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1.0  OBJECTIVE/PURPOSE

The purpose of this calculation is to develop a parametric model for single shell tank
{58T) A, and provide a sample analysis of SST-A tank based on analysis of record (AOR)
loads. The SST-A model is based on buyer-supplied as-built drawings and information
for the AOR for SSTs, encompassing the existing tank load conditions, and evaluates
‘stresses and deformations throughout the tank and surrounding soil mass.

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

20  METHODS OF ANALYSIS

1. A simplified linear, axisymmetric shell model of the 85T-A tanks. was first
developed using the' ANSYS Parametric Design Language (APDL) in ANSYS 7.0,
a general purpose finite element analysis program [Fef 1]. Assumptions derived
from RPP-14249 [Ref 2] are applied to the model, including a) no liner or waste
present in the tank; b) no friction/ contact at the soil/tank interface, c} no rebar,
d) elastic soil modulus, and ¢) Poisson’s ratio of 0.27 for soil.

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

3.0  INPUT DATA

The geometry of the SST-A tank is provided in drawing H-2-55911 [Ref 4], and is shown
in Figure 1. The parametric model includes material properties for the ?s&n’k_, and
nominal soil material properties. For purposes of this calculation, the soil overburden
(at the top Gf the tank dome) is 8, 45 feet [_%Eefm] with a umt Weight of 125 ;}cf Pmsson
different eiastlc moduli. Mai:enal pmpertzes for st:me:tural comncrete a.nd sz}ﬁ are the same
as those in document RPP-14249 [Ref 7], and are listed in Table 1. The concrete
reinforcing bar properties are also specified in the drawing, but are not needed for this
simplified analysis.
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Table 1. Material Properties [Ref_2]
Materjal Elastic Modulus (psi) Poisson’s Ratio Density (Ib/ft%)
Structural Concrete 3,100,000 - 0.2 150
Top Soil 7,000 0.27 125
Mid-5oil 13,000 0.27 125
Bottom Soil 20,000 0.27 125

Both the concrete tank and soil are modeled with 2D solid elements PLANE42, with
-axisymmetric characteristics turried on. Figures 3 and 4 show the finite eiement mesh
used for this calculation.

The AOR loads for the SST-A tank include a uniform pressure load of 40 Ibf/ {2 on the
soil surface and a concentrated load of 200 kip over a circular region with a radius of 10
ft. The concentrated load is applied to the soil surface as a pressure load in this
calculation. A vacuum load of -6 in. water gage was also applied to the inside surface of
the tank. Boundary conditions for the axisymmetric moedel are shown in Figure 5
Figure 6 shows the uniform and vacuum pressure loads, and Figure 7 depicts the

concentrated load for the SST-A tank. Gravity is also included in the calculatlim

The parametric inputs used in this calculation are summatized in the. attachments The
files and their functions are listed in Table 2.

Table 2. Input file and function list:

Inﬁziile Function Calling Yor
sst a.mac Master input creating parametric model parm_a.mac
- for S5T-A tank and getting solutions set_load a.rmac
parm_a.mac Set all parametric yarlg?les qsed to create NONE
_ the parametric model
set_load_a.mac Apply bound-ary conditions and AOR NONE
loads :
Calculate section force/ moment, gftgf?_'mac
pst. proc_amac generate results pictures in png 8¢ ip Femac
format,output data to path_a.dat pipng.mac
. path_a.plt
Calculate total forces and momients at
t res.mac
get_res.mac individual section _NQNE -
__plpng.mac Create image hard copy in png format NONE
path_a.plt View setting for path plot NONE
get hpfremac | Calculate hoop force from stress results NONE
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Figure 1. Geometry of SST-A Tank
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Figure 2. Soil Layers
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Figure 3. Finite element mesh, showing elements colored by material ID.

}Figur 4. 1{35@-11 of finite element mesh,
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Figure 7. Concentrated load for SST-A tanks

40  RESULTS

The solution can be obtained by running the master input macro sst_amac (see
attachment), which loads the macro defining the parameters, creates the tank/soil
geometry and finite element mesh, applies loads, and defines the material pmgeﬁies.

Section 3, The peak dlsplacemeni: of the sm} mass is 2.25 mches, and this occurs at grade-
far away fmm the tanic The peak tank dxsplacem&nt i 1 68 mches at the dome apex.

The von Mises equivalent stress contours are presented in [igus i3, The peak

eqmva};em s%.ress in the tanic 15 ap;;roxzmtely 2 3 ksx, and thm ()ccurs at the wall/ slab

.about 509 psi at baunch regmm and minimum haop stress is -754 psi at Waﬁ/ siab ;omt

Force and moment resultants are caculated in pst_proc_amac. In order for
pst_proc_a.mac to work correctly, the tank has to be map meshed. The mapped mesh
‘resulted il a.set of nodes aligned in a straight line, creating a cross section for section
force and moment evaluation. Once the cross section nodes and elements attached to
one side of the nodes were selected, the macro get_res.mac then caleulated the nodal




_ RPP-13997, Rev.l)
ANALYTICAL CALCULATIONS

Page 10of41
Subject Sample AOR Calculation using ANSYS
Axisymmetric Parametric Model for Tank SST-A
Originator Xianghong Li x & Date  3/11/03
Checker  Jim Radochia ¥ ) _ Date 3/11/03

forces, determined the location of the neutral axis, and evaluated the moment about the
neittral axis. The force and moment per unit length were calculated according to the
raclius of the hewtral axis. Because there is no direct hoop force output for 2D elements,
the section hoop force is calculated in macro gét_hpfre.mac. The nodal hoop stresses are.
retrieved and averaged over thickness, hoop force over meridional length is then
obtained from the averaged nodal hoop stress and wall thickness. Figures 15 to 18 show
the axial force, shear force, hoop force, and moment, respectively. The wall/slab joint
sees the most severe loading condition, with maximum axial force of about 133 kip/ft,
maximum shear force of 28 kip/ft, and maximuim moment of 2197 kip-in/ft. Maximam
hoop force of 146 kip/ft occurred at haunch region.

NCRBY SOLUTION L
e MR B 2003
STEP=1 R I
SR = E 6 N
TR _ X
ST {ENG)
A
DM =2, 249
A
S =2, 249
249929 493858 L4978 '%.9?15 125 1.5 1,75 99 2.249

Figure 8. Total displacement contour of soil and tank
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Figure 12. Equivalent stress contours of tank and soil (psi).
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Figure 13. Equivalent stress contours of tank (psi).
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5.0 CONCLUSIONS

The simplified linear parametric model is capable of giving a quick estimation of tank
behavior under AOR loads. A sample calculation demonstrates the use of the parametric
model for tank SST-A, and provides examples of the types of inputs that can be defined
and the types of outputs that can be obtained. The parametric model can be used
effectively to evaluate the tank response to a broad range of loading conditions and
material properties.
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7.0 ATTACHMENTS AND APPENDICES

sst_a.mac

1--Create cross section of SST A tank
finish
/clear
/prep7

/INPUT, 'parm_a', 'mac’
1--Create dome
/TRIAD, RTOP

wpesys, -1,0
wpoff,,dm rl,

csys, 4

k,1
k,2,r2,-h2
k,3,r3,-h3
k,4,r4,-h4
k,5,r5, -h5
k,6,r6, -h6
k,7,r7,-h7
k,8,r8, -hs
k,9,r9, -h9

k,10,r10, -h10
k,11,rl1,-h11
k,12,rlz, -h12
k,13,rl3, -h13
k,14,r14,-hl4
k,15,r15,-h15
k,16,r16,-hl6
k,17,r17,-h17
k,18,r18,-hl18
k,19,r19,-hl19
k,20,r20,-h20
k,21,r21,-h21

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

lstr,4,5

1str,5,6

lstr,6,7

lstr, 7,8

lstr,8,9
1str,9,10
1str,10,11
lstr,11,12
l1str,12,13

lstr, 13,14
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lstr,14,15

lstr, 15,16

lstr, 16,17
lare,17,18,14,hnch r2
larc,18,1%,14,hnch rl
larc, 14,20,14,dm _r4
larc,20,21,14,dm r2
lstr, 1,21

al,all

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

allsel
cm,a_tank,area

!—---Create Soll Mass

wpesys, -1, 0

kwpave, 1

csys, 4

wpoff, ,depth

rectng,0,s50il r,0,-(h%+depth+scil h)
acvip,all B
adele, 15,,,1

cmsel,u,a tank
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cm,a_soll,area

!—-cut soil for different scil properties
kwpave, 4

wprot, , 90

aspw,all

kwpave, 9

lsbw, 51

1str, 9,37

asbl,all,51

cm,a_scil,area

wprot,,, %0
kwpave, 35
wpoff,,,cload 1
lsbw, 46

!--5et Elelment type, real constants, and material preoperties
r liner=1

r,1,liner t

mat liner=1

mat tank=2
mat tsoil=3 !for top soil
mat msoil=4 'for mid soil

mat bsoil=5 !for bottom scil

type liner=1
type tank=2
type_so0il=3

et,type liner,shellél
et, type tank,planed?
et,type soil,planed’

keyopt,2,3,1
keyopt, 3,3,1

'[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 ¢

riz7 structural concrete
mp, ex,mat_tank,conc ex

mp, dens,mat_tank, conc_dens
mp,prxy,mat_tank, conc_prxy

mp, alpx,mat tank,conc alpx
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w2
w2

(O8]
%

mp, kxx,mat_tank,conc_kx
mp, c,mat_tank,conc <

'13] top soil
mp,ex,mat_tsoil,tscil ex

mp, dens, mat_tsoil, tsoil dens
mp, prxy,mat_tsoil,tsoll prxy

'14] mid soil
mp,ex,mat_msoil,msoil ex

mp, dens, mat_msoil,msoil dens
mp, pray,mat_mscil,msoll prxy

5] bottom soil
mp, ex,mat _bsoil,bscil ex

mp, dens, mat_bsoll,bsoll dens
mp,prxy,mat_bsoll,bscil prxy

l~--Meshing

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

esize, tank size
type,type tank
mat,mat_tank

lsel,s,,,2,23,21
lcecat,all
lsel,s,,,.24,25
lcecatr,all
lsel,s,,, 17,18
lccat,all
mshkey, 1
amesh,all

I--delete concat lines
CM, Y,LINE

*SET, Z1,LSINQR(0, 13}
*IF, zl,ne,0,then
LSEL, R, L.CCA

*SET, 22,L3INQR(0,13}
LDELE,ALL
*SET, 23, Z1- 22
*IF,_ZB,NE,O,THEN
CMSEL, S, Y

CMDELE, Y

*ENDIF

*ELSE

CMSEL, S, Y

CMDELE, Y



RPP-13997, Rev.0
ANALYTICAL CALCULATIONS

Page 21 of41
Subject Sample AOR Calculation using ANSYS
Axisymmetric Parametric Model for Tank SST-A

Originator Xianghong Li » - Date 3/11/03
Checker Jim Radochia # Date 3/11/03
*ENDIF

!-— s0il mesh
cmsel, s,a_soll
allsel,below, area

esize,so0ll esize
type, type soil

mept, trans,1.25%
meopt, expnd, 1.25

lesize,49,,,5,5
lesize,50,,,10,5
lesize,54,,,8

lesize, 47,,,25,4
lesize,51,,,25,4

mshkey, 0
amesh,all

wpcsys, —1,0

kwpave, 1

csys, 4

cmsel, s, a soil
asel,r,loc,y,-h4,9938595
esla
emodif,all,mat,matﬁtsoil

cmsel,s,a_soil
asel,r,loc,y,-h4,-ho
esla
emodif,all,mat,mat msoil

cmsel,s,a soil
asel,r,loc,y,-h%,-99999
esla
emodif,all,mat,mat bsoil

/pnum, type, 1
/num, 1

allsel

set load_a
allsel

finish
/filname, sst =&
save

/solu

solve
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parm_a.mac

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

t1=15 I!tank wall thichness at bottom
t2=24 ttank wall thickness at top

dm_r1=1155 !inch, radius of outer inbocard dome surface
dm r2=1140 t!inch, radius of inner inboard dome surface
dm_r3=804 tinch, radius of outer outboard dome surface
dm_r4=720 linch, radius of inner outboard dome surface

hnch_r1=120 !inch, big haunch radius
hnch _rz=2*12+2+1/2 tinch, small haunch radius

depth=8.45%*12
soil _r=80*12
soil h=40+%12

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

h1=0

r2=15%12+2+3/8
h2=12+2+1/2

ri=zr2+13+*12+7+1/16
h3=4#%12+10.5

r4=38*12+9+1/2
h4=8+#12+8+15/16

rh=r4
h5=ha+ (4*12+6+1/16)+(9*12+6+3/4)

ré=r5+{t2-t1)
h6=h5+6*12

r7=ré
h7=h6+17+%12

r8=r7+3*12
ha=h7

rg=r8
ho=h8+2*12

r1l0=rs-8+12
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h10=h9

rli=rl0-(3*12+6)
hl1=h7+6

rl2=24
hi2=h11

ri3=riz
h13=h12+{2*12+6)

rl4=0
hid4=h13

rl5=0
h1s5=h?7

rle=r7-t2
hie=h7

r21=0
h2l=dm rl-dm_r2

r20=r2l1+15*%*12
h20=h21+12+2+5/16

r19=r20+(18*12+4+5/8)
h19=h20+(6*12+1+5/16)

r18=r19+{3*12+9+13/16)
h18=h19+ (3*12+6+1/4)

r17=r18+4+1/16
hl7=h18+{12+2+1/8)

! ---Parameters for materials

steel ex=27.7e6 telastic modulus [psi]

steel prxy=0.3 !poisson ratio

steel alpx=6.38 tthermal expansion coefficient [microstrain/degree F]
steel gamma=490 lunit weight [1b£/ft"*3]

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

steel c=1 Ispecific heat [BTU/R-1bf/{in/sec”2}]

steel alpx=steel_alpx*le-6 tin/in/F

steel dens=steel_gamma/1728/386 tlb-sec™2/in"4

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

steel yield=36000 !yield strength [psi]

conc_ex=3.leé lelastic modulus [psil
conc_prxy=0.2 !Poisson ratio

conc_alpx=6.38 !thermal expansion coefficient [microstrain/degree F]
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conc_gamma=150 funit weight [lbf/ft”3]

conc kx=1 'thermal conductivity [BTU/hr/ft/degreer]

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

conc kx=conc kx/3600/12 'BTU/sec-in-degreel

conc open=0.1 !'shear transfer coefficient for ocpen crack
conc_closed=0.98 !shear transfer coefficient for closed crack
cenc_crush=3000 turniaxial crushing stress [psi]
conc_crack=0.1*conc_crush 'tensile cracking stress [psi]

'-—bottom soil

bsoil ex=20e3 'elastic modulus [psi]

bsoil prxy=0.27 'Poisson ratio

bsoil alpx=0 'thermal expansion coefficient [me/F}

bscil gamma=125 'unit weight [1bf/ft"3]

bsoil kx=1 'thermel conductivity [BTU/hr/ft/F)

bsoil c=1 !'specific heat [BTU/R/(1bf-sec”2/in}]

bsoil cohesion=0 !drucker-prager constant {assume small number) [psi]

bsoil frictien=35%.4!internal friction angle [deq)
bsoil dilat=35.4 !dilatancy angle [deg]

bsoll alpx=bscil alpx*le-& 'in/in/F

bsoil dens=bscil gamma/1728/386 !lb-sec”2/in"4
bsoil kx=psoil kx/3600/12 IBTU/sec-in-degreeF
!=-mid soil

msoll ex=13e3
msoil prxy=0.27
msoil dens=1253/1728/386

t—top so0il

tsoll ex=7e3

tsoil prxy=0.27

tscil dens=125/1728/386

!-——-Element size control
liner size=5
tank size=6
$ci1l esize=40
drd div=10
dré div=10
dnéd div=20
dhé div=40
drsoil div=Z0
tsoil hdiv=8
msoil hdiv=10
bscil hdiv=15
cload div=11

!-——liner thickness
liner t=3/8
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!'--Load
p_uniform=40/144
££=200000

cload 1=10*12

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

finish

/prep’

l--set BCs
wpcsys,—1,0
kwpave, 1

csys, d
ksel,s,loc,x,s50il r
1slk,,1

nsli,,1

d,all,ux,0

allsel
ksel,s,loc,y,-h%-so0il h
1slk,,1

nsll,,1

d,all,uy,0

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

lsel,s,,,53,54
nsil,,1

esln

sf,all,pres,p uniform

p_cload=£f/(3.1415%*cload 1**2)
1sel,s,, .54

nsll,,1
sf,all,pres,p cload+p uniform
allsel

acel,, 386

'Apply -6" w.g. to dome
1sel,s,,,17,20
lsel,a,,,33,37,2
lsel,a,,, 38

isel,a,,, 41

lsel,a,,, 43,44

nsll,,1
sf,all,pres,vac pres

allsel
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pst_proc_a.mac

finish

/clear

resume, sst_a,db
/postl
file,sst_a

set, last
/sys,del *.png

/COLOR, NUM, CYRN, 1
/COLOR, NUM, BMAG, 2
/COLOR, NUM, YGRE, 3
/COLCR, NUM, CBLU, 4
/COLOR, NUM, MRED, 5
/COLOR, NUM, GREE, &
/COLOR, NUM, ORAN, 7
/COLCR, NUM, MAGE, 8

/COLOR, NUM, YGRE, 9
/COLOR, NUM, BLUE, 10
/COLOR, NUM, GCYA, 11

fmmmmem total disp. contour of soil
/dscale, , 1

allsel
/auto
plnsol, v, sum
plpng

fm——— total disp. contour of tank
esel, s, type,,2

/auto

plnsol, u, sum

plpng

P deformed shape of soil
/edge,, 1

/dscale

allsel

pldisp, 2

pleng

le—— deformed shape of tank
esel, s, type,,2

/rep

plpng

e von mises stress of seoil

allsel
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11/0
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w
W

w
w

plnscl, s, eqv
plpng

== von mises stress of tank
esel,s,type,,2

/rep

plpng

o= hoop stress of tank
plnscl, s, z

vlpng

allsel

e LR P SECTION FORCE/MOMENT
*dim, path_nd,, 1000 'path node definiticn
*dim,path fa,,1000 ‘axial force

*dim, path ft,,1000 'transverse force
*dim,path fth,,1000 'hoop force

*dim, path mz,, 1000 'moment

csys, 0

pstart=0 !starting peint of conseguent path points

[ == dome region
lsel,s,,, 1,2

lsel,a,,, 23

nsli,,1l

cm, nd_out, node

lsel,s,,,19,20
nsll,, 1
cm, nd _in,node

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

*get, X _min,node, ,mnloc, X
nsel,u,loc,x,x min-.1,x min+.1
cm, nd out,node

cmsel, s, nd in

*get, % _min,node, ,mnloc, %
nsel,u,loc, X, x min-.1,x min+.1
cm,nd in, node

!--reorder nodes according x-coord.
cmsel, s, nd_out




RPP-13997, Rev.0
ANALYTICAL CALCULATIONS

Page 290f41
Subject Sample AOR Calculation using ANSYS
Axisymmetric Parametric Model for Tank SST-A

Originator Xianghong Li » - Date  3/11/03
Checker Jim Radochia # Date 3/11/03

*get,out num,node,,count

*dim, nodeout, , out_num
*do,1i,1,cut_num
cmsel, s, nd_out
*get,x min,node, ,mnlecc, x
nsel,r,loc,x,x min-.1,x min+.1
*get, ndnum, node, , um, min
nodeout {i}=ndnum
cmsel, s, nd_out
nsel,u,, ,ndnum
cm,nd out, node
*enddo

cmsel, s, nd in
*get,in num, ncde,, count
*dim, nodein,,in num
*do,1,1,in num
cmsel, s, nd _in
*get,x min,node, ,mnloc,
nsel,r?loc,x,x_min—.1,x_min+.1
*get,ndnum, node, ,num, min
nodein (i} =ndnum
cmsel,s,nd _in
nsel,u,,,ndnum
cm, nd_in, node
*enddo

asel,s,,, 1,2
1lsla

nsla,,l

cm, dome nd, node

I-—for line eguaticn for each pair of in/out nodes
*do,1i,1,in num
nsel,s,,,ncdeout (i1}
nsel,a,, ,nodein{ii)
path nd{pstart+ii)=nodeln(ii)
*get,x_out,node,nodeout(ii),loc,x
*get,y out,node,nodeout (1i),loc,y
*get,x_in,node,nodein(il),loc,xn
*get,y in,node,nodein(il),loc,y
nwpla, -1, nodeout (i1}, nodein(ii)
csys, 4
cmsel, s, dome_nd
nsel,r,loc,vy,-1,1
cm, ntemp, node
esln
esel, r,type,,2
nsle
nsel,r,loc,y,-1,99999
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esln,, 1l

cm, etemp, elen

cmsel, s, ntemp

cmsel, s, etemp

csys, 0

get res
theta=atan((y_out-y in}/(x ocut-x_in})

path_fa(pstart+ii)=unit fsumx*sin({theta)-unit fsumy*cos{theta)
path_ft{pstart+ii)=unit fsumx*cos(theta)+unit fsumy*sin(theta)
path mz (pstart+ii}=unit mz

cmsel, s, ntemp

ttt=sart {(zx_out-x in)**Z+(y out-y in)**2)
get hpfrc

path_fh{pstart+ii)=hp_f

*enddo

pstart=pstart+in_num

t== == ========t0op haunch region
lsel,s,, 24,25

nsll,,1

cm, nd_out, node

lgel,s,,,17,18
nsll,,1
cm, nd _in, node

!'-—unselect end nodes
cmsel, s, nd_out

*get, y max,node,,mxlcc,y
nsel,u,loo,y,y_max—.l,y_max+.1
cm, nd_out, node

cmsel, s, nd in

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

!--recorder nodes according y-coord.
cmsel, s, nd out
*get,out_num,node,,count

*dim, nodeout, , out num
*do,i,l,out“num

cmsel, s, nd cut
*get,y_max,node, ,mxloc,y
nsel,r,loc,y,y max-.1,y max+.l1
*get, ndnum, node, , num, min
nodeout (i) =ndnum
cmsel, s, nd out
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nsel,u,, ,ndnum
cm, nd out,node
*enddo

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

asel,s,, .3

lsla

nsla,,1

cm, hnch nd, node

!-—for line eguation for each pair of in/cut nodes
*do,1ii,1,in_num
nsel, s,,,nodeout (ii)
nsel,a,,,nodein{ii)
path nd(pstart+ii)-nodein{ii)
*get,x out,node,nodecut{ii),loc,x
*get,y out,node,nodecut{ii},loc,y
*get,x_in,node,nodein{ii), log, x
*get,y in,node,nodein(ii), loc,y
nwpla,~1,nodeocut (il), nodein{ii)
csys, 4
cmsel, s, hnch_nd
nsel,r,loc,y,-1,1
cm, ntemp, node

esln

esel, r,type,, 2

nsle

nsel, r,loc,y,-1, 5339589
esln,,1

cm, etemp, elem

cmsel, s, ntemp

cmsel, s, etemp

csys, 0

get_res
theta=atan((y_out-y_in)/{x_out-x in})

path fa(pstart+ii)=unit fsumx*sin(theta)-unit_fsumy*cos(theta}
path_ ft(pstart+ii)=unit fsumx*cos{theta}+unit_fsumy*sin{theta)
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rath mz(pstart+ii}=unit mz

cmsel, s, ntemp
ttt=sgrt({x_cut-x_in)**2+{y out-y in)}**2}
get_hpfrc

path fhipstart+iij=hp_f

*enddo

pstart=pstart+in_num

L =========—======will reglon
lsel,s,, ;5.6

lsel,a,, .27

nsil,, 1

cm,nd out,ncde

1sel,s,,.41
lsel,a,, 43,44
nsll,,l

cm,nd in,ncde

l——unselect end nodes
cmsel, s, nd_cut

*get,y max,node, ,mxloc,y
*get,y _min,node, ,mnloc,y
nsel,u,loc,y,y max-.1,y max+.1
Insel,u,loc,y,y_min—.l,?_min+.1
cm, nd out,node

cmsel, s, nd_in

*get,y _min,nede, ,mnloc,y
*get,y_max,node, ,mxloc,y
nsel,u, loc,y,y_max--1,y max+.1
'nsel,u,loc,y,y_min-.1,y min+.1
cm, nd in,node

!--reorder nodes according y-coord.
cmsel, s, nd out
*get,out_num, node, , count
*dim,nodecut,,out num
*do,1i,1,0ut_num
cmsel, s, nd out
*get,y max,nocde, ,mxloc,y
nsel,r,loc,y,y max-.1,y mazn+.1
*get, ndnum, node, , num, min
nodeout {i) =ndnum
cmeel, s, nd out
nsel,u,,,ndnum
cm, nd out, node
*enddo
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cnmsel,s,nd_in
*get,in_num, node, , count
*dim, nedein,, in_num
*do,i,1,in num
cmsel,s,nd in
*get,y_maxjnode,,mxloc,y
nsel,r,loc,y,y _max-.1,y max+,l
*get, ndnum, ncde, , num, min
nedein (1) =ndnum
crmsel, s, nd in
nsel,u,, ,ndnum
cm,nd_in,node
*andde

asel,s,,,4
asel,a,,,11,14,3
1sla

nsla,,l

¢m,wall nd,node

[--for line equation for each pair of in/out nodes
*deo,1i,1,in num
nsel, s,,,nodecut {ii)
nsel,a,,,nodein{ii)
path nd{pstart+ii)=nodein{ii}
*get, x out,node,nodecut (ii), loc, x
*get,y out,nocde,ncdeocut (ii), loc,y
*get,x_in,node,nodein{ii),loc,x
*get,y in,node,ncdein(ii),loc,y
nwpla,-1,nodecut (ii),nodein(ii}
csys, 4
cmsel, s,wall nd
nsel,r,loc,vy,-1,1
cm, ntemp, node
esln
esel, r,type,, 2
nsle
nsel,r, loc,y,-1,9929%
esln,, 1l
cm, etemp,elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0
get res
theta=atan ((y_out-y in)/{x_out-x_in})

path_fa(pstart+ii)=unit_fsumx*sin(theta)—unit_fsumy*cos(theta)
path ft(pstart+ii)=unit fsumx*cocs(theta)+unit_ fsumy*sin(theta)

path mz{pstart+il)=unit_mz

cmsel, s, ntemp
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[8%]

W
W

Ttt=sgrt ({x_out-x in}**2+(y_out-y in)**2)
get hpfrc
path fh{pstart+ii)=hp f

*anddo

pstart=pstart+in num

| === === ======glab region
lsel,s,,,10,11

isel,a,,, 32

nsll,,1

cm, nd_ocut,node

lsel,s,,,33,37,2
nsll,,1
cm, nd _in, node

'-—unselect end nocdes
cmsel, s, nd _out

*get, ¥x_max,node, ,mxloc, x
nsel,u,loc,x,x max-.1,x max+.1
cm, nd out, node

cmsel, s, nd _in

*get, x _max,node, ,mxloc, x
nsel,u,loc, X, x max—.1,x max+.1l
cm,nd in, node

!--reorder nodes according x-coord.
cmsel, s, nd _out
*get,out_num,node,,count
*dim, nodeout, , cut num
*de, 1,1, cut_num
cmsel, s, nd out
*get,x _max,node, ,mxloc,x
nsel,r,loc, %, ¥ max-.l,x max+.1
*get,ndnum,node,,num,miH
nodecut (1) =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,1,1,in_num
cmsel,s,nd_in
*get,x _max,node, ,mxloc, x
nsel,r,loc,x,x_max—.l,x_max+.l
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*get, ndnum, node, ,num,min
nodein (i} =ndnum
cmsel, s, nd in
nsel,u,, ,ndnum
cm, nd in,node

*endde

asel,s,,,?,9
lsla

nsla, .l

cm, slab_nd, node

!-—-for line equation for each pair of in/out nodes
*de,1i,1,in_num
nsel, s, ,,nodecut (11}
nsel,a,,, ,nodein(ii)
path_nd(pstart+ii)=nodein(ii)
*get,x out,node,nodeout (ii), loc,x
*get,y out,ncde,nodeocut (ii},loc,y
*get,® in,node,nodein(ii),loc,x
*get,y_in,node,nodein(ii),loc,y
nwpla, -1, nodeout (1i1),nodein{ii;
csys, 4
cmsel, s, slab_nd
nsel, r,loc,y,~-1,1
cm, ntemp, node
esln
esel,r,type,,2
nsle
nsel,r,loc,y,-1,99999%
esln,,1
cm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0
get res
theta=3.14159/2

path_fa(pstart+ii):unit_fsumx*sin(theta)—unit_fsumy*cos(theta)
path ft{pstart+ii)=unit fsumx*cos{theta)+unit_fsumy*sin(theta)
path mz (pstart+ii)=unit_mz

cmsel, s, ntemp

ttt=sqrt {{x_out-x_in)**2+(y_ocut-y in)**2)
get hpfrc

path fh(pstart+ii)=hp £

*enddo

pstart=pstart+in_num

[SVR |88
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W
93]

!=======Define path

allsel

dof, rotx

path,in_surf,pstart

*do,i,1,pstart

ppath,i,path nd(i}

dnsol,path nd{i},u,x,path fa(i)
dnsol,path nd(i),u,y,path £t {i)
dnsel,path nd{i},u,z,path mz (i)
dnsol,path nd{i),rot,x,path_fh(i)

*anddo

LVPRIN, 0,0,

!*
PDEF, 1,U, X, AVG
/PBC, PATH, ,0
!-A—
BVPRIN, D, 0,

!*

PDEF, 2,U, Y, AVG
/PBC, PATH, ,0
!*
AVPRIN, 0, O,

!ir

PDEF, 3,U, Z,BVG
/PBC, PATH, ,0

PDEF, 4, rot, %, AVG
/PBC, PATH, ,0

/gresume,path_a,plt

PLPAGM, 1, 1000,EBlank
/title,Axial Force {kip/ft)
/rep

plpng

PLPAGM, 2, 1000, Blank
/title,Shear Force (kip/ft)
/rep

plpng

PLPAGM, 3,1000, Blank
/title,Moment (kip-in/ft)
/rep

plpng

PLPAGM, 4, 1000, Blank
/title,Hoop Force (kip/ft)
/rep
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I-—---Output path data toc file

/sys,del path a.dat

*dim,pl, ,pstart

s35=0

*do,1i,1,pstart
*get,path x,path,,point,i,x
*get,path_y,path,,point,i,y
*if,i,gt,1l,then

ss=ss+sqrt ( (path x-path x0)**2+{path_y-path_y0)**2)
*endif
pl{i)=ss
path x0=path x
path_yO=path_vy
*enddo

i=1

/output,path_a,dat,,

*vwrite,pl(i),path fa(i},path_ft{i),path_fh{i},path mz{i}
(5el2.4})

Joutput
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get_res.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, £fy, ,nnode
*dim, £fz,,nnede

xmean=0
ymean=0
zmean=0

faumx=0
fsumy=0
fsumz=0

cm, nnQ, node

csys, O

*do,1, 1, nnode
*get,inode,node, ,num,min
nsel, s, ,, inode
®x {1)Y=nx{1lnode)
yy{i)=ny{inode)
zz({i)=nz (inode)
cmsel, s, etemp
tsum, O
*get, ffx (i), fsum, fx
*get, ffy (i), fsum, fy
*get, ffz (i), £sum, fz
xmean=xmean+xx (i}
ymeansymean+yy (1)
zmean=zmean+zz (i)
fsumx=fsum=x+ffx= (i)
fsumy=fsumy+£fy{i)
fsumz=Ffsumz+£fz (1)
cmsel, s, nn0
nsel,u,,,incde
cm, nn0, node
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*enddo

Xmean=xmhean/nnhode
ymean=ymean/nnode
rmean=zmean/nnode

'get centroids
mrxx=0
mryy=0
mmz z=0

cmsel, s, ntemp

cm, nnO, node

*do,1,1,nnode
mmxx=mmxx+Ify{i}*(zz(i)=-zmean)+ffz{i)* (yy({i)-ymean)
mmyy=mmyy+E£fx (1) * (zz (i)-zmean)+ffz{i)* {xx (i) -xmean)
mmzz=mmzz+Efx (1) * (yy (i) -ymean)+ffy (i) * (xx (i) -xmean)

*enddo

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

arc length=3.1415%*xmean*2

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

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

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

csys, 0

hp £=0

gz sum=0

nn=0_

*do, i, 1,nnode
ndnxt=ndnext (nn)
nsel, s, ,,ndnxt

asln
esel, r, type,, 2
cm, etemp, elem
*gel,s z,node,ndnxt, s,z
$z_Ssum=sz_sum+s_z
cmsel, s, ntemp
nn=ndnxt
*enddo

Sz_sum=sz_sum/nnode

hp f=sz sum*ttt/1000*12 ‘!kip/ft
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plpng.mac
/SHOW, PNG

PNGR, COMP, 1, -1

PNGR, ORIENT, HORIZ

PNGR, COLOR, 2

PNGR, TMOD, 1

/GFTLE, 600,

! *

/CMAP, TEMPCMAP ,CMP,, SAVE
/RGB, INDEX, 100,100,100, 0
/RGB, INDEX, 0,0,0,15
/REPLOT

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

/DEVICE, VECTOR, 0

path_a.plt

/NOPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/NUM, 1

/PLOP, INFC, 3
/TRTIAD, RTOE
/GTHIC,CURV, 2
/GROPT, CGRI, ON
/GROPT,CURL, 1
/PNUM, TYPE, 1
/COL, NUM ,YGRE, 3

/TRLCY, ON

/TXTRE, ON

! Window Settings

/VIEW,1, 0.0000 , 0.0000 ., 1.0000
/FOC, 1, 196.88 ., 805b.48 , 0.50000
/DIST,1, 408.80

/TYPE, 1, 6

/EDG, 1, 0, 45.000
JCONT,1, &,AUTO
/GO




