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10  OBJECTIVE/PURPOSE

The purpose of this calculation is to develop a parametric model for the single shell tank
(SST) A, and provide a sample analysis of the SST-S tank based on analysis of record
(AOR} loads. The SST-A model is based on buyer-supplied as-built drawings and
information for the AOR for SSTs, encompassing the existing tank load conditions, and
evaluates stresses and deformations throughout the tank and surrounding soil mass.

‘These sample calculations in this document are not to be used for assessing the
structural integrity of the SST-A tanks at the Hanford site.

2.0 METHODS OF ANALYSIS

1. A 3-degree slice 3D model of the SST-A tanks was first developed using the
ANSYS Parametric Design Language (APDL) in ANSYS 7.0, a general purpose
finite element analysis program [Ref 1]. Compared with the linear model
reported in RPP-13997 [Ref_5], the 3D slice model includes sonte non-linear
characteristics of the analysis, such-as a) contact between the soil and tank with
friction and b) plastic soil material. Also, the reinforcement bars embedded in the
concrete tank were included for this analysis.

2

- The parametric model of the SST-A tank was then analyzed based on AOR loads.
Contour plots showing stress and displacement are provided, as well as path
plots showing section force/ moment.

3.0 INPUT DATA

The geometry of the SST-A tank is provided in drawing H-2-55911 [Ref 4], and is shown
in Figure 1. The parametric 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 8.45 feet [Ref_3], with a unit weight of 125 pef 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 [Ref 2]. The concrete reinforcing bar properties are also
specified. All linear material properties are listed in Table 1.
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Table 1. Linear Material Properties [Ref 2]
Material Elastic Modulus (ksi} | Poisson’s Ratio Densﬁy {Ib/ 13
Structural Concrete 3,100 0.2 150
Top Soil * 7 0.27 125
Mid-Soil* 13 0.27 - 125
Bottom Soil* 20 0.27 125
Tank Rebar Steel 27,700 ' 0.3 490
Slab Rebar Steel 27,700 0.3 490

*Drucker-Prager plasticity is used for soil, and the friction angle is 35.4 degrees for all
three layers of soil.

‘The concrete tank is modeled with 3D solid elements SOLID65, and the soil is modeled
with' SOLID45 elements. Figurss 3 through 5 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 (Figures 6 to 8). Real constants are assighed to tank elements to
represent the rebar volume ratios and rebar orientations (Figure 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 hnear}y 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 éelement
wc:rd’f‘nate systems used to Gﬂé{it the rebars, and 't'th are hsted m Tabl e 6 Fioure 'Hf}

the rebar arlentahons at various locations of the coricrete tank. Standard ccmtact with &
friction coefficient of 0.3 is defined between the tank and the surrounding soil.

The AOR loads for the SST-A tank include a uniform pressure load of 40 Ibf/ft? 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 a?phed 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 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 attachments The
files and their functions are listed in Table 7.
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Table 2. Calculation of Steel Reinforcement Ratios for Slab

§ST-A - Steel Reinforcement Ratios for Slab - Ref H.2.55912 i 100

De seription . Tep { Meridional ) Top! Cirsumferentiat Real

] . . Elevation  Radius | 1 Size Spasing  Area Ratio Volume Ratio § § $izé ‘Spacing Area Ratio . Volume Ratic Canstant
‘ finj . fn

Slab Cenisr:

Startaf Thick Frans: i F00

Enth ofRndual Hebars . f [
SST»A Steed Hemforcemcm Ratios for slab - Rer H~2-5§312

Descrigtion o . I Bottam | Merigienat . Bettom ! Circumferentiat Real
| : Eievation - Radius Siz6 $paoing  Area Ratio  Volume Ratio | | Size ‘Spacing Area Rativ - Yolume Ratic | Constant
fin}. fin} - fing . o fin)

[Slab Cenfer:
Start of Bottom:

Endof Thick: Trans.

iz 0256
[E1al Guiside Radiug : Ean : Rop : e Y : CEn T R
S8T-4 - Steet Remfurcemenl Ratios far Siab.: Ref H-2-55912 100

Deseription » L B vertical region #1 (Externor) /Vertical verticat region #1 (Exterior) /Circumfere niial Real
_Elevation @ Radius | |5ize - Spacing . Area Ratio . Volunie Ratic. ___Size_-Sp_écing'_'ﬁfea-Ratiq Volufie Ratio” Censtant
. L . i) )

Stab Outgide Radius | R TR

0.8000 ] 4 0. 0600 ¢.obec

SjakOuside Rediig : ! i S
88T-AX - Steel Remforcamﬁnt Raztios for Slﬁb - ie{ H-z-44562

Description vertical region #2 Vertica! yérticai regioh #2/Circuniferential Rea?
Elevation  ®adius | | Size  Spaciag Area Ratie *-Voelume Ratio | | Size Spacing Arks Ratic Volume Ratio Canstant
fin} firt fir} o : fin) " i . )
: i e TT— - o

G.000% b. 0000

o S AL
S5T-A - Sizel ﬂuin!ﬂrcemem Rﬂhus !ur Slak - Ref H-2-55512

Deseription o vertical redion #3 fnwaar) Herical vemcai region #3 {interion ICircumierestial ‘Reai
Elevation Radius | Size | Spacing  Area Ratm | Malume Ratio Size Spacmg Area Ratic Vaiume Ratic Constant
fin) i . i il ' .

A5 6

v o785 ] G 0660 T.0000 164
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Table 3. Calculation of Steel Reinforcement Ratios for Wall

Do Tanigant Ling 0

SET-A . Stes] Reinforcement Ratios for Wall « Ref H-2.56812 206
Description ) ) Interior{layer 1)/ vertical ) _Inferior layer 3§ Circumferentiat . Keal
Elevafior . Radius Size Spacing . Area Ratio- - Volume Rativ Size Spacing  Arga Ratic  Volumd Ratio | Constant
finj fin] . i) {iri} )

Todi o Elab T S ] P e
585T-A - Steel Reinforcement Ratios for Waill - RefH-2-55912 200
Deseription . B . Layer.Z/ Vertioa! k. . Layer 2 Circumferential . Real
Ejmvation Radius Size. Spacing Ared Refio. | Voiumae Ratic | [ Size Spacing Ared Ralio - Volume Ratip | Constafit.
fin} {iny firt) (i} :

Do Tangentiing

Tﬁp'h'f-s'ﬂ_b L oY 1 oY P SRR R
S§T-A - Stee! Reintorcement Ratios for Wall - Ret H-2-55812
Pescription . = Exterior{layer 3} f Vertical ) Ex!erior (ayer 43/ Ci?cum!eres_‘»tiai_ Reat |
’ Elevation Radius ‘Size . Spacing.  Area Ratio. _\ialume_ Rafio Sizs_; Spacing - -keea Raﬁp Velume R_'a'lia_ Constast
{in fin} fin} i) ) )

Diitie Tangeat Lige

End nf fhick. Tran:

Fopbtgian o
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Table 4. Calculation of Steel Reinforcement Ratios for Dome and Haurich

SST.A - Stee| Reinforcament Ratios for Dome and Haunch - Rel H-2-68913 300
Descriptitn External [ Meridienal . Exfarnal { Ciroumfarentiat Reat
Elevation ' Radius| §Size Spacing = Arca Ratio  Velume Ratio Size Spacing . Area Ratio  Voiume Ratio | Constant
{in} i) {in) ) y
Do Gentae

stinsahiairie

Wit bora ity

Hatiiei oo 2 sas

vt Rudionof Tank:

BomisiHignsh Joint: B e e

SST.A - Steel Reinforce me

nt Ratios for Dome and Haunch - Ref H-2:556913

{escription

Elevation . Radius.

Internal ! Mertdional

Interna] ¢ Circumfergntial

Size Spacing

Aréa Ratio' ~ Votumé Ratio

Size Spacing Area Ratie

Volume Ratio

Raal
Coristant

(i) {in) {irt} fimt

Conye Gonter =

Table 5. Calculation of Steel Reinforcement Ratios for Haunch Core

Bt Haiings itedige o F

SST-4 - Btuel Raintorcamant Ratios for Haunch Intarior - Ref H-2.68813 7 — BT
Description Citcumtarantial Dlagonal Tiss YVerfict Tiex
. Vohinis -Bar Volume -Bar Volums real
Gize Quantity 'Blrare:_ _Argk Ratia Site Quantity area - Area Ratio Size CQuantity ares Area Ratio | oonstant
it} finlp . ), (in”y (i3
U Hauneh iniwrs
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Table 6. Element ‘Coordinate Systems
CS Number Sys}em Element Axes Covered Region
Type X y v/
. o Interior rebars in
100 Spheroidal TI}legess I.{_adl?i Hoop dome and haunch,
- Direction Direction Direction i
haunch core
i g Thickness Radial Hoop Exterior rebars in
101 Spheroidal Direction Direction Direction | dome and haunch
Rebars in wall and
g Radial Hoop Vertical | slab, vertical part
110 Cylindrical Direction Direction Direction of the exterior
haunch rebar
_ Yable 7. Input File List
Input File Name Function Calling For

sst_a_slice.nac

‘Main input creating parametric slice model
for SST-A tank-and getting solutions.

parm_a.mac
slice_load_a.mac

parm_a. mac

Set all parametric variables used to create
the parametric model

NONE

slice_load_a.mac

Apply boundary conditions and AOR
foads

NONE

pst_a_slice.mac

Calculate section forces/ moments aiid
generate path plots, output path data to
path_s.dat file

get_res slice.mac
get_hpfrcmac
plpng.mac
path_a.plt
axial_path.mac
shear_path.mac
hoop_path.mac
moment;path.mac:
smisc_plt.plt

Calculate total forces and moments at

get_res_slice.mac individual cross section NONE
get_hpfrc.mac Calculate hoop force f}tom hoop stress NONE
results
plpng.mac Create image hard copy in png format NONE
path_a.plt View setting for path plot NONE
axial_path.mac Define and plot the path plot of axial force NONE
shear_path.mac | Define and plot the path plot of shear force NONE
hoop_path.mac | Define and plot the path plot of hoop force NONE
moment_path.mac | Define and plot the path plot of moment NONE
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Page 110f73

Date  4/24/03
Date  4/24/03

Smisc_plt.plt | View setting for rebar stress plots NONE
. - AN
ELEMENTS 288,24 2003
MAT MM 14z lE

BT 1
&
6STA siice motkl o
Figure 1. Geometry of S5T-A Tank
ELEVERTLS AR 54 2003
MeT R S 34:03:07
%ﬂ_&ﬁ@. 1

18574 slice model

Figure 2. Soil Layers
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-A

Originator  Xianghong Li x* - Date ;4524[- 03
Checker Jim Radochia # Date  4/24/03
ELEMENTS PR 24 2003
AT BUM T4 |

ET-A alive modsl _
Figure 3. Finite element mesh, showing elements colored by material ID.

25-h slice medel .18
Figure 4. Close-up of finite element mesh.
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Checker Jim Radochia ##

Page 130f73

Date  4/24/03

Date 4/24/03

Figure 5. Close-up of finite element mesh.

TYPE FOM

TR glice model

BFR 24 2003
18530004

1

Figure 6. Rebar region (red colored area)
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-A

Originator Xianghong Li » ¢ Date 4/24/03
Checker  Jim Radochia #* _ : Date  4/24/03
APR 2L 2003
Jo T4:30:34
ot . 1
E5T-4 glice midel
Figure 7. Close up of rebar region
TveE W PR
FLOT RO, 1
Y. X

lssmz slice model

Figure 8. Close up of rebar region
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Originator Xianghong Li x* & Date  4/24/03
Checker lim Radochia ## Date  4/24/03
ELRNENIS APR 24 008
FEAL M3 wigﬁ ?z : D%

S5T-A slice wodel

Figure 9. Rebar elements colored by real constants

857-2 slice model

APR 242003
s 14:3E05

14:33:
X

Figure 10. Rebar elements colored by element coordinate .systﬂmzs
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank 55T-A.
Originator  Xianghong Li » L. Date  4/24/03
Checker  Jim Radochia # Date  4/24/03
oz 20
ix
28T-A slice podel ] - p
Figure 11. Rebar orientation at haunch core
: ELEHENTS AN
o e A s
. %
$37-A slice model & »:

Figure 12. Rebar orientation at wall
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Slice Parametric Model for Tank SST-A

Originator Xianghong Li » & Date  4/24/03
Checker  Jim Radochia _ Date  4/24/03
- AN
ELEMERTS y e

. e e i APR 34 ZU03
ESYS WM L ) T 14:35:58
j ..... - o ;:',...__X
ot -
e .
- e
R I e o e N TR e
~L I3 :
: . o L E e
FUE b b b b bt b ¢ b b E
357-2 $lice model

Figure 13. Rebar orientation at wall/slabjoint

4.0 RESULTS

The solution can be obtained by running the master input macro sst_a_slice.mac (see
attachment), which loads the macro defining the parameters, creates the tank/soil
geometry and finite element mesh, applies loads, and definés the material properties
and real constants.

Figures 14 and 15 stmmarize the displacement response due to AOR loads identified in
Section 3. The peak displacement of the soil mass is 2.3 inches, and this occurs at grade
far away from the tank. The peak tank displacement is 1.6 inches, at the dome apex.
Figures 16 and 17 show exaggerated views of the tank/soil displacement.

The von Mises equivalent stress contours are presented in Figures 18 and 19. The peak
equivalent stress in the tank is approximately 2.4 ksi, and this occurs at the joint of the
tank wall and slab. The hoop stress of the tank is shown in Figure 20. The maximum
hoop stress is about 487psi at the haunch region, and the minimum hoop stress is -1006
psi at the wall/slab joint. The rebar stresses in. the first, second, and third rebar
directions are plotted in Figures 71 to 26.
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-A
Originator Xianghong Li x & Date 4/724/03
Checker  Jim Radochia # N Date  4/24/03

Force and moment resultants are calculated in pst_a slicemac. In order for
pst_a_slice.mac 10 generate correct results, the tank has to be map meshed. The mapped
mesh results in a set of nodes aligned in a straight line, creating a cross section for
section force and ‘moment evaluation. Once the cross section nodes and elements
attached to one side of the nodes are selected, the macro get_res_slice.mac then
‘calculates the nodal forces, determines the location of the neutral axis, and evaluates the
moment about the neutral axis. The force and moment per unit length are calculated
according to the radius of the neutral axis. The section hoop force is calculated in macro
get_hpfrc.mac. The nodal hoop stresses are retrieved and averaged over the thickness.
The hoop force over the meridional length is then obtained from the averaged nodal
hoop stress and wall thickness. Figures 27 to 30 show the axial force, shear force, hoop
force; and momenit, respectively. The wall/slab joint sees the most severe loading, with
maximum axial force of about 98 kip/ft, maximum shear force of 50 kip/ft, and
‘maximum moment of 1876 kip-in/ft. Maximum hoep force of 103 kip/ft occurs at the
haunch region.

HODRL SOLOTICH APR.24° 2003
Shepel i hid9:5]
TIE=1 T

LI - (B

ESYE=0

MY =2.303

S =2, 303

511756 “1.024

2.04T

VIRBR8
ST-A slide model

Figure 14. Total displacervient contour of soil and tank

B Y/ 127 178 2,308
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank 5ST-A

Originator Xianghong Li-x /- Date  4/24/03
‘Checker  Jim Radochia # Date  4/24/03

WOCAL SOLUTION PR 24 9003

TR o 14:49:52

SR _—‘_7 %}iffm}{ 2 ¢ S

US|

AV Sl

=1.552
ST : 4%48&2

T RN ] RS REC “a%h
Q2 ong BT Losgny SR g BT g 2B e
B5T-& slice wodel . )

Figure 15. Total displacement contour of tank |

— AN
o ' PR 24 o003
== o
=] T
I =3 303

| SETA wlice moded

Figure 16. Deformed shape of soil
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Subject Sample AOR Calculation using ANSYS :
Slice Parametric Model for Tank S5T-A

Originator Xianghong Li x* & Date  4/24/03
Checker  Jim Radochia 7 Date  4/24/03
DISPLACRMENT. PR 44 2003
arEp=l - S 148988
FUB =7 BLOT RO 1
ThE=1 [
Teed 1. 552
1557 elice model . ] .
Figure 17. Deformed shape of tank
' BCDAL SOLDTION AN
' ' AFE. 24 2005 .
STEP=} ; A4S B
B =T BLOT MO, L.
TIME=1 B :
Shov :
MY =2, 503
SN =22
MK =361
BB g mag O gy g Y0 gy BT g A g
5S4 slice model )

Figure 18. Equivalent stress con tours of tank and soil (psi).



ANALYTICAL CALCULATIONS

RPP-13995, Rev.0

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

Pagé. 21 0f73

Originator Xianghong Li x. . Date  4/24/03
Checker  Jim Radochia #* Date 4/24/03

m_mlm APR 24 2063
STl S 148:49:57
o = PO RO 1
TV By

SEH

TME =1.5

S =1.667

e =2361

. 06 - " _
1667 s gy 2008 g oey 100 gy BB w7 P e
EET-A slite model _
Figure 19. Equivalent stress contours of tank (psi).

NCDAL SOLUTION AR 24 BO0T

STEP=1 1850003
g =t BIOT By, 1

TIME=1 [

Sy, (AG)

REYS=110_

o =1, 552

S =005

oy =477, 342

~1006 6. 49, 345,530 “ioERT .
_ 540,458 508,515 2 16 s 0T Jgg amg TP pan ag

SET- slice model

Figure 20. .Haop stress of tank {psi)
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Originator  Xianghong Li x- & Date  4/24/03
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FLEMENT SOLUTION PR 34 2008
v 14:49:58
BLOT ¥0. i
X :

6285 2194 1897 5483

16376 ) -
30 —423% ~148,41 3943 3033

_ 83
3514 slice wodel : :
Figure 21. Rebar stresses in first rebar direction

ELEMENT SCLUTION , .
ARt 24 2003

@51%?=1 ' 1;{:15!3: L?g :

TIMER=] K :

SiESs

DM =k, 552

S =-5515

MK 3315

5515 355 T L
) w5y 3 —R572. 1551 —609‘;6343Tl £ 1353 2534 3315
B8P3 glice model

Figure 22. Rebar stresses in second rebar direction
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Originator Xianghong Li »- & Date
Checker  Jim Radochia # Date
i . AN

ELEVENT SCLUTIGN 2R 24 2003

el 14:50:02

B = K. 1

TIVE=

SNTSE

LMY =], 552

S =-10710

S =3592

) 1o ~5121 2 ~5943 5 ~215E 413,492 2003 3592
|$85T4 slice wmodel :

Figure 23. Rebar stresses in third rebar direction

ELEMENT SOLIFITON
AT 24 2003
1EED: 08

B

‘BTEF=l
sy =7
=L

gME =HGIY

3

13
-B330 - 4234 ~148.41 2943 )
S5T-A E1ice moda]

Figure 24. Close up of rebar stresses in first rebar direction
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Subiject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank S8T-A

Originator Xianghong Li x* . Date  4/24/03
Checker __Jim Radochia #* - Date  4/24/03

AN
CAERZE 200U
" 15224237
Bus =7 L
T X
BHIRA
K =2, 303
BN =~5518
THNE =3315

~5E1E 37L.87%

3553
~ 4534 ~287E £33 1353

HET-K .zlice moda]

e 383

Figure 25. Close up of rebar stresses irt second rebar direction

APR 24 ZO03
’ I5:EL 5%
B

[

EEEMENT ROLTTON

BTEE=1
BUB =T
PEMEFL
MBS

bEx =3.303

MW e 10T L0
aMr =359z

. 4 117 _
~B1EL ~5343 ~27765 413 . 452 582
s81-A glice model-

Figure 26. Close up of rebar stress in third rebar direction
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Originator Xianghong Li x & Date  4/24/03
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PATH= IN SURF AFR 34 2003
VBLUE= A{IAL S 14:B2:34
SCAT=1000 g N0, L

158 4,55 50 . ) -5 G9% .
-6, 55 62,745 ~50.54 ~39,136 ~15.527 5,081 :

Brial Force (kip/ft}

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

Pt INSURF PR 21 20&35
VAR SHEAR ERR L Ak
SCAL=1000 BLOT N,

. ;’g‘ g

24.674 41.313

25, 241 ) . :
-16.992 15,355 32.99¢ 19,632

Shear Force (kip/ft)
Figure 28. Unit section shear force (kip/ft)
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Date  4/24/03

Checker  Jim Radochia Date  4/24/03
bamtie [N SCRY AR 94 2003
V= BOOP o 34:52:34
SCALLG00 w1

B e gie T g4 Y e T ghieme

Hoop Porce (hip/) £t) -

#1.927

103, 208

Figure:29. Unit section hoop force (kip/ft)

£2.339 486,796 1413

) 949,752
Moment (eip-in/Tt) .

PATH= IR SURF :
. s RER 24 2003
VALE:== o 14:52035
BCAL=1000 %mz*iqo 1
B_X

NEY

Figure 30. Unit section moment (kip-in/ ft)
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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-A, 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_a_slice.mac

!-—-Create cross section of SST-A tank
finish
/clear
/prep’

SHPP,MODIF, 1,100,
/INBUT, "parm a', 'mac’

'--Create dome
/TRIAD, RTOP
wpesys, -1, 0
wpoff,,dm rl,
csys, 1

k,1
k,2,r2,-h2
k,2,r3,-h3
k,4,r4,-h4
k,5,r5,-hb
k,6,r6,-hé
k,7,xr7,-h7
k,8,r8,-h8
k,9,r9,-h¢
k,10,r10,-R1D
k,11,r1l,-h11
k,12,x12,-hl2
k,13,r13,-hl3
k,14,rl14,-hl4
k,15,rl5,-hl5
k,16,rle,-hle
k,17,r17,~-h17
k,18,rl8,-hl8
k,19,r1%,-hl9
k,20,r20,-h20
k,21,r21,-h21

lare,1,2,10,dm rl
larc,2,3,10,dm_r3
lstr, 3,4

lstr,4,5

lstr,5,6

1str, 6,7

lstr,7,8

lstr,8,9

lstr, 2,10
lstr,10,11
lstr,11,12
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lstr, 12,13

lstr, 13,14

lstr,14,15

lstr, 15,16

lstr, 16,17
larc,17,18,14,hnch r2
larc,18,19,14,hnch rl
larc,1%,20,14,dn_r4
lare,20,21,14,dmn_r2
lstr, 1,21

al,all

'--Cut Tank
lstr, 2,20
asbl, 1,22
lwpla,-1,189
lsbw, 3
lstr,19,22
asbl, 3,3
lwpla,-1,16,1
asbw, 4
kwpave, 7
asbw, &
wprot,,, %0
asbw, &
kwpave, 16
asbw, 7
kwpave, 10
asbw, 8
kwpave, 11
asbw, 9
kwpave, 12
asbw, 10
wprot, ,,—90
asbw, 11
kwpave, 5
asbw, 4
kwpave, 6
asbw, 13

allsel
cm,a tank,area

'-——Create Scil Mass

wpcsys,=1,0

kwpave, 1

csys, 4

wpoff,,depth

rectng, 0,501l r,0,-{(h3%+tdepth+scil h)
aovlp,all
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adele,15,,,1
cmsel,u,a tank
c¢m,a_scil,area

'——cut soil for different soil properties
kwpave, 4

wprot,, 90

asbw,all

kwpave, 9

lsbw, 51

istr, 9,37

asbl,all,sl

cm,a_soil,area

wprot,,, 20
kwpave, 35
wpoff,,,cload 1
lsbw, 46

1113100000030 1010301010303 01330 10038101010 01301110 1011111 ]

'
!
! Cut Tank for rebar depth

!
PIIIREIIINILILIDININIOIIINIIIDIETDTNIII NI ARIINITI00 )]
rbar t=1

rbar depl=3 !clearance for dome rebar

rbar dep2=3+7/8-1 !clearance for exterior wall rebar

rbar dep3=2.125 ‘clearance for interior wall rebar

rhar depd4=3.25-.625 !clearance for top slab rebar

rbar dep5=4 !clearance for bottom slab rebar

rbar depé6=4¢ !clearance for side slab rebar

cmsel, s,a_tank
1sla
ksll

lwpla,-1,21
wpoff,,,rbar depl
csys, 4

k

wpoff,,,rbar_t

k

lwpla,-1,21,1
wpoff,,,~rbar depl
k

wpoff,,,~rbar t

K

lwpla,-1,22
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wpoff,,,rbar depl
k

wpoif,,,rbar t

k

lwpla,-1,22,1
wpoff,,,-rbar_depl
k

wpoff,,,-rbar t

k

lwpla,-1,2,1
asbw, 1

wpoff, rbar depl
k

wpoff,rbar t

k

lwpla,-1,46,1
wpoif,,,-rbar depl
k

wpoff,,,-rbar t

'3

lwpla,-1,3,1
wpoff,,,-rbar depl

k

wpoff,,,-rbar t

k

lwpla,-1,3
wpoff,,,rbar depl
k

wpoff,,,rbar t

k

lwpla,-1,18
wpoif, - {rbar depl+rbar depld)/2
k

wpoff, -rbar t

k

lwpla,-1,26
wpoff,,, rbar dep3
K

wpoff,,,rbar t

14

lwpla,-1,26,1
wpoff,,,-rbar dep4d
k
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wpoff,,,-rbar t
k

lare, 39,43,15,dm_rl-rbar depl
larc,40,44,15,dm rl-rbar depl-rbar t
larc,41,45,15,dm_r2+rbar depl
larc,42,46,15,dm r2+rbar depl+rbar t

larc,43,48,15,dm_x3-rbar depl
larc,44,4%,15,dm_xr3-rpar depl-rbar t
larc,45,50,15,dm rd+rbar depl
larc,46,5l,15,dm_r4+rbar7dep1+rbar5t

lstr, 48,52

lstr,49,53
larc,51,55,15,dm rd+rbar depl+rbar t
larc,50,54,15,dm rd4+rbar depl

larc, 55,57,15,hnch rl+rbar depl+rbar t
larc,54,56,15,hnch rit+rbar depl
lare,57,59,15, hnch rZ2+rbar depl+rbar t
larec, 56,58,15, hnch _rZ+rbar depl
asbhl,all,all

lwpla,-1,64,1
wprot,, , 90
asbw, 36
kwpave, 53
asbw, 3

lwpla,-1,93
kwpave, 60
asbw, 2
asbw, 11
asbw, 15
kwpave, 6l
asbw, 1B
asbw, 36
asbw, 37

!-—cut wall for rebar depth
kwpave, 60
asbw, 33
kwpave, 61
asbw, 41
kwpave, 59
asbw, 42
kwpave, 58
asbw, 43
asbw, 4
asbw, ©
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>

24/0
24/0

w

M
LF]

asbhw, 14
kwpave, 59
asbw, 43
asbw, 46
asbw, 47

lwpla,-1,5
wprot,,, 20
kwpave, 72
asbw, 50
kwpave, 73
asbw, 51

lwpla,-1,132,1
asbw, 14

asbw, 49
kwpave, 82
asbw, 14
asbw, 53

'cut slab for rebar depth
lwpla,-1,7,1
wpoff,,,—rbar_dep6

asbw, 5

wpoff,,,-rbar t

asbw, 57

lwpla,-1,8
wpoff,,,rbar dep4
asbw,all
wpoff,,,rbar_t
asbw,all

lwpla,-1,182
wpoff,,,rbar deps
ashw, 4

asbw, 8

asbw, 9

asbw, 43
asbw, 49

asbw, 53
asbw, 54

asbw, 55
asbw, 58
wpoff,,,rbar_t
asbw, 6C
asbw, 67
asbw, 62
asbw, 63
asbw, 66
asbw, 69
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asbw, 75
asbw, 76
asbw, 78

lwpla,-1,10
wprot,,, 90
kwpave, 132
asbw, 5
kwpave, 122
asbw, 101

wpesys,-1,0
kwpave, 138
wprot,,, 90
asbw, 5
asbw, 65
asbw, 84
asbw, 102

kwpave, 139
asbw, 104
asbw, 105
asbw, 106

cm,a tank, area

!'-—cut wall for center rebar
wl h1=248

wl hZ2=248-58

wl h3=13*12

wl h4=21*12+4.5

wl hb5=wl h4+42

lwpla,~-1,6,1
wpeff,,,-wl hl
ashbw, &

asbw, 46
asbw, 47

asbw, 50

asbw, 52

lwpla,-1,122
wpoff,,, 6
asbw, 43
asbw, 51
asbw, 63
asbw, 73
asbw, 80
asbw, 96
asbw, 114
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wpoff,,,—rbar_t
asbw, 43
asbw,51
asbw, 52
asbw, 63
asbw, 73
asbw, 90
asbw, 96

lwpla,-1,6,1
wpoff,,,—wl_hZ
asbw, 14

asbw, 45
asbw, 48
asbw, Se

asbw, 114

asbw, 116

asbw, 122

lwpla,-1,276
wpoff,,,wl h3
asbw, 14
asbw, 45
asbw, 56
asbw, 96

asbw, 116
asbw, 132
asbw, 134

kwpave, 7
wpoff,, ,wl h{
asbhw, &
asbw, 46
asbw, 47
asbw, 50

asbw, 106

kwpave, 7
wpoff,, ,wl hb
asbw, 33
asbw, 37
asbw, 41
asbw, 42
asbw, 44

!--cut dome for rebar length
dm rbar ri1=75

dm rbar r2=120
dm rbar r3=240
dm_rbar_r4z31*12+6
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dm_rbar r5=35*12+¢

wpcsys, -1, 0
wprot,,, %0

kwpave, 1
wpoff,,,dm rbar rl
lsbw, 1

kwpave, 1
wpoff,,,dm rbar r2
lsbw, 346

kwpave, 1
wpoff,,,dm_rbar_rB
1sbw, 2

kwpave, 1
wpoffl,,,dm rbar r4
lsbw, 23

kwpave, 1
wpoff,,,dmirbarﬁr5
lsbw, 93

lwpla,=-1,115,1
asbw, 1

asbw, 20

asbw, 21
asbw, 25
asbw, 26

iwpla,-1,347,1
asbw, 20
asbw, 153
asbw, 154
asbw, 156
asbw, 157

lwpla,-1,346,1
asbw, 19
asbw, 23
asbw, 27
ashw, 28
asbw, 29

lwpla,-1,2,1
asbw, 22
asbw, 24
asbw, 30
asbw, 31
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asbw, 32

lwpla, -1, 80
kwpave, 201
wprot,,, 90
asbw, 15
asbw, 34
asbw, 35
asbw, 39

asbw, 40

cm, a tank,area

lstr, 4,65
lstr, 65,70
asbl, 3,400
asbl, 18,401
lwpla,-1,401
wprot, ,, 90
asbw, 174
asbw, 175
asbw, 177

aadd, 38,178
aadd, 173,177
aadd, 176,179
aadd, 2, 40
aadd, 176,11
aadd, 2, 36

lsel,s,,, 22

lsel,a,,,104
lsel,a,,, 350
lcomb,all

lsel,s,,,3
lsel,a,, .26
lsel,a,,,46
leomb, all

1sla
icomb, 392,105
lcomb, 24,100

lwpla,-1,30,1
wpoff,,,~1
asbw, b
asbw, 65
ashw, 78
asbw, 84

asbw, 103
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aadd, 101,109
aadd, €5, 84
cm,a tank,area

PITIIIRITRDNERIERIELIE LI I I0II0IIGIIINbI10T0T)

'--Set Elelment types

PPITTIYIEINIILILLNIINLIINLLNNNIITLRIITALILIINNNIIIE)0T]
r liner=l
r,1,liner t

!mat. liner=1

mat conc=2 !structural concrete in tank
mat tsoil=3 !for top seoil
mat msoil=4 'for mid soil

mat bsoil=5 !for bottom soil
mat_rebar=6
mat srebar=7

type Zd liner=1
type 2d conc=2Z
type 2d s0il=3
type Zd rebar=4

type 3d conc=type 2d_conc+10
type 3d scil=type 2d soil+10
type 3d rebar=type_2d rebar+l0

tet,type liner,shelliél
et,type Zd conc,planed
et,type Zd scil,planed?
et,type Z2Zd rebar,planed?

et,type 3d conc,solidés
et,type 3d_soil,soliddb
et,typeﬁBd_rebar,solid65

PIIITITI0TRIINNINIINTIIITIGIIIINT 00N I 10 I 000100113 ]

Pm——— set material properties

PTII111000330000000 03000331 8113103110331 1101001133111 ] 1] ]

'] steel {(for Iliner]
mp,ex,mat_ liner,steel ex

mp,dens, mat_liner,steel_dens

np, prxy,mat liner, steel prxy
mg,alpx,mat_liner,steel alpx

mp, kxx,mat liner,steel kx

mp, c,mat_liner,steel c
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2] structural concrete

mp, ex,mat_conc,conc_ex

mp, dens, mat_conc, conc_dens
mp, PIXy,mat_conc, conc_prxy
mp,alpx,mat_conc,conc_alpx
mp, kxx,mat_conc, conc_kx
mp,c,mat_conc,conc_c

*if,crush_id,eq,1,then

tb,coner,mat_conc

tbdata, 1, conc_open, conc_closed, conc_crack, conc_crush
*endif

*if,usr crp id,eq,1,then
tb, creep,mat_conc,,, 100
tbdata,1,cl,c2,c3,c4d,c5
tbdata,é,c6,c7,¢8,¢9,c10,cl1
*aendif

1[3] top soil

mp,ex,mat_tsoil, tsoil_ex

mp,dens, mat_tsoil, tsoil_dens

mp, prxy,mat_tsoil, tsoil prxy

tb,dp,mat_tsoil,,,0
tbdata,1,tsoil_cohesion,tsoil_friction,tsoilfdilat

1{4] mid soil

mp, ex,mat_mscil, msoil_ex

mp,dens, mat_mseil, msoil_dens

mp, prxy, mat_msoil,msoil prxy

tb,dp,mat_msoil,,, 0
tbdata,1,msoil_cohesion,msoil_friction,msoil dilat

1 [5] bottom secil
wp,ex,mat_bsoil,bsoil ex
mp,dens,mathbsoil,bsoil_dens
mp,prxy,mat_bsoil,bsoil_prxy

th,dp,mat_bscil,,, 0
tbdata,1,bsoil_cohesion,bsoil_friction,bsoil dilat

1[6] rebar
mp, ex, mat_rebar, rebar ex
mp, dens, mat_rebar, rebar dens
mp, prxy,mat_rebar, rebar prxy

171 slab rebar
mp, ex, mat_srebar, srebar_ex
mp,dens,mat_srebar,srebar_dens
mp, Prxy,mat_srebar, srebar prxy
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Date 4/24/03
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SIFITII1T0000000080003000013000031000310033110011011013030013011012110111101)

l---Agsign attribute to areas, real constants will be defined later

i]]]]]]l]]]]]]]]]]]]]]]]1]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

cmsel, s,a_tank
aatt,2,700,type_2d conc

!1-- slab rebar

asel,s,,,85

asel,a,,, 87
aatt,mat_conc,100, type_2d rebar

asel,s,,,63
asel,a,,,5
asel,a,, ,40
asel,a,,,B82,83
asel,a,,,B86,89,3
asel,a,,,104
asel,a,,,l08
asel,a,,, 119
asel,a,,,88,92,4
agel,a,, 43
agel,a,,,6l,62
asel,a,,,79,81,2
asel,a,,, 97
asel,a,, 100
asel,a,,,117
asel,a,,,123
asel,a,.,,69
asel,a,,.126
asel,a,, .93
aatt,mat _conc,101,type 2d rebar

asel,s,,,178
aatt,mat_conc, 102, type_2d_ rebar

asel,s,, ,76
aatt,mat_conc,103, type_2d_rebar

asel,s,,,95,98,3

asel,a,,,71

asel,a,,,77
aatt,mat_conc, 104, type_2d_rebar

1--- Wall rebar (layer 1 interior)
asel,s,, 137

aatt,mat_conc, 204, type_2d_rebar

asel,s,,,1l4
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W

asel,a,, 111
asel,z,,,131
asel,a,,, 134
aatt,mat conc,203, type Z2d rebar

asel,s,,,143
asel,a,,,152
aatt,mat conc,202,type 2d rebar

asel,s,,, 42
aatt,mat_conc, 201, type 2d_rebar

'Wall rebar layer 2

asel,s,,, %6

asel,a,,, 140

aatt,mat conc,206,type 2d rebar

asel,s,,,135
asel,a,,, 128
aatt,mat conc, 205, type 2d rebar

'wall rebar layer 3
asel,s,,,1l1l6
aatt,mat conc, 204, type 24 rebar

asel,s,,, 141
asel,a,,, 48
aatt,mat_conc, 203, type_2d rebar

asel,s,,,113
asel,a,,,145
aatt,mat_conc, 207, type Z2d rebar

asel,s,,, 46
aatt,mat_conc, 208, type 2d rebar

asel,s,,,148
aatt,mat_conc, 202, type 2d rekar

asel,s,,,106
aatt,mat_conc, z01, type 2d rebar

!———External dome rebar
asel,s,,,1
aatt,mat_conc¢, 300, type 2d rebar

asel,s,,,1l60
aatt,mat_conc, 301, type 2d rebar

asel,s,,,153
aatt,mat_conc,302,typeﬁ2d¥rebar
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asel,s,,,23
aatt,mat_conc, 303, type_2d rebar

asel,s,,, 165
aatt,mat_conc, 304, type 2d rebar

asel,s,,,24
aatt,mat_conc, 305, type_2d rebar

asel,s,,,35
asel,a,,,1l170
aatt,mat_conc, 306, type_2d rebar

asel,s,,,173
aatt,mat_conc, 307, type 2d rebar

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

!-—-Interna dome rebar
asel,s,,.,25
aatt,mat_conc, 300, type 2d rebar

asel,s,,, 156
aatt,mat_conc, 301, type 2d rebar

asel,s,,, 162
aatt,mat_conc,BOZ,typeﬁZdirebar

asel,s,,, 28
aatt,mat_conc, 303, type 2d rebar

asel,s,,, 167
aatt,mat_conc, 304, type_2d rebar

asel,s,,,31
aatt,mat_conc, 305, type 24 rebar

asel,s,,, 34
asel,a,,,172
aatt,mat_conc, 306, type_2d rebar

asel,s,,,l74
asel,a,,, 181
aatt,mat_conc, 303, type 2d rebar

!=~—-Haunch interior region
asel,s,,,38

asel,a,,,171
aatt,mat_conc, 501, type_2d rebar
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asel,s,,, 175
asel,a,,,182
aatt,mat_conc, 502, type 2d rebar

allsel

SIPVIRSTITR I I0T 0100000000003 031 1000101033111111311
i 2D Meshing

:}]]]]]]]]]]}]]]]]]]]H]]]]]]]I]J]]]]J]]]]H]]]]J]H

!'-- tank mesh
cmsel, s,a tank
allsel,below,area

esize,tank size
type, type 2d conc
mat,mat tank

lccat, 17,405
leccat, 406,71
lccat, 407,70
lccat, 236,245
lccat, 100,154

lsel,s=,,,278
lsel,a,,,291,293,2
lccat,all

lsla

lesize,72,,,2
lesize,78,,,2
lesize,175,,,2
lesize,211,,,2

mshkey, 1
asel,u,,, 65
amesh, all

!--delete concat lines
CM, ¥Y,LINE

*SET, 21,LSINQR{0,13)
*IF, zl,ne,0,then
LSEL,R,LCCA

*SET, Z2,LSINQR{0,13)
LDELE, ALL
*SET, 23, zl- 72

*TF, _23,NE, 0, THEN
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CMSEL, S, Y
CMDELE, Y
*ENDIF
*ELSE
CMSEL, S, Y
CMDELE, Y
*ENDIF

== s0il mesh
cmsel,s,a soil
allsel,below, area

esize,soll esize
type,type 2d soil

mopt, trans, 1.25
mopt,expnd, 1.25

lesize,49,,,8,5
lesize, 50,,,10,5

lesize,54,,.,8
lesize,47,,,25,4
lesize,51,,,25,4

mshkey, 0
amesh,all

wpesys,—1,0

kwpave, 1

csys, 4

cmsel,s,a_so0il
asel,r,lcc,y,-nh4,9%9999
esla
emodif,all, mat, mat_tsoil
cm,t _scil, area

cmsel,s,a soil
asel,r,loc,y,-h4,-h9
esla
emodif,all,mat, mat msoil
cm,m_soil,area

cmsel,s,a soil
asel,r,loc,y,-h9,-93%999
esla

emodif,all, mat,mat bsocil
cm,b_soil,area

COCLOCTOCDOCr ot eererorrrrerrroorrecrcroreercrrooeerrrereeret

!
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! 3D mesh by rotation, reassign general elem. attr.
PIIITTITTYITRYEILIIIAITIIIII IR S I I I L IIIIil1011)]
allsel

type, type 3d soil

extopt,attr,1,1,1

extopt,esize,l

vrotat,all,,,,,,i,15,s8lice_ang

cmsel, s,a tank

vsla

eslv
emodif,all, type, type 3d conc

cmsel, s,t_soil

vsla

eslv

emodif,all, mat,mat tsocil

cmsel, s, m_soil

vsla

eslv

emodif,all, mat,mat_msoil

cmsel, s,b_soil

vsla

eslv

emedif,all,mat, mat_bsoil

asel, s, type,,type Zd rebar
vsla

eslv

emodif, all, type, type 3d rebar

cmsel,s,a_soll
vsla
alisel,below,volu
cm, junk, volu
vgen, 2,all
cm,v_soil,velu
cmsel, s, Junk
allsel,below,velu
aclear,all
velear,all
vdele,all,,,1
allsel

PITTRIDIIIIIOTITRIII00I000 0000000901 013101703100010311031717 )

! Create local coordinate systems
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[US QIO%)

RN R R R R R N NN RN NS R RN R R DR

!—-= csys 100 spheroid: for internal dome/haunch rebar/interior haunch
! the x and y radius ratio are from error-and-try process

!

a=452

b=157

wpcsys,—-1,0

kwpave, 41

wpoff,,-b

cswpla,100,2,b/a

!-—— csys 101 sperical: external dome/haunch

a=600

b=300
wpcsys,—1,0
kwpave, 40
wpoff,,-b

cswpla,l101,2,b/a

t—-—— csys 110 cylindrical: wall and slab rebars
wpcsys,-1,0

wprot,, —90

cswpla,110,1

PI1I111I0030 01T 100 R0 IITNI I I1I 00100 100]]

! Assign esys to rebar elem.
I

-;]H]]]I]H]]]}]]]]HH]J]]]]]]H]]]]]]}]]H]]JHHJJ]J

'——- dome rebar
asel,s,,,25
asel,a,, 28
asel,a,,,31
asel,a,,,34
asel,a,,,39
asel,a,,,1l56
asel,a,,,l62
asel,a,,,167
asel,a,,,171,172
asel,a,,,174,175
asel,a,,, 181,182
vsla

eslv
emodif,all,esys, 100

asel,s,,,1
asel,&,,,23,24
asel,a,,, 35
asel,a,,,153
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=~
[U%]

3]

asel,a,,,1i60
asel,a,,, 165
asel,a,,,170
asel,a,,,173

vsla

eslv
emodif,all,esys, 101

ese.,s,type,,type 3d rebar
esel,u,esys,, 100,101
emodif,all,esys, 110

SIITREIIINITTRIIIII IR EIIITIGIIII000 10109011 30031111)

|
!
! Define real constants for rebars
|
|

TI330T003000 00000000003 000100300330 003 001331 001113011)

mat null=0

islab
VIX=
Vrz=
vry=
ro=
*dim, vrx,,20
*dim,vry,,20
*dim,vrz,, 20
*dim, rc, 20
vrx{1)=.0256,.0785,.0785,.0000,.0000
vry(1)=.0256,.0256, .0256, .0000, .0000
vrz (1)=.0000,.0000,.0000,.0000,.0785
rc(1)=100,101,102,103,104
*do,1,1,5
r,rci{i), mat_srebar,vrx{i),0,0,mat srebar,vry(i)
rmore, 90, 0, mat srebar,vrz(i),90,96
*enddo B

'redefine real 102 for angle
r,lOZ,mat_srebar,vrx(B),O,—23.2,matisrebar,vry(3j,
rmere, 90, 0, mat_srebar, vrz (3}, 90, 90

twall

Vrx=

vrz=

vIry=

re=

*dim, vrx,, 20
*dim, vry,, 20
*dim,vrz,,20
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e

24/0
24/0

%)

1N
(@8]

*dim, rc,, 20
vrz(1}=.0393,.0393,.03%3,.0785,.0128,.0128, .0323, .0393
vry{1l}=.0982,.1309,.1653,.1653,.1653,.0982,.1653, .130%
rc{l)y=201,202,203,204,205,206,207,208
*do,i,1,8

r,rc(i),mat_null,0,0,0,mat_rebar,vry(i)

rmore, 20,0, mat_rebar,vrz (i), 20, 50
*enddo

'redefine real constant for inclined wall rebar {r207)
r,rc{?),mat_null,0,0,0,mat rebar,vry(7)
rmore, 80, 0, mat_rebar,vrz{7},0,97.125

r,rc(8),mat_null,0,0,0,mat_rebar,vry(8)
rmore, 30, G, mat rebar,vrz(8),0,97.125

'dome and haunch
VIrx=
vrz=
vry=
rc=
*dim,vrx,, 20
*dim,vry,, 20
*dim,vrz,, 20
*dim, re,, 20
vry(1}=.,0736,.0437,.0564, .0403,.0582,.0471,.0848, .0767, .2560, .0767
vrz {(1)=.0736,.0368,.0368,.0368, 0368, .0833,.1193,.1403,.0736,.0934
rc(1)=300,301,302,303,304,305,306,307,308
*do,1,1,10
r,rc{i),mat null,0,0,0,mat rebar,vry(i)
rmore, 90,0, mat rebar,vrz (i), 90,90
*enddo

'haunch core

r,501,mat rebkar,.0,0,0,mat rebar,0.0000
rmere, 30, 0,mat_rebar,.0165, 20, 90

r, 502, mat rebar,.0014,0,0,mat rebar,0.0019
rmore, 55,0, mat_rebar, .0274, 90, 90

allsel

TI3ITI0000313 0030003030110 00710031003 11131713833311111113

I
|
! Assign real constants to 3D elements
t
!

1110110301300 003030311310 3010kl iiiiin1ild
*do,i, 100,120

asel,s,real,, i

vsla
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eslv
emodif,all, real,i
*enddo

*do, 1,200,220
asel,s,real,,1
vsla
eglv
emodif,all, real, i

*enddo

*do, 1,300,320
asel, s, real,,1
vsla
eslv
emodif,all, real, i

*enddo

*do, 1,500,510
asel, s, real,,i
vsla
eslv
emodif,all,real, i

*enddo

allsel

SRIITIIITIIIINLIIIITIIIINIIIDIIDINYGT 0010030111110

! Define contact between soll and tank
PYFITITITRIITILI0I 0010001310001 00103 1011111113111
et,21,170

et,22,173

r,2l,,,10,.1

mp,mua, 21, .3

asel,s,,,183
asel,a,,,194
asel,a,,,202
asel,a,,, 207
asel,a,,, 212
asel,a,,,2l7

asel,a,,,222,223
asel,a,,, 235,243
asel,a,,, 257,271
asel,a,,,276,287
cm, tk_cnt area,area
Lsla N

nsla,,1



RPP-13995, Rev.0
ANALYTICAL CALCULATIONS

Page 20of 73
Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-A

Originator Xianghong Lj » - Date  4/24/03
Checker Jim Radochia #* Date  4/24/03
esln

type, 22

real, 2l

mat, 21

esurf

asel,s,,, 753,761
asel,a,,, 766,775
asel,a,,, 777,782
asel,a,,, 788,805

cm, soll cnt_area,area
lsia

nsla,,l

esln

type, 21

esurf

allsel
aclear,all

/pnum, real, 1
/num, 1

csys, 110
allsel
nrotat,all
csys, 0

IT11I1100334000331 0103371033000 001 1031001111 001011171]

t
!
! set up ACOR lovadings and sclve
|
1

IPITITIYRIO0TY0III01010001103 3001001101 111113 111

slice load a

allsel

finish
/filname,sst_a slice
/title,SST-A slice model
/solu

nlgeom, on

nsubst, 10,100,5

save

solve
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parm_a.mac

!--Define parameters for S5T-A tank
!--dimensions are in INCH and DEG
*afun, deg

t1=15 !tank wall thichness at botiom
t2=24 {tank wall thickness at top

dm_rl=1155 !inch, radius of outer inbcard dome surface
dm r2=1140 ‘!'inch, radius of inner inboard dome surface
dm r3=804 rinch, radius of outer outbecard dome surface

dm ré4=720 tinch, radius of inner outboard dome surface
hnch ri=120 tinch, big haunch radius
hnch r2=2%12+2+1/2 tinch, small haunch radius

depth=8.45+*12
soil r=80*12
soil h=40~*12

!--following are dimensions for essential kp to
! create the tank, starting from dome apex
r1=0

hi=0

r2=15*12+2+3/8
hz=12+2+1/2

ri=r2+13*12+7+1/1%
h3=4+*12+410.5

rd=38*12+9+1/2
hd=8+12+8+15/16

rS5=ri
h5=hd+{4*124+6+1/16)+{9*12+6+3/4)

rée=rb+ (t2-tl)
he=h5+6*12

ri=rg
h7=h6+17*12

r=r7+3*12
h8=h7

r9=rg
h9=h8+2*12

rl0=r%-8*12
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h10=h9

rll=rl10-(3*12+6)
hll=h7+&

rlz=24
hl2=hll

rl3=rl2
hl3=hl2+(2*12+6}

r14=0
hl4=h13

rls=0
hls=h7

rle=r7-t2
hlé6=h7

r21=0
n21l=dm_rl-dm r2

r20=r21+15*12
hz0=h21+12+245/1¢

rl9=r20+({18*12+4+5/8)
h19=h20+(6*12+1+5/16)

rig=rl9+(3*12+9+13/186)
h18=h19+(3*12+6+1/4)

rl7=rl8+4+1/16
h17=h18+{12+2+1/8)

!-—-Control Parameters for materials
crush i1d=0 !=0, no crush capability, =1, with crush capability

usr_crp_id=C !=0, no user creep; =1, with user creep

l———Parameters for materials

steel ex=27.7eb 'elastic modulus [psi]

steel prxy=0.3 'Poisson ratio

steel—alpx=6.38 'thermal expansicn coefficient [microstrain/degree F]
steel gamma=490  !unit weight [lbf/ft~3]

steel kx=1 \thermal conductivity [BTU/hr/ft/degreeF]

steel c=1 !specific heat [BTU/R-1bf/ (in/sec”2)]
steel:alpx=steel_alpx*1e—6 'in/in/F

steel dens=steel gamma/1728/386 'lb-sec™2/in"4
Steel:kx=steel_kx/3600/12 !BTU/sec-in—~degreeF

steel yield=36000 !vyield strength [psi]
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!1----- Structural Concrete

conc_ex=3.leé lelastic modulus [psi]

conc_prxy=0.2 |Poisson ratio

conc_alpx=6.38 'thermal expansion coefficient [microstrain/degree F]
cont_gamma=1590 tunit weight [1bf/fr*3]

conc_kx=1 'thermal conductivity [BTU/hr/ft/degreeF]
conc_c=1 lspecific heat [BTU/R-1bf/(in/sec”2)]
conc_alpx=conc_alpx*le-6 'in/in/F
conc_dens=conc_gamma/1728/386 !lb-sec™2/in"4
conc_kx=conc_kx/3600/12 IBTU/sec-in-degreeF
conc_open=0.1 !shear transfer coefficient for open crack
conc_closed=0.98 !shear transfer coefficient for closed crack
conc_crush=3000 luniaxial crushing stress [psi]
conc_crack=0.l*conc_crush 'tensile cracking stress [psil
cl=.1936 lereep coefficients per Tab 11 of RPP-13990

c2=.28

©3=.375

c4=.348

c5=.0689

c6=226.09

c7=-0.00429

c8=147.52

c9=-.367

cl0=-309.26

cll=-.044

! --bottom soil

bsoil_ex=20e3 lelastic modulus [psil

bsoil_prxy=0.27 !Poisson ratio

bsoil_alpx=0 'thermal expansion coefficient [me/F]
bsoil gamma=125 lunit weight [1bf/ft"3]

bsoil kx=1 'thermal conductivity [BTU/hr/ft/F]
bsoil_c=1 'gpecific heat [BTU/R/(lbf-sec”2/in)]

bscil_cohesion=0 !drucker-prager constant (assume small number) ([psil
bsoil friction=35.4!internal friction angle [deg]
bsoil _dilat=35.4 !dilatancy angle [deg]

bsoil_alpx=bscil_ alpx*le-§ lin/in/F

bsoil dens=bgoil gamma/1728/386 !1b-sec”™2/in"4
bsoil_kx=bsoil kx/3600/12 !BTU/sec-in-degreeF
!--mid soil

msoil ex=13e3

msoil prxy=0.27

mscil dens=125/1728/386

msoil_cohesion=0 !drucker-prager ceonstant (assume small number) [psil
msoil friction=35.4

msoil_dilat=35.4 !dilatancy angle [deg]
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!'-top soil

tsoil ex=7e3

tsoil prxy=0.27

tsoil dens=125/1728/386

tsoil cohesion=0 !drucker-prager constant (assume small number) [psi]
tsoil friction=35.4

tsoil_dilat=35.4 !dilatancy angle [deg]

! ----rebar steel

rebar_ex=27.7e6 lelastic modulus [psil

rebar prxy=0.3 |Poisson ratio

rebar alpx=6.38*le-6 lthermal expansion coefficient
[microstrain/degree F]

rebar gamma=490 lunit weight [1bf/ft”*3]

rebar kx=1 lthermal conductivity [BTU/hr/ft/degreeF]
rebar_c=1 lgspecific heat [BTU/R-1bf/{in/sec”2)]
rebar yield=60000 !yield strength [psil

rebar tan=0 lrebar tangent modulus [psil

rebar dens=rebar gamma/1728/386 !lb-sec”2/in"4
rebar kx=rebar kx/3600/12 |!BTU/sec-in-F

!---Slab rbar steel

srebar ex=27.7e6 l!elastic modulus [psi]

srebar prxy=0.3 |Poisson ratio

srebar alpx=6.38*le-6 lthermal expansion coefficient
[microstrain/degree F]

srebar_gamma=490 !unit weight [lbf/ft"3]

srebar kx=1 'thermal conductivity [BTU/hr/ft/degreeF]
srebar c=1 Ispecific heat [BTU/R-1bf/(in/sec”2)]
srebar yield=40000 lyield strength [psil

srebar tan=0 !rebar tangent modulus [psi]

srebar dens=srebar gamma/1728/386 !lb-sec”2/in"4
srebar kxssrebar kx/3600/12 !BTU/sec-in-F

|---Element size contrel
liner size=5

tank_size=5
50il_esize=40

tload div=11

slice_ang=3

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

| --Load
b uniform=40/144
££=200000

cload 1=10%*12

vac_pres=-0.217 !-6" w.g. vacuum
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e

24/0
24/0

%)

.
(%)

slice_load_a.mac

finish

/prep?

l--set BCs
wpcsys,—1,0
kwpave, 1

csys, 4
asel,s,loc,x,scil r
1sla

nsla,,l

d,all,ux,0

allsel
asel,s,loc,y,—hQ—soil_h
lsla

nsll,,1

d,all,uz,0

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

csys, 110

asel,s,loc,y,-.1,.1

lsla

nsia,,1

d,all,uy,0
asel,s,loc,y,—slice_ang+.1,—slice_ang—.1
1sla

nsla,,l

d,all,uy,0

asel,s,,, 751,752

isla

nsla,,1

esln
sf,all,pres,p_uniform

p_cload=£ff/{3.14159*cload 1**2)
asel,s,,, 752 B
1lsla

nsla,,l

sf,all,pres,p cload+p uniform
allsel -

acel,, 386
'2pply -6" w.g. to dome

esel,s,mat,,mat_conc
vsle
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aslv

asel, r,ext

csys, 110

asel,u,loc,y,-.1,.1

asel,u, loc,y,-slice ang-.1,-slice ang+.1
cmsel,u,tk cnt area

1sla

nsla,,l

sf,all,pres,vac_pres

allsel
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pst_a_slice.mac

TI1I1301300 3000808331010 00 i 13 i 111111110

post processing macro to obtain the section
force forces and moments

PIJ1DIIERLIIIII IR TR R IIII111003101130 0]
firnish

/clear

/filname, sst_a slice

/prep’

resume

alisel

*afun, deg

/postl
set, last

L it Displacement contours
allsel
plnsol, u, sum

plpng

esel, s,mat, ,mat_conc
/rep
plpng

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

esel, s,mat,,mat conc
nsle h
/rep

plpng

allsel

/edge
/decale,, 1
plnsol, s, eqgv
plpng

esel, s, mat, ,mat_conc
nsle

/rep

plpng
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/gresume, smisc_plt,plt
esel,s,mat, ,mat conc
nsle B
/dscale,, 1

/edge

plescl, smisc, 2

plpng

plescl,smisc, 4
plpng

plesol, smisc, 6
plpng

rsys, 110
plnsol, s,y
plpng

e mmee Section force/moment path plots

esel, s, mat,, 2

vsle

aslv

asel, r,loc,y,-slice_ang-.1l,-slice ang+.1
crm,a_tank2, area -

e T L P SECTICN FORCE/MOMENT

*dim, path nd,, 1000 !path node definiticn
*dim,path fa,,1000 taxial force

*dim, path ft,,1000 'transverse force
*dim, path mz,,1000 !moment

*dim,path fh,, 1000

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

| === ===== = ==dome regicn
lsel,s,,,1,2

lsel,a,,, 22,23

lsel,a,,,115

lsel,a,,, 346,348

nsll,, 1

cm, nd_out, node

lsel,s,,, 60
lsel,a,,, 64
lsel,a,,,102
lsel,a,,, 357
lsel,a,,, 360
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w

1=
[

lsel,a,,,363
lsel,a,,,375
lsel,a,,, 385
lsel,a,, . 402
nsll,,1

cm, nd_in, node

!--unselect end nodes
cmsel, s, nd out

*get,x min,node, ,mnloc, x
nsel,u,loc,x,xgmin-.l,x_min+.l
cm, nd out,node

cmsel,s,nd in

*get,x min,ncde, ,mnloc, x
nsel,u,loc, x,x min-.1,x min+t.1
cm,nd in,node

!--reorder nodes according x-coord.
cmsel, s, nd out
*gel, out_num, node, , count
*dim, nodeout, ,out num
*de,1i,1,cut num
cmsel, s, nd cut
*get,x min, nede, ,mnloc, x
nsel,r,loc, %, x min-.1,x min+.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, nede, , count
*dim,nodein,,in_num
*do,i,1,in num
cmsel,s,nd in
*get, % min, node, ,mnloc, x
nsel,r,loc,x,xgmin—.l,x_min+.1
*get, ndnum, node, , num,min
nodein (i)=ndnum
cmsel, s, nd in
nsel, u,, , ndnum
cm, nd in,node
*enddo -

cmse., 5,a_ tank
wpcsys,—-1,0
kwpave, 4,227
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csys, 4

asel,r,loc,x,0,-9999¢
asel,r,loc,vy,-1,9999%
asel,a,,, 18

cm, dome area,area
1sla

nsla,,l1l

cm, dome_nd, node

wpesys,—-1,0
csys, 0
!--for line equation for each pair of in/out nodes
*do,1i,1,in num
nsel,s,,,nodeout (1)
nsel, &, ,,nodein(ii)
path nd{pstart+ii)=nodein(ii)
csys, 0
*get, x_out,node,ncdeout {ii), loc, x
*get,y_out,node,ncdecut {ii), loc,y
*get,x_ in,node,nodein(ii),loc,x
*get,y in,ncde,nedein(ii), loc,y

nwpla, -1,nodecut{ii),nodein(ii)
csys, 4

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

cm, ntemp, node

esln

esel,r,mat,, 2

nsle
nsel,r,loc,y,-1,99985
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—yfin)**2)
get hpfrc

path fa{pstart+ii}=unit fsumy
path ft{pstart+ii)=unit fsumx
path mz (pstart+ii)=-unit mz
path fh(pstart+ii)=hp_1

*enddo
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%

[t
8%

pstart=pstart+in_num

! ===upper thinner wall
lsel,s,,.,3
lsel,a,,, 14
lsel,a,,, 31
lsel,z,,, 133
lsel,a,,, 260
lsel,a,,,2%0
lsel,a,,, 318
lsel,a,,,329
lsel,a,,,339
nsil,,1

cm, nd_out, node

lsel,s,,, 17
lsel,a,,, 110
isel,a,,,255
lsel,a,,, 299
lsel,a,,,308
lsel,a,,,311
lsel,z,,, 332
lsel,a,,, 334
lsel,a,,, 344
lsel,a,,, 405
nsll,, 1

¢m, nd_in, node

cmsel,s,a_tank
Wwpcsys, -1, 0
kwpave, 16
cmsel,u,dome _area
csys, 4
asel,r,loc,vy,0,9999
cm,wall area,area
1sla

nsla,,l
cm,wall nd, node

csys, 0

!-—unselect end nodes
cmsel,s,nd_out

*get,y max,node, ,mxloc,y
nsel,u,loc,y,y_max—.l,y max+.1
cm, nd_out,node B

cmsel,s,nd in

*get,y max,node, ,mxloc,y
nsel,u,loc,y,y max-.1,y max+.1
cm, nd in, node -




RPP-13995, Rev.0
ANALYTICAL CALCULATIONS

Page 620f73
Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-A

Originator Xianghong Li WL Date 4/24/03
Checker Jim Radochia #* Date  4/24/03

nodeout (1}=

nodein(l)=

!--reorder nodes according y-ccord.

cmsel, s,nd_out

*get,out num,node,, count

*dim, nedecut, ,out num

*do, i,1,out_num
cmsel, s, nd_out
*get,y_ma¥,node, ,mxloc,y
nsel,r,loc,y,y max-.1l,y max+.1
*get , ndnum, node, ,num, min
nodeout (1) =ndnum
cmsel, s, nd out
nsel,u,,,ndnum
cm, nd_out,node

*enddo

cmsel,s,nd in
*get, in_num, node, , count
*dim, nedein,, in num
*do,1i,1,1in num
cmsel,s,nd in
*get,y max,node, ,mxloc,y
nsel,r,loc,y,y max-.l,y max+.1
*get, ndnum, ncde, , num, min
nodein{i)=ndnum
cmsel,s,nd in
nsel,u,, ,ndnum
cm, nd_in,node
*enddo

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

nsel, s,,,nodeout (ii)

nsel,a,, ,nodein(ii)

path nd{pstart+ii)=nodein{il)

csys, 0

*get,x_out,node,nodeout(ii),loc,x

*get,y out,node,nodeout(ii},loc,¥

*get,x_in,node,nedein(ii},loc, x

*get,y in,node,nedein(iil),loc,y

nwpla, -1,nodeout (ii),nodein{ii)
csys, 4

cmsel,s,wall nd

nsel, r,loc,v,-1,1

cm, ntenp, node

esln

esel,r,mat,, 2
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nsle
nsel,r,loc,y,~-1,995%96%
esin,, 1

cm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0

get_res_slice

cmsel, s, ntemp
ttt=sgrt ({x_out-x_in)**2+(y out-y in)**2)
get hpfrc

path_fa(pstart+ii)=unit fsumy
path ft(pstart+ii)=unit fsumx
pathimz(pstart+il)f—un1t mz
path fhipstart+ii)=hp

*enddo
pstart=pstart+in_num

| =mmms=sssmsss===============g]alb region
lsel,s,,, 11

lsel,a,,, 32

lsel,a,,, 215

lsel,a,,, 244

lsel,a,,,2352

lsel,a,,, 350

nsll,,1

cm, nd_out, node

lsel,s,,,10
lsel,a,,,21
lsel,a,,, 33
lsel,a,,,37
lsel,a,,, 95
lsel,a,,,249
nsll,,1

cm, nd in,node

csys, 110

!-—unselect end nodes
cmsel, s, nd_out

*get,x max,node, ,mxloc, x
nsel,u,loc,x,x_max—.l,x_max+.l
cm, nd_out, node

cmsel, s, nd in
*get,x max,node, ,mxloc, %
nsel,u,loc,x,ximax—.l,x_max+.l
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cm, nd_in,node

nodeout (1) =
noedein(l)=

!~-recorder nodes according xz-coord.
cmsel, s, nd out
*get,out_num,node,,count
*dim, nodeout, ,out num
*de,1,1,out num
cmsel, s, nd out
*get,x max,ncde, ,mxloc,x
nsel,r,loc,%x,x max-.1l,x max+.1
*get,ndnum, necde, ,num, min
nodeout (1) =ndnum
cmsel, s, nd out
nsel, u,, ,ndnum
cm, nd_out, node
*enddo

cmsel, s,nd in
*get,in num,node,,count
*dim, nedein,,in num
*do,i,1l,1in_num
cmsel,s,nd in
*get,x max,node, ,mxloc, X
nsel,r,loc,x,x max-.1l,x max+.1
*get, ndnum, node, , num, min
nodein (i) =ndnum
cmsel, s,nd_in
nsel,u,,,ndnum
cm,nd in, nede
*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,1i,1, in num-1
nsel, s,,,nodeout (ii)
nsel,a,,,nodein(ii)
path_nd(pstart+ii)=nodein(ii)
csys, 0
*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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=
w

e
w

*get,y_in,node,nodein{ii),loc,y

*if,ii,ne,in num, then

*get,xplus in,necde,nodein(ii+l), log, x

*get, yplus_in,node,nodein{ii+l}, loc, vy

ds=sqgrt ({x¥plus_in-x_in)**2+{yplus _in-y in)**2)
*endif

nwpla, -1, nodecut (11) ,nodein(ii)
csys, 4

cmsel, s, slab nd
nsel,r,loc,y,-1,1

cm, ntemp, node

esln

esel,r,mat,,?

nsle

nsel, r,loc,y,-1,9%999
esin,, 1l

Ccm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0

get res slice

cmsel, s, ntemp
tht=sgrt {(x _out-x_in)**2+{y out-y in)**2)
get hpfrc

path_fa(pstart+ii)=unit fsumy

path ft(pstart+ii}=unit fsumx

path_mz (pstart+ii}=-unit m=z
path_fh(pstart+ii)=hp f

*enddo

pstart=pstart+in num-1

rsys, 0

/gresume, path_a,plt
axial path
plpng

shear path
plpng

hoop path
plpng

moment path
plpng
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!--—--Cutput path data to file
/eys,del path a.dat
*dim, pl, ,pstart
s5=0
*do,1,1,pstart
*get,path x,path,,point,i,x
*get,path y,path,,point,1i,y
*if,i,gt,1,then
ss=ss+sgrt { {path x-path x0)**Z+{path_y-path vy0)**2)
*endif
pl{i)=ss
path xO=path x
path yU=path y
*enddo

i=1

/output,path_a,dat,,
*vwrite,pl(i),path fa({i),path ft(i},path fh{i),path mz{i)
(5e¢l12.4)

/output
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get_res_slice.mac

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

*dim, xx, , nnode
*dim, yy, ,nncde
*dim, zz, ,nnode
*dim, ff£x,,nnode
*dim, ffy, ,nnode
*dim, £ffz,, nnode

xmean=0
ymean=0
zmean=0

fsumx=0
fsumy=0
fsumz=0

cm, nn(, node

csys, O

*do, 1, 1, nnode
*get, inode, noede, , num, min
nsel,s,,,inode

x¥ (1}=nx (inode
yy(i)= y(lnode

Xmean=xmean+xx

ymean=ymean+yy

Zmean=z7zmeantzz

cmsel, s, nn{

nsel,u,,,inode

cm, nnQ, node
*enddo

i)
i)
l

)

)
)
zz{i)=nz {inode)
{
{
{

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

cmsel, s, ntemp
cmsel, s, etemp
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24/0
24/0

(0%

[1=%
2

spoint, , ¥xmean, ymean, zmean

rsys, 4
fsum, rsys

*get, fsumx, fsum, fx
*get, fsumy, fsum, fy
*get, fsumz, fsum, fz
*get,mmzz, fsum,mz

fsunx=fsumx/1000 tkip
fsumy=fsumny/1000 tkip
fsumz=fsumz/1000
mmzz=mmzz/1000 tkip-in
fct=3/360

arc_length=abs{3.14159*xmean*2}*fct

unit fsumx=2*fsumx/arc length*12 ! kip/ft
unit fsumy=2*fsumy/arc length*12 ! kip/ft
unit mz=2*mmzz/arc_length*12 ! kip-in/ft
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get_hpfrc.mac

*get, nnode, node, , count
csys, 0

hp £=0
sz_sum=0
nn=0
*do, 1,1, nnode
ndnxt=ndnext (nn)
nsel, s, ,,ndnxt
esln
esel, r,mat, ,mat conc
cm, etemp, elem
*get,s z,node,ndnxt, s,z
SZ_sSum=sz sumts_ =z
cmsel, s, ntemp
nn=ndnxt
*enddo

SZ_sum=sz_sum/nnode

hp_f=sz sum*ttt/1000*12 ikip/ft
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M
s

s
s

axial_path.mac

!=======Define path
allsel
PADEL, ALL
path,in surf,pstart,,1
*do,1i,1,pstart
ppath,i,path nd(i)
dnsol,path nd{i),u,x,path fa(i)
*enddo B

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

PLPAGM,axial, 1000,Blank
/title,Axiz]l Force (kip/ft}
/rep

shear_path.mac
!=======Define path

rsys,
BFADEL, ALL
path,in surf,pstart,,l
*do, 1,1,pstart
ppath,i,path nd(i}
dnsol,path nd{i),u,x,path ft(i)
*enddo

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

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

!|=======Define path
allsel
PADEL, ALL
path, in surf,pstart,,l
*do,i,1l,pstart
ppath,i,path nd{i)
dnsol,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

!=======Define path
allsel
PADEL, ALL
path,in surf,pstart,,l
*do,1,1,pstart
ppath, i,path nd{i)
dnsol,path nd(i}),u,x,path mz (i)
*enddo N

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

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, 100,100, 100G, 0
/RGB, INDEX,0,0,0,15
/REPLOT

/CMAP, TEMPCMAP ,CMP
/DELETE, _TEMPCMAP ,CMP
/SHOW, CLOSE

/DEVICE, VECTOR, 0

path_a.plt

/NOPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/oM, 1

/PLOP, INFO, 3
/TRIAD, RTOP
/GTHIC,CURV, 2
/GROPT,CURL, 1
/PNUM, TYPE, 1

/COL, NUM ,YGRE, 3
/TRLCY, ON

/TXTRE, ON

/COL, PBAK,0, 1, 4
! Window Settings

/VIEW,1, 0.0000 . 0.0000 , 1.0000
JFOC, 1, 199.98 ,  783.52 . 0.50000
/DIST,1, 379.29

/TYPE,1, &

/EDG, 1, O, 45.000
/CONT, 1, 9, AUTO
/GO
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smisc _plt.plt

/NOPR

/RESET

/DEVICE, VECT, GFF

! General Graphics Settings
/NUM, 1

/PLOP, INFO, 3
/TRIAD, RTOP
/GTHIC,CURV, 2
/GROPT, CURL, 1
/PNUM, TYFE, 1

/COL, NUM ,YGRE, 3
/TRLCY, ON

/TXTRE, ON

/COL, PBAK,0, 1, 4
! Window Settings

/VIEW,1, 0.0000 . 0.0000 , 1.0000
/FOC, 1, 202.25% . 832.21 , 0.50000
/DIST,1, 379.2%

/TYPE, 1, 6

/EDG, 1, 0, 45.000
/CONT, 1, 9,AUTO
/GO




