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4 PROGRAM GUIDE

Variables in UDEC are stored in “linked lists,” which consist of addresses (the first memory location
for a particular item — e.g., block or contact) and offsets (which prescribe the memory location of
the variable relative to the address). The program guide contains the contents of these linked-list
groups in the data structure. Figures 4.1 through 4.4 schematically show the linkage of these various
groups, and should assist the user in following through the data groups and parameters. Figure 4.1
shows the linked-list arrangement of the main data arrays. Figures 4.2, 4.3 and 4.4 illustrate the
conventions for linkages in the block data, domain data and contact data arrays, respectively.

4.1 Linked-List Addresses and Offsets

Addresses for data objects can be found using the PRINT command. In most cases, the first integer
given is the address. Commands in UDEC allow commonly used real variables to be tracked (using
the HISTORY command) or changed (using the CHANGE or RESET command). It is also possible to
access variables via FISH to track or change less commonly used variables, or to define a dependency
of one variable on another (e.g., shear displacement-dependent joint friction; see Section 3.7.3 in
the User’s Guide for an example).

As mentioned in Section 2.5.6, FISH programs have access to some of UDEC’s linked-list data
structures. The global indices that point to these data structures are provided as FISH scalar variables
(see Section 2.5.1). The various data blocks, and the offsets of items within the blocks, are contained
in a series of files supplied with UDEC. These files have the extension “.FIN” (for Fish INclude
file); they provide symbolic names for offsets and current numerical values (which may change in
future versions of UDEC).* The “.FIN” files serve two purposes: first, they document the meanings
of the various data items; second, the files may be CALLed from a data file — they automatically
execute and define appropriate symbols. The symbols are all preceded by the $ sign, so that they are
invisible to the casual user who gives a PRINT fish command. The FISH programmer may simply
use numbers or the symbols provided in the “.FIN” files for offsets. It is better to specify offsets
in symbolic form because the resulting FISH program will work correctly with future versions of
UDEC, in which offsets and block sizes may be different. (Itasca will make every effort to retain
the same symbolic names in future versions of UDEC.)

Access to the data structure is via the fmem and imem functions, as described in Section 2.5.6. Be
sure to note whether the variable in the “.FIN” file is of floating-point or integer type before using
these functions. Also note that uncontrolled alterations of memory contents can crash the computer.
So, any operations that alter memory contents should be undertaken with care.**

The “.FIN” files are contained in the “\ Datafiles\Fish\FIN” directory.

A note to experienced UDEC users: The old commands RSET and ISET are no longer supported. The
indices used with those commands are not the same as those used with FISH. This documentation
provides the FISH indices only. You are strongly urged to change any data files using these
commands to the FISH equivalent for use with this version of UDEC.
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ALL BLOCK
DATA ARRAYS

IBPNT B B B

ALL DOMAIN
DATA ARRAYS

IDPNT D D D

ALL CONTACT
DATA ARRAYS
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FOR BLOCK

ALL GRID-POINT
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DD

BLOCK ARRAY
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Figure 4.1 Linked lists for main data arrays
IBPNT : block_head
IDPNT : domain_head
ICPNT : contact_head
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CORNER
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FROM ~

PREVIOUS !
BLOCK CONTACT
ARRAY
—————————— REGULAR CORNER LINKAGE
REVERSE CORNER LINKAGE
~~~~~~~~~~~~~ —  LINK FROM BLOCK TO CORNER LIST

————— LIST OF BLOCKS

Figure 4.2  Block linkage and reverse corner links
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Figure 4.3 Domain linkages
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TO NEXT CONTACT
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NOTE: KB1, KB2 -- KD2 REFER TO THE OFFSETS

Figure 4.4  Convention used for linkages within a contact array
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The list in Table 4.1 provides the names of FISH scalar headers and file names for the main data
groups: blocks, boundary corners, contacts and domains.

Table 4.1 Global indices and include file names for main data groups

Global index File name Data structure

block_head block.fin lists of block, corner, gridpoint and zone data
bou_head boucnr.fin lists of boundary corner and boundary condition data
contact_head  contact.fin  list of contact data

domain_head  domain.fin  list of domain data

The list in Table 4.2 provides the names of FISH scalar headers and file names for the structural
element data groups: reinforcement, cables, structural elements and support elements.

Table 4.2 Global indices and include file names for structural element data groups

Global index File name Data structure
cable_elem_head cable.fin list of cable element data
cable_node_head cable.fin list of cable node data
r_head reinf.fin list of reinforcement data
str_elem_head str.fin list of structural element data
str_node_head str.fin list of structural node data
str_int_head str.fin list of structural element interface data
sup_head support.fin  list of support element data

Itis also possible to access and change material properties that are stored locally for block zones and
joint contacts (via the ZONE and JOINT commands). The extension offset for local zone properties,
z_zex, is accessed in one of two ways: either via the block header, block_head, and zone index,
b_zone, or by specifying an x,y global coordinate position with z_near(x,y). Likewise, the extension
offset for local joint properties, C_jeX, is accessed either via the contact header, contact_head, or by
specifying an x,y global coordinate position with c_near(x,y). Table 4.3 lists the FISH include files
that contain the local property offset names and values.

Table 4.3 Extension indices and include file names for local material properties

Extension names  File name  Data structure

c_jex jmat.fin list of joint constitutive models and properties
z_zex zmat.fin list of zone constitutive models and properties

All “.FIN” files are listed in the following sections.
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4.2 Main Data Group “.FIN” Files

4.2.1 “BLOCK.FIN”

“BLOCK.FIN” provides access to block, corner, gridpoint and zone data. The block data array is
accessed via the block_head FISH variable. The corner data array is accessed from the b_corner
FISH variable. The gridpoint data array is accessed from the b_gp FISH variable, and the zone data
array is accessed from the b_zone FISH variable.

Example 4.1 Data File “BLOCK.FIN”

set echo off
def S$block_ fin

; Block data array --- FISH include file

; index to top of block data array is block_head

; all values are floating-point type unless
; it is declared otherwise

SKTYPE

SKBNEXT
SKP
SKMAT
SKCONS
SKBCOD

$KX
$SKY
$KXD
$KYD
$KTD
$KAREA
$KBM
$KBI
$KBDSF
$KBFX
$KBFY
$KBFT
$KXL
$KYL
$KBEX
$KBUMAX
$KBPOR

0

u b W N

o J o

11
12
13
14
15
16
17
18
19
20
21
22

I

I

block type number (integer)

MRIG=1 (rigid block)

MFDEF=3 (fully-deformable)

index of next block in block list (integer)
index of one corner in block’s corner list (integer)
material number (integer)

constitutive number (integer)

code number (integer)

0 (free block)

1 (fixed block)

x-coordinate of centroid

y-coordinate of centroid

x-velocity

y-velocity

angular velocity (counterclockwise positive)
block area

block mass

moment of inertia

density scaling factor

x-centroid force-sum

y-centroid force-sum

centroid moment sum

x-load applied to block centroid

yv-load applied to block centroid

extension pointer (to data) (integer)
maximum block displacement (not used)

code number (integer)
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; 0 nonporous block

; 1 porous block
SKBFMAG 23 ; block out of balance force
SKBLEXTRA = 24 ; unused offset available to users
SKBID 25 ; Block ID used by GIIC (integer)
SKBGROUP = 26 ; pointer to group name (integer)

SKBSEQ = 27 ; Block code used for hiding (integer)
SKBFIX = 28 ; Block fixity state bits
: =1 all
: =2 X
B =4Y
; = 8 Rotation
SKBTEM = 29 ; block centroid temperature
SKBDT1 = 30 ; block centroid temperature change in one cycle
SKBTHM = 31 ; block centroid '‘thermal mass’’
SKBFIX = 32 ; flag for fixed centroid temperature (integer)
SKBDTEM = 33 ; accumulated block centroid temperature change
end
Sblock_fin
def Scorner_fin
; Corner data array --- FISH include file

; index to top of corner data array is via the FISH function b_corner (ib)
; all values are floating-point type unless
; it is declared otherwise

7

SMCOR = 0 ; = 4, denotes corner (integer)

SKL = 1 ; index of next corner or contact on block,
; in clockwise direction (integer)

SKR = 2 ; 1index of next corner in counterclockwise

; direction (integer)

SKNB = 3 ; index of host block (integer)

SKXP = 4 ; x-coordinate of corner

SKYP = 5 ; y-coordinate of corner

SKXCP = 6 ; x-coordinate of local circle center

SKYCP = 7 ; y-coordinate of local circle center

SKRAD = 8 ; radius of local circle

SKXDP = 9 ; x-velocity of corner

SKYDP = 10 ; y-velocity of corner

SKGP = 11 ; index of corresponding gridpoint if block
; 1s deformable (integer)

SKBDEX = 12 ; extension pointer to boundary corner array (integer)

; >0 for exterior boundaries
; <0 for interior boundaries
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SKPUX
SKPUY =
SKCOREXTRA=
SKPID
SKTHPF
SKTEMP
SKDTEM1
SKTHMA
SKDTEM
end

Scorner_fin

13
14
15
16
22
23
24
25
26

def sgrid_fin
; Gridpoint data array --- FISH include file

x-displacement of corner

y-displacement of corner

unused offset available to users

gridpoint ID (integer)

flag for fixed corner temperature (integer)
corner temperature

corner temperature change in one cycle
corner ‘‘thermal mass’’

accumulated corner temperature change

; index to gridpoint data array is via the FISH function b_gp(ib)
; all values are floating-point type unless

: it is declared otherwise

SKGNEXT
SKCOR
SKXG
SKYG
SKXDG =
SKYDG =
SKGFX =
SKGFY =
SKGPM =
SKGDSF
SKGUX
SKGUY
SKGFMAG
SKGPEXTRA
SKGFOR1
SKGFOR2
SKGID
SKGSTR
SKTHGF
$KGTEMP
$KGDTEM1
$SKTHMG
$KGDTEM
end

L 1 1 1 1 1 I | O B | RO 1 [
'_\
e}

sgrid_fin

O J o Ul i W NP O

[ R e e
© W N R O W

w WD NN NN
P O W 0 JFr O

7

index of next gridpoint in gridpoint list (integer)
index of corresponding block corner (integer)
x-coordinate

y-coordinate

x-velocity

y-velocity

x-force sum

y-force sum

gridpoint mass

density scaling factor

x-displacement

y-displacement

accumulated gridpoint force magnitude

unused offset available to users

force used in calculating damping

force used in calculating damping

gridpoint ID (integer)

projected gridpoint stress

flag for fixed gridpoint temperature (integer)
gridpoint temperature

gridpoint temperature change in one cycle
gridpoint ’thermal mass’

accumulated gridpoint temperature change

4-9
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def S$Szone_ fin

; Zone data array --- FISH include file

; index to zone data array i1s via the FISH function b_zone (ib)
; all values are floating-point type unless

; it is declared otherwise

7

SKZNEXT = 0 ; index of next zone in zone list (integer)
SKZG = 1 ; start of triple pointer to 3 surrounding

; gridpoints (integer)
SKZS11 = 4 ; xx-stress component
SKZS12 = 5 ; xy-stress component
SKZS22 = 6 ; yy-stress component
SKZM = 7 ; zone mass
SKZROT = 8 ; zone rotation
SKZPP 9 ; zone pore pressure
SKZPLAS = 10 ; plasticity indicator (integer) :

; 0 (elastic)

; 1 (currently at yield in shear and/or volume)

; 2 (elastic but previously at yield)

; 3 (currently at yield in tension);

; 6 (ubiquitous joints at yield in shear)

; 7 (ubiquitous joints previously at yield)

; 8 (ubiquitous joints at yield in tension)
SKZEX = 11 ; extension index to other constitutive relations (integer)
SKZS33 = 12 ; out-of-plane stress component
SKZONEXTRA= 13 ; unused offset available to users
SKZMDCOD = 14 ; code used in mixed discretization (integer)
SKZMDZ2 = 15 ; address of other zone in pair (integer)
SKZMDZ4 = 16 ; address of zone in overlay pair (integer)
SKZID = 17 ; zone ID used by GIIC (integer)
SKZGROUP = 18 ; pointer to zone group name (integer)
SKZDENS = 19 ; zone density

= 20 ; used in stress contouring

SKZSTR

; Thermal extension to Zone data array ---

; This data will only be present if CONFIG THERMAL is used

7

SKZCOND = 23 ; Thermal conductivity (if same in X and Y)
SKZSPEC = 24 ; Specific heat

SKZTHEXP = 25 ; Thermal expansion coefficient

SKZXCOND = 26 ; X direction thermal conductivity
SKZYCOND = 27 ; Y direction thermal conductivity

end
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Szone_ fin
set echo on
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4.2.2 “BOUCNR.FIN”

“BOUCNR.FIN” provides access to boundary corner data. The boundary corner array is accessed
with the bou_head FISH variable. The generalized boundary condition array is accessed from the
$KBDROT offset index. Note that unlike most linked lists in UDEC, the outer boundary corner list
is circular and is not terminated by a zero index. You need to test the index from the start of the
loop to detect that the entire list has been covered. Also unlike the outer boundary corner list, the
interior boundary corner list is terminated with a zero index.

Example 4.2 Data File “BOUCNR.FIN”

set echo off

def Sboucnr_fin

; Boundary corner array --- FISH include file

; index to top of boundary corner array is bou_head

; (all values are floating-point type unless declared otherwise)

SKBDC = 0 ; index of next boundary corner (integer)
SKBDCOR = 1 ; index of block corner (integer)
SKBDX = 2 ; type of boundary condition in the x-direction (integer)
SKBDY = 3 ; type of boundary condition in the y-direction (integer)
; Boundary Conditions:
; 1 (load boundary)
; 2 (boundary element boundary)
; 3 (viscous boundary)
; 4 (velocity boundary)
SKBDFX = 4 ; total x-force
SKBDFY = 5 ; total y-force
SKBDAPX = 6 ; applied x-force increment or x-velocity
SKBDAPY = 7 ; applied y-force increment or y-velocity
SKBDXH = 8 ; x-load history
SKBDYH = 9 ; y-load history
SKBEN = 10 ; index of boundary element node (integer)
SKBE2 = 11 ; index of second boundary element node (integer)
SKBEF = 12 ; boundary element load distribution factor
SKBDROT = 13 ; index of generalized boundary condition array (integer)
SKBDFF = 14 ; free-field indicator (integer)
SKBDPP = 15 ; pore pressure
SKBDNWPP = 16 ; non-wetting pore pressure
SKBDPER = 17 ; permeability condition (integer):
; 0 (permeable)
;1 (impermeable)
SKBDNWPER = 18 ; non-wetting permeability condition (integer)

; 0 (permeable)
; 1 (impermeable)
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SKBDSAT = 19 ; fluid saturation

SKBDPH = 20 ; pore pressure history (integer)

SKBDNWPH = 21 ; non-wetting pore pressure history (integer)
SKBDPF = 22 ; pore pressure history value

end

Sboucnr_fin

def Sgenbou_fin

; Generalized boundary condition array --- FISH include file

; index to top of boundary corner array is via the

; boundary corner array index S$SKBDROT

; (all values are floating-point type unless declared otherwise)

SKBDRS = 0 ; rotated shear boundary condition (integer)

SKBDRN = 1 ; rotated normal boundary condition (integer)
; Boundary Conditions:
; 4 (velocity boundary)

SKBDRVS = 2 ; boundary shear velocity

SKBDRVN = 3 ; boundary normal velocity

SKBDRA = 4 ; boundary angle

SKBDRCS = 5 ; boundary cosine

SKBDRSN = 6 ; boundary sine

SKBDRS = 7 ; not used

end

Sgenbou_fin

def S$iboucnr_fin

; Interior boundary corner array --- FISH include file

; index to top of interior boundary corner array is ibou_head
; (all values are floating-point type unless declared otherwise)

SKBIN = 0 ; index of next interior boundary corner (integer)
SKBICOR = 1 ; index of block corner (integer)
SKBIX = 2 ; type of boundary condition in the x-direction (integer)
SKBIY = 3 ; type of boundary condition in the y-direction (integer)
; Boundary Conditions:
;1 (load boundary)
; 2 (boundary element boundary)
; 3 (viscous boundary)
; 4 (velocity boundary)
SKBIFX = 4 ; total x-force
SKBIFY = 5 ; total y-force
SKBIFXT = 6 ; applied x-force increment
SKBIFYT = 7 ; applied y-force increment
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SKBIVX =
SKBIVY =
SKBIXH =
SKBIYH =
SKBIGP =
SKBIBD =
SKBIROT =

SKBIPP
SKBIPER
SKBIPH
$KBIPF =
end

Siboucnr_fin
set echo on

10
11
12
13
14

15
16
17
19

FISH in UDEC

specified x velocity

specified y velocity
x-load history
y-load history

index of
not used
index of
boundary
interior
interior
interior
interior

associated gridpoint

generalized interior

condition array (integer)

boundary pressure (not currently used)

boundary permeability (not currently used)
pressure history (not currently used)

pore pressure history value (not currently used)
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4.2.3 “CONTACT.FIN”

“CONTACT.FIN” provides access to contact data. The contact array is accessed with the con-
tact_head FISH variable. The hydraulic location array is accessed from the $KCH offset index. The
continuously yielding joint model extension array is accessed from the $KEX offset index.

Example 4.3 Data File “CONTACT.FIN”

set echo off

def Scontact_fin

; Contact data array --- FISH include file

; index to top of contact data array is contact_head

; (all values are floating-point type unless declared otherwise)

SMCON = 0 ; =5, denotes contact (integer)
SKCNEXT = 1 ; index of next contact in contact list (integer)
SKB1 = 2 ; index of first block involved in contact (integer)
SKB2 = 3 ; index of second block involved in contact (integer)
SKL1 = 4 ; index of next item in clockwise list of block
; corresponding to KBl (integer)
SKL2 = 5 ; same as KL1 but for block KB2 (integer)
SKD1 = 6 ; index of domain to left of contact going from
; block KB1 to KB2 (integer)
SKD2 = 7 ; index of domain to right of contact going from
; block KB2 to KBl (integer)
SKCM = 8 ; material type number (integer)
SKCC = 9 ; constitutive number (integer)
SKXC = 10 ; contact x-coordinate
SKYC = 11 ; contact y-coordinate
SKXDC = 12 ; relative x-velocity (of block KB2 relative to block KB1l)
SKYDC = 13 ; relative y-velocity
SKCS = 14 ; relative shear displacement
SKCN = 15 ; relative normal displacement
SKCFS = 16 ; shear force
SKCFN = 17 ; normal force (compression positive)
SKCCOD = 18 ; code number (integer):
; 1 (corner/corner contact)
; 2 (corner/edge contact) (KB1 ... corner, KB2 ... edge)
; 3 (edge/corner contact) (KB1 ... edge, KB2 ... corner)
SKCAP = 19 ; mean aperture for joint
SKCQ = 20 ; flow-rate across joint or contact
SKCL = 21 ; length associated with joint
SKGAM = 22 ; fracture indicator for CLJ5 (stored as real):

; 0.0 (unfractured)
; 1.0 (fractured)
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SKCNX = 23 ; contact normal cosines

SKCNY = 24 ; contact normal cosines

SKCRAT1 = 25 ; interpolation factor

SKCRAT2 = 26 ; interpolation factor

SKC1A = 27 ; index of corner in block 1 (integer)

SKC2A = 28 ; index of corner in block 2 (integer)

SKCOP = 29 ; normal displacement at zero normal stress
SKCNMIN = 30 ; maximum closure

SKHEX = 31 ; extension index for other constitutive model

; parameters (integer):
; see SCY JME_fin if CHANGE JCONS = 3 command used

SKCH = 32 ; extension index for hydraulic array (integer)
SKCAZ = 33 ; contact aperture at zero normal stress
SKCONEXTRA= 36 ; unused offset available to users

SKCQNW = 37 ; non-wetting flow rate

SKCID = 38 ; joint ID (integer)

SKCGROUP = 39 ; pointer to group name (integer)

end

Scontact_fin

def shydraulic_fin

; Hydraulic location array --- FISH include file

; index to hydraulic location array is via the contact data
; array index S$KCH

; (all values are floating-point type)

7

SKCHN = 0 ; contact normal displacement
SKCHX = 1 ; contact hydraulic x-location
SKCHY = 2 ; contact hydraulic y-location
SKCHVN = 3 ; contact hydraulic volume
SKCHSNP = 4 ; contact adjusted normal stress

; The following are allocated only if incompressible transient
; flow is used

SKCHAO = 5 ; old aperture

SKCHPDO = 6 ; old pressure difference
SKCHPD1 = 7 ; new pressure difference
end

Shydraulic_fin

def SCY _JME_fin
; CY joint model extension --- FISH include file

; index to CY joint model extension is via the contact data
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; array index SKHEX
; (all values are floating-point type)

SKECYF = 1 ; bounding friction angle in radians
SKECYR = 2 ; reversal factor

SKECYDS = 3 ; o0ld shear displacement increment
end

SCY_JME_fin
set echo on
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4.2.4 “DOMAIN.FIN”

FISH in UDEC

“DOMAIN.FIN” provides access to domain data. The domain array is accessed with the do-
main_head FISH variable. The domain extension for fluid flow is accessed from the $KDH offset

index.

Example 4.4 Data File “DOMAIN.FIN”

set echo off

def Sdomain_fin

; Domain data array --- FISH include file

; index to top of domain data array is domain_head

; (all values are floating-point type unless declared otherwise)

SMDOM = 0 =6, denotes domain (integer)

SKDNEXT = 1 index of next domain in domain list (integer)

SKDAR = 2 domain area

SKPP = 3 pore pressure for domain

SKUMAX = 4 fictitious domain displacement

SKDLOOP = 5 index of one object in counterclockwise list
around domain (contact or corner) (integer)
0’th offset of object array indicates the type of data
where:
4 = corner array
5 = contact array

SKDCOD = 6 code number (integer) :
0 (domain pressure not controlled)
1 (domain pressure controlled)

SKDH = 7 domain hydraulic extension (integer)

SKDX = 8 x-coordinate of domaln center

SKDY = 9 y-coordinate of domain center

SKDOMEXTRA= 10 unused offset available to users

SKNWPP =11 non-wetting domain pressure

SKDNWCOD = 12 non-wetting code (integer)

SKDAPER = 13 domain aperture

SKDM = 14 domain material property number (integer)

SKDINI = 15 pressure initialization flag (integer)

SKDID = 16 domain ID (integer)

end

Sdomain_fin

def sdom_ext_fin

; Domain extension for fluid flow --- FISH include file
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; index to domain extension for fluid flow is wvia the
; domain data array index S$KDH
; (all values are floating-point type unless declared otherwise)

7

SKPPO = 0 ; domain pore pressure

SKDHIS = 1 ; pore pressure history index (integer)
SKDHSAT = 2 ; domain saturation

SKPPNWO = 3 ; non-wetting pore pressure

SKDNWHIS = 4 ; non-wetting pressure history (integer)

SKDFTEMP = 5 ; fluid temperature
; the following are only allocated if incompressible transient
; flow is used

SKDHDENS = 6 ; fluid density

SKDHBULK = 7 ; fluid bulk modulus

SKDHVF = 13 ; unbalanced domain volume due to flow
SKDHDV = 14 ; residual unbalanced domain volume
SKDHPP = 15 ; new domain fluid pressure

SKDHVU = 16 ; unbalanced volume

SKDHVO = 17 ; old unbalanced volume

SKDHPO = 18 ; o0ld domain fluid pressure

SKDHFAC = 19 ; permeability factor

end
Sdom_ext_fin
set echo on
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4.3 Structural Element Data Group ‘“.FIN” Files

4.3.1 “CABLE.FIN”

“CABLE.FIN” provides access to cable element data. The cable element data array is accessed via
the cable_elem_head FISH variable. The cable node data array is accessed from the cable_node_head
FISH variable.

Example 4.5 Data File “CABLE.FIN”

set echo off

def S$Scab_el_fin

; Cable reinforcing axial element array --- FISH include file

; index to top of cable element array is cable_elem head

; (all values are floating-point type unless declared otherwise)

SKELID = 1 ; user-given (or generated) ID num (integer)
SKELN1 = 2 ; address of end-1 node (integer)

SKELN2 = 3 ; address of end-2 node (integer)

SKELMAT = 4 ; material number - steel (integer)

SKELARS = 5 ; area of steel cable (now a property)
SKELFAX = 6 ; axial force

SKELUT1 = 7 ; x-component of tangential unit vector
SKELUT2 = 8 ; y-component of tangential unit vector
SKELLEN = 9 ; current length

SKELFAL = 10 ; failure (state) flag (integer)

SKELEAX = 11 ; axial strain (steel)

SKELSTF = 12 ; current stiffness (force / strain) for steel element
SKELGID = 13 ; not used

end

Scab_el_fin

def Scab_nd_fin

; Cable node array --- FISH include file

; index to top of cable node array is cable_node_head
; (all values are floating-point type unless declared otherwise)

7

SKNDID = 1 ; user-given (or generated) ID num (integer)
SKNDX = 2 ; xX-coordinate

SKNDY = 3 ; y-coordinate

SKNDUD1 = 4 ; x-velocity

SKNDUD2 = 5 ; y-velocity
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SKNDU1 =
SKNDU2 =
SKNDSMS =
SKNDMAT =
SKNDZON =
SKNDF1 =
SKNDF2 =
SKNDAP1 =
SKNDAP2 =
SKNDXFX =
SKNDYFX =
$KNDEFL =
SKNDT1 =
$KNDT2 =
$KNDBFL =
SKNDW1 =
SKNDW2 =
SKNDW3 =
SKNDF'S =
SKNDDMS =
SKNDRSV
end

Scab_nd_fin
set echo on

o J o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

4-21

x-displacement

y-displacement

stiffness-scaled mass (tangential direction)
material number - grout (integer)

zone address the node maps into (integer)
unbalanced x-force
unbalanced y-force
applied x-force
applied y-force
=1 if fixed in x (integer) (not implemented in UDEC)
=1 if fixed in y (integer) (not implemented in UDEC)
effective length

x-component of tangential unit vector

y-component of tangential unit vector

flag to indicate if grout has failed (integer)
weight-1

weight-2

weight-3

grout (shear) force

"correct’ dynamic mass (tangential direction)
tangential relative velocity (node relative to grid)
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4.3.2 “REINF.FIN”

“REINEFIN” provides access to reinforcement data. The reinforcement data array is accessed via
the r_head FISH variable.

Example 4.6 Data File “REINF.FIN”

set echo off

def Sreinf fin

; Local reinforcement data array --- FISH include file

; index to top of local reinforcement data array is r_head

; (all values are floating-point type unless declared otherwise)

SMLRCON = 0 ; = 6, denotes local reinforcement (integer)
SKLRCNEXT = 1 ; index of next reinforcement in the list (integer)
SKLRB1 2 ; index of first block involved in reinforcement (integer)
SKLRB2 = 3 ; index of second block involved in reinforcement (integer)
SKLRL1 = 4 ; index of next item in clockwise list of block
; corresponding to KBl (integer)
SKLRL2 = 5 ; same as KL1 but for block KB2 (integer)
SKLRD1 = 6 ; index of domain to left of reinforcement going from
; block KBl to KB2 (integer)
SKLRD2 = 7 ; index of domain to right of reinforcement going from
; block KB2 to KBl (integer)
SKLRCM = 8 ; material type number (integer)
SKLRCC = 9 ; constitutive number (integer)
SKLRXC = 10 ; x-coordinate
SKLRYC = 11 ; y-coordinate
SKLRXDC = 12 ; relative x-velocity (of block KB2 relative to block KB1)
SKLRYDC = 13 ; relative y-velocity
SKLRCS = 14 ; relative shear displacement on joint
SKLRCN = 15 ; relative normal displacement on joint
SKLRCFS = 16 ; shear force at joint
SKLRCFN = 17 ; normal force at joint
SKLRCAP = 19 ; orientation of reinforcement relative to joint
SKLRCOQ = 20 ; total axial displacement of reinforcement
SKLRCL = 21 ; axial force on reinforcement
SKLRGAM = 22 ; shear force on reinforcement
end

Sreinf_fin
set echo on

7
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4.3.3 “STR.FIN”

“STR.FIN” provides access to structural element data. The structural element lumped mass (node)
array is accessed via the str_node_head F/SH variable. The structural element data array is accessed
from the str_elem_head FISH variable. The structural element interface array is accessed from the
str_int_head FISH variable.

Example 4.7 Data File “STR.FIN”

set echo off
def S$str_fin
;  Structural element parameters -- FISH Include file

et i et

; Structural element lumped mass array accessed via str_node_head
; (all values are floating-point type unless declared otherwise)

7

$SNDNEXT = 0 ; index of next node on list (integer)
$SNDID = 1 ; nodal point ID number (integer)

SSNDX = 2 ; x-coordinate of nodal point

SSNDY = 3 ; y-coordinate of nodal point

S$SSNDUD1 = 4 ; x-velocity of nodal point

SSNDUD2 = 5 ; y-velocity of nodal point

SSNDUL1 = 6 ; x-displacement of nodal point

SSNDU2 = 7 ; y-displacement of nodal point

$SSNDSMS = 8 ; stiffness scaled mass (tangential direction)
SSNDF1 = 11 ; unbalanced x-force

SSNDF2 = 12 ; unbalanced y-force

SSNDAP1 = 13 ; applied x-force

SSNDAP2 = 14 ; applied y-force

SSNDEFL = 17 ; effective length

SSNDT1 = 18 ; x-component of tangential unit vector
SSNDT2 = 19 ; y-component of tangential unit vector
$SNDDMS = 25 ; actual mass (tangential direction)
$SSNDUDR = 27 ; rotational velocity

$SSNDUR = 28 ; rotational displacement

$SSNDFR = 29 ; unbalanced moment force

SSNDAPR = 30 ; applied moment force

SSNDDIN = 31 ; dynamic rotational inertia

SSNDSIN = 32 ; maximum of scaled mass or dynamic inertia
SSNDTINC = 34 ; temperature increment of node

SSNDILYR = 35 ; multiple layer temp flag used in thermal
SSNDEXTRA = 36 ; unused offset available to users

; The following are used for rockbolts only

; —-- rockbolt node data array ---

; (uses structural/cable element offset names for first 36 items)
SKNDTYP = 37 ; property ID
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SKNDTAD = 38 ; index for property data array
SKNDCOD = 39 ; = 1 rockbolt node outside of any zones
; = 4 rockbolt node inside a zone
SKNDCOD2 = 40 ; = 5 node in zone
SKNDPIN = 41 ; not currently used in UDEC
SKNDMA 1 = 42 ; not currently used in UDEC
SKNDMA2 = 43 ; not currently used in UDEC
SKNDNFL = 44 ; = 0 normal spring elastic
; = 2 normal spring yielding
SKNDFN = 45 ; contact spring normal force
SKNDUP = 46 ; contact spring normal gap
SKNDUM = 47 ; contact spring ?
SKNDUA = 48 ; contact spring shear displacement
SKNDUNR = 49 ; not currently used in UDEC
SKNDHFR = 50 ; not currently used in UDEC
SKNDHTD = 51 ; not currently used in UDEC
SKNDHTH = 52 ; not currently used in UDEC
SKNDHIN = 53 ; not currently used in UDEC
SKNDHMI = 54 ; not currently used in UDEC
SKNDHTR = 55 ; not currently used in UDEC
SKNDEP = 56 ; mean effective pressure in plane
; perpendicular to rockbolt
SKNDNC = 57 ; not currently used in UDEC
SKNDNC1 = 58 ; not currently used in UDEC
SKNDLOL = 59 ; not currently used in UDEC
SKNDLO2 = 60 ; not currently used in UDEC
SKNDFOR1 = 61 ; X direction nodal force sum
SKNDFOR2 = 62 ; Y direction nodal force sum
SKNDUS = 63 ; spring shear displacement
SKNDCSTR = 64 ; not currently used in UDEC
SKNDCAREA = 65 ; not currently used in UDEC
SKNDSFCE = 66 ; not currently used in UDEC
SKNDDT = 67 ; not currently used in UDEC
SKNDGP = 68 ; not currently used in UDEC
SKNDSXXTI = 69 ; XX stress in zone when node was added
SKNDSXYTI = 70 ; XY stress in zone when node was added
SKNDSYYI = 71 ; YY stress in zone when node was added
SKNDSZZI = 72 ; 7Z7Z stress in zone when node was added
SKNDPPI = 73 ; not currently used in UDEC
SKNDSI = 74 ; flag used to indicate installation stress assigned
SKNDCFAC = 75 ; not currently used in UDEC
SKNDAXF1 = 76 ; not currently used in UDEC
SKNDAXF2 = 77 ; not currently used in UDEC
SKNDRSD = 78 ; not currently used in UDEC
SKNDXO = 79 ; not currently used in UDEC
SKNDYO = 80 ; not currently used in UDEC
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SKNDACC1 = 81 ; not currently used in UDEC
SKNDACC2 = 82 ; not currently used in UDEC
SKNDACCTH = 83 ; not currently used in UDEC
SKNDSP7 = 84 ; not currently used in UDEC
SKNDSPS8 = 85 ; not currently used in UDEC
SKNDSP9 = 86 ; not currently used in UDEC

;Structural element array access via str_elem_head
; (all values are floating-point type unless declared otherwise)

7

SSELNEXT = 0 ; index of next element (integer)
SSELID = 1 ; structural element ID number (integer)
SSELN1 = 2 ; address of lumped mass 1 (integer)
SSELN2 = 3 ; address of lumped mass 2 (integer)
SSELMAT = 4 ; material number (integer)
SSELARS = 5 ; area of structural element
SSELFAX = 6 ; axial force NOTE: internally compression negative.
; The sign is switched when printing to be consistent
; with cable elements.
SSELUTL = 7 ; x-component of tangential unit vector
SSELUT2 = 8 ; y-component of tangential unit vector
$SSELLEN = 9 ; length of element
SSELFAL = 10 ; axial failure indicator (integer):
; 0 (elastic)
; 1 (yield tension)
; 2  (yield compression)
SSELSTF = 12 ; element stiffness
SSELFS = 14 ; shear force
SSELM1 = 15 ; total moment at node 1
SSELM2 = 16 ; total moment at node 2
SSELTH = 17 ; structural element thickness
SSELIN = 18 ; structural element second moment of area
SSELSH = 19 ; structural element shape ratio
SSELFAL2 = 20 ; second axial failure indicator (integer):
; 0 (elastic)
; 1 (yield tension)
; 2 (yield compression)
SSELCONS = 21 ; structural element constitutive model (integer)
SSELEXTRA = 22 ; unused offset available to users

; structural element interface array accessed via str_int_head

; (all values are floating-point type unless declared otherwise)
SSCCONT = 0 ; contact type (integer)

SSCNEXT = 1 ; index of next interface (integer)
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$SB1 =
SSB2 =
SSL2 =
$SCM =
$scc =
$sxC =
$syc =
$SXDC =
$SYDC =
$scs =
$SCN =
$SCFS =
$SCFN =
$sccop =
$SCNX =
$SCNY =
$SCRAT1 =
$SCRAT2 =

end
Sstr_fin
set echo on

o U1 W N

11
12
13
14
15
16
17
18
23
24
25
26

FISH in UDEC

address of lumped mass (integer)

address of block (integer)

index of next item in clockwise list of block (integer)
material number (integer)

constitutive number (= 1) (integer)

x-coordinate of contact

y-coordinate of contact

relative x velocity (of block relative to lumped mass)
relative y velocity (of block relative to lumped mass)
relative shear displacement

relative normal displacement

shear force

normal force

contact type (integer)

x shift due to element thickness

v shift due to element thickness

force weighting factor 1

force weighting factor 2
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4.3.4 “SUPPORT.FIN”

4-27

“SUPPORT.FIN” provides access to support element data. The support element array is accessed
via the sup_head FISH variable.

Example 4.8 Data File “SUPPORT.FIN”

set echo off

def Ssupport_fin

; Support element data array --- FISH include file

; index to top of support element data array is sup_head
; (all values are floating-point type unless declared otherwise)

$KSUEXT
$KSUT1
SKSUT2
$KSUMAT =
SKSUFN =
SKSUFS =
SKSUUN =
SKSUUS =
SKSUTAD =
SKSUBAD =
SKSUTRA =
SKSUBRA =
SKSUTCO =
SKSUBCO =
SKSUSUB =
SKSUNSM =
SKSUNMX =
SKSULIM =
SKSUTYP =
SKSUFSTAT
SKSUCSTIF
SKSUDE10
SKSUTBMX
SKSULDMX
SKSUNO
SKSUMAS
SKSUEXTRA
SKSU28
SKSU29
end
S$Ssupport_fin
set echo on

L 1 1 1 1 I | B | I
N
N

O J o Ul W NP

I R N e = =
B O W0 U A WN R OV

N NN DNDDNDDNDDN
O 00 J O Ul i W

I
I

I

I

spare extension (not used)

x-component unit vector

y-component unit vector

material number (integer)

normal force (compression positive)
shear force (not used)

total normal displacement

total shear displacement

address of top block (integer)

address of bottom block (integer)
ratio (i.e., weighting factor) for top
ratio (i.e., weighting factor) for bottom
address of top corner (integer)
address of bottom corner (integer)
pointer to sub-elements (integer)
number of elements (integer)

max normal displacement in past

axial displacement at maximum force
support type (1 = rate dependent) (integer)
maximum static force

stiffness constant

previous force increment

maximum x-value in table

maximum axial force achieved in past
axial displacement at zero axial force
support deletion flag (integer)

unused offset available to users

not used

not used
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4.4 Local Material Model and Properties Data Group “.FIN” Files

4.4.1 “JMATFIN”

“JMAT.FIN” provides access to joint constitutive models and properties that are stored locally for
joint contacts using the JOINT command. The extension for local joint properties is the ¢_jex(ci)
FISH variable.

Example 4.9 Data File “JMAT.FIN”

set echo off
def $jmat_fin
;  JOINT material model parameters -- FISH Include file

;  index to zone property list is c_jex(zi)
; (all values are floating-point type unless declared otherwise)

;  point contact --- Coulomb slip (JOINT MODEL POINT)

Spc_kn = 1 ; contact normal stiffness (force/displacement)
Spc_ks = 2 ; contact shear stiffness (force/displacement)
Spc_coh = 3 ; contact cohesion (force)

Spc_phi = 4 ; contact friction angle (degrees)

Spc_psi = 5 ; contact dilation angle (degrees)

Spc_ten = 6 ; contact tensile strength (force)

Spc_perm = 7 ; contact permeability

Spc_ares = 8 ; residual aperture at high stress

Spc_azero = 9 ; aperture at zero normal stress

Spc_nwjperm= 10 ; non-wetting joint permeability

; Jjoint area contact --- Coulomb slip (JOINT MODEL AREA)
Sac_kn = 1 ; joint normal stiffness (stress/displacement)
sac_ks 2 ; joint shear stiffness (stress/displacement)
Sac_coh 3 ; joint cohesion (stress)

Sac_phi = 4 ; joint friction angle (degrees)

Sac_psi = 5 ; joint dilation angle (degrees)

Sac_ten = 6 ; joint tensile strength (stress)

Sac_tab = 7 ; table number for normal displacement vs

; normal stress (integer)

Sac_zerdil = 8 ; shear displacement for zero dilation
Sac_ares = 9 ; residual aperture at high stress
Sac_azero = 10 ; aperture at zero normal stress

Sac_empb = 11 ; empirical multiplier for fluid flow law
Sac_expa = 12 ; exponent of joint hydraulic multiplier
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Sac_perm = 13 ; joint permeability
Sac_grdex = 14 ; gradient exponent
Sac_nwjperm= 15 ; non-wetting joint permeability

;  Jjoint area contact --- Coulomb slip with residual strength
7 (JOINT MODEL RESIDUAL)

Srs_kn = 1 ; joint normal stiffness (stress/displacement)
Srs_ks = 2 ; joint shear stiffness (stress/displacement)
Srs_coh 3 ; joint cohesion (stress)

Srs_phi = 4 ; joint friction angle (degrees)

Srs_psi = 5 ; joint dilation angle (degrees)

Srs_ten = 6 ; joint tensile strength (stress)

Srs_tab = 7 ; table number for normal displacement vs

; normal stress (integer)

Srs_zerdil = 8 ; shear displacement for zero dilation
Srs_ares = 9 ; residual aperture at high stress
Srs_azero = 10 ; aperture at zero normal stress
Srs_empb = 11 ; empirical multiplier for fluid flow law
Srs_expa = 12 ; exponent of joint hydraulic multiplier
Srs_perm = 13 ; joint permeability

Srs_grdex = 14 ; gradient exponent

Srs_phir = 15 ; residual friction angle (degrees)
Srs_cohr = 16 ; residual cohesion (stress)

Srs_tenr = 17 ; residual tensile strength (stress)
Srs_frac = 18 ; fracture condition

; 0 - not fractured
; 1 - joint has fractured
Srs_nwjperm= 19 ; non-wetting joint permeability

;  Jjoint area contact --- continuously yielding (JOINT MODEL CY)
Scy_kn = 1 ; joint normal stiffness (stress/displacement)
Scy_ks = 2 ; joint shear stiffness (stress/displacement)
Scy_coh = 3 ; joint cohesion (stress)

Scy_phi = 4 ; joint friction angle (degrees)

Scy_psi = 5 ; joint dilation angle (degrees)

Scy_ten = 6 ; joint tensile strength (stress)

Scy_zerdil 7 ; shear displacement for zero dilation

Scy_ares = 8 ; residual aperture at high stress

Scy_azero = 9 ; aperture at zero normal stress

Scy_empb = 10 ; empirical multiplier for fluid flow law
Scy_expa = 11 ; exponent of joint hydraulic multiplier
Scy_perm = 12 ; joint permeability

Scy_knexp = 13 ; exponent of joint normal stiffness
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Scy_ksexp = 14
Scy_3jf = 15
Scy_Jr = 16

Scy_knmax =
Scy_knmin =
Scy_ksmax =
Scy_ksmin =
Scy_kecyds
Scy_grdex
Scy_kecyr

Scy_nwjperm=

end
Simat_fin
set echo on

17
18
19
20
21
22
23
24

4-31

exponent of joint shear stiffness
joint initial friction angle (degrees)
joint roughness parameter (length)

maximum value of joint
minimum value of joint
maximum value of joint
maximum value of joint
0ld shear displacement
gradient exponent
reversal factor

normal stiffness
normal stiffness
shear stiffness
shear stiffness
increment

non-wetting joint permeability

UDEC Version 7.0



4-32

4.4.2

“ZMAT.FIN” provides access to block zone constitutive models and properties that are stored
locally for zones using the ZONE command. The extension for local zone properties is the z_zex
FISH variable. All values are stored as real numbers. This means that only the function fmem is
used with the offsets. The function Imem should not be used. These offsets are also used with the
z_prop FISH function for setting and retrieving zone model values.

“ZMAT.FIN”

The mapping of the zone model numbers is as follows:

SS =3
Mohr-Coulomb = 5
DY =6
Ubiquitous =7
Null =8
Elastic =9

Example 4.10 Data File “ZMAT.FIN”

set echo off
def S$Szmat_fin

;  ZONE material model parameters -- FISH Include file

7

; 1ndex to zone property list is z_zex(zi)

; (all values are floating-point type unless declared otherwise)

; linear elastic

Sle_kgmod =
Sle_kk =
Sle_kel =
Sle_ke2 =
Sle_kg2 =

;  mohr-coulomb

Smc_kgmod =
Smc_kk =
Smc_kcoh =
Smc_kphi =
Smc_kpsi =
Smc_kind

Smc_kten =
Smc_kcsnp
Smc_knphi

WO 00 J O Ul i W DN B

7

(ZONE MODEL ELASTIC)

shear modulus
bulk modulus
bulk + 4/3*shear
bulk - 2/3*shear
2 * shear modulus

(ZONE MODEL MOHR)

shear modulus
bulk modulus
cohesion

friction angle in degrees
dilation angle in degrees

plasticity indicator
tensile strength

(integer)

2.0 * cohesion * sgrt(anphi)

anphi =

(l+sin(phi) )/ (l-sin(phi))
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Smc_knpsi =10 ; anpsi = (l+sin(psi))/(l-sin(psi))
Smc_kel = 11 ; bulk + 4/3*shear

Smc_ke2 = 12 ; bulk - 2/3*shear

Sme_kx1 =13 ; kel - (ke2 * anpsi) - ((ke2 - kel * anpsi) * anphi)
; ubiquitous joint (ZONE MODEL UBIQUITOUS)

Subj_kgmod = 1 ; shear modulus

subj_kk = 2 ; bulk modulus

Subj_kcoh 3 ; cohesion

Subj_kphi = 4 ; friction angle in degrees

Subj_kpsi = 5 ; dilation angle in degrees
Subj_kind 6 ; plasticity indicator (integer)
Subj_kten = 7 ; tensile strength

subj_kja = 8 ; ubiquitous joint angle

Subj_kjf = 9 ; ubiquitous joint friction angle
Subj_kjd = 10 ; ubiquitous joint dilation angle
Subj_kjcoh 11 ; ubiquitous joint cohesion
Subj_kjten = 12 ; ubiquitous joint tension
Subj_kcsnp = 13 ; 2.0 * cohesion * sqgrt(anphi)
Subj_knphi = 14 ; anphi = (l+sin(phi))/(1-sin(phi))
Subj_knpsi = 15 ; anpsi = (l+sin(psi))/(1l-sin(psi))
Subj_kel = 16 ; bulk + 4/3*shear

Subj_ke2 = 17 ; bulk - 2/3*shear

Subj_kx1 =18 ; kel - (ke2 * anpsi) - ((ke2 - kel * anpsi) * anphi)

(ZONE MODEL SS)

; strain-softening/hardening mohr-coulomb

$ss_kgmod = 1 ; shear modulus

$ss_kk = 2 ; bulk modulus

$ss_kcoh = 3 ; cohesion

S$ss_kphi = 4 ; friction angle in degrees

Sss_kpsi = 5 ; dilation angle in degrees

Sss_kind = 6 ; plasticity indicator (integer)
Sss_kepdev = 7 ; plastic deviatoric strain
Sss_kctab = 8 ; cohesion softening table (integer)
Sss_kftab = 9 ; friction softening table (integer)
Sss_kdtab = 10 ; dilation softening table (integer)
Sss_kttab = 11 ; tension softening table (integer)
Sss_kten = 12 ; tensile strength

Sss_kepten = 13 ; plastic tensile strain

Sss_kcsnp = 14 ; 2.0 * cohesion * sgrt(anphi)
Sss_knphi = 15 ; anphi = (l+sin(phi) )/ (1l-sin(phi))
Sss_knpsi = 16 ; anpsi = (l+sin(psi))/(l-sin(psi))

; double yield (ZONE MODEL DY)
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Sdy_kgmod = 1 ; shear modulus

sdy_kk = 2 ; bulk modulus

Sdy_kcoh = 3 ; cohesion

Sdy_kphi = 4 ; friction angle in degrees

Sdy_kpsi = 5 ; dilation angle in degrees

Sdy_kind = 6 ; plasticity indicator (integer)
Sdy_kepdev = 7 ; plastic deviatoric strain
sdy_kctab = 8 ; cohesion softening table (integer)
sdy_kftab = 9 ; friction softening table (integer)
sdy_kdtab = 10 ; dilation softening table (integer)
sdy_kttab = 11 ; tension softening table (integer)
sdy_kepvol = 12 ; volumetric strain

sdy_kpcmax = 13 ; plastic cap

Sdy_kten = 14 ; tensile strength

sdy_kpctab = 15 ; cap softening table (integer)
Sdy_kmdmul = 16 ; cap multiplier

sdy_kdystat = 17 ; cap plasticity indicator
sdy_kepten = 18 ; tensile plastic strain

sdy_kcsnp =19 ; 2.0 * cohesion * sgrt(anphi)
sdy_knphi = 20 ; anphi = (l+sin(phi))/(l-sin(phi))
sdy_knpsi =21 ; anpsi = (l+sin(psi))/(l-sin(psi))
end

Szmat_fin
set echo on
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