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1.0 ~ B J ~ ~ ~ ~ U R P O S ~  

The purpose of thls calculahon IS to develop a parametric model for the smgle shell tank 
(SST) BX, and provrde a sample analyss of the SST-BX tank based on analysls of record 
(AOR) loads. The SST-BX model is based on buyer-supplied as-built drawmgs and 
rnformahon for the AOR for SSTs, encompassmg the existmg tank load condihons, and 
evaluates stresses and deformabons throughout the tank and s~ roundmg sod mass. 

These sample calculat~ons rn &IS document are not to be used for assessmg the 
structural mtegrity of the SST-EX tanks at the Hanford site. 

2.0 METHODS OF ANALYSIS 

1. A 3-degree shce 3D model of the SST-EX tanks was first developed usmg the 
ANSYS Parametnc Design Language (APDL) in ANSYS 7.0, a general purpose 
hnite element analysis program w. The 3D sbce model mcludes some non- 
h e a r  characteristics of the analysis such as a) contact between the soil and tank 
with fnction and b) plashc soil matenal. Also, the remforcement bars embedded 
in the concrete tank were mcluded for thls analysis. 

2. The parametric model of the SST-EX tank was then analyzd based on AOR 
loads. Contour plots showtng stress and displacement are promded, as well as 
path plots showing section force/moment. 

3.0 INPUT DATA 

The geomeiry of the SST-EX tank i s  provided in drawing H-2-602 E a ,  and is shown 
in &!!url. The paramehic model includes material properties for the tank and nominal 
soil material properties. For purposes of this calculation, the soil overburden (at the top 
of the tank dome) is 8.83 feet w, with a unit weight of 125 pcf and Poisson ratio of 
0.27. The soil is divided into three layers as shown in Figure 2. Each layer has a different 
elastic modulus. Material properties for structural concrete and soil are the same as 
those in document RPP-14249 w. The concrete reinforcing bar properties are also 

. AU linear material properties are listed in Table 1. 
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0.3 490 

The concrete tank is modeled with 3D solid elements SOLID65, and the soil is modeled 
with SOLID45 elements, Fiq~itll’eli 3 through 5 show the finite element mesh used for this 
calculation. The tank is divided into small volumes of 1” wide according to the location 
of the steel reinforcing bars (Firures b to 8). Real constants are assigned to tank elements 
to represent the rebar volume ratios and rebar orientations (Fieurc. 9). The volume ratio 
is calculated using Excel spreadsheets listed in Tables 2 to 5. In the dome and slab, the 
volume ratio of the radial rebars increases linearly with decreasing radius. Given this 
variety of rebar volume ratio, the average radius was used during the c a l ~ a t i o n  of the 
real constants for the meridional rebars in the dome and slab. There are 3 element 
coordinate systems used to orient the rebars, and they are listed in Table 6. 
shows the rebar elements colored by element coordinate systems. Figure 11, to 
the rebar orientations at various locations of the concrete tank. Standard contact with a 
friction coefficient of 0.3 is defined between the tank and the su~ounding soil. 

The AOR loads for the SST-BX tank include a uniform pressure load of 40 lbf/ft* on the 
soil surface and a concentrated load of 200 kips over a circular regon 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 c i r c ~ m ~ e r ~ t i a l  direction, the outside radius surface of the soil is fixed 
in the radial direction, 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 a t t a c ~ m ~ ~ ,  The 
files and their functions are listed in Table 2. 
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Table 2. Calculation of Steel Reinforcement Ratios for Slab 

EIw~UOD Radius 



RPP-13999. Rev.0 
ANALYTICAL CALCULATIONS 

Page &of75 1 - 
Subject 

Originator Xianghong Li L Date 4/23/03 
Checker Jim Radochia 2' Date 4/23/03 

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

Table 3. Calculation of Steel Reinforcement Ratios for Wall 
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Table 4. Calculation of Steel Reinforcement Ratios for Dome and Haunch 

6 ** 3 0 0100 
6 22 * 0 oi’ls 

6 * s i  0 
6 *a 2 0 OiB2 
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Table 5. Calculation of Steel Reinforcement Ratios for Haunch Core 
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Element Axes 

X Y Z 

Thickness Radial 
Direction Direction Direction 

Thickness Radial Hoop 

Hoop 

System CS Number Covered Region 

Interior rebars in 
dome and haunch, 

haunch core 
Exterior rebars in 

1 100 1 Spheroidal 

Spheroidal I, Cylindrical 

mt File Name 

I sst-bx-slice.mac 

1 parm_bx.mac 

slice-load-bx.mac I-- 
pst-bx-slice.mac 

Direction 

Radial 
Direction I Direction 

Hoop 
Direction Direction of the exterior 

haunch rebar 

Table 7. Input File List 
Function 

Main input creating parametric slice model 
for SST-BX tank and getting solutions 

Set alI 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-bx.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 
%fine 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 
Define view settings for rebar stress plots 

parm-bx.mac 
bx-load-slice.mac 

NONE I 
get-res-slice.mac 

get-hpfrc.mac 
plpng.mac 
path-bx.plt 

axial-path.mac 
shear-path.mac 
hoop_path.mac 

moment-path.mac 

NONE 

NONE 
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Figure 1. Geometry of SST-BX Tank 

-. ,_______ .. 
AN 

ST-BX slice model 
~-....-.______I --.._.I .- 

Figure 2. Soil Layers 
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X __ 

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. 

SST-RX slice aodel I 

Figure 6. Rebar region (blue colored area) 
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Figure 7. Close up of rebar region 
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/SWT-EX s l r u e  model I 

Figure 9. Rebar elements colored by real constants 

Figure 10. Rebar elements colored by element coordinate systems 
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17:33:11 

X ___ 

SST-Bx slice model 

Figure 11. Rebar orientation at haunch core 

Figure 12. Rebar orientation at tank wall 
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YST-Ex s11ce mode1 

Figure 13. Rebar orientation at wall/slab joint 

4.0 RESULTS 

The solution can be obtained by mming the master input macro sst-bx-slicemac (see 
a ~ c ~ m e n t ) ,  which loads the macro defining the parameters, creates the tank/soil 
geometry and finite element mesh, applies loads, and defines the material properties 
and real constants. 

F.;rrurc?s 'I 4 and summarize the displacement rsponse due lo AOR loads identified in 
&tion 3. The peak displacement of the soil mass is 1.67 inches, and this occurs at grade 
far away from the tank. The peak tank displacement is 1.37 inches, at the dome apex. 
&yu?&E and 17 show exaggerated views of the tank/& displacement. 

The von Mises equivalent stress contours are presented in F&I~I-ZB and :E. The peak 
equivalent stress in the tank is a p p r o x ~ t e l y  2.0 ksi, and this occurs at the joint of the 
tank wall and slab. The hoop stress of the tank is shown in Fivtm 20. The maximum 
hoop stress is about 532 psi at the haunch regon, and the minimum hoop stress is -523 
psi at the dome center. The rebar stresses in the first, second, and third rebar directions 
are plotted in Fii;.urt?s a to Zfj. 
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Force and moment resultants are calculated m pst-bxxsEce.mac. In order for 
pst-bx_slice.mac to generate correct results, the tank has to be map meshed. The 
mapped mesh results m a set of nodes aligned m a straight lme, creating a cross secbon 
for section force and moment evaluatron. Once the cross sechon nodes and elements 
attached to one side of the nodes are selected, the macro g&-res-slice.mac then 
calculates the nodal forces, determines the location of the neutral axls, and evaluates the 
moment about the neutral axls. The force and moment per unit length are calculated 
according to the radius of the neutral axis. The sectzon hoop force IS calculated in macro 
get-hpfrcmac. The nodal hoop stresses are retrieved and averaged over the th~ckness. 
The hoop force over the meridional length is then obtained from the averaged nodal 
hoop stress and wall thickness. Figures. 27 to ,211 show the axlal force, shear force, hoop 
force, and moment, respectrvely. The maxunm axial force of about 77 kip/& occurs at 
dome center. The maximum shear force of 31 kip/ft IS located at the wall/slab jomt. The 
maximum moment of 712 hp-m/& and maximum hoop force of 117 kq?/ft are observed 
at the haunch region. 

I 

m Ex S l i c e  Fadel 

Figure 14. Total displacement contour of soil and tank 

,666 
__ 
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Figure 15. Total displacement contour of tank 

Ssr* s l i a  nadrl 

Figure 16. Deformed shape of sod 
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m 23 2 
09 a5 51 

trUIpN0 1 
d 2  

m m  mm1m 

E33 196b 
883 369 lloo 1316 

233 678 666.806 
17.114 

ma shoe nodLJl 

Figure 19. Equivalent stress contours of tank (psi). 
Nu 

APR 23 2003 
i%f!zs's.wJTIm 
-1 36:42 
SJB =7 
-1 
SY 
r S E = l l O  
CMK =1.367 
SW? -522.878 
SMX -532 424 

I 

Figure 20. Hoop stress of tank (psi) 
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Figure 21. Rebar stresses in first rebdr direction 

m 
~~~ 

SIJ5 =7 
llM3-1 
m s 4  
IWX -1.666 
% -8301 
S4X =3641 

RPR 2’: 2003 
sTEp-1 09 05 57 

Figure 22. Rebar stresses in second rebar direchon 
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Figure 23. Rebar stresses in third rebar direction 

Figure 24. Close up of rebar stresses in first rebar dlrectmn 
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Figure 26. Close up of rebar stress m third rebar direchon 
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-15.041 
Axid  Farce Ik lgf t l  

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

Figure 28. Unit section shear force (kipift) 
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Figure 29. Unit section hoop force (kip/&) 

Figure 30. Unit section moment ( ~ p - ~ / ~ )  
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5.0 CONCLUSIONS 

The 3D 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-BX, 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 AITACHMENTS AND APPENDICES 

sst-bx-slice.mac 

!--Create cross s e c t i o n  of SST BX tank 
finish 
/clear 
/ p r e p 7  

SHPP,MODIF, 1,100000, 

/INPUT,'parm ~ bx','mac' 

!--Create dome 
/ T R I A D ,  RTOP 
wpcsys, -1,o 
csys, 4 
k, l,rl, -hl 
k, 2, r2, -h2 
k,3,r3,-h3 
k, 4,r4, -h4 
k,5,r5,-h5 
k,6,r6,-h6 
k,7,r7, -h7 
k,8,r8,-h8 
k, 9, r9, -h9 
k,lO,rlO,-hlO 
k,ll,rll,-hll 
k, lZ,rlZ,-hlZ 
k,13,r13,-h13 
k,14,r14,-h14 
k ,  15, r15, -h15 
k,16,r16,-h16 
k,17,r17,-hl7 
k, 18,r18,-h18 
k,19,r19,-h19 

larc,l,Z,lO,dm rl 
larc, 2,3,10, &-r3 ~ 

lstr, 3, 4 
lstr, 4,5 
lstr, 5,6 
lstr, 6,7 
lstr, 7,8 
lstr, 8,9 
lstr, 9 , l O  
lstr, 10,11 
larc, 11,12,l,bot ~ r2 
lstr, 12,13 
larc, 13,14,l,bot - rl 
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lstr, 14,15 
l a x ,  15,16,10, hnch r2 
larc, 16,17,10, hnch-rl 
larc, 17,18,10, dm r? 
larc, 18,19, 10, d m r 2  - 
lstr, 1,19 
al, all 

!--Cut Tank 
lstr,2,18 
asbl,l,20 

lwpla,-1,2,1 
lsbw, 17 
lstr, 3,20 
asbl, 3,17 

wpcsys, -1,o 
kwpave, 4 
wprot, , ,90 
wpoff,,,-42 !to cut the haunch core region 
lsbw, 3 

lwpla,-l,14,1 
asbw, all 

lwpla,-1,23 
kwpave, 17 
asbw, 3 
lwpla,-1,24,1 
asbw, 6 

lwpla, -1,5 
asbw, 5 
lwpla, -1,32 
asbw, 8 

larc, 12,14, l,bot-r2 
asbl, 9 , 3 3  

lwpla, -1,14 
asbw, 10 

cm, a-tank, area 

!---Create Soil Mass 

kwpave, 1 

wpoff, ,depth 

wpcsys, -l,o 

csys,4 
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rectng,O,soil - r,O,-(h9+depth+soil h )  
aovip, all 

adele, 1 2 , ,  , l  
cmsel, u,  a-tank 
cm, a-soil, area 

!--cut soil for different soil properties 
kwpave, 4 
wprot,, 90 
asbw, ail 
kwpave, 7 
asbw, ail 
cm, a-soil, area 

wpcsys, -l,o 
wprot, , ,90 
kwpave, 1 
wpof f, , , cload 1 
lsbw, 38 

allsel 
aplot 

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

Cut tank for rebar regions at different depths 

~ 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  
cmsel, s, a-tank 
asel, u,  , , 8  
cm, a-tank, area 

rbar-t=l. 
rbar depl=3 !bar clearance for rebar @ dome 
rbar-dep2=2 !bar clearance for rebar I? wall 
rbarIdep3=l. 5 
rbar-dep4=3.5 !bar clearance for slab end 
rbar-dep5=6.75 !bar clearance for top rebar at slab enii 
rbar dep6=3.5 !bar clearance for bottom rebars slab end 
rbarIdep7=l. 5 !bar clearance for rebars @slab bottom 
rbar_dep8=2 !bar clearance for rebars @haunch 

rbar rl=6.25*12 !radial bar lengths in dome 
rbarpr2=10*12 
rbar-r3=20*12 
rbarpr4=30*12 
rbar r5=32*12 
rbar-r6=32*12+32 

slb-rbarprl=40 

!bar clearance for rebar @ slab 
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rbar wll dh1=+6 !vertical rebar to wall step distance 
rbar-wll-dhZ=rbar wll dhl+lO 
rbarpwllpdh3=rbarpwllpdh2+4 *12 
rbar-wll-dh4=rbar-wll-dh3+5 6 
rbarpwllpdh5=rbarpwll-dh4+60 
rbar-wll-dhS=rbar~wll~dh5+18 - -  

rbar wll dh7=25*12-2*12 
rbarIwlIIdh8=25*12-1*12 
rbar wll dh9=11*12 
rbarpwllpdhlO=rbarpwll - -  dh4+5 

wpcsys, -I, 0 
kwpave, 1 
wpof f, , -rbar-depl 
csys,4 
k 
wpof f, , -rbar t 
k 

kwpave, 1 9  
wpoff,,rbar-depl 
k 
wpof f, , rbar - t 
k 

lwpla,-1,20 
wpof f, , , rbar-depl 
k 
wpof f, , , rbar t 
k 

lwpla,-1,20,1 
wpoff,,,-rbar-depl 
k 
wpoff,,,-rbar-t 
k 

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

lwpla,-1,27 
wpoff, , , rbar-dep8 
k 
wpof f, , , rbar-t 
k 
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lwpla, -1,29 
wpoff, , , rbar depl 
k 
wpof f, , , rbar t 
k 

Lwpla, -1,30 
wpof f, -rbar_depE 
k 
wpoff, -rbar - t 
k 

lwpla,-1,25 
wpof f, , , rbar - depZ 
k 
wpof f, , , rbar - t 
k 

lwpla, -1,25,1 
WPoff,,,-rbar dep2 
k 
wpoff,,,-rbar-t 
k 

larc,34,38,10,dm rl-rbar depl 
larc, 35,39,10,dn-rl-rbar-depl-rbar t 
larc, 37,41,10, drpr2+rbar-depl+rbar-t - 
larc, 36,40,10,dn-r2+rbar-depl 
larc, 38,42,10, dmr3-rbar-depl 
larc,43,39,10,dnpr3-rbar-depl-rbar t 
larc, 45,41,10, dmr4trbarpdepltrbar-t - 
larc, 44,40,10, dnpr4 trbar-depl 
larc, 45,49,10, hnch rl+rbar depE+rbar - t 
larc, 44,48,10, hnchIrltrbar-dep8 
larc, 51,49,10,hnch r2+rbar-dep8trbar t 
larc, 50,48,10, hnch-rZ+rbar-dep8 

lsbl, 52,17 
lsbl, 53,17 

asel, s, , , 2  
lsel, s, , ,38 
lsel,a,, ,47,49 
asbl,all,all 

a s e l ,  s ,  , ,1 
lsel, s, , ,50,52 
lsel,a,, ,58 
asbl,all,all 

asel, s ,  , ,4 
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lsel, s, , ,59,60 
asbl,all,all 

allsel 
lsb1,54,29 
lsbl, 55,29 
asel, s, , , 3  
lsel, s ,  , , 2 1  
lsel,a,, ,54 
asbl, all, all 

asel, s, , ,1 
lsel, s, , ,56,57 
lsel,a,,,75,76 
asbl, all, all 
allsel 

lwpla,-l,30 
asbw, 3 
asbw, 21 
asbw, 28 

lwpla, -1,71 
asbw, 24 
asbw, 25 
asbw, 29 
kwpave, 42 
asbw, 25 
asbw, 32 
asbw, 33 

lwpla, -1,29 
kwpave, 52 
asbw, 7 
asbw, 9 
asbw, 29 
asbw, 34 
asbw, 35 
kwpave, 53 
asbw, 38 
asbw, 39 
asbw, 40 
asbw, 41 
asbw, 42 

kwpave, 51 
asbw, 44 
kwpave, 50 
asbw, 48 

kwpave, 67 
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asbw, 11 
kwpave, 73 
asbw, 50 
kwpave,77 
asbw, 51 
kwpave, 78 
asbw, 52 

lwpla, -1,6 
asbw, 8 
asbw, 11 
asbw, 48 
asbw, 50 
asbw, 51 
asbw, 53 

!--Cut slab end for rebar regions 
wpoff, , , rbar-dep5 
asbw, 6 
asbw, 55 
asbw, 56 
asbw, 57 
asbw, 58 
asbw, 59 
wpof f, , , rbar t 
asbw, 6 
asbw, 55 
asbw, 56 
asbw, 57 
asbw, 58 
asbw, 60 

kwpave, 12 
asbw, 53 
asbw, 61 
asbw, 62 
asbw, 63 
asbw, 64 
asbw, 65 

kwpave, 7 
wPOff,,,-rbar - dep6 
asbw, 6 
asbw, 55 
asbw, 56 
asbw, 58 
asbw, 59 
asbw, 70 
Wpoff., , -rbar-t 
asbw, 65 
asbw, 79 

~ 
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asbw, 80 
asbw, 81 
asbw, 82 
asbw, 83 

lwpla, - 1,5,1 
wpof f, , , -rbar_dep4 
asbw, 56 
asbw, 60  
asbw, 71 
asbw, 72 
asbw, 80 
asbw, 87 
wpoff,,,-rbar-t 
asbw, 56 
asbw, 60 
asbw, 71 
asbw, 12 
asbw, 80 
asbw, 50 

!--Cut slab bottom for rebar regions 
lwpla, -1,9,1 
wpof f, , , -rbar - dep7 
lsbw, 5 
wpof f, , , -rbar-t 
Isbw, 205 
lstr, 122,137 
lstr, 115,138 

lsel, s, , ,205 
lsel, a,, ,235 
asel, s, , ,5 
asbl, all, all 
allsel 

!--cut wall bottom 
lwpla,-1,218,1 
wpoff,,,slb-rbar - rl 
asbw, 57 
asbw, 59 
asbw, 17 
asbw, 82 
asbw, 89 

kwpave, 101 
asbw, 105 
asbw, 107 
asbw, 108 

! - -Cu t  wall for vertical divisions 
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allsel 
cmsel, u, a-soil 
lwpla, - 1 , 3 6  
kwpave, 5 
wpoff, , , rbar wll dhl 
asbw, all 

kwpave, 5 
wpof f, , , rbar wll dh2 
asbw, all 

kwpave, 5 
wpof f, , , rbar - p  wll dh3 
asbw, all 

kwpave, 5 
wpof f, , , rbar - wll-dh4 
asbw, all 

kwpave, 5 
wpoff,,,rbar p -  wll dh5 
asbw, all 

kwpave, 5 
wpoff, , , rbar - p  wll dh6 
asbw, all 

cm, a-tank, area 

!--Cut dome 

kwpave, 1 
wprot, , , 9 0  
wpof f, , , rbar rl 
Isbw, 1 

kwpave, 1 
wpof f, , , rbar - r2 
Isbw, 2 6 1  

kwpave, 1 
wpoff, , , rbarpr3 
lsbw, 2 

kwpave, 1 
wpoff, , , rbar_r4 
lsbw, 4 

kwpave, 1 
wpoff, , , rbarpr5 
lsbw, 309 

- -  

p -  

wpcsys, -l,o 
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lwpla, -1,311,l 
asbw, 1 
asbw, 23 
asbw, 25 
asbw, 28 

asbw, 36 

lwpla,-1,311 
asbw, 1 
asbw, 25 
asbw, 114 
asbw, 129 
asbw, 146 

lwpla, -1,308,l 
asbw, 2 
asbw, 19 
asbw, 20 
asbw, 21 
asbw, 22 

lwpla,-1,287,1 
asbw, 12 
asbw, 15 
asbw, 16 
asbw, 17 
asbw, 18 

lwpla, -1,287 
asbw, 15 
asbw, 16 
asbw, 17 
asbw, 159 
asbw, 160 
cm, a-tank, area 

wpcsys, -l,o 
wprot, , ,90 
kwpave, 1 
wpoff,,,rbar-r6 
lsbw, 26 
lwpla, -1,379,l 
asbw, 4 
asbw, 24 
asbw, 26 
asbw, 32 
asbw, 37 

lwpla, -1,130 
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asbw, 5 
asbw, 59 
asbw, 1 0 9  
asbw, 110 
asbw, 111 

lwpla, -1,12,1 
asbw, 53 
asbw, 54 
asbw, 61 
asbw, 62 
asbw, 63 
asbw, 64 
a s b w ,  87 
asbw, 51 
asbw, 56 
cm, a-tank, area 

asel, s ,  , ,5 
asel, a,, ,37 
asel,a,, ,178 
aadd, all 
cmsel, a, a-tank 
aadd, 53,184 
cm, a-tank, area 
lcomb, 135,155 

asel, s ,  , , 9  
asel,a,,,34 
asel,a,,,41 
asel, a,, ,45 
aadd, all 
cmsel,a,a - tank 
cm, a-tank, area 

kwpla, -1,76,4 
wprot,, 90 
asbw, 30 
asbw, 31 
asbw, 37 
asbw, 46 

lwpla,-l,li3,1 
wprot, , ,90 
asbw, 45 

lstr, 237,70 
asbl, 31,7 5 

aadd, 39,178 
aadd, 46,47 
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aadd,29,184 
aadd, 40,45 

lsel, s,, ,34 
lsel,a,, ,101 
lsel, a,, ,115 
lcomb, all 
lsla 

lsel, s ,  , ,E2 
lsel, a,, ,90 
lsel,a, , ,94 
lcomb, all 
lsla 

lcomb, 113,389 
lcomb, 75,92 
cm, a-tank, 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 1  

!--Set Eleln 

! I 1 1 1 1 1 1 1 1 1 1  
r-liner=l 
r, 1, liner-t 

!mat-liner=] 
mat-conc=Z 
mat t soi 1=3 

nt types 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

structural concrete in tank 
for top soil 

!for mid soil matCmsoil=4 
niat-bsoil=5 !for bottom soil 
mat-rebar=6 
mat-srebar=7 - 

type 2d liner=l 
typep2d:conc=2 - 

type-2d soil=3 
type - 2dIrebar=4 

type 3d-conc=type-2d-conc+lO 
type-3d soil=type-2d-soil+lO 
typeP3dIrebar=type - - 2dPrebar+lO 

!et, type-liner, shell61 
et,type_2dPconc,plane42 
et, type_2dPsoil,plane42 
et,type_Zd_rebar,plane42 

et,type-3d-conc,solid65 
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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 
! 

~ 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  

! 111 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 

! 121 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,cl,c2,~3,~4,~5 
tbdata,6,c6,c7,c8,c9,clo,cll 

*endif 

! [31 top soil 
mp,ex,mat-tsoi1,tsoil-ex 
mp,dens,mat-tsoil,tsoil-dens 
mp,prxy,mat-tsoi1,tsoilgrxy 
tb,dp,mat-tsoil, , , O  
tbdata,l,tsoil-cohesion,tsoil-friction,tsoil-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,,,O 
tbdata,l,msoil_cohesion,msoil-friction,msoil-dilat 

! [51 bottom soil 
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mp,ex,mat-bsoil,bsoil-ex 
mp,dens,mat-bsoil,bsoil-dens 
mp,prxy,mat-bsoi1,bsoilgrxy 
tb,dp,mat-bsoil,,,O 
tbdata,l,bsoil-cohesion,bsoil-friction,bsoil - dilat 

! 161 rebar 
mp,ex,mat-rebar,rebar-ex 
mp.dens,mat-rebar,rebar-dens 
mp,prxy,mat-rebar,rebargrxy 

! 171 slab rebar 
mp,ex,mat-srebar,srebar-ex 
mp,dens,mat-srebar,srebar-dens 
mp,prxy,mat-srebar,srebarqrxy 

! 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  
I 

!---Assign attribute to areas, real 
I 

! 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  
cmse1,s.a-tank 
aatt,Z,700,type~Zd~conc 

I . - -  slab rebar 
asel,s,,,l03 
aatt,mat-conc,lOO,type-2d_rebar 

asel,s,,,105,109,4 
asel,a,,,177 
aatt,rnat-conc,lOl,type-Zd-rebar 

asel,s,,,72 
asel, a, , ,?7,79,2 
asel,a,,,84,85 
asel,a,,,88 
asel,a,, ,100 

aatt,mat-conc,lOZ,type-Zd-rehar 

asel,s,,,56 
asel,a,,,66,69 
asel,a,,,l04 
aatt,mat-conc,l03,type-Zd-rebar 

asel,s,,,97 
asel,a,,,99,100 
aatt,mat_conc,104,type_Zd_rebar 

asel,s,,,62 
asel,a,,,73 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

constants will be defined later 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

11 

11 
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asel, a,, ,76 
asel, a,, ,111 
asel, a,, ,179 
asel, a,, ,183 
aatt,rnat_conc,l05,type-Zd-rebar 

asel, s, , ,61,86,5 
aatt,mat_conc,l06,type-Zd-rebar 

! - - -  Wall rebar 
ase l ,  s ,  , ,38 
asel,a,,,49 
asel,a,, ,144,147,3 
aatt,mat_conc, 201, type - -  2d rebar 

asel, s ,  , ,139 
asel,a, , ,142 
aatt,rnat_conc,ZOZ,type_Zd-rebar 

asel, s, , ,135,136 
aatt,mat_conc,203,type - -  2d rebar 

asel, s, , , 4 6  
asel, a,, ,52 
asel,a,, ,216 
asel, a,, ,132 
aatt,mat_conc,204,type - -  Zd rebar 

asel, s,, ,125,128,3 
aatt,mat_conc,205,type - -  2d rebar 

asel, s ,  , ,120,122,2 
aatt,rnat_conc,206,type - -  2d rebar 

!---Dome rebar 
asel, s, , ,16 
asel,a,, ,164 
aatt,rnat_conc,300,type - -  2d rebar 

asel, s, , ,18 
asel,a,, ,166 
aatt,mat_conc, 301, type - -  2d rebar 

as el,^,, ,19 
asel,a,,,21 
asel,a,, ,161 
asel, a,, ,163 
aatt,mat_conc,302,type - -  2d rebar 

asel, s, , ,129 
asel,a,,,149 
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asel, a,, ,156,158,2 
aatt,mat_conc,303,type - -  2d rebar 

asel, s, , ,36 
asel, a,, ,153 
aatt,rnat_conc,304,type-Zd-rebar 

asel,s,,,24,32,4 
asel, a,, ,117 
asel, a,, ,171,173,2 
aatt,mat_conc,305,type - -  2d rebar 

asel, s, , ,39 
aatt,mat_conc,306,type - -  2d rebar 

asel,s,,,43 
asel,a,,,29 
aatt,mat_conc,307,type - -  2d rebar 

asel,s,,,27 
asel,a,,,30 
asel,a,,,41 
aatt,mat_conc,308,type - -  2d rebar 

!----Haunch core 
asel, s, , ,37 
asel, a,, ,53 
aatt,rnat_conc,500,type-Zd_rebar 

asel, s, , ,35 
a a t t , m a t _ c o n c , 5 G l , t y p e 2 d _ r e b a r  

allsel 

! l 1 1 1 1 1 1 l 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  
I 

! 2D Meshing 
I 

~ 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  

. , _-  tank mesh 
crnsel, s, a-tank 
asel, u, , , 8 
allsel, below, area 

esize,tank-size 
type,typ@-2d_conc 
mat,mat-tank 

lsel, s, , ,130 
lsel, a,, ,244 
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lccat, all 
lsla 

lsel, s, , ,105 
lsel, a,, ,117 
lccat, all 
lsla 

lsel, s, , ,236 
lsel, a,, ,252 
lsel, a,, ,391 
lccat, all 
lsla 

lsel, s, , ,143 
lsel, a,, ,151 
lccat, all 
lsla 

lesize, 9 , ,  ,2 
lesize,32, ,,2 
mshkey, 1 
amesh,all 

asel, a,, , E  
mshkey, 0 
amesh, 8 

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

esize,soil-esize 
type,type-Zd-soil 

mopt, t r a n s ,  1.25 
mopt, expnd, 1.25 

lesize, 41,, ,lo, 4 
lesire, 4 2 , ,  , 3 5 , 4  
lesize, 3 9 , ,  ,30,6 
lesize, 37,, ,30,5 
lesize, 46,, , cload div, 4 
lesize,43,,,40, .23 
lesize,40, ,,lo 

mshkey, 0 
amesh, all 

, -- 

wpcsys, -l,o 
kwpave, 1 
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csys, 4 
cmsel, s, a-soil 
asel,r,loc,y,-h4,999999 
em, t-soil, area 
esla 
emodif,all,mat,mat-tsoil 

cmsel, s, a-soil 
asel,r,loc,y,-h/,-h3 
cm,m-soil, area 
esla 
emodif,all,mat,mat-msoil 

cmsel, s, a-soil 
asel,r,loc,y,-h7,-99999 
em, b-soil, area 
esla 
emodif, all,mat,mat-bsoil 

allsel 
!dele concatenated lines 
CM, Y,LINE 
*SET, -Z1, LSINQR (O,13) 
*IF, zl,ne,O,then 

*SET, ZZ,LSINQR(O, 13) 

*SET,-Z3,-21- 22 
'IF, Z3,NE,O,yHEN 

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

LSELTR, LCCA 

LDELE~ALL 

CMSEL,~, Y 

! ~ ~ ~ l ~ ~ l ~ ~ [ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

3D mesh by rotation, reassign general elem. attr. 

! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 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, 1,1,1 
extopt, esize, 1 
vrotat, all,, , , , ,lo, 19,slice-ang 

cmsel, s, a-tank 
vsla 
eslv 
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emodif,all,type,type-3d-conc 

cmsel, s, t-soil 
vsla 
eslv 
emodif, all,mat,mat-tsoil 

cmsel, s,m-soil 
vsla 
eslv 
emodif, all,mat,matmsoil 

cmsel,s,b_soil 
vsla 
eslv 
emodif, all,mat,matbsoil 

ase l ,  s ,  type,, type - -  2d rebar 
vsla 
eslv 
emodif, all, type, type-3d - rebar 

cmsel, s ,  a-soil 
vsla 
allsel, below, volu 
cm, junk,volu 
vgen, 2 ,  all 
cm,v-soi1,volu 
cmsel,~, j u n k  
allsel, below, volu 
aclear, all 
vclear, all 
vdele, all,, ,1 
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  

I Create local coordinate systems 

! 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  

! 

I -__ csys 100 spheroid: for internal dome/haunch rebar/interior haunch 
! the x and y radius ratio are from error-and-try process 
! 
a=450 
b-14 5.75 

kwpave, 36 
wpoff,,-b 
cswpla, 100,2,b/a,b/a 

wpcsys, - 1 , o  
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I _ _ _  csys 101 sperical: external dome/haunch 
a=600 
b=300 

wpcsys, -l,o 
kwpave, 35 
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 

I Assign esys to rebar elem 

~ 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  

I _ _ _  dome rebar 
asel, s,, ,16 
asel,a, ,,21,30,3 
asel,a,,,35,3? 
asel,a,,,41 
asel, a,, , 5 3  
asel, a,, ,117 
asel, a,, ,149 
asel, a,, ,158 
asel, a,, ,163 
asel, a,, ,166 
asel,a,,,l71 
vsla 
eslv 
emodif,all,esys, 100 

asel,s,,,18,19 
asel,a,,,28 
asel,a,,,32 
asel,a,,,39 
asel,a,, ,129 
asel,a,, ,153 
asel,a,, ,156 
asel,a,, ,161 
asel,a,, ,164 
asel,a,, ,173 
vsla 
eslv 
ernodif,all,esys,lOl 
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!--all other rebars are in cylindrical system 110 
asel,s,type,,type_Zd-rebar 
vsla 
eslv 
esel,~, esys,, 100,101 
emodif, all, esys, 110 

~ 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  

I Define real constants for rebars 
, 

~ 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  
mat-null=O 

! s l a b  
vrx= 
v r z =  
vry= 
rc= 
*dim, v r x ,  ,20 
*dim, vry, , 20 
*dim, vrz, ,20 
*dim, rc, ,20 

vry(l)=.0164,0 , ,0982, .0982, ,1208, .0219, ,1208 
vrz(l)=O. ,O. ,O. ,O. , ,0634, , 0 3 6 8 ,  ,0368 
rc(l)=100,101,102,103,104,105,106 
*do, i, 1,7 

vrx(l)=.0164, ,0552, ,0552, .0082,0 , o  , o  

r,rc(i),mat-srebar,vrx(i),O,O,rnat-srebar,vry(i) 
rmore, 9O,O,mat - srebar,vrz (i), 90, 90 

*enddo 

!wall 
vrx= 
vrz= 
vry= 
rc= 
*dim, vrx, ,20 
*dim, vry, ,20 
*dirn,vrz, ,20 
*dim, rc, ,20 
vrz(l)=.0368, .0368, ,0368, .0368, ,0368, ,0368 
vry(1)=.1002,.0601,.0752,.1002,.0601,.0219 
rc (1)=201,202,203,204,205,206 
*do, i, 1, 6 

r,rc(i) ,mat-null,O,O,O,mat-rebar,vry(i) 
rmore, 9O,O,mat_rebar, vrz (i) , 90, 90 

*enddo 

!dome and haunch 
vrx= 
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vrz= 
vry= 
rc= 
*dim, vrx, ,20 
*dim, vry, ,20 
*dim,vrz, ,20 
*dim, rc, ,20 
vry(l)=.0368,.0412,.0446,.0535,.0431,.0798,.0723,.2534,.0729 
vrz(l)=.0368,.0368,.0368,.0368,.0654,.0982,.2062,.0736,.1590 
rcil)=300,301,302,303,304,305,306,307,308 
*do, i, 1, 9 

r,rc(i),mat_null,0,0,O,mat_rebar,vry(i) 
rmore,90,0,mat rebar,vrz(i),0,30 

*enddo 

!haunch core 
vrx= 
vrz= 
vry= 
rc= 
*dim, vrx, ,20 
*dim, vry, ,20 
*dim,vrz, ,20 
*dim, rc, ,20 

r, 500,matprebar,. 0013,0,0,matprebar, 0,0088 
rmore, 45,0,matprebar, .032,0, 30 

r, 501,mat rebar, .0013,0,0,matprebar, 0.0088 
rmore, 90,0,matprebar, .032,0,90 

allsel 

, Assign real constants to 3D elements 

! l 1 1 1 1 1 l 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  
*do, i, 100,120 

asel, s, real,, i 
vsia 
esiv 
emodif, all, real, i 

*enddo 

*do,i,200,220 
asei,s,real, ,i 
vsla 
eslv 
emodif, ail, real, i 
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*enddo 

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

*enddo 

*do,i, 400,410 
asel, s, real,, i 
vsla 
eslv 
emodif,all,real,j 

*enddo 

*do, i, 500,503 
asel, s ,  real,, i 
vsla 
eslv 
emodif,all,real,i 

*enddo 

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  

Define contact between soil and tank 

~ 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  
et,21,170 
et, 22,173 
r,21,,,10, .1 
mp,mu,21, . 3  

asel, s, , ,210 
asel, a,, ,230,240 
asel,a,, ,243 
asel, a,, ,256,266 
a s e l ,  a,, ,269,281 
cm, tk-cnt-area, area 
lsla 
nsla, ,1 
esln 
type, 22 
real,21 
mat,21 
esurf 

asel,s,,,766,116 
asel, a,, ,783,794 
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asel,a,,,798,817 
cm, soil cnt area, area 
isla 
nsla, ,1 
esln 

esurf 

allsel 
aclear, all 

/pnum, real, 1 
/nurn. 1 

csys, 110 

csys, 0 

- -  

type,fl 

allsel 
nrotat, all 

eplot 

! 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 1 l l l l l l l l l  

! set up AOR loadings and solve 

! l 1 1 1 1 1 1 1 1 1 1 1 1 l 1 l 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  
slice load-bx 
aiisei 
finish 
/fiiname,sst-bx-slice 
/title,SST-BX slice model 
/soiu 
nlgeom, on 
nsubst,1@,10@,5 
save 
solve 
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Pam-bx.mac 

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

tl=12 !tank wall thichness at bottom 

dx-r1=96*12+3 !inch, radius of outer inboard dome surface 
dx-r2= 9 5 * 12 !inch, radius of inner inboard dome surface 
dx-r 3= 67 * 12 !inch, radius of outer outboard dome surface 
dm - r4=60*12 !inch, radius of inner outboard dome surface 

hnchprl=10*12 !inch, big haunch radius 
hnch r2=24 

bot_rl=4 8 
bot-r2=50 

depth=8.83*12 
soil_r=80*12 
soil_h=40*12 

!--following are dimensions for essential kp to 
! create the t a n k ,  starting from dome apex 
rl=0 
hl=0 

r2=15*12+2+3/8 
h2=14.5 

r3=r2+13*12+7+1/8 
h3=4*12+10.5 

r4=r3+9*12+9.5 
h4=8*12t8 

r5=r4 
h5=h4+23*12+3.75-20.75-4 

r6=r5+24 
h6=h5 

r7=r6 
h7=h4+23*12+3.75 

r8=r7-24-26-5/16-31-13/16 
h8=h7 

r9=0 
h9=33*1211/8-1-1/8 
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r10=0 
hlO=h9-6 

rll=r8 
hll=h8-6 

r12=r1-24-26-5/16 
h12=h6+4 

r13=r12 
h13=h12-2 

r19=0 
h19=15 

r18=15*12 
h18=h19+14+5/16 

r17=r18+18*12+4+5/8 
h17=h18+6*12+1+3/16 

rl6=r17+3*12+10+7/8 
h16=h17+(3*12+8) 

r15=r16+3.5 
hli=h16+12.25 

r14=r15 
h14=h15+71.25+11+26+1/16 

!---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 
steelPex=27.7e6 !elastic modulus [psil 
steel-prxy=0.3 !Poisson ratio 
steel-alpx=6.38 !thermal expansion coefficient [microstrain/degree Fl 
steel-gamma=490 !unit weight [lbf/ftA31 
steel-kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
st eel-c=l !specific heat [BTU/R-lbf/(in/sec^Z)I 
steel-alpx=steel-alpx*le-6 ! in/in/F 
steel dens=steel gamma/1128/386 !lb-secA2/inA4 
steel-kx=steel~k~/3600/12 !BTU/sec-in-degreeF 
steel-yield=36000 - !yield strength [psil 

- -  

I- - - - -  St ructural Concrete 
conc-ex=3.le6 !elastic modulus [psi] 
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concqrxy=0.2 !Poisson ratio 
conc-alpx=6.38 !thermal expansion coefficient [microstrain/degree F1 
conc-gamma=150 !unit weight [lbf/ftA31 
conc-kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
conc-c=l !specific heat [BTU/R-lbf/(in/sec*2)] 
conc-alpx=conc-alpx*le-6 !in/in/F 
conc-dens=conc-gamma/l728/386 !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 [psil 
conc-crack=O.l*conc-crush !tensile cracking stress [psi] 

c1=.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 !elastic modulus [psi] 
bsoilgrxy=0.27 !Poisson ratio 
bsoil-alpx=O !thermal expansion coefficient [me/FI 
bsoil_gamma=125 !unit weight [lbf/ftA31 
bsoil-kx=l !thermal conductivity [BTU/hr/ft/F] 
bsoil-c=l !specific heat [BTU/R/(lbf-sec*Z/in)] 
bsoil-cohesion=O !drucker-prager constant (assume small number) [psil 
bsoil-friction=35.4!internal friction angle [degl 
bsoil-dilat=35.4 !dilatancy angle [degl 
bsoil-alpx=bsoil-alpx*le-6 ! in/in/F 
bsoil_dens=bsoilgamma/1728/386 !Ib-sec*2/inA4 
bsoil~kx=bsoil~kx/3600/12 !BTU/sec-in-degreeF 

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

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

!----rebar steel 
rebar-ex=27.7e6 !elastic modulus [psi] 
rebarqrxy=o.3 !Poisson ratio 
rebar-alpx=6.38*le-6 !thermal expansion coefficient 
[microstrain/degree Fl 
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 [psil 
rebar-tan=O !rebar tangent modulus [psi] 
rebar-dens=rebar_gamma/l728/386 !1b-secA2/in'4 
rebar_kx=rebar_kx/3600/12 !BTU/sec-in-F 

!---Slab rbar steel 
srebar-ex=27.7e6 !elastic modulus [psil 
srebargrxy=0.3 !Poisson ratio 
srebar-alpx=6.38*le-6 !thermal expansion coefficient 
[microstrain/degree Fl 
srebar_gamma=490 !unit weight [lbf/ft*31 
srebar-kx=l !thermal conductivity [BTU/hr/ft/degreeFl 
srebar-c=l !specific heat [BTU/R-lbf/(in/sec*2)1 
srebar-yield=40000 !yield strength [psi] 
srebar-tan=0 !rebar tangent modulus [psi] 
srebar_dens=srebar_gamma/1728/386 !lb-secA2/inA4 
srebar_kx=srebar_kx/3600/12 !BTU/sec-in-F 

!---Element size control 
line+-size=5 
tank_size=5 
soil_esize=30 
cload_div=lO 
slice_ang=3 

!---liner thickness 
liner-t=3/8 

! --Load 
p_uniform=40/144 
ff =200000 
cload-l=10*12 

vacgres=-0.217 1-15'' w . g .  vacuum 
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slice-load-bx.mac 

f i n i s h  
/prep7 
!--set BCs 
wpcsys,-1,0 
kwpave, 1 
csys, 4 
asel, s, loc, x ,  soil - r 
lsla 
nsla, ,1 
d, all, ux, 0 

allsel 
asel, s, loc, y, -h9-soil-h 
lsla 
nsll, ,1 
d,all,uz,O 

allsel 
nsel,s,loc,x,O 
d, all, ux, 0 

csys, 110 
asel, s ,  loc, y, -. 1, .1 
lsla 
n s l a ,  ,1 
d, all, uy,  0 
a s e l ,  s,loc,y,slice-ang-.l,slice~ang+.l 
lsla 
nsla, ,1 
d, all, u y ,  0 

WpCSyS, -1,o 
kwpave, 1 

asel,s,loc,y,depth-.l,depth+.l 
lsla 
nsla,, 1 
esln 
sf,all,pres,p-uniform 

lsla 
k s l l  
k s e l , r ,  loc,x,-. 1, cload-lr. 5 
Islk,, 1 
asll, , l  
p - cload=ff/(3.14159*cload-l**2) 
nsla, ,1 
sf,all,pres,p-cload+p-uniform 
allsel 

csys, 4 
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a c e l , ,  3 8 6  

!Apply -6"  w . 3 .  t o  dome 
e s e l , s , m a t ,  ,mat-conc 
v s l e  
a s l v  
a s e l ,  r, e x t  
c s y s ,  1 1 0  
as el,^, l o c ,  y , - . l ,  .1 
a s e l , u , l o c , y , s l i c e ~ a n q - . l , s l i c e _ a n g + . l  
cmsel,  u ,  tk-cnt-area 
l s l a  

n s l a , ,  1 
sf, a l l ,  p r e s ,  vac-pres 

a l l s e l  
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pst-bx-slice.mac 

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

post processing macro to obtain the section 
I force forces and moments 
! 
! 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  
finish 
/clear 
/filname,sst-bx-slice 
/prep7 
resume 
allsel 
*afun,deg 

/post1 
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 
p l p w  

esel,s,mat,,mat - conc 
/rep 
p l p w  

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

esel,s,mat,,mat-conc 
/rep 
p l p w  
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/gresume, smisc-plt, plt 
esel, s,mat, ,mat-conc 
/dscale,, 1 
/edge 
plesol, smisc, 2 
plpng 

plesol, smisc, 4 
Pl?ng 

plesol, smisc, 6 
P l P W  

*endif 

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

esel,s,mat, ,2 
vsle 
aslv 
asel,r, loc, y ,  -slice-ang-.l, -slice - angt.1 
cm, a-tank2, area 

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  SECTION FORCE/MOMENT 

*dim,path-nd,, 1000 !path node definition 
*dim,path_fa,,1000 !axial force 
*dim,path ft,,1000 !transverse force 
*dim,pathImz, ,1000 !moment 
*dim,path - fh, ,1000 

c s y s ,  110 

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

............................ ome region 
is el,^,, ,1,2 
Isel,a,,,4 
lsel,a,,,34 
lsel, a,, ,257,261,4 
Isel, a,, ,287 
lsel, a,, ,308 
lsel, a,, ,311 
lsel, a,, ,363 
lsel,a,, ,379 
nsll,, 1 
cm, nd out, node 

lsel, s, , , 2 8  
lsel, a,, , 3 8  
Isel, a,, , 5 0  

- 
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lsel, a,, ,88 
lsel, a,, ,116 
lsel, a,, ,309 
lsel, a,, ,345 
lsel,a,, ,353 
lsel,a,, ,376 
lsel, a,, ,378 
lsel, a,, ,382 
nsll,, 1 
cm, nd-in, node 

!--unselect end nodes 
cmsel, s,nd-out 
*get,xmin,node, ,mnloc, x 
nsel,u,loc,x,x_min-.l,x-min+.l 
cm, nd out, node 

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

*enddo 
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cmsel, s, a-tank 
wpcsys, -1,o 
kwpave, 263 
csys, 4 
asel, r, loc, x, 0, -99999 
asel, r ,  loc, y, -100,9999 
asel, a,, ,31 
asel, a,, ,39 
cm, dome-area, area 
lsla 
nsla,, 1 
cm, dome - nd, node 

wpcsys, -1 ,o  
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) 

cmsel, s, dome-nd 
nsel,r,loc,y,-2,2 
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 

csysJ0 

csys, 4 

t t t = s q r t ( ( x - o u t - x - i n ) * * 2 + ( y _ o u t - y  - in)**2) 
get - hpfrc 

path-fa(pstart+ii)=unit-fsumy 
path-ft(pstart+ii)=unit-fsumx 
path mz[pstart+ii)=-unit-mz 
pathIfh (pstart+ii) =hp_f 
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*enddo 

pstart=pstart+in-num 

'===============H aunch and wall 
lsel, s, , , 2 5  
lsel, a,, ,E2 
lsel, a,, , 1 2 3  
Isel, a,, , 1 3 3  
lsel, a,, , 2 5 3  
lsel,a,, , 2 5 9  
lsel,a,, , 2 8 1  
lsel, a,, ,298 
Isel, a,, , 3 0 1  
lsel, a,, , 3 1 5  
lsel, a,, , 3 2 6  
lsel, a,, , 4 0 6  
nsll, ,1 
cm, nd-out, node 

lsel, s,, , 1 2 , 1 5  
lsel,a,,,89 
lsel, a,, , 1 3 4  
lsel,a,, ,270 
lsel, a,, ,279 
lsel, a,, , 291 ,293 ,Z  
lsel, a,, , 3 0 3  
Isel, a,, , 3 2 3  
nsll, ,1 
cm, nd-in, node 

cmsel, s,a-tank 
wpcsys, -1 ,o  

kwpave, 1 0 3  
cmsel, u, dome-area 
csys, 4 
asel,r,loc,y,O, 9999 
asel,r,loc,x, 0,-99999 
cm, wall-area, area 
lsla 
nsla, ,1 
cm,wallnd,node 

csys, 0 
!--unselect end nodes 
cmsel, s, nd-out 
*get,ymax,node, ,mxloc,y 



RPP-13999, Rev.0 

Page &of 75 
ANALYTICAL CALCULATIONS 

Subject 

Originator Xianghong Li 2 Date 4/23/03 
Checker Jim Radochia *h Date 4/23/03 

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

nsel,~, loc, y, y-max-.l, ymax+. 1 
cm, nd-out, node 

cmsel,s,nd-in 
*get, ymax, node,, mxloc, y 
nsel,u,loc,y,y~rnax-.l,y-maxt.l 
cm,nd-in,node 

nodeout ( 1) = 
nodein (1) = 

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

cmsel, s ,  nd-out 

*get, ymax, node,, mxloc, y 
nsel,r, l o c , y , y  max-. 1, y-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,ymax,node, ,mxloc, y 
nsel,r,loc,y,y-max-.l,y-max+.l 
*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, 1, in-num 

nsel, s,, ,nodeout (ii) 
nsel,a,, ,nodein(ii) 
path nd(pstart+ii)=nodein(ii) 
csys;o 
*get, x-out, node, nodeout (ii) , loc, x 
*get,y-out,node,nodeout (ii) ,loc,y 
+get,x - in,node,nodein(ii) ,loc,x 
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*get,y-in,node,nodein(ii) ,loc, y 

nwpla,-1,nodeout (ii) ,nodein(ii) 

cmsel, s, wall-nd 
nsel,r,loc,y,-l,l 
em, ntemp, node 
esln 
esel,r,mat,,Z 
nsle 
nsel, r ,  loc, y, -1,99999 
esln,, 1 
cm, etemp, elem 
cmsel, s,ntemp 
cmsel , s , et emp 

get-res-slice 

cmsel,s,ntemp 

csys, 4 

csys, 0 

ttt=sqrt( (x-out-x_in)**Z+(y_out-y-in)**Z) 
get-hpf rc 

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

*enddo 

pstart=pstart+in-num 

slab region . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lsel,s,,,E 
lsel, a,, ,247 
lsel, a,, ,396 
0.511, ,1 
cm, nd - out, node 

Isel, s ,  , ,lo 
lsel, a,, ,139 
Isel, a,, ,166 
r ls l l , ,  1 
cm, nd-in, node 

csys, 110 
!--unselect end nodes 
cmsel, s,nd-out 
'get, x-max, node, ,mxloc, x 
nsel, u,  loc,x,xmax-. 1,x - max+. 1 
cm, nd-out, node 
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cmsel, s, nd-in 
*get,x - max,node, ,mxloc,x 
nsel,u, loc, x,x-max-. l,xmax+. 1 
cm, nd-in, node 

nodeout (1 = 
nodein(l)= 

!--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, xmax, node, ,mxloc, x 
nsel,r, loc,x,xmax-. l,xmax+.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, xmax, node, , mxloc, x 
nsel, r, loc,x,x-max-.l,x-maxt .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 
crnsel, u, wall-area 
cm, slab-area, area 
lsla 
nsla, ,l 
cm, s l a b  nd, node 

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

- 

nsel,s, , ,nodeout (ii) 
nsel,a,, ,nodein(ii) 
path - nd(pstart+ii)=nodein(ii) 
csys, 0 
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*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 

*if,ii,ne,in-num, then 
*get,xplus_in,node,nodein(ii+l) , l o c , x  
*qet,yplus-in,node,nodein(ii+l) ,loc, y 
ds=sqrt((xplus-in-x_in)**2+(yplus_in-y - in)**2) 

*endif 

nwpla,-l,nodeout(ii) ,nodein(ii) 
csys, 4 
cmsel,s,slab-nd 
nsel,r, loc,y, -1,l 
cm, ntemp, node 
esln 
esel,r,mat,,2 
nsle 
nsel,r,loc,y,-1, 99999 
esln, ,1 
cm, etemp, elem 
cmsel , s , nt emp 
cmsel, s, etemp 

get-res-slice 

cmsel,s,ntemp 
ttt=sqrt((x - out-x-in)**2+(y-out-y-in)**Z) 
ge t-hp f rc 

p a t h - f a ( p s t a r t + i i ) = u n i t f s u m y  
path-ft(pstarttii)=unit-fsumx 
path-mr(pstart+ii)=-unitmr 
path-fh(pstart+ii)=hpf 

csys, 0 

*enddo 

pstart=pstart+in-num-1 

rsys, 0 

/qresume,path - bx,plt 
axialpath 
plpng 

plpng- 

PlpnG 

shear p a t h  

hoop path 
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moment-path 
plpng 

!----Output path data to file 
/sys,del path-bx.dat 
*dim,pl,,pstart 
ss=o 
*do,i,l,pstart 

*get,path-x,path, ,point, i,x 
*get,path-y,path, ,point,i,y 
*if,i,qt,l,then 

ss=ss+sqrt((path_x-path-xO)**2+(path-y-path - yO)**2) 
*endif 
pl (i) =ss  
path xO=path-x 
pathIyO=path-y 

*enddo 

i=l 
/output,path-ax,dat, I 

(5e12.4) 
pi (i) ,path fa (i) , path-ft (i) I path fh (i) I Path-mz ( i, - - 

/output 
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get-res-slice.mac 

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

xx(l)= 
YY(l)= 
2z(l)= 
ffx(l)= 
ffy(l)= 
f f z  (1) = 

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

xmean=O 
ymean=O 
zmean=O 

fsumx=O 
fsumy=O 
f sumz=O 

cm,nnO,node 
c s y s ,  0 
*do, i, 1,nnode 

*get,inode,node, ,num,min 
nsel, s ,  , , inode 
xx (i 1 =nx (inode) 
yy (i) =ny (inode) 
z z  (i) =nz (inode) 
xmean=xmean+xx (i 
ymean=ymean+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, nt emp 
Cmsel, s ,  etemp 
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spoint,,xmean,ymean,zmean 

rsys,4 
f sum, rsys 

*get, fsumx, fsurn, fx 
*get, fsumy,fsurn,fy 
*get, fsumr, fsum, f z 
*qet,mmzz, fsum,mz 

fsumx=fsumx/1000 !kip 
fsumy=fsumy/1000 !kip 
fsumz=fsumz/1000 
mmz z = m z z  /loo 0 

fct=3/360 

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

uni t - f sumx=2*fsumx/arc_length*lZ ! kip/ft 
uni t - f sumy=Z*fsumy/arc_length*12 ! kip/ft 
unit - mz=Z*mmzr/arc_lenyth*12 ! kip-in/ft 

! kip-in 
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get-hpfrc.mac 

*get, nnode, node,, count 

csys, 0 

hppf=O 
s z-s urn= 0 
nn=O 
*do, i, 1,nnode 

ndnxt=ndnext Inn) 
nsel,~, , ,ndnxt 

esln 
esel, r,mat, ,mat-conc 
cm, etemp, elem 
*get,s-z,node,ndnxt,s,z 
sz - surn=sz-sum+s z 
cmsel,s,nternp 
nn=ndnxt 

*enddo 

sz-sum=szpsum/nnode 

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

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

ppa th, i , pat h-nd ( i l 
dnsol, path-nd (il , u,  x,path-fa (i) 

'enddo 

a l l s e l  
PDEF, axial, u, x, AVG 
/PBC, PATH, , 0 

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

shearpath.mac 

I=======Define path 
allsel 
rsys, 0 
PADEL, ALL 
path,in-surf,pstart,,l 
*do,i, 1,pstart 

ppath,i,path-nd(i) 
dnsol, path - nd (il , 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-pathmac 

Define path I -__---- ___---- 
allsel 
PADEL, ALL 
path,in-surf,pstart,, 1 
*do,i,l,pstart 

ppath,i,path_nd[i) 
dnso1,path nd(i) , u, x, path-fh (i) - 

*enddo 

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

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

moment-path.mac 

efine path I ======= D 
allsel 
PADEL, ALL 
path, in-surf,pstart,, 1 
'do,i, 1,pstart 

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

'enddo 

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

PLPAGM, moment, 10 0 0, 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,i00, 100, 0 
/RGB, INDEX, 0,0, 0,15 
/REPLOT 
/CMAP, -TEMPCMAP , CMP 

/SHOW,CLOSE 
/DEVICE,VECTOR, 0 

I +  

DELETE, -TEMPCMAP~, CMP 

path-bx.plt 

/NOPR 
/RESET 
/DEVICE,VECT, OFF 
! General Graphics Settings 
/NUM, 1 

/TRIAD, RTOP 
/GTHIC, CURV, 2 
/GROPT, CGRI, ON 
/GROPT, CURL, 1 
/PNUM, REAL, 1 
/TRLCY, ON 
/TXTRE, ON 
/COL, PBAK,G, 1, 4 
! Window S e t t i n g s  

/PLOP, I N F O ,  3 

/VIEW,l, 0.0000 , 0.0000 , 1.0000 
/FOC, 1, 226.07 , -241.91 , 0.50000 

/ANG, 1, -0.90000 , z s  
/DIST, 1, 282.66 

/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  

/ N O P R  
/RESET 
/ D E V I C E ,  VECT,  OFF 
! General Graphics Settings 
/ N U M ,  1 
/PLOP, I N F O ,  3 
/TRIAD, RTOP 
/GTHIC, CURV, 2 
/GROPT,CURL, 1 
/ P N U M ,  REAL, 1 
/TRLCY, ON 
/TXTRE, ON 
/COL, PBAK,O, 1, 4 
! Window S e t t i n g s  
/VIEW,l, 0.0000 , 0.0000 , 1.0000 
/FOC, 1, 224.48 , -220.38 , 0.50000 
/DIST,l, 265.76 
/TYPE,1, 6 
/EDG, 1, 0, 45.000 
/CONT, 1, 9,AUTO 
/DSCA,l, 1.0000 
/GO 


