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1.0 OBJECTIVE/PURPOSE

The purpose of this calculation is to develop a parametric model for the single shell tank
{85T) AX, and provide a sample analysis of the SST-AX tank based on analysis of record
{AOR) loads. The SST-AX model is based on buyer-supplied as-built drawirigs and
information for the AOR for SS5Ts, encompassing the existing tank load conditions, and
evaluates stresses atid deformations throughout the tank and surrounding soil mass.

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

2.0  METHODS OF ANALYSIS

1. A 3-degree slice 3D model of the SST-AX 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-13998 [Kef 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 reinforcement bars embedded in the
concrete tank were included for analysis.

2. The parametric model of the S5T-AX 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.

30  INPUT DATA

The geomeiry of the SST-AX tank is provided in drawing H-2-44562 [Rei 4], and is
shown in Figure 1. The parametric model includes miaterial 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 13.84 feet [Ref 3], with a tmit weight of 125 pcf, Poisson
ratic of 0.27. The soil is divided into three layers, shown in Figure 2. Each layer has
different elastic moduli. Material properties for structural concrete and soil are the same
as those in document RPP-14249 [Ref_2]. The concrete reinforcing bar pmpertzes 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) | Poissori’s Ratio Density (Ib/f13)
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 the soil, with 4 friction angle of 35.4 degrees for all
three layers.

The concrete tank is modeled with 3D solid elements SOLIDE5, and the soil is modeled
-with SOLIDAS elemenits. Figures 3 through 5 show the finite elemient 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 assigned to tank elements to
represent the rebar volume ratios and rebar orientations (Figure 9). Volume ratios are
calculated using an Excel spreadsheet. Tables 2 to J list these spreadsheéts. In the dome
and slab, the volume ratio of the radial rebars increase linearly with decreasing radius.

Given this variety of rebar volume ratios, an average radius was used for the calculation
of real constants for the radial rebars in the dome and slab. There are 3 element
coordinate systems used to orient the rebar, and they are listed in Table 6. Pigure 10
shows the rebar élements colored by element coordinate systems. Figure 11 to 13 depict
the rebar orientations at various locations of the concrete tank. Steméard contact with a
friction coefficient of 0.3 is defined between the tank and the surrounding soil, -

The AOR loads for the SST-AX tank include a uniform pressure load of 40 1bf/ft? on the
soil surface and a concentrated load of 200 kips over a circular region with a radius of 10
ft. The concentrated load is applied to the soil surface as a pressure load in this
calculation. A vacuum load of -6 in. water gage was also applied to the inside surface of
the tarik. Boundary conditions are applied to the model so that both erids of the slice are
constrdined in 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 ditection,
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 Katios for Slab
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Table 3. Calculation of Steel Reinforcement Ratios for Wall
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Table 4, Calculation of Steel Reinforcement Ratios for Dome and Haunch
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Table 5. Calculation of Steel Reinforcement Ratios for Haunch Core
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N NN, in®y iy
LR Tl T S R R R s |
11 42 65,58 2030.(:‘__0:032'3
(e JReBE

it

BT

457.%

00375
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Table 6. Element Coordinate Systems
CS Number System Element Axes Covered Region
Type x y .z
. . Interior rebars in dome
. Thickness Radial Hoop T
100 Spheroidal Direction | Direction | Direction and hau?_cﬁ}:f: haunch
. X Thickness Radial Hoop Exterior rebars in dome
101 Spheroidal Direction | Direction | Direction and haunch
Rebars in wall and
_ e Radial Hoop Vertical Sllab’ tﬁferhcal part of the
110 Cylindrical o Lo — exterior haunch rebar,
Directionn | Direction | Direction ‘
upper and lower
haunch core

Table 7. Input File List

| Input File Name

Fundtion

Calling For

sst ax_slicenac

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

parm_ax.mac
slice load_ax.mac

parm,_ax.mac

Set all parametric variables used to create
the parametric model

NONE

slice load _ax.mac

Apply boundary conditions and AOR’
loads

NONE

pst_ax_slice.mac

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

get_res_slice.mac
get_hpfrcamac
plpng.mac
path_ax.plt
‘axial_path.mac
shear_path.mac
hoop_path.mac
moment_path.mac

Calculate total forces and moments at

get_res_slice.mac individual cross section NONE
get_hpfrc.mac Calculate hoop force from hoop stress: NONE
results
plpng.miac Create image hard copy in png format NONE
path_ax.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
smisc_plt.plt View setting for rebar stress plots NONE
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ELEVENTS YR 72003
L - 15:19:30
BLOT MO, 1
Fn
Figure 1. Geometry of SST-AX Tank
ELEMENTS o
i R o bess

BLOr Moo 1

Figure 2. Soil Layers
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Date 4

Originator  Xianghong Li . 28/03
| Checker  Jim Radochia #* Date  4/28/03
.Enmms m .=':1
AR - uﬂ;ﬁi;a%ng;
B x

S8T-A% Slice nedel

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

S5AY miice model

Figure 4. Close-up of finite element mesh,
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Figure 5. Clase'-u? of finite element ﬁte_sh.

FLEMERTS APR 28 2003
TYFE MM o 13:2!%:2515

SST-8 514 model :

Figure 6. Rebar region (orange colored area)
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ADM R Z00Y
LErEE:s
ho%
S8T-A% =lite modal
Figure 7. Close up of rebar region
HLEMENTS m
TYRE HOH “ﬂ.ifgﬁ?ﬁ

SET-RN mlice model

Figure 8. Close up of rebar region
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“m.gmﬁ _ mj\ésﬁ‘zuua. :
REAT, EW 13:27:09

ST mlice model

Figure 9. Rebar elemenits colored by real constants

| RLEMERTS

EIye MU I T e

s571-a% slice model

APE 28 20O
iZr2gr gy

Figure 10. Rebar elements colored by element coordinate systeni
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Checker  Jim Radochia ## _ __ Date 28

e (G2

0
/0

e g

ABW 29 EGUE
- 1312987

¥R

FHeix wlice model

Figure 11. Rebar orientation at haunch core

LS B AN
ERYE UM i : AEE 28 B009

h b e A 13:30:43
g B

SET-AR mlice model

Figure 12. Rebar orientation at inclined region
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Originator Xianghong Li » & Date  4/28/03
Checker _Jim Radochia ## | | Date  4/28/03

ELEMENTY m .

Egvs MM R A _AFngfﬁi?f; :

: : Yoy

SEM-AY mlice model

Figure 13. Rebar orientation at wall/slab joint

40  RESULTS

The solution can be obtained by running the master input macro sst_ax_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.

Pigures 14 and 15 summarize the displacement response due to AOR loads identified in
Section 3. The peak displacement of the soil mass is 2.57 inches, and this occurs at grade
far away from the tank. The peak tank displacement is 1.82 inches, at the dome apex.
Figures 16and 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 2.7 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 maximum
hoop stress is about 564 psi at the haunch region, and the minimum hoop stress is <1101
psi at the wall/slab joint. The rebar stresses in first, second, and third rebar directions
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318

Force and moment resultarits are calculated in pst_ax_slicemac. In order for
pst_ax_slice.mac to 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 séction
for 'section force and moment evaluation. Once the cross section nodes and elemients
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 néttral 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 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 severe loading, with
maximum axial force of about 131 kip/ft, maximum shear force of 66 kip/ft, and
maximum moment of 3506 kip-in/ft. Maximum hoop force of 145 kip/ft occurred at the
haunch region.

BDAL SCLUTION AFR 28 2003
sree RIS
TIME=]. B&WW& .

T

By

THK 52,568

S 2,568

a8E935 141 1. 02

12 SWeR3 ] £.382

L2853 L4zt 1.897
S5T-2% =lice nodel

Figure 14. Total displacement contour of soil and tank

2,568
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NOBAL SCLUT AR 25 2003
THHE= e
uEM AV
REYS=0
Iy =1.815
SN =, 186057
Sy <1815
(633724 920056 1224 1.58 1:818
SoT-aM slice msde) _ _
Figure 15. Total displacement contour of tank
m_‘ - 5 .
DLSPLACEMERT AR 28,2003
STEP=L , - S
= S
“EMY =2 568 -t

E8T-A% slice model

Figure 16. Deformed shape of soil
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)\ﬁl
DISPLACEMENT AR 28 2003
STEP=1 o 18:03:06
SUB =7 IO FO. 1
TIME=] -
DMK =1.815
SET-AK wlice widel .
Figure 17. Deformed shape of tank
Fal. SN PR 28 2003
TOESL gorNe. 1
o -2, 568
SN = 122757

© 1883 247

2162 2R0

I e ems 2B 1544

; T
. ? 3B 967 Bt
E5T-AK slice model |

Figure'ls. Equivalent stress contours of tank and soil (psi).
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* FODBL SOLUTIC Som 28 2005

TIME=] L

SV

M =1.5815

SN =2, 435

MK ~2780

. 2.439 311,028 613613 9282 125 1545 185 2183 amn poisn
SET-A alice mdel i

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

HORAL 30LTTION M :
Apn zd zoog

SRRl 1345148

syl =7 )

PIHE=1 E X

L (ANEY ’

REYE=110

i 1 BLS

oy =111

BME =563, 8%

- 316,34 ~54%.083 563, 8L

S9T-BE =lice model

Pigure 20. Hoop stress of tank {(psi)
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AN

ELEMENT SOLITTIOR abR 29 2003

SIEE=L 1333058

SUB :;LI : ey 1

TS :

LM =32 562

SN =987

B =S080

e =TI 5666 ~3562
SST-RY slive redel -

Figure 21. Rebar stresses in first rebar direction

545,038 2143 4553

AP 28 2003
1303z

56 oo I

-1 wlﬁE(’?ﬁ?gﬂi -9 1

) ~4221
SST-BX slite model _ _
Figure 22, Rebar stresses in second rebar direction.
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BPR 28 2003 [
o 13:1%:48 |
PLOT RO, 1
s

-1320

~5613 T
3467 826,208 ? 5118

-141%% B =i .
. ~12052 ~F 159
SET-HK alide model

Figure 23. Rebar stresses in third rebar direction

BLEMEET SOLUFLON AN I
ec— ABF Z8 FU03
SUB =7 13:54u28
frME=L ¥

oMXAS Flammmee

DHE. =L, 868

L =-SHT4
e =9en

~3874 ~ShE6 . -1459 A TAY ) 6956
=117 ~3%62 B4% .028 4343 B6

SET-AX wlice Hodel

Figure 24. Close up of rebar stresses in first rebar direction
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imnmm SOLIETON m R S
— APR B8 2003

I3:58:2%
Lo

SR 111
HME =3ATE

~524% 4156 501.75% G5
~4#21 —piTE by 1988 IS

SET-AY slice modal

Figure 25. Close up of rebar stresses second rebar direction

APP. 28 2003
BMEEERY

BLEMBRT SOLITSTON

FTRE=L
S0k =7
TIME=L
;SLAH

DR =2, G

MY =-14159
SMY #5115

~34195 - BHTHE N ~5ET3 1380 2973
-~ 12152 - TYEG -34687 B2E. 295 5119
SET-AN alice model

Figure 26. Close up of rebar stress third rebar direction
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PRH= .'IN_EI}RF KPR 38 2003
VALUR:: AXTAT, 131818
SCAL1000 POy RO, 4

o =180, ny 4.7 -39,
~115.511 100 246*34.98 69714 ~54, 448 59.182

2wial Force .{kipfft). . _
Figure 27. Unit section axial force (kip/ ft)

. —&.85
-43. 916 6.616

E‘A’Iﬁf m‘“m BPR 9% 5003

YBLLE . o 13018018

SCAL=1000 BLOT MG L
B ¥

54,835

~11.46 ' .
43,786 85. 454

T33.558
oy 09

Ehear Force {kip/ft) . ,
Figure 28. Unit section shear force (kip/ft)
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PATH=  IN_SUEF ABR, 21 2003
VALITE= HO0P ST1518013
SCAL=100 Bor W, 1

; B i
o 3540,689 ~24.195
Hoon Force (kip/fi)

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

85.792

32,298

R IN SR APR 78 003
VAILLE= MIMENT : 13:18: 26
SCRL=10G0 : Ho. 1
B X
30.16 _ : - 3080
) 6. 133 ht B 1801 2654 3506
Moment {elp-ir/f]

Figure 30. Unit secticﬁ moment (ki;)-inj £t)
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[g%]

5.0 CONCLUSIONS

The 3D parametric slice model is capable of giving a more accurate estimation 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-AX, 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_ax_slice.mac

!--Create cross section of SST BAX tank
finish
/clear
/prep’7

SHPP,MODIF, 1,100000,
/INPUT, 'parm_ax', 'mac'

'—-—Create dome
/TRIAD, RTOP
wpcsys,-1,0
wpoff,,dm rl,
csys, 4
k,1,x1,-h1
k,2,r2,-hz
k,3,r3,-n3
k,4,r4,-n4
k,5,r5,-hb
k,6,r6,-hé
k,7,r7,-h7
k,8,r8,-h8
k,%,r9,-nho
k,10,r10,-hl0
k,11,r11,-hll
k,12,r12,-h12
k,13,r13,-hl13
k,14,r14,-h1l4
k,15,rl15,-hl5
k,16,rl¢,-hlé
k,17,r17,-hl7
k,18,rl8,~h18

larc,l,Z,lO,dmhrl
lare,2,3,10,dm r3
lstr, 3,4

lstr,4,5%

lstr, 5,6

lstr, 6,7

lstr, 7,8

1lstr, 8,9

lstr, 9,10

Istr, 10,11
lstr,31,12

istr, 12,13

1str, 13,14
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=

28/0
28/0

w

=
W

larc,14,15,10,hnch r
larc, 13,16,10,dm r5
larc,16,17,10,dm rd
larc,17,18,10,dm r2
lstr, 1,18

al,all

!'—=Cut Tank
lstr,2,17
asb_.,1,18

lwpla,-1,15,1
lsbw, 2
lstr,16,19
asbi, 3,2
1str, 15,3
asbl, 4,22
lwpla,-1,13,1
asbw, 5
kwpave, 4
asbw, 6
kwpave, 6
asbw, 7
wpraot, ,, 90
asbw, 8
kwpave, 13
asbw, 9
kwpave, 9
asbw, 10
kwpave, 10
asbw, 11
kwpave, 4
asbw,all
allsel
cm,a_tank, area

!---Create S50il Mass

wpesys,—1,0

kwpave, 1

csys, 4

wpoff, ,depth

rectng, 0,scil r,0,-{(hS+depth+scil h)
aovlp,all B

adele,8,,,1
cmsel,u,a tank
Cm,a soil,area

!--cut soil for different scil properties
kwpave, 3
wprot,, 90
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W | Iu;
=

B b2
0 |50 =
o o]
b S

asbw,all
kwpave, §
lsbw, 47

lstr, 8,33
asbl,all, 47
cm,a soll,area

wpcsys,-1,0
wprot,,, 20
kwpave, 1
wpoff,,,cload 1
lsbw, 42

allsel
aplot

TIIITII0T010 300 000301030000 3300330000003 03310371 1313311111310131131

!

!

! Cut tank for rebar regions at different depths
|

!

TIVIRIIOITITDI0II0I0I0 00000300800 00003230 101001 001103110101730111111

cmsel, s, a_tank

rbar t=1.

rpar_depl=2 !bar clearance for external rebar € dome/wall
rbar_depZ=1.5 'bar clearance for internal rebar ¢ dome/wall
rbar dep3=1.5 !bar clearance for external rebar @ slab
rbar depd=3.5 'bar clearance for internal rebar € slab
rbar dep5=2 !bar clearance for slab side

rbar rl=2+12 'radial bar lengths in dome

rbar rz=5*12

rhar r3=10%12

rbar r4=20%12

rbar r5=28+12

rbar r6=31*12+6

wall slp h=70

rbar wll dhl=2*12+%6 !vertical rebar to wall step distance
rbar wll_dhZ=rbar wll dhl+2*12+6

rbar wll_ch3=rbar wll dhZ+3*1Z2+4

rbar wll chd=rbar wll dh3+5

rbar wll dnh5=25*12-4*12

rbar wll dhé=25%12-3%12

rbar wll dh7=25*12-2*12

rbar wil dh8=25*12-1*12

rbar wll dh8=11*12

rbar wll dhlO=rbar wll dh¢+53

rbar spc={tiZ-rbar depl-rbar depZ-4+*rbar t)/3

aadd, 3,4

o
W
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wpesys,-1,0
kwpave, 1

wpoff, ,~rbar depl
csys, 4

k

wpoff,,-rbar t

k

lwpla,-1,19
wpoii,,,rbar depl
k

wpoff,,,rbar t

k

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

k
wpoff,,,-rbar t
k

lwpla,-1,21
wpoff, rbar depl
k

wpoff, rbar t

k

lare, 35,37, 18,dm_ril-rbar_ depl
larc,36,38,18,dn_rl-rbar depl-rbar t
larc, 37,39,18,dm r3-rbar depl
larc, 38,40,18,dm r3-rbar depl-rbar t
larc,39,41,18,dm r3-rbar depl
larc,40,42,18,dm _r3-rkar depl-rbar t

lwpla,-1,24,1
wpoff,,,-rbar depl
lsbw,53

k

wpoff,,,~rbar t
lsbw, 54

k

lstr,43,44
lstr, 45,46
idele, 56,57,,1 ! finishing external dome rebar

lwpla,-1,18,1
wpoff,,,-rbar depZ?
k

wpoff,,,-rbar t

k
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lwpla,-1,19,1
wpoff,,,-rbar depZ

k
wpoff,,,-rbar t
k

lwpla,-1,2
wpoff,,,rbar depl
. _
wpoff,,,rbar t

. _
lwpla,-1,15
wpoff, -rbar dep2
k

wpoff,-rbar t

k

lwpla,-1,24
wpoff,,,rbar dep2
k

wpoff,,,rbar_t

k

larc,41,47,12,dm_rZ+rbar_dep?2

larc,42,48,12,dm_rZ2+rbar depZ+rbar_t

larc,47,49,12,dm ré+rbar depZ

larc,48,50,12,dm réd+rbar_ depZ+rbar_t

larc,49,51,12,dm r5+rbar_ depZ2

larc,SO,52,12,dm_r5+rbarﬁdep2+rbar_t

larc,=1,53,12,hnch r+rbar dep?

larc,52,54,12,hnch r+rbar depZ+rbar t !finishing internal dome rebar

cm, ltemp, line
cm, atemp,area
lsel,;s,,,22

lsel,a,,, 42
lsel,a,,,be,57
asbl,2,all

cmsel, a, ltemp
cmsel,a,atemp

lsel,s,,,B1,52
isel,a,,,59,60
asbl,1l,all

cmsel, a, ltemp

lsel,s,,,53,55
lsel,a,,,2B
lsel,a,,,tl,6d
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asbl,8,all !finish cutting area for domeshauch rebar regicn

'in depth

cm, & tank,area

lwpla,-1,79

asbw, b
lwpla,-1,79,1
asbw, 2%
lwp.a,-1,81
asbw, 30
lwpia,-1,81,1
asbw, 31

lsla
lwpla,-1,5
wpcff,,,wall slp h
asbw, 11
asbw, 13
aadd, 11, 33

wpoff, ~rbar depl
k

wpoff,-rbar t

k

lstr, 55,62

lstr, 56,63
1lsel,s,,.b
lsel,z,, .92
asbl,13,all

1lsla

sadd, 31, 34
aadd, 14,15
lcomb, 91, 97
ilcomb, 37, 38
lcomb, 35,41

Iwpla,-1,95
asbw, 13
asbw, 31

lwoia,-1,95,1
asbw, 15
asbw, 13

lwpla,-1,8%
asbw, 35
asbw, 36
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Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-AX
Originator Xianghong Li » «. Date  4/28/03
Checker  Jim Radochia #* Date  4/28/03

asbw, 15

lwpla,-1,89,1

ashbw, 38

asbw, 39

asbw, 40 'finishing cut for wall rebar

lwpla,-1,7
wpoff,,,rbar depd
asbw, 7
asbw, 9
asbw, 10
asbw, 12
asbw, 34
asbw, 36
asbw, 37
asbw, 39
asbw, 43

wpoff,,,rbar t
asbw, 7

asbw, 9

asbw, 10
asbw, 34
asbw, 39
asbw, 44
asbw, 48
asbw, 50

asbw, 51

lwpla,-1,130
wpotf,,, rbar dep3
asbw, 10
asbw, 34
asbw, 39
asbw, 43
asbw, 44
asbw, 48
asbw, 50
wpoff,,,rbar_t
asbw, 62
asbw, 63
asbw, 64
asbw, 65
asbw, 66
asbw, 67
asbw, 68

lwpla,-1,8
wpoff,,,rbarrdep3
asbw, d
wpoff,,,rbarﬁt
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Originator Xianghong Li - - Date  4/28/03
Checker Jim Radochia #* Date  4/28/03
ashw, 76

lstr, 96,107
lstr,104,108

lsel,s,,, 183,184
aspl,7,all
1slsa

wpesys, -1, 0
kwpave, 1
wprot, ,, 90
wpoZf,,,rbar rl
lsbw, 1
iwpla,~1,189,1
asbw, 3

ashw, 4

asbw, 18

asbw, 19
asbw, 20

wpcsys,—1,0
kwpawve, 1
wprot,,, 20
wpoff,,,rbar*rz
lsbw, 189
lwpla,-1,200,1
asbw, 3

asbw, 80
asbw, 872
asbw, 83
asbw, 84

wpcsys,—1,0
kwpave, 1
wprot, ,, 90
wpoff,,,rbar r3
lsbw, 189
lwpla,-1,211,1
asbw, 3

asbw, 20
asbw, 80
asbw, 82
asbw, 89

wpcosys,=-1,0
kwpave, 1
wprot, ,, 90
wpofZ,,,rbar r4
lsbw, 20
lwpla,-1,221,1
asbw, 2
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asbw, 21
asbw, 22
asbw,Z3
asbw, 24

wpcsys, -1, 0
kwpave, 1
wprot,,, 90
wpoff,,,rbar rb5
lsbw, 21
lwpla,-1,232,1
asbw, 1

asbw, 25

asbw, 26

asbw, 27

asbw, 28 !finishing cut dome for bar lengthes

cm,a_tank,area
lwpla,-1,27
wpoff,,,rbar wll dhl
asbw, 11 -
asbw, 13

asbw, 15

asbw, 33

asbw,41

kwpave, 5
wpoif,,,rbar wll dh2
asbw, 15

asbw, 105

asbw, 106

asbw, 107

asbw, 109

kwpave, 5
wpoff,,,rbaxr wll_dh3
asbw, 14

asbw, 31

asbw, 35

asbw, 38

asbw, 42

kwpave, 5
wpotf,,,rbar wll dhid
asbw, 14

asbw, 31

asbw, 35

asbw, 38

asbw, 108

kwpave, 5
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He [~ ‘
N (N2
Q0 (00
| Lo
[SS ] L8%]

Date
Date

wpotl,,,rbar wll dhb
asbw, 14
asbw, 31
asbw, 35
asbw, 38
asbw, 42

kwpave, 5
wpoit,,,rbar wll dho
asbw, 14

asbw, 35

asbw, 38

asbw, 109

asbw, 127

kwopave, S
wpoffl,,,rbar wll d¢h?
asbw, 14 -
asbw, 35

asbw, 38

asbw, 42

asbw, 134

kwpave,
wpoff,,,rbar wll dh8
asbw, 14 T
asbw, 35

asbw, 38

asbw, 4?2

asbw, 127

kwpave, 5

wpoff,,, rbar wll dh9

asbw, 31 B B

asbw, 125

asbw, 126

asbw, 128

asbw, 129 !finish cut wall for bar length

lwpla,-1,6,1
wpoff,,,-rbar deph
asbw, 34

asbw, 40

asbw, 58

asbw, 63

asbw, 71
wpaff,,,-rbar t
asbw, 34 N
asbw, 40

asbw, 58

asbw, 63
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asbw, 150 !finish cut rebar region for slab side

lwpla,-1,3¢,1
wpoff,,,2*12
asbw, 40
asbw, 54

asbw, 76
asbw, 78
asbw, 79

wpoff,,,-4*12

asbw, 9

asbw, 47

asbw, 55

ashw, 68

asbw, 77 'finishing cut rbar length for slab

lwpla,-1,253

kwpave, 3
wpoff,,,rbar wll dhlO
asbw, 31

asbhbw, 125

asbw, 126

asbw, 127

asbw, 149

lwpla,-1,391
wpoff,,,rbar spc
asbw, 31
asbw, 35
asbw, 37
asbw, 48
asbw, 61
asbw, 67
asbw, 75
asbw, 114
asbw, 118
asbw, 122
asbw, 130
asbw, 138
asbw, 142
asbw, 147
asbw, 171

wpoff,,,rbar_t
asbw, 31
asbw, 35
asbw, 37
asbw, 48
asbw, 61
asbw, €7
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.

28/0
28/0

[ %)

e
w

asbw, 142
asbw, 147
asbw, 175
asbw, 182
asbw, 183
asbw, 184
asbw, 185
asbw, 186
asbw, 187

wpoff,,,rbar_spc
asbw, 31
asbw, 35
asbw, 48
asbw, €l
asbw, 67
asbw, 147
asbw, 171
asbw, 175
asbw, 184
asbw, 193
asbw, 197
asbw, 200
asbw, 201
asbw, 203
asbw, 204

wpoff,,,rbar_t
asbw, 31
asbw, 35
asbw, 48
asbw, 61
asbw, 67
asbw, 147
asbw, 171
asbw, 175
asbw, 184
asbw, 187
asbw, 133
asbw, 197
asbw, 200
asbw, 201
asbw, 203
asbw, 107
asbw, 33

wpofl,,,-rbar t
asbw, 235
asbw, 236

!'-=--cut haunch region for radial rebars
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Subject Sample AOR Calculation using ANSYS
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Originator Xianghong Li ~ - Date
Checker Jim Radochia # Date

TS
b

o153
=

hnch rbar drl=4*12+44.5
hneh_rbar drZ=hnch rbar dri+3+12+6
hnch rbar dh=30

wpcsys, -1, 0
kwpave, 3
wprot,,, 90
wpoff,,,-hnch rbar drl
lsbw, 232
lwpla,-1,530,1
asbw, 100

asbw, 101

asbw, 102

asbw, 103

asbw, 104

wpcsys, -1, 0
kwpave, 3
wprot,,, 90
wpoff,,,-hnch_rbar dr2
lsbw, 530
lwpla,-1,541,1
asbw, 100

asbw, 101

asbw, 102

asbw, 103

asbw, 236

wpcsys,-1,0

kwpave, 3
wprot, , %90
wpoff,,,hnch rbar dh
1sbw, 23
lstr,15,305
lwpla,-1,23
wprot, ,, 90
asbw, 239
asbw, 240
asbw, 241
asbw, 242
asbw, 243

!——extra cut on dome
wpesys, -1, 0

kwpave, 1

wprot,,, %0
wpoff,,,rbar ré
1sbw, 541
lwpla,-1,5%62,1
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Originator Xianghong Li x ¢. Date  4/28/03
Checker  Jim Radochia #* Date  4/28/03

asbw, 244
asbw, 245
asbw, 246
asbw, 247
asbw, 248

LSTR, 3, 43
LSTR, 43, 45
asbl,250,551

asbl, 251,574
lwpla,-1,574
wprot, ,, 50

ashw,249

ashw, 252

asbw, 253

!--cut for dome circular bar region
wpcsys, -1,0
wprot,, 90
kwpave, 1
wpoff,,,354.75
lsbw, 540
lwpla, -1,581,1
asbw, 100

asbw, 101

asbw, 102

asbw, 103

asbw, 104
cm,a_tank, area

TIIIATTT0010100 01030000 0103010800001300113101111111313011

t

!--8et Elelment types
1

1111130710000 011001001330101110310110011101111111111111
r_liner=1
r,1,liner_t

mat_liner=1

mat_conc=2 !structural concrete in tank
mat_tsoil=3 ifor top soil

mat_msoil=4 !for mid seil

mat _bsoil=5 !for bottom soil

mat_rebar=6

mat_srebar=7

type_2d_ liner=1
type_ 2d_conc=2
type_2d soil=3
type_2d rebar=4
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Slice Parametric Model for Tank SST-AX
Originator Xianghong Li x ¢ Date
Checker Jim Radochia ## Date

=
2
o0
w

W
N
O
o e
&%)

type_3d cone=type 2d conc+10
type_3d soil=type 2d so0il+10
type_3d_rebar=type_ 2d_rebar+10

let,type_liner, shellél
et,type_2d_conc,plane4?2
et,type_2d_soil,plane42
et,type 2d rebar,plane42

et,type_3d conc,solides
et, type 3d_scil,solid4s
et,type_3d_rebar,solidé6s

SJITTT133T0103030 0030030002000 0333001020122 201030121310110}]

L set material properties

CIIT1TT13R0000000 0003000003000 013010110 301303111000111112101)

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, X, mat_conc, conc_ex

mp,dens, mat_conc, conc_dens

mp, Prxy,mat cong, 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, concr, mat_conc

thdata, 1, cone_open, conc_cleosed, cone_crack, conc_crush
*endif

*if ,usr crp_id,eq,1l,then
tb, creep,mat_conc,,, 100
tbdata,l,cl,c2,c3,c4,ch
tbdata,6,c6,¢7,¢8,¢9,cl0,cll
*endif

1[3] top soil
mp,ex,mat_tsoil,tscil_ex

mp, dens,mat_tsoil,tsocil dens
mp, prxy,.mat_tsoil, tseil prxy
tb,dp,mat_tsoil,,, 0
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Date 4/28/03
Date 4/28/03

tbdata,l,tsoil_cohesion,tsoilifriction,tsoilidilat

4] mid so0il
mp,ex,mat_msoil,msoil*ex

mp, dens, mat mscil,mscil dens

Mp, pr¥y,mat msoil,msoll prxy

tb,dp,mat mscil,,, 0
tbdata,1,msoil_cohesion,msoilifriction,msoilidilat

V5] bottom soil

mp, €X,mat_bsoil,bsoil ex

mp, cens,mat_bsoil,bsoil dens

mp, prey,mat bsoil,bsoll prxy

tb,dp,mat bscil,,, 0

tbdata,l,bsoil_cohesleon,bscil friction,bsoil dilat

Ve rebar
mp, ex,mat rebar, rebar ex
mp,dens,mat_rebar,rebar_dens
mp, prxy,mat rebar, rebar prxy

V7] slab rebar
mp,ex,mat _srebar, srebar ex

mp, dens,mat_srebar, srebar dens
mp, prxy,mat srebar, srebar prxy

SIIIIITTITNIIRT) 0000001003030 1081031031130 0031331011033030133310)

'-—-Assign attribute €0 areas, real constants will be defined later

E]N]J]]]]]]]H]]1]]]]]]J]]]]]J]]]]]]]]]]J]H]]]]]}]J]H]]J]J]H]]]]]H

cmsel,s,a tank
aatt, 2,700, type 2d conc

!'--— slab rebar

asel,s,,, 167

asel,a,,,47
aatt,mat_conc, 100, type 2d rebar

asel,s,,,169
asel,a,,, 68
aatt,mat_conc, 101, type 2d rebar

asel,s,,,lel
aatt,mat_cong, 102, type_ 2d rebar

asel, s,,, 37
asel,a,,, 46
asel,a,,,>3,56,3
asel,a,, .57
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Date  4/28/03
Date  4/28/03

asel,a,,,5%,60

asel,a,,,156

asel,a,,,175

asel,a,,,17%

asel,a,,,z2l4

asel,a,,,228

aatt,mat_conc, 103, type 2d rebar

asel,s,,, 34
asel,a,,,40
asel,a,, 58
aatt,mat_conc, 104, type 2d rebar

asel,s,,, 78
aatt,mat _conc,105b,type 2d rebar

asel,s,,, 104
aatt,mat_conc, 106, type 2d rebar

asel,s,,,31

asel,a,,, 62

asel,a,,, 08

asel,a,,, 2,74

asel,a,,, 158

asel,a,,, 180

asel,a,,,194

asel,a,,,207

asel,a,,,221
aatt,mat_conc, 107, type 2d_rebar

asel, s,,, 36
asel,a,,, 06
aatt,mat_conc, 108, type_2d_rebar

asel,s,,, 52
asel,a,,, 70
aatt,mat _conc, 109, type 2d rebar

'=-- Wall rebar (layer 1 interior)
asel,s,,,38

asel,a,,,138

asel,a,,, 143
aatt,mat_cong, 203, type 2d rebar

asel,s,,,l45%
asel,a,,.108
aatt,mat_conc, 202, type 2d rebar

asel,s,,,13
asel,a,,, 32
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asel,a,,, 106
asel,a,,,113
asel,a,,,119
asel,a,,, 123
asel,a,,,12¢
asel,a,,,173
aatt,mat_conc,201,type_2d7rebar

'Wall rebar layer 2

asel,s,,.,33

asel,a,,,223,227

asel,a,,, 230,234
aatt,mat_conc, 205, type 2d rebar

asel,s,,,238
aatt,mat_congc, 204, type 2d rebar

!wall rebar layer 3
ase’,s,,,142

asel,a,,,183

asel,a,,,185,18¢

asel,a,, 150

asel,a,,,1l96

asel,a,,,198

asel,a,,,202
aatt,mat_conc, 205, type 2d rebar

asel,s,,, 1599
asel,a,,, 182
aatt,mat_conc, 204, type 2d rebar

'wall rebar layer 4
asel,s,,, 128

asel,a,,,132,13¢,2

asel,a,,,l40
aatt,mat_conc, 207, type 2d rebar

asel,s,,.,5b

asel,a,,,1b

asel,a,,,lle

asel,a,, 120

asel,a,,,127

asel,a,,,174
aatt,mat_conc, 206, type 2d rebar

asel,s,,,28
asel,a,,,1l11
aatt,mat_conc, 208, type 2d rebar

!-~-External dome rebar
asel,s,,, 4
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aatt,matﬁconc,300,1ype_2dﬁrebar

asel,s,,,87
aatt,mat_conc, 301, type 2d_rebar

asel,s,,, 92
aatt,mat_conc, 302, type_2d_rebar

asel,s,,,20
asel,a,,,97
aatt,mat_conc,303,type_2d_rebar

asel,s,,,21
asel,a,, 25
aatt,mat_conc, 304, type_2d_rebar

asel,s,,, 253
aatt,mat conc, 305,type_2d rebar

asel,s,,,264
asel,a,,, 255
aatt,mat_conc, 306, type_2d rebar

asel,s,,, 244
asel,a,,,250
aatt,mat conc,307,type 2d_rebar

asel,s,,,240
asel,a,,, 200
zatt,mat_cong, 308, type_2d_rebar

'\———Interna dome rebar
asel,s,,,18
aatt,mat conc, 300, type 2d_rebar

asel,s,,,83
satt,mat conc, 301, type_2d rebar

asel,s,, %4
aatt,mat conc, 302, type_2d_rebar

asel,s,, 82
asel,a,,,99
aatt,mat conc, 303, type_2d_ rebar

asel,s,,,23,27,4
zatt,mat conc, 304, type_ 2d rebar

asel,s,,, 101
aatt,mat_conc, 303, type_Zd rebar
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asel,s,,, 2606
asel,a,,,257
aatt,mat conc, 306, type 2d rebar

asel,s,,,242
asel,a,,, 246
asel,a,,,263
asel,a,,, 252
aatt,mat_conc, 309, type 2d rebar

!=—---Haunch interior region
ase’,s,,,249

asel,a,,,262
aatt,mat_conc, 500, type 2d rebar

asel,s,,, 245
asel,a,,, 256
asel,a,,,265
aatt,mat_ccnc,501,type_2d_rebar

asel,s,,,z241
aatt,mat_conc, 502, type 2d rebar

alisel

SIIITDTIIIIIIII3I10000013000301013001311130111117111
i 2D Meshing
iJ]]]J]]JH]]]]}]]]]}]]]]J]H]]]]]H]]J]N]]]H]ZJ]J

!-=- tank mesh
cmsel,s,a"tank
allsel,below,area

esize,tank size
type,type tank
mat,mat tank

lsel,s,,, 2’7
lsel,a,,,B523
lsel,a,,,529
lcecat,all
lsla

lsel,s,,,4
1lsel,a,,,24
lccat,all
1sla
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lsel,s,, ., 414
lsel,a,,, 452
lsel,a,,, 481
lcecat,all
lsla

lcomb, 555,579
lcomb, 561,580

mshkey, 1
amesh,all

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

esize,soilqesize
type, type Zd soil

mopt,trans,1.25
mopt, expnd, 1.25

iesize, 45,,,10,4
lesize,d6,,,20,4
lesize, 50,,,8

lesize,43,,,25,4
lesize,47,,,25,4

mshkey, 0
amesh,all

wpesys,-1,0

kwpave, 1

csys, 4

cmsel, s, a soil
asel,r,loc,y,-h3, 259958
cm,t _soil,area

esla
emodif,all,mat,mat_tsoil

cmsel,s,a_soil
asel,r,loc,y,-hd,-h8§
cm,m_soil,area

esla
emodif,all,mat,mat_msoil

cmsel,s,a_soil
asel,r,loc,y,-h8,-93999
cm, b _soll,area

esla
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emodif,all,mat, mat bhsoil

allsel

'dele concatenated lines
CM, Y,LINE

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

*SET, _Z2,LSINQR(D,13)
LDELE, ALL
*SET, 23, Z1-_22
*IF,_Z3,NE,O,THEN
CMSEL, 8, ¥

CMDELE, Y

*ENCIF

*ELSE

CMSEL, S, Y

CMDELE, Y

*ENDIF

POOOCCeecrfeoreoefrcroereerecttecteroortrrooooororooroooooooet

1
! 3D mesh by rotation, reassign general elem. attr.
!

SITITRIIIIITTGIIDRIIII I I I 0 G000 000100 1010101
allsel

type,type 3d_soil

extopt,attr,1,1,1

extopt,esize,l

vrotat,zll,,,,,,12,18,slice ang

cmsel, s,a tank

vsla

eslv
emodif,all, type, type 3d conc

cmsel, s, t soil

vsla B

eslv

emodif,all, mat,mat_tsoil

cmsel, s, m soil

vsla

eslv

emodif,all, mat,mat msoil

cmsel,s,b_soil

vsla

eslv
emodif,all,mat,matmbsoil
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asel, s, type, ,type 2d rebar
vsia

eslv
emodif,all, type, type_3d rebar

cmsel,s,a soil
vsla
allsel,below,volu
cm, junk, volu
vger, 2,all
cm,v_soil,volu
cmsal, s, junk
allsel,below,volu
aclear,all
vclear,all
vdele,all,,,1
allsel

P1ITII03I0T0000 0003100101001 1310110181010 10111))

! Create local coordinate systems
|

'131101100133300000 0000300033010 1 1310113100001 111010801111 ]

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

i

a=452

b=145.5

wpcsys,~1,0

kwpave, 41

wpoff, 7 -b

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

l-—— gsys 101 sperical: external dome/haunch
a=600
b=250

wpesys,—1,0
kwpave, 35

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

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

wprot,,—%0

cswpla,110,1

PI113333100 00303103 0001001010000 1111319131000 91 1)

!

! Assign esys to rebar elem.




RPP-13996, Rev.0
ANALYTICAL CALCULATIONS

Page 51 of 80
Subject Sample AOR Calculation using ANSYS
Slice Parametric Model for Tank SST-AX

Originator Xianghong Li R Date  4/28/03
Checker Jim Radochia #* Date  4/28/03

1

PIITITIDIIIT330 0030000 013033090011330211110133133011113

!-—— dome rebar
asel,s,,,1l%
ase’_,a,,,23
asel,a,,, 27
ase_,a,,,82,83
asel,a,,, %4
asel,a,,, 9%
asel,a,,, 101
asel,a,,,242
asel,a,,,246,249,3
asel,a,,, 252
asel,a,,, 257
asel,a,,, 262,263
asel,a,,, 2606

vsla

eslv
emodif,all,esys, 100

asel,s,,,4
asel,a,,,20,21
asel,a,,,25
asel,a,,,B8?
asel,a,,, %2
asel,a,,, 97
asel,a,,,244
asel,a,,, 250
asel,a,,, 255
asel,a,,,253
asel,a,,, 264
vsla

esiv
emodZf,all,esys, 101

asel,s,,, 240
asel,a,,, 260
asel,a,,,241
asel,a,,,z245
asel,a,,, 256
asel,a,,,265

vsla

eslv
emodif,all,esys, 110

!---wall rebar

asel, s, real,, 200,299
vsla

esliv

emodif, all,esys, 110
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!-—-slab rebar
asel,s,real,, 100,139
vsla

eslv
emodif,all,esys, 110

ITTTINITE00 00 0030000 13000 0300310003111 3333112111311111113

I
I
! Define real constants for rebars
|
t

JIIPITI239003 001000000 0033 0000000100003 11310031111171]

mat null=0

'slab
VEX=
vrz=
vry=
re=
*dim, vrx,, 20
*dim, vry,, 20
*dim,vrz,,20
*dim, rc,,20
vrx(1)=.0256,.0368, .1262,.1027, .0, .1262, .1184, .1
vry(l)=.0256, .0368, .0368, .0368, .0295, .0368, .0368, .0368,0,0
vrz{1)=0.,0.,0.,0.,.0 .0 , 0 . 0 ;-0 , 0
rc(1y=100,101,102,103,104,105,106,107,108,10%
*do,1,1,10
r,rc{i},mat_srebar,vrx{i},0,0,mat srebar,vry(i)
rmore, 90, 0, mat srebar,vrz(i), %0, 90
*enddo

'redefine real constant for inclined slab rebars (rl05 and rl106;
r,105,mat srebar,vrx(6),0,-20.6,mat srebar,vry(¢)
rmore, 90, 0,mat_srebar,vrz{6), %0, 90

r,106,mat_srebar,vrx{7),0,-20.6,mat srebar,vry({7)
rmore, 40,0, mat_srebar,vrz(7), 90, 90

'wall

VIX=

vrz=

VIry=

rc=

*dim, vrx,, 20

*dim, vry, , 20

*dim, vrz,, 20

*dim,rc,, 20
vrz(1)=.0354,.0707,.1745,.0,.0,.043¢, .0873, .0436
vry(ly=.1571,.15%71,.1571,.0785,.1571, .1571,.1571, .1571
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rc(iy=201,202,203,204,205,206,207,208
*do,i,1,7
r,rc(i),mat null,0,0,0, mat rebar,vry (i)
rmors, 90,0, wat_rebar,vrz (i}, 9G, 80
*enddo

'redefine real constant for inclined wall rebar (r208)
r,rc(8),mat_nuil,0,0,0,mat rebar, vry(8)
rmore, 90,0, mat_rebar,vrz(8),0,57.3

'dome and haunch
vIrx=
vYyz=
vry=
rc=
*dim,vrx,, 20
*dim, vry,, 20
*dim, vrz,, 20
*dim, rc, , 20
vry(1)=.0893, .0510, .0476, .0476, .0595,.0496, .0468, .0813,0,.0406
vrz (1)=.0368,.0368,.0368,.0368, .0368, .0368, .0000, .0736,0
rc(1)=300,301,302,303,304,305,306,307,308
*do,1i,1,10
r,rc{i),mat null,0,0,0,mat_rebar, vry (i)
rmore, 30,0, mat _rebar,vrz (i), 90, 80
*enddo

'haunch core
vrx=

vrz=

vry=

ro=

*dim, vrx,, 20
*dim, vry,,20
*dim, vrz,, 20
*dim, rz,, 20

r,500,matkrebar,.0018,0,0,mat*rebar,D.DOZB
rmore, 45,0, mat_rebar, .0323,0, 90

r,501l,mat_rebar,.0,0,0,mat_rebar,0.0143
rmore, 90, 0, mat_rebar, .0, 20, 90

r,502, mat_rebar,.0,0,0,mat rebar,0.0375
rmore, 90, 0,mat rebar, .0013, %0, 50

allsel

PIIIIITTIITIII000T000100 0010030002713 30830 3000130111130
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! Assign real constants to 3D elements
i
ITIDIINIINTIIAD R IIIILFII0II00A I0 003000 01031011907
*do, 1,100,120

asel,s,real,, 1

vsla

eslv

emodif,all, real, 1
*enddo

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

*enddo

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

*enddo

*do, 1,400,410
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

-’]]J]H]]]H]]]H]J]]]]]]]]]J]H]]]]J]H]H]H]J]]J]H
} Define contact between scil and tank
i

PIVIIITTINDII000 1100300030 0013311011011133013111111107
et,21,170

et,22,173

r,21,,,10,.1

mp,ma, 21, .3

asel,s,,,270,273,3
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asel,a,,,2%4,303
asel,a,,, 308
asel,a,,,31l8
asel,a,,, 347,369
asel,a,,,374,38%
cm, tk cnt_area,area
lsla

nsla,,l

esln

type, 22

real,zl

mat, 21

esurf

asel,s,,,1114,1125
asel,a,,,1130,11:53
asel,a,,,1159,1175
cm, soll cnt area, area
lsla

nsla,,l

esln

type, 21

esurf

allsel
aclear,all

/pnum, real,l
J/num, 1

csys, 110
allsel
nrotat,all
csys, 0

PITIIITIONTI000007103300100110031231211113331330)

1

!

! set up ACR loadings and sclve
i

!

VITTTIIDN IR 1000000300 003033310303201311213111 3
slice load ax
allsel
finish
/filname,sst_ax slice
/title, S8T-AX slice model
/solu
nlgeom, on
nsubst,10,100,5
save
solve
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parm_ax.mac

!--Define parameters for SST-AX tank
'--dimensicns are in INCH and DEG
*afun, deg

tl=15 !tank wall thichness at bottom
t2=24 'tank wall thickness at top

dm rl1=118+*12+9 !inch, radius of outer inboard dome surface
dm r2=117*12+6 linch, radius of inner inboard dome surface
dm_r3=86+*12 tinch, radius of outer outboard dome surface
dm r4=70*12 '!inch, radius ¢f inner outbcard dome surface
dm r3=26®1lz+8

hnch r=3*12+9+59/16 'inch, big haunch radius

depth=13.84*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=13*12+1+5/8
hz2=({118*12+9)* (1-cos(6.522))

r3=r2+25*12+74+7/8
h3=15+144-(5*12+6+3/8)

rd4=r3
hi=14447*12+6

r5=r4+{t2-tl)
h5=h4

réo=r5
hé=h5+25*12

ri=ré+4+12
h7=h¢

r8=r7
H8=h7+36

r9=re6-t2-48
h9=hg

ri0=r%-4+12
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hl0=h%-18

rl1l=0
hll=hl0

rlz=0
hl2=h7

ri3=ré-t2
h1l3=hl2

rl4=rl3
h14=144+15

rlg=0
hlg=1i5

rl7=13*12
hl7=8+5/8+15

rlé=rl7+13*12
hle=hl7+(24+8+9/16)

rl5=rl4-{11+3/4)
hl15=h14-27.75

!-——Parameters for materials

steel ex=27.7e6 'elastic modulus [psi]

steel prxzy=0.3 !'Poisson ratio

steel aipx=6.38 !thermal expansion coefficient [microstrain/degree F]
steel gamma=490 'unit weight [1bf/ft"3]

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

steel c¢=1 !specific heat [BTU/R-1bf/(in/sec”?)]

steel alpx=steel alpx*le-§ "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 !vield strength [psi]

conc_ex=3.leéd !lelastic modulus [psi]

conc_prxy=0.2 'Poisson ratio

conc_alpx=6.38 thermzl expansion coefficient [microstrain/degree F]
conc _gamma=15(0 'unit weight [(lbf/£ft~3]

conc_kx=1 ‘thermal conductivity [BTU/hr/ft/degreeF]
conc_c=1 !specific 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

cene_kx=conc kx/3600/12 !BTU/sec—in-degreel

conc_open=0.1 !shear transfer coefficient for open crack
conc closed=0.98 !shear transfer coefficient for closed crack
conc_crush=3000 ‘uniaxial crushing stress [psi]

conc_crack=0.1*conc _crush !tensile cracking stress [psi]
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!--bottom soil
bsoll ex=20e3 'elastic modulus [psi]
bsoll prxry=0.27 !Poisson ratio
bscil alpx=0 'thermal expansion coefficient [me/F]
bscil gamma=125 ‘unit weight [lbE/fr~3}
bsoil kx=1 'thermal conductivity [BTU/hr/ft/F]
bscil c=1 'specific heat [BTU/R/{lbf-sec~2/in}]
bsoil cohesion=0 !drucker-prager constant (assume small number) [psi]
bsoil friction=35.4!internal friction angle [deg]
bseil dilat=35.4 !dilatancy angle [deg)
bscil alpx=bsoil alpxz*le-6 lin/in/F
bscil dens=bsoil gamma/1728/386 lb-sec™2/in"4
bsoil kx=bsoil kx/3600/12 !BTU/sec-in-degreel
t=-mid soil
msoil ex=13e3
msoil prxy=0.27
mscil dens=125/1728/386
msoil cohesion=0 !drucker-prager constant {assume small number) [psi]
msoll friction=35.4
msoil dilat=35.4 !dilatancy angle [deg]
'-top soil
tsoll ex=7e3
tsoil prxy=0.27
tsoil dens=125/1728/388
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=27.7eé lelastic modulus [psi]

rebar prxy=0.3 'Poisson ratic

rebar alpx=6.38*1le-6 !thermal expansion coefficient
[microstrain/degree F]

rebar gamma=490 'unit weight [lbf/ft~3)

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

rebar_ tan=( 'rebar tangent modulus [psi]

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 !'Polsson ratio
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srebar alpx=6.38*le-6 'thermal expansion coefficient

[microstrain/degree T)
srebar gamma=48C0 lunit weight [lbf/ft"3]

srebar_kx=1 !'thermal conductivity [BTU/hr/ft/degreef]
srebar c=1 "specific heat IBTU/R-1bf/(in/sec”2)]
srebar yield=40000 tvield strength [psi]

srebar tan=0 Irebar tangent modulus [psij

srebar_dens=srebar_gamma/1728/386 !lb-sec”2/in"4
srebar kx=srebar kx/3600/12 !BTU/sec-in-F

!---Element size control
liner size=5

tank _size=5

501l esize=45%

slice ang=3

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

'-—Load
p_uniform=40/144
f£=200000

cload 1=10%12

vac_pres=-0.217 !-€" w.g. vacuum
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W=

28/0
28/0

(OS]

.
(o)

slice_load_ax.mac

finish

/prep’

!--set BCs
wpcsys,—1,0
kwpave, 1

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

nsla,, 1l

d,all,ux,0

allsel
asel,s,loc,y,-h8-s0il h
1sla

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

nsla,,l

d,all,uy,0

asel,s,loc,y,slice ang-.1,slice ang+.1
lsla -
nsla,,l

d,all,uy,0

asel,s,,,1112,1113
1sla

nsla,,1l

esln

sf,all,pres,p uniform

p_cload=ff/(3.1415%*cload 1**2)
asel,s,,, 1113 a
lsla

nsla,,1
sf,all,pres,p_cload+p_uniform
allsel

acel,, 386
'Apply -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

lsla

nsla,,l

sf,all,pres,vac_pres

allsel
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pst_ax_slice.mac

JIPPIVIINRTRTI 01 30 10 0 0 a0 0103011030 00120131313111111]

t
!
! post processing macro to obtain the section
! force forces and moments

PITRITTITIITINIINITITI0AIII0ED000000000111190331117133111111)
finish

/clear

/fllname, sst_ax slice

/prep’

resume

allsel

*afun,deg

/postl
set, last

b Displacement contours
allsel

plnsol, u, sum

plpng

esel,s,mat,,mat_conc
/rep
plpng

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

esel,s,mat,,mat_conc
/rep
plpng

allsel

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

esel,s,mat,,mat_conc
/rep
plpng
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/gresume, smisc plt,plt
esel, s, mat,,mat_ccnc
/dscale,, 1

/edge

plescl, smisc, 2

plpng

plesol,smisc, 4
plpng

plescl, smisc, 6
plpng

P Section force/mcment path plots
csys, 110

esel, s, mat, , 2

vsle

aslv

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

cm,a tankZ,area h a

lmmmmmmm SECTION 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 of consequent path points

|====::===:z===:==t:===:===dome region

lsel,a,,, 200
isel,a,,,210,211
lsel,a,,, 221,222
lsel,a,,,233
lsel,a,,, 525
lsel,a,,,b62,563
lsel,a,,,581,582
nsll,,1

cm, nd_out, node

lsel,s,,, 20,22
lsel,a,,,194
lsel,a,,,203
lsel,a,,, 216
isel,a,,,z225
lsel,a,,, 549
lsel,a,,,573
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lsel,a,,,575
lsel,a,,, 240
isel,a,, 591

nsll,,1
cm, nd_1in,nede

!'--unselect end nodes
cmsel, s, nd_cut
*get,x_min,node,,mnloc,x
nsel,u,lecc,x,%x min-.1,x min+.1
cm, nd_out, node

cmsel, s,nd in

*get,» min,node, ,mnloc, x
nsei,u,loc,x, ¥ min-.1,x min+.1
cm,nd_in, node

!~-reorder nodes accerding x-coord.
cmsel, s, nd_out
*get,cut num, node,,count
*dim, nodeout, ,out_num
*do,1i,1,0ut num
cmsel, s,nd_out
*get,x_min,node, ,mnloc, x
nsel,r,loc,x,%x min-.1,x min+.1
*get, ndnum, node, , num, min
nodecout (i) =ndnum
cmsel, s, nd_out
nsel,u,,,ndnum
cm, nd_out, node
*enddo

cmsel,s,nd in
*get,in num,necde, , count
*dim, nocdein, , in num
*do,i,2,in num
cmsel,s,nd in
*get,x min,node, ,mnloc, x
nsel,r,loc,x,x min-.1,x min+,1
*get, ndnum, ncde, , num, min
nodein (i} =ndnum
cmsel,s,nd in

nsel,ud,,,ndnum
cm,nd_in,node
*enddo

cmsel, s,a_ tank
wpcsys,~1,0
kwpave, 617,45
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csys, 4
asel,r,loc, v, 0, 99999
asel,a,,, 251,252

cm, dome_area, area
lsla

nsla,, 1

cm, dome nd, node

wpesys, 1,0

csys, D

!-—for line equation for each pair of in/out nodes

*do,2i,1,in num
nsel,s,, ,nodeout (ii)
nsel,a,,,nocdein{ii)
path nd{pstart+ii)=nodein(ii)
csys, U
*get,x_out,node, nodeout (ii),loc, x
*get,y out,node,nodecut {(ii},loc,y
*get,x_in,node,ncdein(ii}, loc,x
*get,y in,node,nodein(ii), loc,y

nwpla,-1,nodeout {ii},nodein (ii}
csys, 4
cmsel, s, dome nd
nsel,r,loc,y,-2,2

cm, ntemp, node

esln

esel,r,mat,,?

nsle
nsel,r,loc,y,-1,99999
esln,,l

cm, etemp, elem
cmegel, s, ntemp
cmsel, s, etemp

csys, U

get_res slice

cmsel, s, ntemp
toe=sqgro{{x_out-x_in)**Z+{y_out-y in)**2)
get hpfrc

path_fa(pstart+ii)zunitifsumy
path ft(pstart+ii)=unit fsumx

pathﬁmz(pstart+ii)=—unit_mz
path_fh(pstart+ii)=hp f

*enddo

pstart=pstart+in num
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| ===== ===msssoms upper thinner wall
lsel,s,,,25

lsel,a,,.,bh52

nsll,,1

cm,nd_out, node

lsel,s,,, 14
lsel,a,,, 26
nsll,,1l

cm,nd in,node

cmsel, s,a tank
wpesys, -L1,0
kwpave, 21
cmsel,u,dome_area
csys, 4
asel,r,lecc,y,0,9909
cm,upwall area,area
lsla -

nsla,,1

cm, upwall nd, node

csys, 0

!—-—unselect end nodes
cmsel, s, nd_ocut

*get,y max,node, ,mxloc,y
nsel,u,loc,y,y max—.1,y max+.1
cm,nd cut, node

cmsel, s,nd_in

*get,y max,node,  mxlec,y
nseli,u,loc,y,y max—.1l,y max+.l
cm,nd_in, node a B

nedeout (i)=
nedein(1l)=

!--recrder nodes according y-coord.
cmsel, s, nd out
*get, out num,node, ,count
*dim, nodeout,,out num
*do, 1,1,0ut num
cmsel, s, nd out
*get,y max,node,,mxloc,y
nsel,r,loc,y,y max-.1,y max+.1
*get, ndnum, node, , num,min
nodeout {i)=ndnum
cmsel, s,nd cut
nsel,u,, ,ndnum
cm, nd_out, node
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*enddo

cmsel,s,nd in
*get, in_num, node, , count
*dim, nedein,, in_num
*do,i,1,in_num
cmsel, s, nd in
*get,y max,ncde,,mxloc,y
nsel,r,loc,y,y max—.1,y max+.1
*get, ndnum, node, ,num, min
nodein (1}=ndnum
cmsel,s,nd In
ngel,u,, ,ndnum
cm,nd in,node
*enddo

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

nsel, s,, ,nodeout (ii}

nsel,a,,,nodein{ii}

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

csys, O

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

*get,y out,node,nodecut{ii),loc,y

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

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

nwpla,~1,nodeout (ii},nodein{ii}
csys, 4

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

cm, ntemp, node

esln

esel,r,mat,, 2

nsie
nsel,r,loc,y,-1,89999
esln,,1

cm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp

csys, 0

get_res slice

cmsel, s, ntemp
ttt=sqgrt ({x_out-x_in}**2+(y out-y inj**2)
get_hpfrec

path_fa(pstart+ii)=unit fsumy
path_ft(pstart+ii)runit_fsumx
path _mz (pstart+ii)=-unit mz
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path_fh{pstart+ii)=hp f
*enddo
pstart=pstart+in_num

| ===============[0ower thicker wall
lsel,s,, 253,254
lsel,a,,,258
lsel,a,,, 268
lsel,a,,,287
lsel,a,,, 304
lsel,a,,,312
lsel,a,,,329
lsel,a,,,331,332
lsel,a,,, 341
lsel,a,,, 396
nsll,,1

cm, nd_out, node

lsel,s,,.b
lsel,a,,, 38
lsel,a,,,1l82
isel,a,,,247
lsel,a,,,262
lsel,a,,, 273
lsel,a,,,282
lsel,a,,, 308
1sel,a,,,317
lsel,a,,, 326
lsel,a,,, 336
lsel,a,,, 390
nsll,,1
cm,nd_in, node

cmsel,s,a tank
wpcsys,—1,0
kwpave, ©
cmsel,u,dome_area
cmsel,u,upwall area
csys, 4
asel,r,loc,vy,0,9299
cm, lowwall area,area
lsla

nsla,,l

cm, lowwall nd,node

csys, 0

'~—unselect end nodes
cmsel, s, nd_out

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

cmsel, s, nd in
*get,y_max,node,,mxlcec,y
nsel,u,loc,y,y max—.1,y max+.1
cm, nd in, nede

nodeout (1) =
nodein{l)=

!=-reorder nodes according y-coord.
cmsel, s, nd out
*get,ocut num, node, , count
*dim,nodeout,,out*num
*de,1,1,0ut_num

cmsel, s,nd out

*get,y max,node,,mxloc,y

neel, r, log,y,y max-,.1,y max+.1
*get, ndnum, node, , num, min
nodeout {i)=ndnum
cmsel, 5, nd out

nsel,u,,,ndnum
cm, nd out, node
*enddo

cmsel, s, nd in
*get, in num,node, , count
*dim,nodein,,inﬁnum
*do,1,1,in_num
cmsel, s, nd in
*gel, y_max,node,,mxlog,y
nsel,r,loc,y,y max-.1,y max+.1
*get, ndnum, node, , num, min
nodein {1)=ndnum
cmsel,s,nd in
nsel,u,,,ndnum
cin, nd_in, node
*enddo

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

nsel, s,, ,nodeout (11)

nsel,a,,,nodein{ii)

path ndi{pstart+ii)=nocdein{ii)

csys, 0

*get,xtout,node,nodeout(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),loc,y
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nwpla,-1,nodeout {(ii),nodein{ii)
csys, 4
cmsel, s, lowwall nd
nsel, r,loc,y,-1,1

cm, ntemp, node

esln

esel, r,mat, , 2

nsle
nsel,r,loc,y,-1,99899
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}**2Z+(y out-y in)**2)
get hpfrc

path fa(pstart+iii=unit fsumy
path ft(pstart+ii)=unit_fsumx
path mz{pstart+ii)=-unit mz
path fhi{pstart+ii)=hp f

*enddo

pstart=pstart+in_num

| e === =s==s======== slab region
1lsel,s,,, 32

lsel,a,,, 121

lsel,a,,,184

lsel,a,,, 374

lsel,a,,, 385

nsll,,l

cm,nd_out,node

lsel,s,,,33
lsel,a,,, 137
lsel,a,, 345
lsel,a,,, 367
lsel,&a,,,381
nsll,,1

cm, nd_in, node

csys, 210

'~—unselect end nodes
cmsel, s, nd_out

*get, x_max,node, ,mxloc, X
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nsel,u,loc,x,x_max-.l,x‘max+.1
cm, nd_cut, node

cmsel, s, nd In
*ge:,x_max,node,,mxloc,x
nsel,u,loc,x,x_max—.l,xgmax+.1
c¢m, nd_in,node

nodeout (1) =
nodeinfl)=

!--reorder nodes according z-coord.

cmsel, s, nd cut

*get, out num, node,, count

*dim, nodeout, , cut num

*do, 1,1, o0ut_num
cmsel, s, nd _out
*get,x_max,node, ,mxloc, x
nsel,r,ioc,x,x_max~.1,x_max+.1
*get, ndnum, node, , num, min
nodeout {i)=ndnum
cmsel,s,nd_out
nsel,u,,,ndnum
cm, nd_out, node

*enddo

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

cmsel, s,a tank
cmsel, u, dome area
cmsel,u,upwall_area
cmsel,u,lowwall_area
Ccm, s.ab_area,area
1lsla

nsla,, 1l

cm, s1ab_nd, node

'~-for line eguation for each pair of in/out nodes

*do, 11,1, in num-1
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w

nsel, s, , ,nodeout {ii)
nsel,a,,,.ncdein{ii)

path nd{pstart+ii)=nodein(ii)
csys, 0

*get, ®x_out,node,nodeout {1i), loc, x
*get, y_cut,node, nedeout (ii), log, vy
*get,x in,ncde,nodein(ii), loc, x
*get,y in,node,nodein{ii),loc,y

*if,ii,ne,in num, then
*get, ®plus_in,node, nodein(ii+l), loe, x
*get,yplus in,node,nodein{ii+l},loc,y
ds=sgrti{(xplus in-x in)**2+(yplus in-y in)**Z2)
*endif

nwpla,-1,ncdecut (ii),nodein(i1)
csys, 4
cmsel, s, slab_nd
nsel,r,loc,y,~1,1

cm, ntemp, node

esln

esel,r,mat,, 2

nsle
nsel,r,loc,v,~1, 99958
esln,,1

cm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp

csys, 0

get res_slice

cmsel, s, ntemp
ttt=sqrt{(x out-x in)**2+(y out-y in)**2)
get hpfrc
path fa(pstart+iij=unit_fsumy
path ft{pstart+ii)-unit_ fsumx
path mz(pstart+il)=-unit_mz
path fh{pstart+ii)=hp_f
*enddo
pstart=pstart+in num-1

rsys,0

/gresume, path_ax, plt
axial path
plpng

shear path
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pleng

hoop path
plpng

moment _path
plpng

!=——-Output path data to file

/sys,del path ax.dat
*dim,pl,,pstart
ss5=0
*do,i,1,pstart
*get,path x,path,,point,i,x
*get,path y,path,,point, i,y
*if,1,9t,1,then
ss=gss+sqrt{(path_x-path_x0)**2+(path y-path y0)**2)
*andif
pl{i)=ss
path xO=path_x
path y0=path y
*enddo

i=1

foutput,path_ax, dat,,
*vwrite,pl(i),path_fa(i),path ft(i),path fh(i),path mz (i)
{5e12.4) B B
/output
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get_res_slice.mac

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

*dim, XX, , nnode
*dim, vy, ,nnode
*dim, zz, ,nnode
*dim, £fx, ,nnode
*dim, £fy, ,nnode
*dim, £fz, , nnocde

gmean=0
ymean=0
zmean=0

fsumx=0
fsumy=0
fsumz=0

cm, nnl, node

csys, 0

*do, i, l,nnode
*get, incde, nods, ,num, min
nsel, s, ,,inode
¥xx {1)=nx(inode)
yy {i)=ny(inode)
zz[(1)=nz {inode)
cmsel, s, etemp
fsum, 0
*get, £fx (i}, fsum, £x
*get, ffy(i), fsum, £y
*get,ffz (i), fsum, £z
Xmean=xmean+xx (1)
ymean=ymean+yy (1)
Zmean=zmean+zz (i}
fsumx=fsumx+ffx{i)
fsumy=fsumy+ffy (i)
fsumz=fsumz+£ffz{1)
cmsel, s, nn0
nsel,u,,,inode
cm, nn0, node
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*enddo

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

lget centroids
mmx»=0
mmyy=0
mmzz=0

cmsel, s, ntemp

cm, nnl, node

*do, i, 1, nnode
mmxx=mmxx+ify (1) * (zz (1) -zmean)+ffz (i) *(yy(i)-ymean)
mmyy=mmyy+Ifx{i)*(zz (i) -zmean)+ffz (i} * (xx{1)~xmean)
mmzz=mmzz+IIx (1) ®*{yy{i}-ymean)+ffy(i)* (xx(i)-xmean)

*enddo

fsumx=fsumx/1000 'kip
fsumy=fsumy/1000C 'kip
mmzz=mmzz/1000 'kip-in

arc_length=3.14152*xmean*2

unit fsumx=fsumx/arc length*12 ! kip/ft
unit fsumy=fsumy/arc length*12 ! kip/ft
unit _mz=mmzz/arc_length*1i2 ' kip-in/ft
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get_hpfrc.mac

!~--This macro should be run after get res.mac, xzmean is calculated in
! get_res.mac

cm, ntemp, nodea
*get, nnode, node, , count

csys, 0

hp £=0

sz_sum=0

nn=0_

*do, 1,1, nnocde
ndnxt=ndnext [nn}
nsel, s, , ,ndnxt

esln
esel, r,mat, ,mat conc
cm, etemp, elem
*get,s_z,nede,ndnxt, s, z
SZ_ SUM=SZ sum+s =z
cmgel,s,ntemp
nn=ndnxt

*enddo

$z_sum=sz_sum/nnode

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

!=======Define path

allsel

PADEL, ALL

path,in surf,pstart,,1

*do,i,1,pstart
ppath,i,path nd (i)
dnsol,path_nd(i},u,x,pathkfa(i)

*enddo

allsel
PDEF, axial,u, x,AVE
/PBC, BPATH, ,0

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

shear_path.mac

!=======Define path
allsel
rsys, 0
PADEL,ALL
path,in_surf,pstart,, 1
*do,1i,1,pstart
ppath, i,path nd(i)
dnscl,path nd(i},u,x,path ft (i)
*enddo B B

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,,1l
*de,i,1l,pstart
ppath,i,path_nd{i)
dnsol,path nd{i},u,x,path fh(i)
*enddo

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

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

moment_path.mac

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

allsel
PDEY, 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, 100,100,100, 0
/RGB, INDEX, 0,0, 0,15
/REBLOT

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

/DEVICE, VECTOR, 0

path_ax.plt

/NOER

/RESET
/DEVICE,VECT, OFF

! General Graphics Settings
/NUM, 1

/PLOPF, INFO, 3
/TRIAD, RTOP
/GTHIC,CURV, 2
/GROPT, CGRI, ON
/GRCPT, CURL, 1
/PNUM, MAT , 1
/COL, NUM ,ORAN, 2

/TRLCY, ON

/TXTRE, ON

! Window Settings

/VIEW,1, 0.0000 ,  0.0000 r  1.0000
/FCC, 1, 241.31 , 836.95 ,  13.005
/DIST, 1, 446.41

/TYPE, 1, 6

/EDG, 1, 0, 45.000

/CONT, 1, 9,AUTO
/GO
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smisc_pit.plt

/NOPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/NUM, 1

/BLOP, INFC, 3
/TRIAD, RTOP
/GTHIC,CURY, 2
/GROPT, CURL, 1
/PNUM,MAT , 1

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

/TXTRE, ON

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

/VIEW,1, 0.0000 , 0.0000 ., 1.0000
/FOC, 1, 241.69 . 1101.4 , —26.405
/DIST, 1, 357.35

/TYPE,1, 6

/EDG, 1, 0, 45,000
/CONT,1, ©,RAUTO
/DSCA, 1, 1.0000
/GO



