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Property/Coordinate/Function

Overview

Define the general stiffness and nonlinear material properties of the ground and structure. For ground,
additional permeability properties and drained/undrained conditions can be set.

Add/Medify Material

No Mame Type

1 Soft rock Isotropic-Mohr-Coulomb
2 Weathered rock  Isotropic-Mohr-Coulomb
3 Weathering soil  Isotropic-Mohr-Coulomb
4 Embankment Isatropic-Mohr-Coulomb
5 Abutment Isotropic-Elastic

[ Pile Isotropic-Elastic

7 Pile{Interface) Interface and Pile-File

i
o

EHERRE §

Madify...
Copy
Delete
Import

Import from

Export to

Renumber

Close

Methodology

[Create] : Add a ground or structure material. The following 4 material types can be selected and the model

type can be set for each material type.

Isotropic
Orthotropic
2D Equivalent

Interface and Pile

The model type available for each material type is shown below. The ground/structure material properties
and the material behavior properties are defined for each model type. Here, the elements used for ground
modeling such as plane strain or solid can be assigned to a structure material that does not consider Ko

effects or permeability properties.
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Material type | Model type Groun.d Struct.ure Materia! behavior
material | material properties
Elastic Linear elastic
Tresca Elasto-plastic
von Mises (Nonlinear) Elasto-plastic
Mohr-Coulomb Elasto-plastic
Drucker Prager Elasto-plastic
Hoek Brown Elasto-plastic

Generalized Hoek Brown

Elasto-plastic

Hyperbolic(Duncan-Chang)

Nonlinear elastic

Interface
[Pile

Interface

Elasto-plastic

Shell Interface

Elasto-plastic

User supplied - Shell Interface

Elasto-plastic

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 X
Strain Softening 0 X Elasto-plastic
Modified Cam Clay 0 X Elasto-plastic
Jardine 0 X Nonlinear elastic
D-min 0 X Nonlinear elastic
Isotropic Modified Mohr-Coulomb 0] 0] Elasto-plastic
Soft Soil 0 X Elasto-plastic
Soft Soil Creep 0 X Elasto-plastic
User defined model 0 0 Elasto-plastic
Modified UBCSAND 0 X Elasto-plastic
Sekiguchi-Ohta(Inviscid) 0 X Elasto-plastic
Sekiguchi-Ohta(Viscid) 0 X Elasto-plastic
Modified Ramberg-Osgood 0 0 Elasto-plastic
Modified Hardin-Drnevich 0 0] Elasto-plastic
ngdenlng Soil(small  strain 0 X Elasto-plastic
stiffness)
Generalized SCLAY1S 0 X Elasto-plastic
CWFS 0] 0] Elasto-plastic
Transversely Isotropic 0 0 Linear elastic
et Jointed Rock Mass (0] 0] Elasto-plastic
2D Orthotropic X 0 Linear elastic
Geogrid X 0 Elasto-plastic
2D Equivalent | 2 Dimensional equivalent 0 0] (Equivalent)Linear elastic
X 0
X 0
X 0
X 0

Pile

Nonlinear elastic

[Isotropic] : Isotropic materials have the same properties in every direction and is used to define material
behavior properties of most linear-elastic / nonlinear elastic / elasto-plastic materials.

[Orthotropic] : Natural ground is generally layered and sloped, making it possible to have different strengths
in each orthogonal direction. This option can also be used to define Jointed Rocks, which have different
properties depending on the direction and behave differently according to the specific confinement

conditions.

[2D Equivalent] : 2D equivalent linear analysis specific model. Use the converging strength and damping
ratio from the equivalent linear method to consider the nonlinear and n1lastic behavior of materials.

[Interface / Pile] : Applied when simulating relative behavior (interface behavior) between ground and

structure.
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[Modify/Copy/Delete]
Modify the parameters of an added material. Copy can be used when adding multiple materials while only
changing certain parameters.

[Import/Import from Excel / Export to Excel]

Import the material properties from a different model file with a saved material/property. This operation is
useful when analyzing the existing project under the same conditions. Selecting the import file generates
the material list containing all saved materials. The user can select the desired material.

Import Material from Other Project @
Material List Selected List
L:Softrock
2:Weathered rock
3:Weathering soil T T
4:Embankment
S:Abutment All
&:Pile
Nane

T:Pile(Interface) ;J
Mumbering Type

@) Keep ID, {If ID. already exist will be replaced)

T Mew ID. 18

e

The user can construct the frequently used material DB by importing or exporting the excel file containing
the material properties.

[Renumber]
Change the registration number of a material. Repeating Add/Delete automatically sets the registration
number to recently added number+1.

Refer to Ch.4 of the Analysis manual to understand the Finite element formulization and yield shape. The
input parameters and behavioral characteristics for each material model are as follows.

1 . 2 Elastic

Generall Material A linear elastic model where the stress is directly proportional to strain. The proportionality constants are
(Behaw_oral the Elasticity modulus ( £ ) and Poisson’s ratio (V' ).
Properties)

o

»Linear elastic-stress
strain behavior

Since the yield value is not defined, the calculated stress and strain of the linear elastic model can be highly
unrealistic. Hence, it is recommended that the Mohr-Coulomb or other nonlinear material models be used
for general analysis. However, this model is appropriate in modeling concrete or structural steel structures,
which have a much higher strength than the ground.
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Tresca

The Tresca criterion was originally developed to be used on yield conditions of metallic materials. In
geotechnics, it is often used to simulate the ground material behavior during undrained conditions. This
model has some flaws when applied to soil materials, such as no consideration of the effects of hydrostatic
pressure acting on the yield surface. Firstly, the assumption that shear stress is unrelated to hydrostatic
pressure (or confining pressure) is wrong for general soil behavior. Secondly, the yield stress is the same
for compression and tension in this criterion, but soils generally have a much larger compressive strength
than tensile strength, sometimes even negligible tensile strength.

However, performing the total stress analysis for saturated soils under undrained conditions (called ¢=0

analysis) using the Tresca yield criterion still gives appropriate results. The Tresca yield criterion can be
used because according to the results, the shear strength of the saturated soil is unrelated to the stress
compint of the hydrostatic pressure during undrained loading. In this case, because the maximum shear
stress limit represents the undrained shear strength, the decision must be made from the results of the
undrained triaxial compression test.

von Mises (Nonlinear)

The von Mises model is often used to define the behavior of ductile materials based on the principle that
yielding occurs when the shear stress reaches the threshold value. This model can be applied to truss,
embedded truss and pipe elements as well as geotechnical elements. It can also be applied when
simulating anchors, nails or steel pipe piles made from steel.

The von Mises model has the same limitation as the Tresca model when applied to soil materials; it does
not consider of the effects of hydrostatic pressure and the yield stress is the same for compression and
tension. Like the Tresca criterion, the undrained strength of saturated soil can be appropriately presented
using the von Mises vyield criterion. This model is useful because it does not have the mathematical
difficulty or analysis complexity caused by the hexagonal corners of the curved surface on the Tresca
criterion.

As a material yield, hardening defines the change of yield surface with plastic straining, which is classified
in to the three types : Isotropic, Kinematic and Combined.
Appropriate for all types of materials, which exhibit Plastic Incompressibility.

Perfect Plastic

2000

@) Hardening Curve Mone - @
Stress Strain Curve MNone
|50 0 r
Kinematic
Isotropic+Hinematic

Perfect Plastic
Specify Initial Uniaxial (tensile) Yield Stress
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»Yield Surface for each
hardening rule

Hardening Curve
Relation between plastic strain and stress(true stress) can be resulted from uniaxial compression / tensile
test or shear test.

Stress Strain curve (optional)
Relation between strain and stress(true stress)

Hardening Rule
Isotropic, Kinematic and Combined (Isotropic + Kinematic)

- Total increment of Plastic can be expressed by Isotropic and Kinematic Hardening as follows:
Oy = Zehy (0)+ (1= Ay (e)

- Combined hardening factor (Ac, 0~1) represents the extent of hardening. ‘1’ for Isotropic, ‘0" for
Kinematic, and between ‘0~1’ for Combined hardening.
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[nitialyvield surface
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Mohr-Coulomb

The Mohr-Coulomb model is defined by an elasto-plastic behavior as shown in the figure below. This
behavioral assumption shows reliable results for general nonlinear analysis of the ground and is widely
used in simulating most terrain.

»Material behavior of
Mohr-Coulomb model

The Mohr-Coulomb yield criterion has 2 flaws when using geo-materials. First, the intermediate principal
stress does not affect yield, which is a contradictory assumption to real soil test results. Second, the
Meridian and Failure envelope of the Mohr-Circle is linear; so the Strength parameter (angle of friction)
does not change with the Confining pressure (or Hydrostatic pressure). This criterion is accurate within a
limited range of confining pressure but as the range difference increases, the accuracy decreases.
However, this criterion is often used because it is easy to use and displays considerably accurate results
within the general confining pressure range.

The major nonlinear parameters used to define the Coulomb yield criterion are as follows.

>»Mohr-Coulomb Cohesion(C) 0 kjme
Inc. of Cohesion 0 kNfm?
Inc. of Cohesion Ref. Height 0 m
Frictional Angle(Ph) 3 [deq)

7] Dilatancy Angle 3 [deg]

V] Tension Cut-off

Tensie Strength 0 kNfm?
Cut-off Yield Surface

Pressure @ Rankine

Cohesion (C), Friction angle (D)

Soils have different cohesion and friction angle depending on their type and these values are applied to the
shear strength equation. Soils, unlike other construction materials, have very little resistance to tension and
in most cases shear failure occurs. When an external force or self weight is applied, shear stress occurs in
the ground. The strain increases with stress increase and as these progresses, it works along a plane
causing what is known as shear failure. The shear stress induces shear resistance and the shear
resistance limit is called shear strength. The shear resistance of soil is made up of 2 comp1nts: cohesion
and friction angle.

According to Coulomb, the shear strength of soil can be expressed in the following linear equation.

1= ¢ + otang (c: Cohesion, o: Normal stress, @: Interior friction angle)

Cohesion is the shear strength when the interior friction angle is '0(zero)' according to the yield criterion. It
can be defined as an undrained shear strength of cohesive soils. Sandy soils with no cohesion can be

130 | Section 1. Property/Coordinate/Function



User Manual

Chapter 4. Mesh

»Mohr-Coulomb Failure

envelope
(Drained/Undrained)

» Conceptual diagram of
cohesion increment

defined as ¢=0, but to avoid errors in analysis, it is recommended that a value of at least 0.2 (kN/m2) be
entered.

Defining the cohesion automatically sets the tensile strength by that amount. However, because tensile
resistance is generally ignored for geo-materials, the Tension-Cutoff is set to prevent unrealistic resistance
behavior to tension.

shear
stress

—oy  |ShEE s ©=0
<
) \\ N / N

- normal i y

—o 1 SIress —03 —03

\ normal
(1

Increment of Cohesion Reference Height

In general, the strength properties of the soil change with the depth and confining pressure; even within a
ground layer composed of the same material. For example, defining a soil layer several meters deep as a
‘strength parameter’ may be a limitation in the detailed simulation of a ground behavior. The ground layer
can be further subdivided and modeled, but this characteristic can be replaced by changing cohesion
according to height. If the cohesion increases according to the height being '0(zero)', the cohesion has a
constant value and if it is not '0(zero)', the cohesion is calculated with reference to a standard height
(reference height based on the Global Coordinates) using the following equation.

C=Cpy + (J’wr - J/)C,m» (y <Yy )
C=Cpy (y>yre/)
Cryf : Input cohesion value
Cine : Incremental amount depending on cohesion depth
Vros : Depth of c,, measurement
depth
S T A
Veer | cohesion

The  in the equation represent the integral point positions of an element where the finite element method
calculation occurs. If the integral point position is higher than y,,, , the cohesion can be less than 0 in some

places. To avoid this, use the ¢,, value instead of further decreasing the cohesion value.
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Dilatancy Angle

The dilatancy angle can be viewed as the volume increase rate according to shear strain. It is a type of
strength parameter for roughness and is generally defined as dilatancy angle = interior friction angle-30°.

Hence, if the interior friction angle is less than 30°, the dilatancy angle is close to '0(zero)'. In real tests, a

negative dilatancy angle can be defined for vey loose sandy soil but numerically, the dilatancy angle has a
value between 0 and the interior friction angle.

For undrained analysis, the dilatancy angle must be set as '0(zero)' when the interior friction angle is
'0(zero)'. The important thing is that the dilatancy angle is a parameter considered in analysis after changes
have been made to the constitutive equation. If the effects of the dilatancy angle are not considered, the
same value must be entered for the dilatancy angle and interior friction angle. In other words, not checking
the ‘Consider dilatancy angle’ option automatically performs the analysis with the dilatancy angle equal to
the interior friction angle.

Tensile Strength (Tension-CutOff)

Input the allowable tensile strength of the geo-material. In many cases, tension cracks can be observed on
the natural ground surface rather than shear failure. Input the allowable tensile strength to assign tensile
resistance to the geo-material. The tensile resistance of geo-materials are generally ignored and so the
default setting is '0(zero)'. Not checking the tensile strength option uses a tensile stress, automatically
calculated from cohesion and the interior friction angle, into the analysis.

Drucker Prager

The Drucker-Prager model was developed by Drucker and Prager (1952) to solve the numerical problems
that occur on the corners of the yield shape of the Mohr-Coulomb model. The internal algorithm is the same
as the Mohr-Coulomb model, and the material constant can be related to the existing cohesion ( ¢ ) and

friction angle ( ¢ ) of the Mohr-Coulomb model.

> Drucker-Prager Cohesion () 0 ke
Inc. of Cohesion 0 kMfm3
Inc. of Cohesion Ref, Height 0m
Frictional Angle (@) 36 [deq]
| Dilatancy Angle 0 [deq]
Hoek Brown

Geo-materials can be largely divided into rocks and soils. Rocks are more rigid than soils and their strength
characteristics depend on the degree of weathering. The behavioral characteristics of rocks are divided by
the fact that the change in stiffness due to stress is negligible. In particular, the shear stress and tensile
stress of rocks have a larger effect on the overall behavioral characteristic than soils. Hoek and Brown
(1980) suggested the concept of an equivalent continuum to define the stress decrease phenomenon in
jointed rock mass failure. A yield function was proposed to distinguish between intact rock and broken rock
and when the rock failure was defined by this function, certain parameter values that define the function
could be decreased to simulate the stress decrease phenomenon. This method defines the unconfined
compressive strength that could not be considered in the existing Mohr-Coulomb method and allows
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accurate and simple representation of rock behavior, making it a widely used analysis method even today.
The shear strength of rocks can be expressed using the Mohr-Coulomb yield criterion and Hoek-Brown
strength parameters within a certain stress range can be used to predict the cohesion and friction angle of
the Mohr-Coulomb model.

»Hoek-Brown yield o,[kPa]
criterion 300

200

100

6,9 50 100 150 200  o,[kPa]

The main nonlinear parameters of the Hoek-Brown criterion are as follows.

Initial m 10

Initial 5 0.0039
Residual m 10
Residual s 0.0039
Uniaxial Comp. Strength {oc) 30 kNjm?2

Initial m,s value

The initial m,s values are 1 of the empirical Hoek-Brown material constants for Intact rocks that classify
rocks according to their grade (type). General m values are shown in the table below.

»Hoek-Brown material
constant m;
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Rock Class Group Texture
type Coarse | Medium ] Fine \ Very fine
Conglomerate Sandstone Siltstone Claystone
Clastic @
: Greywacke
(18)
= Chalk
] 7
E Organic Coal
g (8-21)
= Breccia Sparitic Micritic
= Non- Carbonate (20$) Limestone Limestone
: Clastic (10
. Gypstone Anhydrite
Chemical 16 13
E Non Foliated Marble Hornfels Quartzite
A 9 (19) 24
4
g Migmatite Amphibolite _ Mylonites
< Slightly foliated (30) 25-31 (6)
E Foliated* Gneiss Schists Phyllites Slate
= 3 4-8 (10) 9
Granite Rhyolite Obsidian
33 (16) (19)
Light Granodiorite Dacite
(30) (17
Diorite Andesite
(28) 19
®
5’ Dark Gazh7bm Dolerite Basalt
&2 (19 an
= Norite
2
Extrusive pyroclastic Agglomerate Breccia Tuff
type (20) (18) (1s)

Chapter 4. Mesh

The s constant can be calculated from the GSI (Geological Strength Index) when the rock is intact and has
a value of "1". The GSI according to rock grade is shown in the table below and the value can be generally
predicted by calculating the rock classification results (RMR, RQD).

The s calculated from the GSl is as follows.

GSI - 100
S = exp (T) (GSI > 25)
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> GSI (Hoek(1999))

GEOLOGICAL STRENGTH INDEX

From the description of structure and surface conditions of
the rock mass, pick an appropriate box in this chart. Esti-
mate the average value of the Geological Strength Index
(G3I) from the contours. Do not attempt to be too precise
Quoting a range of G3I from 36 to 42 is more realistic than
stating that GSI = 38. It is also important to recognize that
the Hoek-Brown critenon should only be appled to rock
masses where the size of the individual blocks or pieces is
small compared with the size of the excavation under con-
sideration. When individual block sizes are moare than ap-
proximately one quarter of the excavation dimension, failure
will generally be structurally controlled and the Hoek-Brown
criterion should not be used

gh, slightly weathered, iron stained
Slickensided, highly weathered surfaces with

compact coatings or fillings of angular

Smoocth, moderately weathered and altered
fragments

Wery rough, fresh unweathered surfaces
surfaces
Slickensided, highly weathered surfaces

SURFACE CONDITIONS
VERY GOCD

GOOoD

VERY POCR

with soft clay coatings or filings

@ Rou
surfaces

FAIR

STRUCTURE

i POCR

o
im
2

REASIN

INTACT OR MASSIVE — intact rock specmens %0 "/
of massive in situ rock with very few widely WA NIA NA
spaced discontinuities

SURFAC

m
Q2

UAL

I

F

BLOCKY - very well interlocked undisturbed
rock mass consisting of cubical blocks formed
by three orthogonal discontinuity sets

70

VERY BLOCKY - interlocked, partially disturbed
rock mass with multifaceted angular blocks
formed by four or more discontinuity sets

40
BLOCKY/DISTURBED - folded andior fautted
with angular blocks formed by many intersect-
ing discontinuity sets

30

DECREASING INTERLOCKING OF ROCK PIECES

DISINTEGRATED - poorly interlocked, heavily
broken rock mass with a mixture of angular and
rounded rock pieces

[

FOLIATED/LAMINATED - Folded and tectoni-

cally sheared foliated rocks Schistosity prevails NIA NA 1
over any other discontinuity set resulting in 2 2 /

3|

complete lack of blockiness

/

The m,s relationship from the GSI assumed by a=0.5 from the Hoek-Brown model is as follows.

»Relationship between 1.0
GSland m,s

Lower bound Upper bound

0.8

o
o
T

mJ/m,s,a

o
~
T

m,/m,

02

0.0 1 1 1 1 1 1 1

GSI
Uniaxial Compressive Strength

Input the Uniaxial compressive strength test results for Intact Rock. The general numerical value for rock
grade is as follows.
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ol : Grade Term Uniaxial Field estimate of strength Examples
»Uniaxial compressive Comp. . P
strength ;\Sh;rngth
R& Extremely = 250 Specimen can be chipped with a Fresh basalt, cher,
strong geological hammer diabase, gneiss,
granite, quartzite
R5 Very strong 100 — 250 Specimen requires many blows of a  Amphibolite, sandstone,
geological hammer to fracture it. basalt, gabbro, gneiss,
granodiorite, limestone,
marble, rhyolite, tuff
R4 Strong 50 — 100 Specimen requires more than one blow  Limestone, marble,
of a geological hammer to fracture it. phyllite, sandstone,
schist, shale
R3 Medium 25 — 50 Cannot be scraped or peeled with  Claystone, coal,
strong a pocket knife, specimen can be concrete, schist, shale,
fractured with a single blow from a silistone
geological hammer.
R2 Weak 5-25 Can be peeled with a pocket knife with ~ Chalk, rocksalt, potash.
difficulty, shallow indentation made by
firm blow with point of a geclogical
hammer.
R1 Very weak 1-5 Crumbles under firm blows with peint  Highly weathered or
of a geological hammer, can be peeled  altered rock.
by a pocket knife.
RO Extremely 0.25 -1 Indented by thumbnail Stiff fault gouge
weak

Generalized Hoek Brown

Representative model to simulate general rock behavior (stiffer and stronger than other types of soil).
Hoek-Brown model is isotropic linear elastic behavior and Generalized Hoek-Brown is to link the empirical
criterion to geological observations by means of one of the available rock mass classification schemes. All
geological index was subsequently extended for weak rock masses. This model is also applicable for
Strength Reduction Method (slope stability analysis).

Sz =(0,—0,)~0,| —L0 +s
ci
0,z0, 20,

»Failure surface in

o % A
principle stress plane

The main nonlinear parameters of the Generalized Hoek-Brown criterion are as follows.
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. rHoek Brown Parameter u‘
Initial mb 10 D— _____ -
Inital s T o004 Intact rock parameter{mi) 10
Initial a 0 5' Geological Strength Index{GSI) 50
[|residuzl Parameters Disturbance Factor (D) 0
Residual mb D E Cancel
Residual s | U...:
Residual a | U
Uniaxial Comp. Strength 30000 kNfm2
Dilatancy Angle 50 [ded]
GSI-100
my,=m exp| ———
28-14D
(GSI - 100]
ex [_
9-3D
1 1 r -
a=_+_{e-cs. 15 _e-_o.»)
2 6
Refer to following Geological Index (Hoek, 1999)
Uniaxial Compressive Strength
>Uniaxial Compressive Grade Term Uniaxial Field estimate of strength Examples
Strength Comp.
Strength
(MPa)
R& Extremely = 250 Specimen can be chipped with a Fresh basalt, chert,
strong geological hammer diabase, gneiss,
granite, quartzite
RS Very strong 100 — 250 Specimen reguires many blows of a  Amphibolite, sandstone,
geological hammer to fracture it. basalt, gabbro, gneiss,
granodicrite, limestone,
marble, rhyolite, tuff
R4 Strong 50— 100 Specimen requires more than one blow  Limestone, marble,
of a geological hammer to fracture it. phiyllite, sandstone,
schist, shale
R3 Medium 25 — 50 Cannot be scraped or peeled with  Claystone, coal,
strong a pocket knife, specimen can be concrete, schist, shale,
fractured with a single blow from a  siltstone
geological hammer.
Rz Weak 5—25 Can be peeled with a pocket knife with  Chalk, rocksalt, potash.
difficulty, shallow indentation made by
firm blow with point of a geological
hammer.
R1 Very weak 1—5 Crumbles under firm blows with point  Highly weathersd or
of a geological hammer, can be peeled  alered rock.
by a pocket knife.
RO Extreme by 0.25 —1 Indented by thumbnail Stiff tault gouge
weak
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Intact Rock Parameter

>Intact Rock Parameter Rock | Class Group Texture
type Coarse | Medum | Fine [ very fine
Conglomerzis Sandsione Siltstone Claystone
Clastic 20) 19 a 4
Greywacks
3 (18)
5 Chalk
E T
Onganic
= Caal
ﬂﬁ-} Non (8-21)
Clastic ; Sparific Micrific
Carbonate Breccia Limestone Limesione
@ (1) 8
. Gypstones Antrydrite
Chemical 18 13
g Mon Folizted Marble Ht{::g?b Quartzite
& a 24
o ) ) Mi i Amphibo i Myloni
Slightly foliated igmatite phibolits lomites
S Aty 30) (25- 31) 6)
LE—J Folizated® anl;ﬁ! S:hr;ts Pl{'l:rggba Slgate
Granits Rhyaite
Light 33 (16}
Granodionte Diacis
(30 m
4 Diarite Andesite
z (28) 19
ﬁ Gabbro
27 Dolerite Basalt
Dark Narite 9] mn
2
. . lomerzte Breccia Tuff
Extrusive pyroclsstic typs|  £29
(20) (18) (15)
Geological Strength Index (GSI)
»Geological Strength :
GEOQLOGCAL STRENGTH INDEX T g
|ndeX (GSl) Fram the descristion of sinecture and sudace cendiiens of z 3 ‘g § ] £
the rock mass, pok an mppropraie box m e chad Esh. £ % 2 ‘j
Mt o il vakie of the Geckegieal Stengh Ind £ = 4 -
[55) from e conlours. D0 ot atEmel o be (Do precise T £ ] B B
Chantirny @ range o G581 from 35 10 47 i mere reslstic than ¥ . 2 Fa ES
siaing Pt G51 = 3. 15 dlsa imgorian i recogege hal o 2 ¥ ] %? £
the Heek-Bromn crdwn sbould oely be mpeed o rock % i E g Ex
masses whene the sce of the ndidual Bocks o petes s 2 5 g = 25 = E
smal compared wath the size of the ecavatnn incer con- 5 ¥ = ‘5§ EE
sderabon. Wran indridual Block sizes are more than og- 5 = = 1 £
prommalely one quarter of the extavaton dimecson, ke O 2= ] 33 §§F
will genarally bi Stueturally coniroben S0d e Hok-Brmen § 22 e £1 aoElFEs
crteron shouks nck be used s Eg‘ g;t 55 gizg E§;
| 083|253 |R33E|Ba
STRUCTURE CECREASING SURFACE GUALITY
7
ey
. INTAST OR MASSIVE - intact rock specimens " y
or masswe sy ook wih ey dew wdely A S e A A
spaced dscontnunes / A
S om0
e F A A s /
DA mooky - very well miedocked undsirted 8 | 1'0//’ A P S
f! Ek fnass comgasting of cubical Blacis famed S e y ~ s i
P Iy thiee: orthogaoral dscontnuety s=is g // // /w ’/ radwd Fa
= /. N dAooF
rd
LA
VERY ELOCKY - irferiocked, parialy deiused 3 |7
£tk mass wih muldsceled acguiar bincks
. Tormnid by o0 oF Mone disContnuly Ses g
g
BLOCKYDISTURSED - foded andir fauked
wih angular blocks farmes by many rtersect
g Moy s E
£
-1
MSMTERRATEN . poncky interarioss feovaly
Dt Fock fass vl & iy ol gl and ﬂ
rounded rock peces
FOLLATEDSLAMINATEL: ~ Folded mnd leclon-
cally sheared {okaied recks Schimesty peal
ower any other dscontnuly set resuling in
completa lack of bleekinaes
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Guideline for estimating Disturbance Factor (D)

» Guideline for estimating  Table 1: Guidelines for estimating disturbance factor D
Disturbance Factor (D)

Appearance of rock mass Description of rock mass Suggested
value of D

Excellent quality controlled blasting or excavation by

Tunnel Boring Machine results in minimal disturbance D=0
to the confined rock mass surrounding a tunnel.

Mechanical or hand excavation in poor guality rock

masses (no blasting) results in minimal disturbance to D=0
the surrounding rock mass.

Where squeezing problems result in significant floor D=05
heave, disturbance can be severe unless a temporary No '_mvj "

invert, as shown in the photograph, is placed.

Veryv poor quality blasting in a hard rock tunnel results
in severe local damage, extending 2 or 3 m, in the D=08
surrounding rock mass.

Small scale blasting in civil engineering slopes results D=07
in modest rock mass damage, particularly if controlled | Good blasting
blasting is used as shown on the left hand side of the
photograph. However. stress relief results in some D=10
disturbance. Poor blasting

Very large open pit mine slopes suffer significant D=10
disturbance due to heavy production blasting and also | Production

due to stress relief from overburden removal. blasting
In some softer rocks excavation can be carried out by D=07
ripping and dozing and the degree of damage to the | Mechanical
slopes is less. excavation
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P Engineering example for ~ The Shear Strength Reduction Method for the Generalized Hoek-Brown Criterion

: et Hammah, R E_, Yacoub, TE. and Corkum, B.C
material verification (Slope Rocscience Inc, Toronto, ON, Canada

Stability Analysis) Curran, J.H.

Lassonde Institute, University of Toronto, Toronto, ON, Canada

Figure 4. Contours of maxinuun shear strain in the slope at
failure. The contours reveal the failure mechanism predicted
by the SSR method.

[Reference - F.5. : 1.15]

Figure 3. Geometry of the slope in Example 1

Table 1. Properties of the rock mass in the Example 1slope

Praperty Value
Young's modulus, E (MPa) 3000
Poisson’s ratio, v 0.3

Wei MN/mr’) 0.025
Uniaxial compressive strength 30

o (MPa)

GSI 5

Intact rock parameter i 2
Distwbance facror, D [
Parameter miy 0.067
Parameter s 2.5x 107
Parameter & 0.619

[GTSNX-F.5.: 1.19]

Hyperbolic (Duncan-Chang)

Ground stress-strain behavior becomes nonlinear as it approaches the yield criterion; nonlinear elastic
models simulate such ground behavior by modifying the foundation modulus. The function proposed by
Duncan and Chang (1970) is used to calculate the foundation modulus. The stress-strain curve of the
function is a hyperbola and the foundation modulus is a function of confining stress and shear stress. This
nonlinear elastic material model is very useful because it only needs material properties that can be easily
obtained from the triaxial compression test or literature. The Duncan and Change nonlinear stress-strain

curve represents a hyperbola between the axial strain space generated by shear stress ((0, —0;) ) and it
can be defined according to stress state and stress path by 3 foundation moduli (Initial modulus (E,),

Tangent modulus (E,), Unloading-reloading modulus (£,,) ).

The main nonlinear parameters of the hyperbolic model are as follows.

Cohesion (C) 30 kMNfm2
Frictional Angle (@) 36 [deg]
Initial Loading Modulus {K) 47
Exponent {n) 1]

Failure Ratio (Rf) 0.8

Kur  []User Defined 0

Kb [] User Defined 0
Exponent {m) a

Min. Tangential Modulus 100 kMjmz2
Min. Confining Stress {omin) 10 kMfm?2
Atmospheric Pressure (Pa) 101.312501  kNjm2
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The results of the triaxial compression test can be plotted on a vertical axis of E/ p, or B,,,/ p, and a

horizontal axis of o / D, . Set each axis to a log scale and the vertical axis value at 0'3/ p,=1is the Initial
Loading Modulus (K). The Initial Stiffness Exp1nt(n) can be found from the slope when the vertical axis
is E/p, and the Bulk Modulus Exp1nt(m) can be found from the slope when the vertical axis is B, /p, .

Here, the Bulk modulus B, is defined by the following equation and can be predicted using the relationship
with Poisson’s ratio. Here, the Poisson’s ratio is limited to values within 0 to 0.5.

(Ao, + Ao, + Ao, )/3
Ag,

m

Ao : Amount of principal stress change,

Aé, : Amount of volume strain change
_E
" 3(1-2v)

»Set material property

A
103 —
QC
&
_ 102
o
Q<
O
101 :
|
|
|
i T >
100 107 102
O'g//Da

The Duncan and Change nonlinear stress-strain curve can be defined according to stress state and stress
path by 3 foundation moduli (Initial modulus (E,), Tangent modulus (E,), Unloading-reloading modulus

(E,)).

»Nonlinear stress-strain
behavior E

1 03
o1

o strain

Section 1. Property/Coordinate/Function | 141



User Manual

Chapter 4. Mesh

»Table. Summary of

stress-strain parameters
for uniform fine silica sand

Here, the Failure Ratio (Rf) can be found by the relationship between the Initial modulus (£;) and Tangent

modulus (E,). The ratio of failure is the ratio between the asymptote of the hyperbola and the maximum
shear strength and has a value between 0.75~1. A convergence problem can occur when the Tangent
modulus (E,) is too small and so the minimum Tangent modulus value is set as the atmospheric pressure
(Pa). Bulk modulus number (Kb) can be calculated from the Bulk modulus (Bm) and Bulk modulus index

(m).
B,=K,p, [O}J
pa

Here,
B, : Bulk modulus,
K, : Bulk modulus number,
m : Bulk modulus index

Unloading-reloading modulus number K. can be calculated from the unloading-reloading ratio E, .

ur

Ell)‘ = Kurpa [63}
pﬂ

If the confining stress is '0(zero)' or negative (tensile state) when calculating the initial moduli, the moduli
can be '0(zero)' or a negative value. Hence, a lower bound needs to be set for the confining stress and the
set Minimum confining pressure is 0.01Pa.

The suggested parameter values depending on the density of sandy soils are as follows. (Duncan, J. M.
and Chan, C. Y. (1970))

Relative density é, R, K K, n
100% (dense) 36.5 0.91 2000 2120 0.54
38% (loose) 304 0.90 295 1090 0.65
Cd =0 for dense and loose sand

o , C : Dry state friction angle and cohesion

Strain Softening

The softening model consists of a linear region until it reaches the maximum shear strength. The softening
region then enters a nonlinear region. Specify the Maximum residual strength, Residual strength and
Softening rate to define the constitutional relationship below.
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»Strain softening
constitution relationship

peak, c,

residual

shear strength, ¢,

strain

The main nonlinear parameters of the Softening model are as follows.

Peak Cohesion {Cp) 300 | kMjfm?
Residual Cohesion (Cr) 300 kNjfm?
Softening Rate () 10 kMfm?

The maximum cohesion using the undrained shear strength and define residual cohesion, defined by the
amount of stress reduction and softening rate to simulate the strength decrease with strain and bulk
increase. In comparison with the Tresca model, the Tresca model behaves in a simple or perfectly plastic
state for undrained conditions but this model decreases from the maximum strength and can simulate the
effects of the residual strength.

»Softening behavior

A shear strength

res

Modified Cam Clay

A model used to simulate clay materials. The general relationship between volume change and pressure in
clay ground can be expressed using the concept of normal consolidation line and over-consolidation line.
The over-consolidation line is also called the dwelling line and the stress increase (load) follows along over-
consolidation line to the normal consolidation line. Passing the intersection with additional stress increase
makes the stress state move down along the normal consolidation line. This has similar characteristics to
the stress-strain curve of an elasto-hardening plastic model. Hence, the initial linear elastic region of the
over-consolidation line can be corresponded to the hardening plastic region of the normal consolidation line.
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»\/olume-Pressure vs
Stress-Strain relationship

normal consolidation

(0]
()]
g
5 2 \
2 7 hardening plastic
>
] -
> overconsolidation linear elastic
pressure strain

To use the Modified Cam Clay model, the initial void ratio, initial stress and initial Pre-consolidation
pressure need to be defined. The Pre-consolidation pressure can be directly entered, or calculated from the
initial stress and Over Consolidation Ratio (OCR). When both the OCR and Pre-consolidation pressure are
entered, the Pre-consolidation pressure is preferentially used.

The main nonlinear parameters of the Modified Cam Clay model are as follows.

Over Consolidation Ratio (OCR) 1

Slope of Consal Line () 0.3

Slope of Over Consol Line (k) 0.05

Slope of Critical State Line (M) 1

Pc User Defined 0

V| Allowable Tensile Stress 50 | kNfm2

Symbol Definition

K Over-consolidation line slope
y) Normal consolidation line slope
M Critical state line slope

The material properties of the ground are generally obtained from the 1-dimensional consolidation test and
the Compression index C. and Swelling index C; can be obtained from the void ratio ( e ) -logjo(p) graph.

The Compression index and Swelling index are related to the Normal consolidation line slope 4 and Over-
consolidation line slope « by the following equations.

The Ciritical state line slope A can be assumed from the effective shear resistance angle (shear resistance
angle from drained test).

_ 6sing
3—sing

¢ Interior friction angle from triaxial compression test

The OCR value can be used to calculate the stress distribution of the in-situ state from the current loaded
stress distribution. The stress for each depth is calculated from the entered OCR and because the ground
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surface stress can be underestimated than the actual initial stress, the Pc (Pre-consolidation pressure) can
be directly defined. When both the OCR and Pre-consolidation pressure are entered, the Pre-consolidation
pressure is preferentially used in the analysis.
When the Pc is entered, the internal solver studies whether the Pc and in-situ stress state satisfy the yield
function. If it does not, the Pc is recalculated.

Allowable Tensile Stress

MCC material models fundamentally do not allow tensile stress in the failure criteria (stress-strain
relationship). However, various conditions can generate tensile stress, such as the heaving of neighboring
ground due to embankment load during consolidation or uplift due to excavation. To overcome the material
model limits and increase the applicability, analysis on tensile stress within the ‘allowable tensile stress'
range can be conducted.

The size of the allowable tensile stress is not specified, and requires repeated analysis to input a larger
value than the tensile stress created from the overburden load (embankment) or failure behavior. Hence,
the allowable tensile stress value needs to be set, to prevent divergence and halting of analysis results due
to tensile failure during analysis.

Hence, the allowable tensile stress value needs to be set, to prevent divergence and halting of analysis
results due to tensile failure during analysis.

However, when directly entering the pc (pre-consolidation load), the allowable tensile stress cannot surpass
the pc value. When defining using the OCR, the pc value is automatically calculated internally by
considering the size of the input allowable tensile stress.

Jardine

The Jardine model is appropriate for geo-materials that display nonlinear behavior even with little strain.
Jardine (1984) proposed this nonlinear elastic model to simulate clay like materials that display nonlinear
behavior when the confining stress range is small and this model displays perfectly plastic behavior when
the material stress is larger than the input shear stress. The main nonlinear parameters of this model are as
follows.

Maximum Stiffness (F=0) 3000 | kMjmz2
Medium Stiffness (G<=F) 600 kMjmz2
Shear Strength of Clay 3.5 kNfm2
Strain at Maximum Stiffness (A) 0.0001
Strain at Medium Stiffness (B) 0.004
Strain at Minimum Stiffness (C) 0.008
Maximum Strain Boundary of 0.004

Fitting Range (Emax = Emin)

Minimum Strain Boundary of
0.0001
Fitting Range (Emin >= A)

The Jardine model is often applied to clay ground. Clays display nonlinear elastic behavior at small strains
and the Jardine model was developed to consider this. The nonlinear equation can be derived from the
Secant elasticity modulus and axial strain measured from the undrained triaxial compression test as shown
below. The undrained triaxial compression test applies a load in the axial direction of a cylindrical sample
and the stress along the side is maintained.

Section 1. Property/Coordinate/Function | 145



7

User Manual Chapter 4. Mesh

o —— v test data

S best fit

pomem—————

I

PTG ) W r-

BTN I E
\4

LN

™

wb---
™
al----

Here, £, G the maximum and average stiffness that satisfies the best fit line value, 4, B, C the strain

. . .. . & & . . -
at the maximum, medium and minimum Elasticity modulus and "™, “min the maximum and minimum
strain.

The shear strength of clay is needed because the Tresca model is used at the plastic region.

D-min

The D-min model is a secti1d linear model proposed by Japan Central Research Institute of Electric Power
Industry (CRIEPI), Hayashi, Hibino and applied to general rocks (hard rock, soft rock etc.). In this model,
the stiffness is different for each construction step, but the stiffness within 1 construction step is a constant
value. In other words, the materials in the model have a fixed material property value for each load step
and hence, do not require repeated analysis.

It is assumed that as the failure envelope approaches the Mohr circle, the interior bonding state of the rock
eases and the Elasticity modulus decreases while the Poisson’s ratio increases. Hence, the relative
distance between the Mohr circle and failure envelope in each section determines the Elasticity modulus
and Poisson’s ratio.

»Failure envelope and

Mohr circle of D-min
model

T
A

The main nonlinear parameters are as follows.
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Initial Modulus of deformability (DO) 300 | kNjfm?
Critical Modulus of deformability (Df) 600 kMjm?
Nonlinear Property factor {m) 1
Initial Poisson's Ratio (ud) 0.3
Critical Poisson's Ratio (uf) 0.3
Nonlinear Property factor (Rn) 1
Shear Strength {oR) 3000 kMjm?
Tensile Strength (ot) 3000 kNfm?
Mohr's envelop Parameter () 1

Relax factor (k) 1

If the user enters the material properties at the initial state and limit state, the value proceeds to the limit
state material property depending on the plasticity as shown below.

E=R"(E—-E,)+E,

V= R" (Vi - V(*r) +V£r

Here, E is the initial Elasticity modulus, E, is the limit Elasticity modulus, " is the nonlinear property

factor, "’ is the initial Poisson’s ratio, ' is the limit Poisson’s ratio, " is the nonlinear material modulus.
The Mohr's envelop parameter (¢ ) and relax factor (% ) increases with the increase in initial Elasticity

modulus (E" ).The relationship between the Mohr’s envelop parameter (¢ ) and relax factor (% ) with the

initial Elasticity modulus (E" ) is shown below. The data was based on the triaxial compression test and put
together by the Japan Road Traffic Information Center in 1986.

»Table. Parameters based Initial ElastICIty modulus
on initial Elasticity E, kef lomt Relax Factor (%) Mohr’s envelop parameter (¢ )
modulus (JARTIC, 1986) (", )
100< E; <1,000 2.0 1.0
1,000< E, <10,000 4.0 2.0
10,000 < E; <100,000 6.0 3.0
100,000< E, 10.0 4.0

Modified Mohr-Coulomb

This model is an improvement on the Mohr-Coulomb model, generated by combining nonlinear elastic
models and elasto-plastic models to make a suitable model for the behavioral characteristics of silt or sand
based ground. The Modified Mohr-Coulomb model can simulate the Double stiffening behavior, which is
not affected by the shear failure or compressive yield.

The axial strain and decrease in material stiffness caused by the initial deviatory stress is similar to the
Hyperbolic (nonlinear elastic) model, but it is closer to the plastic theory than elastic theory and has
differences in dilatancy angle consideration and yield cap application.

The main nonlinear parameters are as follows.
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Secant Stiffness in Tri-axial 41600 kN/m?
Test{ESref)

Tangential Stiffness Primary
Oedometer Test Loding 41600 khjm?2
(Eoedref)
Elastic Modulus at Unloading 124800  khjm?
(Eurref)
Failure Ratio 0.9
Reference Pressure 100 jm2
Power of Stress Level 0.5
Dependency
Parosity 0.6
KMC (=0) 0.4701
Friction Angle at shear 32 [deq] E]
Ultimate Dilatancy Angle 2 [deq]
Cohesion (C) 3 kNjmz B
Cap
OCR 2.045
Pre-over [ User Defined 1138 | kNjmz
|| Cap Shape Factor 0.22
[] cap Hardening Parameter 0.5

Elasticity modulus (Three types of reference stiffness modulus)

This model is a more detailed material model than the Mohr-Coulomb model and the Elasticity modulus can
be set at different values for loading and unloading. In most cases, the Elasticity modulus for unloading is
set larger to prevent uplift (bulging phenomenon) on the cutting surface due to stress release during
excavation modeling. For a rough approximation, in case of hard soil (sand, OC clay), unloading stiffness is
set equal to 3 times of secant stiffness in standard drained triaxial test. In case of soft soil, based on the
relationship between compression and swelling index, unloading stiffness is approximately set equal to 10
times of secant stiffness.

>»Hyperbolic stress-strain deviatoric stress
relation |o1 — o3l
asymptote
Yaf------ D gAlL
______ --failure line
ar it
axial strain - =4
=

Failure Ratio

The ultimate deviatoric stress is derived from the Mohr-Coulomb failure criterion. As soon as the deviatoric
stress reaches to the ultimate value, the failure criterion is satisfied and perfectly plastic yielding occurs.
The ratio between the ultimate and the quantity in deviatoric stress is given by the failure ratio which must
be smaller than1.

Reference Pressure

The reference stress used in the triaxial test of specific strengths on the nonlinear elastic curve. This can
represent in-situ horizontal stress at mid-level of soil layer depending on OCR(Over Consolidation Ratio)

148 | Section 1. Property/Coordinate/Function



User Manual Chapter 4. Mesh

Power Law nonlinear elastic model coefficient

Hardening soil model is the stress dependency of soil stiffness. The reference stiffness modulus which is
used in this model has the relationship with the confining stress dependent stiffness. In this relation, the
amount of stress dependency is given by the power m. In case of soft clays, the power is recommended to
be taken equal to 1. The value of m around 0.5 for hard soil like sand and OC clays can be used to
simulate a logarithmic compression behavior. In general, m is in the range of 0.5 to 1.

Porosity

The void ratio is the volume ratio between voids and soil particles. Here, the porosity is the volume ratio
between voids and the total soil including water. Hence, unlike the void ratio, the porosity cannot have a
value larger than 1 and has a value of 0.6 in general. When soil experience shearing, dilating materials
reach to the state of critical density. In order to include this soil behavior by means of dilatancy cut-off, the
maximum porosity must be entered as advanced parameters. When the soil is subject to shear hardening,
solver recalculates dilatancy angle.

»Strain curve including

. -~ "dilatancy cut - off OFF
dilatancy cut-off ’

,x"d’ilatancy cut - off ON

\ maximum porosity reached

KNC

KNC is the percentage of K (Coefficient of earth pressure) in a normally consolidated ground. In other
words, it is the effective horizontal stress ratio during maximum vertical stress. This can be expressed as 1-
sin (Interior friction angle) and because general clays have an interior friction angle of nearly zero, the
value is close to 1. However, it cannot be smaller than '0(zero)".

Friction angle at shear / Ultimate dilatancy angle / Cohesion
Same as the friction angle, dilatancy angle, cohesion parameters of the Mohr coulomb material model.

Shear Hardening Parameter @

| Shear Hardening

@ Auto Calculated Cohesion Parameters (=5

Hardening Function
1.5 E

] Dilatancy cut-off Inc. of Cohesion kMfm

Porosity (Max) 0.7 Inc. of Cohesion Ref, Height 90 m

G e

Shear hardening can be defined by equivalent plastic strain related to the mobilized shear resistance
automatically. Shear yield surface can expand up to the Mohr-Coulomb failure surface.

Increment of Cohesion with depth can be defined with additional options as in Mohr-Coulomb model. The
reference height must be inputted based on the Global coordinates.
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> Conceptual diagram of

o depth
cohesion increment
7 T
Ve cohesion

ref

inc

Cap (Compression hardening)

Compressive yield can happen when excessive compression forces occur on the ground. Normally, the
compressive forces that cause yield are very large and the Mohr-Coulomb model has no problems in
simulating real soils with it omitted. However, in order to simulate the compressive behavior more
accurately, the model considers circles or ellipses when considering compressive failure, hence the name
'Cap".

OCR / Pc (Pre-overburden pressure)
Yield surface of hardening soil model in p-q plane has the length of preconsolidation stress and its
magnitude is determined by Cap shape factor and cap hardening parameter. The smaller value of cap

shape factor(a) lead to steep caps underneath the Mohr-coulomb failure line. For this, the preconsolidation

stress can be calculated from either the OCR(Over consolidation ratio) or the Pc(Pre-overburden pressure).
The user can input the pressure at which compressive failure occurs.

Cap shape factor / Cap Hardening Parameter

Use this variable to change the shape of the Cap, a yield function shape. Refer to Ch.4 of the Analysis
manual for a more detailed algorithm. These are considered automatically based on the relation between
KNC and Eoedref rather than directly inputting parameters.

-0,

4 :% Drucker-Parger

/ (5,=0)
fitfor ¢ =15
fit for ¢ =35

~
~

—0; S———- -0,
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Following is the summary of parameters for the Modified Mohr-Coulomb model.

Parameter Description Reference value (kN, m)
Soil stiffness and failure
E50ref Secant stiffness in standard drained triaxial test FEiiX=(I2nii§f)st/if$ness)
Eoedref Tangent stiffness for primary oedometer loading E50ref
Eurref Unload / reloading stiffness 3 x E50ref

m Power for stress-level dependency of stiffness ?lforserftssLi(l()]ls for hard soll,

C (Cinc) Effective cohesion (Increment of cohesion) Failure parameter as in MC model
0] Effective friction angle Failure parameter as in MC model
U] Ultimate dilatancy angle Osy<o

Advanced parameters (Recommend to use Reference value)
Rf Failure Ratio (qf / qa) 0.9(<1)
Pref Reference pressure 100
KNC Ko for normal consolidation 1-sing (< 1)
s-l;f:nsgigﬁ Cut off value for tensile hydrostatic pressure -
Dilatancy cut-off
Porosity Initial void ratio -
Porosity(Max) | Maximum void ratio Porosity < Porosity(Max)
Cap yield surface
OCR/ Pc Over Consolidation Ratio / Pre-overburden When entering poth parameters,
pressure Pc has the priority of usage
o gterlgsg)hape Factor (scale factor of preconsolidation from KNC (Auto)
B Cap Hardening Parameter from Eoedref (Auto)
Soft Soil

The Soft Soil model is suitable for simulation of normally consolidated or near normally consolidated clay
soils. The Soft Soil model has the nonlinear elastic characteristic which has the logarithmically relationship
between volumetric strain and mean effective pressure. This is the same stress-dependent stiffness with
Modified Cam-Clay.
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Over Consolidation Ratio (OCR) 7ﬂ
Slope of Consol Line (A) 0.3
Slope of Over Consol Line (k) 0.05
KOnc 0.5
Pec User Defined 0
Cap Shape Factor (a) 0.22
Cohesion (C) 1000 pjmz2
Friction Angle (@) 36 [deq]

Dilatancy Angle 36

Following is the summary of parameters for the Soft Soil model.

Parameter Description Reference value (kN, m)

Soil stiffness and failure

A Compression index Cc/2.303
K Swelling index Cs /2,303 -

(Cc /5 for a rough estimation)
c Cohesion Failure parameter as in MC model
(0] Friction angle Failure parameter as in MC model
U] Dilatancy angle 0

Advanced parameters (Recommend to use Reference value)

KNC Ko for normal consolidation 1-sing (< 1)
Cap vyield surface
Over Consolidation Ratio / When entering both parameters,
OCR/Pc y
Pre-overburden pressure Pc has the priority of usage

Cap Shape Factor (scale factor of

preconsolidation stress) from KNC (Auto)

Soft Soil Creep

This is the model which is extended to a 3D-model based on the 1D-creep theory. In case that time-
dependent behavior is critical, this model is applicable to estimate the creep from FE analysis. The stress
dependent stiffness parameters can be estimated from compression and recompression index as in
Modified Cam Clay model. Unlike MCC model, the user can consider secondary consolidation.
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Over Consolidation Ratio[OCR) 1 Creep Index(ze) T 0.0t
Slope of Consol Line(Lamda) 0.3

Slope of Over Consol Line(k) 0.05

Konc 0.5

pc  [C]User Defined

|| cap Shape Factor{Alpha)
Cohesion(C) 1 kifm2
Friction Angle(Phi) 3 [deq]

[ pilatancy Angle %

|| Tensile Strength 10| kijm?2
log(time)
Primary Secondary
A < I: =|
strain
v
Following is the summary of parameters for the Soft Soil Creep model.
Parameter Description Reference value (kN, m)

Soil stiffness and failure

A Compression index Cc/2.303
K Swelling index Cs /2,303 I
(Cc /5 for a rough estimation)
[V Creep index Cc /20 for a rough estimation
c Cohesion Failure parameter as in MC model
(0] Friction angle Failure parameter as in MC model
U] Dilatancy angle 0
Tensile Cut off value for tensile hydrostatic

strength pressure

Advanced parameters (Recommend to use Reference value)

KNC Ko for normal consolidation 1-sing (< 1)
Cap vyield surface
Over Consolidation Ratio / When entering both parameters,
OCR/Pc g
Pre-overburden pressure Pc has the priority of usage

Cap Shape Factor (scale factor of

preconsolidation stress) from KNC (Auto)
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User Supplied Material

The User Supplied Material utilizes the material model generated by the user using the Pre/Post of the
program. The total stress, interior variable, strain and strain increment amount is basically given at the
integral points to calculate the stress and tangent slope converged to the User Supplied Material. Nonlinear
elastic materials and nonlinear elasto-plastic materials are applied and the supported elements are planar
strain, axis symmetry and solid element. Refer to the separately attached 'User Supplied Subroutine
(Appendix)" for more information.

User Supplied Material Library File

Mumber of Parameters {MUV)

5

Mumber of Internal State Variables (NUS)

2

Mumber of Integer Indicator Variables (MUI)

5

User Supplied Material library file
Select the User Specified Model DLL file path on Windows explorer.

Number of parameters
Input the number of parameters needed to define the materials. For example, input the material properties
such as Elasticity modulus or Poisson’s ratio needed for the User Supplied Material.

Number of internal state variables
Save the variables needed for the next repetitive calculation. In this case, real type variables are saved
such as plastic strain.

Number of integer indicator variables
If the interior state variables were saved as real type variables, the integer indicator variables are saved as
integer type variables such as plasticity state index.

Modified UBCSAND

This model is an effective stress model for predicting liquefaction behavior of sand under seismic loading.
FEA NX Liquefaction Model is extended to a full 3D implementation of the modified UBCSAND model using
implicit method. In elastic region, nonlinear elastic behavior can be simulated, elastic modulus changes
according to the effective pressure applied. In plastic region, the behavior is defined by three types of yield
functions: shear (shear hardening), compression (cap hardening), and pressure cut-off. In case of
shear hardening, soil densification effect can be taken into account by cyclic loading.

* Note - Implicit Method: Explicit methods calculate the state of a system at a later time from the state of
the system at the current time, while implicit methods find a solution by solving an equation involving both
the current state of the system and the later one.
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Reference Pressure Njm?
Elastic

() Linear Elastic (@ Power Law

Elastic Shear Modulus Number 200
Elastic Shear Modulus Exponent 0.5
Plastic/Shear
Peak Friction Angle 35 [ded]
Constant Volume Friction Angle 32 [deq]
Cohesion 1000 Mfm?
Plastic Shear Modulus Number 400
Plastic Shear Modulus Exponent 0.5
Failure Ratio 0.99
Paost Liquefaction Calibration Factor 0.01

Cydic Behavior

Soil Densification Calibration Factor 0.45
[ Plastic/Pressure Cutoff

Tensile Strength 0| Mim?
[ Plastic/Cap
Cap Bulk Modulus Murnber 400
Plastic Cap Madulus Exponent 0.5
Crver-Consolidation RatiofQCR) 1

Elastic

Shear modulus is updated according to the effective pressure (p’) based on the following equation.
Allowable tensile stress (Pt) is calculated using cohesion and friction angle automatically. Poisson’s ratio is
constant and bulk modulus of elasticity will be determined by following relation.

G = Képref

T 3(1-2v)

(p‘ﬂv,r g2 2Hy) o

D

Plastic / Shear

Depending on the difference between mobilized friction angle ($,,) and constant volume friction angle (®.,),
shear induces plastic expansion or dilation is predicted. The Plastic shear strain increment is related to the
change in shear stress ratio assuming a hyperbolic relationship and can be expressed as follows.

np-1 2
. G* ! sin
Asm¢m:'AKJ:K§[ P ] 1—[_%]1@ Ak,
siny, =sing, —sing, , p Pry S ¢p
Ak, = ‘Ag{’ —Agf‘
» Swelling/Shrinkage A
according to the direction = |G
. . (2] .
of plastic strain 2 Constant volume e
» » Plastic shear 7 °
hardening behavior s Dilative s = Z
@< Contractive
iAKsi
Mean Stress Maximum Plastic Shear Strain
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Following is the summary of parameters for the Modified UBCSAND model.

Parameter Description Reference

In-situ horizontal stress at mid-level of soil

Pref Reference Pressure
layer

Elastic (Power Law)

K¢ Elastic shear modulus number Dimensionless
ne Elastic shear modulus exponent Dimensionless
Plastic / Shear

Peak Friction Angle Failure parameter as in MC model

4
¢Cv Constant Volume Friction Angle -
C

Cohesion Failure parameter as in MC model
K¢ Plastic shear modulus number Dimensionless
np Plastic shear modulus exponent Dimensionless

0.7~0.98 (< 1), decreases with increasing

R. P Failure ratio (qf / qa) relative density
F,.. Post Liquefaction Calibration Factor Residual shear modulus
Fops Soil Densification Calibration Factor Cyclic Behavior
Advanced parameters

Pout Plastic/Pressure Cutoff (Tensile )

Strength)
Kg Cap Bulk Modulus Number -
mp Plastic Cap Modulus Exponent -
OCR Over Consolidation Ratio Normal stress / Pre-overburden pressure

Model Calibration

Monotonic and cyclic drained Direct Simple Shear (DSS) test (Skeleton Response).

Single element test and calibration using Standard Penetration Test (SPT) - ((N1)eo: Equivalent SPT blow
count for clean sand.
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4 Pargmeters anq .
Equations for Calibration Model Validation Kz =217x20.0x(N,), "
Many Elements 30° < ¢c’v <34°

v=0.0163

KZ =KL (N,), x0.003+100.0

ne = 0.5
No(B,= 0) Yes(By #0) np =04
jeti
o Centrifuge Test ¢, (M), /100 ((Nl}ﬁ“ = 15'0)
Undr?ned — N ) 15
DSS” Test T o\g (), f10.0+max(0.0,(%} (M), 215.0)

Laboratory Test Boundary Value _ 013
( Problem Validution ) R, =L1x(N,),

* DSS stands for Direct Simple Shear.

Test

» Undrained DSS Test
(Monotonic) = © = Analysis - & = Analysis
[
o
-
w
w
2
@
©
[T}
e
w
0 b . - . . . 0 ; : 1 .
0 1 2 3 4 5 6 7 0 20 40 60 80 100 120
Shear strain [%] Vertical Stress [kPa]
» Undrained DSS (Cyclic) 15 157

—Test Analysis Soil densification

=/ NI f \
71 ALV
Ea 20 wo 1 _5(\ 2 M }I w0 120
RARSARN 1Y /

Vertical Stress [kPa] Vertical Stress [kPa]
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» Estimation of
liquefaction results Pore Pressure Ratio (PPR)
The ratio of excessive pore pressure change and the initial effective pressure

PPR — pr — pinit - pcurrent

Dinit Dinie
Apy, Excessive Pore Pressure Change
D't Initial Effective Pressure
P surrent Current Effective Pressure

Normalized Max Stress Ratio

The ratio of mobilized friction angle and the peak friction angle

When the Max stress ratio is reached, the mobilized friction angle is close to the peak friction angle,
liquefaction is triggered (1 = Liquefaction)

(0 Peak Friction Angle

(sin ¢mJ ®n | Mobilized Friction Angle

sing, ’

@S UBC SAND Layer
Mohr Coulomb Layer

= [ INCR=20 (TIME= 2:000e-001)

& [ Relat

[Nonlinear Time History Analysis under the earth quake]

Sekiguchi-Ohta(Inviscid)

This model is one of the Critical state theory model which is similar to Modified Cam Clay model. The yield
function has KO dependent terms, therefore users have to always consider KO condition (Earth pressure
coefficient at rest) for initial stress of ground (KO Anisotropy is not applicable). As the representative
cohesive soil model, this can consider the elasto-plastic behavior, but time-independent one. If K0=1,
Original Cam Clay model is equal to Sekiguchi-Ohta model.
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» Yield Function C.5.L ape

G
ical state line

A !

—

Constraint plane £ =()
_ - . 05 '
=7 Ky -line

- Singular point

\

C.5.L g ) . y‘i\'hl.l'llln.;liurll_f:‘O

[} 0.5 | e,

[Sekiguchi-Ohta (Inviscid)] [Cam Clay]

Nonlinear Parameters

Over Consolidation Ratio (OCR)
Slope of Consol Line (A) 0.3
Slope of Over Consol Line (k) 0.05
Slope of Critical State Line (M) 1
Kone 0.65
Pc [ User Defined 0
[ Allowable Tensile Stress [u}

Following is the summary of parameters for the Sekiguchi-Ohta(Inviscid) model.

Parameter Description Reference value
Nonlinear
A Slope of normal consolidation line Cc/2.303
K Slope of over-consolidation line Cs/2.303

(Cc /5 for a rough estimation)

6 x sin®’ / (3-sin®’)

M Slope of critical state line (¢’: Effective internal friction angle)
KOnc KO for normal consolidation 1-sing’ (< 1)
Cap yield surface
Over Consolidation Ratio / When entering both parameters,
OCR/Pc g
Pre-overburden pressure Pc has the priority of usage
Taow Allowable Tensile Stress * Note
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i
h A
isotropic normal critical state line ,I'
consolidation line g
r N ) -
overconsolidation line -
Jf M
critical state line -
T -
r
'-f
ﬁ‘,f
P
= [n =

In(1}

Allowable Tensile Stress

Fundamentally, this model does not allow tensile stress in the failure criteria (stress-strain relationship).
However, various conditions can generate tensile stress, such as the heaving of neighboring ground due to
embankment load during consolidation or uplift due to excavation. To overcome the material model limits
and increase the applicability, analysis on tensile stress within the ‘allowable tensile stress' range can be
conducted.

The size of the allowable tensile stress is not specified, and requires repeated analysis to input a larger
value than the tensile stress created from the overburden load (embankment) or failure behavior. However,
when directly entering the pc (pre-consolidation load), the allowable tensile stress cannot surpass the pc
value. When defining using the OCR, the pc value is automatically calculated internally by considering the
size of the input allowable tensile stress.

Model Calibration

- Undrained Triaxial Compression and Extension test - Effect of Strain Rate.

- Undrained strength depends on the rate of shearing in different ways on the compressional and
extensional sides of shearing.

A=03325 x=0.15
M=112 ¢ =15

K[:w =0.65 I I dispalcement
v =0.364 A — _
__________ - strain : 20%
1
1
Triaxial- ! t, :2.0el min.
pressure Compression |
I .
S / AR W t, : 2.0e2 min.

t, :2.0e3 min.

t, : 2.0e4 min.

|

|

I

L I
Triaxial- I
Extension :
I

I

|
:
|
: t, :2.0e5 min.
i
|
|

|Jn_ Z|

Undrained strength: max
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110

Lon == 1%/min

~0.1%/min
[
0.0 13%,/min

asa = D.D0L3/min

== D.0001 % min

[
—=Plastic

e
&

|Gxn-Szz)fp0
&
g

g
b

&
&

-a

050

-0

100

p/p0

w13 miln

~-D.1%/min Lo

—=-D0.01%/min
[
—0.001%/min

= 0.0001%/ min

st
——Plastic

[Sxw-Szzhfpd
L
£

Axlal straln

Sekiguchi-Ohta(Viscid)

This model is one of the Critical state theory model which is similar to Modified Cam Clay model. The yield
function has KO dependent terms, therefore users have to always consider KO condition (Earth pressure
coefficient at rest) for initial stress of ground (KO Anisotropy is not applicable). As the representative
cohesive soil model, this can consider the elasto-plastic behavior, and time-dependent one like soft soil
creep model.
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Soft Soil Creep

Sekiguchi-Ohta (viscid)

Always plastic state

Plastic state after yielding

Nonlinear Parameters

Over Consolidation Ratio (OCR) 1}
Slape of Consol Line (A) 0.3
Slope of Over Consol Line (k) 0.05
Slope of Critical State Line (M) 1
Kdnc 0.85
Pc User Defined 0

Allowable Tensile Stress 0

p.002]

1e-008

Coeff. of Secondary Compression

Initial Volumetric Strain Rate

Following is the summary of parameters for the Sekiguchi-Ohta(Viscid) model.

Parameter Description Reference value
Nonlinear
A Slope of normal consolidation line Cc/2.303
K Slope of over-consolidation line Cs /2303 L
(Cc /5 for a rough estimation)
M Slope of crtical state line ?db)f:sliErf]fq;;:{i\(/?;-isri?s:gal friction angle)
KOnc KO for normal consolidation 1-sin@’ (< 1)
Cap vyield surface
OCR/ Pc Over Consolidation Ratio / When entering t?oth parameters,
Pre-overburden pressure Pc has the priority of usage
Tallow Allowable Tensile Stress * Note
Time Dependent
a Coefficient of secondary consolidation Cc /20 for a rough estimation
l'v Initial volumetric strain rate * Note
to Time when primary consolidation ends * Note
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» Time Dependent

log (time)
»
»

Primary Secondary

strain
v

Allowable Tensile Stress

Fundamentally, this model does not allow tensile stress in the failure criteria (stress-strain relationship).
However, various conditions can generate tensile stress, such as the heaving of neighboring ground due to
embankment load during consolidation or uplift due to excavation. To overcome the material model limits
and increase the applicability, analysis on tensile stress within the 'allowable tensile stress' range can be
conducted.

The size of the allowable tensile stress is not specified, and requires repeated analysis to input a larger
value than the tensile stress created from the overburden load (embankment) or failure behavior. However,
when directly entering the pc (pre-consolidation load), the allowable tensile stress cannot surpass the pc
value. When defining using the OCR, the pc value is automatically calculated internally by considering the
size of the input allowable tensile stress.

Sekiguchi Ohtamodel requires some material properties, which can be obtained by triaxial tests.
Following empirical relations can be used to estimate the additional soil parameters: Karibe Method

Input Parameters Remarks
Plasticindex I,
Compression index C,
Drainage distance Unit: cm H

A=0.015+0.0071, A =0.434C,

g, =3.781+0.156

sing’ = 0.81-0.233log /,

loge, =—0.0251,—0.25 +1(cm’ / min)

T,(90%) = 0.848

v o
" H,(90%)c,
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Model Calibration

- Undrained Triaxial Compression and Extension test - Effect of Strain Rate.

- Undrained strength depends on the rate of shearing in different ways on the compressional and
extensional sides of shearing.

A=0.3325 x=0.15
M=112 ¢ =15
K‘;M =0.65 I I dispalcement

v =0364 B — :
__________ - strain : 20%

Triaxial- t, : 2.0el min.

pressure Compression
P S T / ke t, :2.0e2 min.

t, :2.0e3 min.

tﬁl i ! SISt 2.0e4 min.
| |

\ : : t, :2.0e5 min.
Triaxial- I I
Extension : :
| l

L | -—

2

0~

Undrained strength: max

130

ron + 13/min

~D.1%/min
[T
- 0.0 13a/min

s = 0.001% /min

== 0.0D013 min

[
——Flastic

w0

oo

[Sx-Gzz)fpd

30

-uan

60

-

100

p/p0
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oo /min / ‘/‘/ ___.4—'4-1-‘:1'-.-:-.-:31:_ E —

a8 L i s
— D003,/ min lf s

= 0.0001%/min =
060
——Plastic x

[Sx-Szzlfp0

Axlal straln

Modified Ramberg-Osgood

This model is one of Hysteresis models for inelastic hinge, an extension was made to 2D and 3D solid
elements. This model can be applied to simulate crack or local (plastic) failure. (Refer to inelastic hinge).
This model is applicable to all types of nonlinear static and dynamic analysis. (Nonlinear static,
Construction Stage, Consolidation, Fully Coupled, SRM (Strength Reduction Method), Nonlinear Time
History, Nonlinear Time History + SRM analysis.

Nonlinear Parameters

Mon-Linear
Initial Shear Modulus i kMfm?
Reference Strain 0
Maximum Damping 0

[ Consider Shear Only

Following is the summary of parameters for the Modified Ramberg-Osgood model.

Parameter Description Reference
Go Initial Shear Modulus -
T
7, Reference Strain Yr = o
L Maxi o . b 1 AW
ax aximum 2amping 0.05 (forsoil), _ 2m W
Shear Onl Check: Consider shear modulus for each direction separately (Gxy, Gyz, Gzx)
y Uncheck: Consider equivalent shear modulus (Geq)
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Yield Function

» Modified Ramberg- A7
Osgood model

Skeleton Curve

/ 'r

Hysteresis Curve

Verification Example

» Load oty [y e —

Civil

» » System . i ) ——— =1
> > > Results _ gy o ! # /

| ]| N\
< N | \
I\ | \ .
./ | RN EIA 2
VANIAS REHE RN EBVAR L00E+00
\ z :3 H‘ B | 5| 7 ‘.‘E," ¥ 10 11 4.8
24 18 ' H \/
\/ [ ||V .

|
! [ 1]
| \ 5.0E+01
\l
‘I‘F

Value
o

-1.0E+02

T T

Time

-1.5E+02

Modified Hardin-Drnevich

This model is one of Hysteresis models for inelastic hinge, an extension was made to 2D and 3D solid
elements. This model can be applied to simulate crack or local (plastic) failure. (Refer to inelastic hinge).
This model is applicable to all types of nonlinear static and dynamic analysis. (Nonlinear static,
Construction Stage, Consolidation, Fully Coupled, SRM (Strength Reduction Method), Nonlinear Time
History, Nonlinear Time History+SRM analysis. Hysteresis curves are formulated on the basis of the
Masing'’s rule.
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Nonlinear Parameters

Non-Linear

Initial Shear Modulus 0 kNjmz
Reference Strain 0
Consider Shear Only

n1 0.5

n2 0.5

Following is the summary of parameters for the Modified Hardin-Drnevich model.

Parameter Description Reference
G, Initial Shear Modulus ;= Go¥

- 1+|¥

7. Reference Strain ¥,

Check: Consider shear modulus for each direction separately (Gxy, Gyz, Gzx)
Uncheck: Consider equivalent shear modulus (Geq)

o nl 5! n2
—_ 0 — 0
Go = Go; X (—;rn ) Yo5= Yosi X (—;r"_)

mi mi

Shear Only

-n1: The Initial Shear Modulus index (0 <n1 < 1)
-n2: The Reference Shear Strain index (0 <n2 < 1)

Yield Function

» Modified Hardin- 7
Drnevich model

(7.7)

Skeleton Curve

Hysteresis Curve

Verification Example

» Load ==
» b System . 0

’ ’ ’ Results 1 :" i S0E401 |

20801 |

AUy - 2 = -

|
VA En.02400 |
i 3 a5

Value
o

Y B L AR
[sl4 5|6l ¢ |8 9% n

| V- 2501

4 4 rre

A Ereg
T s s |

AL0Es02 -

Datorm
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P Characteristic stiffness-
strain behavior of soil with
the ranges for typical
geotechnical structures
and different tests

Hardening Soil (small strain stiffness)

The Hardening Soil with small strain stiffness model is implemented by using the Modified Mohr-Coulomb
model and Small strain overlay model, and needed two additional parameters as below:

Gy’ :Initial or very small-strain shear modulus

Y0.7 : Shear strain at which the shear modulus is about 70% of the initial small-strain shear modulus

The strain range in which soils can be considered truly elastic is very small. With increasing strain range,
soil stiffness decrease nonlinearly as the following graph.

SERVICEABILITY LIMIT ULTIMATE LIMIT
| STATE ANALYSIS L STATE ANALYSIS
< PN »l
= fod =
A |
1 | — |¢-—4¢—>»| Retaining walls
E {—f—»| Foundations
o Unloading-
E Reloading fe— Tunnels
g PMT
g DMT
g VERY Initial loading PMT |
= SMALL o i CPTU
o STRAINS SMALL STRAINS | LARGER STRAINS
T T t T T T >
10% 10° 10* 10° 107 107" 10°
Shear strain ys[-]
SCPT Screw plate

| | -

Geophysical methods ' Conventional soil testing‘;r

< e » b

I I Local gauges .

To reflect the above characteristics, the Hardening Soil with small strain stiffness model uses the modified
Hardin & Drnevich relationship as the following equation.

== ,a=0.385

Y07

G, :Shear modulus

Gy :Initial shear modulus
4 : Shear strain
707 : Shear strain at which the shear modulus is about 70% of the small-strain shear modulus
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Nonlinear Parameters

Secant Stiffness in Tri-axial [ERBT | kijm2
Test{ESOref) I
Tangential Stiffness Primary

Oedometer Test Loading 50000  kMNfm?
(Ecedref)

Unloading/Reloading 100000 kNfm?
Stiffness(Eurref)

Failure Ratio 0.8
Reference Pressure 100 kpyfm2
Power of Stress Level 0.5
Dependency '

Konc 0.412

Friction Angle 3 [de]
Dilatancy Angle 36 [deq]
Cohesion (C) 30 kNfmz2

Tensile Strength o

OCR 1

/| Small Strain Parameters

Shear Modulus at small 134000 knjmz
strain{Goref)
Threshold Shear Strain 0.0001

Following is the summary of parameters for the Hardening Soil (small strain stiffness) model.

Parameter Description Reference value (kN, m)

Soil stiffness and failure

ESOref Secant stiffness in standard drained triaxial test (EEiiX=(I2ni_ti:f)st/iifness)

Eoedref Tangent stiffness for primary oedometer loading ES50ref

Eurref Unload / reloading stiffness 3 x E50ref
m Power for stress-level dependency of stiffness ?lfofsn;ftssl)i(l()).s for hard soll
C Effective cohesion Failure parameter as in MC model
(0] Effective friction angle Failure parameter as in MC model
] Ultimate dilatancy angle Osyc<o

Advanced parameters (Recommend to use Reference value)

Rf Failure Ratio (gf / qa) 09(<1)
Pref Reference pressure 100
KNC Ko for normal consolidation 1-sing (< 1)
Tensile

Cut off value for tensile hydrostatic pressure -
strength
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Small strain stiffness

Threshold | Shear strain at which shear modulus has

1 , ]
Shear strain | decayed to 70% of initial shear stiffness (GOref) |77 ZEPC(HCOSZ(/’)_G 11+ Ko )sin2e,

(2.97-¢)*

B Shear modulus at small strain G —33
0 I+e

Generalized SCLAY1S

The Generalized S-CLAY1S model is a development of the earlier S-CLAY1 model and is a rotational
hardening elasto-plastic model incorporating the influence of bonding and destructuration. The S-CLAY1
model assumes the triaxial stress state whereas the Generalized S-CLAY1S model considers to the
general stress state as well. The Generalized S-CLAY1S model has the complex yield surface and needs
additional constitutive parameters for anisotropy and destructuration.

Nonlinear Parameters

Over Consolidation Ratio (OCR) 7ﬂ
PreQverburden Pressure(POP) 0 kijm2
Pc User Defined 0
Slope of Conszol Line (A) 0.3
Slope of Over Consol Line (k) 0.05
Slope of Critical State Line (M) 1
KOnc 0.65
Degree of Anisotropy{a) 0.453

| Rotational Hardening
Absolute Effectiveness of rotational hardening(u)

(=]
=1

Relative Effectiveness of rotational hardening(3) 0.6

Destructuration

=
]

o

Allowable Tensile Stress 0

Following is the summary of parameters for the Generalized SCLAY1S model.

Parameter Description Reference value (kN, m)
Over Consolidation Ratio / Pre-overburden When entering both parameters,
OCR/Pc gy
pressure Pc has the priority of usage
POP Pre-Overburden Pressure -
A Compression index Cc/2.303
K Swelling index Cs/2.303
g (Cc /5 for a rough estimation)
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M Stress ratio at critical state Triaxial test
KOnc KO for normal consolidation 1-sing (< 1)

a Initial inclination of the yield curve Anisotropy (estimated via ¢')

v Absolute effectiveness of rotational hardening :‘(r;;:;ﬁropy (typical values: 10/A ~

B Relative effectiveness of rotational hardening Anisotropy (estimated via @)

X Initial bonding effect Destructuration

a AbsquFe effectiveness of destructurational Destructuration (typical values: 8~11)
hardening
Relative effectiveness of destructurational Destructuration (typical values:

b .
hardening 0.2~0.3)

Yield Function

MNatural
I yield curve
|

CWFS

Intrinisic
yield curve

P’

When a tunnel or an underground structure is excavated in deep geological environments, the failure
process is affected and eventually dominated by stress-induced fractures growing preferentially parallel to
the excavation boundary. This fracturing is generally referred to as brittle failure by spalling and slabbing.
Continuum models with traditional failure criteria such as Hoek-Brown or Mohr-Coulomb model have not
been successful in prediction of the extent and depth of brittle failure. The cohesion weakening and
frictional strengthening (CWFS) model is known to predict brittle failure well. The general conditions
(General, Porous and Time Dependent) are same with Mohr-Coulomb model, but the hardening/softening
behavior with table using Mohr-Coulomb yield surface can be considered in the nonlinear parameters.

Section 1. Property/Coordinate/Function | 171



\

7

User Manual Chapter 4. Mesh

Nonlinear Parameters

(@ Cohesion (C) 30000 kpyfmz
() Cohesion Hardening Curve = | |ﬁ|
(@ Frictional Angle (®) 36 [deq]
() Frictional Angle Hardening Curve | = | |ﬁ|
Dilatancy Angle
(@ Dilatancy Angle [deq]

Dilatancy Angle Hardening Curve | - | |ﬁ|
Tensile Strength
(@) Tensile Strength E kMfmz2

Tensile Strength Hardening Curve | - | |ﬁ|

H: ing Curve General

Generalized Space

Mame | Cohesion Hardening Curve Surface Function

; - Creep Function
: .| Cohesion 1
Plastic Strain =
(kNIm=) "r-"; Shrinkage Strain Function

u.as Creep/Shrinkage Function Group
a.8
P Elastic Modulus Function
n"'s: Plastic Hardening Function
n. Hardening Curve
0.55
0.5 A Stress Strain Curve

'E a.4s
o e Cohesion Hardening Curve
o.2s Friction Angle Hardening Curve
n"]: Dilatancy Angle Hardening Curve
0.z Tensile Strength Hardening Curve
a.15%
a.1
o Seepage Boundary

B T T T e Monlinear Elastic-Truss

PFlagtic 3
7 Monlinear Elastic-Point Spring/Elastic Link

Unsaturated Property

Strain Compatible
o ]

Response Spectrum

Time Forcing

Yield Function
Yield Surface Function
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Mobilisation of the strength components
Onset of
Microcracking
wh
7]
z
=
- 7 Cohesive
= i
i Strength
¢
1
o =
= : er er
Axial strain € 1
g A %DJI
g 2 o
=} Initial Cohesion g Peak Friction Angle
o = Z
Residual Cohesion 7 =
< ) - gg . .
¢ Plastic Shear Strain Plastic Shear Strain
Transversely Isotropic
Natural ground is generally layered and sloped, making it possible to have different strengths in each
orthogonal direction. The figure below shows a soil layer with an angle X petween the global x axis and
the element x' axis and displays perpendicular anisotropy (orthotropy) with the x' axis and z' axis of the
element.
»Orthotropic model z
>
Ew
~— Ev,
x X

This orthotropy is simulated by assigning different stiffness to the tangent and normal direction to the
stratification (fault) orientation. Generally, the normal direction stiffness decreases in comparison to the
tangential stiffness and the anisotropic shear strength is defined by the Shear modulus (G). For fully
isotropic case, E, , v, is equal to £, , v, respectively and G is defined by £,/2(1+v,).
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Elastic Modulus (E1) 2000000 kMfm?
Elastic Modulus (E2) 1000000 fhfm2
Poisson's Ratio {(v12,v13) 0.4

Poisson's Ratio {v23) 0.2

Shear Modulus (G12,G13) 800000 khfmz
Shear Modulus (G23) 400000 |Mfm2
Dip Angle (a1} 45 [deg]
Dip Direction (a2) 60 [deq]
Declination 0 [deq]

Transversely isotropic materials are material models defined by an isotropic transverse section with a
vertical axis to the section. The physical properties are the same within the transverse section and the
vertical direction has different properties.

> Out of transverse plane material properties : ©1 | Y (=vis) | Gol=Gn)

» In transverse plane material properties : E, (:E3), Vo O

Here, Eiis the Elasticity modulus in the vertical axis to the section, “> , *13 and Gz , Gis are the
Poisson’s ratio and Shear modulus of the surfaces generated by the vertical and section with the other
axes respectively.

The local coordinate system is defined by the dip angle” and dip direction”. Because the reference axis of

the inclined plane and horizontal plane ( N ang X respectively) are not identical, use the auxiliary angle

“ that subtracts the declination (angle formed between the 2 axes) from %> when setting the actual
transformation matrix.

a, = a, —declination

Thermal

Parameter 1 I Parameter2 I Porous | Thermal

Conductivity
1] a Q
Symmetry a 1]
Unit:  Jf(m-day-[T]) 1]
Spedific Heat 0 3f(ton-[T])
Heat Generation Factor i

Conductivity: the ability to conduct thermal energy.

Specific Heat: the amount of heat required to raise single unit mass of a substance by single temperature
unit. (required for transient heat transfer problems)

Heat Generation Factor: the value of the heat load multiplied by the exothermic coefficient used as the load
vector for heat transfer analysis is the total exothermic load applied to the object.
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Jointed Rock Mass

Geo-materials have different material properties depending on the direction and behave differently
according to the direction specific conditions. This material property is called Anisotropic. Jointed Rock
models pose both transversely isotropic properties and anisotropic plastic properties, making it an
Anisotropic elasto-perfectly plastic model. The Jointed rock model is appropriate in modeling the behavior
rock formations with joined stratifications as shown below.

> Schematic diagram of

. rock formation
Jointed Rock model

stratification

major joint direction

It is appropriate when a series of connections or set of connections (joint, Fault etc.) exists. These
connection sets must not be filled with fault clay and the spacing must be smaller than the size of the
structure. The direction of the connection can be defined in a maximum 3 directions.

Elastic Modulus [E1) " 2000000 | Kjm?
Elastic Modulus (E2) 1000000 knjm2
Poisson's Ratio (v12,v13) 0.4
Poisson's Ratio (v23) 0.2

Shear Modulus (G12,G13) 800000 kN/m2
Shear Modulus (G23) 400000 kpijm?
Dedination 0 [deg)
Number of Joints 12

Jointl Joint2 Joint3

c 30 30 30 | kyjma

@ 35 35 35| [deg] C:Cohesion

al 45 45 45| [deg] @ : Frictional Angle
a2 &0 50 50| [deg]

The Elasticity modulus, Poisson’s ratio, cohesion of each joint, friction angle is the same as that of the
Mohr-coulomb model.

The method to define the dip direction, dip angle and deflection angle is the same as the Transversely
Isotropic model, but 3 joints can be entered in this model. Here, the anisotropic elastic behavior is defined
by the alpha1 and alpha2 defined on the first joint and the other 2 joints are only used when defining plastic
deformation.

Thermal

Parameter 1 I Parameter2 I Porous | Thermal

Conductivity
a o] 0
Symmetry 0 0
Unit: Jf{m=day-[T]) 0
Specific Heat 0 3f(ton[TT)
Heat Generation Factor 1

Conductivity: the ability to conduct thermal energy.
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»Stress-strain relation in
2D

Specific Heat: the amount of heat required to raise single unit mass of a substance by single temperature
unit. (required for transient heat transfer problems)

Heat Generation Factor: the value of the heat load multiplied by the exothermic coefficient used as the load
vector for heat transfer analysis is the total exothermic load applied to the object.

2D Orthotropic

This model is applicable to 2D element type such as Shell, Plane Stress and 2D Geogrid. Users can define
different values of stiffness along each direction, so can define geometrically orthotropic with significant
different stiffness in horizontal and vertical direction.

Parameters
Elastic Modulus (E1) 000000 JENSFE
Elastic Modulus (E2) 1000000 |jm?2
Poisson's Ratio (V12) 0.4
Shear Modulus (G12) 800000 kMjm?2
Shear Modulus (G23) 400000 kpjm:2
Shear Modulus {(G31) 400000 kNjm?2
- v -
E, B
T-vpvy, 1-v,vy,
%n . o &1~ AT
v, B, E,
Cpp= -— = 0 |{&,—a,AT
I-vypvy I-wvpvy
Tia Y14
1 12
0 0 G,
T3 Gy 0 |7y
T3 0 Gy|lrs
Thermal
[ Parametert | Parameterz | Thermal |
Conductivity
0 0 0
Symmetry 0 0
Unit:  3f{m-day-[T]} 0
Spedfic Heat 0 3f{ton[TT)
Heat Generation Factor 1

Conductivity: the ability to conduct thermal energy.

Specific Heat: the amount of heat required to raise single unit mass of a substance by single temperature
unit. (required for transient heat transfer problems)

Heat Generation Factor: the value of the heat load multiplied by the exothermic coefficient used as the load
vector for heat transfer analysis is the total exothermic load applied to the object.

176 | Section 1. Property/Coordinate/Function



\

Z

User Manual

»Engineering example for
geometrical orthotropic

Geogrid
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The Geogrid model is an orthotropic material which has tension only behavior and can be only assigned to
1D/2D Geogrid property. 1-direction and 2-direction behave independently each other. It shows tension
only nonlinear elastic behavior without the ‘Tensile Strength’ option, and it shows plastic behavior under
load conditions that exceed the tensile strength if this option is selected. In case of 1D Geogrid element, E2,
G12 and Tensile Strength 2 are not considered.

Parameters

Thermal

Elastic Modulus (E1)
Elastic Modulus (EZ)
Shear Modulus (G12)
[ Tensile Strength
Tensile strength 1

Tensile Strength 2

Parameterl | Parameter2 | Thermal

RIS | fhifm 2

1000000 khyjm?

800000 khy/m?

Conductivity
0

Symmetry

Unit:  3f{m-day-[T])

Spedific Heat

Heat Generation Factor

Conductivity: the ability to conduct thermal energy.

0| khjmz
0| khfmz
[v] 0
[v] 0
0
0 3j(ton-[TT)
i

Specific Heat: the amount of heat required to raise single unit mass of a substance by single temperature
unit. (required for transient heat transfer problems)
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» Convergence of
nonlinear Shear modulus
and damping factor using
the equivalent linear
method

Heat Generation Factor: the value of the heat load multiplied by the exothermic coefficient used as the load
vector for heat transfer analysis is the total exothermic load applied to the object.
2D Equivalent

Is a material that simplifies complex nonlinear behavior of geo-material properties into equivalent linear
properties and allows ground-structure analysis under dynamic loading. Shear strain due to earthquakes or
other dynamic loading is constantly changing and the effective shear strain concept is used to set an
equivalent linear value. The required input parameters and application process are as follows.

Shear Modulus (G) 15000 kMjmz2
Poisson's Ratio {v) 0.35
Unit Weight {y) 20 kMjm?

Damping Ratio 0.05

Strain Compatible Property [ v] E]

Process Analysis process

1 Assume initial Shear modulus and damping ratio

2 Compute ground response and strain hysteresis from initial values

3 Use maximum strain from computed strain hysteresis to calculate effective strain

4 Use equivalent linear damping ratio corresponding to effective strain and Shear modulus to
re-compute the ground response and strain hysteresis
Repeat process 2~4 until the calculated Shear modulus and damping ratio error variation is

5 e
within the tolerance

o G" -

] g

8 G ;u £t

g B, 2

g g» g "

7] o) I

£ 10 )
aruill L)
leff ieff
Shear strain(log scale) Shear strain(log scale)

Tip

The stress-strain relationship graph for equivalent linear analysis and nonlinear analysis can be
expressed as follows.
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Equivalent Linear Analysis

~
‘ T“\

Nonlinear Analysis Skeletan Curve

Hysteresis Curve

In the equivalent linear method, the nonlinear characteristics of the geo-material can be expressed as a

G/G,

function of the ratio of maximum shear modulus and shear modulus o and shear strain}/, and a

function of damping ratio h
strain test as shown below.

and shear strain . These material properties can be found from the dynamic

Stage Test(Load Stepl

Towal et L
AT

Time historygof 10 Cycle
. Ty Cy is
l T g ‘::>§Perspective of nonlinear analysis
G h
G, 10
GIGy y _ —=0— | hmax (=15% ~30%]
-
05 1 :
// i Perspective of equivalent
s Elinear analysis
- -~
hy &7 -
- ¥ -
b =
10-6 10-1

Shear strainlogy —— = ¥

Strain compatibility properties can be set using a function of Shear modulus and damping ratio to strain
when considering the nonlinear, inelastic behavior of the ground. If the function is not defined, the geo-
material is assumed to be linear and an entered (fixed) Shear modulus and damping ratio is used in the
analysis. Various DB exist for each type of ground. Refer to 'Function' section for more detailed
information.
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[[Add/Modty Strain Compatible

LR Name

Computing Method

Compatible Soi Equat

Graph Options

Description  (Clay ~PI=10-20 (Sun et al.) & Clay -Lower Bound (sun et al.))

Danp ing thi

snea(v”suam Shear Modus snea(v”suam Damw(r’\‘;: Ratio e T - o.
. — .,

1 1 0.82
2| 200e-005 1.0000 2 200006 0.0130 _ o
3] 5.00e-008 1.0000 3 5.00e-006 00130 g o0.m
4| 1.00e-005 1.0000 4 1.006-005 0.0130 E —°
5| 2000008 09780 5 200008 00130 2 L
6| 5.000-005 09240 6 5.006-005 0.0140 LE
7| 1.00e-00¢ os7io| |7 1.00e-004 0.0170 % i / o
8| 200e-004 07750 8 200004 0.0210 4
9] 5.00e-004 05850 9 5.006-004 0.0300 £ o3 —e
0] 1.00e-003 0.4060 10 1.006-003 0.0400 - Y L
1] 200e003 0.2660 11 200e-002 0.0530 oo / °
12| 5.00e-003 0.1650 12 5.006-003 0.0830 R o
3] 1.00e-002 00760 13 1.006-002 0.1230 # —_—
14| 2.00e-002 00450 14 2.00e-002 0.1610 0-02 — —°
5] 5000002 0.0200 15 5000002 0.1880 Teoh N.MNNAT N-023001 0. 040000
- (i . Shear strain chass ()
Reset
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Interface (Interface / Shell Interface)

Interface

Chapter 4. Mesh

The interface behavioral model was developed to simulate the boundary (interface) behavior between
same or different materials. The interface behavioral model is not only used in geo-technology but also
throughout architecture and civil engineering in general to define the behavior of various interfaces. The
interface behavioral model is based on Coulomb's law of friction (1785) and follows the assumption that
the frictional force of an interface is proportional to the coefficient of friction and the confining forces
perpendicular to the normal direction acting on the interface.

This model is mostly used to simulate rock joints or structure-ground interfaces such as friction pile-ground
interface, earth retaining wall-ground interface, lining-ground interface etc.

~

c/tang
—| k— tensile strength
N
[ ,
P

The main nonlinear parameters of the interface model are as follows. The user can also define the
coefficient of permeability or stiffness to simulate interface behavior.

General | Seepage I Thermal

Interface Nonlinearities [Cou\omb Friction

Structural Parameters
Mormal Stiffness Modulus(kn)

Shear Stiffness Modulus{Kt)
Cohesion(C)

Frictional Angle

Dilatancy Angle

Tensile Strength
Mode-II Model

(@) Brittle

(7) Constant Shear Retention
Reduced Shear Stiffness

[T Multiinear Hardening
Multiinear Function for Cohesion Hardening

Multiinear Function for Friction Angle Hardening

o|llo| e a| of o

leMfm2
leNjfm?
kM/fm2
[deg]
[deq]
leMfm2

[ General | Seepage | Thermai

Conduction for Seepage Flow 0 mfday/m

[General [ Sespage | Therma

Convection coeffident 0 3f{mz-day-[T

[Normal stiffness modulus (Kn)]

Is the Elasticity modulus for bonding and un-bonding behavior in the normal direction to the interface
element. The general range is 10~100 times the smallest value of the Elasticity modulus on the oedometer

of adjacent elements.
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[Shear stiffness modulus (Kt)]
Is the Elasticity modulus for slip behavior in the normal direction to the interface element. The general
range is 10~100 times the smallest value of the shear strength of adjacent elements.

The nonlinearity of the interface needs to be computed by applying the Coulomb Friction criterion and using
the stiffness parameters along with experimentation (relative displacement-frictional force curve), but an
empirical formula can be used to predict the interface behavior between 2 materials. The empirical formula
uses a virtual thickness (tv) and strength reduction factor (R). When creating an interface element, the
following Wizard can be used for automatically calculate, according to the element properties of the
neighboring ground element, using the 2 parameters (tv, R).

Interface Wizard Data @

Structural Parameters
Virtual Thickness Factor(tv) 0.1

Strength Reduction Factor(R) 1
| Consider Element Size
Line Interface Thickness I'm

| Conduction for Seepage flow 1e-10 m/sec/m

OK ] | Cancel |

Tip
The interface material can be defined using the following equation. Using the stiffness of adjacent
elements and nonlinear parameters, the virtual thickness (tv) and strength reduction factor (R) is
applied. R x ( Fn + Ft x tan(phi) - C) =0 - R x (Kn x un + Kt x ut x tan(phi) - C) = 0
The Wizard can be used to simplify this process.

Kn = Eoed,i / tv
Kt = Gi/tv
Ci =R x Cyi

phi; = tan™ (R x tan (phise))
Here, Eoed,i =2X Gi X (1'Vi)/(1'2 X Vi)

(vi =Interface Poisson’s ratio=0.45, the interface is used to simulate the non-compressive frictional

behavior and automatically calculates using 0.45 to prevent numerical errors.)
t, = Virtual thickness(Generally has a value between 0.01~0.1, the higher the stiffness difference
between ground and structure, the smaller the value)

Gi = R X Gy (Gso1 = E/(2(1+ vg0p)), R = Strength Reduction Factor

The general Strength reduction factor for structural members and neighboring ground properties are as
follows.

o  Sand/Steel : R=0.6~0.7

o Clay/Steel : R=0.5

o  Sand/Concrete : R=0.8~1.0

o  Clay/Concrete : R=0.7~1.0
In case of multiple soil layer the same structural component, the smaller value of R is recommended.

Checking the Element size consideration calculates the interface material properties considering the
average length(line), average area(face) of the neighboring ground element when creating an interface.
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In other words, the average length(l), average area(A) are multiplies to the virtual thickness in the
equation below to calculate the tangent, normal direction stiffness of the interface.

Kn =Eoed,i/(lorvAxtv),Kt=Gi/ (lor VAxtv)

If the consideration is not checked, the unit length(area) is applied.

The thickness is defined separately for a line interface. The thickness is an important element when
using the interface on a ground material that displays hardening behavior. Generally, the neighboring
ground particle size is input, but if an accurate numerical value is not available, the default value from
the program is used. For a 3D model, like the 1 in the example above, the surface interface does not
need a thickness.

When defining the stiffness against seepage for an interface element, the “permeability coefficient” can
be defined to be the same as the permeability coefficient of the ground. If the option is not checked, the
layer is considered to be impermeable.

When the dilatancy angle and tensile strength is defined, a smaller or equal value needs to be defined for
the interface element and the cohesion; friction angle can be multiplied with the strength reduction factor.
For the interface dilatancy angle, the same angle can be applied as the ground when the ground is under
rigid body motion without strength reduction (R=1). When considering strength reduction, entering '0(zero)'
is the general definition for rigid body motion.

[Mode-Il Model]

The Mode-Il model expresses shear behavior and defines the tangential slip behavior or the interface. For
the 2 models below, the failure envelopes are shown for when the ‘Constant Shear Retention’ function is
considered suitable in terms of numerical analysis stability etc.

+  Brittle model
The structure does not receive any loading if the vertical force is higher than the tensile strength.

. A

t

|Au,|

+  Constant Shear Retention
Apply the input value on the shear direction such that the structure can receive loading in that
direction.
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K]
Reduced shear stiffness

>
‘Au/‘

K: : Reduced Shear Stiffness
[Multi-linear Hardening]

If a function is entered in the multi-linear hardening, the cohesion and friction angle used in the Coulomb
friction failure criterion changes with plastic displacement. Note that the cohesion and friction angle both
need to increase as the plastic displacement increases. This behavioral characteristic must be defined by
experimentation and is mainly used for research purposes than practical purposes.

Seepage
Conduction for Seepage flow:Sets allowable flow rate at the interface.

Thermal
Convection coefficient:Controls allowable heat exchange at the interface.

Shell Interface
The interface element was developed to simulate the interface behavior just like a general face element.
Here, the interface element is also capable of resisting the rotational force between plates.

+  Tensile force is not transmitted to the load or moment.

. Linear behavior is observed for small rotations or shear force.
*  Nonlinear elastic behavior for large rotations. (Janssen’s law)
+  Plastic behavior for large shear force. (Coulomb friction)

Nonlinear behavior at the plate interface element follows the Coulomb friction law for movement and
Janssen’s law for rotation. The relative move displacement and interface force follows the Coulomb friction
model with some restrictions. The tensile strength is set as 0 for the Tension Cut-off function, the dilatancy
angle and interior friction angle are identical and the asymmetrical material property matrix is not defined.
The stiffening function does not need to be defined separately.

Structural Parameters User Supplied Material Library File

Normal Stiffness Modulus (Kn) 0 kNjm3
Shear Stiffness Modulus (Kt) 0 kNjm?
¥ Coulomb Friction Mumber of Parameters (NUV) 0
Cohesion (C) 0 kNfm2
Frictionsl Angle 0 [ded Mumber of Internal State Variables (NUS) 0
V| Non-inear moment-rotation @ Janssen's Law Number of Integer Indicator Variables (MUT) 0

For the User supplied shell interface, it is the same as the User Supplied Material model.
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Pile (Pile & Pile Tip)

The pile element behavior is the interfacial behavior between the parent element and pile elements such as
a beam or a truss. The interfacial behavior for a pile can divided into 2 normal direction behavior and 1
tangent direction behavior. Like the interface element, the shear/vertical stiffness is defined for simulation of
interface behavior but here, it is assumed that the 2 normal direction (vertical) motions undergoes identical
rigid body motion as the parent element and the tangent direction (shear) behavior undergoes nonlinear
elastic motion.

The pile tip element behavior is the interfacial behavior between the parent element and the 1 tip of the pile
element. It is assumed that the normal direction behavior with respect to the element coordinate axis at the
pile tip undergoes identical rigid body motion as the parent element and the tangent direction behavior
undergoes nonlinear elastic motion. For the pile element, it is assigned either multiple curves as a nonlinear
material model or a value for fully plastic behavior.

Pile and pile tip elements express nonlinear behavior through default stiffness as well as bearing power or
ultimate strength. The nonlinear behavior can be defined by functions and a 3D table is supported for piles
to define different function for different depths.

When defining the shear stiffness of the pile using yield strength, assume that the slope and yield strength
undergoes fully elasto-plastic behavior depending on height as shown below. The user can also define the
strain-frictional force relationship curve for different heights when defining the stiffness as a function.

»Relative displacement- Traction at the upper

Frictional force reference height

relationship (+) ultimate shear at the reference
force [ height

shear stiffness modulus
at the lower
reference height

modified shear stiffness modulus

relative displacement

(-) ultimate shear
force

| Truss I Embedded Truss I Beam | Pile |Geogrid{lD) I Plot Only{lD)|

Ultimate Shear Force 0| khfm?2
4 D 1 Mame 1D Property Color I:l |E|
Shiear Stiffniess Modulus (Kt) 0 kNfm?
i . pil =
Function Settng... Material |?. Pile{Interface) v| u
i 1m
Mormal Stiffness Modulus (Kn) 0 kNfm? Thickness
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Input a certain coefficient for the normal direction. The nonlinear analysis is analyzed linearly. For the shear
direction, use the input coefficient and analyze if linear. For nonlinear analysis, also consider the ultimate
shear strength and analyze as a fully plastic model. If the shear stiffness is differs for each depth, a function
must be used.

Ultimate Shear Force : Input the ultimate shear resistance force(kN) of the pile for a load in the axial
direction in stress units, by dividing it with the pile length(m) and pile element thickness(m). The frictional
force of the pile is output as the force per unit length(kN/m) and the Ultimate frictional force becomes the
input [Ultimate shear force(kN/m2) x Pile element thickness(m)].

Shear Stiffness Modulus (Kt) : The slope of the linear section of the friction stress(kN/m2)-relative
displacement(m) curve that has the units of kN/m3. When the analysis results of the tangent direction
frictional force(kN/m) and relative displacement(m) of a pile is drawn with respect to the applied load size,
the graph has a linear slope(kN/m2) until the ultimate frictional force and this becomes the input [Shear
stiffness modulus(kN/m3) x Pile element thickness(m)].

Function : To specify the nonlinear elastic behavior in the tangent direction, define the Friction
stress(kN/m2)-Relative displacement(m) curve for each depth, rather than entering the Ultimate shear force
and Shear stiffness modulus.

Normal Stiffness Modulus (Kn) : The slope of the linear section of the relationship graph between the
ground resistance to a horizontally applied force(kN), which is expressed as stress by dividing it with the
pile length(m) and pile element thickness(m), and the relative displacement. It is the same concept as the
Lateral subgrade reaction modulus, calculated from general p-y analysis. When the analysis results of the
tangent direction frictional force(kN/m) and relative displacement(m) of a pile is drawn with respect to the
applied load size, it is the linear slope(kN/m2), which can be expressed as the input [Shear stiffness
modulus(kN/m3) x Pile element thickness(m)].

When using the Lateral subgrade reaction modulus formula proposed by the design code, input the
calculated coefficient into the Normal Stiffness Modulus and the pile element thickness can be input as a
unit width(1m).

Thermal
Convection coefficient: Controls allowable heat exchange at the interface.

Tip

Because the pile size, length, neighboring ground material properties all affect the pile element
parameters, it is ideal to use the results of a loading test. However, if there are no test results, the
Ultimate Shaft Resistance, Lateral Subgrade Reaction Modulus and End Bearing Capacity of a pile can
be calculated using the formulas proposed by the design code and the neighboring ground parameters
(unit weight, cohesion, friction angle etc.).

1. Using loading test results

For example, if a load of 1000kN was found before failure from the pile loading test and the pile length
was 10m, the Ultimate shear force is [1000kN/10m/1m] = 100kN/m2. Here, the 1m is the unit length of
the input pile element thickness.

The Shear stiffness modulus is the slope of the linear section on the relationship graph with relative
displacement until the 1000kN load is applied. If we assume that the relative displacement at 1000kN is
0.01m, the Shear stiffness modulus becomes [100kN/m2 / 0.01m] = 10000kN/m3.
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2. Using the Ultimate Shaft Resistance results

For each design code, various formulas are suggested to predict the Ultimate bearing capacity of a pile
according to ground and pile section properties. For example, if the calculated Ultimate shaft resistance
is 50kN/m2 and the Shaft surface area of the pile(equivalent circumference) is 3m, input 50kN/m2 for the
Ultimate shear force and 3m for the Pile element thickness respectively, or input 150kN/m2 for the
Ultimate shear force and the unit length of the Pile element thickness 1m. The Pile element length is
automatically taken into account.

Because the load-relative displacement has no relationship, if the allowable settlement is assumed to
occur at the Ultimate bearing capacity, the Shear stiffness modulus applied to the analysis can be
inferred with reference to the allowable settlement. If the allowable settlement is 0.025m for the example
above, the Shear stiffness modulus is [150kN/m2 / 0.025m] = 6000kN/m3. If the Pile element thickness
is 3m, entering [50kN/m2 / 0.025m] = 2000kN/m3 still gives the same resullts.

However, if a different numerical value from the unit length is input for the Pile element thickness, be
aware that the same Normal stiffness modulus is equally applied.

3. Applying the interface Wizard interaction formula

Pile elements are also used to estimate the ground-structure mutual behavior with interface elements.
Because the neighboring ground material has a larger affect than the pile stiffness or sectional
properties, the shear/normal stiffness of the pile element can be inferred using the interaction formula
that calculates the tangent/normal stiffness on the interface Wizard.

[Kn=Eoed,i/Lxtv ,Kt=Gi/Lxtv]

Here, Eoed,i = 2 x Gi x (1-vi)/(1-2 x vi)
(vi =Interface Poisson’s ration=0.45, the interface is used to simulate the non-compressive frictional

behavior and automatically calculates using 0.45 to prevent numerical errors.)
tv = Virtual thickness (Generally has a value between 0.01~0.1, the higher the stiffness difference
between ground and structure, the smaller the value)

Gi = R x Gsoil (Gsoil = E/(2(1+ vsoil)), R = Strength Reduction Factor

The general Strength reduction factor for structural members and neighboring ground properties are as
follows.

o  Sand/Steel =R :0.6~0.7

o Clay/Steel=R: 0.5

o  Sand/Concrete =R :1.0~0.8

o  Clay/Concrete =R : 1.0~0.7

When inferring the shear/normal stiffness of the pile using this method, the Ultimate shear force can be
found using the Shear stiffness modulus, as calculated in example 2, and the allowable displacement
that is to be applied in the analysis.

Examples 2 and 3 are only acceptable suggestions when the test results are not available. For accurate

behavior predictions, the load test must be conducted, or the design parameters need to be computed
through repeated analysis.
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1 3 Default parameter (General)

Materia'_ The input parameters and units for defining the default stiffness and initial condition of each model are

Properties listed in the table below
Input parameter Definition Units
Elasticity modulus ( E ) Elasticity modulus kN/m2
Elasticity modulus The Elasticity modulus increment amount depending on  kN/m3
increment height (slope)
Reference height Reference height of Elasticity modulus increment m
Poisson’s ratio () Poisson’s ratio -
Unit weight (y) Unit weight of entire unsaturated soil(yt) kN/m3
Initial stress (Ko) Coefficient of earth pressure (initial stress parameter) -
Temperature coefficient  Coefficient for calculating temperature loading 1/[T]
Damping ratio Material damping ratio (only applied to dynamic analysis) -

»General parameter

Elastic Modulus(E) 50000 | knfm2 D
Inc. of Elastic Modulus 0 kjm3

Inc. of Elastic Modulus Ref, Height 0 m

Poisson's Ratio(Mu) 0.3

Unit Weight{Gamma) 20 knfm?

Initial Stress Parameters

Ko Determination 0.412214748

@ Automatic

~) Manual Anisotropy

Thermal Parameter

Thermal Coefficent 1e-006  1/[T]
Molecular vapor diffusion coefficient 0 mjsec?

Thermal diffusion enhancement 1]

Damping Ratio{For Dynamic)

Damping Ratio 0.05 Alternative Stiffness Parameters =)
[7] safety Result{Mohr-Coulomb) @ Shear Modulus (G) 7659230.769 | kN/m?
Cohesion{C) 30 kfm2 —
Oedometer Modulus (Eoed) 2692307.69
Frictional Angle{Phi) 36 [deg]
| Tensile Strength o Cancel

Elastic modulus (E)

This parameter defines the default initial stiffness of the material. The user can specify the Elasticity
modulus, or use the Shear modulus (G) or Oedometer Elasticity modulus (E,eq) from the Oedometer test.
The initial stiffness is very important because geo-materials display nonlinear behavior from the early
stages of loading. The initial stiffness can be defined from the stress-strain curves of the triaxial
compression test. It is realistic to use the E, for materials that display linear (elastic) behavior until a large
strain but for general geo-materials, Es, the slope of the tangent at 50% of the stress, is appropriate as an
initial stiffness. When simulating unloading and reloading due to excavation during construction step
analysis, it is better to use E,; instead of E to realistically simulate the ground behavior.

Hence, it is important to set the stress path and stress range (size) when using the initial stiffness to
simulate the ground behavior. To simulate detailed behavior, various nonlinear material models can be
used.
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»Triaxial compression test
result graph

|oy — a3

—=
strain - ¢4

The use of K(bulk modulus) and G(shear modulus) may be debatable use to the continuity issues
associated with the ground, but it can be expressed more simply and clearly than E or v and is convenient
to use. The following figure briefly explains the mechanical significance of K and G.

»Various types of tangent modulus
Elasticity modulus
secant modulus
According to the magnitude S
1]
of the stress increment 2
@
strain ¢
: - RN
According to the loading 4 ¢
condition ! i
o ) ! ! Young’s modulus
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"
The Elasticity modulus values gained from on-site tests can be 1 of the many elasticity moduli discussed above

and can be modified appropriately for real situations.

»The Elasticity modulus Geo-material Elasticity modulus Poisson’s ratio

and Poisson’s ratio for (tonf/m2)

rock and other materials amphibolite 9.4~12.1 x106 0.28~0.30
anhydrite 6.8 x106 0.30
siabase 8.7~11.7 x106 0.27~0.30
siorite 7.5~10.8 x106 0.26~0.29
solomite 11.0~12.1 x106 0.30
sunite 14.9~18.3 x106 0.26~0.28
deldspathic gneiss 8.3~11.9 x106 0.15~0.20
gabbro 8.9~11.7 x106 0.27~0.31
granite 7.3~8.6 x106 0.23~0.27
ice 7.1 x106 0.36
limest1 8.7~10.8 x106 0.27~0.30
marble 8.7~10.8 x106 0.27~0.30
mica Schist 7.9~10.1 x106 0.15~0.20
obsidian 6.5~8.0 x106 0.12~0.18
oligoclasite 8.0~8.5 x106 0.29
quartzite 8.2~9.7 x106 0.12~0.15
rock salt 3.5 x106 0.25
slate 7.9~11.2 x106 0.15~0.20
aluminum 5.5~7.6 x106 0.34~0.36
steel 20.0 x106 0.28~0.29

The Elasticity modulus in the table above is for small, intact rock samples tested in the lab. Hence, when
considering the site conditions, a reduced elasticity modulus needs to be used considering the
discontinuous surfaces within large scale rocks. The figure below is a graph of actual data showing the
relationship between the RQD (Rock Quality Designation) and the Elasticity modulus reduction ratio. An
RQD is the percentage of the sum of the lengths of cracks that are over 10cm and exist on the 100cm situ
core against the total length. An RQD of 100% does not mean the core is an intact rock. However, a higher
RQD means a higher quality rock and the RQD decreases with more weathering.
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»RQD- Modulus reduction
ratio (EL/EM) relationship
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As shown on the figure, an RQD of 70% already needs to decrease the lab Elastic modulus by 20%.
Increment of Elastic modulus

In general, the strength properties of the soil change with depth and confining pressure, even within a
ground layer composed of the same material. To take this characteristic into account, increase or decrease
in the Elastic modulus can be simulated with reference to a reference height (standard height). If the elastic
increase according to height is '0(zero)’, the Elastic modulus has a constant value and if it is not '0(zero)’,
the Elastic modulus is calculated with reference to a standard height using the following equation.

E=E +(y,,-y)E, (y<yy)
E=E, (v> )
Here,
E .
o : Input elastic modulus value
Epe : Incremental slope of elastic modulus
: E .
Vres : Depth of " measurement
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»Schematic diagram of

depth
Elastic modulus increment P
o =
Yrer elastic
modulus

The” in the equation represent the integral point positions of an element where the finite element method

y ref

calculation occurs. If the integral point position is higher than "¢, the elastic modulus value can be less

than 0 in some places. To avoid this, use the Eey value instead of further decreasing the E value.
Poisson’s ratio( v )

Poisson’s ratio is a proportional constant from the stress-strain relationship and displays the material
volume change associated with loading. As v approaches 0.5, the material becomes an incompressible
solid and closer to 0 means the material is elastic, showing large volume changes even at small loads. The
initial stress ratio due to self weight K, = 0,/ 0, can be related to the ratio in the uniaxial compression state
by Ko= v I(1- v). If Ky is not used to define the initial in-situ stress, the horizontal stress is calculated from
the vertical stress using the entered V' . For geo-materials, the general Poisson range is within 0.3~0.4 and

entering a value larger than 0.49 can cause numerical errors. Hence, if Ky is larger than 1, for example
over-consolidated ground, the Poisson’s ratio cannot be calculated and the value must be entered directly.

Shear modulus(G)

The Shear modulus is automatically calculated from the Elastic modulus and Poisson's ratio using the

following equation derived from Hooke's law. If the value is directly entered, the Elastic modulus changes.
E

T 21 +v)

Oedometer Elastic modulus (Eeq)

The Oedometer modulus can be calculated from the Elastic modulus and Poisson's ratio using the
following equation.

(1-v)E
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Initial stress (Ko)

K, is the Coefficient of earth pressure, which is defined as the ratio of the initial vertical/horizontal stress (K
= g,/ g,). The anisotropic property can be set with reference to the Global Coordinate System.

Ko Anisctropy Property (=25

Relation to the Global Axes

@) Parallel ) Unparallel
Parallel to the Global Axes
Ko 1
KoY 1

KoZ 1

Unparallel to the Global Axes

[ CK. ] | Cancel |

Firstly, select yes/no on whether the Global Coordinate System direction and anisotropic property match
and set the lateral pressure index in each axis or any direction depending on the selected options.

When the 2 properties do match, the lateral pressure index is set in each axis direction but a value of ‘1’ in
the direction of gravity cannot be defined depending on the work environment (2D/3D).

When the 2 properties do not match, the lateral pressure index direction is set by entering the angle with
respect to the reference axis. The reference axis exists to set the lateral pressure index direction. For a 2D
work environment, the 'X-Y’ plane is fixed and only the X’ axis can be selected, with all initial shear stress
at ‘O(zero)’. For 3D, each axis apart from the gravitational direction can be selected. For example, if the
gravitational direction is the ‘2’ axis and the reference axis is set as the ‘X’ axis, the angle can be entered
on the X-Z’ plane will be the maximum lateral pressure angle and all initial shear stress in the XY and YZ
direction will be '0(zero)'.

The in-situ stress state, where the soil it not disturbed by excavation or fill, can be expressed using the
Coefficient of earth pressure and self weight. In other words, realistic results can be obtained from applying
KO after modeling the in-situ ground for the 1st step of construction during analysis. This is true for flat
foundations but for inclined foundations, it is recommended that another construction process be added to
converge the stress found using KO for equilibrium.
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Thermal Parameter

Thermal Parameter

Thermal Coeffident le-006  1/[T]
Molecular vapor diffusion coefficent 0 mjsec?
Thermal diffusion enhancement ' 0

Thermal Coefficient - describes how the size of an object changes with a change in temperature.
Specifically, it measures the fractional change in size per degree change in temperature at a constant
pressure.

*Molecular vapor diffusion coefficient - the gas diffusion coefficient of a porous medium, which indicates the
change in gas density over time.

*Thermal diffusion enhancement (factor) - controls the degree of gas flow according to the temperature
gradient (unit less).

Safety Result (Mohr-Coulomb)

- Cohesion, Friction Angle and Allowable tensile strength (optional) can be defined as the failure
criteria.

- Stress status of material for each construction stage can be represented by Factor of Safety
based on Mohr-Coulomb failure criteria.

- The ratio of generated stress to stress at failure for each element will be calculated automatically.

- Users can figure out stable, potential failure and plastic failure area directly.

- Check factor of safety for each element - (2D : Plain Strain Stresses > SAFETY FACTOR, 3D :
Solid Stresses > SAFETY FACTOR)

- In case that Safety Factor is less than 1(or 1.2), it can be identical with plastic failure region.

Safety Result (Mohr-Coulomb)

Cohesion (C) 30 kNfm2
Frictional Angle (@) 36 [deq]
[ Tensile Strength 0| knjmz

[Model Overview : Deep Excavation in 30]

[Model Overview : Tunnel Excavationin 2D]

[Plastic Status : Element Stresses] [Safety Factor (region for less than 1.2)]

Seepage, Drained/Undrained Parameter
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» Permeability parameter

The input parameters for the permeability characteristics and drained/undrained conditions of the
foundation are as follows.

Input parameter Definition Units
Unit weight(saturated) Saturated state unit weight kN/m®
Initial void ratio(e,) Initial void ratio -

Unsaturated characteristic function setting (negative pore

water pressure-water content-permeability ratio)

Drainage parameter Drained/Undrained condition -
Permeability coefficient GCS direction - Saturated permeability constant m/sec
Void ratio dependent
permeability ratio (ck)
Specific storage(Ss) Volume ratio of water inflow/outflow 1/m

Unsaturated characteristic

Permeability ratio dependent on void ratio -

Unit Weight{Saturated) 21 kNfm?
Initial Void Ratio(zo) 0.5
[7] unsaturated Property

Drainage Parameters

Drained &

Undrained Poisson's Ratio 0.495

Seepage & Consolidation Parameters
Permeablity Coefficents

ks ky kz
1e-005 1e-005 1e-005 m/sec
[ void Ratio Dependency of Permeability(dk) 0.5
Spedific Storativity(Ss) 5.23021% 1fm

Initial void ratio (e0)

The initial void ratio of the foundation used in consolidation analysis and stress-seepage coupled analysis.
It is the volume ratio between the voids and soil particles within the soil and the value is less than 1 for
most soils. The value can be larger than 1 for clays or organic soils, but the value depends greatly on the
sampling method or compaction. Generally, coarse grain sand has a value of 0.6~0.8 and high density
sand with an even size distribution has a value of 0.3. The void ratio can be even 2~3 for fine grained soils.

Unsaturated Property

Set to consider the unsaturated property of the foundation. It is a required property for unsteady infiltration
analysis and is used to consider the partial degree of saturation of the foundation for nonlinear
(construction step)/consolidation analysis etc. Because real foundations are unsaturated and have a certain
ratio of air, unsteady infiltration analysis needs to consider unsaturated characters of the soil for more
realistic results. If the unsaturated properties are not considered, it is assumed that the ground is saturated
and hence, the infiltration analysis with time cannot be examined.

Unsaturated property defines the change in permeability coefficient and water content (Degree of saturation)
in the unsaturated region depending on the size of the negative pore water pressure. There are 2 methods
to define the unsaturated property; directly defining (define individually) the permeability function and water
content function using the pressure head (negative pore water pressure) or defining the relationship
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between pressure head-volumetric water content (degree of saturation)-permeability ratio (define
relationship). Refer to "Function>Unsaturated characteristic function” for more information.

Drainage parameters

The pore water pressure in stress analysis can be divided into normal state pore water pressure and
abnormal state pore water pressure - the excess pore water pressure generated between soil particles due
to external loading under undrained conditions. An excess pore water pressure of nearly 0 is called the
drainage condition and is generally used for drainage analysis of sand, which has a large permeability.
However when simulating clay, which has a very small permeability and water cannot be drained out during
sudden loading, undrained analysis is appropriate. The initial state, where the excess pore water pressure
has not yet dissipated, is seen as the most unstable state and the pore water pressure is determined by the
volume change of the foundation due to compressibility and permeability coefficient.

Undrained Poisson’s ratio and Skempton(B) coefficient are parameters used to calculate the bulk modulus
of elasticity for water. The undrained Poisson’s ratio has a standard value of 0.495 with a compressibility of
nearly ‘O(zero)’ and the Skempton coefficient expresses the saturation, with 1 meaning full saturation.

The materials for the unsaturated analysis are as follows.

Please refer to Ch.4 of the Analysis manual for more detailed information.

Drainage Parameters

Crained
Drained
Undrained (Effective Stiffness/Effective Strength)
Undrained {(Effective Stiffness/Undrained Strength)
Undrained {Undrained StiffnesslUndrained Strength)

Drained/Undrained Materials Useable Material models
Drained All geo-materials
Elastic, Mohr-Coulomb, Drucker-Prager, Duncan-Chang,
Hoek-Brown, Strain Softening, Modified Cam-clay, Jardine, D-min,
Modified Mohr-Coulomb, User-supplied, Transversely Isotropic

Undrained (Effective stiffness
[Effective strength)

Undrained (Effective stiffness /
Undrained strength)
Undrained (Undrained stiffness /
Undrained strength)

Mohr-Coulomb, Drucker-Prager, Modified Mohr-Coulomb

Elastic, Mohr-Coulomb, Drucker-Prager, Modified Mohr-Coulomb

Permeability coefficients (kx,ky,kz)

The permeability coefficient represents the permeability characteristics (velocity) of the foundation and is
used in infiltration analysis and consolidation analysis. The permeability coefficient for each direction can
be defined on the GCS. The input value is the saturated permeability coefficient and becomes the standard
for computing the permeability ratio (Kunsat / Ksat) due to negative pore water pressure when defining an
unsaturated property function.
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Void ratio dependency permeability (ck)

The permeability coefficient is a measurement of how much the groundwater within a foundation moves in

a unit time and is dependent on the water content and the void ratio change Ae . The larger water content,
the larger the flow channel and hence, the value is largest when the foundation is saturated. The water
content depends on the pore water pressure and hence, the permeability coefficient is also dependent on
the pore water pressure. The change in void ratio is considered in consolidation analysis as well as stress-
seepage coupled analysis and is calculated from the initial void ratio.

To express the change in pore water pressure, FEA NX uses the permeability ratio function k. =.(p)
depended on saturated pore water pressure coefficient k,,, and pore water pressure change and the void

ratio dependent permeability ratio ¢, dependent on void ratio change Ae . The unsaturated permeability

coefficient depending on void ratio change Ae is given by the following equation.

Ae
k=10% £,.(p) Kyar

Specific storativity (Ss)

The Specific storage is the water volume inflow or outflows from the unit volume of the aquifer due to water
level rise or fall in a confined aquifer. A coefficient can be directly entered or automatically calculated for
compressible fluids.
The change in volumetric water content for pore water pressure in infiltration and consolidation analysis can
be expressed by the porosity and degree of saturation.

86 __on &S

—=S—+n—

op op op

The first clause is the slope of the volumetric water content under saturated conditions that can be
expressed using the specific storage.
gon oV, oh_S,

op ohop y

When the material drainage property is set to undrained, the specific storage is automatically calculated
using the undrained Poisson's ratio (v,) and the Effective elastic modulus (E') and Poisson's ratio (v'),
entered in the general parameters.

E'(v,—v")
/_B u= v v
(1=2vHd+v"H(1-2v,)

g M _ T,
KK
w S
g -, (=20 v)i-2v,)

s w Ev( Vu _ V')
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Conductivity

Specific Heat

Heat Generation Factor

Unfrozen water content

0 wfmm)
0 Iffton-[T)

i

Function

v (]

Conductivity: the ability to conduct thermal energy.

Specific Heat: the amount of heat required to raise single unit mass of a substance by single temperature
unit. (required for transient heat transfer problems)

Heat Generation Factor: the value of the heat load multiplied by the exothermic coefficient used as the load
vector for heat transfer analysis is the total exothermic load applied to the object.

Unfrozen water content: indicates floating water content in soil / rock. It is given as a temperature-
dependent function as a unique characteristics of the ground.

Anzlysis

Ttem
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~ESEepage Boundary Function
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B Surface Function
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- |2 Response Spectrum Function
|8 Creep Function
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3 Plastic Hardening Function
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|2 Yield Function
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Model Analysis Results

Time Dependent

(o) () Comm )

This is to define Creep Formulation to simulate time-dependent behavior of concrete structures. Following
constitutive models are available for concrete structures, Elastic, Tresca, von Mises, Mohr-Coulomb,

Drucker Prager, and Hoek Brown.

Two types of creep formulation are available to define Time-dependent behavior of material, Age
Dependent and Age Independent. Refer to analysis reference Ch.4-Section5 in detail.
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. General | Porous | NonLinear | Thermal | Time Dependent General | Porous | Mon-Linear | Thermal | Time Dependent
> Creep Formulation [Poaus ] | |
Creep Formulation lnga Dependent v] Creep Formulation [Age Independent v]
Creep Formulation
Creep Model Input Data Form Empirical Law(Class1)
Retardation Tmes(day) Reference Temperature oM
L 10 109 1000 10000 Temperature-Dependent Rate 1e-009
Threshold Stress 0.01  kijm?
iee B :
Function Group Coefficent of Empirical Model
it [N
Elastic Modulus Function (o, t) = A(g)[l = g’R(")f} + K(o)t
A= @ g’

a 0 b o
3 0d o
e o|F 0 g 0

Age Dependent

The stiffness of concrete changes with time, and the creep and shrinkage may cause unexpected
deformation. The creep strain of concrete depends on the time of stress occurrence even under the same
applied load. FEA NX supports aging-Kelvin model and aging Viscous model excluding the spring from

Kelvin model.
» Aging - Kelvin creep k k, ks Ky ks
model /)
—>0
/!
, m, /A 1, 15
Age Independent
FEA NX can take into account the primary and secondary creep. The user can use two types of empirical
law to define the creep behavior.
» Kelvin-Maxwell creep Primary Secondary
model Creepk, Creep k,

k » (o) |—) € O & i, ,_) € Of £y

) % o
27 . > o(t) or As,
) -
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1 4 Overview
Property Add/define ground and structural properties. This function defines the property of each mesh set when a
ground or structure mesh is generated. For ground, it determines which material to use and for structures, it
adds section size, shape (stiffness) and horizontal spacing etc. The horizontal spacing is the 1D spacing
between structural members in the horizontal direction of a 2D model. Tapered section option, where the
size (thickness) of a beam or plate changes, is also available.

Add/Modify Property =l
Mo Mame Type Sub-Type ﬂu
1 Soft rock 3D Solid ,
2 Weathered rock 3D Solid
3 Weathering soil k) Solid
4 Embankment 30 Solid
5 Abutment 3D Solid
[ pile hln) Beam
7 Pile{Interface) 1D Pile
Close
Methodology
[Create]
Creates 1 of the following 4 property types and adds a material type and section characteristic for each
property.
1D...
2D..
3D...
Other...
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The supported model type for each property type is as follows. The section shape/size, stiffness depending
on spacing and selectable materials is defined.

Pr&ppzrty Model type S_;:L::g S;:g;:t:;' Nonlinear property
Geogrid(1D) X (0] Tension Only
Plot only(1D) X X -
From Material
Tension Only/Hook
Truss X 0 Compression Only/Gap
Nonlinear Elastic
1D From Material
Embedded truss X 0 Tension_OnIy/Hook
Compression Only/Gap
Nonlinear Elastic
Beam X 0 -
Embedded Beam X 0 -
Pile X 0 -
Geogrid(2D) X 0] Tension Only
Plot only(2D) X X -
Gauging shell X 0 -
2D Axisymmetric 0 X -
Shell X 0] -
Plane stress X 0 Tension Only
Plane strain 0] X -
3D Solid 0 X -
Rigid link X 0 -
Pile tip X 0 -
User Supplied Behavior for X 0 i
Shell Interface
Linear Elastic
Tension Only
, , Compression Only
Point spring X 0 Hook
Gap
Nonlinear Elastic
Matrix spring X 0 -
Others , Free Field
Free Field 0 X Absorbent Boundary
Interface X 0 -
Shell interface X (0] -
- From Adjacent Element
Infinite © X User Defined
Linear Elastic
Rigid Body
Elastic link X (0] Tension Only
Compression Only
Nonlinear Elastic
Seepage Cut Off 0] X -
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Refer to Ch.3 of the Analysis manual for detailed information on each input parameter and behavioral
characteristic.

[Modify/Copy/Delete]
Modify the parameters of an added material. Copy can be used when adding multiple materials while only
changing certain parameters.

[Import]

Import the material properties from a different model file with a saved material/property. This operation is
useful when analyzing the existing project under the same conditions. Selecting the import file generates
the material list containing all saved materials. The user can select the desired material.

Import Property from Other Project (=3
Property List Selected List
1:5oft rock
Z:Weathered rock
3:Weathering soil T T
4:Embankment
5:Abutment Al
&:pile Nome

7:Pile(Interface)

Mumbering Type
@ Keep ID. {If ID. already exist will be replaced)
New ID. 12

Cancel

1 5 Overview

Section Property  The section material properties need to be defined for a 1 dimensional truss, embedded truss or beam
element. Here, the truss and embedded truss only need the cross-sectional area but the beam needs other
material properties such as total cross section, torsional rigidity, first area moment of inertia and second
area moment of inertia to consider torsion, bend and shear.

The thickness of the element needs to be defined to specify the 2D plane stress element, 2D geogrid
element, plate element, plane strain element, axial symmetry element, linear interface element etc. Here,
the plane strain element, axial symmetry element and linear interface element have an interior unit weight
of 1 and the user can define the used units according to the thickness.

The plane stress element, 2D geogrid element and plate element use the thickness value entered by the
user. Here, the plate element has a rotor float and because nonlinear analysis is possible, a separate
integration is performed in the thickness direction.

202 | Section 1. Property/Coordinate/Function



\

Z

User Manual Chapter 4. Mesh

1D element

1D element is an element that is made up of 2(primary) or 3(secondary) nodes and has the geometric
property of length. Because 3D shapes are expressed as 1D elements, the section (size, shape) needs to
be defined and this is modeled as a 2D element for calculations.

FEA NX provides various shapes, as shown in the figure below. The position can also be set when defining
the sectional properties.

Create/Modify 1D Property
[ Pile | Geogrid(iD) | Flot Only(1D) |
‘ Truss I bedded Truss | Beam | bedded Beam
o 3 Name 1D Property Color l:l E
[ Taper Section- Section
Cross Sectional Area(A) 0,785398163 | 0785393163 |m2
Torsional Constant(1x) 0.0981747704 | 00581747704 | m#
Torsional Stress Coeff. 0.5 0.5 |m

Area Momentof Inertialy)  0.0490873852 | 0,0430873852 | me
fres Moment of Inertia(lz) 00430873852 | 00450373352 |m#

Effective Shear Area(Ay) 0.706858347 | 0.706858347 |m2
Effective Shear Area(Az) 0.706858347 | 0.706853347 |m2
Shear Stress Coeffident(Gy) 104718755 1.04719755 | 1/m?

Shear Stress Coefficent(Gz) 1.04719755 1.04719755 | 1/m2

y Axis Variable | Constant

z Axis Variable Constant
[¥] Spacing im
Section... Solid Round
ok [ cancel | [ mpy |

»Actual model

»»>Finite element model

&
= -
> e

»Automatic section
modeling

QUAD-4 6400 elements QUAD-4 3400 elements QUAD-4 1700 elements
<Solid square> <H section> <Channel>

Section 1. Property/Coordinate/Function | 203



Z

User Manual Chapter 4. Mesh

» Section shape and size

. B 0
specification > >
] [
t
H D E C D E ‘E:N
F F
E F
<Solid Rectangle> < Solid Round> <Pipe>
B B B1
=] C F o] C
tw1 4.1 }» tw2 I tf '—Tltﬂ
v c§tf1
H H tw H e tw
Ftr2
thZ E E }4—% F
E F B2
<Box> <T-section> <H-section>

B1 B 05B 05B

e[ e o ‘—'|c l— o

ERil r R ]

H| jes-tw H H E+ +c
i
|
E |[¢———|F E fef F ¥ L
B2 tw tv_\,r.1 F |4—
<Channel> <Angle> <Cross>
B
o c tw tw
o el bl
H1 fl H2 H
H
tf "
E H H F
twi tw2 E F
B
<|-section>
<Channel 1> <Hat>
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2D element

2D elements are Triangles or Quadrilaterals with the geometric property of area. Because 3D shapes are
expressed as 2D elements, the thickness needs to be defined. The thickness can be set the same or

tapered.
Create/Modify 2D Property
‘ Plot Only{2D) I Gauging Shell I i ‘
Shell ‘ Plane Stress | Plane Strain | Geogrid(2D) ‘
D 8 Mame 2D Property Color l:lE
Material CSys
© Angle 0| [deq]
Thickness
[#] Uniform Thickness
0
T 1 m T2 1l m
T3 1{ m T4 1f m
o) (o ) ]
»Actual model
»>Finite element model q
3D element

3D elements are Tetrahedron or Hexahedrons, Bricks with the geometric property of volume.

&> >
NAAN7
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»Example of cross
sectional area calculation

The cross sectional area is used to calculate the axial stiffness when a tensile or axial force acts on the
member or the stress on a member. The calculations for the H section are as follows.

There are 2 methods to calculate the cross sectional area in the FEA NX. The first method uses the
provided database to input the dimensions of a section and automatically calculate the area. For the
second method, the user calculates the area directly and inputs the value. The first method is convenient,
but because it does not consider the decrease in area due to bolts in the connection or rivet holes, the area
entered using the second method may provide more accurate results.

L 300 -
\ \ -]
/P' |
Al
Area =[dA=Aone+ A2 + A3 e
=(300xone5)+ (573xone0) ’ .
O
+(320xone2) = one4,070
0
13
N. |
) 320 JQT
\

Torsional stiffness(Ixx)

The torsional stiffness resists the torsional moment and is expressed as follows.

Here,
: Torsional stiffness

IXX
T : Torsional moment or torque
g : Torsional angle (angle of twist)

G : Shear modulus

The torsional stiffness is the stiffness that resists the torsional moment and is different from the polar
moment of inertia that decides the shear stress due to torsion. (However, the 2 are the same when
considering a circular cross-section or a thick cylindrical section)

The torsional stiffness can be calculated from Saint-Venant's principle as shown below.

T:G9J|:(ZL:+)/\J)/—(2;)—ZJZ:|LIA
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» is the warping function a(y,z) that can be calculated using the Finite element method as shown below.

[[2wi0, cs0tw),, (20 as ),
oy Oy 0Oz Oz oy oz

Because T'=1_G0, the torsional stiffness comp1nt is expressed as the following equation.

I, = I{(Z#—y]y—[aa;)—zjz}dA

Effective shear area (Asy, Asz)

The effective shear area is needed to calculate the shear stiffness that resists the shear force acting on the
y axis or z axis of the element coordinate system. If the effective shear area is not entered, the shear strain
in that direction is ignored.

Here,
Sky - Effective shear factor that resists shear force in the y axis of the element coordinate system
Sk - Effective shear factor that resists shear force in the z axis of the element coordinate system
A,y : Effective shear area that resists shear force in the y axis of the element coordinate system
A, : Effective shear area that resists shear force in the z axis of the element coordinate system

When the interior section material properties are calculated or entered from the database, the shear
stiffness comp1nt is automatically considered and the effective shear factor is calculated using the warping

function @(y,z)from the shear force caused by bending moment and the warping function @(y,z) from the
Saint-Venant principle.

Sy V| -1 2(l+v) I1.-I

whz

14 {IWIW—IW]W L (CZZIW—CW[YZ)}

L — £|:]¢zlzz - ]rﬂ.vlyz n v (CZZIZZ B C}L"Iyz>:|

S. V.| 1. -1 20+v) I -1
Here,
1,, = [y, 1, = [pzda
C,=[r.(y=n)d4, C.=[r,(z=z,)d4
I((T + yjysz j(—y + szsz

Area moment of inertia(lyy, 1zz)
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»Table. First area moment

of inertia and calculation
of centroid

The area moment of inertia is used to calculate the flexural stiffness that resists the bending moment and is
calculated from the centroid axis of the section using the following equation.

*  Area moment of inertia about the y axis of the element coordinate system
1, =[zd4
«  Area moment of inertia about the z axis of the element coordinate system

1. =[y*d4

neutral centroid

B Ve

®
| @
|

=

csl=
z' ‘ Y
T 20 e
[ 1 ——
@+
- ; y'
ey
reference point 10
Section b h 4, : 0 ;i 0,
element
® 10 4 40 2 80 5 200
0] 2 10 20 9 180 5 100
® 8 3 24 15.5 372 5 120
total - - 84 - 632 - 420
4 :Area

z : Distance from the reference point to the centroid of the section element in the z’-axis direction
), : Distance from the reference point to the centroid of the section element in the y’-axis direction
o, : First moment of area relative to the reference point in the y’-axis direction

0. First moment of area relative to the reference point in the z'-axis direction
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Calculate position of neutral axis (Z, Y )

[za4 0 632

= = =——="17.5238
Area Area 84
_ vdA
ny =9 22050000
Area  Area 84
*  Calculate second area moment of inertia (7,,, 7_. )
Section 4 7-% / I, I -3 ; ; ./
element ! . ’ ’ 21 2 =
® 40 55328 1224.5 53.3 1277.8 0 0 333.3 3333
® 20 1.4672 431 166.7 209.8 0 0 6.7 6.7
® 24 79762 1526.9 18.0 1544.9 0 0 128.0 128.0
total 27945  238.0 3032.5 0 468.0 468.0
- _\2 bh’
I,=4x(Z-%), I, = T =latl
3
L=4x(Y-3) 12_%, I=1,+1,

Area product moment of inertia (lyz)

The area product moment of inertia is used to calculate the stress comp1nt of an asymmetrical section and
the definition is as follows.

I),_, :J.y-ZdA

H, pipe, box, channel, tee type sections have at least 1 axis of symmetry out of the y,z axis on the element
coordinate system and hence lyz=0. For angle type sections, it does not have any angle of symmetry (lyz#
0) and so, the stress comp1nt needs to be calculated.

The calculations for the area product moment of inertia of an angle type section are shown in the figure

below.

A
I
/><I§L
!/centmid section
A; ezi ezi
element
@ Bxt, B/2-Y (H-t,/2)-Z
® (H~t,)xt, t,/2-Y (H—-t,12)-Z

(

Bt )x(B/2=Y)x{(H~1,/2)-Z}

=t 2T ) -1,12)-2)
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> Flexural stress

distribution diagram for
asymmetrical section

Neutral Surface

The neutral axis is the axis that passes the points where the flexural stress due to the bending moment is
‘0(zero)’ within the member. The neutral axis is perpendicular to the , -axis and the , -axis.

Because the flexural stress due to bending moment is ‘0’ on the neutral axis, the neutral axis direction can
be found by the following equation.

(M,VX]zz+MzXI,VZ)XZ_(MZX[W+MYXIYz)y:0
y M xI_+M xI,

tang === —F-————=
z M. xI, +M xI,

The general equation used to calculate the flexural stress due to bending moment is as follows.

:My—MZ(I},Z/IZZ)XZ_FMZ—My(]yz/l)yy)
b1, -(1Iz) L-(1.11,)
» yz 2z yz yy

Xy

If this is a H type section, 7. =0 and,

Jy = ]Zj xz+%><y=fby + S
Here,
I, : Second area moment of inertia about the ) axis of the element coordinate system,
I : Second area moment of inertia about the - axis of the element coordinate system,
I, : Area product moment of inertia,
J :Elemental) axis distance from neutral axis to where the flexural stress is calculated,
z : Elemental : axis distance from neutral axis to where the flexural stress is calculated,
M, : Bending moment about the ) axis of the element coordinate system,
M, : Bending moment about the - axis of the element coordinate system

The shear stress due to shear force acting in the Jaxis and - axis direction of the element coordinate
system can be calculated using the following equation.
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% o1 o [lot0) (1

Vot o) [0 (1
e e A KRN e A

y

Here,

: Shear force acting in the J axis direction of the element coordinate system,

: Shear force acting in the - axis direction of the element coordinate system,

: First area moment of inertia about the ) axis of the element coordinate system,

: First area moment of inertia about the - axis of the element coordinate system,
.. Section thickness at the point where shear stress is calculated in the normal direction

o~ S.Q p N‘ ‘<§

to the elemental ) axis,
b, : Section thickness at the point where shear stress is calculated in the normal direction
to the elemental - axis

First moment of area (Qy, Qz)

The first moment of area is used to calculate the shear stress at an arbitrary point on the section and the
shear stress can be calculated using the following equation.

0, = [zd4
0. = [ yda

For a section that is symmetrical about the y, z or both axis, the shear strength on an arbitrary point can be
calculated using the following equation.

Here,
: Shear force acting in the J axis direction of the element coordinate system,

: Shear force acting in the - axis direction of the element coordinate system,

: Second area moment of inertia about the ) axis of the element coordinate system,

~
k}N = nw Vw

: Second area moment of inertia about the - axis of the element coordinate system,
» : Section thickness at the point where shear stress is calculated in the normal direction

N

to the elemental J axis,
b, : Section thickness at the point where shear stress is calculated in the normal direction

to the elemental : axis
Element thickness

On the FEA NX, the thickness needs to be defined to specify the 2D plane stress element, 2D geogrid
element, plate element, plane strain element, axial symmetry element, linear interface element etc. Here,

the plane strain element, axial symmetry element and linear interface element have an interior unit weight
of 1.
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The plane stress element, 2D geogrid element and plate element use the thickness value entered by the
user. The plate element has a rotor float and because nonlinear analysis is possible, a separate integration
is performed in the thickness direction.

Spacing

This functionality is in the 1D element property which is activated only in 2D project setting. Since this
option is used to consider the 1D element force per each element when the user introduce the 1D element
more or less than one along the axis of horizontal direction (thickness direction) in 2D model.

If the user uncheck the spacing option, on the FEA NX, the spacing will be regarded as Plane Strain
Thickness in the analysis setting, meaning that the unit thickness based on the selected unit system.

Create/Modify 1D Property =5
[ P [ ceogidm) [ pleromyam) |
| Truss | EmbeddedTruss | Beam | EmbeddedBeam |
D 31 Neme 1D Property coor ][]
Material 6: Bored Pile -
[FITaper Section Sectionj

Cross Sectional Area(A)
Torsional Constant(ix)

Torsional Stress Coeff.

Effective Shear Arealay)

Effective Shear Area{Az)

¥ Axis Variable

AreaMoment of Inertiafly)  0.0490873852 | 0.0490873852 | me

AreaMoment of Inertia(lz) 00490873852 | 0.043

Shear Stress Coefficent(Gy) 104718755 |  1.04718755 | 1/m?

Shear Stress Coefficent(Gz) 104719755 | 1.04719755 | 1jm?

0.785398163 | 0.785333153 |m2
0.0981747704 | 00531747704 | ma

0.5 05/m

852 | mé
0.706858347 | 0.706353347 | m2

0.706858347 | 0.706858347 |m2

Constant

2Ausvariable  [Constant
[ @spacng 1 m

Analysis Setting =5
Project Name  Tunnel Researcher
Desc Excavation in one direction
Madel Type Gravity Direction
ok} @
Ll
©) Aadsymmetric
Unit System
K <) [m ) [sec -
Initial Parameters
Gravity Acceleration(g) 9.30665
Uit Weight of Water 9.30665 kjm?
Initial Temperature o
Plane Strain Thickness 1 m

On the FEA NX, spacing is used to calculate the stiffness of the element and output the member force per

each element.

K'=K/n=

_ExAln

where, n = spacing, L = length , A = area, K* = stiffness considering spacing.

f=ocd" = Eg(nd)é =
n

where, f* = member force

Es(d)d, | =nf
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For instance,

if E=1000N/m*, L=10m, 4=1m*, and applied external load P =1000N',
E4 _ 1000N /m’ x(1m* /0.5)

F=K'D=22D D=200N/mxD , D=F/K=5m
L 10m

g:D/LZS_m:(),s
10m

o=Eg=500N/m’
f=0A4=500N/m? x (Im*/0.5)=1000N

the member force calculated is as follows,
£ =nf =0.5x1000N = 500N

1 6 Overview

Com.plex Cross-  calculate the section property in the non-formalized cross-section. (Cross Sectional Area (A), Torsional
Section Property  constant (Ix), Torsional Stress Coefficient, Area Moment of Inertia (ly, Iz), Effective Shear Area (Ay, Az),
Shear Stress Coefficient (Gy, Gz))
The section property is calculated automatically from the material property by selecting 2D elements
assigned ground material, and this can be used for 1D structural property.
A value close to the exact solution can be obtained under the more dense mesh.

Methodology

[Auto-calculation of complex cross-section property]

Create 2D mesh for the complex cross-section.

Click ‘Add’ in the Complex Cross-Section Property window. If 2D mesh is selected, the cross-section
property is calculated automatically.

Save the cross-section property.

Complex Cross-Section Property
Name cIp
Object
Type [ZD Element v]
- s [5]  selected 343 Object(s) |
Property
S P Y T |lI T 1 Cross Sectional Area (A) 0.78409679 m2
] ';5:4_‘_'_— Torsional Constant (Ix) 0.09734375 m*
/ = W A Torsional Stress Coeff, 0.50000028 m
Ifhh ! Area Moment of Inertia (Iy) 0.04892487 m?
i Area Moment of Inertia (Iz) 0.04892487 m?
|It Effective Shear Area (Ay) 0.66701064 m2
| Ji2] Effective Shear Area (Az) 0.66701067 m?2
ll] dl___ Shear Stress Coeffident(Gy) 176662492 1fm?
| 4 T | Shear Stress Coefficent(Gz) 176648193 1/m2
[ [ OK J [ Cancel ] [ Apply
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[Create/Modify 1D Property > Section Template]

The complex cross-section property can be assigned when creating 1D structural element.

The registered complex cross-section property is available if the ‘Complex Cross-Section’ is selected in the
‘Section Template’.

Create/Modify 1D Property (mE3a)
[ Pile | Geogrid(10) | Plot Only(1D) |
| Truss I Embedded Truss | Beam Embedded Beam
Section Template @
D 2 MName 1D Property Color - E|
Material IR - [Complex Cross-Section v]
|:| Hinge Property
Type CIP -

|:| Taper Section- Section-j z
Cross Sectional Area(A) 0.784096793 | 0.734096793 \m?2 Y
Tarsional Constant{Ix) 0.0978497507 | 0.0978497507 |ma
Torsional Stress Coeff. 0.500000281 0.500000281 |m
Area Moment of Inertia(ly)  0.0489248756 | 0.0489248756 |md
Area Moment of Inertia(lz) ~ 0.0489248752 | 0.04832458752 |m#

Effective Shear Area{Ay) 0.667010545 0.667010645 |m2
Effective Shear Area(Az) 0.667010677 | 0.067010877 \mz
Shear Stress Coeffident(Gy) 1.76662452 1, 76662492 | 1/m?

Shear Stress Coeffident(Gz) 1.76543193 1.76643193 | 1fm2

v Axis Variable Constant
z Axis Variable Constant
[[spacing m

[ oK J[ Cancel ][ Apply ] Offset Center-Center - OK Cancel

1 7 Overview

Coordinate

Svst Add a result output coordinate system for 2D/3D element. The default rectangular/cylindrical coordinate
ystem

system is defined and another coordinate system can be added by arbitrarily defining 1 of the three planes
on the coordinate system. The added coordinate system can be used as the material coordinates when the
properties of the 2D / 3D elements are defined. For 2D structural members, it is especially hard to unify the
element coordinate system in 1 direction depending on the element shape. It is useful to set the output
coordinate system to check the member forces of the entire structure according the same direction and
sign convention.
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Coordinate System =3

3 Paints
Name

Type Rectangular h

Plane

@12 23 On
Origin 0,0,0
Point on Asxis X 1,0,0
Paint on Plane XY 0,1,0

Methodology

There are 2 types of coordinate systems; rectangular and cylindrical. The coordinate system can be set by
defining 1 of the three planes of the coordinate system 12, 23, 31 (XY,YZ,ZX) by entering three points. In
other words, the plane that passes the three points becomes 1 of the 12, 23, 31 planes and the other 2
planes are automatically determined by the direction of the reference plane.

Select the plane, origin point, a point on 1 axis of the selected plane and a point on the selected plane in
this order to specify the position and direction of the reference plant.

1 8 Overview

Function When setting the analysis conditions (boundary, loading etc.) after the mesh has been generated, the
values that change with position and time can be registered as a function. The provided function types are
as follows and the characteristics and applicable range for each function is given.

General

Generalzed Space

Surface Function
Mon-Hydrostatic Water Pressure

Creep Function

Shrinkage Strain Function
Creep/Shrinkage Function Group
Elastic Modulus Function

Plastic Hardening Function
Hardening Curve

Stress Strain Curve

Cohesion Hardening Curve
Frictional Angle Hardening Curve
Dilatancy Angle Hardening Curve
Tensile Strength Hardening Curve
Seepage Boundary

Monlinear Elastic-Truss

Monlinear Elastic-Point Spring,/Elastic Link
Unsaturated Property

Strain Compatible

Response Spectrum

Time Forcing

Yield Function
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Methodology

Applicable range
Function type

Force, Displacement, Pressure,
General (Spatial) - Water level Prestress, Initial equilibrium force,
Dynamic nodal, Dynamic surface

Force, Displacement, Pressure,
Generalized space - Water level Prestress, Initial equilibrium force,
Dynamic nodal, Dynamic surface

Non-Hydrostatic Water

- Water level -
Pressure

Time-dependent
Elastic Modulus Function (Design code - -
based)

Hardening Curve von Mises - -

Cohesion Hardening

Curve CWFS - -

Dilatancy Angle Hardening

Curve CWFS - -

Node head,
Seepage boundary - Node flux, -
Surface flux

Nonlinear elastic Point spring,
(Point spring/ Elastic link) Elastic link

Strain compatible 2D Equivalent -

Ground acceleration, Time varying
static, Dynamic nodal, Dynamic surface

Time forcing -
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»Reference coordinate
system standard

General function (Spatial)

Changes in position (coordinates) of a value with respect to the rectangular or cylindrical coordinate system
can be set as function and used when specifying the load. The water level conditions can be directly
specified on the screen, but registering the water level according to the coordinate change as a function
allows this to be used as the water line during the construction step.

Create/Modify Function B
Spatial | Non-spatial
Name ~ General Function RefCSys  [GlobolRectanguer |  IndependentvVar, (X =]
Equaton
e From 1T 0 Inc 1
2 20000 | 40000
3 30000 60000
4 40000 80000
5 50000 10.0000
6 6.0000 | 120000
7 7.0000| 140000 |©
8 8.0000 | 16.0000
9 9.0000 | 18.0000
10 10.0000 | 20.0000
11
i Extrapolation | Closest Value -

Input the independent variables (X,Y,Z or R,TH,Z) according to the reference coordinates and the values of
the set variables in the table to generate a function . Already made functions can be copy + pasted from
Excel.

<Rectangular Coordinate> <Cylindrical Coordinate>

Equation

The Equation can be set without defining the values of the independent variables.

For example, when defining the function Y=2*X on the Cartesian coordinate system, specify the X
coordinate range (start, end) and the X coordinate increment first. Input 2*X and press the calculate button
to automatically generate a function as shown above.

When defining the function Sin(T) between a certain angle with reference to the T coordinate on the
cylindrical coordinate system , specify the angle range (start, end) and increment angle and then input sin(T)
to generate a sin function within the specified angle range.

Scale Value
Value multiplied to the defined function value. The initial value is set as 1. For example, to increase all
defined functions by 2 times, input 2 for the scale value.

Extrapolation

Assign a function value to values outside the independent variable range. The user can select whether to
set the function value outside the range to be 0, the same as the closest function value or determined
through linear extrapolation.
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»Extrapolation

Set to Zero

Linear Extrapolatio,

General function (Non-spatial)

Used to specify the shear stiffness and spring stiffness of pile or pile tip elements as a function. The relative
displacement vs Force/Area is used as a shear stiffness function and the relative displacement vs
Force/Length is used as a spring stiffness function at the pile tips. Different pile shear stiffness functions
can be set for each depth when defining the pile material properties.

Create/Modify Function

Non-spatial

Name  General Function

Equation

Displacemen Force |~
(m) (kN/m)
-1.0000 | -100.0000 value
-0.1000 | -100.0000

From

Independent Var. [Disp. (d) v ForcefLer ~

Inc. 1

0.1000 | 1000000

1.0000 | 100.0000

[0 8 10 51

m

T

/

/

L prpae

(]

4 1z
tiafiacamant

Ta o6 08 1

1 Scale Value

Extrapolation | Closest Value -

Shear Force Function Setting

Shear Force Function Setting

Height (m)

Function )

5.0000

t-z1

10.0000

t-z2

1

Generalized space function

The purpose and functions are the same as the general function (spatial). However, the generalized space
function is able to generate a function that considers all 3 axis directions while the general function (spatial)
is a 1 dimensional function that can only set 1 independent variable axis. The input method and detailed
functions are the same as the general function (spatial).

Create/Modify Generalized Space Function
Neme  General Function Ref Cys
X Y z

Equation
x Value
(m) alue From 1 To 10 Inc. 1
oo (o |
2 2.0000 4.0000
3 3.0000  6.0000 .
4 40000 8.0000 3
5 5.0000 10.0000 17
5 6.0000 | 12.0000 b
7 7.0000 | 14.0000 bl
8 80000| 160000 | 2
9 9.0000 | 18.0000 ®
10 10.0000 20.0000 e
11 .
H
3
- lllgzzsjjsllssggssgﬁﬁgl|!;;!
- <
;
[ e
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Input the independent variables (X,Y,Z or R,TH,Z) according to the reference coordinates and the values of
the set variables in the table to generate a function . Already made functions can be copy + pasted from

Excel.

Surface function

Used to specify the water level surface in 3D space. The 3D water level surface can be generated by
entering the variable values with reference to the global or cylindrical coordinates as shown in the table
below, but it can also be generated using the Boundary Condition > Water Level operation and selecting a
surface in space to automatically extract the coordinate information. Here, the X axis spacing determines
the precision of the water surface and for suddenly changing sections, the spacing needs to be carefully set
following the element node positions.

Non-hydrostatic Water Pressure

Create/Modify Function

Spatial

==

Name Surface Function

Ref. CSys | Global Rectangular =

X
(m)

-1.0000

Y
(m)

21.5000

z
(m)

24.0000

-2.0000

21.5000

24.0000

-3.0000

21.5000

24.0000

-4.0000

21.5000

240000

-5.0000

21.5000

24.0000

-6.0000

21.5000

m

24.0000

-7.0000

21.5000

240000

-8.0000

21.5000

24.0000

-9.0000

21.5000

24.0000

-10.0000

21.5000

240000

0.0000

226111

24.0000

-1.0000

226111

24.0000

-2.0000

226111

240000 I

-3.0000

226111

24.0000 )

1 Scale Value

Define the water pressure at the top and bottom depending on the position of the model. Applicable in
integer conditions and user-defined conditions when specifying the mesh set level.

- User-defined condition: the user can directly define the water pressure at the top and bottom of the
assigned mesh by using the specific water pressure function.

Create/Modify Non-Hydrostatic Water Pressure

[SS)

Ytop - global z coordinate of the top of the region.
Ybot - global z coordinate of the bottom of the region.
Ptop - pressure at the top of the region.

Pbot - pressure at the bottom of the region.

Non-Hydrostatic Water Pressure

Name  ticWater Pressure  Ref, CSys  |Global Rectangul = | Water Pressure Type
X Ytop Ybot Ptop Pbot =
(m) (m) (m) (kMNImM=) (kMNImM=)

»

10.0000 80.0000 50.0000 0.0000 300.0000

i |

# - global x coordinate.
1 Scale Value rusiﬁva pore-pressure represent compression (underwater condition).
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- Hydrostatic condition: this function is used to define the water pressure at the top of the allocated mesh
as hydrostatic

([ Create/Modify Non-Hydrostatic Water Pressure =5
Mon-Hydrostatic Water Pressure
Mame  tic Water Pressure  Ref, CSys \Water Pressure Type
X Y Ptop o
(m) (m) (kNim?)
»
10.0000 80.0000 0.0000
*
* —global x coordinate.
' — global y coordinate.
Ftop — pressure at the top of the region.
1 Scale Value r?usmva pore-pressure represent compression {underwater condition).

Name — input name for the function.
Ref. CSys — reference coordinate system for the function definition.

Water Pressure Type — select the type of function for selection in Analysis Case > Analysis Control >
Define Water Level for Mesh Set. (User Defined or Hydrostatic condition)

Scale factor to multiply all input data.

Creep / Shrinkage Strain Function

Define the time dependent creep property and shrinkage strain of concrete material. These functions are
available if User Defined is selected in the Code field.

There are three types of Creep function data types.
v" Specific Creep ; Strain per unit stress excluding immediate deformation
v" Creep Function ; Strain per unit stress including immediate deformation
v Creep Coefficient : Ratio of creep strain to elastic strain

Creep Function Shrinkage Strain Function ==
Name  Creep Function Name  Shrinkage Strain Function Age of Element 3t Beginning of Shrinkage 1 3 dy
Creep Function Data Typs Equatic Graph Option Equation
vae | % —
o ™ () vae Caiste ] Clvaxstogscae
© Creep Cosficnt T 0.0000
3 21544 = e
Time vale |~ [ B ) 31623 e
(day) (M/kN) ‘j B T 5 465416
1 r 6 6.8129
2 55117| 03187 7| 100000 =
3 65118 | 03696 5. 8| 1s67a0
4 7.6038 04140 3. ! 9 21,5440
5 90895 | 04552 0| 316230
S oram | osis T /
7| 2880|0533 12| 681200
8| 149900 05718 3] 1000000 e L, e e h s s
o] 177100] ost0s T
ol
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A frequently used Creep Function may be saved in and recalled from a file. The data file, fn.TDM retains
the following form:
* Unit, in, kip

* Data Assign the units (optional items)

Enter the data in the form of 'day' and 'value' (mandatory
items)

40,1.2182 -

60, 1.3705 -

80,1.4883 -

100, 1.5854 -

120, 1.6683 -

140, 1.7408 -

160, 1.8054 -

180, 1.8636 -

200, 1.9166 -

220, 1.9653 -

240, 2.0103 -

260, 2.0252 -

20, 0.9934

Creep / Shrinkage Function Group

The user can define Creep/Shrinkage Function based on the embedded Design Codes as follows.

Creep/Shrinkage by Design Code
Name  Creep Shrinkage Function Code [cEBFIP(2320) -
(CEB-FIP(1990 "—
X CEB-FIP(1978)
Loading Age ACT
Start Loadin da Time PCA
o 3| day o Combined (AC1 & PCA)
End Loading 15000 day AASHTO
1 European
Num, of steps 32 5| 73.94¢AS 3600-2009
- AS/RTA 5100.5-2011
Generate Loading Ages 3| 5.19Russian
2| 6.gaiKorean Standard
JAPAN
5] 9.000)pansCE)
6| 11.85(CHINA
7| 1559 China (I7G D62-2004)
KCI-USD12
81 20.52ksce 2010
9| 27.02(User Defined
10| 355644 | 100355 | 48.0000
11] 46.8099 | 10046.8 | 48.0000
12| 61.6111| 10061.6 | 48.0000| ~
[ showcreep || ShowShrinkege | [ ok ][ coea
. ‘Shrinkage Function Preview Creep Function Preview
>
Show Creep / Shrinkage R . we 0 Exiopscse Evios s merom 3 o wE m Exogscie Evisgsoe
hoe Time | e |- Age < e | vawe |2 | - =
i ) = ©p : &
) :
2| 1.4678| -0.0000 5157 2| a2368| 03126
3| 21544 -0.0000 6.840 = 3] 50349 03629 7/
4| 31623 | -0.0000 = 0.003 4| 5983 04070|
5| 45416 ] -00000 11850 5| 7.1107] 04480 i
5] 68129 00000 s || o] ss02| 0474 {
7| 10.0000 | -0.0000 .59 7| 100420 | 05262 |
8| 146780 -00000] | |* 27,021 8| 119340 ] 05649
a| 215440 | -0.0000 . 35.564 9] 141820 06040
10| 21.6230 | -0.0000 = 810 10| 16.8540 | 0.6438
1] 46.4160 | -0.0000 " sLe1t 11| 200290 06844
2| 68.1200 | -0.0000 o 81052 12| 238020 07262
13| 100000 | -00000 - ::Z:;;’ 13| 282880 07604
1| 146.780 | -0.0000 - o 4] 335150 08139 2
51 215240 | 0.0000 N T Tl T T T T e %04 - o1 300470 | 05501 B T N R TN O A T M
T Al T o] el a7 a7an wononl ™
Gone ol
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Creep/Shrinkage Function Group @
CEB-FIP(1990)
Characteristic compressive strength of concrete at the 30000 KN/m?
age of 28 days(fdk)
Relative Humidity of ambient environment (40-93) 0 %
Notational size of member 1m

h =2*Ac fu (Ac: Section Area, u : Perimeter in contact with atmosphere)
Type of Cement

() Rapid hardening high strength cement (RS)

@) Mormal or rapid hardening cement (M, R}

() Slowly hardening cement (5L)

Age of concrete at the beginning of shrinkage 3 = day

Notational size of member

- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Creep/Shrinkage Function Group @
CEBFIP(1578)
Characteristic compressive strength of concrete at the 30000 kMN/m2
age of 28 days(fck)
Relative Humidity of ambient environment (40-100) W %
Notational size of member 1m

h =2 *Ac fu (Ac: Section Area, u : Perimeter in contact with atmosphere)
Type of Cement

() Mormal and slowly-hardening cements

(@) Rapid-hardening cements

(71 Rapid-hardening high-strenath cements

Age of concrete at the beginning of shrinkage 3 5 day

Notational size of member

- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start
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Creep/Shrinkage Function Group

Code ACI -

ACL

Compressive strength of concrete at the age of 28 days
Relative Humidity of ambient environment (40-23)
Volume-surface ratio

Age of concrete at the beginning of shrinkage

Concrete Compressive Strength Factor (3, b)

a 4 (0.05~9.25) b
Material factored ultimate value
Type
(@ ACI Code () User
Slump
Fine aggregate percentage
Air content

Cement content

Init Curing Method @ moist cure s

30000 kN/m?

) steam cure

0.85 (0.67~0.98)

0.1 m

45 %

4 kNfm3

Age of concrete at the beginning of shrinkage

The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Material factored ultimate value

- The user may enter the ultimate values considering concrete properties by ACI code or User type.

[PCA]

Creep/Shrinkage Function Group
Code PCA -

PCA
Compressive strength of concrete at the age of 28 days(fc) 30000 | kNjm2
Ultimate shrinkage strain {500~300) 780 = |E-6
Ultimate creep strain (3~5) 4 = 1ffcE-3
Relative Humidity of ambient environment (40-99) 0 = %
Volume-surface Ratio (v/s) 1m
Reinforcement ratio of cross section of column segment 1%
Modulus of elasticity of steel 200000000 kN/m?
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[Combined (ACI & PCA)]

Creep/Shrinkage Function Group

Code Combined (ACI & PCA) -

Combined (ACI PCA)

Compressive strength of concrete at the age of 28 days(fc) T 30000 | knfmz
Relative humidity of ambient environment (40-100) 0 =%
Volume-surface ratio (v/g) im
Creep
Material factored ultmate creep strain 200 (E-B) mjm/kM/m2

Volume-surface Ratio (v/s-inches)
@ (2/3) * (1+1.13e(-0.54 v/s)) (ACI Code)
() (0,044 v/s+0.934) / (0.1 v/s+0.85) (PCA)

Loading aged factor (t: loading age)
@ 1.25 = t~{-0.118) (moist cured ACI Code)
1,13 = t(-0,094) (steam cured ACI Code)
0 2.3 = t~(-0.25) (PCA)
Progress of Creep with Time by ACI Code (t~0.8) / (10+t~{0.6))

Shrinkage
Material factored ultimate shrinkage 780 (E-6)

Volume-surface Ratio (v/s-inches)
@ 1.2e”(-0.12 v/s) (ACI Code)
() (0,037 vfs+0.944) [ (0.177 vfs+0.734) (PCA)

Progress of Shrinkage with Time
@) (t) f (35 +t) (moist cured ACI Code)
(t) f (55 + t) (steam cured ACI Code)
0 (t) /(268 (0.36 v/s)+t) {v/s-inches) (by PCA)

Reinforced Concrete effect by PCA
Reinforcement ratio of cross section of column segment 1= %

Modulus of elasticity of steel 200000000 kifm?

Coc ) (ool

Material factored ultimate creep strain / Shrinkage
- The user may enter the ultimate values considering concrete properties by User type.

[AASHTO]

Creep/Shrinkage Function Group

Code AASHTO -
AASHTO
Compressive strength of concrete at the age of 25 days T 30000 kb fmz
Relative Humidity of ambient environment (40-99) 70 =%
Volume-surface ratio 1m
Age of conarete at the beginning of shrinkage 3 2 day
[ Expose to drying before 5 days of curing

Expose to drying before 5 Days of curing
- If this option is checked on, the influence of Creep & Shrinkage is increased by 20% (ref. AASHTO 5.4.2.3)
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[European]

Creep/Shrinkage Function Group @

European

Characteristic compressive cylinder strength of concrete 30000 | KN/m?2
at the age of 28 days (fd)

Relative Humidity of ambient environment (40-93) 705 %
Notational size of member 1m

h =2 *Ac/u (Ac: Section Area, u : Perimeter in contact with atmosphere)
Type of Cement

) Class s @ Class N ) ClassR
Type of code

() EN 1992-1 (General Structure)

@) EN 1992-2 (Concrete Bridge) [ Use of silica-fume

Age of concrete at the beginning of shrinkage 3 = day

Notational size of member

Chapter 4. Mesh

Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of

the member

Age of concrete at the beginning of shrinkage

The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

[AS 3600-2009]

Hypothetical Thickness

Creep/Shrinkage Function Group @

Code AS 3600-2009 -

AS 3500-2008
Compressive strength of concrete at the age of 28 days 30000  kNfm?
Exposure Environment

@ Arid () Interior  (7) Temperate Inland ) Tropical or Near Costral
Hypothetical Thickness im

h =2 Ag fu (Ag : Section Area, u i Perimeter in contact with atmaosphere)
Drying Basic Shrinkage Strain (10-6)
(@ 300.0 (Sydney, Brisbane) () 900.0 (Melbourane) () 1000.0 (Elsewhere)

Age of concrete at the beginning of shrinkage 3 5 day

Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of

the member

Age of concrete at the beginning of shrinkage

The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start
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[AS/RTA 5100.5-2011]

Creep/Shrinkage Function Group @
Code AS/RTA 5100.5-2011 -

AS/RTA 5100.5-2011

Compressive strength of concrete at the age of 25 days 30000 kM/m?
Exposure Environment

@ Arid () Interior  (7) Temperate Inland ) Tropical or Near Costral
Hypothetical Thickness im

h =2 Ag /u (Ag : Section Area, u : Perimeter in contact with atmosphere)
Drying Basic Shrinkage Strain {10-6)
@) 800.0 (Sydney, Brisbane) () 900.0 (Melbourane) ) 1000.0 (Elsewhere)

Age of concrete at the beginning of shrinkage 3 = day

Hypothetical Thickness

- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

[Russia]

Creep/Shrinkage Function Group @

Russian

Concrete Class, B 30000 | kNjm?2

Relative humidity of ambient envirionment bl £

Module of an exposed surface, M 1 1fm
Age of concrete at the beginning of shrinkage 3=

Curing Method (@ Natural cure () Steam cure
Cement Type

(@ Mormal () Fast-hardened () 5lag () Pozzalan
D Fast-accumulating creep

Concrete
Type

1@ Heavy concrete (M) (Z) Fine-grained concrete (M)

Water content, W
Maximum aggregate size
Air content, V

Spedific content of the cement paste, pz

180 Ljm?
2e-005 m
30 Lfm®

0.25

Age of concrete at the beginning of shrinkage

- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Fast — accumulating creep

- If this option is checked on, the influence of Creep & Shrinkage will be increased by % based on

Russian code
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[Korean Standard]

Creep/Shrinkage Function Group
Code Korean Standard -

Korean Standard

Characteristic compressive strength of concrete at the
age of 28 days (fo)

Relative humidity of ambient environment(40 - 39)

Notational size of member

Type of cement
() Rapid hardening high strength cement (RS)
(@) Mormal or rapid hardening cement (N, R)
() Slowly hardzning cement (5L)

Age of concrete at the beginning of shrinkage

2400000 | kM/m?

h =2 *Ac fu (Ac: Section Area, u : Perimeter in contact with atmosphere)

70 %

12 m

Notational size of member

Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of

the member

Age of concrete at the beginning of shrinkage

[Japan]

The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Creep/Shrinkage Function Group

Code JAPAN -

JAPAM
Compressive strength of concrete at the age of 25 days

Calculation Method F or E @) 15CE
Relative Humidity of ambient environment
() Curing Underwater @ Relative Humidity(40~50)
Notational size of member(h™)
h™ = ¥eh
¥& : Environmental Coefficent
h=acju
Ac @ Section Area
u ! Perimeter in contact with atmosphere
Type of cement
() Rapid hardening cement
(@ Normal cement

Age of concrete at the beginning of shrinkage

23535.86 | kM/m?

©an

13 m

Notational size of member

Conceptual (Equivalent) size of structure. Equivalent area divided by perimeter of the member

considering Environmental Coefficient.

Age of concrete at the beginning of shrinkage

The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start
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[Japan (JSCE)]
Creep/Shrinkage Function Group @
JAPAN(ISCE)
Relative Humidity of ambient environment (45-80) POk
Volume-surface ratio (100mm ~300mm) L2 m
Cement content {260 kg/m~*3 ~ 500 kg/m~3) 0 kNfm?
Water content (130 kg/m~3 ~ 230 kg/m~3) 0 kNfm?
Age of concrete at the beginning of shrinkage 3= day

Cement content / Water content
- Required to input each content per unit volume to generate Creep/Shrinkage Function
automatically

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Creep/Shrinkage Function Group @
CHINA
Compressive strength of concrete at the age of 25 days 23535.96  kN/m2
Relative Humidity of ambient environment
() Curing Underwater @ Relative Humidity(40~30) 70 = %
Notational size of member{ho) 12 m
h=¥&ho
ho = 2Acju (Ac : Section Area, u @ Perimeter in contact with atmosphere)
Age of concrete at the beginning of shrinkage 35 day

Notational size of member
- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member considering Environmental coefficient

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start
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[China (JTG D62-2004)]

Creep/Shrinkage Function Group @
Code China (JTG D62-2004) -

China (JTG D52-2004)

Comp, Strength of Concrete at the Age of 25 Days(fou,k) 23535.96  kNfm?
fem = 0.8 fouk + 8MPa

Relative Humidity of ambient environment (40 ~ 93) 0= %

Notational size of member 1.2 m

h = 2 Acfu (Ac: Section Area, u : Perimeter in contact with atmosphere)

Cement Type Coeffident (Bsc) 5
Age of concrete at the beginning of shrinkage 3 & day

Notational size of member

- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member.

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Creep/Shrinkage Function Group @
KCI-USD12
Characteristic compressive strength of concrete atthe ——
age of 28 days (fck) 2400000 | kjm >
Relative humidity of ambient envirionment{40 - 93) 70 = %
Notational size of member 12 m

h =2 *Ac fu (Ac : Section Area, u : Perimeter in contact with atmosphere
Type of cement

() Rapid hardening high strength cement (RS)

@) Mormal or rapid hardening cement (M, R)

() Slowly hardening cement (5L)

Age of concrete at the beginning of shrinkage 3 = day

Notational size of member

- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start
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[KSCE 2010]

Creep/Shrinkage Function Group
Code KSCE 2010 -
KSCE 2010

Characteristic compressive strength of concrete at the
age of 28 days (fo)

Relative humidity of ambient envirionment{40 - 93) TO 5 e

2400000 kMNfm?

Notational size of member 1.2 m
h =2 *Ac fu (Ac: Section Area, u : Perimeter in contact with atmosphere

Type of cement
(7 Rapid hardening high strength cement (RS)

(@) Mormal or rapid hardening cement (N, R}
() Slowly hardening cement (SL)
Age of concrete at the beginning of shrinkage 3

Notational size of member
- Conceptual (Equivalent) size of structure. Two times of equivalent area divided by perimeter of
the member

Age of concrete at the beginning of shrinkage
- The number of days elapsed after pouring of concrete, when the shrinkage is assumed to start

Elastic Modulus Function

Define Time-dependent Elastic modulus function based on selected design code. It is required to input End
Time of function with the number of steps.

Elastic Modulus Function 5
Mame Elastic Modulus Function Code
User Defined
e Vale | - Eauation
(day) kN [ From 1| To 10 | Inc, :g* P(1978)
1 Ohzagi
= Valug Ce
2 0.1278 | 21500000. || Ci‘;’;g:;[‘mg
3 01632 | 21500000 AS/RTA 5100.5-2011
4 0.2085 | 21500000. 2157 E:s%nsm o
2157 rean Standar
5 0.2664 | 21500000. i Jspan(tycraton)
6 0.3403 | 21500000. P Japan(Elastic)
7 04348 | 21500000. L zaser KCIUSD12
g 05555 | 21500000. % zaser
9 07097 [ 21500000 2 2
10 09067 | 21500000 jo
11 11583 [ 21500000 i
12 14798 | 21500000 zase7
13 18906 | 21500000. 2257
14 24153 | 21500000. RN YT T\ PR e P\ YU M S
15 3.0858 [ 21500000. | ~ -
1 Scale Value
[ ok [ concel [ mppy |

230 | Section 1. Property/Coordinate/Function



User Manual

7

Chapter 4. Mesh

[CEB-FIP(1990)]
Design Strength E
Code [ceB-Fip(1930) ~|

Mean compressive strength of concrete at the age
of 28 days (fck+delta_f)
30000 kNfmz
Cement Type(s)
RS : 0,20 -
M, R:0.25
SL:0.38
End Time 10000  day
Murm, of steps 43
[ o || canca |

Specify the Concrete Compressive Strength at 28 Days and Cement Type
RS - Rapid hardening high strength cements

N,R - Normal or rapid hardening cements

SL - Slowly hardening cements

[CEB-FIP(1978)]

Design Strength E
Code  [cEBFIP(197) -]
Permanent compressive strength (FoiA)
30000 | kijm?
End Time 10000  day
Murn. of steps 48
[ ok [ cancel
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[ACI]
Design Strength
Code [act ~|
Concrete compressive strength at 28 days (f28)
30000 | kijm?
Concrete compressive strength factor (a, b)
ER 45 b: 0.95
End Time 10000  day
Murm, of steps 43
| O I [ Cancel ]

Modulus of elasticity, which will be reflected in the analysis, is calculated using the compressive strength of
concrete and weight density

E =wl0043.)f
¢ =Y "‘E(inmpay

We - Density of concrete, kg/m32
7.

¢ - Compressive strength of concrete, MPa

[Ohzagi]

Design Strength

Code [thagi - I

Concrete compressive strength at 28 days (528)
30000 knjm2

Cement Type (a, b, c)

RS

NR
=
Fly-ash

End Time 10000 day

Mum, of steps bl

The equation proposed by Ohzagi is used to define the change of compressive strength of concrete.
Specify the Concrete Compressive Strength at 28 Days and Cement Type

RS - Rapid hardening high strength cements

N.R - Normal or rapid hardening cements
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SL - Slowly hardening cements
Fly ash — Fly ash cementing material

[European]

Design Strength

Code [Eurupean - I

Mean compressive strength of concrete at the age
of 28 days (fck+delta_f)

30000 knjm2

Cement Type(s)

Class N : 0.25 -
Class R : 0,20
Class N : 0.25
Class 5:0.33

End Time 10000 day

Mum, of steps bl

Specify the Concrete Compressive Strength at 28 Days and Cement Type
RS - Rapid hardening high strength cements

N,R - Normal or rapid hardening cements

SL - Slowly hardening cements

[AS 3600-2009] / [AS/RTA 5100.5-2011]

Design Strength Design Strength
Code |85 3600-2009 -] Code |AS/RTA 5100.5-2011 -]
Concrete compressive strength at 28 days (f28) Concrete compressive strength at 28 days (f28)
30000 | kijm2 30000 | knjm2
End Time 10000  day End Time 10000  day
Mum, of steps 48 Mum. of steps 48

Mean modulus of elasticity of concrete at the appropriate age is calculated as follows.

o240 MPa, B = (p*7) x (0.043f,,)
o = 40 MPa, E = (p°%) x (0.024Nf,,,. + 0.12)
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Since there is no equation for Compressive Strength at the appropriate age in Australian Standard, it is
calculated based on the following equation specified in CEB-FIP 1978.

£ 1.451849874 x 1" x f.'
rﬂ.b‘ ushy

[Russian]
Design Strength
Code [Russian v]
Concrete Class, B 30000 knfmz
Cement Type(s) Normal -
Curing Method
g Fast-hardened
Concrete Slag
Type Pozzolan
@) Heavy concrete(N)
() Fine-grained concrete (M)
Maximum aggregate size 0.02 m
Spedific content of the 0.25
cement paste, pz '
End Time 10000  day
Murn. of steps 48
ok || cancel
[Korean Standard]
Design Strength
Code [Korean Standard v]
Concrete compressive strength at 91 days (f31)
30000 | kijm?
Concrete compressive strength factor (a, b)
ER 453 b: 0.95
End Time 10000  day
Mum, of steps 43

[ ok ][ cancel |

Specify the Concrete Compressive Strength at 91 Days and Strength Factor (a,b)
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Cement Type a b
Rapid strength 2.9 0.97
Normal 4.5 0.95
Moderate heat 6.2 0.93
[Japan (Hydration)]
Design Strength IEI
Code [Japan{Hydraﬁon} - ]
Compressive Strength
Concrete compressive strength at 23 days (fck)
30000 | kNjmz
Concrete compressive strength factor (a, b, d)
at 45 b: 095 d: L1
End Time 10000  day
Mum, of steps 43

Specify the Concrete Compressive Strength at 28 Days and Strength Factor (a,b,d)

Cement Type a b d

Rapid strength 4.5 0.95 1.11
Normal 6.2 0.93 1.15
Moderate heat 29 0.97 1.07
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[Japan (Elastic)]
Design Strength
Code [Japan(EIasﬁcJ - ]
Elastic modulus at 28 days (E28)
28000000 | kMfm?2
@ Normal Type
() Rapid Type
End Time 10000  day
Murm, of steps 43
I O ] [ Cancel
[KCI-USD12]
Design Strength
Code [kerusp12 -

Concrete compressive strength at 91 days (f91)
30000 knjmz

Cement Type(s)

M, R_moist cured : 0.35 -

M, R moist cured : 0.35
M, R_steam cured : 0,15
RS_moist cured : 0,25
RS_moist cured : 0.12
SL:0.40

End Time 10000  day

Mumn, of steps 48

[ QK ] [ Cancel ]

Specify the Concrete Compressive Strength at 91 Days and Strength Factor (a,b)
N.R - Normal or rapid hardening cements

RS - Rapid hardening high strength cements

SL - Slowly hardening cements

Plastic Hardening Function
Shear Hardening in Modified Mohr-Coulomb model can be defined by Equivalent plastic strain related to

the mobilized shear resistance. Using "Auto-Calculated" option, solver recalculates friction angle based on
the deviatoric plastic strain.
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Plastic Hardening Function
Name | Plastic Hardening Function
Equlvalant Function | = 1
Plastic Strain value 55
o
1 0.es
a8
.18
a7
a.es
Lo
Hew
Shear Hardening Parameter =l
R Zero
[¥] Shear Hardening 2o
0.3
(™) Auto Calculated a.32
a
| @ Hardening Function Plastic Hardening Fur v] D | ";‘:777777777777777777777
u.0s
[Cpiatancy cut-off T SN C N UECU
Parosity{Max) 0.5 -
:
o) Com o) o ) [

Hardening Curve

Plastic strain and stress are directly inputted. It is used when defining hardening curve within von Mises
model. Plastic strain begin once the material starts yielding so it can be calculated using following equation.

_ el _ o
e, =c—&" =g——

E
Where, E : Young’s modulus

Hardening Curve
Mame Hardening Curve

3 5 Stress = 1
Plastic Strain o) | -
s
1 s.as
o8
075
a7
o.es
a.55

e :
El % o

. Zero
as
0.3
a.2s
0.2
0.5
a1
a.ns
u

L T 9.1 gz 9.3 g4 0% 0.6 0.7 g8 o8 3
Plaztic stoain
1 Scale Value
o) [Eaed ] [ peoy |

Stress-Strain Curve

Stress and stain are directly inputted. It is used when defining Stress-Strain Curve within von Mises model.
When Load-Displacement Curve is already known, true strain can be calculated using following equation.

Ly +d L Pe*
¢ =log =log| — |, o=
LO LO A()

Where, Ly, L : Length before/after deformation
A, : Area before deformation
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Stress Strain Curve E
Name  Stress Strain Curve
Strain (ls(ﬁrsni) =
3
3 Z;rn
1 Scale Value
o | g ) [ ey |

Cohesion Hardening Curve

Plastic strain and cohesion are directly inputted. It is used when describing Cohesion Hardening Curve
within CWFS(Cohesion Weakening and Frictional Strengthening).

Cohesien Hardening Curve ==

Name  Cohesion Hardening Curve

Cohesion | ~
Plastic Strain (kN e |
:H

|

1 Scale Value
o) o) [ )

Frictional Angle Hardening Curve

Plastic strain and frictional angle are directly inputted. It is used when describing Frictional Hardening
Curve within CWFS(Cohesion Weakening and Frictional Strengthening).

Frictional Angle Hardening Curve =

Name “ictional Angle Hardening Curve

Frictional | »
Plastic Strain Angle
3

|

0 04 05 06
Flastie stsain

e
oK Hranﬂi[ Apply ]
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Plastic strain and dilatancy angle are directly inputted. It is used when describing Dilatancy Hardening
Curve within CWFS(Cohesion Weakening and Frictional Strengthening).

Dilatancy Angle Hardening Curve

Name  latancy Angle Hardening Curve

Dilatancy | =
Plastic Strain Angle T

m

0.3 0.5 9.5 4.
Flasiic Steain

1 Scale Value

oK

J el ] [ senly |

Tensile Strength Hardening Curve

Plastic strain and tensile strength are directly inputted. It is used when describing Tensile Strength
Hardening Curve within CWFS(Cohesion Weakening and Frictional Strengthening).

Tensile Strength Hardening Curve

Name  nsile Strength Hardening Curve

. | Tensile | =
Plastic Strain Strength |[7]

1

m

A\

Zero

04 0z 0
Flastie Steain

1 Scale Value

oK

| el ] [ senly |

Seepage Boundary function

Used to simulate the head and flow rate difference with time such as node head, node flux rate, surface flux.
Setting the values (head/flux) according to the time flow that fits the specified time unit generates a function

that can be applied to unsteady infiltration analysis.
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Seepage Boundary Function @

Mame |Seepage Boundary Functi

Time
(sec)

0.0000 |  10.0000
10.0000 | 20.0000
20,0000  20.0000 i
30.0000 | 15.0000
40,0000 10.0000
50.0000 0.0000
50.0000 0.0000

Value

m

=) O e 5 1 S

]
Tima

Description [ OK ][ Cancel H Apply ]

For unsteady infiltration analysis, the time steps for result verification are set separately and the time
function for the steps is used in the analysis. When the time step is beyond the range of the function, the
function value is automatically calculated using linear interpolation. In other words, to apply a 0 function
value to time steps outside the range, the same function value (0) needs to be entered for arbitrary time
steps when creating the function as shown in the figure above.

Nonlinear elastic function (Truss element)

The behavioral characteristics of truss elements or embedded truss elements can be defined as nonlinear
elastic. The stress change according to strain of the truss element can be directly generated as a function
and used. The function can be applied to the tensile (compression) test results of a structural member
(truss affiliated) or to the deformation behavior properties of a general steel member.

Nonlinear Elastic ==
G ‘ L]
€'0)
’—"’4/{8 1,01 ) ’
c (© 1,(5 1
(e".6") )

Nonlinear elastic function (Point spring/ Elastic link)

The behavioral characteristics of spring or elastic link elements can be defined as nonlinear elastic. The
spring/link stiffness according to the element strain can be defined to generate a function.
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» Individual consideration

Monlinear Elastic (===l
f J LU )
(d.f')
(d'f*)
",/-—/(dl,f: ) d
c (dl,f 1
(d".f") )

For steady infiltration analysis that assumes a saturated ground, the unsaturated properties are not taken
into account even if they are entered. For the time dependent unsteady analysis, the unsaturated properties
of the ground must be considered. Also, because real foundations are unsaturated and have a certain ratio
of air, unsteady infiltration analysis needs to consider unsaturated characters of the soil for more realistic
results.

Unsaturated property defines the change in permeability coefficient and water content (Degree of saturation)
in the unsaturated region depending on the size of the negative pore water pressure. There are 2 methods
to define the unsaturated property; directly defining (define individually) the permeability function and water
content function using the pressure head (negative pore water pressure) or defining the relationship
between pressure head-volumetric water content (degree of saturation)-permeability ratio (define
relationship).

Individually

Define the permeability function data and water content function data. Based on the experimental data of
unsaturated soil, the coefficients for each function type can be defined using Curve Fitting or the data can
be directly input through customize. If the experimental data is entered directly, the negative pore water
pressure size is entered by its absolute value and the permeability ratio is found by dividing the unsaturated
value with the saturated state value.

Add/Modify Unsaturated Function (=l

Function Name Scale Factor  Permeability Graph Option Water Content Graph Option

Unsaturated Property Function 1 [ %-axis log scale  []V-axislog scale 7] X-axislog scale [ ¥-axis log scale
Permeabilty Function Data
Function Type |Gardner Coefficients +

a 0.1

o
n 2 : ™
Za
: =
™
[l
™
e
T
- S P oes 5
setive Pos pesaeand Head (5]

Water Content Function Data
Function Type |Van Genuchten -

Thetar

0.3 ]

Theta s 08

N 0.1 1fm

n H

m 0.5

s Go i Lo 1s L L
ENE P L
Redraw Gragh ok [ cancel J[ Apply |

The provided permeability functions and coefficients are listed below.
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[Gardner coefficient]
1

Tl

Ry : Permeability ratio (permeability coefficient according to h increase / permeability coefficient at h=0)
a, n : Experimental constants predicted from Curve Fitting of unsaturated experimental data
[Frontal function]

! if H=0
H .
R, = (RM'_/)F-”(P if 0<H<H
0
R if HzH,

kO

K ratio (Ry) : Permeability ratio (permeability coefficient according to h increase / permeability coefficient at
h=0)
H, : Head at which the permeability coefficient no longer decreases

[Van Genuchten function (Permeability ratio)]

[1—(ah)"™*- {1 + (ah)"}™]?

R = [1+ (ah)*]"72

Ry : Permeability ratio (permeability coefficient according to h increase / permeability coefficient at h=0)
a, n, m: Experimental constants predicted from Curve Fitting of unsaturated experimental data

[Van Genuchten (Water content))]

8,,: Volume water content

8, : Residual volume water content

0, : Saturated volume water content

a, n, m: Experimental constants predicted from Curve Fitting of unsaturated experimental data

Relation
The unsaturated material property data can be set on the ground type according to the JICE (Japan

Institute of Construction Eng.) criteria. The pressure head-volumetric water content (degree of saturation)-
permeability ratio relationship function for each type of ground is shown below.

Pressure head(P)-Volumetric water content(T)
-Permeability ratio (K)

Pressure head(P)-Degree of saturation(Sr)
-Permeability ratio(K)

(T)-(P) (T (K) (Sr)- (P) (Sr)- (K)
Gravelly soil [G], [G-F], Gravelly soil [G], [G-F], Gravelly soil [G], [G-F], Gravelly soil [G], [G-F],
[GF] (JICE) [GF] (JICE) [GF] (JICE) [GF] (JICE)
Sandy soil [S], [S-F], Sandy soil [S], [S-F], Sandy soil [S], Sandy soil [S], [S-F],
[SF] (JICE) [SF] (JICE) [S-F], [SF] (JICE) [SF] (JICE)
Sandy soil [SF] (JICE) Cohesive soil [M], [C] (JICE) Sandy soil [SF] (JICE) Cohesive soil [M], [C] (JICE)
Cohesive soil [M], [C] (JICE) User specified Cohesive soil [M], [C] User specified
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User specified User specified
. . Add/Modify Unsaturated Function ==
»Dual consideration
Function Name Unsaturated Data
Name  Unsaturated Property Function @ Volume Water Content () Degree of Saturation
Database
(16}, 61, [eF] (1ce) ~) (e [, [eF) Lce) -] - ..
I
Head o Permeability |~ 5 f o
i T B o
Wi (m) [ORE Ratio * Fi - 0.7
: f A
1 1 .
2| 0.050000 1.9000 2| 0.010000 0.0100 . i s
3] 0.056000 15000 3| 0020000 00200 |3z 7 Cee g
4| 0.068000 10000 4| 0030000 00300 || |3 Cae =
5| 0076000 0.8000 | £ 5| 0.040000 0.0400 e i - H
5| 0.084000 0.7000 5| 0050000 0.0500 P i vas 3
7] 0.090000 0.6000 7| 0.060000 0.0600 — I
8] 0.100000 0.5000 8| 0.070000 0.0800 | . 0z
9] 0.112000 0.4000 9| 0.080000 0.0900 N g.1z
10| 0.126000 0.3000 10| 0090000 01100 L . mo
1] 0.136000 02500 | [_11] 0100000 01300 =, = .
12| 0.150000 0.2000 12| 0.110000 0.1600 e
13] 0.164000 0.1500 13] 0.120000 0.1900 ses e - Ry
14| 0.178000 01000 | _ [_14] 0.130000 0.2300 | _ e - Heea Bric - cesmesbitiey
Redraw Graph [ o J[ cancel [ apply |

For unsteady analysis, the negative pressure head (pore water pressure) is calculated for each time step
(construction step) and applied, renewing the relative permeability coefficient. The volumetric water content
(degree of saturation), according to the calculated pressure head, is found and the relative permeability,
according to the found volumetric water content (degree of saturation), is renewed for each step.

Strain compatible function

For the 2D equivalent linear analysis, the shear modulus and damping ratio are set as functions of strain to
consider the nonlinearity and inelastic behavior of the ground. If the function is not defined, the ground
material is assumed to be linear and the entered (fixed) shear modulus and damping ratio is applied.
Generally, the ground displays decreasing shear modulus and increasing damping ratio as the shear strain
increases. For complex nonlinear behavior of the ground, the material properties are simplified to linear
equivalent properties. Repeated calculations from the assumed initial values can compute the converging
shear modulus and damping ratio.

. . Add/Modify Strain Compatible =
>
Dynamic Strain
. . D1 Hame -2 Log Seak
compatible function Drostegicie
Description  (Clay -P1=10-20 {Sun etal.) & Clay -Lower Bound (Sun etal)) [C]¥-2xis Log Scale
Shear Modulus | ~ A
snea(v"smm ReductonFactar [ Shea(r'?tram Dampl(:? Ratio [ - A E]
(6160) 052 1 o170
1 1 0.2 st
2.00e-006 1.0000 2.006-006 0.0130 F — o.1ss
5.00e-008 10000 5.00e-006 00130 g om
100e-005 10000 1.006-008 00130 S o6 [ oo
et & H
2.006-005 0.9780 2.006-005 00130 H] L o
6| 5.00e-008 0.9240 6 5.00e-005 0.0140 = 052 . =
7| 1.00e-004 08710 7 1.00-004 00170 f 0w / - o0ss 5
8| 2.00e-004 07750 |= 8 200e-004 00210| % [£ 7 3
9| 5.00e-004 05850 9 5.00e-004 0.0300 0.32 A
0] 1.00e-003 0.4060 0 1.00e-003 0.0400 Y L o0ss
1] 2.00e-003 0.2660 1 2.00e-003 00530 g 0.2 ( .
12| 5.00e-003 0.1650 12 5.00e-003 00830 R — o.0ss
13| 1.00e-002 0.0760 [E) 1.00e-002 01230 # —
14| 200e-002 0.0450 14 200e-002 0.1610 0.02 — 0.z
15| 5008-002 00200 15 5.006-002 01930 TesA 0.maneT 0098001 004000
= = e Shenz stzain chars (o)

Material properties can be defined from various existing database. The following empirical equation can be
used to generate a function following the stratum properties.
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Method of the technical standards of port facilities
Asuda's Method

Liquidal Manual

Chapter 4. Mesh

Using Dynamic Strain Compatible Soil Equation [ Using Dynamic Strain Compatible Soil Equation =
Computing Method [Puhlic Works Research Institute '] Computing Method [Methed of the technical standards of port facilities vl
Stratum Plastidty Index (Ip)
@) Alluvial Cohesive Sl @Ip <94
) Diluvial Cohesive Soil ©9.4<= <30
©) Alluvial Sandy Sol, Diluvial Sandy Soil, Sandy Gravelly Soil 30 etp
Mean Principal Effective Stress (o'm) 0 Kaffem2 Mean Principal Effective Stress (g'm) 1 Kgffm2
Maximum Damping Ratio (hmax) 1]
Using Dynamic Strain Compatible Soil Equation =3 Using Dynamic Strain Compatible Soil Equation [l
Computing Method [Asuda‘s Method V] Computing Method [Liquida\ Manual V]
Stratum
Mean Principal Effective Stress (o'm) 0 Kaffem2 @ Clay
(0.2 <= o'm <= 3.0Kgffem32) _
() 5andy Sail
Particle (D50) 0 [mm]
(0.02 <=D50 <= 1.0 mm)
Database
A strain function stored from existing research can be imported from the database. An example DB is
shown below.
Strain Compatible Property Database (=)
Modulus Reduction Curve
[CIay -PI=10-20 (Sun etal.) V]
Plasticity Index |0
(0<=PI <=200)
Damping Curve
[CIay - Lower Bound {Sun et al.) -
Flasticity Index 0 Damping Ratio |0
(0<="PI <=200) (0.01<=DR <=1.0)
Clay - PI=5-10 (Sun et al.0) Clay - Lower Bound (Sun et al.0)
Clay - PI=10-20 (Sun et al.0) Clay - Average (Sun et al.0)
Clay - PI=20-40 (Sun et al.0) Clay - Upper Bound (Sun et al.0)
Clay - PI=40-80 (Sun et al.0) Clay (Idriss 1990)
Clay - PI=80+ (Sun et al.0) Gravel (Seed et al.0)
Clay (Seed and Sun 1989) Linear
Modulus  Gravel (Seed et al.0) Damping Rock
Reduction ' Linear Curve Rock (Idriss)
Curve Rock Sand (Idriss 1990)

Rock (Idriss)

Sand (Seed & Idriss) - Lower Bound
Sand (Seed & Idriss) - Average
Sand (Seed & Idriss) - Upper Bound
Sand (Seed and Idriss 1970)
Vucetic - Dobry

(
(
Sand (Seed & Idriss) - Lower Bound
Sand (Seed & Idriss) - Average
Sand (Seed & Idriss) - Upper Bound
Vucetic - Dobry
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Response spectrum function
Define the spectrum function used in response spectrum analysis. Because the response spectrum

analysis uses a linearly interpolated spectrum function value for the natural periodicity of the structure,
compact spectrum values are needed for areas where the curvature of the spectrum curve changes rapidly.
The period range of the spectrum function must contain all natural periods of the structure.

The spectrum data types are normalized acceleration (acceleration spectrum, gravitational acceleration),
acceleration, velocity and displacement spectrum and changing the time function data format only changes
the application format, not the data format. The scale factor is a gradient modulus for the entered data and
the entire data can be scaled to fit the specified maximum value. In the 'Damping Ratio' space, input the
damping ratio applied on the response spectrum but if the damping ratio of the target structure is different,
the input spectrum data is processed to fit the structural damping ratio.

Create/Modify Function =

Function Name Spectrum Data Type
KsBridge (@ Normaized Accele () Acceleration 2 Velodty (©) Displacement

Scaling Damping Ratie Graph Option
Design Spectrum... ? wng Phom
t [ x-axs Log Scale

© Scale Factor 0.05

Spectral | ~

Data | O Max. Value olg [T ¥-andis Log Scale

il 0.2
2| o000 02750 oz}
3| 02000 o0erso ea] |
4| 0300 02750
5
5
<
3

03326 0.2750
0.4000 0.2431 SR
05000 0.2095 H hY

Response Spectrum Function (== 0.5000 0.1856 ia
9 0.7000 0.1674 £ oa
Spectrum Name Type add, 10 0.8000 01532 s
E—T— ool oswg] | R
= . 12 1.0000 01320 . | == ]
P P P e ) X Tl I IR PR I PR PP
Close Desaription Ks-Bridge : Soi = 1,00 Area = 0,110 I = 1.000 R = 1000 Apply

Design spectrum function
Use the built-in design spectrum. The default built-in design spectrum types are as follows.

i kBc(009) |
Design Spectrum == ()

Koreaivch 2000
Korea(Bridge)
Design Spectral Response Acceleration IBC2000({ASCET-98)

o UBC(1997)
Seismic Zne UBC 88-94
Zone Factor(3) 0.22 - NBC(1995)
Eurocode-8({2004)
Site Class Eurocode-8(1996) Design
Eurocode-8{1996) Elastic
Fa 1.35 5de  0.4936666 g China(GH50111-2008)
China{GB50011-2001)
China Shanghai(DGI08-3-2003
Importance Factor (Ie) 1,2 - China (IT1004-89)
China {(ITG/T B02-01-2008)
4 - China(GB111-87)
Japan(Arch, 2000)
Japan(Bridge2002)
Taiwan(2008)
TaiwanBrg(39) Horizontal
TaiwanBrg(83) Vertical
151893(2002)

Fy 195 5d1 0.28746881 Q

Response Modification
Coef,

Max. Period 10 [sed

» Korea(Bridge) : Korea, Traffic Specification

» Japan(Bridge02) : Japan, Load instruction and Dynamic Analysis of Building

» China(JTJ004-89) : China, Specifications of Earthquake Resistant Design for Highway Engineering
» KBC 2009 : Korea, Korea Building Code-Structural 2009

» KBC 2005 : Korea, Korea Building Code-Structural 2005

» |BC2000(ASCE7-98) : USA, International Building Code 2000

» UBC(1997) : USA, Measure of Uniform Building Code 97 (Standards)

» EURO(2004H-ELASTIC) : Europe, Sesismic Design Measure of Structures

Time forcing function
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The time forcing function is applied to the loading conditions (ground acceleration, time varying static,
dynamic nodal, dynamic surface) applied to linear/nonlinear time history analysis. A function for the time
history loading value is formed and changing the time function data format only changes the application
format, not the data format.[edit] The scale factor is a gradient modulus for the entered data and the entire
data can be scaled to fit the specified maximum value.

Time Forcing Function

MName Type Data Type Add Time Function I
Elcent_h Time Function Morm. Acc.

i

Close
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Add Time Function
Time History Load Function ===
Time Function Data Type
Name Elcent_h [Normahzed Acceleration A
[ Import ][ Earthauake J S-Eallrvg Self weight Graph Option
(@ Scale Factor 1 [F] %-axis Log Scale
" 9.80665 mfsec? )
Time vae |5 Omaxvake [0 [C]¥-zxis Log Scale
(se0) @ |4
sn

L aze] ]
z 0.0400 0.0042 N
3 0.0600 0.0032 o e
2| 00800 0.0023 o I
5 01000 00017 a.08
6 0.1200 0.0045 oo A
7 0.1400 0.0072 £
2 0.1600 0.0071 T e
9 0.1800 0.0047 s I
10 02000 00022 oz i
11 02200  -0.0003 ez
12 0.2400 0.0048 e
13 02600 0.0100 I AP " PR PR P FL A P P PO P
14 0.2800 00143 |~

Descripton 1340, E Centro Site, 270 Deg ok [ caneel ][ appty |

The defined function is also applicable for Dynamic node (surface) loading and time varying static loading.
Specifying 'Force' or 'Moment' uses the time history load as a 'dynamic node (surface) load' input and
specifying 'Normalized Acceleration' or 'Acceleration' uses it to input the 'ground acceleration'. Specifying
'Normal' uses the time history load as the change in static load with time for 'time varying static load' or
'dynamic surface load'.

Import/Earthquake

Save and import frequently used time history loading or select earthquake acceleration data from the
program DB. There are a total of 32 types of earthquake acceleration.

1940, El Centro Site, 180 Deg |
1940, El Centro Site, Vertical
1852, Taft Linceln School, 65 Deg
1952, Taft Lincoln School, 339 Deg
1952, Taft Lincaln Schoal, Vertical
1952, Hollywood Storage P.E., 270 Deg
1952, Hollywood Storage P.E., 0 Deg
B 1952, Hollywood Storage P.E., Vertical

Generate Earthquake Acceleration Record 1971, San Fernanda, 63 Deg

1571, San Fernando, 152 Deg

1971, San Fernanda, Down

Barthquake 1979, James RD. E| Centro, 220 Deg
N 1979, James RD. El Centro, 310 Deg
iodnaFiFeatniteasiineq '] 1879, James AD. Bl Centro, Up
1979, Bonds Corner El Centro, 220 Deg
Amplitude Scale 1 Time Scale 1 1979, Bonds Corner El Centro, 310 Deg

1579, Bonds Corner El Centro, Up
" 1985, Mexico City, Station 1, 180 Deg
1940, El Centro Site, 270 Deg 1985, Mexico City, Station 1, 270 Deg

eak = 0.3569 g Duration = 53.72 sec 1994, Northridge, Sylmar County Hosp., 90 Deg
1994, Northridge, Santa Monica, City Hall Grounds, 0 Deg
1994, Morthridge, Santa Monica, City Hall Grounds, 90 Deg
1994, Morthridge, Arleta and Mordhoff Fire Station, 20 Deg
1989, Loma Prieta, Oakland Outer Wharf, 270 Deg
1989, Loma Prieta, Oakland Outer Wharf, 0 Deg
1971, San Fernando Pocoima Dam, 196 Deg

1571, San Fernando Pocoima Dam, 236 Deg

1966, Parkfield Cholame, Shandon, 40 Deg

1966, Parkfield Cholame Shandon, 130 Deg 2

Add Time Sinusoidal

A sine function can be used to define the time history loading. A, C are constants, f is the frequency of the
input load, D is the damping factor and P is the phase angle. If the time history load is entered as a
harmonic function, input the necessary sine function variables and click [Redraw Graph] to view the loading
on the right hand side.
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1.9

Hinge

Add/Modify/Show/ Time Forcing Functions
Function Name Time Function Data Type
Name Mormalized Acceleration -
Sinusoidal Function Scaling Self weight Graph Option
F(t) = (A + Ctye ™ sin(2nlt + ‘J[F) @ Scale Factor 1 [ -axds Log Scale
L 9.80665 mfsec?
() Max. Value 0fg [T v-axis Log Scale
where f = Freguency(cps)
D = Damping Factor e
A 0.5 9 028 it
.33
c 1 Qfsec 0.8 | |
saadp 1A
f 2 Cydefsec oanff ¥ 1
5 fi i
0.o8
’ ! e f AN
P 1 [ded] inx | \VARYEL
Erami T
Graph Drawing pan | il
Using Calculated Parameter -0.22 I i! \‘
-0.27
Time Increment 0.0133888839 -8z !
-0.37
Drawing Time(sec) 5 -0.42
-0.47
0 0.4 0.8 1.2 1.6 2 2.4 2.8 3.2 3.6 4 4.4 4.8 5.2 EE €
4 Redraw Graph q e
Description [ oK ] [ Cancel ] [ Apply ]

Overview

When crack or yield occurs due to irregular cyclic load such as seismic load, very complex behavior
appears since displacement history to the current affects to the restoring force and displacement
relationship. It is called that hysteresis model which regulates this relationship and is considered to inelastic
hinge at inelastic element.

Inelastic hinges are available in nonlinear, construction stage, consolidation, fully coupled, nonlinear time
history analysis, SRM/SAM (Slope stability analysis) and nonlinear time history analysis with SRM and
element results can be displayed.

Create/Modify Hinge Property Create/Modify Hinge Property
Beam |Tru55 I Elastic Link I Point Spring | Beam ‘ Truss I Elastic Link | Paint Springl
L 2 Name  Hinge Property color [ D 2 Name  Hinge Property color [ |-

- -

Interaction Interaction

() None @PM DPMM Mone @pPM P-M-M

Component Component
Mo. of Sections Hysteresis Model Hinge Location Hysteresis Model

T 0 Tx [I '] [None 'I

Elry 0| [None /3 By |1 None /4

Elrz 0| [None Brz |1 MNone IS

[Elrx 0| |None & [Frx |1 None 5

o o O — - —

Ere 0 [Noe H Rz 1 =] [None -

o) (o) (o o) Cona ) o )
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Methodology
o Type

[Beam - Lumped] : It concentrates the inelastic behavior represented by rotational and translational springs
at each end and the center. And the remaining parts are assumed to behave elastically. Inelastic hysteresis
behaviors are defined by skeleton curves, which are empirical hysteresis models. The axial component is
represented by a spring at the center and two translational components are represented by springs at each
end defined by force-displacement relationships. The two flexural components, My and Mz, are
represented by springs defined by the relationship between moment and angle of rotation at either | or J or
at both ends.

[Beam - Distributed] : Unlike lumped hinges, it assumes inelastic behavior throughout the member. The
plastic hinge locations in the length direction of a member assigned by the user are defined as the
integration points. The flexibility matrix of a section, which represents the distribution of internal forces, is
calculated through the integration points. The number of integration points can be 1 and between 3 and 20.
If the number of integration points is 2, the moment at the free end of a cantilever beam does not come to
exactly zero due to the inherited characteristic of the integration method. Therefore, two integration points
are not permitted. Inelastic hysteresis behavior can be defined by 2 models, empirical Skeleton and Fiber.
The hinge behaviors can be expressed by force - deformation relationships in each axis direction, and the
hinge hysteresis behavior of the flexural components can be expressed by the relationships of moment and
angle of rotation. Inelastic behaviors can be defined for 3 axis components and 2 flexural (My & Mz)
components.

[Truss] : The axial component is represented by a spring at the center defined by the force-displacement
relationship. The inelastic hysteresis behavior of a spring is defined by a skeleton model.

[Spring / Elastic Link] : Unlike Lumped and Distributed hinges, which are influenced by the inelastic
properties of materials and members, the inelastic plastic hinge properties for the corresponding linear
properties of each component of Property Type defined in General Link Properties are defined. The elastic
stiffness of each component is defined by effective stiffness and acts as the initial stiffness in inelastic
analysis. The inelastic hysteresis behavior of a spring is defined by a skeleton model. The inelastic
properties of a spring can be defined for all 3 translational and 3 rotational directions.

¢ Interaction
The type of considering interaction between axial force and moment is selected.
[None] : Interaction between axial force and moments is not considered.

[P-M in Strength Calculation] : N-M interaction in time history analysis is reflected by calculating the flexural
yield strength of a hinge considering the effect of axial force. In this method, the interaction between biaxial
bending moments is ignored. The axial force is assumed to act with each directional bending moment
independently when the hinge status is evaluated at each time step. Recalculation of bending moment yield
strength reflecting axial force is carried out in a loading condition, which satisfies the following three
conditions:

1) It must be the first among the sequential time history load cases, which will be consecutively

analyzed.
2) Inelastic static analysis must be carried out.
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The elements are inelastic beam elements assigned with hinge properties to which P-M interaction is
applied. The initial axial and bending moment at this time are determined by the combination of linear
elastic analysis results of all the static loads contained in Time Varying Static Load. The factors used in the
combination are defined by the Scale Factors specified in Time Varying Static Load.
[P-M-M in Status Determination] : This method uses a multi-axis hinge hysteresis model in inelastic time
history analysis. Interaction between axial force and biaxial moments is realized by applying the plasticity
theory. The interaction is considered at each time step through evaluating the status of inelastic hinges
using the 3-dimensional yield surface. FEA NX supports the kinematic hardening type.

P Yield Surface Yield Surface Parameters

Parameter Interpolation Method

(@ Elipse(alpha=2.0) () Linear(Alpha=1.0) () Alpha= 1
Unselected Function(s) Selected Function(s)
D Mame jin] MName
1 P-M
Yield Surface Function
[ Ok ][ Cancel
P Yield Surface Function Create/Modify Yield Surface Functions
Mame P-M
Py My Pz Mz
(kips) | (kips) | (kps) | (kips-ft) Plot:  [PMy i
gl -497.8000
2| 0.0000| 20.0000 0.0000 | 20.0000 f8.82 EEEEEE
3| as9000 o.oo000| 359000( 0.0000 e i Ml
4| 00000 200000 0.0000 | -20.0000 o
s i
: o J (o ][ mo
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¢ Interaction

If "P-M in Strength Calculation" or "P-M-M in Status Determination” is selected in Interaction Type, enter
the related data for P-M interaction curve and 3-D yield surface.

[Component]
Select the components of sectional strength for which properties will be entered. The Spring Type permits
properties in all directional components, whereas Lumped and Distributed types permit all but the Mx
component.

[Hinge Location]
Select the locations of lumped inelastic hinges. Axial component is fixed to the center of a member. I-end, j-
end or both ends can be selected for the bending moment components.

[Num. of Sections]

Enter the number of integration points for inelastic hinges of the distributed type. Up to 20 sections are
permitted, and moment - curvature relationships are calculated at all the sections corresponding to the
points.

[Hysteresis Model]
Select a hysteresis model for an inelastic hinge.
Hinge Components (Single)
Create/Modify Hinge Component @
jinj 3 Mame  Hinge Component
Hysteresis Model Type Origin-oriented -
DﬁQinented
@ Symmetric [ Eizl;:r‘;int‘ad
) ) Clough
Yield Function Degrading Type
Takgda
Unloading Stiffness Parame Lﬂ;ﬂl?%ﬁli—:::?a
Multi-Linear 0.4
Ramberg-Osgood
Hardin-Drnevich 1
[ QK ] [ Cancel ] [ Apply ]

o Hysteresis Model Type

[Origin-oriented] : Response points at the initial loading move along a trilinear skeleton curve. Response
points at unloading move toward the origin and again move along the skeleton curve after reaching the
opposite skeleton curve.
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K3,
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Dly, D2,
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[Peck-oriented] : Response points at the initial loading move along a trilinear skeleton curve. Response
points at unloading move toward the point of maximum displacement on the opposite side. If the first
yielding has not occurred on the opposite side, the response points move toward the first yielding point on
the skeleton curve.

P
K3|+l
P2y
Kz i+
Pl
Ko
. D
D2

[Kinematic] : Response points at the initial loading move along a trilinear skeleton curve. The unloading
stiffness is identical to the elastic stiffness. It shows the tendency of strength increase with the increase in
loading. This is used to model the Bauschinger effect of metallic materials. Accordingly, it is cautioned that
energy dissipation may be overestimated for concrete. Due to the characteristic of the model, only the
positive (+) and negative (-) symmetry is permitted for the strength reduction ratios after yielding.
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[Clough] : Response points at the initial loading move along a bilinear skeleton curve. Unloading stiffness is
obtained from the elastic stiffness reduced by the equation below. As the deformation progresses after
yielding, unloading stiffness reduces gradually.

o Y
K =KO( ' ] <K,
DmaX
D- B
K;:KU[ ! J <K,
Dmin
K, : Initial elastic stiffness
Dy Yield displacement in the region of the first unloading
D,. : Maximum displacement in the region of tension
D,, : Maximum displacement in the region of compression
f . Constant for determining unloading stiffness

If the sign of loading changes in the process of unloading, response points move toward the point of
maximum displacement in the zone of progressing direction. If yielding has not occurred in this zone, the
response points move toward the yield point on the skeleton curve. If unloading becomes loading without
changing the loading sign, the response points move along the unloading path. If the loading continually
increases, loading continues on the skeleton curve again.
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[Degrading] : Response points at the initial loading move along a trilinear skeleton curve. The load-
displacement coordinates at unloading move to the path of reaching the maximum deformation point on the
opposite side due to the change of unloading stiffness once in the middle. If yielding has not occurred on
the opposite side, the first yielding point is assumed to be the maximum deformation point.

Initial unloading state prior to yielding in the uncracked

zone (for small displacement)

o
L

L

‘ Kn

Initial unloading state (for large displacement) and
inner loop prior to yielding in the uncracked zone

[Takeda] : Response points at the initial loading move along a tetralinear skeleton curve. If the current
displacement or deformation, D, does not exceed D3, the hysteresis rules are identical to the Original
Taketa hysteresis. If the current displacement or deformation, D, exceeds D3, response points move along
the slope K4. For unloading, response points move by the same rules as the Original Taketa hysteresis.
The Takeda tetralinear hysteresis model can be applied to beam element and General Link of Spring Type

of Lumped Type and Distributed Type.
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P
P34 K4y
PZ( +17
Pl.\+]_ I
l(unl

Dslﬂ

[Modified Takeda] : Response points at the initial loading move along a trilinear skeleton curve. If the
current displacement or deformation, D, exceeds D2 for the first time or the maximum deformation point up
until now, response points move along the trilinear skeleton curve. If unloading takes place from this
straight line toward the opposite direction, the points move along the slope K., until the point of the
restoring force becoming 0. If the restoring force goes beyond the 0 point, the points move toward the
maximum deformation point on the opposite side. Even in the case where unloading takes place from the
straight line directed toward the maximum deformation point from the point of the 0 restoring force, the
points move along the slope K, until the points reach the 0 restoring force. After the point of O restoring
force is passed, the points move toward the maximum deformation point on the opposite side. The Modified
Takeda type hysteresis model can be applied to beam element and General Link of Spring Type of Lumped
Type and Distributed Type.

P2,

Pl

Kun: /
D2, LAY D

P2

Section 1. Property/Coordinate/Function | 255



Z

User Manual Chapter 4. Mesh

[Normal Bilinear] : Response points at the initial loading move along a bilinear skeleton curve. The
unloading stiffness is identical to the elastic stiffness. The Normal Bilinear type hysteresis model can be
applied to beam element and General Link of Spring Type of Lumped Type and Distributed Type.

P
K2
Pl /
Ky
n
Dl{i—]
[Modified Ramberg-Osgood]

Nonlinear Parameters

Critical Displacement (Gr) am

Maximum Damping (hmax) 0.05

(n.m)

Slzlzton Curve

A
< /

Hysterasis Curve

[Modified Hardin-Drnevich]

Monlinear Parameters
Critical Displacement (Gr) 0m

Maximurm Darnping (hmas) 0.05

256 | Section 1. Property/Coordinate/Function



\

7

User Manual Chapter 4. Mesh

(L]
Slzlaton Curve

w4 ¥

|

Hysterasis Comve

Create/Modify Hinge Component (=E3a]

jin} 3 Mame  Hinge Component

Hysteresis Model Type ’Mod.iﬁed Takeda v]

@) Symmetric ) Asymmetric
Yield Function [mmﬁm v]

Unloading Stiffness Parameter

Exponent in Unloading Stiffness Calculation 0.4

Inner Loop Unloading Stiffness Reduction Factor 1

[ ok [ cancel J[ apoly |

¢ Symmetric /| Asymmetric
Select the type of Skeleton Curve.

¢ Yield Function

Yield Function =
Name rotation TYPE |Rotation -
Constitutive Behavior Initial Stiffness
(@ stiffness Reduction (@) Elastic Stiffness
() Yield Displacement () User Defined I:I kips+ft

Reduction Force > 1

. | 038

Ratio (kips-ft) =

o2z

» 1.8
078

# 07

>

Zero

— o 905 0.15 0.2% 09.3%5  0.45  0.55 0.5 0.75  0.85  0.35 1

1 Scale Value

Al
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[Stiffness Reduction Ratio] : Enter the stiffness reduction ratios of a sloped skeleton curve when Strength -
Stiffness Reduction Ratio is selected for Input Type.

[Yield Displacement] : Enter the yield displacement of a sloped skeleton curve when Strength - Yield
Displacement is selected for Input Type.

[Force (Yield Strength)] : Yield strength is specified. It is user defined based on material and section
properties. The user specifies positive (+) values regardless of tension (t) or compression (c). The program
treats compression as negative (-) internally.

¢ Unloading Stiffness Parameter

[Exponent in Unloading Stiffness Calculation]

This is an option used to determine the unloading stiffness of the outer loop used in the Clough and Takeda
type models among hysteresis models of skeleton curves. This is used to reflect the effect of reduction in
stiffness, which occurs as the deformation progresses after yielding. The unloading stiffness is determined
by the elastic stiffness reduced by the yield displacement and maximum displacement in the zone where
unloading begins and the exponent entered here.

[Inner Loop Unloading Stiffness Reduction Factor]

This is used to determine the unloading stiffness of the inner loop. The inner loop is formed when unloading
occurs before reaching the target point on the skeleton curve while reloading after the loading sign changes
in the process of unloading. The unloading stiffness of the inner loop is calculated by multiplying the
unloading stiffness of the outer loop by the reduction ratio for the unloading stiffness of the inner loop.

Hinge Components (Multi)
Create/Medify Hinge Component @
jis} ﬂ MName  Hinge Component
Hysteresis Model Type Kinematic -
P-M Interaction Curves
Strengths for the 1st P-M Interaction Curve
| pcy | pcto | pcay | poBz | Meymax | Mezmax
a [u] [u] [u] [u] a

Strengths for the 2nd P-M Interaction Curve

| prio | pvo | pey | Pvez | Myymax |mvzmax
0 0 0 0 0 0

Approximation of Yield Surface Shape

Beta y Betaz

Surface Gamma
o | © wm | © Alpha
ist 1} o 0 a v}
a
2nd 0 o 0 a o
FX
Stiffness Reduction Ratio Alphatl 0 | Alpha2 a
Initial Stifness Elastic Stiffness  ~ 0
MY
Stiffness Reduction Ratio Alphal 0 | Alpha2 0
Initial Stiffness Elastic Stiffness ~ ~ 0
Mz
Stiffness Reduction Ratio Alpha1l 0 | Alpha2 o
Initial Stiffness Elastic Stiffness ~ ~ 0
[ CK ] { Cancel J l Apply ]
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[P-M Interaction Curves]

Enter the P-M interaction curve data required to calculate 3-dimensional yield surfaces. All strength values
must be entered with positive sign. Sign convention for plotting P-M curve is positive for compression and
negative for tension.

Strengths for the 1st P-M Interaction Curves
PC(t): First yield strength subject to pure tension force
PC(c): First yield strength subject to pure compression force
PCBy: Axial force at the time of balanced failure in the first yield interaction curve for the y-axis
moment of the section
PCBz: Axial force at the time of balanced failure in the first yield interaction curve for the z-axis
moment of the section
MCy,max: Maximum bending vyield strength in the first yield interaction curve for the y-axis
moment of the section
MCz,max: Maximum bending yield strength in the first yield interaction curve for the z-axis
moment of the section

Strengths for the 2nd P-M Interaction Curves
PY(t): Second yield strength subject to pure tension force
PY(c): Second yield strength subject to pure compression force
PYBYy: Axial force at the time of balanced failure in the second stage yield interaction curve for the
y-axis moment of the section
PYBz: Axial force at the time of balanced failure in the second yield interaction curve for the z-
axis moment of the section
MYy,max: Maximum bending yield strength in the second yield interaction curve for the y-axis
moment of the section
MYz,max: Maximum bending yield strength in the second yield interaction curve for the z-axis
moment of the section

[Approximation of Yield Surface Shape]

On the basis of P-M interaction curve, the parameters for 3-dimensional yield surface are either user
defined or auto-calculated. If some items are auto-calculated and the remainder is to be user defined, Auto-
calculation should be performed first, and then necessary items can be modified after converting to User
Input. In case of Alpha, only user defined entry is possible. The value of each parameter is used in the
equation of yield surface displayed in the dialog box.

Beta y, Beta z, Gamma: Being the exponential powers of P-My or P-Mz interactions, different
values can be entered for the first and second yields. For Beta y and Beta z on the other hand,
two separate values representing the ranges of larger and smaller axial forces relative to the axial
force at the time of balanced failure can be entered.

Alpha: Exponent for My-Mz interaction for the 1% and 2" yielding

[Stiffness Reduction Ratio]
Enter the stiffness reduction ratios of a sloped skeleton curve when Strength - Stiffness Reduction Ratio is
selected for Input Type.

a1: Ratio of stiffness immediately after the first yielding divided by the initial stiffness
a2: Ratio of stiffness immediately after the second yielding divided by the initial stiffness

[Initial Stiffness]
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The initial stiffness used in inelastic analysis is either selected or entered by the user.
Elastic Stiffness: elastic stiffness of a member is used as the initial stiffness for inelastic analysis.

User Defined: the user directly enters the initial stiffness if the Input Type is Strength - Stiffness
Reduction Ratio.
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Section2  Control

2 . 1 Point

Size Control Size Control [3a]
= Select Object(s) J
Mesh Size a
Name  Paint Size Control
[ ok J[ cancel J [ apaly ]

Overview

Specify the size of elements surrounding the selected point. It is only applied to points imprinted on the
surface or points that exist as interior objects. Points that exist on sub-shapes, such as the corners of a
surface, are automatically ignored during the mesh creation process.

Methodology

Without Point Size With Point Size

...........

Imprinted Point

Specify the point and input the mesh size with respect to the current length unit to generate a mesh around
the selected point.

Tip

'Seeding' is defined as the 'position where the node will be generated'.

If a seed is assigned to the shape and the shape is then modified, all seeding information is erased.
Hence, seeding assignment is best d1 just before the mesh creation, after the geometrical shape has
been finished. Seed information is the value that is applied first during mesh creation and the value is
continuously applied until it is erased or removed.

The generated seed information can be registered on the Control mesh column of the Model tree by the
specified name. The seed information can be erased/modified using the Context Menu.
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»Interval Length
»>Number of Divisions

»>>|inear Grading
(Length)

»»>>>| inear Grading
(Ratio)
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Edge seed

Size Control
Point | Edge | Custom
(Bl sekctoteaw ]

E Select Reversed Object(s)

Method [Inber\ral Length v]

Mesh Size 0 m

Name Edge Size Control

(Cox | [cancel | (Caeny ]

Overview

Select edges (lines) and use the following 5 methods to preset the position (mesh size) of the new mesh
node. The node spacing can be directly entered or a selected line can be divided into constant or linearly
changing segments.

Methodology

[Interval Length] : Input the node spacing in the current length unit.

[Number of Divisions] : Divides the selected line into multiple divisions, specified by the input number.
[Linear Grading (Length)] : Input the spacing between the start and end points of a line to automatically set
the node positions through linear interpolation.

[Linear Grading (Ratio)] : Input the spacing ratio (end/start) between the start and end points of a line.

Interval Length ) Number of Divisions
I i 1
1 1
¥
A size = 10mm Num of Div.= 4
Linear Gradient (Length) Linear Gradient (Ratio)
SLen=5mm _ SLen=5mm
Div _ Div Ratio (Elen/Slen) = |
=4 =4 2.0 (10mm/5mm)}) ||

N ELen= 10mm
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»Hyperbolic Tangent

»Custom seed

[Hyperbolic Tangent] : Input the start length and number of divisions to specify the nodes positions
considering the total length of the line and number of divisions.

P P
P

\ _._,/Ji-lyperbolic Tangent

The number of divisions and certain intervals to the Linear Gradient (Length/Ratio) method. Entering the
number of divisions makes it a priority. The certain interval defines the section of the selected line where
linear change will take place. Input 0 for the start point and 1 for the end point. For an input of 0.3, the line
will be divided by the specified constant value until 0.3 of the length from the start point. From that point,
linear change takes place. Entering a negative value applies the certain interval value from the end point.
For an input of -0.3, the line will be divided by the specified constant value until 0.3 of the length from the
end point. The rest of the line will undergo linear change. Check the symmetric seed option to generate
seeds that are symmetric about the center of the line.

Custom seed

Specify the node positions on the selected edge by entering the coordinates in the table directly. Entering a
ratio between 0~1 automatically calculates the node position (length) of the selected line.

Size Control =

Point | Edge | Custom

1) Select Edge ]

Parameter Length

0.000000 1.0
1.000000 10

Custom Seed

=

0 01 02 0.5 0.8 1.0
Customized Parametric Position (0 ~ 1.0)

Name Edge Custom Size Control
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2 2 Overview

Default Size The mesh size and number of divisions used in the mesh creation process can be preset. The default mesh
Control size is not forced upon and is the value entered in the Generate mesh dialog box. Hence, the user can
input a different value to generate a different size mesh during the mesh creation process.

Default Size Control =
Use Default Size
Mesh Size
@ Size () Division 10 m

Methodology

Check the ‘Use Default Size’ to apply the default setting to all Generate mesh dialog boxes. The current
length unit can be set directly or can be defined by the number of divisions of the selected shape.

2 3 Overview

Property Control Pre-assign the properties (Edge, Face, Solid) of the geometry shape.

Property Control ===
| Edge [Face [soid |
(B Select Object(s) ]
Property
al |
Name Edge Property Control

Methodology
»Edge (Property Control) rop. Generate 1D _ DelfaL{ItMesher:m} o proserty oreraonn
»»Face (Property Control) AN Auto-mesh ) < | || Juto-mesn
»»»Solid (Property \\ w =y o
Control) S - I
Circle Prop.

Solid Property B
Loop Mesher (Zmm})

The element properties can be assigned simultaneously as the mesh creation. However, this function can
be used to pre-assign the properties of the geometry shape and to automatically generate elements using
the assigned properties. Pre-assigning a property give it priority over other property assignments during
mesh creation.
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2 4 Overview

Match Seed Specify the seed by transferring the seed information of a seeded edge to another edge. It is generally
used to make the node positions of 2 separated edges similar to generate a homogeneous mesh or to ease
the share node operation at a point with a very small gap.

Match Seed
Edge

Target Edge
[E Select a Target Edge ]

Source Edge

[_H Select Object(s) ]
Match Method

(@) Projection () Proportional

Indude Seeds of Source Edge's Ends

[ OK ][Cancel ” Apply] o

Methodology

>Match Seed Projection Proportional

(Projection/Proportional) R .
te— .‘\\;
| N
te— L—
<1 "
te—1 4 :/;

Select the target edge and the already seeded source edge to transfer the seed information from the
source edge to the target edge.

[Projection] The source edge seeds are projected on to the target edge in the minimum distance direction.
[Proportional] Set the ratio such that the target edge has the same node division ratio as the source edge.
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2 5 Overview

Layer Control This tool creates several layers of mesh around holes (circular closed shapes) to obtain more accurate

stress concentration result

[ Layer Control M
Manual
(v Selected 1 Target Surface  *— B
Number of Layers 5 % \\sp
Total Layer Height 0,03 |'m
Layer Growth Rate 1
Mame Layer Control
E@R [ ok ][ cancel | [Capoly )
[ o

Methodology

Select the target surface where circular shape is present and edges from circular shape (closed edges
domain).

Number of Layers
Specify the number of layers to be offset (minimum value 1).

Total Layer Height
Specifies the height of the total number of boundary layers.

Layer Growth Rate
Proportionally adjusts the height value as the layer advances when the number of boundary layers is 2 or
more.

Example:

When 1 is input, it is represented by the same height.

If it is larger than 1, it becomes larger.

If it is smaller than 1 a layer is created with increasingly smaller heights.

Layer Growth Rate 1 Layer Growth Rate 1.2 Layer Growth Rate 0.8
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»Generate 1D mesh

Generate

Overview

Chapter 4. Mesh

Generate a 1D structural mesh by selecting an edge. It is mostly used to generate independent structural

elements that do not require node connections with neighboring ground elements.

Methodology

Generate mesh(Edge) ==
Auto-Edge
= Select Object(s) ]
Size Method
(T) Size (@ Division 10
Crientation (Element Z-Axis)
Beta Angle: 90 [deg]
Property
il —
Mesh Set Auto-Mesh(1D) -

Ye

Division=10 I
Ze

Orientation(Ye) = (0,0,1)

C o

Embedded trusses or Pile elements are interface elements that do not require node connections with
neighboring ground elements. These elements can set independent mesh sizes or number of divisions to

generate meshes independently.

The assigned properties can be set or new properties can be added during Mesh creation.
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[Orientation (Element Z-Axis))

This function is used to unify the direction property of a 1D element to 1 direction or to set the major and
minor axes directions. Adjust the Z axis direction by checking the element coordinate axis and assigning
with reference to the Beta angle.

Orientation (Element Z-Auxis) (=2

(7) Ref. Node El selectatiode

(@ Ref, Vector (GCS)

o [= Select Direction

|:| Reverse Direction
() Direct Input

) Beta Angle |20 [d=a]

+ Reference node: Select the reference node for the sectional direction of the 1D element. The
element Z coordinate direction is set with reference to the selected node.

o Reference Vector (GCS): Set the Z coordinate direction of the selected element using the GCS
direction or the input vector direction.

o  Beta Angle: Angles 0, 90 and 180 can be chosen, and the selected Beta angle rotates the
element by that angle with reference to the X axis.

»Beta angle:0 —

»»Beta angle:90
»»>»>Beta angle: 180 i

Advanced Option ()

Small gaps within the tolerance can be automatically joined for mesh creation. When creating a mesh for 2
or more edges, individual independent mesh sets can be generated.

Advanced Option (===l
Merge Modes
Tolerance 0.0001

[ register Each Mesh Independently

[ K ] [ Cancel
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3 2 Auto-Face

2D Overview

Generate a 2D mesh by selecting a surface. It is mostly used to generate a mesh in the ground or specified
area of a 2D model.

Generate mesh(Face) @

Auto-Face |Autn4\rea IMap*ace |Map4\rea‘

1=3 Select Object(s) ]
Size Method

@ Size () Division 0

Property

) I
Mesh Set Auto-Mesh(2D) -

Methodology

Define the mesh size directly or input the number of divisions for the surface forming edge to set the mesh
size. Assigned properties can be specified during mesh creation, and the name of the mesh set can be pre-
determined.

»Auto-generate surface Geometry Auto Mesh
mesh (Face, Shell) (Tria+Quad)

Advanced Option ()

Additional options are provided depending on the mesh generation method. The mesh shape, mesh density
and generation algorithm can be set. The initial settings take into account the efficiency and accuracy
depending on the geometric shape for the best mesh generation. The detailed settings are as follows.

Advanced Option ==
[¥]Merge Nodes
Tolerance 0.0001
Refinement Factor

Fine Caarse

1 1

2D Mesher

[De\aunay Mesher ']

Element Type
[ri+guad -

[ Higher -Order Element
Midside Nodes on Geometry

Skip Meshed Face(s)
Pattern Mesh
[] Register Each Mesh Independently

[Merge Nodes]
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>Loop
»>CGrid

»»>»>Delaunay

270 | Section 3. Generate

Merge 2 or more nodes within the tolerance during mesh generation. Nodes separated by tiny gaps are the
main sources of error during analysis, and small gaps within the tolerance can be automatically joined for
mesh creation.

[Refinement Factor]

Select the mesh size (mesh density) that will be created in the interior of the selected shape. A more
compact mesh is created as the value approaches [Fine]. Fine meshes provide more detailed result
analysis, but it is important to consider analysis time and efficiency when selecting the mesh density.

[2D Mesher]

Select the mesh generation algorithm for mesh generation. The user can select between three options;
Loop Mesher, Grid Mesher and Delaunay Mesher. The generated shape and process change with the
selected algorithm.

o Loop: Mesh generation method and shape based on Looping algorithm
e Grid: Complex mesh generation based on Modified grid algorithm
o Delaunay: Indirect mesh generation based on Delaunay triangulation algorithm
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[Element type]

Generate a mesh with the selected shape. The user can select between a triangle, quadrilateral or a
combination of the 2. Quadrilateral meshes provide a more stable analysis, but for complex geometric
shapes where quadrilateral meshes are difficult to generate, it is better to generate a triangular mesh.

[Higher-Order Element]

Generate another node between mesh nodes to create a higher order mesh. Higher order adds a
computation point and therefore, a more detailed analysis is possible, but the analysis time becomes longer.
It is recommended that meshes be created with reference to the mesh shape and mesh density, and the
higher order meshes be created only when necessary, depending on the analysis method. For example,
generate a higher order mesh for the strength reduction method on a slope face where analysis of detailed
deformation sections is necessary.

Check the [Skip Meshed Face(s)] to prevent overlapping generation of meshes on a surface with an
existing mesh. The homogeneity option can be set to make the mesh sizes as uniform as possible. Also,
when generating meshes on multiple surfaces at the same time, the mesh sets can be individualized by
each surface or grouped into 1 mesh set.
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element

Auto-Area

Overview

Chapter 4. Mesh

Select lines that form a closed area to generate a mesh in that domain. It does not create a surface for a
complex 2D shape and is used to generate a mesh in all areas.

Methodology

Generate mesh(Face)

Auto-Area

=3 Select Edge(s) |
[_H Select Point(s) ]

Size Method
@ Size () Division 0

[ Mesh Inner Domain
Indude Interior Edges

Property

| 0

Mesh Set Auto-Mesh (Planar Area) -

(Lok [ cancel ] oty ] [>>]

Define the mesh size directly or input the number of divisions for the area forming edge to set the mesh

size.

If the closed domain is within another closed domain, use the [Mesh Inner Domain] option to divide the
domain and auto-generate. If an interior line (edge) or point is selected, the option identifies the position of
the line or point and creates a node. In particular, the [Include Interior Edges] option can extract sub-

shapes from an edge and is a vital option when generating a structural element.

Geometry Auto Mesh
{Inplane Edges) (Tria+Quad)

N
A~

Interior Point & Curve
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»Create mapped mesh
surface

272 | Section 3. Generate

Map-Face

Overview

Select a surface and auto-generate a quadrilateral mesh. The Mapped mesh maps the selected shape with
square domains and generates a mesh on the mapped domains.

Generate meshiFace) @

Auto-Face | Auto-Area | Map-Face | Map-Area |

1=3! select Objectls) ]

Select Corner Point {Optional)

Size Method
@ size () Division 0

[¥] sort Selected Face
@) X-Axis () ¥-Axis (&) Z-Axis

Property

NfE—
Mesh Set Map-Mesh{20) -

Methodology

Define the mesh size directly or input the number of divisions on the surface forming edge.

The target shape must have at least 4 outlines for the mesh to be generated and if the shape has too many
outlines, the automatic mapping may not work. In this case, select 4 corners to manually map the edges.
The 4 selected points become the corners of the square domain and lines between each point are mapped
by 1 side of the square domain.

For mapped domains, mesh cannot be created if the opposing outlines (the group of outlines opposite each
other after mapping) have different number of generated mesh elements. Hence, it is convenient to work
after entering the seed information on the edge beforehand.

Geometry Mapped Mesh
(Face) (Quad)
e e n
o | s s '
IlI | . I T
\ A %% % 5 R R AR e
(\J‘\ Corner Point -

Tip

Generating a mesh by selecting multiple surfaces in random order may not generate a mesh because the
number of divisions on the left and right are not the same. To avoid this, specify the mesh generation
order as X axis, Y axis or Z axis and align the surfaces in order before generating a mesh.
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Map-Area
Overview
Select lines that form a closed domain to generate a quadrilateral mesh.
Generate mesh(Face) @
| Auto-Face | Auto-Area | MapFace | Map-Area
[Aummahc Mapped-Boundaries - ]
= Select Object(s) J
Size Method
(@ Size () Division 0
Property
Ol E—
Mesh Set Map-mesh (Area) -
Methodology
Define the mesh size directly or input the number of divisions on the surface forming edges. Select
[Automatic Mapped-Boundaries] or [Manual Mapped Boundaries] edge composition to select edges that
form a closed domain.
»Automatic Mapped- Geometry Mapped Mesh G?Sdr;?;w Mal?afgy}esh
Boundaries (Edge) (Quad)
—F T\ TETE B3 |e2
»»>Manual Mapped |
Boundaries E3 E1 |
Selected Edges (24) E3 E4

[Automatic Mapped-Boundaries)
Generate a 2D mapped mesh by automatically selecting edges that form the desired domain. The mesh
may not be created due to the model shape and algorithm properties.

[Manual Mapped Boundaries]

When the 2D mapped mesh cannot be automatically generated, the edges are divided into 4 explicit groups
and then selected. All edges within an edge group must be connected and the edge groups need to be
specified in order, either in the clockwise or counter clockwise direction. Finally, the selected edges must
form 1 closed domain.
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3.3

3D

»Auto-generate solid
mesh

>»Hybrid mesh shape
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Auto-Solid

Overview

Automatically generate a mesh on a 3D solid shape. The mesh shape can be selected between a
tetrahedral and a hexahedron centered hybrid (tetrahedral + hexahedron combination shape).

Generate mesh(Solid) ==
Auto-Solid | Map-Solid | 2D-»3D

&= Select Object(s) ]
Size Method

@ Size )

() Division 10

() Automatic

More Less 0

[Dev’aultTeh'a Mesher w7

Match Adjacent Faces

Property

e 4
Mesh Set Auto-Mesh(3D) -

Methodology

Define the mesh size directly or input the number of divisions on the solid forming edges to set the mesh
size. Also, the mesh density can determine the mesh size by the “More” or “Less” option in [Automatic].

Auto Mesh Hybrid Mesh
(Tetra) (Hexa+Phyramid+Tetra)

[Mesh generator]

The default tetrahedron element and hexahedral centered hybrid element are both supported. Like the 2D
mesh, quadrilateral-based meshes provide more stable analysis than triangle-based meshes. Hybrid
elements are formed by combining a pyramid and tetrahedron on the hexahedron base.

Tetrahedral element

Pyramid element

[Match Adjacent Faces]
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The most important part in mesh generation is the node connection between adjacent elements. If the
nodes are not connected, errors can occur during analysis and if the “Fit adjacent mesh” option is checked
off, the nodes may not be connected even though an interface forms between the 2 solids. Unless the node
is removed separately, always keep this option checked when generating a mesh.

Advanced Option ()

The mesh shape and mesh density options can be set additionally depending on the mesh generation
method. The detailed settings are as follows.

Advanced Option 3]
Interior Edge/Point
= Select Interior Edge(s) J
@ Select Interior Point(s) ]
[T Register Each Mesh Independently
[ consider Imprinting Shape on Face
O E——

[#]Merge Nodes
Tolerance 0.0001
Refinement Factor
Fine Coarse
(& 11
[ Higher-Order Element

Midside Nodes on Geometry

[] Geometry Proximity
[]Pattern Mesh
[¥] Register Each Mesh Independently

[Interior Edge/Point]

Generate a solid mesh considering the position and size of the interior edges inside a solid. If the whole
edge is within the solid, just selecting the edge creates a solid mesh that considers the interior edge.
However, if the edge is touching or penetrating the exterior boundary surface, the intersecting point needs
to be imprinted on the surface of the solid and the mesh division point needs to be set to generate a solid
mesh. Selecting an interior point creates a mesh node at the point when the mesh is created.

The additionally selected interior edges can be assigned a 1D structural property during mesh generation.

»Include interior

edge/point

Interior
Vertex

Interior
Edges

[Merge Nodes]
Merge 2 or more nodes within the tolerance during mesh generation. Nodes separated by tiny gaps are
main sources of error during analysis and small gaps within the tolerance can be automatically joined for
mesh creation.

[Refinement Factor]

Set the interior mesh density in addition to the mesh size to create a better quality mesh.
[Higher-Order Element]
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»Auto-generate
hexahedral mesh
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Generate another node between mesh nodes for a more detailed analysis, but the analysis time becomes
longer per additional node.

Other options are available, such as [Geometry Proximity], which divides meshes that have a size
difference during the mesh generation process, and {Pattern mesh}, which makes the mesh sizes as
uniform as possible.

Map-Solid

Overview
Automatically generate a hexahedral mesh on 3D solid.

Generate mesh(Salid) =

| Auto-Soiid | Map-Solid |23 |

1=2! Select Object(s) ]

Select Base Face (Optional)

Size Method
@) Size () Division 1]

Match Adjacent Faces

Align @ x-Axis () Y-Axis () Z-Axis
Property
gf——
Mesh Set Map-Mesh (3D) -

Methodology

Define the mesh size directly or input the number of divisions on the corner edges to set the mesh size.
Mapped meshes use only hexahedral shapes to generate the mesh and so, the seed information on the 2
opposing surfaces needs to be identical. Hence for complex shapes, the solid needed to be divided
appropriately or the seed information must be input in advance.

Mapped Mesh
(Hexa)

Number of Sides =6

[Select Base Face]
Use the Sweep Based Mapped Mesh algorithm to generate a mesh when the 3D mapped mesh is not
generated by the Full Mapping algorithm. However, the mapped mesh may not be generated if the shape is
complex and the reference surface cannot be automatically found. In this case, directly select the reference
surface for Sweep.

[Match Adjacent Mesh]

Generating a mesh by selecting multiple solids in random order may not generate a mesh because the
number of divisions on the left and right are not the same. To avoid this, specify the mesh generation order
as X axis, Y axis or Z axis and align the surfaces in order before generating a mesh.

2D ->3D
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Overview

Generate a tetrahedral or hybrid (hexahedral centered) mesh using 2D mesh information for a 2D mesh
enclosed domain with no solids.

Generate mesh(Solid) [
[uto-old [ Map S0l | 20->10 |
1= Select Object(s) ]
(©) Tetra Mesh
@ Hybrid Mesh (Hexa-dominant)
[]Delete Source Mesh Set
Property
)
Mesh Set Solid+Mesh(2D->30) -

Methodology

The 2D mesh must completely surround the domain where the 3D mesh will be created without any free
edges. The original 3D mesh can be deleted or kept.

»2D->3D Mesh

) Source 2D Mesh Result 30 Mesh
generation

Only Tetra Mesh

Advanced options ()

The following advanced options can be set when generating a 3D mesh from a 2D mesh. The nodes within
the tolerance can be automatically merged to prevent analysis error and the interior mesh density of the
solid mesh can be specified. Selecting the [Avoid Tetra with All Boundary Nodes] option prevents the 4
nodes of the tetrahedral element from all being on the boundary surface. This option puts at least 2
elements in the thickness direction of a thin solid and granting it a boundary condition can prevent the 4
nodes of the tetrahedral element from all being restricted.

Advanced Option =]
Merge Nodes
Tolerance 0.0001
Refinement Factor

Fine Coarse

il 1.1

[ Higher-Order Element

Midside Modes on Geometry

Avoid Tetra with All Boundary Nodes

[ OK ] [ Cancel
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3.4

Remesh

»Regenerate 2D mesh
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Overview

Regenerate a 2D mesh using already created 2D mesh information to define the surface. This option can
be used to edit the mesh size and shape.

Remesh (23]
D
(= Select Object(s) ]
Mesh Type
() Triangle @ Quad. () Tri+Quad
Parameter
Max, Elem Size 1}
Patch Angle 15 «=45 [Deq]
Keep Boundary Node

Property

) F—
Mesh Set Regenerated Mesh Set -

Methodology

When selecting the target for mesh generation, surfaces that do not have an existing 2D mesh are not
selected. The mesh type can be selected from triangular, quadrilateral and triangular+quadrilateral
combined elements.

Source Mesh Remesh
(Tria+Quad)

[Maximum Element Size]

Specify the maximum Element size of the new mesh. However, if the target surface is seeded, the seed is
also applied to the mesh regeneration process. Hence, to specify a new mesh size, the existing seeds need
to be deleted before regeneration.

[Patch Angle]
Input the maximum angle between the selected existing element and the new generated element. The
angle needs to be smaller than 45 degrees.

[Keep Boundary Nodes]
Decide whether to keep the boundary nodes. The boundary node positions may not be changed, even if
the element shape or size is changed, to connect with other nodes of adjacent meshes.
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Section4  Mesh Set

4 1 Methodology

Rename Change the name of the mesh set by adding numeric suffixes in the specified order. Because the data used
for construction step is classified by the name of the mesh set, it is recommended to classify the mesh sets
by domain or property in advance. It is especially useful to use the Wizard to automatically set the
construction step.

Mesh Set =
Rename | Copy | Create

[ E Select Object{s) ]
Sorting Crder
Coordinate

CSys | Global Rectangular =

Ist 2nd 3rd
ko s o
Base Point of Mesh Set (Bounding Box)
@) Center Min Max

Order

@ Ascending Descending

Maming Rule

Name: Mesh Set

Starting Suffix Number 1

oK Cancel

Methodology

Select all the mesh sets that need name changes and set the classified order and name. For example,
selecting 3 mesh sets and entering “Excavation” for the name and “3” for the Start number changes the
name of the mesh sets in the classified order to “Excavation-003”, “Excavation-004", “Excavation-005".

[Coordinate]

Specify the mesh set order with respect to the Global Rectangular or Cylindrical coordinate system. Specify
the order according to priority by specifying each coordinate axis direction in 1%, 2", or 3 priorities. The 1
axis is given the most preference, and the 2" axis becomes the order reference when the coordinates of
the 1% axis are equal. Hence, if the target is assigned an order in the 1% axis, the order does not change
even if the coordinates in the 2nd axis is different. If the coordinates are the same in both the 1st and 2nd
axes, the 3rd axis determines the order.

[Base Point of Mesh Set (Bounding Box)]

Specify the coordinates of the calculation position used for order comparison. For example, selecting the
center compares the position of the mesh set using the coordinates of the center point of the mesh set
boundary box.

[Order]
Increase or decrease the suffix number in order of specification.
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4 2 Overview

Copy Copy the generated mesh set. The copied mesh can be used in various ways. For example, the mesh can

be generated without further geometrical modeling when comparing different materials or properties on

each copied element to the original element; or when the same element is uniformly placed for each
construction step.

Mesh Set
Rename | Copy | Create
1= Select Object(s) ]
Mesh Set
Name Mesh Set Copy
Add to Mesh -
[ ok J[ cancel J[ apply |

Methodology

Select the target mesh set and input the new position to copy all the nodes and elements of the original
mesh set to the new position 1 by 1.
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Create

Overview

Chapter 4. Mesh

Create multiple empty mesh sets according to the specified name rule. This function is useful for defining

an element in 1 set into multiple sets.

Mesh Set
Rename ICopy Create

Mesh Set

Name  Mew Mesh Set
Multiple Mesh Set
Starting Suffix

Suffix Digit 3

W] [ |~

Number of Sets 5

OK. ][ Cancel ” Apply ]

Methodology

Input the name of the newly generated mesh set. When creating multiple mesh sets, input the starting

number and number of mesh sets.

Tip

Data used in analysis is classified by mesh sets. Hence, the mesh set needs to be subdivided depending
on the analysis case. Generating an empty mesh set, clicking it with the right mouse button and bringing
up the Context Menu allows the [Include/Exclude of Elements and Nodes] for each mesh set, as shown

below.

Show

Hide

Show Cnly
Hide Only
Show <-> Hide

Include/Exclude Elements & Modes

Display Mode
Display
Transparency
Shrink...

Include/Exclude Mesh Set Iterns
(@) Element () Node
@ Indude () Exclude
»
; 1= Select Object(s) l
i’ Delete Empty Sets After Operation
[ 0K ][Cancel”kpply]

Delete

<Incl

ude/Exclude Elements/Nodes>
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Section5  Protrude

5 1 Node -> 1D

Extrude Overview

Generate a 1D element by extruding a node in the set direction. This function can be used to create a
structural element without drawing a line.

Extrude Mesh
Node->1D | 1D-»2D | 2D->3D

i= Select Object(s) i
Orientation {Element Z-Axis)

Beta Angle: 90 [deg]

Extrude Direction
Ch|= Select Direction ]

() 2 Peints Vector X ¥

0,0,0
1,11

Extrude Information

) NenUniform @) Uriform
Length 30 [<| Division 2=

[ Two-way Extrusion
Property
T —
Mesh Set Extrude Mesh Set

Methodology

Select the element node to extrude and specify the extrude direction and length. The element can be
created by extruding in 1 direction or 2 directions.

»Extrude node
Length/Divisions

Source —r——+—9
Node —_
. { ! ‘. Length
Direction
OffsetTimes
—r—e—o—%
Offset

282 | Section 5. Protrude



7

User Manual Chapter 4. Mesh

[Orientation (Element Z axis)]

This function is used to unify the direction property of a 1D element to 1 direction or to set the major and
minor axis directions. Adjust the Z axis direction by checking the element coordinate axis and assign with
reference to the Beta angle.

Orientation (Element Z-Axis) ==
() Ref. Node Select a Node
@ Ref. Vector (GCS)
@ [E| Select Direction

|:| Rewerse Direction
(7 Direct Input

() Beta Angle |90

+  Reference Node : Select the reference node for the sectional direction of the 1D element. The
element Z coordinate direction is set with reference to the selected node.

o Reference Vector (GCS) : Set the Z coordinate direction of the selected element using the GCS
direction or the input vector direction.

o Beta Angle : Angles 0,90,180 can be chosen and the selected Beta angle rotates the element by
that angle with reference to the X axis.

»Beta angle:0
»»Beta angle:90
»»>»>Beta angle: 180

Extrude Direction

Select the element extrude direction with reference to the GCS or input the start and end points of the
direction vector using the 2-point vector function. It is useful when extruding in an arbitrary direction.

Extrude Information

Set the total length and division of 1D element which will be created. The division spacing can be set as
either uniform or nonuniform. Entering a negative value for length (Offset,Times) extrudes in the opposite
direction to the axis or vector direction.

[Nonuniform]

Specify the offset length and number simultaneously. The length can be listed using a comma (,) or as
number@length for continuously repeating extrude operations.

For example, entering 10@3 creates 10 elements with a length of 3 each and entering 2,3,4 creates 3
elements, each with a length of 2,3 and 4.

[Uniform]

Set the offset length or number, or input the total length and division spacing.

Advanced Option ()
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When checking the User defined mesh set, the generated elements are classified and registered in
different mesh sets depending on the number of inputs in the [Offsets per Set] option. Entering a number
registers the mesh sets in the specified uniform offset spacing and entering 2 or more numbers register the
mesh sets in the specified uniform offset spacing and the rest are registered separately on the mesh set.
When entering 2 or more numbers, the sum of input numbers should not be more than the total number of

offsets.
Advanced Option (==

Merge Modes

Tolerance 1e-005

User Defined Mesh Set

Offsets Per Set 1

oK ] ’ Cancel

1D->2D
Overview

Generate a 2D element by extruding a 1D element, element edge (element outline) or line (edge).
Here, the used edge needs to be seeded (have seed information) or needs to be connected to the mesh.

Extrude Mesh (==

Mode->10 | 1D-220 | 2p-30

[ 1D Element->20 Element -

[1=2] Select Object(s) ]

Source @ None () Delete (7 Move () Copy

Extrude Direction
@ [ Select Direction

() 2 Points Vector X Y
0,0,0
11,1

Extrude Information

(@) NonUniform @ Uniform | ength/Division
Length 30 [ < | Division k=

[] Two-way Extrusion
Property

O —
Mesh Set Extrude Mesh Set

Methodology

Select the 1D element, element side or edge to be extruded and set the extrude direction, length and
number of divisions. The element can be created by extruding in 1 direction or 2 directions. The original
element used in extrude can be deleted/moved/copied. For move, the used element is moved to the end of
the extruded element.
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>
1D element Source Qn Non-Uniform Source Resuilt
-> 2D element extrude (1D Element) Value 2@20,30,40 (Element Edge) (2D Element)
»>Element edge ”

.l |
->2D element extrude

_*.

»»>Geometry edge & - 21 40
On Two way - O 30
->2D element extrude 2@20 Direction
Source Result
{Geometry Edge) (2D Element)
Geometry '

¥
Seed
Extrude Direction

Select the element extrude direction with reference to the GCS or input the start and end points of the
direction vector using the 2-point vector function. It is useful when extruding in an arbitrary direction.

Extrude Information

Set the total length and division of 2D element will be created. The division spacing can be set as either
uniform or non-uniform. Entering a negative value for length (offset, spacing) extrudes in the opposite
direction to the axis or vector direction.

[Non-uniform]

Specify the offset length and number simultaneously. The length can be listed using a comma (,) or as
number@length for continuously repeating extrude operations.

For example, entering 10@3 creates 10 elements with a length of 3 each and entering 2,3,4 creates 3
elements, each with a length of 2,3 and 4.

[Uniform]
Set the offset length or number, or input the total length and division spacing.

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( ).
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2D->3D
Overview
Generate a 3D element by extruding a 2D element of a boundary surface of a 3D element.
Extrude Mesh
Node->1D | 1D-220 | 2D->30
[2D Element-»30 Element -
iﬂ Select Object(s) {
Source @ None () Delete (7) Move () Copy
Extrude Direction
@ @ Select Direction
(7 2 Points Wector % ¥ z
0,0,0
1,1,1
Extrude Information
() NenUriform @) Uniform
Length 30 [« | Division k=
[] Two-way Extrusion
Property
(3
Mesh Set Extrude Mesh Set -
Methodology
Select the 2D element or 3D element face to be extruded and set the extrude direction, length and number
of divisions. The element can be created by extruding in 1 direction or 2 directions. The original element
used in extrude can be deleted/moved/copied. For move, the used element is moved to the end of the
extruded element.
>2D element Source Result Source Resuit
->3D element extrude (2D Element) (Element Face) (3D Element)

»>Element face
->3D element extrude

286 | Section 5. Protrude

(3D Element)

Extrude Direction

Select the element extrude direction with reference to the GCS or input the start and end points of the
direction vector using the 2 points vector function. It is useful when extruding in an arbitrary direction.

Extrude Information
Set the total length and division of 3D element which will be created. The division spacing can be set as

either uniform or nonuniform. Entering a negative value for length (offset, spacing) extrudes in the opposite
direction to the axis or vector direction.
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5.2

Revolve

»Node revolve extrude

[Nonuniform]

Specify the offset length and number simultaneously. The length can be listed using a comma (,) or as
number@length for continuously repeating extrude operations.

For example, entering 10@3 creates 10 elements with a length of 3 each and entering 2,3,4 creates 3
elements, each with a length of 2,3 and 4.

[Uniform]

Set the offset length or number, or input the total length and division spacing.
Node -> 1D

Overview

Generate a 1D element by rotating a node about the specified revolution axis by the input angle. It can be
used to create various arch or circle shaped 1D elements without using geometry shape.

Revolve Mesh ==
Node->1D | 1552 [0
122 Select Object(s) ]
Orientation (Element Z-Axis)
Beta Angle: 90 [deg]

Rotation Axis
Bl Select Rotation Axis ]
[Fltocate 0,0,0

(©) 2 Points Vector X ¥

0,0,0
1,11

Revolution Information

© Nortriform @ Urifom

Angle 30 Division HE

[] Two-way Extrusion
Property

Ol E—
Mesh Set Revolve Mesh Set

Overview

Generate a 1D element by rotating a node about the specified rotation axis by the input angle. It can be
used to create various arch or circle shaped, 1D elements without using geometry shape.

Node 5 1D Element

I * - 7 .'T:,“_
| by
i s
: ~
| L] | 3

| . . -

i [
Revolution Angle =120
Axis Division=12

Rotation Axis

Section 5. Protrude | 287



User Manual

Chapter 4. Mesh

288 | Section 5. Protrude

Select the rotation axis with reference to the GCS or input the start and end points of the direction vector
using the 2 points vector function. '2 points vector' is useful when setting the reference axis in an arbitrary
direction. When using the GCS, use the [Locate] option to set the revolution axis position using its
coordinates. The revolution axis is moved to the coordinate position and the node is rotated about the
moved axis.

Revolution Information

Set the rotation angle and division of 1D element which will be created. The division spacing can be set as
either uniform or non-uniform. Entering a positive angle rotate extrudes in the counterclockwise direction
and entering a negative angle rotate extrudes in the clockwise direction.

[Non-uniform]

Specify the rotation angle. The angle can be listed using a comma (,) or as number@angle for continuously
repeating angles.

For example, entering 10@20 continuously creates 10 elements that are rotated 20 degrees from the
previous element and entering 10,20,30 creates 3 elements, each rotated by 10 degrees, 20 degrees and
30 degrees.

[Uniform]
Set the rotation angle and number, or input the total rotation angle and division spacing.

1D->2D
Overview

Generate a 2D element by revolve extruding a 1D element, element side (element outline) or line (edge).
Here, the used edge needs to be seeded (have seed information) or needs to be connected to the mesh.

Revolve Mesh (==
Node->1D | 1D->2D | 2D->30

| 1D Element->2D Element b |

[1=2] Select Object(s) |

Source @ None () Delete ) Move () Copy

Rotation Axis

@ | Select Rotation Axis

Locate

2 Points Vector X ¥

L1,1

Revolution Information

NonUniform @ Uniform |Angle/Division =

Angle 30 Division 2=

Two-way Extrusion
Property

@

Mesh Set Revolve Mesh Set

&

Methodology

Select the 1D element, element side or edge to be revolve extruded and set the rotation axis, rotation angle
and number of divisions. The element can be created by extruding in 1 direction or 2 directions. The
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»1D element

->2D revolve extrude
»»Element edge
->2D revolve extrude
»»>Geometry edge
->2D revolve extrude

original element used in extrude can be deleted/moved/copied. For move, the used element is moved to
the end of the extruded element.

1D Element 2D Element Source Result
\)‘_ (Element Edge) (2D Element)

14

I
Revolution AngleI =360

Axis Division=10 Revolution Axis

!
!
L s
!
i

Source Result
(Geometry Edge) (2D Element)
Mesh . |
Seed_-}. | v
.
Revolution Axis

Rotation Axis

Select the rotation axis with reference to the GCS or input the start and end points of the direction vector
using the 2 points vector function. It is useful when setting the reference axis in an arbitrary direction. When
using the GCS, use the [Locate] option to set the revolution axis position using its coordinates. The
revolution axis is moved to the coordinate position and the node is rotate extruded about the moved axis.

Revolution Information

Set the rotation angle and division of 1D element will be created. The division spacing can be set as either
uniform or non-uniform. Entering a positive angle rotate extrudes in the counterclockwise direction and
entering a negative angle rotate extrudes in the clockwise direction.

[Non-uniform]

Specify the rotation angle. The angle can be listed using a comma (,) or as number@angle for continuously
repeating angles.

For example, entering 10@20 continuously creates 10 elements that are rotated 20 degrees from the
previous element and entering 10,20,30 creates 3 elements, each rotated by 10 degrees, 20 degrees and
30 degrees.

[Uniform]

Set the rotation angle and number, or input the total rotation angle and division spacing.

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( )
2D-> 3D

Overview

Generate a 3D element by rotate extruding a 2D element or a boundary surface of a 3D element.
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Reveolve Mesh
Node->1D | 1D-»20 | 2D-»30
20 Element->30 Blement -
[i=2 Sekec Onjecte) }
Source @ Mone (D) Delete () Move () Copy
Rotation Axis
=] Select Rotation Axis
[[Locate 0,0,0
(7) 2 Points Vector X ¥ z
0,0,0
L,11
Revalution Information
(©) NonUniform {é}uniform
Angle 30 Division 2
[] Two-way Extrusion
Property
[ —
Mesh Set Revolve Mesh Set -
Methodology
Select the 2D element or 3D element boundary surface to be revolve extruded and set the rotation axis,
rotation angle and number of divisions. The element can be created by extruding in 1 direction or 2
directions. The original element used in extrude can be deleted/moved/copied. For move, the used element
is moved to the end of the extruded element.
>
2D element | 2D Element | 3DElement Source Result
->3D revolve extrude i i (Element Face) (3D Element)
»>Element Face : ) |
->3D revolve extrude [ i :
. i [
Revolution Angle =90 :
Axis Division= 20
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Revolution Axis

Rotation Axis

Select the rotation axis with reference to the GCS or input the start and end points of the direction vector
using the 2 points vector function. It is useful when setting the reference axis in an arbitrary direction.

When using the GCS, use the [Locate] option to set the revolution axis position using its coordinates. The
revolution axis is moved to the coordinate position and the node is rotate extruded about the moved axis.
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Revolution Information

Set the rotation angle and division of 1D element will be created. The division spacing can be set as either
uniform or non-uniform. Entering a positive angle rotate extrudes in the counterclockwise direction and
entering a negative angle rotate extrudes in the clockwise direction.

[Non-uniform]

Specify the rotation angle. The angle can be listed using a comma (,) or as number@angle for continuously
repeating angles.

For example, entering 10@20 continuously creates 10 elements that are rotated 20 degrees from the
previous element and entering 10,20,30 creates 3 elements, each rotated by 10 degrees, 20 degrees and
30 degrees.

[Uniform]
Set the rotation angle and number, or input the total rotation angle and division spacing.
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5 3 Node-> 2D

Fill Overview

Generate a 2D surface element between 2 nodes. It is useful when creating elements in a certain area
using edit/add mesh.

Filled Mesh
Node->2D | 1p->20 | 2D->3D
== Select Bottom Node |

@ Select Top Mode ]

[7|Reverse Ends

Size Method
@ size () Division EL
Property

(1) S

Mesh Set Filled Mesh Set -

Methodology

Set the top and bottom nodes of the 2D element to set the total domain and define the mesh size by
entering the mesh size directly or the number of divisions between nodes. The number of top nodes and
bottom nodes must be the same and the selected nodes are assigned a number in order. The same

numbered nodes correspond and generate a 2D element. To reverse the corresponding order, use the
[Reverse Ends] option.

»Node->2D element

Bottom Nodes 2D Element
- f ¥
musdbanE
ey 1!
musgEannl YU
_._1_. —
Ty
A (-
Top Node Mesh Size

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( ).
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1D-> 2D
Overview

Generate a 2D surface element that connects 1D elements or 2 edges. It is useful when creating a 2D
connecting element between structural elements or surface elements.

Filled Mesh =3

Node->20 | 10->2D | 20330

[ 1D Biement-»20 Element -
=1 Select Bottom Element ]
[ Select Top Element ]
[Treverse Ends

Source Mesh @mMone () Delete

Size Method

@) size () Division 30
Property

O —

Mesh Set Filled Mesh Set

Methodology

Select the top and bottom nodes or edges of the 2D element and define the mesh size by entering the
mesh size directly or the number of divisions between edges or nodes. The number of top nodes and
bottom elements must be the same when using a 1D element and if a line (edge) is used, the input seed
information for the top and bottom lines (edges) need to be the same. The bottom element, or start point of
a line and top element, or start point of a line correspond in order and generate a 2D element. If the start
point of the bottom element and end point of the top element correspond such that the element is twisted,
use the [Reverse Ends] option to reverse the corresponding order.

»1D element->2D element Bottom 1D Element 2D Element Bottom Edge 2D Element
»»Geometry edge ] 1 LT [ ] %
| . .o
-> 2D element SEEE { [
- - | y 1 ‘
T 1]
Top 1D Element —_— Top Edge MeshSeed Mesh Size

Mesh Size

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( )
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2D->3D
Overview

Generate a 3D element that connects 2D elements. It is useful when adding elements to a certain area to
edit the model.

Filled Mesh =

Nede->20 | iD->2D | 2D-+30

= Select Bottom Element |

=] Select Top Element ]

[]Base Node

H Select Bottom Node

[7] Select Top Node

Source Mesh @) None ) Delete

Size Method
@ Size () Division 30

Property
i E—
Mesh Set Filled Mesh Set

Methodology

Select the top and bottom 2D elements and define the 3D element size by entering the mesh size directly
or the number of divisions between the selected 2D elements. The number of top and bottom elements of
each selected 2D element need to the same and the element position or shape needs to be similar to allow
3D element fill. If the corresponding pairs cannot be found automatically, the corresponding reference
nodes need to be specified manually. Each reference node needs to exist on the outline of the element.

»2D->
2D->3D element Top 2D Element 3D Element

- --_’"'-\.
T

Bottom 2D Element Mesh Size

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( ).
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5 4 Node -> 1D

Sweep Overview

Chapter 4. Mesh

Generate a 1D element by sweeping a node about a selected guide curve. It is useful to create complex

elements continuously.

Methodology

Mode->1D | 1D->2D | 2D->3D
= Select Object(s) ]
Crientation (Element Z-Axis)

Beta Angle: 20 [deg]

Sweep Guide

@) Curve E Select Object(s)
(71 Sequential Nodes H Select Object(s)

End Scale Ratio 1

Size Method

@) Size () Division 30
Property
) I
Mesh Set Sweep Mesh Set -

Sweep Mesh @

Select the element node to extrude and select the sweep guide curve or node positions that can substitute
the guide curve. Define the mesh size directly or input the number of divisions for the selected curve.

»Node sweep extrude

Sweep Guide

[Curve]

Source Nodes Result1D Elements

l L
Y // " - /

- _,—o-/\
Guide Curve

—

Only 1 guide curve can be selected. Hence, the curves for a complex shape need to be created into a

single wire in advance.

[Sequential Nodes]

When selecting multiple nodes, be aware that the extrude direction is specified by the selection order.
When selecting the nodes directly, the spacing between the nodes becomes the element size so the size

does not need to be set.
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1D-> 2D
Overview

Generate a 2D element by extruding a 1D element, element side (element outline) or line (edge) along a
guide curve. Here, the used edge needs to be seeded (have seed information) or needs to be connected to

the mesh.
Sweep Mesh
Mode->1D | 1D->2D | 3D-»3D
[1D Element->2D Element ']
122 Select Objeci(s) ]
Source @ None () Delete (0 Move (0) Copy
Sweep Guide
() Sequential Nodes n Select Object(s)
End Scale Ratio 1
Size Method
@ Size () Division 30
Property
e
Mesh Set Sweep Mesh Set -
Methodology

Select the 1D element, element side or seeded line (edge) to be extruded and directly select the sweep
guide curve or node positions that can substitute the guide curve. The element size can be directly entered
or defined by the number of divisions on the selected extrude curve. The original element used in extrude
can be deleted/moved/copied. For move, the used element is moved to the end of the extruded element.

Source Result

»1D element->2D Sweep i
Guide Nodes Result 2D Elements Element Edge 2D Elements

extrude \

»>Element edge

->2D Sweep extrude
»>>Geometry edge v
->2D Sweep extrude Source 1D Element Guide Curve End Scale: 2.5

Guide Curve Result 2D Elements

Source Edge with
Seeds
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Sweep Guide

[Curve]
Only 1 guide curve can be selected. Hence, the curves for a complex shape need to be created into a
single wire in advance.

[Sequential Nodes]

When selecting multiple nodes, be aware that the extrude direction is specified by the selection order.
When selecting the nodes directly, the spacing between the nodes becomes the element size so the size
does not need to be set.

[End Scale Ratio]

Adjust the scale ratio at the end of the element generation to set the ratio for the extruded mesh size.
For example, entering 2 generates an element that is 2 times larger at the extrude finish point.
2D->3D

Overview

Generate a 3D element by extruding a 2D element or 3D element boundary surface along a guide curve.

Sweep Mesh ==
Node->1D | 1D-20 | 2D-»3D

[213 Element->3D Element v]

123! Select Cbject(s) ]

[ orthogonal Select 2 Node

Source @ MNone (0) Delete (0 Move () Copy

Sweep Guide

@ Curve Select Object(s)
(7 Sequential Nodes Select Object(s)

End Scale Ratio 1

Size Method

(@) Size () Division 30
Property
A —
Mesh Set Sweep Mesh Set -

Methodology

Select the 2D element or 3D element boundary surface and select the sweep guide curve or node positions
that can substitute the guide curve. Define the mesh size directly or input the number of divisions for the
selected curve. The original element (2D element) used in extrude can be deleted/moved/copied. For move,
the used element is moved to the end of the extruded element.
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>2D element Guide Curve On Orthogonal Source On Orthogonal

->3D Sweep extrude E — . Element Face

»>Element Face : ) .

->3D Sweep extrude : Off Orthogonal . Off Orthogonal

=~
Y N
Source 2D Element Guide Curve

Orthogonal

Extrude along the selected guide line or in the orthogonal direction to the selected node direction to
generate an element. It is especially useful when rotate extrude along a curve.

Sweep Guide

[Curve]

Only 1 guide curve can be selected. Hence, the curves for a complex shape need to be created into a
single wire in advance.

[Sequential Nodes]

When selecting multiple nodes, be aware that the extrude direction is specified by the selection order.
When selecting the nodes directly, the spacing between the nodes becomes the element size so the size
does not need to be set.

[End Scale Ratio]
Adjust the scale ratio at the end of the element generation to set the ratio for the extruded mesh size.
For example, entering 2 generates an element that is 2 times larger at the extrude finish point.
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5 5 Node -> 1D

Project Overview

Generate a 1D element by project extrude a node. It is useful when generating an element in the same
direction as the target surface (projection target).

Project Mesh (=)
Node-> 1D _-]_D—>Z] -Z]'>3]
[1=2! Select Object(s) i
Orientation (Element Z-Axis)
Beta Angle: 90 [deg]

Project Target

@ select Surface to Project

() Three Points Plane
0,0,0
0,0,0
0,0,0
Projection Direction
@ Select Direction
1) 2Points Vector Y rs
0,0,0
11,1
() shortest Path Line
Size Method
) Size @ Division 2
Property
:
Mesh Set Froject Mesh Set

Methodology

Select the element nodes to project extrude and specify the projection target (target surface) and projection
direction. Define the mesh size directly or input the number of divisions for the projection distance.

>Project extrude node

Result
Target Surface "~ 1D Element

Project Target

Select an existing surface of a geometry shape or an element boundary surface as the projection target
(target surface) or select 3 arbitrary points that pass the target surface using the [Tree points Plane]
function.

Projection Direction

Set the projection direction using the axis direction on the GCS or the direction of an arbitrary vector that
connects the start and end points. Use the [Shortest Path Line] to automatically set the shortest distance
direction between the node and projection target (target surface) in the normal direction.

1D->2D

Overview
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Generate a 2D element by project extruding a 1D element, element side (element boundary line) or edge
onto the target surface. Here, the used edge needs to be seeded, or connected to a mesh.

Project Mesh

Mode->1D | 10-*2D | 2D->3D

10 Element->20 Element -

=l Select Object(s) j

Source @ None () Delete (©) Move () Copy

Project Target.

() Three Points Plane

Projection Direction

1: 1: 1

() shortest Path Line

Size Method

© size ®) Division 2

Property

]

Mesh Set Project Mesh Set -
Methodology
Select the 1D element, element side or seeded line (edge) to be extruded and set the projection target
(target surface) and direction. The element size can be directly entered or defined by the number of
divisions on the distance to the projection. The original element used in extrude can be
deleted/moved/copied. For move, the used element is moved to the end of the extruded element.

»1D element )

2D Project extrude Source 1D Element ltl'l-esh Size Source Element Edge Mesh Size

»>Element edge i ‘ - }J ‘

->2D Project extrude A . g i Y

- < LA .
»»Geon.1etry edge Tir/gefSurface . Ele:-:ém T/a;geﬁmace M
->2D Project extrude eme
Mesh Size
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Project Target
Select an existing surface of a geometry shape or an element boundary surface as the projection target
(target surface). Or, select 3 arbitrary points that pass the target surface using the [Tree Points Plane]
function.
Projection Direction
Set the projection direction using the axis direction on the GCS or the direction of an arbitrary vector that
connects the start and end points. Use the [Shortest Path Line] to automatically set the shortest distance
direction between the node and projection target (target surface) in the normal direction.
2D->3D
Overview
Generate a 3D element by project extruding a 2D element or 3D element surface (element boundary
surface).
Project Mesh (=3

Node->1D | 1D->20 | 2D->3D

20 Element->30 Element -

e

Pmpert‘:
Methodology
Select the 2D element or element face to project extrude and set the projection target (target surface) and
direction. The element size can be directly entered or defined by the number of divisions on the distance to
the projection. The original element (2D element) used in extrude can be deleted/moved/copied. For move,
the used element is moved to the end of the extruded element.

»2D element

->3D Project extrude
»>Element face
->3D Project extrude

Source Result Source Resuit
2D Element 3D Element _ElementFace 3D Element

2'0

Target Surface
Plane (3-Pnts)

.

Project Target
Select an existing surface of a geometry shape or an element boundary surface as the project target (target
surface). Or, select 3 arbitrary points that pass the target surface using the [Three points Plane] function.
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Projection Direction

Set the projection direction using the axis direction on the GCS or the direction of an arbitrary vector that
connects the start and end points. Use the [Shortest Path Line] to automatically set the shortest distance
direction between the node and projection target (target surface) in the normal direction.

5 6 1D-> 2D
Offset Overview
Generate a 2D element by offset extruding a 1D element, element side or line (edge). Here, the used edge
needs to be seeded (have seed information) or needs to be connected to the mesh.
Offset Mesh (==
1D->2D | 20->3D
[1D Element->2D Element v]
[1=2! Select Object(s) |
Source (@ Mone () Delete () Mave (O) Copy
Offset Direction
@ Positive () Negative ) Both
Extrude Information
() NonUniform @) Uniform
Length 30 Division b=
Property
L 7
Mesh Set Offset Mesh Set -
(L ok (cancel ] Capply ] [>>]
Methodology
Select the 1D element, element side or seeded line (edge) to be extruded and directly select the offset
direction, extrude length and number of element divisions. The element can be created by extruding in 1
direction or 2 directions. The original element (1D) used in extrude can be deleted/moved/copied. For move,
the used element is moved to the end of the extruded element.
»1D element Source On Non-Uniform 20 On Unif
59D Offset exirude (1D Element) Value 2@15,20,30 Eloment Bdge E‘?S,i?i‘nzgg
»>Element edge
->2D Offset extrude .
- Raaid
On one way 2@1542030 On oneway
»Geometry edge
->2D Offset extrude
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Source Edge On Non-Uniform
with Seeds Value 2@15,20,30
.o A

L

‘\\ -II
A

On one wa T

v 2@15__12030

Offset Direction

Set the extrude direction in the selected object [Positive] direction (normal direction), [Negative] direction
(opposite normal direction), or in both directions.

Extrude Information

Set the total width and division of 2D element will be created. The division spacing can be uniform or non-
uniform. Entering a negative value for length (offset, spacing) extrudes in the opposite direction to the axis
or vector direction.

[Non-uniform]

Specify the offset length and number simultaneously. The length can be listed using a comma (,) or as
number@length for continuously repeating extrude operations.

For example, entering 10@3 creates 10 elements with a length of 3 each and entering 2,3,4 creates 3
elements, each with a length of 2,3 and 4.

[Uniform]
Set the offset length or number, or input the total length and division spacing.

The shape of the 2D element can be selected from a triangle or a quadrilateral in advanced options ( ).
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2D->3D
Overview
Generate a 3D element by offset extruding a 2D element or a 3D element boundary surface.
=
2D Blement->30 Eiement -]
=) Select Object(s) |
Source @ None () Delete (7 Move () Copy
Offset Direction
@ Positive (©) Negative () Both
Extrude Information
) NonUniform @ Uniform
Length 30 Division 20
Property
[
Mesh Set Offset Mesh Set -
Methodology
Select the 2D element or 3D element boundary surface and set the offset direction, extrude length and
number of divisions. The element can be created by extruding in 1 direction or 2 directions. The original
element (2D) used in extrude can be deleted/moved/copied. For move, the used element is moved to the
end of the extruded element.
»2D element & B
Sophes Loy Source Result
->3D Offset extrude 20 Element 3D Element Element Face 3D Element
»>Element face -
->3D Offset extrude
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Offset Direction
Set the extrude direction in the selected object [Positive] direction (normal direction), [Negative] direction
(opposite normal direction), or in [Both] directions.

Extrude Information

Set the total width and division of 2D element will be created. The division spacing can be uniform or non-
uniform. Entering a negative value for length (offset, spacing) extrudes in the opposite direction to the axis
or vector direction.

[Non-uniform]

Specify the offset length and number simultaneously. The length can be listed using a comma (,) or as
number@length for continuously repeating extrude operations.

For example, entering 10@3 creates 10 elements with a length of 3 each and entering 2,3,4 creates 3
elements, each with a length of 2,3 and 4.

[Uniform]

Set the offset length or number, or input the total length and division spacing.
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Secon6  Transform

6 1 Overview

Translate Move/copy a node, element or mesh set. It is useful for moving the element position or copying the same
element to a specified distance.

Mesh Move/Copy

Transiate | Rotate | Miror | Scale [ Sweep)

Select Objet
@ Meshset () Element () Node

Direction

e H Select Direction

@ 2Points vector  [F]x  [Fy [@z
0,0,0
L1

Method

@ Move @ Copy (@) Copy
(Uniform)  (Non-Uniform)

Distance EY

Times 1B

Mesh Set Copied Mesh Set

Methodology

Select the node, element or mesh set to move (or copy) and define the direction.

»Translate (Move/Copy) )
Copy (Uniform)

Source
[(Mesh Set)

- . i
.*‘ . Copy :Horiniform}

Direction

Select the move/copy direction with respect to the GCS or the direction of a vector that connects 2 arbitrary
points. For the 2 points vector function, select (deselect) a particular coordinate axis and select only the
directional comp1nt of a vector defined by a start and end point.

Method

Move the position of the selected element or copy and move the element to a specified or arbitrary distance.
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6.2

Rotate

»Rotate(Move/Copy)

306 | Section 6. Transform

[Move]

Directly input the move distance or using the 2 points vector function, automatically calculate the actual
move distance with reference to the start and end points. Select the button to check the automatically
calculated distance.

[Copy (Uniform))]
Specify the copy distance and number of copies. Entering a negative value copies the object in the
opposite direction to the set direction.

[Copy (Non-Uniform)]

The length can be listed using a comma (,) or as number@length for continuously repeated moves (copies).
For example, entering 10@3 creates 10 elements with a move length of 3 each and entering 2,3,4 creates
3 elements, each with a move/copy length of 2,3 and 4.

Overview

Rotate a node, element or mesh set about the rotation axis to move/copy. It is useful for continuously
generating a mesh that forms a certain angle.

Mesh Move/Copy 5]

Transiate | Rotate |Mimor | Scale [ sweep|

Select Objet
@ Meshset (O Element () Node

= Sclect Object(s) ]

Rotation Axis
@ Select Rotation Axis
[[Locate 0,0,0
) 2Peints Vector X Y z
0,0,0
14,11
Method
@) Move () Copy ) Copy
(Uniform)  (Non-Uniform)
Angle 30 [Deg]
1

Copied Mesh Set

Methodology
Select the node, element or mesh set to rotate move (or copy) and define the revolution axis.

Source Copy
(Mesh Set) {Uniform)

JENC

-7 i _
Revolution Axis (45 Deg, 4 Times)

Rotation Axis

Select the move/copy revolution axis with respect to the GCS or for the 2 points vector function, input the
start and end point coordinates of the direction vector. It is useful when setting the reference axis in an
arbitrary direction.
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When using the GCS, use the [Locate] option to set the rotation axis position using its coordinates. The
rotation axis is moved to the specified coordinate position and the node is rotated and moved/copied about
this axis.

For the 2 points vector function, select (deselect) a particular coordinate axis and select only the directional
compInt of a vector defined by a start and end point.

Methodology

Specify the rotation angle and rotation copy angle. A uniform angle or arbitrarily set non-uniform angle can
be used to rotate and move/copy.

[Move]
Directly input the rotation angle.

[Copy (Uniform)]
Set the rotation angle and number of repetitions. Input a negative to rotate in the opposite direction to the
set direction.

[Copy (Non-uniform)]

The angle can be listed using a comma (,) or as number@angle for continuously repeating angles.

For example, entering 10@30 continuously creates 10 elements that are rotated 30 degrees from the
previous element and entering 20,30,40 creates 3 elements, each rotated and moved/copied by 20 degrees,
30 degrees and 40 degrees.
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6.3

Mirror

>Mirror point
»>Mirror axis

»»>>Mirror plane

308 | Section 6. Transform

Overview
Mirror a node, element or mesh set and move/copy. If a section shape is symmetrical, model only half and
use the mirror (copy) function to easily model the whole section.

Mesh Move/Copy (=

Transiate | Rotate | Miror |scale | sweep|

Select Objet
@ MeshSet  (DEement (0 Node

[E Select Object(s) J
virror Type

@ [ Select Plane

) 3 Points Plane
0,0,0
0,0,0
0,0,0

Copy Object

Mesh Set Copied Mesh Set -

Methodology

Select the node, element or mesh set to mirror move/copy and select the mirror type. The mirror types are
point, axis and plane. Use the copy target option to use mirror move and copy simultaneously.

Source Result Source Result
(Mesh Set) (New Mesh Set) (Mesh Set) (New Mesh Set)

Mirror Point Mirror Axis

Source Result
(Mesh S{-‘.'_t} {New Mesh Set)

Mirror Plane

Mirror Type

[Point] : Directly select the mirror point or input the coordinates.

[Axis] : Select the mirror axis on the GCS or define an arbitrary vector axis that connects the start and end
points.

[Plane] : Select the mirror plane or define an arbitrary plane that passes 3 points.

Generating an element using the mirror move operation reverses its coordinates with respect to the
original element.

For example, the normal direction is reversed for 2D elements that are mirrored about an axis or point.
This creates an error during analysis and the element coordinate system needs to be united from Mesh >
Element > Parameter.
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6 4 Overview

Scale Scale up/down a node, element or mesh set with reference to a scale center.
Mesh Move/Copy
Translate | Rotate | Mirror | Scale | Sweep
Select Objet
(@) Mesh et ) Element () Node
123] Select Object(s) ]
Center 0,0,0
Scale Type @) Uniform (©) NanUniform
Factor 2
Factor ¥ 1
Factor 2 1
[¥] Copy Object
Mesh Set Copied Mesh Set -
Methodology
Select the node, element or mesh set to scale up/down and specify the scale center. Apply a constant ratio
with respect to the scale center or selectively apply a scale factor on the axial direction of the GCS.
Check the copy target option to use scale up/down and copy simultaneously
>Scale
Source Result
(Mesh Set)

{New Mesh Set)
e

’

Scale Center

Scale type

[Uniform] : Scale up/down the selected target in all axial directions of the GCS uniformly.
[NonUniform] : The scale factor can be applied differently for each axial direction on the GCS.

Section 6. Transform | 309



User Manual

7

Chapter 4. Mesh

6.5

Sweep

»Sweep pattern

310 | Section 6. Transform

Overview
Move a node, element or mesh set along a sweep guide and copy.

Mesh Move/Copy (557

Select Objet
@ MeshSet () Element () Node

1= Select Gbject(s) J

Sweep Guide
@ Curve Select Object(s)

() Sequential Nodes Select Object(s)

[#] Orthogonal Select a Mode

End Scale Ratio 1

Size Method
@ size ©) Ratio @ Division

2

Mesh Set Copied Mesh Set -

Methodology

Select the node, element or mesh set and directly select the sweep guide or node positions that can
substitute the guide curve. Specify the center point. Apply a certain ratio with respect to the center point or
apply a selective scale factor on the axial directions of the GCS.

Source Result
(MeshSet) & (New Mesh Set)

b N
%{ Guide Curve %% o :

%

Sweep Guide

[Curve]

Only 1 guide curve can be selected. Hence, the curves for a complex shape need to be created into a
single wire in advance.

[Sequential Nodes]

When selecting multiple nodes, be aware that the extrude direction is specified by the selection order.
When selecting the nodes directly, the spacing between the nodes becomes the element size so the size
does not need to be set.

[Orthogonal]

The copied shape is always perpendicular to the sweep guide and the reference point can be set by
selecting a node.

[End Scale Ratio]

Adjust the scale factor at the end of the element generation to set the ratio for the mesh size.

For example, entering 2 generates an element that is 2 times larger at the sweep finish point.

Size Method

[Size] : Directly specify the mesh size. For Sweep move/copy, size signifies the sweep interval.

[Ratio] : Define the sweep interval and number with a ratio between 0~1. For example, entering 0.3,0.5,1
moves/copies the mesh at 0.3,0.5,1 ratio positions on the total length of the sweep guide.

[Divisions] : Define the sweep interval by the number of divisions on the total length of the sweep guide.
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Secton7  Node

7 1 Overview

Create Add a node in the desired position on the 3D work space. There are a total of 5 node creation methods.

Between Two Nodes
Center of Nodes

On Curve

Conic Center

The position and number can be freely adjusted depending on the creation method. The additional node
number can be set as the minimum non-overlapping and available number or the maximum number+1.

Node Control

Create ‘Delebe I Merge | Project | Align I Mud\fy‘

[Between Two Modes VI

1= Selecta Node ]
[=] Select a Node ]
MNumber of Node(s) 1B
Bias Ratio (End/Start) 1

Start Node Num

Maximum number + 1 - 1

Mesh Set Manual Node

Methodology

[Coordinates]
Directly input the node coordinates or select the position on the screen using snap point.

>Create node : o Frj‘-;_e . . Grid Snap
. ositon -
Coordinates H

Intersection Center Micidle
Snap Snap Snap
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»Create node : Between 2

nodes

»Create node : Center of
nodes

» Create node : On curve

» Create node : Conic
center

312 | Section 7. Node

[Between 2 nodes]

Number of Nodes = 3

Bias Ratio=10.5

Create an additional node between the 2 selected nodes. Select the number of nodes to create and when
creating more than 1 node, adjust the spacing by entering the ratio between the starting space and ending
space of nodes,

[Center of nodes]

Center of Nodes
|

Select;ed Nodes
Create an additional node at the center of the shape created by selecting 2 or more nodes.

[On curve]

Ratio=0.5

Add a node on the selected curve. The node position can be specified by directly entering its distance from
the start or end point, or by entering a ratio between 0~1. The [Reverse Direction] option can be used to
reverse the direction of the start point and end point.

[Conic center]

\ Conic CK

NDdE

Conic Curve

Automatically create a node at the center point of selected arc (circle). The node can also be created by
using the snap position for arc centers.
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7 2 Overview

Delete Delete a node.
Node Control 3w
[ Create | Delete |Merge | Project | Alian [ Modify |
() All Free Modes in the Entire Model
@ Selected Nodes
Ul seecobiecty |
[ Free Node Only
Mesh Set |Manual Node - |
Lok ][ cancel |(_eny |
Methodology
»Delete node Free Nodes
@K @
® [ & ‘
E) {
o o ! i i

The free nodes that are not connected to an element can be deleted and selected. However, deleting a
node that forms an element will delete the element as well.
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7 3 Overview

Merge Merge 2 or more nodes into 1, or merge two nodes by selecting be moved and be kept node continuously.
It is mostly used to connect nodes between elements that are slightly apart during the modeling
modification process. It is useful when checking for model errors due to free edges by checking the free
nodes that are not connected to an element.

Node Control =3

[ create | pelete | Merge | project [ Align [ Modify |

[Se\acbed Nodes v]
1= Select Object(s) ]

Base Node @) SmallestID () Largest ID

Merge Modes at Center Location
[ Blink Mark

Manual Node

Methodology

[Selected Nodes]
>Merge : Selected Nodes

Selected Nodes Merged One Node

(Center Position)

Select the nodes to merge and define the merge criterion. The tolerance is the allowable limit of the merger;
nodes with spacing smaller than the tolerance are merged. Selecting ‘find’ automatically searches for
nodes below the tolerance. The merged node positions are specified by the node number (Smallest
ID/Largest ID) or the Center of Nodes (Merge Nodes at the Center Location). The [Blink Mark] function
indicates the Free Nodes on the screen, which can be used to distinguish modeling errors such as Free
Edges.

[2-Nodes]
>Merge : 2-Nodes

Selected TwoNodes Mereged One Node

Merge 2 nodes by selecting the moving node and maintained node. If a Free Edge is created on a small
area, the Merge 2-Nodes function can be used to edit easily.
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7.4

Project

»Node projection

Overview

Project the node onto the target surface or edge.

Node Control (]

Create |Dalabe |Merge‘ Praject ‘Align |Mcdn’y

(= Select Object(s) |
[E Select Shape to Project ]

Projection Direction

@ [HE Select Direction

() 2 Points Vector X Y

0,00

1,41
() shortest Path Line

Merge Nodes  Tolerance 1e-005

Mesh Set Manual Node

Methodology

Select the nodes to project; the target shape can be selected between a surface and edge. The projection
direction can be selected using the axis direction on the GCS or the direction of an arbitrary vector that
connects the start and end points. Use the [Shortest Path Line] to automatically set the shortest distance
direction between the node and projection target (target surface) in the normal direction. Selecting all nodes
of the element moves the whole mesh. Selecting only some nodes, the unselected nodes remain in their
position and the element shape and size automatically changes with the projection distance.
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7.5
Align

>Node alignment

316 | Section 7. Node

Overview

Align/move the selected nodes with reference to the target node. It is useful when editing the shape with
respect to the target node and alignment direction.

Node Control
| Create I Delete I Merge I Project| Align |Modify|
1=3] Select Object(s) ]
@ Select Target Node ]

Align Direction
[¥]% oir [¥]¥ oir [¥]z oir
[ Merge Nodes Tolerance 1e-005
Mesh Set Manual Node

Methodology

Select the nodes to align and the alignment reference node to move the target nodes in the alignment
direction. The alignment direction can be selected from 1 of the X, Y, Z axis directions of the GCS.
Selecting all nodes of the element moves the whole mesh. Selecting only some nodes, the unselected
nodes remain in their position and the element shape and size automatically changes with the projection
distance.

Target Node Aligned Nodes
Y T ] Y
.ttt o B
T e X
K Selected Nodes
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Modify

»Edit node

Chapter 4. Mesh

Overview

Select individual nodes to edit the node number and node coordinate system.

Methodology

MNode Control
| Create I Delete I Merge | Project I align | Modify
Input Node ID. 5
Modifying Mode Data
Coordinates 20,0, 60
Node ID Keep 5
Modal Coordinate System
Global Rectangular V]
Mash Set Manual Node

Select the node to edit or input the node number to automatically print the coordinates of that point. The
node number can be kept or a new node can be assigned, provided that the new number does not conflict

function.

with an existing node number. Simultaneously, the coordinate system of the selected node can be changed.
The node coordinate system change can be d1 simultaneously for multiple nodes in the coordinate system

‘F—‘Z. ooon 20000
1 13 n 113
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7.7

Coordinate
System

»Change node coordinate
system

318 | Section 7. Node

Overview

Change the node coordinate system.

Add/Modify Mesh Parameter
Mode |1D |2[) ISD |Oﬂ1er|
(Bl Select Object(s) 1
Change Nodal CSys
[Global Rectangular V]
Property
]
[ 0K ][Cancel][npply ]

Methodology

Rectangular CSys

o

Cylinderical CSys

T

Select the node to change the coordinate system. The changed coordinate system can be selected from
the Rectangular coordinate system, Cylindrical coordinate system and the arbitrary setting using the 3-point
plane.

Tip
The Rectangular coordinate system and Cylindrical coordinate system can be distinguished as follows.
Z

Axis 3 Axis 3

(XY, Z}f R8.2) -~
Z T

Axis 2 /< ‘ Axis 2
T(#)
4 R.
," Auis 1 .

x R

<Rectangular Coordinate= =Cylindrical Coordinate=
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Section 8 Element

8.1 "

Create Overview

Create a 1D element connecting 2 nodes. This is useful when creating structural elements (pile, embedded
truss, truss element) which do not require connections to the neighboring ground individually.

Element Create/Delete @

D [ [3 |other |Delete]

Element ID 1
Nodal Connectivity
0 0

Orientation (Element Z-Axis)

Beta Angle: 90 [deg]
Property
t 7)
Mesh Set Manual Mesh{1D) -

Methodology

Input the element ID that becomes the end points of the 1D element. Already created nodes can be
selected in order on the screen. The element ID is automatically set to maximum previous number+1. Note
that the number being directly entered cannot overlap with an existing node ID. Structural properties that
will be assigned can be set or added to the created element and the mesh set can be created separately.

[Orientation (Element Z axis)]

This function is used to unify the direction property of a 1D element to 1 direction or to set the major and
minor axis directions. Adjust the Z axis direction by checking the element coordinate axis and assign with
reference to the Beta angle.

Orientation (Elemnent Z-Axis) B

() Ref. Node Select a Node
@ Ref, Vector (GCS)
@ [[=#] Select Direction I

[ reverse Direction

() Direct Input

() Beta Angle |20

+ Reference Node: Select the reference node for the sectional direction of the 1D element. The
element Z coordinate direction is set with reference to the selected node.

o Reference Vector (GCS): Set the Z coordinate direction of the selected element using the GCS
direction or the input vector direction.
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. Beta Angle: Angles 0,90,180 can be chosen and the selected Beta angle rotates the element by
that angle with reference to the X axis.

»Beta angle:0

»»Beta angle:90

»»»>Beta angle: 180

2D

Overview
Create a 2D element connecting 2 nodes. This is useful when creating an arbitrary surface strain element
in an area where mesh auto-generation has failed.

Element Create/Delete @

[0 [other [ pelete]

Element ID 1

Nodal Connectivity
Manual Select @ Triangle ) Quadrilateral
Auto by Drag () 2D Auto

Q 0 Q Q

Property

(| S
Mesh Set Manual Mesh({2D) -

Methodology

Create a triangular or rectangular element depending on the number of selected nodes. Directly input the
node numbers that will become the corners of the 2D element, or select already created nodes in order on
the screen. The element ID is automatically set to maximum previous number+1 and when entering the
number directly, the number cannot overlap with an existing node number. Properties that will be assigned
can be set or added and the mesh set can be created separately. Using the automatic generation function
generates a mesh set immediately after node selection.

3D
Overview

Create a 3D element filling the space between selected nodes. It is useful when creating individual 3D
elements of a complex geometry.
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Element Create/Delete ==
[ [ao |3 |other |Delte]
Element ID 1
Nodal Connectivity
) Tetra () Pyramid
() Penta @ Hexa
873 1103 1195 993
971 1084 1177 1127
Property
b g0
Mesh Set Manual Mesh{3D) -

Methodology

Create a tetrahedral, pyramidal, pentahedral, hexahedral shape depending on the number of selected
nodes. Directly input the node numbers that will become the corners of the 3D element, or select already
created nodes in order on the screen. The element number is automatically set to maximum previous
number+1 and when entering the number directly, the number cannot overlap with an existing node
number. Properties which will be assigned can be set or added and the mesh set can be created
separately.

Other

Overview
Create a spring, node link or Pile affiliated elements as shown below. The assigned properties can be
defined depending on the created element type.

Element Create/Delete (3]
[ [0 [a | other |pelete]
[Point Spring b ]
Element ID 1
= Select Node(s) ]
Property Matrix Spring
- Rigid Link
! [ ] Elastic Link
Interpolation
Mesh Set Point Spring - Surface Spring
Ground Surface Spring
Gauging Shell
Mass
Methodology
[Point spring]

Create a spring with a constant stiffness on the selected node. The constraints on deformation and rotation
with reference to the GCS are defined by the spring constant and damping coefficient. It is mostly used as
a flexible support condition for ground or a constraint condition for dynamic analysis.

[Matrix Spring]

Has the same function as the Point spring. However, the spring constant for deformation and rotation can
be directly input into a matrix when defining the characteristics.
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[Rigid links]
[Rigid Link -
Element ID 1
[E‘ Select a Node ]
[ Select Mode(s) ]

Create a link element that connects 2 selected nodes. Select the first node (reference) and select multiple
nodes that become the connection target. It is used to simulate the rigid behavior between 2 nodes under
deformation and rotation and the constraint direction can be defined the with reference to the GCS.

[Elastic link]
[Blastic Link -
Element ID 1
= Select a Node ]
[ Select a Node ]
Orientation (Element Z-Axis)
Beta Angle: 50 [deg]

Connect 2 nodes with a spring that has a constant stiffness. Select the first node (reference) and select
another node to create the link. Like the point string, the property is defined by the constant stiffness to

deformation and rotation.

[Interpolation]

[Interpo\aﬁon - ]

Element ID 344771

Ref. Mode & DOF
Reference Node E Select a Node

= F1y F1z [CRx CIRy [ClRz

Avg. Nodes & DOF

[ Select Mode(s) ]
[ [Ery [Tz [CRe Ry [ClR2

.

Mode | Weight | DOF | »

138813 | 1.00000 13
139123 | 1.00000 13 (=

Weight Factor

= feafra | =

. (M r

This function simulates the behavior of the standard (reference) node by weighing the average behavior of
the selected nodes. It restricts the movement between connected nodes, similar to the rigid link. However,
the interpolation element allows the relative behavior of a node due to movement at multiple different nodes.
Hence, the average behavior at the multiple other nodes determines the movement of the reference node
(dependent node).

Select the nodes to restrict and the degree of freedom, and then select the nodes to take the average

values from. The weight of each node can be applied.
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>Rigid link

»>|nterpolation

[Surface spring]

Create a point spring or elastic link by entering the spring stiffness per unit area at the support point of an
element.

This is used to consider the flexible support condition of the ground during foundation analysis or
underground structure analysis. Entering the spring stiffness per unit area automatically converts it to the
spring or link acting on the node by considering the selected element area.

[surface spring ~| [surface Spring ~| [surface spring -
Target Object Target Object Target Cbject
Targe [Frame '] Targe [Frame v] Targe [Frame v]
= Select Object(s) ] = Select Cbject(s) 1= Select Object(s) ]
Element Width 1m Element Width 1m Element Width 1m
Canvert to Convert to Canvert to
@ Point Spring () Point Spring () Point Spring
() Elastic Link (@) Elastic Link () Elastic Link
(7 Mormal/Shear Elastic Link () Normal/Shear Elastic Link @) Normal/Shear Elastic Link
Point Spring Information Elastic Link Information Elastic Link Information
Modulus of Subgrade Reaction Boundary Condition Set Boundary Condition Set
K 0 ifme? Boundary Set-1 - E] Boundary Set-1 h E
Axial Direction
Ky 0 kifm? Direction | Normal(+) -
x o yme @ [ Select Direction
im
Moduus of Subgrade Reaction © 2pomtsVector [x [@Y [z
D Damping Constant/Area
0 kNjm2 0,0,0
ox 0| kN-sec/m?
Length of Elastic Link 11
cy 0 | kNsec/m?
o
- o esecim m Modulus of Subgrade Reaction
[ Tens. only [C1comp. Cnly Normal 0 knjm?
Rotational 0 kNfm?
Length of Elastic Link
0 m
[T Tens. only [C] comp. Cnly

The surface spring inputs are as follows.

+  Frame: Create a point spring or elastic link on a 1D element node. Input the width to calculate
the support stiffness per unit length of a beam element.

«  Planar: Create a spring or link by selecting a 2D element.

+  Solid-Face: Specify an arbitrary surface on 3D Solid and create a spring or link at all nodes
connected to that surface.

«  Element Edge: Select an outline of a 2D element and create a spring or link at the nodes
connected to that outline.

The input elastic link per unit area is a way to define the spring constant. Other options are available, such
as [Tension only] or [Compression only].

[Ground surface spring]

This automatically creates the elastic/viscous boundary elements needed for dynamic analysis. Selecting a
mesh automatically creates boundary conditions at the left/right/floor of the selected mesh and the spring
constant is automatically calculated from the material/characteristics assigned to the element.
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|Gruur|d Surface Spring - ‘

[ E‘ Select Mesh Set{s) ]

Ground Surface Spring

@ Modulus of Subgrade Reaction
Moduluz of elasticty coeff. a 1
Damping Constant/Area

Boundary Set
+/|Fixed Bottom Condition
Boundary Set-1 - |§|

For dynamic analysis, the bottom of the model (floor surface) is often assigned a fixed condition
(displacement constraint) to simulate bedrock conditions. Check the [Fixed Bottom Condition] to set this
condition more easily.

Tip
* How to create an elastic boundary element
o The elastic spring is used as a ground boundary condition for Eigen value analysis and Response
spectrum analysis.

o  Creating an elastic spring can be hard for beginners and the elastic spring element can be created
from the following steps.

1. Use the elastic modulus of the ground to compute KvO0. (The Equation is shown below.)

1 1

k":’:ﬁa-E:’ kpo = EG'E:
a
Modulus of deformation EO from the following test methods (kfg/cm2) Regular During
time earthquake
1/2 of EO from the cyclic curve of the plate load test, d1 using a rigid 1 9
circular plate of 30cm diameter
EO measured in the borehole 4
EO from the unconfined or tri-axial compression test on a specimen 4 8
EO estimated by the N value from the Standard Penetration test when
E0=28N ! 2

Here, EQ: Elastic modulus of the ground, a Coefficient depending on test condition
2. Re-calculate the Subgrade Reaction Modulus Kv(= Kh) using the computed Kv0.

B
- Kv = kvO (ﬁ)g/4
Here, Bv =4
The area Av becomes the area where the subgrade reaction spring will be installed.

If the model exists like the following figure,

Area of Ground A is Av=1m(Left length of model)*1m(Unit width of 2D analysis)=1m2, Bv becomes
1m=100cm.

Using the same method, the unit width of Ground B is Bv=+(20000)cm=141.42136 cm.
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Ground A

+ Ground B —

Ultimately, the Subgrade Reaction Modulus K can be computed and a point spring is created on the

node, considering the area of the element.

E (tonflm’)  Ky0 A (cm) B K (tonf/m®) a
Ground A 1000 3.3333  1.00E + 04 100 1351.18664 1
3
Ground B 2000 6.6667  2.00E + 04 141421356  2083.84592 1
2 9
1351 *0.25 = 337.75 tnnf_{m
1351 * 0.5 = 675.5 tonf/m [}
Ground A
1351 * 0.25 = 337.75 tonf/m
Ground B
2083 * 0.25 = 520.73 tonf/m 2083 * 0.25 = 520.75 tonf/m
[ T e o o o S S S S B

2083 * 0.5 = 1041.5 tonf/m

The spring coefficient of the floor (Z direction) is created with the same value as the X direction.
(Element length x Width (1m) = Cross sectional area, so only consider the effective length of the

element.)

2 overlapping boundary elements are created where the ground and ground meet.

* How to create a viscous boundary element

+  The viscous boundary element required as a model boundary condition for time history analysis.
*  The viscous boundary element can be created from the following steps.

1. Compute Cp, Cs

Cp, Cs can be calculated using the equation below.

A= v-E c= E
Here. = G+wi-2v ~~20+v)

A : Bulk modulus, G : Shear modulus, E : Elastic modulus, v : Poisson’s ratio, A : Cross-section area

The cross-section area is automatically considered until the surface spring is created, so only the Cp,
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Cs needs to be computed.

Elastic Bulk Shear Unit  Poisson’
. ) P wave S wave
modulus  modulus modulus weight s ratio
E A G w Cp Cp
(tonf/m?) (tonfim?) (tonf/m?) (tonf/m®) Y (tonf-sec/m®) (tonfsec/im?)
GroundA 1000 864.1975309 370.3703704 1.8 0.35 17.1605 8.2437
GroundB 2000 1459.531181 751.8796992 2 0.33 24.5792 12.381

Multiplying the Cp, Cs (tonf-sec/m3 units) to the cross-section area eventually leads to the spring

stiffness of the viscous boundary element in tonf-sec/m units.

The shaded cell parameters are the physical properties of the ground the user inputs during modeling
and the Bulk modulus and Shear modulus are calculated using the Elastic modulus and Poisson’s
ratio. Hence, there is no need to input additional values when creating a viscous boundary element.

When creating the viscous boundary element automatically, the spring is automatically created by
considering the element area (effective length*unit width) as shown below. Input the Cp value for the
normal direction coefficient at the point of spring creation and input the Cs value for the parallel
direction.

For example, the Cx of the spring coefficient created on the left/right of the model is the Cp of each
ground and Cz becomes the Cs value. The bottom spring coefficient Cz becomes the Cp value.

X:17.1605(Cp) * 0.25 = 4.315
Z:8.2437(Cs) ™ 0.25 = 2.06

X:17.1605(Cp) * 0.5 = 863 4 ——
7:8.2437(C) " 0.5 = 412 | Ground A

7 : 8.2437(Cs) * 0.25 =(2.06

Grouﬁd B-

X:17.1605(Cp) * 0.25 = 4.31! ‘

Z:24.5792(Cp) *0.25 =| 6.144 z :i24.5792((p) *0.25 = 6.1448
T T e e
Z:24.5792(Cp) * 0.5 = 12.2896

[Gauging shell]
Create a shell element to check the force and moment on the surface of a solid element structure. To

create a gauging shell, select the base solid element and then select the element surface on the solid to

extrude the gauging shell from. The stiffness of the gauging shell is calculated by applying the stiffness
increment coefficient to the stiffness of the solid element. The thickness of the selected solid is
automatically considered and the thickness of each element is calculated.

| Gauging Shel -
Element ID 1

(=] Select Part ]
| Select Face(s) |
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»Gauging shell thickness
(Length of red dotted line)

8.2

Delete
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[Mass]

Input the lumped mass on an arbitrary point. It is used to convert the loading into mass and apply it to the

analysis.

[Mass

Element 1D
Target Chject

Type [Nnde v]

= Select Node(s)

CSys, Global Rectangular -

Total Mass
Mass Property

mx 0 kN
mY 0 kM
mZ o kM
Mass Inertia Moment (I)

my o Unit:  ton-m?

rmxy 0 rmy 0

rmXZ 0 rmYZ 0 rmZ 0

Check total mass to automatically divide and input the lumped mass data entered in the mass property onto
a selected node. The sum of the divided lumped mass data on a node, created using the total mass option,
is equal to the entered lumped mass data. Entering the loading using the converted mass value and
selecting the total mass option allows easy application of mass data for Eigen value analysis, Response
spectrum, analysis, Time history analysis etc. The lumped mass data is input with respect to the GCS and

the moment of inertia (1) is defined according to the set unit system.

Overview

Delete an element. It is possible to select the element to delete on the model tree or work screen and press

the Delete key, but this function provides the following options.
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8.3

Modify

»1D element
»»2D element

»»»3D element
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Element Create/Delete (=23

[ib [0 [ [other | Delete |

(=1 Select Object(s) ]
Delete Affected Node(s)
Delete Empty Mesh Set
Duplicated Element{s) Only
1D o} 3D Other

Property
1 B
(L ok ][ cancel |[_apoly |

Delete Affected Node

The selected element is deleted and the nodes that no longer have a connection with the element are also
deleted.

Delete Empty Mesh Set

The empty mesh set that no longer has an element is deleted along with the selected element.

Duplicated Element only

Overlapping elements are different elements that have the same node and can be the source of analysis
error. Changing the properties of an identical element can use the element property change boundary

condition and so, it is better to delete the overlapping element created during modeling. This function
searches for overlapping elements out of the selected elements and deletes all but 1 overlapping elements.

Overview

Edit the properties of the selected element. Select the element to edit on the work screen or use the ID
select function to input the element ID. The element property modification can also be d1 through Element
> Parameters.

The input information needed for editing, depending on the selected element type, is automatically printed
as shown below.

Element Modify === Element Modify @ Element Modify ==
Input Element ID 59 Input Element ID 15 Input Element ID [
Element Element Element
| Element Modify : 1D Element [ Etement Modfy : 20 Hlement | Element Modify : 30 Element
Element ID 59 Element ID 15 Element ID [
Nodal Connectivity Nodal Connectivity Nodal Connectivity
7 n Manual Select @ Triangle () Quadriateral ©Tetra © Pyramid
. () Penta () Hexa
Orientation (Element Z-Axis) 2D Auto s 4 h 2
Beta Angle: 90 [deg] 13 = 31 0 5 B 5 B
Property Froperty Property
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8.4

Modify Topology

8.5

Parameters

Edit Geometry through changing node information or change property. This function is useful when
modifying details of the specific element.
Overview

Modify the shape after element generation. There are 3 methods to choose from, depending on the
element type and modification purpose.

Modify Element Topalogy
Method
[Merge Element V]
Modify Element Topology
Method Element Type
[Flip 2Triangles - ] (@) Triangle ) Quad
Select Tri 1 i
[E‘ Celect Triangle 1 J [E‘ riangle ] Modify Element Topology
[ N ] [ Select Triangle 2 ] Method
- Select Triangle 2 [F\x Connectivity of Reversed Solid v]
Apply Automaticall
[ 1anore Relationship with Geometry (] pply i
Apply Automatically [Caution] Free Edge can be generated. [E‘ Select Element(s) ]
Methodology

[Flip 2 Triangles]

Modify the shape of 2 2D triangle elements that share a side by selecting them consecutively. The nodes
are kept. When modifying an element shape, the relationship with the geometry shape can be ignored, or
the shape can be automatically renewed by setting the auto-apply option and selecting 2 elements.

[Merge Element]
Merge 2 connected triangles, or quadrilaterals, into 1 element by selecting them consecutively.
However, a B-Spline can form if the node connection between the adjacent elements is ignored.

[Fix Connectivity of Reversed Solid]

An incorrect element can be formed during mesh ‘import’ or when the normal direction is defined in the
opposite direction accidentally. In this case, this function modifies the node connections of a solid element.
Use the [Front-Back Color] in View mode (mesh) to view the element shape on the screen and to check for
elements in the opposite normal direction, indicated by the different color.

1D
Overview
Change the properties, difference, coordinate system of a 1D element or add the offset distance or the end

boundary conditions (fixed, hinge roller etc.) of a beam element. The addable and changeable items are
listed below.
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Add/Medify Mesh Parameter @

|NodellD |2D |30 IOﬁ’1er|

[Change Property ']
= Select Object(s) ]

Select 1D-property from the below list.

Property

b @)
Methodology
[Change Property]

Change the property assigned to a 1D element during its creation. Select the 1D element to modify and
specify the property to change.

[Change Element Order]

[Change Element Order - ]

= Select Object(s) ]
Change Order & Mid-Mode Location

() Linear @ Quadratic

() Attach Mid-Node to Geometry
() Move Mid-Mode to Center of Two Modes
() Divide Mid-Mode of Quadratic

Add or delete the nodes between a 1D element to change it into a higher order or lower order element.
Changing the position of the middle node to the start or end point for high order element can create an
arbitrary middle node on the geometry shape. A 1D high order element can be divided into 2 low order
elements with reference to the middle node.

[Change Coordinate System]

[Change Csys - I

122! Select Object(s) ]
() Reverse Normal (X-Axis)
@ Orientation (Element Z-Axis)

Beta Angle: 90 [deg]

() Align with Neighbor 2D Element
() Align 1D Base Element (2, ¥-Axis)

Select Base Element

The analysis results of a structural element are printed with reference to the element coordinate axis.
Hence, it is important to check the coordinate system of the structural element to make sure it is in 1
direction. Switch the element x axis direction or specify the element y axis direction to unify the major and
minor axis directions of the structural elements. The direction can be unified with adjacent 2D elements.

Orientation (Element Z-axis)
This function is used to unify the direction property of a 1D element to 1 direction or to set the major and

minor axis directions. Adjust the Z axis direction by checking the element coordinate axis and assign with
reference to the Beta angle.
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Orientation (Element Z-Axis) (==3a]

() Ref. Node Select a Node

(@ Ref, Vector (GCS)

o (= Select Direction ]

|:| Reverse Direction
() Direct Input

() Beta Angle |30

o  Reference Node: Select the reference node for the sectional direction of the 1D element. The
element Z coordinate direction is set with reference to the selected node.

o Reference Vector (GCS): Set the Z coordinate direction of the selected element using the GCS
direction or the input vector direction.

o  Beta Angle: Angles 0, 90,180 can be chosen and the selected Beta angle rotates the element by
that angle with reference to the X axis.

»Beta angle:0
»»> Beta angle:90
»»>»> Beta angle: 180

[Add Offset (Beam/Embedded Beam)]

[cd Offeet (Beam/Embedded Beam) -
(= Select Oject(s) ]
Name Offset
Base CSys [Element CSys ']
End-A Offset Distance
Wi g m
Wy om
Wz g m
End-B Offset Distance
Wi am
Wy 0 m
Wz o m

Define the offset distance by considering the sectional properties (shape) of the structural element. When
defining the properties, the offset can be set within the boundary of the section shape, or outside the
boundary using the extra features of offset. The offset is the eccentric distance between the position of the
geometry shape (line), needed to create a structural element, and the reference axis, where the loading is
applied and the results are calculated. It is mostly used to express the connection between structural
members or the combined section of 2 meeting members.

Specify the reference coordinates for the offset distance calculation and input uniform or non-uniform to set
the offset distance for each axial direction.
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[Add End Release (Beam/Embedded Beam)]

[Add End Release (Beam/Embedded Beam) ']

1= Select Cbiect(s) )
Name  Beam End Release

Tx Ty Tz Rx Ry Rz
A 0 O O O O O
ende O O B B O O

Specify the end point boundary conditions for a 1D element. It is mostly applied when specifying the
connection conditions between structural members such as hinge, roller etc.

[Taper Section Group (Beam/Embedded Beam)]

[Taper Section Group (Beam/Embedded Beam, v]

[+~ Selected 10 Object(s) |

SectionH
It% Node [1] Selected ]

Property
1 1: 1D Property i

Section-j
1= Node [11] Selected J
Property

2 oy o) [@

Members designated to a tapered section are grouped and calculate the section size automatically to
define a constant tapered section regardless of the divided state of the elements. Firstly, select all elements
that configure section changing area, and select the node at the beginning and the end of section changing
area into the node of section i and j respectively. The tapered section is calculated by section property
assigned to section i and j. The complex section changing area can be modeled quickly without creating
the property of tapered section as the number of elements within section changing area.

2D

Overview

Change the properties, difference, coordinate system of a 2D element or add the offset distance or the end
boundary conditions (fixed, hinge roller etc.) of a surface element. The addable and changeable items are
listed below. The material coordinate system is defined as the result printing coordinate system for the 2D
element and a separate print coordinate system (material coordinate system) can be added to certain
selected elements.

Add/Medify Mesh Parameter =2

|Node |1D |ZD |3D IOﬂ'1er|

[Change Property V]

(= Select Object(s) ]

Select 2D-property from the below list.

Property

P 8
(o[ cancel ][ Apaly |
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Methodology
[Change Property]
Change the property assigned to a 2D element during its creation. Select the 2D element to modify and

specify the property to change.

[Change Element Order]

[Change Element Order - ]

(= Select Object(s) ]
Change Order & Mid-MNode Location

() Linear @ Quadratic
() Attach Mid-Mode to Geometry
(2) Move Mid-Mode to Center of Two Modes

Add or delete nodes between a 2D element to change it into a higher order or lower order element.
Changing the position of the middle node to the start or end point for high order element can create an
arbitrary middle node on the geometry shape.

[Change Coordinate System]

[Change Csys - ]

12 Select Object(s) ]

() Reverse Mormal (Z-Axis)
(@ Align Element Csys
() Base Element (z, x-axis)
Select Object(s)

@ Core Coordinate {z-axis)

() 5hift Orientation

cow (+) ow ()

For a 2D structural element, the print coordinate system (material coordinate system) can be defined
separately. Here, if the print coordinate system (material coordinate system) is set as the element
coordinate system, it is important to check the coordinate system of the structural element to make sure it is
in 1 direction. Switch the element z axis direction or unify the normal directions of the selected elements to
the normal direction of the reference element. When using centered coordinates, use the direction vector
from the reference point to each element to modify the normal direction of each element.

[Add Thickness]
[add Thidness -]
1=2! Select Object(s) ]
Name | Thickness
[¥] Uniform Thickness
Base Functon
TML im T2 1{m
T3 i/m T4 ilm

The thickness of a 2D element is defined in the section properties, but an additional thickness can be
specified for selected elements. Select the 2D element and change the thickness by specifying the
thickness for each element node.
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[Add Offset]
[Add Offset -
(= Select Object(s) ]
Name |Offset
Base Function Nonaiv IEI
Offset Distance a2 m

Define the offset distance by considering the sectional properties (shape) of the structural element. The
offset is the eccentric distance between the positions of the geometry shape (surface), needed to create a
structural element, and the reference axis, where the loading is applied and the results are calculated. The
distance can be specified by a function on the GCS and the direction moves to the normal direction (+,-) of
the 2D element. When applying the function, the input offset distance becomes the scale factor that is
multiplied to the function for calculation.

[Add Material Orientation]

Apart from the material coordinate system specified on the 2D element property, a separate material
coordinate system (print coordinate system) can be additionally set for selected elements. The coordinate
system can be defined as follows.

¢ Coordinate System: Specify the material x direction in the X,Y,Z direction of the GCS. Both the
Global rectangular coordinate system and Global cylindrical coordinate system can be used.

o Angle: Specify the material x direction by setting the normal direction of the element as the
revolution axis and rotating the coordinate system by the specified angle.

o Reference Vector: Input or use the selected space vector direction to specify the material X
direction.

o  Coordinate system and Angle: Specify the material X direction as the rotated direction of the
reference coordinate axis on the selected coordinate plane.

[Add End Release (Shell)]

[ add End Release (shel) -
[ El Select Object(s) ]
| Select Node(s) ‘
Name | Beam End Release

Fx Fy Fz

Mx My Mz

Specify the selected node boundary conditions for a 2D element. The axial direction and rotation conditions
can be released for each element.

3D

Overview

Change the properties and difference of a 3D element.
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Add/Modify Mesh Parameter

Node | 1D o] 3o Other

[Change Property - ]

= Select Object(s) ]

Select 3D-property from the below list,

Property
l )
Methodology
[Change Property]

Change the property assigned to a 3D element during its creation. Select the 3D element to modify and
specify the property to change.

[Change Element Order]

[Change Element Order - ]

122 Select Object(s) |
Change Order & Mid-MNode Location

() Linear @ Quadratic

() Attach Mid-Node to Geametry

(©) Move Mid-Node to Center of Two Nodes

Add or delete nodes between a 3D element to change it into a higher order or lower order element.
Changing the position of the middle node to the start or end point for high order element can create an
arbitrary middle node on the geometry shape.

Other

Overview

Use to change the assigned other properties of an element. It is applied to spring, link, interface affiliated
elements and select the element to define a fitting property.

Add/Medify Mesh Parameter

Node |1D |2D I:-D ‘Oﬂwer |

[Change Property - ]

1=3 Select Object(s) ]

Select Other-property from the below list.

Property
co| @
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8.6

Connection

8.7

Extract
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Overview

Cut the connection between shared nodes or create a spring or rigid link element between nodes. The free
edge/faces created by the node separation can be used to create an interface element.

Split | Closest | Caincident
[E Select Blement{s] to Retain J split | Closest | Coincident
[ Select Node(s) to Spit ) [ = S J
Connection Type I Coincident
- ) spiit | C + | Coindden
@) None (Disconnection) [ Select Node(s) of Part2 ] pl ooes
*) Hlastic Link »
© Rigid Lk Connection Type : Elastic Link [E Select Node(s) to Link ]
i Orientation Tolerance 1e-005
Orientation e
- Beta Angle: 90 [deg]
Beta Angle: 90 [deq] < Connection Type : Rigid Link
. Property Froperty
roperty
: 3 : [ | F—
Methodology

[Split]

Select the element that contains the node which will be separated. Then, select the nodes to divide or
create a link element on. The connection type can be chosen between only node separation, create elastic
link after node separation or create rigid link. When creating an elastic link, specify the coordinate system of
the link element.

[Closest]
Select 2 groups of nodes and create an elastic link between the 2 closest nodes between the groups.

[Coincident]

Create a rigid link between selected nodes that are within the tolerance range. The tolerance is the
allowable limit of the node connection, and the operation is only applied when the distance between the
nodes is smaller than the tolerance. It is used to automatically connect 2 barely separated nodes.

Overview

Extract a sub-element from an existing mesh on a geometry shape or a mesh set. The extracted mesh is
connected to the existing meshes by nodes and is often used to create structural elements that are
connected to the neighboring ground by nodes. During extract, the element properties can be defined or
added and for 1D elements, the element coordinate system can be specified.

Geometry | Mesh

Type [lD Element v]

Geometry | Mesh

Type [Faoe ']

= Select Node(s) ]

= Select Object(s) ]
Skip Duplicated Faces

[ Select Reference Elements (Optional) ]

The extracted mesh can be divided by target shape, possessed shape or mesh to create a mesh set. This
option automatically divides the mesh sets when extracting elements from multiple solids simultaneously.

Mesh Set
Register Bazed-on Object Shape
[| Register Based-on Owner Shape

Register Based-on Owner Mesh Set

Extracted Mesh Set -
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"
Methodology

[Geometry]

Extract 1D/2D elements that have kept their node position from the edge/surface used for mesh creation.
The [Skip Duplicated Faces] option can be applied when extracting a 2D element from a surface. This
option extracts the mesh from only the non-overlapping surfaces of the selection. If the selected target
surface lies on multiple solids in a complex manner, select all the solids and use [Skip Duplicated Faces] to
extrude only the outermost surface of the solid.

[Mesh]

Extrude a 1D/2D element from the free edge/surface of an existing mesh. Only the selected nodes on the
free edge/surface are extruded automatically and selecting the reference mesh extrudes only the nodes on
the specified mesh.

8.8 "

Divide Overview

Divide the 1D element by the set number. It is used to divide a 1D high order element into 2 low order

elements.
Divide Element @
D s} 3D
[ E‘ Select Object(s) ]
Mumber of Divisions 25
B& [ o< J[concel |[ Apay ][>~ ]
2D
Overview

Divide a 2D element into multiple elements using a pattern or entering the number of divisions. If the
geometry shape is complex, the shape (quality) of the equal size mesh created by the auto-mesh function
may not be good. In this case, use the divide function to increate the Aspect ratio. Set the divide pattern or
the number of divisions in the axial direction. Use the [Divide Neighbor Element] option to maintain the
node connections with adjacent elements during element division.
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Methodology

[Divide by Pattern]

Specify the 2D element and pattern. Then, select the reference node.

Divide Element (3]
[0 [z [o |

(= Select Object(s) ]

@ Divide by Pattern

@ Pattern-2

©) Pattern-3

[ Select Object(s)

() Divide by Number

Axis Direction

@ Local Coordinate

Coordinate Axis

Global Rectangular
X
Location along Vector
0,0,0

0,0,0
Divide Neighbor Element

Chapter 4. Mesh

Pattern -2: Use 1 of the 11 patterns to divide the element outline into 2 segments. The red point that
appears in the pattern indicates the position of the reference node. The white points indicate the points that

ignore the reference node.

Pattern -3: Use 1 of the 8 patterns to divide the element outline into three segments. The red point that
appears in the pattern indicates the position of the reference node.

[Divide by Number]

Evenly divide the 2D element by the input number of divisions. However, it can only be applied to
rectangular elements that are defined in 2 axial directions. Set the number of divisions in the axis 1, 2
direction and define the axial direction as follows. Input the number of divisions in the axial direction of an
element edge that has makes up the smallest angle between the specified axis directions.

Axis Direction

[Local Coordinate]

Use axis 1 as the x axis direction of the element coordinate system.

[Coordinate Axis]

Use the coordinate system to specify axis 1. The axis can be select from the Global rectangular system or

the Global cylindrical system.

[Location along Vector]
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Use the input vector as axis 1. Input the start point and another arbitrary point on axis 1 to create a vector.

3D element
Divide Element @
D pis] £y
=l Select Objeci(s) ]
@ Divide by Pattern
[ Select Object(s)
) Divide by Mumber
2
28
25
Axis Direction
@ Local Coordinate
Coordinate Axis
Global Rectangular
X Y
Location along Vectar
0,0,0
0,0,0
0,0,0
Overview

Divide a 3D element into multiple elements using a pattern or entering the number of divisions. Only
hexahedral elements can be divided.

Methodology

[Divide by Pattern]
Use 1 of the 4 preset patterns to divide the element. The red point that appears in the pattern indicates the
position of the reference node. Specify the 3D element and pattern and select the reference node.

[Divide by Number]

Evenly divide the 3D element by the input number of divisions. Set the number of divisions in the axis 1,2,3
direction and define the axial direction as follows. Input the number of divisions in the axial direction of an
element edge that has makes up the smallest angle between the specified axis direction.

Axial Direction
[Local Coordinate]
Use axis 1 as the x axis direction of the element coordinate system.

[Coordinate Axis]
Use the coordinate system to specify axis 1 and axis 2. The axis can be select from the Global rectangular
system or the Global cylindrical system.

[Location along Vector]

Use 2 input vectors as axis 1 and axis 2. Input the start point and any other arbitrary points on axis 1 and
axis 2 to create 2 vectors.
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8.9

Measure

8.10

Interface

340 | Section 8. Element

Overview

Measure the material and geometric information of a selected element. It is useful to check the Length (1D),
Area (2D) and Volume (3D) of an element. Select the element to be measured and use calculate to check
the total sum of all selected elements. For Volume (2D), use the property (thickness) information of a 2D
element and the element area to calculate the hypothetical volume.

Element Measure (=23a]
(= Select Object(s) ]

Type Total Value
Length {1D) 0oom
Area (2D) o m?
Volume {2D) o m?
Volume (3D) o om?
Mass o ton
Mass Center ¥ am

Y om

z om

Overview

Create a homogeneous or heterogeneous material interface where slip or isolation can happen. It is used
to simulate the interface behavior between ground and structural members with a large relative stiffness
difference. The interface generation method is classified by the work environment (2D/3D) and the target.
The properties must be defined in order to create an interface element. The properties can be directly
entered, or can be automatically calculated from the properties of adjacent elements using Wizard.

Create Interface @

Line | Shell | Plane

Element ID 1
Method
Type [From Element Boundary ']
Parameters
=] Select Element(s) ]

Property Parameters
@ Manual Input () Wizard E]

Register Interface Mesh Set Separately

|| Create Rigid Link Element

Property
3l )
Mesh set Line Interface -
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Tip

Interface element generation immediately separates the connected nodes of that position and creates an
element with specific stiffness in the normal and tangent directions. Hence, because the nodes are left
separated for certain steps where the interface element is not used (ex. Initial in-situ ground), the nodes
need to be connected by a rigid link to prevent analysis error. Reversely, when the interface element is
used, the rigid links need to be removed during analysis. Use the [Create Rigid Link Element] option to
automatically create a Link element connecting 2 nodes.

Structural Parameters

Mormal Stiffness Modulus (Kn) 250325  kifm3
Shear Stiffness Modulus (Kt) 43546 kMjm?
Interface Nonlinearities ‘Cﬂulnmh Friction - |
Cohesion {C) 0.65  kifm?
Frictional Angle 30 [deg]
7] Dilatancy Angle 0 [deg]
| Tensile Strength 10| kMfm2 N
f Interface Wizard Data =
Mode-1I Model
@ Brittle Structural Parameters
Constant Shear Retention - Virtual Thickness Factor(tv) 0.1
0
Reduced Shear Stiffness -
Strength Reduction Factor (R} 1
Multilinear Hardening
| Consider Element Size
Line Interface Thickness 1m
| Conduction for Seepage flow 1e-010 mjfsec/m

The interface material can be defined using the following equation. Using the stiffness of adjacent
elements and nonlinear parameters, the virtual thickness (tv) and strength reduction factor (R) is applied.
Interface material stiffness and parameters are applied differently according to the relative stiffness
difference between neighboring ground or structural members. The Wizard can be used to simplify this
process.

EX) Kn = Eoed,i / tv
Kt = Gi/tv
Ci =R x Cgi
phi; = tan™ (R x tan (phise))

Here, Eoed,i =2X Gi X (1'Vi)/(1'2 X Vi)

(vi =Interface Poisson’s ration=0.45, the interface is used to simulate the non-compressive frictional

behavior and automatically calculates using 0.45 to prevent numerical errors.)
t, = Virtual thickness(Generally has a value between 0.01~0.1, the higher the stiffness difference
between ground and structure, the smaller the value)

Gi = R X Gy (Gso1 = E/(2(1+ vg0p)), R = Strength Reduction Factor

Methodology

The interface can be created using the following methods, depending on the work environment and
compints or shape.
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»Line Interface
»»Shell Interface

»»»Plane Interface

>»From element boundary

»Convert element

342 | Section 8. Element

Manual Mode ID Input
Convert Element Manual Node ID Input

From Free-Edge Convert Element

From Truss/Beam Manual Mode ID Input From Free-Face

From Truss/Beam(T/%-cross type) Convert Element From Shell

From Mesh-Set (T/X-cross type) From Free-Edge From Shell(T/X-cross type)

From Mode From Mesh-Set (T/¥-cross type) From Mesh-Set (T/¥-cross type)

o From Element Boundary

Create an interface element at the boundary position between the selected element and adjacent
element, as shown in the figure below. Selecting all elements cannot create an interface element
because there are not adjacent elements. If the created interface element is within a mesh, the
interface element has a wedge shape, as shown.

Interface Element

From Element Boudary

=>

If all the elementary ;
boundary are selected :

-

Itis impossible to generate interface element
because there is no adjacent element.

o Manual Node ID Input
Directly input the node ID to create an interface element. The nodes are divided into 2 groups: Side
1 and Side 2 that determine the shape of the interface element. The number of input nodes on
Side1 and Side2 must be the same and the shape for each size is as follows.

« Convert Element

Convert a general 1D, 2D, 3D element into an interface element. Because general elements do not
have a consistent node order, the base reference node needs to be selected additionally.

Converted
Base Element

Node

o From Free-Edge
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Create an interface element from opposing free surface/edge. The free edges (free surface for 3D)
with no node connections need to be selected on each side and if the free edge (free surface) does
not exist, use the Connection > Divide function to divide beforehand.

o From Truss/Beam (Use plate element)

Create an interface element using the truss/beam element. For 3D, use a plate element. Creating
an interface element for structural elements such as truss/beam/plate generates an interface
element on both sides of the element. Hence if the interface creation method is truss/beam, set the
“add mesh set separately” option for the interface element to separately create the interface
element in each direction.

»Use structural element

. ¢
intertace
From Truss/Beam Etement

-

Truss/Beam

/
Interface Left Side " Interface Right Side
|
|
/

1

Ground Ground

Also, if the ground element connected to the interface element is removed during construction, the
interface element is also removed to prevent analysis errors.

Truss/Beam

Interface Left Side \I

(removed) \I
i/

Interface Right Side

Excavated Ground

o From Truss/Beam (T/X-cross type)

The interface elements are created at the location where truss/beam elements cross T or X-shape.
Shell elements can be selected in 3D model. The ‘Register Interface Mesh Set Separately’ option
isn’t available since interface elements are T or X-shape.

From Truss/Beam (T/X-
cross type)
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From Mesh-Set (T/X-cross
type)

8.11

Pile/Pile tip

344 | Section 8. Element

o From Mesh-Set (T/X-cross type)

Create an interface element at the T- or X-cross of the selected mesh set. This method can be used
when the interface elements intersect, such as in masonry structures.

From Mesh Set

N

¢ From Node

Create an interface element between adjacent elements, using the relationship between the
selected nodes. For 3D, select a segment point if the interface element is not created properly.

Pile

Piles are an interface affiliated element in embedded beam element form that does not require node
connections with the neighboring ground. It is used to check the relative displacement and friction behavior
between the beam element and the ground. Create a beam element and neighboring ground element and
then select the beam element to create a pile element.

Pile/Pile Tip Elernent
Element ID 1
1= Select ]
Property
| ) (18]

Mesh Set Pile -

[ ok J [ cancel |[_apely |

Pile tip

The pile tip element is added when defining the relative behavior between the ground element and 1 end
node of a pile. Create a pile element. Then, select the tip. The stiffness of the pile tip is defined by the end
bearing capacity and spring constant.
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Free Field

Element (Infinite
Element for
Dynamic Analysis)

Chapter 4. Mesh

Pile/Pile Tip Element
Element ID 1
(=l Select Node J
Property
o 7
Mesh Set File Tip -
[ ok ][ cancel ][ apply ]

Overview

For the seismic analysis, users need to model infinite ground to eliminate the boundary effect caused by
reflection wave. Since it is not possible to model infinite ground, users can apply Free Field Element at the

boundary.

Free Field Element enables to apply traction resulted from Free Field Analysis to the ground boundary and

then, eliminate reflection wave using absorben

t boundary condition.

Create Free Field
Line Plane
Element ID 1339
Target Object
Type [Frorn Free-Edge v]
= Select Element(s) |
Property
2 [2: Free Field v]
Mesh Set Line Free Field -
[ ok [ cancel |[ acply |

Methodology

Select free edges in 2D and free faces in 3D to define Free Field Elements.
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Create/Modify Other Property (==

Free Field

jin] 1 Mame  Other Property Color |E|

Free Field Type Line hd
Type Free Field -
Width Factor 0

DOF

[¥] DX ] Dy [z [] R Ry 1Rz

ok ) [ cancel | | Apely |

o Free Field
Enable to simulate infinite ground boundary.

o Absorbent Boundary
Enable to eliminate reflection wave at the ground boundary.

o Width Factor (Penalty Parameter)
In order to minimize the size effect of the model, users have to input more than 104, This value will
be multiplied by model width (In case of 2D, this is plain strain thickness (unit width).

o DOF (Degree Of Freedom for damping)
Users can select specified DOF for damping effect.

»Schematic Overview of Free Free
Free Field Element field field
»»>Free field effect (O),
Absorb reflection (O)

Buffer zone Region of interest Buffer zone

—IH

HE
?i Main domain ﬁ Free field
L

‘r Surface

. Main model

Free field
Seismic
wave
Base
>Free field effect (X),
Absorb reflection (X) Main model [ Main model
»>Free field effect (X), vi )
. 1scous Viscous
Absorb reflection (O) boundary boundary

2 2

« Verification Example
Free field element can result in identical behavior with infinite ground model.

346 | Section 8. Element



User Manual

Chapter 4. Mesh

»None

»>Free field
» » » Ground

>Infinite ground

»Displacement results for
each case

8.13

Hinge

>Hinge Properties

4.00
2.00
=== None
0.00
-
c
g 200 === |nfinite
§ ground
E‘ -4.00 e Free field
a
-6.00
«====\liscous
-8.00 boundary
-10.00

time

Methodology

¢ Inelastic Hinge
Inelastic hinge can be applied to the structural elements to simulate crack or local (plastic) failure.
Applicable in Nonlinear Static and Time History Analysis as follows : Nonlinear, Construction Stage,
Consolidation, Fully Coupled, SRM (Slope Stability).
Following properties are available to define inelastic hinge : Beam, Truss, Elastic Link and Point

Spring
Create Hinge
Beam | Truss | Blastic Link | Point Spring |
MName Hinge
Hinge Property
1 [ 1: Hinge Property -]

Lok J[ cancel |[ apply |
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. . Load
»Schematic overview of l os

Inelastic Hinge

Crack or local failure

Camh

I A

1 7
A ~ =+ Inelastichinge O

8 _ 1 4 Overview

Infinite Element Without modeling all region, a model can be reduced considering the area of interests by assigning infinite
element on the boundary which does not have significant effects on the result. All analysis types are
applicable except dynamic analysis. (Free field element is used in dynamic analysis.)

It isn't possible to use all kind of load & boundary condition (Self Weight, Constraint, Nodal Head, Review,
etc.) in the node or element of infinite element.

Create/Modify Infinite ===

Line | Plane

Element ID 1

Target Object

Type [From Free-Edge vl

1=2 Select Object(s) ]

Polar Coordinate

[ Location 0,00

Property
| 5
Mesh Set Infinite Mesh Set -
OK ][ Cancel ][ Apply ]

Methodology

It is divided into ‘Line, and ‘Plane’ tab according to the type. For the adjacent element with infinite element,
analysis is only for Quad / Wedge / Hexa typed Low/High order element with 'Plane Strain / Axisymmetric /
Solid' property.

348 | Section 8. Element



User Manual

Z

Chapter 4. Mesh

8.15

Seepage Cut Off

Element

« Target Object Type
Infinite element can be created by selecting 2D element, ‘Free Edge’ in the case of 'Line' type.
Infinite element can be created by selecting 3D element, ‘Free Face’ in the case of 'Plane’ type.

o Property
Select Line/Plane type infinite element
' ™
Create/Modify Other Property ﬂ
Shell Interface | Elastic Link. | Rigid Link | Seepage Cut Off
File Tip | User Supplied Behavior for Shell Interface
PointSpring | MatrixSpring | FresField | Infinite | Interface
jin] 1 Mame  Other Property Color - |E|
Infinite Type [Line hd ]
Constitutive Behavior [Frorn Adjacent Element v]
Material I
[ Ok ] [ Cancel ] [ Apply ]
A A

« Infinite Type

Select infinite element type. It is divided into ‘Line’ type and ‘Plane’ type for 2D model and 3D model
respectively.

o Constitutive Behavior
Select Constitutive Behavior of infinite element. It is divided into ‘From Adjacent Element’ type
which adopt material property of adjacent element and ‘User Defined’ type which can assign other
material property for only infinite element. ‘Material’ is directly inputted for only 'User Defined' type.

Overview

The Seepage Cut Off (SCO) element can be used to simulate the behavior of structural waterproof
members. Main role of the element is to control seepage DOF on the line or face.

i Create Seepage Cutoff M‘ [ Create Seepage Cutoff ﬂ1
Edge  |Face Edge | Face
Element ID 7305 Element ID 7305
Method Method
Type From Element Boundary - Type From Element Boundary A
From Elemant Boundar From Element Boundar
Parametertgrom Truss/Beam I Parameters from Shell r
(= Select Element(s) | = Select Element(s) ]
Merge Nodes H Select Base Mode(s) Merge MNodes HSeIe-:t Base Mode(s)
Property Property
7 ’?: Other Property v] 7 [?: Other Property V]
Mesh Set Line Seepage Cutoff - Mesh Set Plane Seepage Cutoff -
(o< [ cancel | apply | (oc [ cancel [ apaty |
L "y \. "y
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»From element boundary

»Use structural element

350 | Section 8. Element

Methodology

In 2D analysis, select a line element (From Element Boundary/Truss/Beam element) to define the
impermeability.

In 3D analysis, the impermeability can be defined by selecting the face element (From Element
Boundary/Shell element).

o From Element Boundary

Create an SCO element at the boundary position between the selected element and adjacent
element, as shown in the figure below. Selecting all elements cannot create an SCO element
because there are not adjacent elements.

o From Truss/Beam (for 3D case - Shell element)

Create an SCO element using the truss/fbeam element. For 3D, use a plate element. Creating a
seepage cut off element for structural elements such as truss/beam/shell generates “impermeable
interface” element on both sides of the element.
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o Property
Checking the Seepage Flow DOF option allows for control the flow rate/impermeability

characteristics. ( When checked: consider the effect of seepage, when not checked: consider the
impermeability effect)

rCreatefModify Other Property u‘
PointSpring | MatrixSpring | FreeField | Infinite | Interface
Pile Tip | User Supplied Behavior for Shell Interface
Shell nterface | ElasticLink | Rigidlink | Seepage CutOff
D 8 Mame  Other Property Color El
Seepage Flow DOF
Effective Thickness im
[ ok [ cancel | [ Aoy |
L #

The effective thickness used in Seepage Flow DOF is the effective thickness for the imaginary size
used for the calculation of the seepage flow and it defines the width of the structural member.

»Schematic overview of * Results comparison

Seepage Cut Off element . .
results - 2D analysis case (via Truss/Beam element type).

[2D Model - without Seepage Cut Off element] [Analysis Results-Pore Pressure]

e e
[2D Model - with Seepage Cut Off element] [Analysis Results-Pare Pressure] [Analysis Results-Flow Net]

- 3D analysis case (via Shell element type).

[3D Model with Seepage Cut Off element] [Analysis Results-Pore Pressure] [Analysis Results-Flow Net]
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Check
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Tools

Overview

When mesh and node numbers are recomposed, results can be checked in an organized manner.

Mesh Tool ==
Renumber

Method
@ Compact IDs Only

User

Global Rectangular

+ + +Z
Array Method
@ Ascending Descending

Target

Target Object \Hement—VI

New Starting ID 1
V| Entire Model Select Object(s)
@ (Lo [cancel ] (_apaly ]

Methodology

Select the target nodes and elements and input the starting number. The organization can be set for the
whole model, or only for the selected nodes (elements). Use the [Compact IDs Only] option to organize the
node number continuously starting from 1, and the coordinate system priority for the organization reference
can be selected from User defined. Assign the minimum number with reference to the first axis. The
numbers are then organized by the second axis within the range that does not affect the first axis. The
numbers are organized again by the third axis within the range that does not affect the first and second
axes.

For example, if the first is X, second is Y, third is Z, then the organization is first d1 by considering the X
coordinates specified by the first priority. The number increases from the small X coordinate to the large X
coordinate, and if the X coordinates are the same, then the next priority Y coordinates are considered. For
elements, XYZ coordinates of the center of gravity is used for organization.

The number order can be selected from Ascending/Descending order.

Mesh Topology

Overview

Analyze the mesh information and sort the mesh depending on classification for easy distinction. Apply the
check mesh menu to view all existing meshes regardless of the view/hide status to display all calculated
free lines, free surfaces, and etc. on the screen.
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When checking a free surface, the mesh is displayed as a wireframe and it may be difficult to check for free
surfaces existing within the interior of the model. In this case, the mesh check is performed with all target
meshes hidden.

ﬁ

Feature | Quality
Mesh Feature
() Non-manifold Edges (Blue)

() Feature Edges (Yellow)

Feature Angle

(@) Free Faces (Orange)
Show Bounding Faces

() Clamped Element {Purple)

() Overlapped Element (Green)

Methodology

[Non-Manifold Edges (Blue)]
Check Non-Manifold edges in blue. A Non-Manifold edge is formed at the meeting edge of three or more
element surfaces.

[Feature Edge (Yellow)]
Check the feature edge in yellow. A feature edge is the line that has a sudden change in the model shape,
and has an angle larger than the feature division angle between 2 element surfaces.
o  Feature Angle
Input the feature angle to calculate the feature edge.

[Free Faces (Orange)]
Check the free surface in orange. The free surface is the section where the nodes between 3D elements
are not connected.
+  Show Bounding Faces
This is an option to show/hide the boundary faces among free faces. It is useful to check free
faces located inside in case of 3D complex model.

77

'A"?I% i L
X

AT ‘

A l

X7

177
5
Vi

[Model] [Check on the option] [Check off the option]
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[Clamped Element (Purple)]

Check the clmped element in purple. Search for elements with all nodes on the free surface in each 3D
element. If the boundary condition is all applied on the free surface of the mesh, the confined element does
not affect the analysis.

[Overlapped Element (Green)]
Check overlapped elements that have the same node information at the same position. The elements are
highlighted in green, and the Element > Delete function can be used to delete the overlapping element.

Mesh Quality
Overview

The relative size between connected elements and the shape and quality of a mesh have a larger effect on
the analysis results than its absolute size. Hence, after creating a mesh, it is important to check and modify
the quality of the mesh, especially for 3D elements. Input the reference value to color the elements that do
not meet this standard.

Mesh Tool ==
Feature | Quality

Type Threshold Color

7] Aspect Ratio O I
V| skew Angle 45 -
7] warpage = [
| Taper 025 [+
Jacobian Ratio 07| [
Twist Angle x| O
Element length D

Max

Mesh Set Poor-Elems v Send

Close

®

[Aspect Ratio]

Length ratio between the width and length, or the ratio of the longest side to the shortest side of a 2D
element. For example, a square has the same width and length and therefore has an aspect ratio of 1. As a
shape digresses from the square shape, the aspect ratio becomes smaller. A value closer to 1 is ideal. This
ratio has significant effect on the analysis result and if the value is very small, it may be hard to obtain
normal analysis results.

[Skew Angle]

How much the shape digresses from the rectangular shape (90 degrees), measured in angles. A
quadrilateral forms a 90 degree angle, the inclination angle is 0 degrees and this value increases as the
shape strays from the quadrilateral. For a solid element, the inclination angle is checked for each face and
the smallest value is chosen as the inclination angle. A value closer to 0 is better.
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3)Triangle 4)Quadrilateral

Skew Angle(Triangle) = [90-6| Skew Angle(Quad) = [90-8|
3)Tetrahedron
Max value for each of the 4 faces

4)Pentahedron
Max value for each of the 5 faces

5)Hexahedron
Max value for each of the & faces

[Warpage]

Evaluates how much the shape is out of the plane. For a quadrilateral 2D element with all nodes on the
same plane, the value is 0. The value increases as the shape strays from the plane. For a solid element,
the warpage is checked for each rectangular face and the smallest value is chosen as the warpage value.
A value closer to 0 is better. This item has significant effect on the analysis result and if the value is very
large, it may be hard to obtain normal analysis results.

1)Quadrilateral 2)Pentahedron
Max value for each of the 3 side faces

3)Hexahedron
Max value for each of the 6 faces

® >

8 converted to value of WarpagelQuad)=Degree

~ Voa+ Vo
7 Vos + Vosll

_ Yoz t Vo
5 IVoz + Vool

Vi + Vs = V4l - [IVs |l cos &
8 =cos1(V, - V5) (lIVyll- Vsl = 1)

[Taper]

Geometrically calculates how much the quadrilateral digresses. It is not applied to triangular elements. A
quadrilateral has a value of 1, and the value decreases as it digresses (becomes closer to a triangular
shape) from its rectangular shape. For a solid element, the taper value is checked for each face and the
smallest value is chosen as the taper value. A value closer to 1 is better.
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2)Pentahedron(Wedge)
Max value for each of the 3 side faces

1)Quadrilateral

4
.

P 3)Hexahedron
Max value for each of the 6 faces

1

N} ..
2 i Gt
A

+
Taper(Quad)= M

V=V, XV,
Ivall-
Jj = % (i=1234)

Jmax = max (Jj)
Javg=Ur +]2+]3 +14)/4

[Jacobian Ratio]

The Jacobian determinant is calculated at each Gauss integral point on the mesh the Jacobian ratio is the
ratio between the largest and smallest Jacobian determinant value. For 2D elements, the Jacobian
determinant is calculated on the element projected onto a plane. For solid elements, the Jacobian
determinant is calculated directly. If the quadrilateral element is not convex, the negative value is outputted
and the analysis is not performed properly. A higher value is better.

[Twist(Solid)]
Value that represents the twist between 2 opposing faces in a solid.

Wedge Hexa !
[
|\‘\\

Max(8;)
90°

Max(8;) Twist =1—
120°

Twist=1—

[Element length]
Check the edge length of an element. Here, the minimum and maximum values can be set.

Mesh set

After the quality check has finished, press ‘Send’ to define a different mesh set. The user can specify the
name of the mesh set.
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9 3 Overview

Table The node and mesh information for all mesh sets in a model can be printed onto a table. Activate all
created mesh sets and select mesh set to extract the overlapping nodes and element information from.

Mesh Set Activation

Choose mesh set for tabular data

 |Weathered rock

Lower part embankment

Select Al [ unselectan |

Node table

Selecting an element prints the coordinate information of all nodes in the selected element. The model
information can be modified on the table through Add, Edit, Delete.

58055 |RENY: angul: -13.400000 31.500000 17.600000
LY 2: Global Cylindrical -14.800000 21.500000 17.500000
58057 |1:Global Rectangular -14.150000 21.500000 17.500000
58058 |1:Global Rectangular -14.800000 31.500000 17.600000
58059 |1:Global Rectangular -14.150000 31.500000 17.500000
58060 |1:Global Rectangular -13.400000 29.500000 18.650000
58061 |1:Global Rectangular -13.400000 27.500000 18.650000
58062 |1:Global Rectangular -12.500000 30.500000 20.700000
58063 |1:Global Rectangular -12.500000 31.500000 21.500000
58064 |1:Global Rectangular -12.500000 30.500000 21.500000

Element table

Selecting an element prints the element information divided into element type tabs. The node connections
and node number can be checked and the element can be edited on the table through Add, Edit, Delete.

No. Type Property Node1 | Node2 | Nodel | Noded | Node5 | Nodeb | Node7 | Node8 | Node9 Node10|i
»
84760 |Hexahedron 5:Concrete 58228 | 568173 | 68174 | 58210| 58238 | 468172 | &8175 58219
84761 |Hexahedron 5:Concrete 58236 | 58235 | 58217 | 58218 | 58254 | 58252 | 58226| 58227
84762 |Hexahedron 5:Concrete 58229 | 58228 | 58210 58211 58240 | 58235 | 58219| 58220
84763 |Hexahedron 5:Concrete 582356 | 58234 | 68216 | 58217 | 58252 | 58250 | 68225 58226
84764 |Hexahedron 5:Concrete 58230 | 58229 | 48211 56212 58242 | 56240 58220 58221
84765 |Hexahedron 5:Concrete 58234 | 58233 | 58215 58216| 58250 | 58248 | 58224 | 58225
84766 |Hexahedron 5:Concrete 58231 58230 | 58212 | 68213 68244 | 58242 | 58221 58222
84767 |Hexahedron 5:Concrete 58233 | 58232 | &8214 | 68215| 68248 | 58246 | 58223 58224 -

A41* [A1D A20 A 3D A Point Sprin: Matric Spring Rigid Linke Hlastic: Link Interpolation Line Interface Plane Interface Gauging Shell A Pile A Fil |‘ [
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Tip

Click the right mouse button on the node/element table to bring up the Context Menu. The functions
available in the menu are as follows.

Copy
Paste
Find...

Sorting Dialog...
Style Dialog...

Resize Column Width
Show Graph...

Export to Excel
Active Dialeg...
Copy/Paste/Find
Copy the selected area on the table and paste it into a different table on excel or search particular number
Sorting Dialog
Sorting Information @
Table Columns Sart Key Columns
e RSN
CSys ]
X ==
A
Fd Priority
Up
Down
Sort Close

Organize the table information according to a certain principle. Each column title is listed in the Table
column and the chosen align principle is moved to the Align key column. The checked Asc in the Align key
column organizes in ascending order and the top column on the Align key column is given priority. The
priority can be changed by using the Up, Down button.

Style Dialog
style ==
Name Type | Width | Align Format *

1 [Mo. integer 50 | Right

2 |CSys string 160 | Left

3 X real 90 | Right Fixed

4 |Y real 90 | Right Fixed

5 |Z real 90 | Right Fixed

< I 3

Cancel Apply

Change the expression style of each data on the table. The name of each column is listed and Integer,
real, string is automatically listed for each string type. The width, alignment (Left, Right, Center) format,
digits or each column can be set. The data format can be chosen from the 4 options below.
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o Default: The data is expressed in 11 digits.

«  Fixed : The decimal place is specified by the input value.

o Scientific : The input value is used as the number of significant figures, which are expressed in
expintial form. It is useful for expressing very small numerical data such as the permeability
coefficient.

«  General : Rounding off at the digit, automatically determined by the program.

Resize Column Width
Minimize the width of each column. It is useful when there are many columns.

Show Graph
Select 2 or more columns to draw a graph. The graph type can be chosen from the 25 built-in options.
Graph View @
Graph Type Graph Type Example
|Simple line (x-axis: index) v| 100
¥ Label (Index) e
[x -] | a0 | d \

\‘\‘““"--\ 5/ N

¥ Label (Valug) & "

Graph Title 40 "\\_——-'""—__‘——'—:/’
|
20 | ‘

] |
Index 0 Index1 Index2 Index3 Indexd4 Indexs

o

The graph can be drawn by setting the graph type and X axis, Y axis labels and click the right mouse
button on the graph table to bring up the Context Menu. The functions available in the menu are as
follows.

Change Title Label

Zoom Out
Zoom Out All

Save Graph As Image.

Edit the graph title and the label of each axis. Select an arbitrary point on the graph with the left mouse
button and drag to magnify. In this case, use Zoom out to return to the original state. The graph can be
saved as an image file (*.omp, *.jpg. etc.)

Export to Excel / Active Dialog

Auto-save the printed table as an excel file and re-set the mesh set to print the node/element information
from using the Active dialog box.
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