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1.0  OBJECTIVE/PURPOSE

Thee purpose of this calculation is to develop a parametric model for single shell tank
(88T) SX, and provide a sample analysis of the S5T-5X tank based on analysis of record
(AOR) loads. The SST-SX model is based on buyer-supplied as-built drawings and
information for the AOR for S5Ts, encompassing the existing tank load conditions, and
évaluates stresses and deformations throughoiit the tank and surrounding soil mass.

These sample calculations in this document are not to be used for assessing the
structural integrity of the S5T-5X tanks at the Hanford site.

20  METHODS OF ANALYSIS

1. A simplified linear, axisymmetric shell model of the SST-SX tanks was first
developed using the ANSYS Parametric Design Language (APDL) in ANSYS 7.0,
a general purpose finite element analysis program [Ref 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, ¢) no rebar,
d) elastic soil modulus, and e) Poisson’s ratio of 0.27 for soil.

2. The parametric model of the S5T-5X tank was then analyzed based on AOR
loads. Contotir plots showing stress and displacement are provided, as are tables
summarizing force/ moment resultants..

30 INPUT DATA

The geometry of the SST-SX tank is provided in drawing H-2-39511 [Ref 4], and is
shown in Figure 1. The parametric model includes material properties for the tank, and
nominal soil material properties. For purposes of this calculation, the soil overburden
(at the top of the tank dome) is 8.52 feet [Ref 3], with a unit weight of 125 pcf, Poisson
ratio 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 [fief 2], 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}
Material Elastic Modulus (psi) Poisson’s Ratio Density (Ib/ %)
Structural Concrete 3,100,000 0.2 150

' Top Soil 7,000 027 125

Mid-Seil 13,000 027 125

Bottom Soil 20,000 027

175

Both the concrete tank and soil are modeled with 2D solid elements PLANE42, with
axisymmetric characteristics turned on. Figtires 3 through 5 show the finité element
mesh used for this calculation. '

The AOR loads for the SST-5X tank includes a uniform pressure load of 40 Ibf/ft2 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 model are shown in Figure 6. Figure

7 shows the uniform and vacuum pressure loads, and Figure 8§ depicts the concentrated

load for the SST-SX tank. Gravity is also incliaded in the calculation.

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

Table 2 Input File List _
Input File o L
Name . Funetxexg Calling For
sst Sxmac Master input creating parametric model for parm_sx.mac
- 55T-5X tank and getting solutions set_load_sx.mac
_ Set all parametric variables used to create o
parmmsx.mac. the parametric model NGEE
set_load_sx.mac | Apply boundary conditions and AOR loads NONE
Calculate section force/ moment, generate gtetﬁrefs.fmac
pst_proc_sx.mac results pictures, output path data to &8¢ T prre.mac
path_sx.dat file pipng.mac
_ path_sx.plt
) Calculate total forces and moments at ~
get.res.mac individual section . N{}NE
pipng.mac Create image hard copy in png format NONE
path_sx.plt View setting for path plot NONE
get_hpfrc.mac Calculate section hoop force. NONE
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Figure 2. Soil Layers.
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Figure 6. Boundary conditions
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40  RESULTS

The solution can be obtained by running: the master input macro sst_sx.mac (see
attachment), which loads the macro deﬁhi‘ng the parameters, creates the tank/soil
geometry and finite element mesh, applies loads, and defines the material properties.

Figures 9 and 10 summarize the displacement response due to AOR loads identified in
Section 3. The peak displacement of the soil mass is 2.02 ifiches, and this occurs at grade:
far away fm‘m the tank. The peak tank displacement is 1.49 inches, at the dome apex.
Flgures 11 and 12 show exaggerated views of the tank/soil displacement,

...,

eqmvalent stress in the tank is appmxmately 2.7 ksi, and this occurs ai: thie joint of tank
wall and slab. The hoop stress of the tank is shown in Figure 15 The maximum hoop
stress is about 508 psi at haunch region, and the minimum hoop stress is. -738 psi at
wall/slab joint.

Force and moment resultants are calculated in pst_proc_sxmac, In order for
pst_proc_sx.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 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.mac then calculated the
nodal forces, determined the location of the neutral axis, and evaluated the moment
about the neutral axis. The force and moment per unit length are calculated according
to the radius of the neutral axis. Because there is.no direct hoop force output for 2D
elements, the section hoop force is calculated in macro get_hpfre.mac. The nodal hoop
stresses are retrieved and averaged over thickness, hoop force over mernidional length is
then obtained from the averaged nodal hoop stress and wall thickness. Figures 16 to 18
show the axial force, shear force, hoop force, and moment, r&spemvely The wall/ slab
joint sees the most severe loading, with maximum axial force of about 126 kip/ft,

maximum shear force of 57 kip/ft, and maximum moment of 2154 kip-in/ft. Maximum

hoop force of 144 kip/ ft occurred at haunch region.
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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-SX, 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_sx.mac

!--Create cross section of SST SX tank
finish
/clear
/prep’?

/INFUT, 'parm sx’, 'mac’

! -——Create dome

/TRIAD, RTOP

k,1,

wpcsys,—1,0

wpoff, ,dm rl,

csys, 4

k

*get, k max, kp, ,num, max

*get,x loc, kp, k_max, loc¢, x
*get,y loc, kp,k max, loc,y

K,y ,dm r2-dm rl

kysx loc—dm drl,y loc-dm chl
k,,%x loc-dm dr3-cdm drl,y loc-dm ohZ2
k,,x loc-tk orl,y locc-hnch hl

*get,x® loc, kp, 3, loc, X
*get,y loc, kp, 3,loc, ¥y

k, ,x_loc-dm_dr2,y_loc-dm ihl
*get,x loc, kp,7,loc, %

*get,y loc,kp,7,loc,y

k,,x loc-dm_dré4,y loc-dm ihZ
*get,x loc, kp,8,loc, x

*get,y loc,kp,8,loc,y
k,,x_loc-hnch dr3,y loc-hnch h3
*get,x loc,kp,% loc, x

*get,y loc,kp,9,lcc,y
k,,%_loc-nnch drd,y loc-hnch _hd

*get,x loc,kp, 6,loc,x
*get,y loc,kp,6,loc,y
k,,% loc,y loc-hnch h2

*get,x _loc,kp,11,1loc,x
*get,y loc,kp,11,1l0c,y
k,,x loc,y loc-tk hl

*get,x loc,kp,12,loc,x
*get,y loc,kp,12,1o0c,y
k, 2 _loc—{tk tZ2-tk tl),y loc-tk h2
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*get,x _loc,kp,13,loc, x
*get,y loc,kp,13,loc,y
k,,x loc,y loc-tk h3

“get,x loc,kp,14,loc,x
*get,y loc,kp,14,loc,y
kyy% loc-slb _dr,y_loc

*get,x loc, kp,15,loc,x
*get,y lec, kp,15,1loc, ¥y
k,,» lcc,y loc-slb tl

*get,x loc, kp,3,loc, x
*get,y loc,kp,16,1loc,y
k,,x loc-slp dr2,y loc

*get,x loc,kp,17,lec, x
*get,y leoc,kp,17,loc,y
k,,x_loc,y_loc-slb_dtl

*get,x loc, kp,3,loc,x
*get,y loc,kp,18,loc,y
k,,x_loc,y loc

*get,x loc,kp, 3, loc,x
*get,y loc,kp,19,loc,y
k,,x_loc,y_loc+slb_dtl+slb_dt2+slb_dt3

*get,x loc,kp,10,loc, x
*get,y loc,kp,10,loc,y
kK, ,®_lcc,y loc-tk_hi+slb dh2

lstr,2,3
larc,2,4,1,dm rl
larc,4,5,1,dn r3
lare,3,7,1,dm r2
lare,7,8,1,dn r4d
lstr, 5,6 -

larc,8,9,1,hnch_r1
larc,9,10,1,hnch r2
lstr, 6,11 N
lstr,11,12
1str,12,13

lstr, 13,14
lstr,14,15
lstr,15,16

lstr, 16,17
lstr,17,18
lstr,18,19

lstr, 19,20
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larec, 20,21, 3,1liner ri
lstr,10,21
al,ail

*get,x loc,kp,21,loc,x
*get,y loc,kp,21,1cc,y
kK,,% loc-slb dr3,y_ loc

*get,x loc,kp,22,loc, x
*get,y_ loc,kp,21,1o0c,y
kK,»x loc-slb drd,y loc-slb_dh

*get,x loc,kp,20,loc,x
*get,y loc,kp,20,loc,y
k, x_loc,y_loc-slb de3

1str, 21,22
lare,23,24,3,slb rl
lstr, 23,14
lsel,s,,,22,23
asel,s,,,1
asbl,all,all

lsel, none

Istr,21,23

*get,l num, line,,num,min
asel,s,,,3
lsel,s,,,1l num
asbl,all,all

allsel

lsel, none

1str, 10,11

*get,1 num,line,,num,min
asel,s,,.,4
lsel,s,,,l_num
aspbl,all,all

allsel
lwplan,-1,7
asbw, 5

wpcsys, —1, 0

kwpave, 2

wpoff, ,depth

csys, 4

rectng, 0,-soil r,0,-soil_h,
allsel

aovlp,all

adele,7,,.1
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allsel

wpesys,—1,0
wprot,, 90

cswpla, 11,0
cswpla,lz,1

kwpave, 2
wprot, , 20
wprot, ,, 90

off setl=5*12

off setl2=3*12
wpoff,,,—tkforl—offmsetl
asbw, &

kwpave, 19
wprot,, 30
wpoff,,,-off set?
asbw, 5

asbw, 7

csys, 0
arsym,x,all,,,,1,0
asel,s,loc,x,0,-9%999¢%
adele,all,,,l
aillsel

numcmp, all
wpcsys,~1,0
wprot,,, 80
kwpave, 35
wpoff,,,cload 1
lsbw, 41

'--cut soil for different soil propertiss
kwpave, 20

wprot,, 90

asbw, 8

asbw, 9

kwpave, 11

asbw, 10

asbw, 12

wprot, ,—90

!--Set Elelment type, real constants, and material properties
r_liner=l
r,l,liner_t

mat liner=l]

mat_tank=2

mat_tsoil=3 !for top soil

mat msoil=4 'for mid seoil
mat _bsoil=5 !for bottom soil
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type liner=l1
type tank=Z2
type soil=3

et,type liner,shellél
et,type tank,planed?
et,type soil,planed?2

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

'[11 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,steelgﬁx
mp, ¢, mat liner,steel c

'[2] structural concrete
mp,ex,mat_tank,conc_ex

mp, dens, mat tank,conc_dens
mp,prxy,matttank,concﬁprxy
mp,alpx,mat_tank,conc alpx

mp, kxx,mat_tank,conc_kx

mp, ¢, mat tank,conc ¢

'3 top soil
mp, ex,mat_tsoil,tsoil_ex

mp, dens, mat_tsoil,tsoll dens
mp, prxy,mat_tsoil, tscil przxy

1141 mid soil
mp,ex,mat msoll,msoil ex

mp, dens, mat msoil,mscil dens
mp, prxy,mat_msoil,mscil prxy

FEST mid scil
mp, ex,mat_bsoil,bscil ex

mp, dens, mat_bsoil,bscil dens
mp, prxy,mat_bscil,bsoil prxy

! ---Meshing

t--liner

isel,s,,,2,13,11
cm,1 liner,line
type, type liner
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mat,mat liner
real, v _liner

esize,liner size
!lmesh,all

!-- tank mesh
allsel
asel,u,,, 7,11
asel,u,,.,5
asel,u,,,13,14
allsel,below,area
kwpave, 10
wprot,, 90
asbw, 2
kwpave, 13
wprot, , =90
asbw, 15
kwpave, 7
asbw, 16
kwpave, 10
asbw, 17
wprot,, 90
kwpave, 15
asbw, 3
kwpave, 16
asbw, 19
adele,1,,,1
icomb, 4,5
cm,a_ tank,area
esize, tank size
type, type tank
mat,mat tank
isel,s,,, 30,32
leccat,all
lsel,s,,, 28,20
lccat,all
isel,s,,, 18,18
lccat,all
lsel,s,,.20,21
lccat,all
lsel,s,,,14,15
lccat,all
lsel,s,,.52,57,5
lceat,all

lsla

mshkey, 1
amesh,all

!-—delete concat lines
CM, Y, LINE
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*SET, 21,LSINQR{0,13)
*IF, _zl,ne, 0, then
LSEL, R, LCCA

*SET, 22,LSINQR(0,13)
LDELE, ALL
*SET, 23, Zl- 72

*IF, Z3,NE, 0, THEN
CMSEL, S, Y

CMDELE, Y

*ENDLF

*ELSE

CMSEL,S, Y

CMDELE, Y

*ENDIF

'-- s0ll mesh

asel,s,,,7,11

asel,a,,,b

asel,a,,, 13,14
cm,a_soil,area

lsla

esize,scll esize
lesize,43,,,50il 1lsizel
lesize,42,,,s50i1 lsized, .25
lesize, 25,,,s5011 lsizes, .25
lesize,40,,,12,5

lesize,46,,,10, .25
lesize,50,,,35
lesize,38,,.,7

lesize,47,,,10,.25
lesize,51,,,15
lesize, 48,,,7

mopt,trans,1.25
mopt,expnd, 1.25

lesize, 37,,,80il 1size3, .5
lesize, 34,,,50il lsize3,.5
lesize, 33,, 8501l lsize3,.5
lesize,45,,,501l lsize3, 2
lesize,49,,,s0il lsize3,2
lesize, 26,,,35011_lsize’, .3
lesize,35,,,s50il 1sizeb’,.3
lesize,24,,,80il l1lsizeb,.3
lesize,23,,,s011_lsizel, 4

type, type soil
mat,mat tsoil
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W

11/0
11/0

[

2
{95

asel,s,,,8
mshkey, O

mept, expnd, 1.1
mept,trans,l.1
amesh,all
asel,s,,, 11
mshkey, 1
amesh,all

mat,mat msoil
asel,s,,, 13,14
mshkey, 0
amesh,all

mat,mat bscil
mopt,expnd, 1.2
mopt, trans,1.2
asel,s,,,10
amesh,all

asel,s,,,5,9,2
mshkey, 1
amesh,all

/pnum, type, 1
/num, 1

allsel

set_load sx
allsel
/solu
solve
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parm_sx.mac

!--Define parameters for SST-SX tank

'--dimensions are in INCH and DEG

dm rl1=1155 !inch, radius of outer inboard dome surface

dm r2=1140 !inch, radius of inner inboard dcme surface

dm r3=804 'inch, radius of ocuter outboard dome surface

dm r4=720 tinch, radius cf inner cutbhcard dome surface

dm thetal=8.084722 !deg, angle of outer inboard dcme surface
dm thetal=9%.084722 !deg, angle of inner inbcard dome surface
dm theta3=12.05%72 !deg, angle of cuter outboard dome surface
dm thetad4=18.581944 !deg, angle of inner outboard dome surface
am chl=14.5 !vrtecal dist. from dome top to end of out radius 1
dm oh2=58.5 !vrtcal dist. from dome top to end of cut radius 2
dm ih1=14.3125 !vrtcal dist. from dome top to end of inner raadius 1
dm 1h2=73.3125 !vrtcal dist. between end of inner radius 1 and 2
dm drl=182.375

dm dr2=180

dm dr3=163.0625 'horizontal span of outer radius 2
dm_dr4=220.625 'horizontal span of inner radius 2

hnch r1=120 !inch, big haunch radius

hnch rz2=26.5 tinch, small haunch radius

hnch thetal=30.09583 'deg, angle of big haunch radius

hnch thetazZ=32.2375 tdeg, angle of big haunch radius

hnch h1=104.9375 !vrtcl. dist between dome top and haunch corner
hnch hz=54.08625 tvrtcl., dist between haunch corner and haunch bot.
hnch h3=42.25 !vrtel. span cf big haunch radius

hnch dr3=45,8125 ‘'horizontal span of big haunch radius

hnch _h4=14.125 tvrtel. span of small haunch radius

hnch drd=4.0625

tk orl=465.5 !vadius of out tank surface (top}

tk tl=153 ftop tank thickness

tk t2=24 'bot. tank thickness

tk h1=133 !vtcl dist between haunch bot. to start of tank slope
tk h2=72 tvtcl dist of tank slope

tk:h3=170.625 !vtel dist between end of slope to bot. of tank
tk h4=387.875

slb tl=23 ‘!'cuter slab thickness

slb_dt1=30

slb dt2=8

slb dt3=2.75

slb:dr=22.5 !radius difference between cut tank and slab

slb dr2=24

slbir¢=569.82*12 'radius of top slab surface
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slb dr3=1
slb dr4=-1 !=1 in drawing, simplied to O
slb dh=2.625
slk dhZ=14.875%
liner r1=568.59*12 !radius of bottom steel liner
depth=8.52*12
soll r=8G*12
soil h=3%0*12
!-—-Parameters for materials
steel ex=27.7eb telastic modulus [psi]
steel prxy=0.3 'Pecisson ratio
steel alpx=6.38 'thermal expansion coefficient [microstrain/degree F]
steel gamma=490 'unit weight [lbf/ft"3]
steel kx=1 'thermal conductivity [BTU/hr/It/degreefl)
steel c=1 lspecific heat [BTU/R-1bf/(in/sec”2)]
steel alpx=steel alpx*le-6 'in/in/F
steel dens=steel gamma/1728/38¢ !lb-sec”2/in™4
steel kx=steel kx/3600/12 !BTU/sec~in-degreel
steel yield=36000 !yield strength [psi]
conc_ex=3.1eb 'elastic modulus [psi]
conc_prry=0.2 !Peisson ratice
cone alpx=6.38 'thermal expansion coefficient [microstrain/degree F]
conc gamma=150 'unit weight [1bf/ft"3)
conc_kx=1 lthermal conductivity [BTU/hr/ft/degreef]
conc_c=1 !specific heat [BTU/R-1lbf/{in/sec™2)]
conc alpx=conc alpx*le-6 'in/in/F
conc dens=conc gamma/1728/386 !lib-sec”Z/in"4
conc_kx=conc_kx/3600/12 !BTU/sec-in-degreeF
conc open=0.1 !shear transfer coefficient for open crack
conc closed=0.9%8 !shear transfer ceocefficient for closed crack
conc_crush=3000 'uniaxial crushing stress [psi]
conc_crack=0.1*conc crush 'tensile cracking stress [psil
!--bottom soil
bsoll ex=20e3 'elastic modulus [psi]
bseoll prxy=0.27 'Poisson ratio
bsoil alpx=0 'thermal expansion coefficient [me/F]
bsoll gawmma=125 'unit weight [lbf/f:"3)
bsoil kx=1 'thermal conductivity [BTU/hr/ft/F}
bsoil c=1 !specific heat [BTU/R/(lbf-sec~Z2/in)]
bsoil cohesion=0 !drucker-prager constant {assume small number) [psi]

bsoll friction=35.4'internal fricticn angle [deg]

bsoil dilat=35.4 !dilatancy angle [deg]

bsoll alpx=bsoil alpx*le-6 'in/in/F

bsoil dens=bsoil gamma/1728/386 !1b-sec”2/in"4
bsecil kx=bsoil kx/36C0/12 !BTU/sec-in-degreel
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'--mid soil

mscil_ex=13e3
msoil prxy=0.27
msoil dens=125/1728/386

'-top scil

tsoll ex=7e3

tsoll prxy=0.27

tsoil dens=125/1728/386

!-—-Element size control

liner size=>

tank size=5

soll esize=>b

scll _lsizel=20 !horizontal division for c-load area

s0il_lsizeZ=50 !vertical division for corner scil block (in)
soil_lsize3=8 ‘horizontal divisien for corner soil block
soil 1sized=30 !vertical division for corner soil block (cut)
soil lsizeb’=8 !vertical line division for bottom soll block
soll lsize®=40 'horizontal division of inner bot. secil block

t———liner thickness
liner t=3/8

!--Leoad
p uniform=40/144
££=200000

cload 1=10*12

vac pres=-0.217 !-6" w.g. vacuum
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set_load_sx.mac

finish

/prep’

I'——set BCs

csys, 0

ksel, s, loc,x,s0il r
1slk, .1

nsii,,1

d,all,ux,0

allsel

*get,k v,kp,31,1lo0c, ¥y
ksel,s,loc,y, k ¥
1lslk,,1

nsll,,1

d,all,uy,0

csys, 0
nsel, s, loc,®,0
d,all,ux,0

lsel,s,,, 37

lsel,a,, 42,43
nsll,,1

esln

sf,all,pres,p uniform

p_cload=ff/(3.14159*cload 1**2)
ilsel,s,,,43

nsll,,1

sf,all,pres,p clcad+p uniform
allsel B

acel,, 386

!Bpply -€" w.g. to dome
lsel,s,,, 28,29
isel,a,,.4

lsel,a,,, 18,19
Isel,a,,,53,59,4
lsel,a,,, 62,63

nsll,,1
sf,all,pres,vac_pres

allisel

finish
/filname, sst sx
save B
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3

11/0
11/0

%)

53]
w

pst_proc_sx.mac

finish

/clear

resume, sst_sx,db
/postl
file,sst _sx

set, last
/sys,del *.png

/COLOR, NUM, CYAN,
/COLOR, NUM, EMAG, 2
/COLOR, NUM, YGRE, 3
/COLOR, NUM, CELU, 4
/COLOR, NUM, MRED, 5
/COLOR, NUM, GREE, 6
/COLOR, NUM, ORAN, 7
/COLOR, NUM, MAGE, 8
/COLOR, NUM, YGRE, 8
/COLOR, NUM, BLUE, 10
/COLOR, NUM, GCYA, 11

- total disp. contcour cf soil

/dscale,,1
allsel

/auto
plnsol, u, sum
plpng

o total disp. contour of tank
esel, s, type,, 2

/auto

plnsol, u, sum

rlpng

P deformed shape of soil
/edge, , 1

/dscale

allsel

pldisp, 2

plpng

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

/rep

plpng

e —— von mises stress of soil

allsel
plnsol, s, eqv
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plpng

frm——= von mises stress of tank
esel, s, tvpe,,2

/rep

plpng

it hoop stress of tank
plnsol, s,z

plpng

allsel

e SECTION FORCE/MCMENT

*dim, path nd,, 1000 'path node definition
*dim,path fa,, 1000 laxial force

*dim,path ft,,1000 'transverse force

*dim, path fh,, 1000 thoop force

*dim, path mz,,1000 moment

csys, 0

pstart=0 Istarting point of conseguent path points

| ==============s===========dome region
lsel,s,,,30,32

nsll,, 1

cm, nd out,node

isel,s,,, 28,29
nsil,,1
cm, nd_1in,node

'——unselect end nodes
cmsel, s, nd out

*get,x min, nede, ,mnloc,x
nsel,u,loc,x,x min-.1,x min+.1
cm, nd_ocut,node

cmsel, s, nd in

*get,x min,node, ,mnicc, x
nsel,u,leoc, %, % min-..,x min+.1
cm,nd in,node B

!--reorder nodes according x-coord.
cmsel, s, nd _out

*get, out num, node,, count

*dim, nodeout, ,cut_num
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*do,1i,1,cut num
cmsel, s, nd_out
*get, ¥ _min,ncde, ,mnloc, x
nsel, r,loc,x,x min-.1,x 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,ncde,,count
*dim,nodein,,in num
*de,1,1,in num
cmsel, s, nd in
*get,x min,node,,mnloc, x
nsel,r,loc,®,x min-.1,x min+.1
*get,ndnum, nede, , num, min
nodein {i)=ndnum
cmsel,s,nd in
nsel,u,,,ndnum
cm, nd_in,node
*enddo

asel,s,,, 6

lsla

nsla,,l

cm, dome nd, node

!-=—for line equation for each pailr of in/out nodes
*de,1ii,1,in_num
nsel, s,, ,nodeout {(ii)
nsel,a,,,nodein{ii}
path nd(pstart+ii)=nodein(ii)
*get,x cut,node,nodecut (1i), loc,x
*get, y _out,node,nodeout (ii),loc,y
*get,x in,node,nodein{ii), loc, »
*get,vy_in,node,nodein(ii),loc,y
nwpla, -1,neodeout (ii) ,nedein(il)
csys, 4
cmsel, s, dome_nd
nsel,r,loc,v,-1,1
cm, ntemp, node

esin

esel, r,type,,2

nsle
nsel,r,loc,y,-1,9995%5
esln,,1

cm,etemp,elem
cmsel, s, ntemp
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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)
path mz(pstart+ii)=unit mz

cmsel, s, ntemp

trt=sqrt {({x_out-x_in)**2+{y out-y in}**2)
get _hpfrc B

path fh(pstart+ii)=hp f

*enddo
pstart=pstart+in num

| ======================haunch region
lsel,s,,, 20,21

nsil,,1

cm, nd out, nede

lsel,s,,, 18,19
nsll,,1
cm,nd in, node

!--unselect end nodes
cmsel, s, nd_out

*get,y _max,node, ,mxloc,y
nsel,u, loc,y,y_max-.1,y max+.1
cm, 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,nede B N

!-—reorder nodes according y-coord.
cmsel, s,nd out

*get, out num, node,, count

*dim, nodeout,, cut_num

*de, 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,mig
nodeout (i) =ndnum

cmsel, s, nd out

nsel,u,,,nanum

cm, nd_out, node
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*enddo

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

asel,s,,, 4

lsla

nsla,, 1

cm, hnch nd, node

!——for line eguation for each pair of in/out nodes
*do,11,1,1in_num
nsel, s,, nodeout (ii)
nsel, a,, ,nodein{ii)
path nd{pstart+ii)=nodein(ii)
*get, ¥ out,node,nodeout (ii), loc,x
*get,y out,node,nodecut (ii), loc,y
*get,x in,ncde,nodein(ii), loc,x
*get,y in,ncde,nodein{ii),loc,y
nwpla, -1,nodeocut (ii),nodein(ii}
csys, 4
cmsel, s, hnch nd
nsel,r,lcc,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, U
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+il)=unit_ fsumx*cos(theta)+unit fsumy*sin(theta)

path mz (pstart+ii)=unit_mz
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cmsel, s, ntemp

ctt=sqrt ((x_out-x_in)**2+(y out-y in)**2)
get hpfrc

path fh(pstart+ii)=hp f

*enddo

lsel,s,,,20,21
nsll,,1
cm, nd_out,node

1sel,s,,,18,1%
nsll,,1
cm,nd_in,node
cmsel, s, nd out
cmsel,a,nd in

pstart=pstart+in_num
e==mm=me—m=a——ms=s==========yal ] region
lsel,s,,,14,16

nsll,,1

em, nd _out,node

lsel,s,,, 62,63
lsel,a,,.4
nsll,,1

cm,nd in,node

'-—unselect end nodes

cmsel, s,nd out

*get, y max,ncde, ,mxloc,y

*get,y min,node, ,mnloc,y
nsel,u,loc,y, v max-.1,y _max+.1
'neel,u,loc,y,y min-.1,y min+.1
cm, nd _out,node N N

cmsel, s, nd in

*get,y min,node,,mnloc,y
*get,y_max,node, , mxloc, ¥
nsel,u,loc,y,y max-.1l,y max+.1
'nsel,u,leoc,y,y min-.1,y min+.1
cm, nd_in, node B B

!--reorder nodes according y-coord.
cmsel, s,nd out
*get, cut_num, node, , count
*dim, nodeout, , out_num
*do,1,1,cut _num
cmsel, s, nd out
*get, y max,ncde,,mxloc,y
nsel,r,loc,y,y_max—.l,yfmax+.1
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*get, ndnum, node, , num, min
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 N
cmsel, s, nd_in
*get,y max,node, ,mxlec, ¥
nsel,r,loc,y,y max-.1l,y max+.l
*get, ndnum, node, , num, min
nodein (i) =ndnum
cmsel, s, nd_in
nsel,u,,,ndnum
cm, nd in, node

*enddo -

asel,s,, .3
asel,a,,,17,20,3
1sla

nsla,,1l

cm, wall nd,node

!--for line equatiocn for each pair of in/out nodes
*do,11i,1,in num
nsel, s, ,,nodecut {(ii)
nsel,a,,. .nodein(il)
path_nd{pstart+ii)=nodein{ii)
*get, ®x_out,node,nedeout (1i),loc, x
*get,y out,node,ncdecut {ii),lec,y
*get,x_in,node,nodein{ii}, loc,x
*get,v in,node,nodein{ii), loc,y
nwpla,-1,nodecut (i1}, nodein{ii}
csys, 4
cmsel, s, wall nd
nsel,r,loc,y,-1,1
cm, nitemp, node
esln
esel,r,type,,2
nsle
nsel, r,loc,y,-1,99989
esln, ,1
cm, etemp, elem
cmsel, s, ntemp
cmsel, s, etemp
csys, 0
get res
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theta=atan{(y out-y in)/(x out-x inj)

path fa(pstart+ii)=unit fsumx*sin(theta)-unit_ fsumy*cos{theta)
path ft(pstart+ii)=unit fsumx*cos{theta)+unit fsumy*sin(theta)
rath mz{pstart+il)=unit mz

cmsel, s, ntenp

ttt=sgrt ({x_out-x in) **2+(y ocut~y in}**2)
get hpfrc

path fh(pstart+ii)=hp f

*enddo
pstart=pstart+in_num

| =====s======s==============glab region
lsel,s,, .57

nsli,,1

cm, nd_out, node

1sel,s,,,55
nsll,,1
cm,nd_ in, node

!-—unselect end nodes
cmsel, s, nd out
*get,x max,node, ,mxloc,z

nsel,u,loc,x,x max-.1l,x max+.1
cm, nd_out, node

cmsel,s,nd in

*get,® max,ncede, ,mxloc, x
nsel,u,loc,x,% max-.1,x max+.l
cm,nd_in, node B

!--reorder nodes according x-coord.

cmsel, s,nd out

*get,out num,node, , count

*dim, nodeout,, out num

*do,1,1,out _num h
cmsel, s, nd out
*get, x _max,node,,mxloc, x
nsel,r,loc,x,x max-.1,x max+.1
*get, ndnum,node, ,num,min
nodecut {(i)=ndnum
cmsel, s, nd out
nsel,u, ,, ndnum
cm, nd_cut, node

*enddo

cmsel, s, nd in
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*get,in num,node,, count
*dim, nodein, ,in num
*do,i,1,in num
cmsel,s,nd _in
*get,x max,ncde, ,mxlcc, x
nsel,r,loc, %, 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

asel,s,,,l6
lsla

nsla, .1

cm, slab_nd, node

!=--for line equation for each pair of in/out nodes
*do,1i,1,in_num
nsel, s, ,,nodecut (11}
nsel,a,,,nodein{ii}
path nd(pstart+ii)=ncdein(ii)
*get,x out,node,nodeout (ii), loc, »
*get,y out,node,nodecut (ii},loc,y
*get,x in,ncde,nodein{ii),loc,x
*get,y in,necde,nodein(ii},loc,y
nwpla, -1, nodecut (ii},nodein{ii)
csys, 4
cmsel, s,slab nd
nsel, r,loc,y,-1,1
cm, ntemp, node
esin
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
trt=sqgrt{(x_out-x in)**2+(y out-y inj**Z2)
get hpfrc
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path_fth(pstart+il)=hp_f
*enddo
pstart=pstart+in_ num

l=======Define path

allsel

dof, rotx

path,in surf, pstart

*do,i,l,pstart

ppath,i,path nd{i)

dnscl,path nd{i},u,x,path fali
dnsol,path nd{i),u,v,path ft{
dnsol,path nd(i),u,z,path mz{
dnsol,path:nd(i},rot,x,pagh_f

)
i)
i}
hii)
*enddo

AVPRIN, 0,0,

!*

PDEF, 1,U, X, AVG
/PBC, EATH, ,0
!*

AVPRIN, 0,0,

l*
PDEF,2,U,Y,RBVG
/PBC, PATH, ,0
ll*
AVPRIN, O, 0,

\_*
PDEF,3,U, 2, AVG
/PBC, PATH, ,0

PDEF, 4, rot, x, AVG
/PBC, BATH, ,0

/gresume,path sx,plt

PLPAGM, 1, 1000, Blank
/title,Axial Force (kip/ft)
/rep

plpng

FLPAGM, 2,1000,EBlank
/title, Shear Force (kip/ft)

/rep
plpng

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

PLPAGM, 4,1000,Blank
/title,Hoop Force (kip/ft)
/rep

pipng

| ——-——Qutput path data to file
/sys,del path sx.dat
*dim, pl,,pstart
s5=0
*do,1,1,pstart
*get,path x,path,,point,i,x
*get,path_y,path,,point, i,y
*if,i,gt,1,then
ss=ss+sgrt ( {path x-path x0)**2+ (path_y-path_yC}**2}
*endif
pl(i)=ss
path x0O=path x
path yO=path vy
*enddo

i=1

/output,path sx,dat,,
*vwrite,pl(i),pathifa(i),path_ft(i),path_fh(i),path_mz(i)
{PelZ.d)

/output
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get_res.mac

cm, etemp, elem
Cm, ntemp, node
*get,nelenm, elem, ,count
*get, nnode, node, , count

*dim, xx, , nnode
*dim, yy, ,nnode
*dim, zz, ,nnode
*dim, £ffx, ,nnode
*dim, £fy, ,nnode
*dim, ffz, ,nnode

xmean=0
ymean=0
zmean=0

fsumx=0
fsumy=0
fsumz=0

cm, nnQ, node

csys, 0

*do,1,1,nnode
*get, inode, node, ,num, min
nsel,s,,,ilnocde
®x (1} =nx{inode)
yy {i)=ny(inode}
zz (i)=nz(inode)
cmsel, s, etemp
fsum, 0
*get, ffx (i), fsum, fx
*get,ffy (i}, fsum, fy
*get, ffz{i), fsum, fz
Xmean=x¥mean+zx (1}
ymean=ymean+yy (1)
zmean=zmean+zz {i})
fsumx=fsumx+ffx{i)
fsumy=fsumy+Ify (i)
fsumz=fsumz+ffz{i)
cmsel, s, nnl
nsel,u,,, inode
cm, nn0, node
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*enddo

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

'get centroids
mmxx=0
mmyy=0
mmz z=(

cmsel, s, ntemp

cm, nn0, node

*do,1i,1,nnode
mmxx=rmxx+ffy{i)* (zz{i)-zmean)+ffz (i) * (yy (i) -ymean)
mmyy=mmyy+ffx (i) *{zz (i} -zmean)+ffz(i)* (xx(1)-xmean)
mmzz=mmzz+fix (i} * (yy(il)-ymean)+ffy (i) * (xx (1) -xmean)

*enddeo

fsumx=~fsumx/1000 Ykip
fsumy=fsumy/1000 lkip
mmzz=mmnzz/1000 'kip-in

arc_length=3.14159*xmean~*2

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

!=--This macrc should be run after get res.mac, xmean 1s calculated in
! get_res.mac

cm, ntempe, node
*get, nnode, node, , count

csys, 0

hp_f=0
sz_sum=0
nn=0
*de, 1, 1, nnode
ndnxzt=ndnext {(nn)
nsel, s, ,,ndnxt
esln
esel,r,type,.,2
cm, etemp, elem
*get, s_z,node, ndnxt, s, z
SZ_Sum=sz_sumts_z
cmsel, s, ntemp
nn=ndnxt
*enddo

SzZ_sum=sz sum/nnode

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

/SEOW, PNG

PNGR, COMP, 1, -1

PNGR, ORIENT, HORIZ

PNGR, COLOR, 2

PNGR, TMOD, 1

/GFILE, €00,

| >

/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_sx.plt

/NOFPR

/RESET

/DEVICE, VECT, OFF

! General Graphics Settings
/NUM, 1

/PLOE, INFQ, 3
/TRIAD, RTOP
/GTHIC, CURV, 2
/GROPT, CGRI, ON
/GROPT,CURL, 1
/PNUM, TYPE, 1
/COL, NUM ,¥GRE, 3

/TRLCY, ON

/TXTRE, ON

! Window Settings

/VIEW,1, 0.0000 . 0.0000
/FOC, 1, 215.91 , 816.78
/DIST,1, 420.20

/TYPE, 1, €

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

I

7

1.0000
0.50000




