ll,dm:r4trbar-depl 
larc,55,51,ll,dm r4+rbar-depl+rbar t 
larc,54,50,ll,dm~r4trbar-depl - 
lstr,48,52 
lstr, 49,53 
larc,55,57,ll,hnch rltrbar depl+rbar - t 
larc, 54,56,11, hnchIrl+rbar-depl 
larc, 57,59,11, hnch_rZ+rbar-depl+rbar - t 
larc, 56,58,11, hnch-rZ+rbar-depl - 

btol, .01 
asei,u,loc,x, .1,-99999 
asbi, ail, ail 
bt 01, de f a 
cmsel,a, a-tank 
cm, a-tank, area 

asbw, 38  
kwpave, 60 
asbw, 2 
lwpla, -1,73 
wprot, , ,90 
kwpave, 52 
asbw, 3 
asbw, 11 
asbw, 17 
kwpave, 53 
asbw, 38 
asbw, 39 
asbw, 40 

lstr, 4,67 
asbl, 11,107 
lstr, 61,69 
asbl, 42,114 
lwpla, -1,114 
wprot,, ,90 
asbw, 41 
asbw, 35 
asbw, 36 
cm, a-tank, area 

aadd, 11,17 
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aadd, 38,45 
aadd, 3,40 
aadd, 2,17 
aadd, 43,44 
aadd, 2,39 
lcomb, 3,104 

lsel, s ,  , ,19 
l s e l ,  a,, ,41 
lsel, a,, ,69 
lcomb, all 

lsel, s ,  , ,21 
lsel,a, , ,105 
lsel,a,, ,113 
lcomb, all 
lsla 
lcomb, 111,103 
cm, a-tank, area 

!---Cut wall 
lwpla, -1,26 
asbw, 6 
lwpla, -1,18,1 
asbw, 38 

lwpla, -1, 60,l 
asbw, 2 
asbw, 4 
asbw, 39 

lwpla,-1,23 
asbw, 40 
asbw, 43 
asbw, 44 

lwpla,-1,23,1 
ashw, 40 
ashw, 45 
ashw, 50 

lwpla,-1,16,1 
ashw, 39 
ashw, 43 
asbw, 49 

!cut slab 
lwpla, -1,5,1 
wpoff,,,-rbar ~ dep7 
asbw, 5 
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wpoff,,,-rbar ~ t 
asbw, 57 

lwpla, -1,132,l 
wpo f f , , , - 8.7 5-4 
asbw, 50 
asbw, 39 
wprot, , ,90 
kwpave, 87 
asbw, 38 
asbw, 40 
asbw, 52 
asbw, 54 
asbw, 59 

kwpave, 8 8 
wpof f, , , -rbar ~ dep4 
asbw, 4 
asbw, 5 
asbw, 6 
asbw, 45 
asbw, 49 
asbw, 50 
asbw, 53 
asbw, 55 
asbw, 58 
asbw, 60 
wpoff, , , -rbar ~ t 
asbw, 6 
asbw, 4 9 
asbw, 50 
asbw, 53 
asbw, 58 
asbw, 59 
asbw, 67 
asbw, 68 
asbw, 70 
asbw, 74 

wpcsys,-1,o 
kwpave, 25 
wpoff,,rbar ~ dep6 

k 
wpoff, ,rbar ~ t 
k 

kwpave, 22 
wpof f, , rbar - dep5 
k 
wpoff, , rbar-t 

csys, 4 



RPP-14002, Rev.0 

Page =of73 
ANALYTICAL CALCULATIONS 

Subject 

Date 4/25/03 Originator Xianghong Li - 
Checker Jim Radochia P Date 4/25/03 

Sample AOR Calculation using ANSYS 
Slice Parametric Model for Tank SST-S 

k 

lstr, 117,119 
lstr, 118,120 
lwpla, -1,201 
wprot, , , 90 
asbw, 6 
asbw, 7 
asbw, 10 
asbw, 49 
asbw, 50 
asbw, 53 
asbw, 58 
asbw, 59 
asbw, 68 
asbw, 76 
asbw, 83 
asbw, 85 

kwpave, 117 
asbw, 6 
asbw, I 
asbw, 10 
asbw, 49 
asbw, 50 
asbw, 53 
asbw, 58 
asbw, 59 
asbw, 68 
asbw, 7 6 
asbw, 14 
asbw, 83 

cm, a-tank, area 
asel, 5, , , 5  
asel, a,, , 6 7  
asel, a,, ,96 
aadd, all 
cmsel, a,a-tank 

!-cut slab for bar length 
slb bar 11=412 

wpoff,,,-slb - bar-11 
asbw, 68 
asbw, 83 
asbw, 107 

!--cut wall for bar length 
wl dh1=3 
wl-dh2=30.11 - 

!mid of lap 
iwpia, -T, 11, i 

!should be 30, but there is a divison at 30.11 
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wl dh3=28 
wl-dh4=30 
wl-dh5=21 
wl-dh6=2 4 
wl-dh7=27 
wl-dn - 8 = 9 0 

lwpla, -1,76 
wpoff, , , wl-dhl 
asbw, 61 
asbw, 62 
asbw, 63 
asbw, 64 
asbw, 65 

wpof f ,  , , wl-dh2 
wpoff, , , wl-dh3 
asbw, 2 
asbw, 43 
asbw, 44 
asbw, 51 
asbw, 56 

wpoff, , , wl-dh4 
asbw, 2 
asbw, 43 
asbw, 44 
asbw, 51 

asbw, 65 

wpoff, , , wl-dh5 
asbw, 2 
asbw, 43 
asbw, 44 
asbw, 51 
asbw, 56 

wpoff, , , wl - dh6 
asbw, 2 
asbw, 43 
asbw, 44 

asbw, 65 

wpof f, , , wl-dh7 
asbw, 2 
asbw, 43 
asbw, 44 
asbw, 51 
asbw, 56 

asbw, 51 
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wpof f, , , wl-dh8 
asbw, 2 
asbw, 43 
asbw, 44 
asbw, 51 
asbw, 65 

!--cut dome for bar length 
dm bar_rl=15t7.5) /2*12 
dm-ba r r2 = 10 * 12 
dn-bar-r3=20*12 
dmIbarIr 4=2 8 12 t 9.5 
dm bar r5=34*12 ~- 

wpcsys, -1,o 
kwpave, 1 
wprot, , ,90 
wpoff, , , dm-bar-rl 
lsbw, 1 

kwpave, 1 
wpoff, , , dm_bar_r2 
lsbw, 335 

kwpave, 1 
wpoff, , , dm-bar-r3 
lsbw, 2 

lwpla, -1,334,l 
asbw, 1 
asbw, 23 
asbw,26 
asbw, 27 
asbw, 28 

lwpla, -1,336,l 
asbw, 1 
asbw, 146 
asbw, 148 
asbw, 149 
asbw, 150 

lwpla, -1,335,l 
asbw, 22 
asbw, 25 
asbw, 29 
asbw, 30 
asbw, 32 

lwpla, -1,20 
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wpoff,, ,74.875 
asbw, 3 
asbw, 35 
asbw, 36 
asbw, 41 
asbw, 42 

aadd, 54,57 
cm, a-tank, area 

kwpave, 
wprot,, 
wpoff, I 
isbw, 37 

asel,s, 
asel, a, 
asel,a, 
aadd, a1 

!--extra cut f o r  soil 
cmsel, s ,  a-soil 
lsla 
wpcsys, -l,o 

9 
90 
cload - 1 

.9 ., 
I L L  

,14 

cmsel, a, a-soil 
aadd, 15,16 
cm, a-soil, area 

asel, s, , ,13 
asel, a,, ,18,21 
aadd, all 
cmsel, a, a-soil 
cm, a-soil, area 

~ l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
! 
!--Set Elelment types 

~ l l 1 1 1 1 1 1 1 1 1 1 l 1 l 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 l l 1 l l l l l  
r-liner=l 
r, 1, liner-t 

!mat-liner=l 
mat-conc=Z !structural concrete in tank 
mat_tsoil=3 !for t o p  soil 
matmsoil=4 !for mid soil 
mat - bsoil=5 !for bottom soil 
mat-rebar=h 
mat_srebar=7 

type-Zd-iiner=l 
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type_2d_conc=2 
type_2d_soil=3 
typeP2d-rebar=4 

type-3d-conc=type-2d-conc+10 
type 3d-soil=type-2d-soil+lO 
typeI3d_rebar=type_2d_rebar+lO 

!et,type_liner,shell61 
et,type_2d_conc,plane42 
et,type_2d_soil,plane42 
et,typeP2d-rebar,plane42 

et,type_3d_conc,solid65 
et,type_3d_soil,solid45 
et,type-3dPrebar,solid65 

! l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
! 
!-----set material properties 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l ] ] l l l l l l l ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]  

1 [11 steel (for liner) 
mp,ex,mat-liner,steel-ex 
mp,dens,mat-liner,steel-dens 
mp,prxy,mat-liner,steelgrxy 
mp,alpx,mat-liner,steel-alpx 
mp,kxx,mat-liner,steel-kx 
mp,c,mat-liner,steel-c 

! [21 structural concrete 
mp,ex,mat-conc,conc-ex 
mp,dens,mat-conc,conc-dens 
mp,prxy,mat-conc,concqrxy 
mp,alpx,mat-conc,conc-alpx 
mp,kxx,mat-conc,conc-kx 
mp,c,mat-conc,conc-c 

*if,crush-id,eq,l,then 
tb,concr,mat-conc 
tbdata, 1, conc-open, conc-closed, conc-crack, conc - crush 

*endif 

*if,usr-crp_id,eq,l,then 
tb,creep,mat-conc,,,loo 
tbdata,l,c1,c2,~3,c4,c5 
tbdata,6,c6,c7,c8,c9,clo,cll 

*endif 

1131 top soil 
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mp,ex,mat-tsoi1,tsoil-ex 
mp,dens,mat-tsoi1,tsoil-dens 
mp, prxy, mat-tsoil, tsoilqrxy 
tb,dp,mat-tsoil,,,o 
tbdata,l,tsoil-cohesion,tsoil-fri~tion,ts~il-dilat 

! [ 41  mid soil 
mp,ex,mat-msoil,msoil-ex 
mp,dens,mat-msoil,msoil-dens 
mp,prxy,mat-msoi1,msoilgrxy 
tb,dp,mat-msoil,,,~ 
tbdata,l,msoil-cohesion,msoil-friction,ms~il-dilat 

! [51  bottom soil 
mp,ex,mat-bsoil,bsoil ex 
mp,dens,mat-bsoi1,bsoil-dens 
mp,prxy,mat-bsoi1,bsoilqrxy 
tb,dp,mat-bsoil, ,,0 

tbdata,l,bsoil-cohesion,bsoil_friction,b~oil-dilat 

! [ 6 1  rebar 
mp,ex,mat-rebar,rebar-ex 
mp,dens,mat-rebar,rebar-dens 
mp,prxy,mat-rebar,rebarqrxy 

! [ 71  slab rebar 
mp,ex,mat-srebar,srebar-ex 
mp,dens,mat-srebar,srebar-dens 
mp,prxy,mat-srebar,srebargrxy 

! l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
I 

!---Assign attribute to areas, real constants will be defined later 
! 

cmsel,s,a-tank 
aatt.2.700.type~2d~conc 

! - -  slab rebar 
asel,s,,,78 
asel,a,,,80,82 
asel,a,, ,60 
asel,a,,,79 
asel,a,,,70 
aatt,mat-conc,lOO,type-2d-rebar 

asel,s,,,98 
asel,a,,,llO 
aatt,mat-conc,IOl,type-2d-rebar 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
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asel, s, , ,83 
asel, a,, ,100,104 
asel, a,, ,106 
asel, a,, ,108,109 
aatt,mat_conc,l02,type_2d_rebar 

asel, s, , , 97 
aatt,mat_conc, 103, type _ -  2d rebar 

asel,s,,,69 
asel,a,,,73 
aa t t ,mat_conc , l04 , type_Zd_rebar  

asel, s, , , 95 
aatt,mat_conc,l05,type_2d _ rebar 

asel, s, , ,90 
aatt,mat-conc, 105, type _ _  2d rebar 

! - - -  Wall rebar 
asel,s,,,43 
asei, a,, ,51 
aatt,mat_conc,ZOl,type-Zd-rebar 

asel,s,,,143,145,2 
aatt,rnat-conc,202,type-Zd_rebar 

asel, s, , ,136,139,3 
aatt,mat_conc,203,type_Zd-rebar 

asel, s, , ,132,135,3 
aatt,mat_conc,204,type _ -  2d rebar 

asel,s, ,,126,128,2 
aatt,mat_conc,205,type_Zd-rebar 

asel,s,,,122,124,2 
aatt,mat_conc,206,type_2d-rebar 

asel, s, , ,118,120,2 
aatt,mat_conc,207,type_Zd_rebar 

asel, s, , ,63 
asel, a,, ,112 
aatt,mat_conc,208,type_2d_rebar 

asel, s, , ,38 
asel, a,, ,52 
asel,a,, ,61 
asel,a,, ,114 
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Sample AOR Calculation using ANSYS 
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aatt,mat - conc,ZOE,type_2d - rebar 

. Dome rebar 
asel, s, , , 2 3  
asel, a,, ,27 
aatt,mat - conc,30l,type_2d - rebar 

asel, s,, ,149 
asel, a,, ,153 
aatt,rnat_conc,302,type - -  2d rebar 

asel,s,,,146 
asel,a,, ,155 
aatt,mat-conc,303,type-2dPrebar 

asel,s,,,25 
asel, a,, ,30 
aatt,mat_conc,304,type - -  2d rebar 

asel, s ,  , ,158 
asel,a,, ,160 
aatt,mat - conc,305,type_2d_rebar 

asel, s, , ,31,35,4 
asel, a,, ,37 
asel,a,, ,162 
aatt,mat _ conc, 306,type - -  2d rebar 

asel, s ,  , ,163 
aa t t ,ma t_conc ,307 , type_2d_reba r  

asel, s ,  , ,11 
aatt,mat_conc,308,type - -  2d rebar 

asel, s ,  , ,3 
asel, a,, ,4 8 
aatt,mat_conc,309,type_Zd-rebar 

I _ _ _  

I ----Ha unch interior region 
asel, s, , ,41 
asel, a,, ,46 
aatt, mat-conc, 500, type-2d-rebar 

allsel 

~ l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

! 2D Meshing 
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! - -  tank mesh 
cmsel, s ,  a-tank 
allsel,below,area 

esize,tank-size 
type,type_Zd-conc 
mat,mat-conc 

lcomb, 9 9 , 7 2  
lcomb,100,71 

lsel, s, , ,142 
lsel, a,, ,163 
lsel, a,, ,256 
lcomb, all 
lsla 

lsel, s ,  , ,164 
lsel,a,, ,185 
lsel,a, ,,205 
lccat, all 
lsla 

lccat, 77,117 
lccat,121,78 
lccat, 120,14 
lccat, 141,147 
lsla 

lesize, 79, ,  ,2 
lesize, 182,, , 2  

mshkey, 1 
amesh, all 

!--delete concat lines 
CM, Y,LINE 

*IF, zl,ne, 0, then 

*SET, Z2,LSINQR(0,13) 

*SET, - Z3,-21- 22 

CMSEL, S,-Y 
CMDELE, -Y 
*ENDIF 
*ELSE 
CMSEL, S,-Y 
CMDELE, -Y 

*sET,-zI, LSINQR (0,13) 

LSEL~R, LCCA 

LDELE~ALL 

*IF, -Z 3, NE, 0, THEN 
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*ENDIF 

, . -- soil mesh 
cmsel, s, a-soil 
allsel, below, area 

esire,soil-esize 
type,type_2dPsoil 

lesize, 39,, , E ,  4 
lesize,49,,,5,4 
lesize,46,,,20, .25 
lesize, 35,, ,20,4 
lesize, lo,, ,15,4 
lesire, 145,, , E ,  3 
lesire, 378,, , E , .  5 
lesize, 40,, ,25,4 
lesire,8, ,,4,3 

mopt,trans,l.25 
mopt, expnd, 1.25 
mshkey, 0 
amesh, all 

cmsel, s, a-soil 
asel,r,loc,y,-dh4,999999 
esla 
emodif, all, mat, mat-t soil 

cmsel,s,a-soil 
asel,r,loc, y,-dh4,-dh7 
esla 
emodif,all,mat,rnat-msoil 

cmsel, s,a_soil 
asel,r,loc,y,-dh7,-99999 
esla 
emodif, all,mat,mat-bsoil 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
allsel 
type,type-3d-soil 
extopt, attr, 1, I, 1 
extopt, esire, 1 
vrotat,all,,,,,,ll,l8,slice - ang 
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cmsel, s, a-tank 
vsla 
eslv 
emodif,all, type, type - -  3d conc 
emodif, all,mat,matpconc 

esel,s,mat, ,matptsoil 
asle 
vsla 
estv 
emodif, all, mat ,mat - tsoil 

esel, s, mat, ,rnat_msoil 
asle 
vsla 
eslv 
emodif, all,mat,mat msoil 

esel, s,mat, ,mat-bsoil 
asle 
vsla 
e s l v  
emodi f , all, mat, matbs oil 

aset,s,type,,type-Zd-rebar 
vsla 
eslv 
emodif,all,type,type - -  3d rebar 

cmsel, s,a_soil 
vsla 
allsel, below, volu 
cm, junk, volu 
vgen,Z,atl 
cm,v-soil, volu 
cmsel, s, junk 
allsel, below, volu 
aclear, a l l  
vclear, all 
vdele, all,, ,1 
allsel 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l 1 l l l l l l l l l l l l l l l l  

Create local coordinate systems 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
, _ - _  csys 100 spheroid: for internal dome/haunch rabar/interior haunch 

the x and y radius ratio are from error-and-try process 

a=4 53.25 
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b=160 

kwpave, 42 

cswpla,lOO,Z,b/a,b/a 

I --- csys 101 sperical: external dome/haunch 
a=600 
b=300 

wpcsys,-l,o 

wpoff,,-b 

wpcsys, -l,o 
kwpave, 4 1 
wpof f, , -b 
cswpla, 101,2, b/a, b/a 

! - - -  csys 110 cylindrical: wall and slab rebars 

wprot, ,-90 
cswpla, 110,l 

wpcsys, -l,o 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I Assign esys to rebar elem. 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

! - - -  dome rebar 
asel, s ,  , ,3 
asel,a,,,27 
asel, a,, ,30 
asel, a,, ,37 
asel, a,, ,41 
asel, a,, ,46 
asel, a,, ,48 
asel, a,, ,149 
asel, a,, ,155 
asel, a,, ,160 
asel, a,, ,162 
vsla 
eslv 
emodif,all,esys, 100 

asel,s,,,23,25,2 
asel,a,, ,31,35,4 
asel,a,, ,146 
asel,a,, ,153 
asel,a,, ,158 
asel,a,, ,163 
vsla 
eslv 
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emodif,all,esys, 101 

asel, s, , ,11 
vsla 
eslv 
emodif,all,esys, 110 

!---wall rebar 
asel, s, real,, 200,299 
vsla 
eslv 
emodif,all,esys,llO 

. slab rebar 
asel, s ,  real,, 100,199 
vsla 

I - _ _  

eslv 
emodif, all, esys, 110 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
! 

Define real constants for rebars 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
matpnull=O 

!slab 
vrx= 
vrz= 
vry= 
rc= 
*dim, vrx, ,20 
*dim, vry, ,20 
*dim, vrz, ,20 
*dim, rc, ,20 
vrx(l)=.0082, ,0164, , 0 5 5 2 ,  . O , O  ,0 
vry(l)=.llll, ,0164, .1111, .O, .1122, .0 
vrz(l)=0. ,O. ,O. , . 0 , . 0 3 6 8 , . 0 3 6 8  
rc(l)=100,101,102,103,104,105 
*do, i, 1,6 

r,rc(i),mat srebar,vrx(i),O,O,rnat srebar,vry(i) 
more, 90,0,;at_srebar,vrz (i) ,90, 95 

*enddo 

!wall 
vrx= 
vrz= 
vry= 
rc= 
*dim, vrx, ,20 
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*dim, vry, ,20 
*dim, vrz, ,20 
*dim, rc, ,20 
vrz(l)=.0368,.0368,.0368,.0368,.0368,.0368,.0368,.0368 
vry(1)=.1093, .0601, ,0668, .0752, .0859, ,1002, ,1122, ,1309 
rc(l)=201,202,203,204,205,206,207,208 
*do, i, 1,8 

r,rc(i),matpnull,O,G,G,mat-rebar,vry(i) 
rmore, 90, G,mat_rebar, vrz (i) ,90, 90 

*enddo 

!dome and haunch 
vrx= 
vrz= 
vry= 
rc= 
*dim,vrx,,20 
*dim, vry, , 20 
*dim,vrz,,20 
*dim, rc, ,20 
vry~1~=.0368,.0431,.0564,.0404,.G578,.0446,.G771,.3125,.0711 
vrz(1)=.0368,.0368,.0368,.0368,.0368,.0931,.1060,.0685,.1484 
rc(1)=301,302,303,304,3G5,306,307,308,309 
*do, i, 1,9 

r,rc(i),mat null,0,0,0,mat rebar,vry(i) 
rmore, 90,O,mat_rebar, vrz (ij, 90,90 

*enddo 

!haunch core 
r,500,matprebar,.0012,G,G,mat_rebar,0.0019 
rmore, 45,O,mat_rebar, .0357,0,90 

allsel 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Assign real constants to 3D elements 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
*do, i, 100,120 

asel,s,real, ,i 
vsla 
eslv 
emodif,all,real,j 

*enddo 

*do, i, 200, 220 
asel,s,real, ,i 
vsla 
eslv 
emodif, all, real, i 
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*enddo 

*do, i, 300,320 
asel,s,real,, i 
vsla 
eslv 
emodif, ail, real, i 

*enddo 

*do,i, 400,410 
asel, s, real,, i 
vsla 
e s l v  
emodif, all, real, i 

*enddo 

*do, i, 500,510 
asel, s, real,, i 
vsla 
eslv 
emodif,all,real,i 

*enddo 

allsel 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
! 
! Define contact between soil and tank 

~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
et,21,110 
et.22.173 . .  
r, 21,, ,lo, .I 
mp,mu,21,.3 

asel, s, , ,13 
asel, a,, ,112,177,5 
asel,a,, ,186 
asel, a,, ,191,192 
asel,a,,,191,214 
asel, a,, ,217 
asel,a,, ,230,238 
asel, a,, ,253 
asel,a,, ,285 
asel, a,, ,369,373 
cm. tk-cnt-area, area 
lsla 
nsla, ,l 
esin 
type, 22 
real.21 
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mat,21 
esurf 

asel,s,,,668,686 
asel,a,,,694,707 
asel, a,, ,715,722 
cm,soil-cnt-area,area 
lsla 
nsla, ,1 
esln 

esurf 

allsel 
aclear, all 

/pnum, real, 1 
/num, 1 

csys, 110 

type,21 

allsel 
nrotat,all 
csys, 0 

! l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  

! set up AOR loadings and solve 
! 

slice-load-s 
allsel 
finish 
/filname,sst-s-slice 
/title,SST-S slice model 
/solu 
nlgeom, on 
nsubst, 10,100,5 
save 
solve 

! l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  
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pam_s.mac 

!--Define parameters for SST-S tank 
!--dimensions are in INCH and DEG 
*afun, deg 

tl=15 !tank wall thichness at bottom 
t2=15 !tank wall thickness at top 

dm rl=1155 !inch, radius of outer inboard dome surface 
dm-r2=1140 !inch, radius of inner inboard dome surface 
dn-r3=804 !inch, radius of outer outboard dome surface 
dmr4=720 - !inch, radius of inner outboard dome surface 

hnch-r1=120 !inch, big haunch radius 
hnch - r2=2*12+1+3/8 !inch, small haunch radius 

tk r1=4*12+2 !radius at bottom inside tank fillet 
tk-r2=569.82*12 
liner - r1=569.59*12 

depth=10.59*12 
soil r=80*12 
s oi 1Ih=4 0 12 

!--following are dimensions for essential kp to 
! create the tank, starting from dome apex 

dr2=182.375 
dh2=14.5 

dr3=dr2+163.125 
dh3=58.5 

dr4=466.25 
dh4=dh3+46.75 

dr5=dr4 
dh5=(4*12+5+7/8)+ (22*12+8+3/4)+dh4 

dr6=dr5+3*12 
dh6=dh5 

dr7=dr6 
dh7=dh6+3*12 

dr8=2*12 
dh8=dh7 

dr9=dr8 
dh9=dh8+ (2*12+6) 

!radius of top slab surface 
!radius of bottom steel liner 
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drlO=O 
dhlO=dh9 

drll=O 
dhll=dh8-6 

dr12=dr6-(8*12+1+3/8) 
dh12=dh6+(12+3+1/4)+2 

drl3=dr5-tl 
dh13=dh12-(2+3/8)-(4*lZ*sin(88.6) ) 

drl4=dr5-t2 
dh14=dh4+(4*12+5+7/8) 

dr18=0 
dh18=dm rl-dm - r2 

dr17=15*12 
dh17=dhl8+(12+2+5/16) 

dr16=dr17+(18*12+4+5/8) 
dh16=dh17+(6*12tl+3/16) 

dr15=dr16+(3+12+10+7/8) 
dh15=dh16+(3*12+8) 

- 

!---Parameters for materials 
!---Control Parameters for materials 
crush-id=O !=O, no crush capability, =1, with crush capability 
usr crp id=O !=O, no user creep; =1, with user creep 

!---Parameters for materials 
steel_ex=27.7e6 !elastic modulus [psi] 
steel-prxy=0.3 !Poisson ratio 
steel-alpx=6.38 !thermal expansion coefficient [microstrain/degree Fl 
steel-gamma=490 !unit weight [lbf/ft"3] 
steel-kx=l !thermal conductivity [BTU/hr/ft/degreeFI 
steel-c=l !specific heat [BTU/R-lbf/(in/sec^Z)] 
steel_alpx=steel-alpx*le-6 ! in/in/F 
steel-dens=steel gamma/1728/386 !lb-secA2/inA4 
steel_kx=steel kx/3600/12 !BTU/sec-in-degreeF 
steel-yield=36~00 !yield strength [psi] 

- -  

!----- Structural Concrete 
conc-ex=3.le6 !elastic modulus [psi] 
conc_prxy=0.2 !Poisson ratio 
conc-alpx=6.38 !thermal expansion coefficient [microstrain/degree Fl 
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conc-gamma=150 !unit weight [lbf/ft*31 
conc-kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
conc-c=l !specific heat [BTU/R-lbf/(in/sec^z)] 
conc-alpx=conc-alpx*le-6 ! in/in/F 
conc_dens=conc_gamma/1728/386 !lb-secA2/inA4 
conc~kx=conc~kx/3600/12 !BTU/sec-in-degreeF 
conc_open=O.l !shear transfer coefficient for open crack 
conc-closed=0.98 !shear transfer coefficient for closed crack 
conc-crush=3000 !uniaxial crushing stress [psi] 
conc-crack=O.l*conc-crush !tensile cracking stress [psi] 

Cl=. 1936 !creep coefficients per Tab 11 of RPP-13990 
c2=.28 
c3=. 375 
c4=. 348 
C5=.069 
C6=226.09 
C7=-0,00429 
C8=147.52 
C9=-. 367 
c10=-309.26 
c11=-. 044 

!--bottom soil 
bsoil_ex=20e3 lelastic modulus [psi] 
bsoilgrxy=0.27 !Poisson ratio 
bsoil-alpx=O !thermal expansion coefficient [me/Fl 
bsoilgamma=125 !unit weight [lbf/ftA3] 
bsoil-kx=l !thermal conductivity [BTU/hr/ft/F] 
bsoil-c=l !specific heat [BTU/R/(lbf-sec*2/in)l 
bsoil-cohesion=O !drucker-prager constant (assume small number) [psi] 
bsoil friction=35.4!internal friction angle [degl 
bsoilIdilat=35.4 !dilatancy angle [degl 
bsoil-alpx=bsoil-alpx*le-6 ! in/in/F 
~soil-dens=bsoil-gamma/1728/386 !lb-secA2/inA4 
bsoil - kx=bsoil-kx/3600/12 !BTU/sec-in-degreeF 

!--mid soil 
msoil_ex=13e3 
msoilgrxy=O .27 
msoil-dens=125/1728/386 
msoil-cohesion=O !drucker-prager constant (assume mall number) [psi] 
msoil-friction=35.4 
msoil-dilat=35.4 !dilatancy angle [degl 

!-top soil 
tsoilPex=7e3 
tsoilgrxy=0.27 
tsoil-dens=l25/1728/386 
tsoil-cohesion=O !drucker-prager constant (assume small number) [psi] 
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tsoil-friction=35.4 
tsoil-dilat=35.4 !dilatancy angle [degl 

!----rebar steel 
rebarPex=27.7e6 !elastic modulus [psil 
rebargrxy=O .3 !Poisson ratio 
rebar_alpx=6.38*le-6 !thermal expansion coefficient 
[microstrain/degree F] 
rebar_gamma=490 !unit weight [lbf/ftA31 
rebar_kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
rebar-c=l !specific heat [BTU/R-lbf/(in/sec^2)1 
rebar-yield=60000 !yield strength [psi] 
rebar-tan=O !rebar tangent modulus [psi] 
rebar dens=rebar_gamma/l728/386 !lb-secA2/inA4 
rebarIkx=rebar_kx/3 6 0  O /  12 ! BTU/sec - in- F 

!---Slab rbar steel 
srebarPex=27.7e6 !elastic modulus [psi] 
srebargrxy=O .3 !Poisson ratio 
srebar-alpx=6.38*le-6 !thermal expansion coefficient 
[microstrain/degree Fl 
srebar_gamma=490 !unit weight [lbf/ftA31 
srebar-kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
srebar-c=l !specific heat [BTU/R-lbf/ (in/sec*2) I 
srebar_yield=40000 !yield strength [psi] 
srebar_tan=O !rebar tangent modulus [psi] 
srebar_dens=srebar_gamma/l728/386 !lb-sec*2/inA4 
srebar_kx=srebar_kx/3600/12 !BTU/sec-in-F 

!---Element size control 
liner_size=5 
tank_size=5 
soil_esize=40 
slice_ang=3 

!---liner thickness 
liner_t=3/8 

! --Load 
p_uniform=40/144 
ff =200000 
cload_l=l0*12 

vacgres=-0.217 !-6" w.g. vacuum 
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slice-load-s.mac 

finish 
/prep7 
!--set BCs 

kwpave, 1 

asel, s, loc, x, soil-r 
lsla 
nsla, ,1 
d,all,ux, 0 

asel, s,, , 690,691 
lsla 
nsll,, i 
d, all, uz, 0 

allsel 
nsel,s,loc,x,G 
d,all,ux,O 

wpcsys, -i,G 

csys, 4 

csys, 110 
asel,s,loc,y,-.l, .1 
lsla 
nsla, ,i 
d, all, uy, G 
asel, s, loc, y, slice-ang 
lsla 
nsla, ,1 
d, all,uy, 0 

asel, s, , ,711,714 
lsla 
nsla, ,1 
esln 
sf,all,pres,p-uniform 

p c1oad=ff/(3.14159*cload_l**2) 
aiel, s ,  , ,714 
lsla 
nsla,, 1 
s f ,  all, pres,p-cloadtp-uniform 
allsel 

acel,, 386 

!Apply -6 "  w.g. to dome 
esel,s,mat, ,mat-conc 
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vsle 
aslv 
asel, r, ext 

asel, u, loc,y, -.I, .1 
asel, u, loc, y, slice-ang-. 1 
cmsel, u, tk-cnt-area 
lsla 
nsla, ,1 
sf, all,pres,vac-pres 

allsel 

csys, 110 

slice-ang+.l 
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post processing macro to obtain the section 
! force forces and moments 
! 
! i i i i 1 1 1 1 1 1 1 l l 1 1 1 1 1 l l l l l 1 l l l l l l i ~ l l i l 1 ~ l i i l l l l 1 1 ~ 1 1 l l l ~ ~ i l 1 l l  
finish 
/clear 
/fiiname,sst-s_slice 
/prep7 
resume 
allsel 
*afun,deg 

/post 1 
set, last 

cont-id=l 
*if, cont _ id, eq, 1, then 
!-----Displacement contours 
allsel 
plnsol,u,sum 
p l p w  

esel,s,mat, ,mat-conc 
/rep 
plpng 

/dscale 
allsel 
/pnum,mat, 1 
/num, 1 
/edge,, 1 
pldisp, 2 
plpng 

esei, s,mat, ,mat-conc 
/rep 
plpng 

allsel 
/edge 
/dscale, ,1 
plnsol, s, eqv 
p l p w  

esel, s,mat, ,mat-conc 
/rep 
p l w g  
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/gresume,srnisc-plt,pIt 
esel,s,mat, ,mat-conc 
/dscale,,l 
/edge 
plesol, smisc, 2 
PlPng 

plesol, smisc, 4 
pbng 

plesol, smisc, 6 
PlPng 

*endif 

Section force/moment path plots I - _ _ _ _ _ _ _ - - - - - -  

csys, 110 
esel,s,mat, ,2 
vsle 
aslv 
a s e l , r , l o c , y , - s l i c e - a n g - . l , - s l i c e a n g + . l  
cm, a-tank2, area 

'--------------------SECTION FORCE,MOMENT 

*dim,path_nd, ,1000 !path node definition 
*dim,pathPfa,,1000 !axial force 
*dim,path-ft, ,1000 !transverse force 
*dim,path-mz, ,1000 !moment 
*dim,pathPfh,,1000 

csys, 110 
pstart=0 !starting point of consequent path points 

'==========================dome region 
lsel, s, , ,1 
lsel, a,, ,20 
lsel, a,, ,334,337 
lsel, a,, ,367,370,3 
nsll,, 1 
cm, nd-out, node 

lsel, s, , , 2 2  
lsel,a, , , 5 9  
Isel,a,, , 6 7  
lsel,a,,,342,347,5 
lsel, a,, ,350 
lsel, a,, ,362 
Isel, a,, ,377 
nsll,, 1 
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cm, nd-in, node 

!--uselect end nodes 
cmsel, s, nd-out 
*get,x-min,node, ,mnloc,x 
nsel,u,loc,x,x-min-. 1, x-min+. 1 
cm, nd-out, node 

cmsel, s, nd-in 
* g e t , x m i n ,  node, ,mnloc, x 
nsel,u, loc,x,xmin-. 1,xmin+.l 
cm, nd-in, node 

!--reorder nodes according x-coord. 
cmsel, s ,  nd-out 
*get, out-num, node,, count 
*dim,nodeout,,out-num 
*do, i, 1, out-num 

cmsel,s,nd-out 
*get, xmin, node, ,nnloc, x 
nsel, r, loc,x,xmin-.l,xmint. 1 
*get, ndnum, node, , num, min 
nodeout (i) =ndnum 
cmsel,s,nd-out 
nsel, u, , , ndnum 
cm, nd-out, node 

*enddo 

cmsel,s,nd-in 
*get, in-num, node,, count 
*dim, nodein,, in-num 
*do, i, 1, in-num 

cmsel,s,nd_in 
*get,xmin,node, ,mnloc,x 
nsel, r, loc,x,xmin-. 1,xmin+. 1 
*get,ndnum,node, ,num,min 
nodein (i) =ndnum 
cmsel, s, nd-in 
nsel, u, , , ndnum 
cm, nd-in, node 

*enddo 

cmsel,s,a-tank 

kwpave, 3 0 7 , 4  

asel,r,loc,x,O,-33999 
asel,r,loc,y,-10,9999 
cm, dome-area, area 
lsla 

Wpcsys,-l,O 

csys, 4 
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nsla, ,1 
cm, dome-nd, node 

wpcsys,-1,0 
csys, 0 

!--for line equation for each pair of in/out nodes 
*do, ii, 1, in-num 

nsel,s,, ,nodeout (ii) 
nsel,a,, ,nodein(ii) 
path nd(pstart+ii)=nodein(ii) 

*get,x out,node,nodeout(ii),loc,x 
*get,y out,node,nodeout (ii) ,loc,y 
*get,x - in,node,nodein(ii) ,loc,x 
*get,y-in,node,nodein(ii),loc,y 

nwpla,-1,nodeout (ii) ,nodein(ii) 
csys,4 
cmsel, s, dome-nd 
nsel, r, loc, y, -2,2 
cm, ntemp, node 
esln 
esel,r,mat, ,2 

csys,0 
- 
- 

nsle 
nsel,r,loc,y,-1, 99999 
esln, ,1 
cm, etemp, elem 
cmsel, s,ntemp 
cmsel, s, etemp 

get-res-slice 
cmsel, s ,  ntemp 

csys, 0 

ttt=sqrt((x-out-x-in)**Z+(y - out-y_in)**Z) 
get hpfrc - 

path-fa(pstart+ii)=unit-fsumy 
path_ft(pstart+ii)=unit-fsumx 
path-mz(pstart+ii)=-unitmz 
path - fh(pstart+ii)=hp_f 

‘enddo 
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lsel, a,, ,260 
lsel, a,, ,271 
lsel, a,, , 2 3 0  
lsel,a,, ,299 
lsel, a,, ,310 
lsel, a,, ,318 
lsel, a,, ,323 
lsel,a,, ,326 
nsll, ,1 
cm, nd-out, node 

lsel, s, , ,4 
lsel,a,, ,14 
lsel,a,, ,120 
lsel, a,, ,140 
lsel, a,, ,157 
lsel, a,, ,268 
lsel,a,, ,274 
lsel, a,, ,282 
lsel, a,, ,301 
lsel, a,, ,311 
lsel, a,, ,320 
lsel, a,, ,330 
nsll,, 1 
em, nd-in, node 

cmsel, s, a-tank 

kwpave, 5 
cmsel, u, dome-area 

wpcsys, -1,o 

~ 

csys,4 
asel,r,loc,y,0,9999 
asel,r,loc,x, 0,-99999 
cm, wall-area, area 
lsla 
nsla, ,1 
cm, wall nd, node 

csys, 0 

- 

!--uselect end nodes 
cmsel, s, nd-out 
*get,y - max,node, ,mxloc,y 
nsel,u,loc, y, y m a r - .  1, ymax+. 1 
cm, nd-out, node 

cmsel, s, nd-in 
*get, y-max, node, , mxloc, y 
nsel,u, l o c , y ,  y-max-.l, y m a x + . l  
cm, nd-in, node 

nodeout (1) = 
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nodein (1) = 

!--reorder nodes according y-coord. 
cmsel, s,nd-out 
*get, out-num, node,, count 
*dim, nodeout, , out-num 
*do,i,l,out-num 

cmsel, s, nd-out 
*get,y-max,node, ,mxloc,y 
nsel,r, loc, y, ymax-.l, ymax+.l 
*get, ndnum, node,, num, min 
nodeout ! i =ndnum 
cmsel, s ,  nd-out 
nsel, u, , , ndnum 
cm, nd-out, node 

*enddo 

cmsel,s,nd-in 
*get, in-num, node,, count 
*dim,nodein, , in-num 
*do, i, 1, in-num 

cmsel, s, nd-in 
*get, ymax,node, ,mxloc, y 
nsel, r, loc, y, y-max-. 1, y-maxi.1 
*get, ndnum, node, , num, min 
nodein (i) =ndnum 
cmsel,s,nd-in 
nsel, u, , , ndnum 
cm, nd-in, node 

*enddo 

!--line equation for each pair of in/out nodes 
*do,ii,l,in-num 

nsel,s,, ,nodeout !ii) 
nsel,a,, ,nodein(ii) 
path - nd(pstart+iil=nodein!ii) 

*get,x-out,node,nodeout (ii) ,loc,x 
*get,y-out,node,nodeout (ii),loc, y 
*get,x-in,node,nodein(ii) ,loc,x 
*get,y-in,node,nodein(ii) ,loc,y 

nwpla,-l,nodeout(ii),nodein!ii) 
csys,4 
cmsel,s,wall-nd 
nsel,r,loc, y,-l,1 
cm, ntemp, node 

esln 
esel, r, mat,, 2 

csys, 0 
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nsle 
nsel, r, loc, y, -1,99999 
esln, ,1 
cm, etemp, elem 
cmsel,s,ntemp 
cmsei, s, etemp 

get-res-slice 

cmsel,s,ntemp 
ttt=sqrtf(x-out-x_in)**Ztfy-out-y - in)**Z) 
get-hpf rc 

path-fa(pstart+ii]=unit-fsumy 
path-ftfpstart+ii)=unit-fsumx 
p a t h m z ( p s t a r t + i i ) = - u n i t m z  
path-fh(pstarttii)=hp - f 

csys, 0 

*enddo 

pstart=pstarttin-num 

slab region ,_-__--------~-~__---______ . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Isel,s,,,30 
Isel,a,, ,165 
lsel, a,, ,253 
r ls l l , ,  1 

cm, nd-out, node 

Isel, s, , ,12 
Isel, a,, ,31 
ILsel, a,, ,142 
I l S l l , ,  1 
cm, nd-in, node 

c s y s ,  110 
!--unselect end nodes 
cmsel, s, nd - out 
'get, xmax, node, , mxloc, x 
risel,~, loc,x,x_max-.l,x~maxt. 1 
cm, nd-out, node 

Smsel, s, nd-in 
'get,x_max,node, ,rnxloc,x 
nsel,u, loc,x,xmax-. 1,x-maxt. 1 
cm, nd-in, node 

riodeout 11) = 

riodein (1) = 
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!--reorder nodes according x-coord. 
cmsel, s, nd-out 
*get, out-num,node, ,count 
*dim, nodeout,, out - nun 
*do, i, 1, out-num 

cmsel, s, nd-out 
*get,xmax,node, ,mxloc,x 
nsel,r, loc,x,x-max-. 1, x-max+. 1 
*get,ndnum,node, ,num,min 
nodeout (i) =ndnum 
cmsel,s,nd-out 
nsel, u, , , ndnum 
cm,nd-out, node 

*enddo 

cmsel, s ,  nd-in 
*get, in-num, node,, count 
*dim, nodein,, in-num 
*do, i, 1, in-num 

cmsel, s,nd-in 
*get,xmax,node, ,mxloc,x 
nsel,r, loc,x,xmax-. l,x-max+. 1 
*get, ndnum, node,, num, min 
nodein (i ) =ndnum 
cmsel,s,nd - in 
nsel,u,,,ndnum 
cm, nd-in, node 

*enddo 

cmsel, s, a-tank 
cmsel, u, dome-area 
cmsel, u,  wall-area 
cm, slab-area, area 
lsla 
nsla, ,l 
cm, slab - nd, node 

!--for line equation for each pair of in/out nodes 
*do, ii, 1, in-num-1 

nsel,s, ,,nodeout(ii) 
nsel,a, ,,nodein(ii) 
path - nd(pstart+ii)=nodein(ii) 

*get, x-out, node, nodeout (ii) , loc, x 
*get,?-out,node,nodeout (ii) ,loc,y 
*get,x-in, node, nodein(ii) , loc, x 
*get,y-in,node,nodein(ii) ,loc,y 

*if,ii,ne,in-num,then 

csys, 0 

*get,xplus-in,node,nodein(ii+l) ,loc,x 
*get,yplus-in,node,nodein(ii+l) ,loc,y 
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ds=sqrt( (xplus_in-x_in)**Z+(yplus~in-y - in)**2) 
*endif 

nwpla,-l,nodeout(ii) ,nodein(ii) 

cmsel, s, slab-nd 
nsel, r, loc, y, -1,l 
cm, ntemp, node 
esln 
esel,r,mat, , 2  
nsle 
nsel,r, loc, y,-l,99999 
esln, ,1 
cm, etemp, elem 
cmsel, s,ntemp 
cmsel, s, etemp 
csys, 0 
get - res-slice 

cmsel, s ,  ntemp 
ttt=sqrt( (x-out-x-in) **2+(y-out-y - in)**2) 
get - hpfrc 

path fa(pstart+ii)=unit-fsumy 
pathIft (pstartiii) =unit fsumx 
path-mz(pstart+ii)=-unit - mz 
path - fh (pstart+ii J=hp-f 

csys, 4 

*enddo 

pstart=pstarttin-num-1 

rsys, 0 

/gresume,path_s,plt 
axial path 
plpng- 

plpng- 

plpng 

shear path 

hoop-pa t h 

momentpath 
P l P W  

I ----o utput path data to file 
/sys, del path-s.dat 
*dim,pl,,pstart 
ss=o 



RPP-14002, Rev.0 
ANALYTICAL CALCULATIONS 

Page &of 73 
Subject Sample AOR Calculation using ANSYS 

I Slice Parametric Model for Tank SST-S I 
Originator Xianghong Li ‘i’ .- Date 4/25/03 
Checker Jim Radochia P” Date 4/25/03 

*do,i, 1,pstart 

*get,path_x,path, ,point, i,x 
*get,path-y,path, ,point, i,y 
*if, i, gt ,1, then 

*endif 
pl(i)=ss 
path xO=path-x 
pathIyO=path_y 

ss=ss+sqrt((path-x-path_x0)**2+(path y-path-y0)**2) _ 

*enddo 

i=l 
/output,path-s,dat,, 
*vwrite,pl(i),path - fa(i) ,path_ft(i),path-fh(i),path_mz(i) 
(5e12.4) 
/output 



RPP-14002, Rev.0 

Page =of 73 
ANALYTICAL CALCULATIONS 

Subject 

Originator Xianghong Li ;< t- Date 4/25/03 
Checker Jim Radochia P Date 4/25/03 

Sample AOR Calculation using ANSYS 
Slice Parametric Model for Tank SST-S 

get-res-sIice.mac 

cm, etemp, elem 
cm, ntemp, node 
*get, nelem, elem,, count 
*get,nnode,node,, count 

x x ( l ) =  
yy(l)= 
rzIl)= 
ffx(l)= 
ffy(l)= 
ffz(l)= 

*dim, xx, , nnode 
*dim, yy, , nnode 
*dim, zz, , nnode 
*dim, ffx, ,nnode 
*dim,ffy, ,nnode 
*dim, f f z, , nnode 

xmean=O 
yrnean=O 
zmean=O 

fsumx=O 
f sumy=0 
fsurnz=O 

cm, nnO, node 

*do, i, 1, nnode 
csys, 0 

*get,inode,node, ,num,rnin 
nsel, s, , , inode 
xx (i) =nx (inode) 
yy (i 1 =ny (inode 1 
zz (i)=nz (inode) 
xmean=xmean+xx (i) 
ymean=yrnean+yy (i) 
zmean=zmean+zz(i) 
cmsel,s,nnO 
nsel, u,  , , inode 
cm, nnO, node 

*enddo 

xmean=xmean/nnode 
ymean=ymean/nnode 
zmean=zmean/nnode 

cmsel, s, ntemp 
cmsel, s, etemp 
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spoint, , xmean, ymean, zmean 

rsys, 4 
fsum, rsys 

*get, fsurnx, fsum, fx 
*get,fsumy,fsum,fy 
*get,fsumz,fsum,fz 
*get ,mmzz, f sum, mz 

fsumx=fsumx/1000 !kip 
fsumy=fsumy/1000 ! k i p  
fsumz=fsumz/1000 
mmzz=mmzz/1000 ! kip-in 

fct=3/360 

arc - length=abs(3.14159*xmean*2)*fct  

unit-fsumx=Z*fsumx/arc l e n g t h * 1 2  ! kip/ft 
unit-fsumy=2*fsumy/arc-lengthilZ ! kip/ft 
unitmz=Z*mmzz/arc ~ length*12 ! kip-in/ft 
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get-hpfrc.mac 

*get, nnode,node, ,count 

csys, 0 

hp_f=O 
s z  sum=O 
nn=O 
*do, i, 1, nnode 

- 

ndnxt=ndnext(nn) 
nsel,s,, ,ndnxt 

esln 
esel,r,mat, ,mat_conc 
cm, etemp, elem 
*get, s-z, node, ndnxt, s, z 
sz~sum=sz~sumts~z 
cmsel,s,ntemp 
nn=ndnxt 

*enddo 

sz-sum=sz-sum/nnode 

hp - f = s z  - sum*ttt/1000*12 !kip/ft 
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axial-path.mac 

efine path I ======= D 
allsel 
PADEL, ALL 
path,in_surf,pstart,, 1 
*do,i, 1,pstart 

ppath,i,path nd(i) 

allsel 
PDEF,axial,u, x,AVG 
/PBC, PATH, , 0 

PLPAGM, axial, 1000, Blank 
/title,Axial Force (kip/ft) 
/rep 

shear-path.mac 

efine path , ======= D 
allsel 
rsys, 0 
PADEL, ALL 
path,in-surf,pstart,, 1 
*do,i, 1,pstart 

ppath,i,path nd(i) 
dnso1,path ~ nd(i) ,u,x,path_ft (i) 

*enddo 

allsel 
PDEF, shear, u, x, AVG 
/PBC, PATH, ,O 

PLPAGM, shear, 1000,Blank 
/title,Shear Force (kip/ft) 
/rep 
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hoop-path.mac 

l=======Define path 
allsel 
PADEL, ALL 
path,in-surf,pstart,, 1 
*do,i, 1,pstart 

ppat h, i , pat h-nd ( i 1 
dnso1,path - nd(i) ,u,x,path ~ fh(i1 

*enddo 

allsel 
PDEF, hoop, u, x, AVG 
/PBC, PATH, , 0 

PLPAGM,hoop, 1000,Blank 
/title,Hoop Force (kip/ft) 
/rep 

moment-path.mac 

'=======Define path 
allsel 
PADEL, ALL 
path,in-surf,pstart,, 1 
*do, i, 1,pstart 

ppath,i,path-ndli) 
dnsol , pat h-nd ( i ) , u, x , pat h m z  ( i ) 

*enddo 

allsel 
PDEF, moment, u, x, AVG 
/PBC, PATH, ,O 

PLPAGM,moment, 1000, Blank 
/title,Moment (kip-in/ft) 
/rep 
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plpng.mac 

/SHOW, PNG 
PNGR, COMP, 1, -1 
PNGR,ORIENT, HORIZ 
PNGR, COLOR, 2 
PNGR, TMOD, 1 
/GFILE, 600, 
! *  
/CMAP,-TEMPCMAP , CMP, ,SAVE 
/RGB,INDEX, l00,~00, 100,O 
/RGB, INDEX, 0, 0,0, 15 
/REPLOT 
/CMAP,-TEMPCMAP-, CMP 
/DELETE, _TEMPCMAP-, CMP 
/SHOW, CLOSE 
/DEVICE, VECTOR, 0 

path-s.plt 

/NOPR 
/RESET 
/DEVICE, VECT, OFF 
! General Graphics Settings 
/NUM, 1 
/PLOP, INFO, 3 
/TRIAD, RTOP 
/GTHIC, CURV, 2 
/GROPT, CGRI, ON 
/GROPT, CURL, 1 
/PNUM,MAT , 1 
/TRLCY, ON 
/TXTRE, ON 
/COL, PBAK,G, 1, 4 
! Window Settings 
/VIEW, 1, 0.0000 , 0.0000 , 1.0000 
/FOC, 1, 222.98 , 867.38 , 0.50000 
/DIST, 1, 336.65 
/ANG, 1, -0.60000 I Z S  
/TYPE,l, 6 
/EDG, 1, 0, 45.000 
/CONT, 1, 9,AUTO 
/DSCA,l, 1.0000 
/GO 
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s m i s c g l t . p l t  

/NOPR 
/RESET 

! General Graphics Settings 
/NUM, 1 
/PLOP, I N F O ,  3 

/GTHIC,  CURV, 2 
/GROPT, CGRI ,  ON 
/GROPT, CURL, 1 

/TRLCY, ON 
/TXTRE, ON 
/COL, PBAK,O, 1, 4 
! W i n d o w  Settings 

/DEVICE,VECT,OFF 

/ T R I A D ,  RTOP 

/PNUM,MAT , 1 

/VIEW, 1, 0 . 0 0 0 0  , 0 . 0 0 0 0  , 1 . 0 0 0 0  
/FOC, 1, 2 3 5 . 4 1  , 8 8 7 . 5 7  , - 1 3 . 1 4 3  

/ANG, 1, - 0 . 6 0 0 0 0  , zs 
/ D I S T , l ,  331.33 

/ T Y P E , l ,  6 
/EDG, 1, 0,  4 5 . 0 0 0  
/CONT, 1, 9,AUTO 

/GO 
/ D S C A , ~ ,  1.0000 


