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1.0  OBJECTIVE/PURPOSE

The purpose of this calculation is to develop a parametric model for the single shell tank
(88T) S, and provide a sample analysis of the S5T-5 tank based on analysis of record
(AOR) loads. The SST-S model is based on buyer-supplied as-built drawings and
information for the AOR for 55Ts, encompassing the existing tank load conditions, and
evaluates stresses and deforsmations throughotit the tank and surrounding soil mass.

These sample calculations in this document are not to be used for assessing the
structural integrity of the $5T-5 tanks at the Hanford site.

20 METHODS OF ANALYSIS

1. A 3-degree slice 3D model of the SS5T-5 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
teported in RPP-14000 {Ref 5], the 3D slice model includes some non-linear
characteristics of the analysis, such as a) contact between the soil and tank with
friction and b} plastic soil material. Also, the reinforcerent bars embedded in the
concrete tank were included for this analysis.

2. The parametric model of the 55T-5 tank was then analyzed based on AOR loads.
Contour plots showing stress and displacement are provided, as well as path
plots showing section force/ moiment.

3 INPUT DATA

The geometry of the S5T-S tank is provided in drawing H-2-1783 [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 domie) is 10.59 feet [Rel 3}, 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 [Ref 2]. The concrete r_emfercmg 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 Density (Ib/ft3)
Structural Concrete 3,100 0.2 _ 150
Top Soil * | 7 027 125
Mid-Soil* B 13 _ 0.27 125
Bottom Soil* 20 . 0.27 125
Tank Rebar Steel 27,700 _ 03 490
Slab Rebar Steel 27,700 0.3 490

*Drucker-Prager plasticity is used for soil, and the friction angle is 354 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. Figures 3 through 5 show the finite element mesh used for this
calculation. The tank is divided into small volumes of 1”7 wide according. the location of
the steel reinforcing bars (Figures 6 to 8). Real constants are assignied to tank elements to
represent the rebar volume ratios and rebat orientations (Figure 9). The volume ratio is
calculated using. Excel spreadsheets listed in Tables 2 to 3. In the dome and slab, the
volume ratio of the radial rebars increases lineatly with decreasing vadius. Given this
variety of the rebar volume ratio, the average radius was used during the calculation of
the real constants for the radial rebars in the dome and slab. There are 3 element
coordinate systems used to orient the rebars, and they are listed in Table 6. Fisure 10
shows the rebar elements colored by element coordinate systems. Figure 11 to 13 depict
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 surrounding soil.

‘The AOR loads for the SST-S tank include a uniformi 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 applied to the 50il 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.




RPP-14002, Rev.0

ANALYTICAL CALCULATIONS

Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank S§T-S
Originator Xianghong Li » + Date

4
Checker Jim Radochia ## Date. 4

Page 70f73

Table 2. Calculation of Steel Reinforcement Ratios for Slab

ST kel ReInfarcement Ratios for S1ab - RATH1785 R
Pescription . RURITRIR N S Top f.ﬁ?"‘“."’!’_' .. . i, TOpI Clroumierential Real
| Eitvation = Radius | |Size | Spacing . Area Ratio | Volum { Size Spacing . A Longant:

{in} fm i : :

o.0082

Gl :
Ss'T-S - Bteel Reinforcement Ratios for Slab - Refbt

Tottom / MTidiona] " Botiom / Circinisrantial

fn - im Cgm - _ Ginj

_Etevation © Radius | | Size ' spuoing . Ares Ratio | Volume Ratic | | Size Spating Ares Ratis | - Velume Ratio.

Rest
Gonstant

S5T-5 - Steel Reinforcement Ratios for Stab - Ref H-2-1788

00,

Deseription B . T vartiond ragion #1 (Exterior) Netioal | | veriical region 31 (Exterion) /CircumBerentinl |} Read
. Fadiuz | "¥sire  Spacing  Arez Ratio * VolumeRatic | | Size ‘Spaning Ares Ratic | Volums Ratie | Canstant
{in} fir} ] fin

s s R 5 _ ekl _
S8T-S - Stee] Reinforcament Ratios for Siak -~ Ref H-2ATH5 T i

TR YETER

Deseription _vertioat regian #2 Vertioat vertieal reglon #2iGirsumtsrential

{in} . i}

I size Bpacing Arex Ratie © Velume Ratie | _Siz'é.__éﬁaéi;w'__ana Ratio | Velurme Ralie”

¢.0000

e . o vertieal ragion #3 {tqﬁeﬁer}_!\?erﬂca} . vertical region #3 {Interir;vr} {Ciraumterential Read
JEtevating - Radiug | §8ire Spacing’ Arex Ratic . Volume Ratio | | Sive Bpacing -Ared Ratio Votume Ratin Constant
{in} " {ir} e fin) :
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Table 3. Calculation of Steel Remforcement Ratxos for Wall
§ST-S - Siaa| Rajnforoament Ratios for Wall - RefH-2-1785 . TP
Dssoriptien | . R . Interior and Extormri\hnical _Intorior lnd Exterior/ Circumferential | Reat
. Etevation - Radius g Size | Spating Ares Ramr Voiume Ratio ] Spu&ng Aru Rﬂm Vealume Ratio § Constant
gin) i) in) (inj - :

Table 4. Calculation of Steel Remforcement Ratios for Dome

SST-8 - Steel Reinfnmement Raﬁoshrbome apd Hauneh - RefH-2-17T88 i e e s
Dnmnp@l_n_n_ . N _ External [ Meridional Extumll ! Oucumhnr_t‘t_iq! ______ Reat
_Elevation Size | Spacing | Avex Rati olume Hatic | | Size | Spueing | Ared Ratio | Volume Hatio | Constant
fin) i iinj

9.0368

85TS étul Reinforcement Ratios for Dome and Haunch - Ref H- ) . : ) . 300

Inﬁmal'.' Meridionai Internial { Ciroumterential . . Reai

Desoription L . Y )
Elovation - Radius | s;_z_e__ Spaeing - Area Ratie . Volume Ratio | | Size-: spnlnn Ares Ratio V_o_l_ugn‘q_m_:&n Constant
{inj ffo) [0 - : (inj

8. i10.6696




ANALYTICAL CALCULATIONS

RPP-14002, Rev.0

Subject

Originator
Checker

Sample AOR Calculation using ANSYS
Slice Parametric Modél for Tank SST-§
Xianghong Li » &
Jim Radochia #

Page 90f73
Date  4/25/03
Date  4/25/03

Table 5. Calculation of Steel Reinforcement Ratios for Haunch Core

[EETS - Emel Reinforcement Ratios for Haunch fnterior - RefH29786 . 800
Description ot J s v .c“.‘““’ﬂm’.".‘ﬁ’.’..:. i e Diagonai Ties ortcl Tias e
. : Volume CoBar Voluitis - T opar : Volume | rea)
Sizs ‘Guantity Barzran Ases  Ratio [ ]8ize Quastlty ares | Awa  Ratio | [30e Ouamtty ares | Arma © Retie | eonsunt
ey fin®) : in*} (i)

577.8 " 6.0357

A8 17888

0.0012

L EAAE 31R6.7 00,0018

Table 6. Element Coordinate Systems

CS Number System _ Element Axes Covered Region
Type X Y z.
. . Interior rebarsin
100 Spheroidal T}PCRI?ESS I'Qadxtal .HOOP dome and haunch,
Direction Direction Direction N
_ haunch core
. . Thickness Radial Hoop Exterior rebars in
101 Spheroidal Direction Direction Direction | dome and haunch
Rebars in wall and
. Radial Hoop Vertical slab, vertical part
10 Cylindrical Direction Direction Direction of the exterior
haunch rebar
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Table 7. Input File List
Input File Name Function Calling For
sst s slicemac Main input creating parametric slice:model - parm_s.mac.
T for-SST-S tank and getting solutions s_load_slice. mac
parm_s.mac Setall par;metnc vama.‘blles. used to create NONE
¢ parametric model
slice_load_s.mac Apply bouadar};;:;agsdmons and AOR NONE

pst_s_slice.mac

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

get_res_slice.mac
get_hpfremac
plpng.mac
path_s.plt
axial_path.mac
shear_path.mac
hoop_path.mac
mornent_path.mac
smisc_plt.plt

Calculate total forces and moments at

get_res.slice.mac individual cross section NONE
get_hpfremac Calculate hoop force from hoop stress NONE

_ _ results
plpng.mac. Create image hard copy in png format NONE
path_s.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
Smiisc_plt.plt View setting for rebar stress plots NONE
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-8

Originator  Xianghong Li » ¢

Checker  Jim Radochia ##

Date :42 25/03
Date  4/25/03

T AN
) BEH LE 2O03
HAT MR 1848258
W=
FAr-8 wlice model
Figure 1. Geometry of SST-S Tank
' prmmies AN
. APR. 16 EDOI
MET NUM A0 a9 19
X

$8T=5 wlise model

Figure 2. Soil Layers
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Slice Parametric Model for Tank 8ST-8

Originator  Xianghong Li x- -

Checker  Jim Radochia #*

Page | 120f73

Date -4{25_,{ 03
Date  4/25/03

T pnEMERTE m A
ARR 16 2003
MAT  w 10150107

5975 slice podel

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

F37-5 slice model

Figure 4. Close-up of finite element mesh.
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Subject Sample AOR Calculation using ANSYS
‘Slice Parametric Model for Tank SST-5
Originator  Xianghong Li x «
Checker  Jim Radochia #*

Date  4/25/03
Date  4/25/03

Figure 5. Close-up of finite element mesh,

— AN
. APR. 15 OB
TEPE. W L AmTELAY
o

s8-8 alice model

Figure 6. Rebar region (red colored area)
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Sample AOR Calculation using ANSYS
_ Slice Parametric Model for Tank S6T-5
Originator - Xianghong Li »- £

Page 140f 73

Date  4/25/03

Jim Radochia # Date  4/25/03
LARR 15 2003
10:52:28
X
‘BeT-5 wlice model
Figure 7. Close up of rebar region
ELEMENTS _i\lﬂafjﬁf
e T
Lo

3975 slice modsl

Figure 8. Close up of rebar region
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Subject- Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank S8T-5

Originator Xianghong Li » & Date  4/25/03
Checker  Jim Radochia #* Date  4/25/03
rvmmws AN
REEL W _apR L6 ZObE

) AB:E¥: 38

BET- alice wodel

Figure 9, Rebar elements colored by real constants

I [ S . Apg 16 2083
— = 10:5642%
4

A5T-8 slice model

Figure 10. Rebar elements colored by element coordinate systems
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank S5T-8
Originator  Xianghong Li 5 & Date  4/25/03
Checker  Jim Radochia # Date  4/25/03
REE 16 3003
iisaE2d
5878 #lice modal
Figure 11. Rebar orientation at haunch core
 suevemns Aﬂﬁ
ek M evman
) _

3878 slice model

Figure 12. Rebar orientation at dome
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Subject Sample AOR Calculation using ANSYS
Slice Pa:tametrit: Model for Tank SST-5

Originator Xianghong Li & & Date  4/25/03
Checker Jitm Radochia # Date  4/25/03
" ErEMmArEs i m
sl NOw _ . Bk L6 208

X

- e e

.

i
e e
i

ya ks <
EN -} 4 _;:!mgmi.; %’*—2@{ 4 § % i -+
4+ +

+
e e -

2ETS slice nodel

Figure 13. Rebar orientation at wall/slab joint

40  RESULTS

The solution can be obtained by running the master input macro sst_s_slice.mac (see
attachment), 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.

Figures 14 and 15 summarize the displacement response due to AOR loads identified in
Section 3. The peak displacementof the soil mass is 2.02 inches, and this occurs at grade
far away from the tank. The peak tank displacement is 1.47 iniches, at the dome apex.
Figuies 16 and 17 show exaggerated views of the tank/soil displacement.

The von Mises equivalent stress contours are presented in Fizures 18 and 19. The peak
-equivalent stress in the tank is approximately 1.7 ksi, and-this occurs at the joint of the
tank wall and slab. The hoop stress of the tank is shown in Figure 20. The maxirmum
hoop stress is about 511 psi at the haunch region, and the minimum hoop stress is ~558
psi at the dome center. The rebar stresses in the first, second, and third rebar directions
are plotted in Figures 21 to 26.
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S

Originator  Xianghong Li . & Date  4/25/03
Checker Jim Radochia ## o _ Date  4/25/03

Force and moment resultants ‘are calculated in pst_s_slicemac. In order for
pst_s_slice.mac to generate correct results, the fank has to be map meshed. The mapped
mesh results in a set 6f 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 thé 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 moment, respectively. The wall/slab joint sees the most sévere Ioading, with
‘maximum axial force of about 85 kip/ft, maximum shear force of 45 kip/ft, and
maximum moment of 1560 kip-in/ft. Maximum hoop force of 113 kip/ft occurs at the
haunch region.

) BPR 25 2002
STEE=L L 09 4R T
BT N 1

-8 LaEeg
SET-2 slice model

Figure 14. Total displacement contour of soil and tank

BT 157 2.4021

1.183
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Originator Xianghong Li

Checker

Jim Radochia #%
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Date  4/25/03
Date  4/25/03

AN
APR 25 2003
C 0% 4219
BT MO, 1

8 ez ez T game T 1.228 1.458
SET-S slicy model . )
Figure 15. Total displacement contour of tank
DISFLAERENT B8R 95 2003
STEZE’%ZL ) B
DMK ~2.021 -

ser-it glics model

Figure 16. Eefc)ﬁned shape of soil
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Subiject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-5 _

Originator Xianghong Li x ¢ Date  4/25/03
Checker  Jim Radochia #* Date  4/25/03

DESPLACEMENT 2R 25 2003

FTEE= 2 09uecEl

B =7 B MO 1

TIME=] Fox

¢ =1. 468

S5-8 glice model, _
Figure 17. Deformed shape of tank

FOUAL. SOLUTION AR 25 2003

STEP=1 C 0942029

SR =7 JuaR 1

TIME=L ¥_K ’

SBOV

oK =2, 021

S =, 206435

S 1530

_ _ RIS oy 909 T2 ngy qpn U8 g oy 126 1314 1690

S81-5 slice model

Figure 18. Equivalent stress contours of tank and soil (psi).
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank S5T-8

Originator ~Xianghong Li x* & Date  4/25/03
Checker  Jim Radochia % Date  4/25/03

BODRL SCLTTICN BER 252003

SIFP=]. v D942 50

SR~ PIOT M. 1

TIHE=L bow

SEQV . (AV0)

MY =1. 468

MY =7, 302

QM =1580

7.302

ag.p18 ot 5E8. (45

4.9 941,87 H 1316

o 1530
SR8 glice model ) ] ) ) )
Figure 19. Equivalent stress contours of tank {psi).

HOPRL SOLDTIN BER 35 2003
STEP=] o 09:56:10
BB =t BLOT W 1
THE= L34

A )

ReYS=110

DMK w1, 468

SMI} =558, 298

S ~510,564

-558.298

. -4
188T-8 wlice mxdel

320,684 154,544

%9391 oo a0 a5 273,351

392.158 510, 964

Figure 2{1 Hoop stress of tank (psi)
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S

Originator Xianghong Li x* ¢ Date  4/25/03
Chiecker | Jim Radochia ¥* o Date  4/25/03
BER 25 2003
LT YT
BLOT MO, 1
Fe K

B T 1538 g5 9E 572

2529

_ 169
88T-5 alice model
Figure 21, Rebar stresses in first rebar direction

AFR DB 2003
G D9 42:38
BLOT Mo, 1
[ 4
wd 3 p
. ~1383 - : 349
SEP-8 mlice model

Figure 22, Rebar stresses in second rebar direction
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Slice Parametric Model for Tank SST-8

Originator ~ Xianghong Li x* -

Checker  Jim Radochia #

Page 230f73

Date  4/25/03
Date- 4/25/03

i i v e
10014 g5l £} 5

~2550 434.734

i 0535 3420
TS slice model . . .
Figure 23. Rebar stresses in third rebar direction
ELEMEND SOLUTTON M o
APR-ES 2003
ITER=L ETAEE,
e =7 ‘
Tpmm=l fiw_ X
HMIaE -
TR =2 021
N =-2529
sE =4 HT2
} -1594 -8, 034 1630 5348 491
SET-§ slice nodel

Figure 24. Close up of rebar stresses in first rebar direction
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Page
Subject Sample AOR Calculation using ANSYS
‘Slice Parametric Model for Tank SST-S. :
Originator Xianghong Li % & Dater  4/25/03
Checker  Jim Radochia #¢ _ _ Date  4/25/03
i B;m AN

g M stsarn

N P

AMISE -

DMET =2 0RL

ik =3880

3875 aiice model

Rk k] ~60%I

. 23 X 213§
-7383 ~E562 TR H68 3499

" grmmE)
_APR 23 2003

#RE=1 9, 51108

Bup A7
TIHE=
SHIE

WRE =282
BN =-10014
ME w3420

o0 _
~R5Z 8596
G574 alice model

FAE0

Figure 26. Close up of rebar stress in third rebar direction
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Subject Sample AOR Calculation using ANSYS
o ‘Slice Parametric Model for Tank S5T-5 | |
Originator Xianghong Li ». *. Date  4/25/03
Checker  Jim Radochia #* Date  4/25/03
PgTH: 1IN _SURF IFR 25 2003
VA= AXTAL ©09:4E:55
SCAL=A 000 BLOT MO, 1
: 088 oy a63 g D 8,97 ~ELT56 asm 0 o e
Zxial Force (kip/ft) . . . - . .
Figure 27. Unit section axial force (kip/ft)
FAIR= TH SRF 28R 25 2003
A= SHEAR - 119 4B:55
SCATET000 T BLOT 3. 31
: B
Y 36.506 0T g oo

Shear Fobce {kipf/fh)

Figure 28. Unit section shear force (kip/ft)
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Slice Parametric Model for Tank SST-S
Originator Xianghong Li » +/ '
Checker  Jim Radochia /¥

Page  260f73

| PATH= IN SURF

SCRI=1000

Date 4/25/03
Date  4/25/03
AER 25 2003
*rfci?!té:%:s-? "
o

VAILLE= MOMERT
SCARL1000 w

~H45. 99
~4

5 307 155:33%6 355 g50 5ou ek 2 957,988

. 385 1158

P e pen ~i5.35 27.599 10587 2 45 e
Moo Fores tkip/fr) ) . ] .
Figure 29. Unit section hoop force (kip/ft)
: . ; A
PRI NSO R 25 3003
09: 46 56
W, 1

B X

1359 ,
1E60

Meoent fdp-ansee] _ .
Figure 30. Unit section motment (kip-in/ ft)



RPP-14002, Rev.0
ANALYTICAL CALCULATIONS

Page 270f73
Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S

Originator Xianghong Li » - Date  4/25/03
Checker Jim Radochia #* Date  4/25/03

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-S, and provides examples of the types of inputs that can
be defined and the types of outputs that can be obtained. The parametric model can be
used effectively to evaluate the tank response to a broad range of loading conditions and
material properties.
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S
Originator Xianghong Li = Date  4/25/03
Checker Jim Radochia ## Date  4/25/03

7.0 ATTACHMENTS AND APPENDICES

sst_s_slice.mac

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

SHPP,MODIF, 1,100,
/INPUT, 'parm s', 'mac’

!-—Create dome
/TRIAD, RTOP
wpcsys,-1,0
wpoff,,dm rl,
csys, 4 B

k,1

k,2,dr2, -dh2
k,3,dr3,-dh3
k,4,dr4, -dhd
k,5,dr5, -dh5
k,6,dr6, -dho
k,7,dr7,-dh7
k,8,dr8, -dh8

k, 9,dr9, -dh?9
k,10,dr10,-dhl0
k,11,drll,-dhll
k,12,drl2,=-dhl2
k,13,dr13,-dhl3
k,14,dr14,-dhl4
k,15,dr15,-dnl5
k,16,drlé,-dhl6
k,17,drl7,-dh17
k,18,drl8, ~dhl8

larc,1,2,10,dm rl
larc,2,3,10,dm r3
lstr, 3,4 -
lstr,4,5

lstr,5, 6

lstr, 6,7

lstr, 7,8

lstr,8,9

1s8tr,9,10

lstr, 10,11
lare,11,12,1,tk r2
larc,12,13,1,tk _rl
lstr, 13,14
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S
Originator Xianghong Li « - Date
Checker Jim Radochia #* Date

1

.

25/0
25/0

9% ]

W=
w

larc,14,15,10,hnch r2
lare, 15,16, 10, hnch_ril
larc,16,17,10,dm r4
larc,17,18,10,dm r2
lstr,1,18

al,all
lstr,2,17
*get,l num, line, ,num,max
asbl, 1,1 num
iwpla,-1,16
lsbw, 3

lstr, 16,19
asbl, 3,3
wpcsys, -1, 0
kwpave, 14
wprot,, 90
asbw, 4

kwpave, 13
asbw, 5

kwpave, 5
wprot,,, 90
asbw, ©

kwpave, 12
asbw, 7

kwpave, 8
asbw, B
wprot,,,—-20
asbw, 9

!-—-Create S0il mass

wpcsys,—1,0

kwpave, 1

csys, 4

wpoff, ,depth

rectng, 0,501l r,0,-{dh7+depth+scil h}
acvip,all B
adele, 11,,,1

asel,u,,,12
cm,a_tank, area

l--cut seoil for different soll properties
allsel

cmsel,u,a_tank

cm,a soil, area
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-§
Originator Xianghong Li » ¢ Date
Checker Jim Radochia #* Date

.

25/0
25

L% )

s
o
3

kwpave, 4
wprot,, 20
asbw,all
kwpave, 7
asbw,all
wprot,,, 90
kwpave, 6
asbw,all
kwpave, 4
asbw, 17
kwpave, 9
asbw, 18
wprot, , , 90
asbw,all
cm,a_soll,area

JIPITII1T031 0380030300300 0310209000003 001117117111111711

|
!
! Cut tank for rebar regions
f
t

PIIDTI0130010000000 8000011000010 00003001301 10103131131 ]
rkar t=1
rbar depl=3 !rebar clearance @dome top and bottom
rbar depZ=2 !rebar clearance for interior wall rebar

rbar dep3=3.25 'rebar clearance for exterior wall rebar
rbar depd=3.5 'rebar clearance for tep slab rebar

rbar dep>=4.125 !rebar clearance at outside bottom slab
rbar dep6=4.25 'rebar clearance at inside bottom slab
rbar dep7=3.5 'rebar clearance at slab end

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

lwpla,-1,18
wpoff,,,rbar depl
csys, 4

k

wpoff,,,rbar t

k

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

k
wpoff,,,-rbar t
k

lwpla,-1,2

wpoff, rbar depl
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Originator Xianghong Li » #

Checker Jim Radochia #*

Page 31of73

Date 4/25/03
Date 4/25/03

k

wpoff, rbar t

k

lwpla,-1,43
wpoff,-rbar depl
K

wpoff,-rbar t

k

lwpla,-1,2,1
wpoff, rbar depl
k

wpoff, rbar t

k

lwpla,-1,43,1
wpeff, —-rbar depl

k

wpoff,-rbar t

K

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

wpoff,,,-rbar_t

k

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

wpoff,,,rbar t

k

lwpla,~1,15

wpoff, - (rbar depl+rbar dep2)/2
k

wpoff, -rbar t

k

lwpla,-1,23
wpoff,,,rbar dep?Z
lsbw, 23
wpoff,,,rbar_t
lsbw, 60

iwpla,-1,23
wpoff,, ,rbar dep3
lsbw, 23 -
wpoeff,,,rbar t
lsbw, 62
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S

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

larc,40,44,11,dm_rl-rbar depl
larc,41,45,11,dm rl-rbar depl-rbar t
larc,43,47,11,dm r2+rbar deplirbar t
larc,42,46,11,dn_r2+rbar depl
larc,44,48,11,dm_r3-rbar depl
larc,45,49,11,dm_r3-rbar depl-rbar t
larc,47,51,11,dm ré4+rbar depl+rbar t
larc,46,50,ll,dm_r4+rbar:dep1
larc,35,5%1,11,dm rd4+rbar depl+rbar t
larc,54,50,11,dm_r4+rbar_depl

lstr, 48,52

lstr,49,53
larc,55,57,11,hnchﬁrl+rbar_depl+rbar7t
larc,54,56,11,hnch _rl+rbar depl
larc,37,59,11,hnch_r2+rbar depl+rbar t
larc,56,58,11, hnch_r2+rbar depl

btol, .01
asel,u,loc,x,.1,-9955%9
asbl,all,all

btol,defa
cmsel,a,a_tank
cm,a_tank, area

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

lstr, 4,67
asbl, 11,107
lstr, 67,69
asbl, 42,114
lwpla,-1,114
wprot, ,, 90
asbw, 41
asbw, 35
asbw, 36

cm,a_ tank,area

aadd, 11,17
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S
Originator Xianghong Li » - Date  4/25/03
Checker Jim Radochia ## Date 4/25/03

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

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

lsel,s,,,21
ilsel,a,,, 105
lsel,a,,,113
lcomb,all

1sla

lcomb, 111,103
cm,a_tank,area

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

lwpla,-1,60,1
asbw, 2

asbw, 4
asbw, 39

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

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

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

'cut slab
lwpla,-1,5,1
wpotf, ,, —rbar dep?
asbw, 5
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Originator Xianghong Li » - Date  4/25/03
Checker Jim Radochia #* Date  4/25/03

wpoff,,,-rbar t
asbw, 57

lwpla,-1,132,1
wpoff,,,-8.75-4
asbw, 50
asbw, 39
wprot,,, 20
kwpave, 87
asbw, 38

asbw, 40

asbw, 52
asbw, 54

asbw, 59

kwpave, 88
wpoif,,,—rbar depid
asbw, 4 N
asbw, b

asbw, 6

asbw, 45
asbw, 49
asbw, 50
asbw, 53
ashbw, 55
asbw, 58
asbw, 60
wpoff,,,-rbar t
asbw, &

asbw, 49
asbw, 50
asbw, 53
asbw, 58

asbw, 5%
asbw, 67
asbw, 68
asbw, 70
asbw, 74

wpcsys,—-1,0
kwpave, 25

wpoff, ,rbar depb
csys, 4

k

wpotf, ,rbar t

k

kwpave, 22
wpoff,, rbar depb
k

wpoff,,rbar_t
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Originator  Xianghong Li » ¢ Date  4/25/03
Checker Jim Radochia #* Date  4/25/03
k

lstr,117,119
1str,118,120
lwpla,-~1,201
wprot, ,, 80
asbw, 6
asbw, 7
asbw, 10
ashbw, 49
asbw, 50
asbw, 53
asbw, b8
asbw, 5%
ashw, 68
asbw, 76
asbw, 83
asbw, 85

kwpave, 117
ashw, &
asbw, 7
asbw, 10
asbw, 49
ashw, 50
asbw, 53
asbw, b8
asbw, 59
ashbw, 68
asbw, 76
asbw, 74
asbw, 83

cm,a_tank,area
asel,s,,,5
asel,a,,, 67
asel,a,,, %6
aadd,all
cmsel,a,a tank

!-cut slab for bar length

slb _bar 11=412 'mid of lap
lwpla,-1,11,1

wpotf,,,-slb bar 11

ashbw, o -

asbw, 83

asbw, 107

!-~cut wall for bar length
wl_dhl=3
wl dh2=30.11 !should be 30, but there is a divison at 30.11
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Date  4/25/03
Date 4/25/03

wl dh3=28
wl dh4=30
wl dhb=21
wl_dhé=24
wl dh7=27
wl dn8=90

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

wpoff,,,wl dh2
wpoff,,,wl dh3
asbw, 2

asbw, 43
asbw, 44
asbw, 51
asbw, 56

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

ashw, 65

wpoff,,,wl dhb
asbw, 2

asbw, 43
asbw, 44
asbw, 51
asbw, b6

wpofft,,,wl dhé
asbw, 2

asbw, 43
asbw, 44
asbw, 51
ashw, 65

wpoff,,,wl dh7
asbw, 2

asbw, 43
asbw, 44
asbw, 51
asbw, 56
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wpoff,,,wl dh8
asbw, 2

asbw, 43
asbw, 44
asbw, 51
asbw, 65

I-—cut dome for bar length
dm bar ri=(5+7.5)/2*12

dm bar r2=10*12

dm bar r3=20%12

dm bar r4=28®12+9.5

dm bar r5=34+12

wpcsys,—1,0
kwpave, 1
wprot,,, %0
wpoff,,,dm_barfrl
lsbw, 1

kwpave, 1
wpoff,,,dm_bar r2
lsbw, 235

kwpave, 1
wpoff,,,dm _bar r3
lsbw, 2

iwpla,-1,334,1
asbw, 1

asbw, 23
asbw, 26

asbw, 27
asbw, 28

lwpla,-1,336,1
asbw, 1

asbw, 146

asbw, 148

asbw, 149

asbw, 150

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

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

aadd, 54,57
cm,a_tank, area

l-—extra cut for soil
cmsel, s,a soil

1sla

wpcsys, -1, 0

kwpave, 29

wprot,,, S0
wpoff,,,cload 1
lsbw, 37

asel,s,,,9
asel,a,,,1l2
asel,a,,, 14
aadd,all
cmsel,a,a_soil
aadd, 15,16
cm,a_scil, area

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

PIEITIIITIITNINTRIII00 0000000103107 01031011031101131071

!—=-Set Elelment types
|

PITTIIIIIIIIIRIIIIIIINIIIEDRIIIIIIINIIINIIIIIIILIIIIILILIIN
r liner=]1
r,l,1liner t

'mat liner=1

mat_conc=2 !structural concrete in tank
mat_tsoil=3 !for top soil
mat msoil=4 'for mid scil

mat bseil=5 !for bottom soil
mat_rebar=6
mat_srebar=7

type_Zd liner=1]
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type_ 2d_conc=2
type 2d _soil=3
type 2d_rebar=4

type 3d_conc=type_2d_conc+10
type 3d soil=type 2d_soil+10
type 3d_rebar=type_2d_rebar+10

let,type_liner,shellé6l
et,type_2d conc,planed2
et,type_2d soil,plane4?2
et,type_2d_rebar,plane42

et,type_3d_conc, solidé5s
et,type_3d_soil,sclid45
et,type_3d rebar, solidé5

11131111 11133000031003110003 1130013110 0100011131111311111111111
'

[ set material properties

'P111111111000000 0300003000001 113111000010000111311333173111111)

1[1] steel (for liner)
mp, ex,mat_liner,steel ex

mp,dens, mat_liner,steel dens

mp, prxy,mat_liner,steel prxy

mp, alpx,mat_liner,steel alpx

mp, kxx, mat_liner,steel kx
mp,c,mat_liner,steel ¢

1{2] structural concrete
mp, ex,mat_conc, conc_ex

mp, dens,mat_conc, conc_dens

mp, Prxy,mat_conc,conc_prxy

mp, alpx,mat_conc,ceonc_alpx

mp, kxx,mat_conec, conc_kx
mp,c,mat_cong¢,conc_c

*1f,crush id,eq,1, then

tb, concr, mat_conc

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

*1f,usr crp id,eq, 1, then
tb,creep,mat_conc,,, 100
thdata,l,cl,c2,c3,c4,ch
tbdata,6,c6,¢7,¢8,¢c9,¢10,cll

*endif

L[3] top soil
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Date 4/25/03
Date 4/25/03

mp,ex,mat_tsoil, tsoil ex

mp,dens, mat_tsoil,tsoil dens

mp, prxy,mat _tsoil,tsoil prxy

tb,dp, mat_tscil,,, 0

tbdata,l,tscil_cohesion,tscil friction,tsoil dilat

1 [4] mid soil

mp, ex, mat mscil,msoll_ex

mp, dens, mat_msoil,msoil dens

mp, prxy,mat_msoil,msoil_prxy

tb,dp,mat msecil,, , 0
tbdata,1l,msoil_cohesion,mscil_friction,msoil dilat

1 [5] bottom soil
mp, ex,mat_bsoil,bsoil_ex
mp,dens,mat_bsoil,bsoil dens
mp, prxy,mat_bsoil,bsoil prxy
tb,dp,mat bscil,,,0

tbdata, 1,bscil_cohesion,bsoil frictien,bscil dilat

t[6] rebar

mp, ex, mat_rebar,rebar ex

mp, dens, mat rebar,rebar_ dens
mp,prxy.mat_rebar, rebar_ prxy

1071 slab rebar
mp, ex, mat_srebar, srebar_ex
mp,dens,mat_srebar, srebar dens
mp, prxy,mat_srebar, srebar prxy

ITIITIITIITITI00 00801007000 001033 010011011333 10170311001101111111381111
|

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

'

i}}]]}]]}]}]JJ]]}]}}JJ]]}]]}]]J]H]]]H]]}]H]J]]]]]}]]J]]]]}]]}]]]]}]]

cmsel,s,a tank
aatt,2,700,type_2d_conc

1-- slab rebar

asel,s,,,78

asel,a,,,B80,82

agel,a,,,60

asel,a,,,79

agel,a,,,70
aatt,mat conc, 100, type_2d_rebar

asel,s,,, 98
asel,a,, 110
aatt,mat_cone,101,type_2d_rebar
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4/25/03

asel,s,,,83

asel,a,,,100,104

asel,a,,, 106

asel,a,,, 108,109
aatt,mat_conc,102, type 2d rebar

asel,s,,, 97
aatt,mat conec, 103, type 2d rebar

asel,s,,, 69
asel,a,,, 73
agtt,mat_conc, 104, type_2d rebar

asel,s,,, 95
aatt,mat_cong, 105, type_2d rebar

asel,s,,,90
aatt,mat_cong, 105, type 2d rebar

!=-— Wall rebar

asel,s,, .43

asel,a,,,bl
aatt,mat conc, 201, type 2d rebar

asel,s,,,143,145,2
aatt,mat_conc, 202, type_2d rebar

asel,s,,,136,139,3
aatt,mat conc, 203, type_2d rebar

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

asel,s,,,126,128,2
aatt,mat conc, 205, type_ 2d rebar

asel,s,,,122,124,2
aatt,mat_conc, 206, type 2d rebar

asel,s,,,118,120,2
aatt,mat_conc,207,type_2d rebar

asel,s,,, 63
asel,a,,,llz2
aatt,mat_conc, 208, type Zd rebar

asel,s,,, 38
asel,a,,, 52
asel,a,,, 6l
asel,a,,, 114
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aatt,mat conc, 208, type 2d rebar

| ==~Dome rebar

asel,s,,,23

asel,a,, ., 27
aatt,mat conc, 301, type 2d rebar

asel,s,,,149
asel,a,,, 153
aatt,mat conc, 302, type 2d rebar

asel,s,,,l46
asel,a,,, 155
aatt,mat_conc, 303, type_ 2d rebar

asel,s,, .25
asel,a,,,30
aatt,mat conc, 304, type 2d rebar

asel,s,,, 158
asel,a,,, 160
aatt,mat conc,305,type_2d rebar

asel,s,,,31,35,14

asel,a,,,37

asel,a,,, 162

aatt,mat conc,306,type 2d rebar

asel,s,,, 163
aatt,mat_ conc, 307, type_2d rebar

asel,s,,, 11
aatt,mat conc, 308, type 2d rebar

asel,s,,,3

asel,a,, 48
aatt,mat_conc, 309, type 2d rebar

!'————Haunch intericr region
asel,s,,, 41

asel,a,,,46
aatt,mat cenc, 500, type 2d rebar

allsel

JITP3TXTI000 3003000000 00000033 20000000 03001311131 2313111111]

|
!
! 2D Meshing
|
!

PIIYINI IR0 00 a a0 i i1 il
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Date
Date

W

25/0
25/0

(O8]

.
fas]

!—— tank mesh
cmsel, s,a_tank
allsel,below,area

esize,tank_size
type, type_Z2d conc
mat,mat conc

lcomb, 89,72
lcombk, 100,71

lsel,s,,,142
lsel,a,,,le3
1sel,a,,,256
lcomb,all
1lsla

lsel,s,,,164
l1sel,a,.,,185
lsel,a, ., 205
lccat,all
1sla

lecat, 77,117

lccat,121,78

lccat, 120,14

lccat, 141,147
1sla

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

mshkey, 1
amesh,all

l-——delete concat lines
CM, ¥,LINE
*SET,_Zl,LSINQR(O,13)
*IF, =z1,ne,0,then
LSEL, R, LCCA

*SET, 22,LSINQR(0,13)
LDELE, ALL

*SET, 23, Z1- Z2

*1F, 43,NE, 0, THEN
CMSEL, S5, Y

CMDELE, Y

*ENDIF

*ELSE

CMSEL, S, Y

CMDELE, Y
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*ENDIF

!-— s0il mesh
cmsel,s,a soil
allsel,below, area

esize,scil esize
type, type 2d soil

lesize, 39,,,8,4
lesize,49,,,5,4
lesize,46,,,20,.25
lesize, 35,,,20,4
lesize,10,,,15,4
lesize, 145,,,8,3
lesize,378,,.,8,.5
lesize, 40,,,25,4
lesize,8,,.,4,3

mopt, trans,1.25
mopt,expnd, 1.25
mshkey, 0
amesh,all

cmsel,s,a _soil
asel,r,loc,y,-dh4,999995
esla
emodif,all, mat, mat tsoil

cmsel,s,a_secil
asel,r,loc,y,-dh4,-dh7
esla
emodif,all, mat, mat msoil

cmsel,s,a _soill
asel,r,loc,y,-dh7,-~99598
esla

emodif,all, mat,mat bsoil

R RN A S AN N A R AN A AR A N S NN N AR AN A AN A A A e A o
!

! 3D mesh by rotaticn, reassign general elem. attr.

!

PITIT110003T I3 13000000001 1111331101111
allsel

type,type 3d =soil

extopt,attr,1,1,1

extopt,esize,l

vrotat,all,,,,,,11,18,slice ang
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cmsel,s,a _tank

vsla

eslv

emodif,all, type,tvpe 3d conc
emodif,all,mat,mat conc

esel, s, mat, ,mat_tsoil
asle

vsla

eslv
emodif,all,mat,mat_tsoil

esel, s, mat, ,mat_msoil
asle

vsla

eslv
emodif,z2ll,mat,mat msoil

esel,s,mat, ,mat_bsoil
asle

vsla

eslv
emodif,all,mat,mat bsoil

asel, 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, Z,all

em, v_soil,velu
cmsel, s, junk
allsel,below,volu
aclear,all
vclear,all
vdele,all,,,1
allsel

SITTITTITGATTRTIRINNIIDD0ITI0 T IRITIITI010030000111001317111]

!
! Create local coordinate systems
!
!

TII12 0031110000 0002 00113130300 1113 1000011111331

!~—— csys 100 sphercid: for internal dome/haunch rebar/interior haunch
! the » and y radius ratio are from error-and-try process
!

a=453.25
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b=160

wpcsys,=-1,0

kwpave, 42

wpoff,,-b

cswpla, 100,2,b/a,b/a

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

wpcsys,-1,0
kwpave, 41

wpeff,,-b
cswpla,101,2,b/a,b/a

!-—- csys 110 ¢ylindrical: wall and slab rebars
wpcsys,—1,0

wprot, ,—-%0

cswpla, 110,1

YIIPITTI3 010000000030 0000031311133 1101310 3103013133111

|
!
! Assign esys to rebar elem.
l
!

PITRIITT0TIIT3T30 0000100103011 1 1110311011080 11130111

!——- dome rebar
asel,s,,,3
asel,a,,, 27
asel,a,,, 30
asel,a,,, 37
asel,a,, 41
asel,a,,, 46
asel,a,,,48
asel,a,,, 148
asel,a,,, 155
asel,a,,, 160
asel,a,,,162
vsla

eslv
emodif,all,esys, 100

asel,s,,,23,25,2
asel,a,,,31,35,4
asel,a,,,l46
asel,a,,, 103
asel,a,,, 158
asel,a,,,l63
vsla

eslv
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emodif,all,esys, 101

asel,s,,.,11

vsla

eslv
emodif,all,esys, 110

'———wall rebar

asel, s, real,, 200,299
vsla

eslv
emodif,all,esys, 120

!——-slab rebar

asel, s, real,, 100,199
vsla

eslv
emodif,all,esys, 110

PIPTYININNNLNNNINYRYIYLILLINNINIINRLNIRINNNINNNIINNNNNINIININI
!
! Define real constants for rebars

PIIIIIIININIIIIINIDNIDIDIIINININEIIIITIIN 00001000000 ]
mat null=0

'slab
vEX=
vrz=
vry=
rc=
*dim, vrx,, 20
*dim, vry,,20
*dim, vrz,, 20
*dim,rc,,20
vrx (1y=.0082, .01l¢4, .0552,.0G,0C 0
vry{l)=.1111, .01e4, .1111,.0,.1122,.0
vrz (1}=0. , 0. , 0. ,.0,.0368, .03c8
rc(1)=100,101,102,103,104,105
*do,1i,1,6
r,rci{i},mat srebar,vrz(i},0,0,mat srebar,vry (i)
rmore, 90, 0, mat_srebar,vrz (i},90, %0
*enddo

fwall

VIX=

vrz=

vry=

rc=

*dim, vrx, , 20
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*dim, vry,, 20
*dim, vrz, , 20
*dim, rc,, 20
vrz (1)=.0368, .0368, .0368, .0368,.0368, .0368, .0368, .0368
vry(1l)=.1093, .0601, .0668, .0752, .0859, .1002, .1122, .1309
rc{l)=201,202,203,204,205,206,207,208
*do,1,1,8
r.rci{l),mat null,0,0,0,mat rebar,vry{i}
rmore, %0, 0,mat _rebar,vrz (i), %0, 30
*enddo

ldome and haunch
Vrx=
vrz=
vry=
re=
*dim, vrx,, 20
*dim, vry,,20
*dim, vrz,, 20
*dim, rc,, 20
vry{l)=.0368, .0437, .0564,.0404,.0578,.0446,.0777,.3125,.0777
vrz(1)=.0368, .0368, .03e8B, .0368, .0368, .0937, .1060, .0685, .1484
rc(1)=301,302,303,304, 305,306, 307, 308, 309
*do,i, 1,9
r,rc(i), mat null,0,0,0,mat rebar,vry(i)
rmore, 90,0, mat rebkar,vrz (i}, 80, %0
*enddo

'haunch core
r,500,mat rebar,.0012,0,0,mat rebar,0.0019
rmore,45,0,mat_rebar,.0357,0,90

allsel

ITTIINITTI0 30 010031131311 0018001010100 031013111}]

|
1
! Assign real constants te 3D elements
|

SI13113133 Y1131 3110 3330310113131 310111310 311513010 111
*do,i, 100,120

asel,s,real,,1i

vsla

eslv

emodif,all,real,i
*enddo

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

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

*enddo

*do, 1,400,410
asel,s,real,,1i
valia
eslv
emcdif,all,real,i

*enddo

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

*enddo

allsel

PITITIIT00II00030 0000000330030 0301000131133110131)

!
{
! Define contact between scil and tank

1
F111171313139101013310113301019131303171311331307117171 )
et,21,170

et,22,173

r,21,,,10,.1

mp,ma, 21, .3

asel,s,,,13
asel,a,,,l72,177,5
asel,a,,, 186
asel,a,, 191,192
asel,a,,, 197,214
asel,a,,, 217
asel,a,,,230,238
asel,a,,, 253
asel,a,,, 285
asel,a,,,369,373
cm, tk cnt _area, area
lsia

nsla,, 1

esln

type, 22

real, 21
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mat, 21

esurf

asel,s,,, 668,680
asel,a,,, 694,707
asel,a,,,715,722

cm, scil cnt area,area
1sla

nsla,,l

esln

type, 21

esurf

allsel
aclear,all

/pnum, real,l
/num, 1

csys, 110
allsel
nrotat,all
csys, 0

1111311303003 000310013 0301111111031l
!

! set up AOR loadings and solve
1

1Y3113IIITIIYIT0DT01LLT00100000000101110111171]
slice load_ s

allsel

finish
/filname,sst s slice
/title, SST-S slice model
/solu

nlgeom, on
nsubst,10,100,5

save

solve
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parm_s.mac

!--Define parameters for S3T-S tank
I-—dimensions are in INCH and DEG
*afun, deg

t1=15 {tank wall thichness at bottom

t2=15 'tank wall thickness at top

dm rl=1155 l'inch, radius of outer inboard dome surface
dm r2Z2=1140 !inch, radius of inner inboard dome surface
dm r3=804 !inch, radius cf outer outboard dome surface
dm rd=720 'inch, radius of inner outboard dome surface

hnch ri1=120 !inch, big haunch radius
hnch r2=2*12+1+3/8 !inch, small haunch radius

tk r1=4+%12+42 'radius at bottom inside tank fillet
tk r2=569.82*12 Iradius of top slab surface
liner r1=569.59*12 !radius of bottom steel liner

depth=10.59*12
soill r=80*12
soll h=40%12

!~~following are dimensions for essential kp to
! <c¢reate the tank, starting from dome apex

dr2=182.375
dhz2=14.5

dr3=dr2+163.125
dh3=58.5

dr4=466.25
dh4=dh3+4€.75

dri=drid
dhS5=(4*12+5+7/8)+ (22*12+8+3/4) +dhd

dro=dr5+3+*12
dhé=dhb

dr7=dré
dh7=dh6+3*12

drg8=2+*12
dh8=dh?7

dr9=dr8
dh9=dh8+{2*12+6)
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dr10=0
dhl0=dh9

dr11=0
dhll=chg&-6

drl2=dr6-{8*12+1+3/8)
dhlZ=adh6e+{12+3+1/4)+2

dr13=dr5-t1l
dhl3=dhl12-{2+3/8)-{4*12*sin{88.6))

drld=dr5-t2
dhl4=cdhd+ (4*12+5+7/8)

drl18=0
dhl8=dm rl-dm rZ

drl17=15%*12
dhl7=dhl8+(12+2+5/16)

drlé6=drl7+(18*12+4+5/8)
dhle=dhl17+(6*12+1+3/16)

drlb5=dr16+(3*12+10+7/8)
dhlS=dhle+ (3*12+8)

lw-~Parameters for materials

|-—-Control Parameters for materials

crush id=0 !=0, no crush capability, =1, with crush capability
usr_crp_id=0 !=0, nc user creep; =1, with user creep

|———Parameters for materials

steel ex=27.7e6 'elastic modulus [psi]

steel prxy=0.3 !Poisson ratio

steel alpx=6.38 'thermal expansion coefficient [microstrain/degree F]
steel gamma=4850 'unit weight [1bf/ft"3]

steel kx=1 'thermal conductivity [BTU/hr/ft/degreeF)

steel c=1 lspecific heat [BRTU/R-1bf/{in/sec"2)]

steel alpx=steel_ alpx*le-6 Hin/in/F

steel dens=steel gamma/1728/386 !1b-sec”2/in"4

steel kx=steel kx/3600/12 !BTU/sec—in-degreeF

Steeliyield:36600 'vield strength {[psi]

=== Structural Concrete

cone_ex=3.leé lelastic modulus [psi]

conc prry=0.2 !Poisson ratio

conc_alpx=6.38 'thermal expansion coefficient [microstrain/degree F]
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conc_gamma=150
conc_kx=1
conc_c=1

conc_alpx=conc_alpx*le-6

lunit weight [lbf/ft*3}

lthermal conductivity [BTU/hr/ft/degreeF]
Ispecific heat [BTU/R-1bf/{in/sec”2)]
tin/in/F

conc_dens=conc_gamma/1728/386 !lb-sec™2/in"4

conc_kx=conc_kx/3600/12

conc_open=0.1
conc_closed=0.98
cone_crush=3000

conc_crack=0.1*conc_crush

cl=.1936
Cc2=,28
c3=.375
c4=.348
c5=.069
c6=226.09
c7=-0.00429
c8=147.52
¢9=-_367
cl0=-309.26
cll=-.044

| --bottom soil
bsoil ex=20e3
bsoil prxy=0.27
bsoil_alpx=0
bsoil gamma=125

IBTU/sec-in-degreeF
!shear transfer coefficient for open crack
{shear transfer coefficient for closed crack
luniaxial crushing stress [psi)

Itensile cracking stress [psi]

tcreep coefficients per Tab 11 of RPP-13990

lelastic modulus [psil
|Poisson ratio

tthermal expansion coefficient [me/F]
funit weight [1bf/ft™*3]

bgoll kx=1 tthermal conductivity [BTU/hr/ft/F]

bsoil co=1 tspecific heat {BTU/R/(1lbf-sec™2/in)]

bsoil cohesion=0 !drucker-prager constant (assume small number) [psi]
bsoil friction=35.4!internal friction angle [deg]

bsoil dilat=35.4 I!dilatancy angle [deq]

bsoil alpx=bsocil alpx*le-& lin/in/F

bsoil dens=bsoil _gamma/1728/386 1lb-sec™2/in"4

bsoil kx=bscil_ kx/3600/12 !BTU/sec-in-degreeF

'--mid soil

msoil ex=13e3

msoil prxy=0.27

msoil dens=125/1728/386

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

msoil dilat=35.4 !dilatancy angle [deg]

!-top soil

tsoil_ex=7e3

tsoil prxy=0.27

tsoil_dens=125/1728/386

tsoil_ cohesion=0 !drucker-prager constant (assume small number) [psil
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tgsoil friction=35.4
tscil_dilat=35.4 !dilatancy angle [deg]

| ----rebar steel

rebar_ex=27.7eé6 lelastic modulus [psi]

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 'thermal conductivity [BTU/hr/ft/degreeF]
rebar_c=1 lspecific heat [BTU/R-1bf/(in/sec”2}]
rebar yield=60000 !yield strength [psi]

rebar_tan=0 !rebar tangent modulus [psil

rebar dens=rebar gamma/1728/386 !lb-sec”2/in™4
rebar kx=rebar kx/3600/12 IBTU/sec-in-F

1---8lab rbar steel

srebar ex=27.7e¢6 !elastic modulus [psil

srebar prxy=0.3 !Poisson ratio
srebar_alpx=6.38*le-6 lthermal expansion coefficient
[microstrain/degree F]

srebar_gamma=490 !unit weight [1bf/ft*3]

srebar_kx=1 Ithermal conductivity [BTU/hr/ft/degreeF]
srebar c=1 lspecific heat [BTU/R-1bEf/(in/sec”2)]
srebar yield=40000 lyield strength [psil

srebar tan=0 Irebar tangent modulus {psil

srebar_ dens=srebar_gamma/1728/386 !lb-sec™2/in"4
srebar_ kx=srebar_kx/3600/12 |IBTU/sec-in-F

|---Element size control
liner size=5

tank size=5

solil esize=40

slice ang=3

l---1liner thickness
liner t=3/8

| --Load
p_uniform=40/144
£f=200000

cleoad_1=10*12

vac_pres=-0.217 !-6" w.g. vacuum
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slice load_s.mac

finish

/prep’

I-—get BCs
wpcsys,—1,0
kwpave, 1

csys, 4
asel,s,loc,x,s0il r
lsla

nsla,,l

d,all,ux,0

asel,s,,, 650,691
1sla

nslil,,1
d,atl,uz,0

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

csys, 110

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

1sla

nsia,,1

d,all,uy,0

asel,s,loc,y,slice ang-.1l,slice_ang+.1
1sla

nsla,,1l

d,zll,uy,0

asel,s,,, 711,714

1sla

nsla,, 1

esln

sf,all,pres,p uniform

p_cload=ff/(3.1415%*cload 1**2)
asel,s,,, 714

lsla

nsla,,l

sf,all,pres,p_cload+p uniform
allsel N

acel,, 386

'Apply -6" w.g. to dome
esel, s, mat, ,mat_conc
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vsle

aslv

asel,r,ext

csys, 110

asel,u,lcc,y,-.1,.1

asel,u, lec,y,slice ang-.1,slice_ang+.1
cmsel,u, tk_cnt area

1sla

nsla,,1

sf,all,pres,vac _pres

allsel
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pst_s_slice.mac

PRYIIIIILIIIINNRIIIINNEIININIIIITINTIDRRTI0RRII0NTTI00 00000 ]

|

!

! pPost processing macro te obtain the secticn
|

force forces and moments
{

I IR IR R R IR NI NINIIITRINIINININIINNININIIN]
finish

/clear

/filname, sst_ s slice

/prep?

resume

allsel

*afun, deg

/postl
set,last

cont_id=1

*if,cont id,eq,1, then
f—em - 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
plong

esel, s, mat, ,mat_conc
/rep
plpng

allsel

/edge
/dscale,, 1
plnsol, s, eqv
plpng

esel, s, mat, ,mat_conc
/rep
vlpng
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/gresume, smisc plt,plt
esel, s, mat, ,mat conc
/dscale,, 1 B

/edge

plesol, smisc, 2

plpng

plesol, smisc, 4
plpng

plesol,smisc, 6
plpng

*endif

Pmmmmmr o Section force/moment path plots
csys, 110

esel, s,mat,,?2

vsle

aslv

asel,r,loc,y,-slice ang-.l,-slice ang+.1

cm,a tank2,area

e SECTTON FORCE/MOMENT

*dim,path nd,, 1000 !path node definition
*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 cf consequent path points
| smmm————= === ========dome region

lsel,s,,,1

lsel,a,, .20
lsel,a,,, 334,337
lsel,a,,,367,370,3
nsll,,1

cm, nd _out, node

lsel,s,,,22
lsel,a,, 59
lsel,a,,,6?
lsel,a,,,342,347,5
lsel,a,,, 350
isel,a, ., 362
lsel,a,,, 377
nsli,,1
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cm,nd in,node

l——unselect end nodes
cmsel, s, nd_out

*get, Xx_min,node, ,mnloc, x
nsel,u,loc,x,x min-.1,x min+.1
cm, nd oul, node

cmsel,s,nd_in

*get,x _min,necde, ,mnloc, x
nsel,u,loc,x,x min-.1,x min+.1
cm, nd_in, node

!--reorder nodes according x-cocord.
cmsel, s, nd out
*get, cut_num, node, , count
*dim, nodeout, , cut num
*do,i,1,out num
cmsel, s, nd out
*get,x min,node, ,mnloc, x
nsel,r,lec,x,x min-.1,% min+.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, nodelin,, in num

*do, 1,1,1in num
cmsel,s,nd in
*get,x min,node, ,mnloc, x
nsel,r,loc,x,x min-.1,x min+.1
*get, ndnum, node, ,num,min
nedein{i}=ndnum
cmsel, s, nd in

nsel,u,,, ndnum
cr,nd in,node
*enddo

cmsel,s,a Lank
wpcsys, =1, 0

kwpave, 307, 4

csys, 4
asel,r,loc,x,0,-99999
asel,r,loc,y,~10,9959
cm, dome_area, area
lsla
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nsla,,1

cm, dome_nd, node

wpesys,-1,0
csys, 0

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

nsel, ,,,nodeout i)

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, vy

*get,x in,node,nodein(ii},loc,x

*get,y in,node,nodein(ii}, loc,y

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

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

cm, ntemp, nocde

esln

esel,r,mat,,2

nsle
nsel,r,loc,y,~1,98939%
esln,, 1

cm, etemp, elem

cmsel, s, ntemp

cmsel, s, etemp

csys, 0

get res slice

cmsel, s, ntemp

ttt=sqrt{(x out-x_in}**2+(y out-y in)**2)
get hpfrec

path fa(pstart+ii)=unit fsumy
path ft{pstart+ii) =unit _fsumx
path mz(pstart+ii)= =—unit _mz
path fh{pstart+ii)=hp f

*enddo

pstart=pstart+in num

| sme=============Haunch and wall
lsel,s,,,21
lsel,a,,,76
lsel,a,,, 197




RPP-14002, Rev.0
ANALYTICAL CALCULATIONS

Page 61of73
Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-S
Originator Xianghong Li + ¢ Date  4/25/03
Checker Jim Radochia #* Date  4/25/03

lsel,a,,,260
lsel,a,,, 271
lsel,a,,,2%0
lsel,a,,,299
lsel,a,,,310
lsel,a,,, 318
lsel,a,,, 323
lsel,a,,, 326
nsll,,1

cm, nd_out, node

lsel,s,,, 4
lsel,a,,,14
isel,a,,,1l20
lsel,a,,, 140
lsel,a,,,157
lsel,a,,, 268
lsel,a,,,274
lsel,a,,, 282
lsel,a,,, 301
lsel,a,,, 311
lsel,a,,,320
lsel,a,,, 330
nall,,1l

cm, nd_in,node

cmsel,s,a_tank
wpesys,—-1,0
kvpave, 5

cmsel,u, dome_area
csys, 4
asel,r,loc,vy,0,9958
asel,r,loc,x,0,-999549
cm,wall area,area
lsla

nsla,,1

cm, wall nd, node

csys, 0

'-—unselect end nodes
cmsel, 5, nd _out

*get,y max,node, ,mxloc,y
nsel,u,loc,y,y _max-.1l,y max+.l
cr., nd out, node

cmsel, s, nd in

*get,y _max,node, ,mxloc,y
nsel,u,loc,y,y max~.1l,y max+.1
cm, nd_in, node

nodeout (1l)=
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nodein{l)=

l--reorder nodes according y-coord.
cmsel, 5, nd_out
*get, out num, node,,count
*dim, nodeout, , out_num
*do,1i,1,out num
cmsel, s, nd_out
*get,y max,node, mxloc,y
nsel,r,loc,y,y max-.1l,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
cnsel, s,nd_in
*get,y max,node, ,mxloc,y
nsel, r,loc,y,y ma=x-.l,y max+.1l
*get, ndnum, node, ,num, min
nodein(i)=ndnum
cmsel, s, nd in
nsel,u,, ,ndnum
cm,nd in, node
*anddo

f--line equation for each pair of in/out ncdes
*do,1i,1,in num

nsel, s, ,,nodeout {1i1)

nsel,a,,,nodein{ii}

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

csys, 0

*get,x out,node,nodeout (11),loc,x

*get,y out,node,nodeout (ii), loc,y

*get, x in,node,nodein(ii}, loc,

*get,y_in,node,ncdein(ii}, loc,vy

nwpla,-1,nodecut (ii},nodein(1i)
csys, 4

cmsel,s,wall nd
nsel,r,loc,vy,-1,1

cm, ntemp, node

esln
esel,r,mat,,2
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nsle
nsel,r,loc,vy,~1,9%989
eslin,, 1l

cm, 2temp, elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0

get _res slice

cmsel, s, ntemp
ttt=sqrt ({x¥_out-x in}**Z+(y_out-y in)**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 £

*enddo

pstart=pstart+in_nun

! == =======s======3]lab region
lsel,s,,,30

lsel,a,,, 165

isel,a,,,253

nsll,,1

cm, nd_out, node

lsel,s,,, 12
lsel,a,,, 31
lsel,a,,,142
nsll,,1

c¢m, nd in,neode

csys, 110

l~—unselect end nodes
cmsel, s, nd out

*get, x _max,node, ,mxlog, x
nsel,u,loc, %, x max-.1,x max+.1
em, nd out,nede B

cmsel,s,nd in

*get,x _max,node, ,mxloc, x
nsel,u,loc,x,x max-.l,x max+.1l
c¢m, nd in,node

nodeout (1)=
nodein{li}=
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l——reorder nodes according x-coord.
cmsel, s, nd out
*get, cut_num,node,, count
*dim, nodeout, ,out num
*do,i,1,0ut num
crsel, s, nd out
*get,x _max,node, , mxloc, x
nsel,r,loc, x,x max-.1,x max+.1
*get, ndnun, node, , num, min
nodeout (i) =ndnum
cmsel, s,nd_out
nsel,u,, ,ndnun
cm,nd_out,node
*anddo

cmsel,s,nd 1n
*get, in_num, node,, count
*dim,nodein,,in num
*do,1,1,in num
cmsel,s,nd in
*get, x_max,node, ,mxloc, x
nsel,r,loc,x,x max-.1,x max+.1
*get,ndnum, node, , num, min
nodein (i) =ndnum
cmsel, s,nd in
nsel,u,,,ndnum
cm,nd in,node
*enddo

cmsel,s,a tank
cmsel,u,domeﬁarea
cmsel,u,wall area
cm, slab_area, area
lsla

nsla,,1

cm, slab nd, node

t——for line equation for each pair of in/out nodes
*do,1i,1, in_num-1

nsel, s, ,,nodeout {i1i}

nsel,a,,,nodein(ii)

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

cays, 0

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

*get,y out,ncde,nodecut (ii), loc,y

*get,x in,node,nodein{ii},loc,x

*get,y in,node,nodein{ii), lec,y

*if,ii,ne,in num, then
*get, xplus_in,node,ncdein{ii+l), loc, x
*get, yplus_in,node,nodein(ii+l), loc,y
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ds=sqrt{(xplus_in-x_in}**2+ (yplus_in-y in)**2)
*endif

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

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

cm, ntemp, node

esln

esel, r,mat,, 2

nsle
nsel,r,loc,y,-1,9898%
esln,,1

cm, etemp, elem
cmsel, s, ntemp
crusel, 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
path mz(pstart+ii)=-unit mz
path fh(pstart+ii)=hp £

*enddo
pstart=pstart+in num-1
rsys,0

/gresume, path_s,plt
axial_path
plpng

shear path
plpng

hoop_path
plpng

moment path
plpng

!-—-=-Cutput path data to file
/sys,del path s.dat

*dim, pl,,pstart

ss=0
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*do,i,1,pstart

*get,path x,path,,point,i,x
*get,path_y,path,,point,i,vy
*i1f,i,gt, 1, then
ss=ss+sgrt{(path_x-path x0}**2+ (path y-path y0)**2)
*endif B
plii}=ss
path x0O=path_=x
path yU=path y
*enddo

i=1

/output, path s,dat,,
*vwrite,pl(i},path fa{i),path ft{i},path fth(i},path mz (i)
(5el2.4)

/output
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get_res_slice.mac

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

*dim, xx, , nnode
*dim, vy, , nnode
*dim, zz, , nnode
*dim, £fx, , nnode
*dim, ffy,,nnode
*dim, £fz, , nnode

xmean=0
ymean=0
zmean=0

faumx=0
feumy=0
fsumz=0

cm, nn0, node

ceys, 0

*do, 1, 1, nnede
*get, inode, node, ,num, min
nsel,s,,,inode
xx {i)=nx(inode)
yy (i})=ny{inode}
zz (i1)=nz (inode)
Xmean=zmeantx= (i)
ymean=ymean+tyy (i)
zmean=zmean+zz (1}
cmsel, s, nn0
nsel,u,,,inode
cm, nn, node

*enddo

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

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

rsys, 4
fsum, rsys

*get, fsumx, fsum, fx
*get, £sumy, fsum, fy
*get, fsumz, fsum, £z
*get,mmzz, fsum,mz

fsumzx=fsumxz /1000 Tkip
fsumy=£fsumy/1000 Tkip
fsumz=fsumz/1000
mmzz=mmzz/1000 'kip-in
fect=3/360

arc_length=abs(3.1415%*xmean*2) *fct

unit fsumx=2Z*fsumx/arc length*lZ ! 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
*deo, 1, 1, nnode
ndnxt=ndnext {nn)
nsel, s, , ,ndnxt
esln
esel,r,mat, ,mat_conc
cm, etemp, elem
*get,s_z,ncde, ndnxt, s, z
Sz SUmM=SzZ sum+s_7
cmsel, s, ntemp
nn=ndnxt
*enddo

sz _sum=sz_sum/nnode

hp f=sz sum*ttt/1000*12 !kip/ft
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axial_path.mac

| =======Define path

PADEL, ALL
path,in surf,pstart,,1
*do, 1,1, pstart
ppath, i,path nd{i)
dnscl,path nd{i},u,x,path fa(i)
*enddo - B

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

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

shear_path.mac

!=======Define path
allsel
rsys, 0
PADEL, ALL
path,in _surf,pstart,,l
*do,i,1,pstart
ppath,i,path nd(i)
dnsol,path nd(i}),u,x,path ft(i)
*enddo

allsel
FDEF, 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,,1
*do,i,1l,pstart
ppath,i,path nd(i)
dnsol,path nd{i},u,x,path fh{i)
*enddo

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

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

moment_path.mac

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

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

PLPAGM, mement, 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, 100, 0
/RGB, INDEX,0,0,0,15
/REPLCT

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

/DEVICE, VECTOR, 0

path_s.plt

/NOPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/NUM, 1

/PLOP, INFO, 3
/TRIAD, RTOP
/GTHIC,CURV, 2
/GRCPT, CGRIL, ON
/GROPT, CURL, 1
/PNUM,MAT , 1
/TRLCY, ON

/TXTRE, ON

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

/VIEW,1, 0.0000 . 0.0000 ,  1.0000
/FOC, 1, 222.98 , B86€7.38 , 0.50000
/DIST,1, 338.85

/ANG, 1,~-0.60000 A

/TYPE, 1, 6

/JEDG, 1, 0O, 45.000
/CONT,1, 9,AUTO
/DSCA, 1, 1.0000
/GO
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smisc_plt.plt

/NOPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/NUM, 1

/PLOP, INFO, 3
/TRIAD, RTOP

/GTHIC, CURV, 2
/GROPT, CGRI, ON
/GROPT, CURL, 1
/PNUM, MAT , 1
/TRLCY, ON

/TXTRE, ON

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

/VIEW,1, 0.0000 ,  0.0000 ,  1.0000
/FOC, 1, 235.41 , B887.57 , -13.143
/DIST,1, 331.33

/BNG, 1,-0.60000 , L5

/TYPE, 1, 6

/EDG, 1, 0, 45.000
/CONT, 1, 9,AUTC
/DSCa,1, 1.0000
/GO




