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Introduction

Example Problems are mainly provided:
« To give you some guide in preparing input data.
« To demonstrate the validity of SMAP programs.

Section 2 describes methods of preparing Mesh Files which represent the
geometry of structures to be analyzed.

Section 3 describes two different methods of running main- and post-
processing programs.

Section 4 illustrates SMAP-3D main example problems as summarized in
Table 1.1. First 9 problems are presented to demonstrate the accuracy
and validity of SMAP-3D main- processing program.

Section 5 illustrates Group Mesh examples. Group Mesh Generator is a
two dimensional CAD program specially designed to build group mesh
which can be used to generate finite element mesh with the aid of
program ADDRGN-2D.

Section 6 illustrates Block Mesh examples. Block Mesh Generator is a
three dimensional CAD program specially designed to build block mesh
which can be used to generate finite element mesh with the aid of
program PRESMAP-GP.

Section 7 illustrates PRESMAP examples which are used to generate two
and three dimensional Mesh Files.

Section 8 illustrates ADDRGN examples which are used to combine or
modify existing Mesh Files. ADDGRN-2D has a powerful mesh generation
feature as demonstrated in sub section 8.1.3.




1-2 Introduction

Section 9 illustrates SUPPLEMENT examples which are useful to prepare
input data for pre- and main-processing programs.

Section 10 illustrates LOAD examples which are used to generate external
nodal loads in two and three dimensional coordinate systems.

Section 11 illustrates XY Graph examples. XY Graph is a two dimensional
graph consisting of lines connecting each pair of data points, which can be
plotted by PLOT-XY or Excel.
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Table 1.1  List of SMAP-3D example problem
Problem | Project Run Time Description
Number | File Name Pent. III 850
1 VP1l.dat 0.01 min. Undrained uniaxial strain
compression.
Check:
» Static
 Fully coupled two-phase medium
2 VP2.dat 0.03 Terzaghi's linear consolidation
Check:
» Consolidation
» Gravity load
VP2-1.dat 0.10 Using linear wedge element
3 VP3.dat 0.37 Planar compression wave propagation
Check:
» Dynamic two-phase response
VP3-1.dat 0.13 Using transmitting boundary
4 VP4.dat 0.35 Circular tunnel in Drucker-Prager
medium
Check:
» 3-D elasto-plastic matrix of
Generalized Hoek and Brown Model
VP4-1.dat Using element surface load
VP4-2.dat Using linear wedge element
5 VP5.dat 0.15 Laminated beam with slip interface
Check:
» Joint element
« Joint model
VP5-1.dat 0.98 Thin layer joint element, NM=4
Joint thickness by CARD 5.3.2.4.11
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Table 1.1  List of SMAP-3D example problem, continued
Problem | Project Run Time Description
Number | File Name Pent. III 850

6 VP6.dat 0.02 min. Gibson's construction pore pressure
Check:
» Consolidation
» Variable time step
» Moving boundary

VP6-1.dat Using linear wedge element

7 VP7.dat 0.01 Drained triaxial compression test
Check:
« Modified Cam Clay Model
» Drained triaxial compression path

8 VP8.dat 0.01 Undrained plane strain comp. test.
Check:
» Modified Cam Clay Model
» Undrained plane compression path

9 VP9.dat 0.01 Volumetric creep in isotropic
undrained test.
Check:
» Modified Cam Clay Model
e Volumetric creep

10 VP10.dat 0.01 Space truss analysis

11 VP11.dat 0.01 Fixed end beam analysis

12 VP12.dat 0.01 Beam dynamic analysis

13 VP13.dat 0.85 William's toggled beam analysis

14 VP14.dat 0.02 Plane strain tunnel analysis

15 VP15.dat 0.01 Hemispherical shell

VP15-1.dat Using triangular shell element
16 VP16.dat 0.02 Simply supported plate analysis
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Table 1.1  List of SMAP-3D example problem, continued
Problem | Project Run Time Description
Number | File Name Pent. III 850
VP17.dat 0.01 min. | Heated beam modeled by shell
17 VP17-1.dat Heated beam modeled by beam
VP17-2.dat Heated beam modeled by continuum
18 VP18.dat 0.01 Thin pipe subjected to internal pressure
VP18-1.dat Single precision with FACBD = 1x10°
19 VP19.dat 24.12 Preload consolidation & excavation
20 VP20.dat 16.93 Seismic tunnel analysis
21 VP21.dat 0.01 Frames with hinge connection
Modeled by beam element
VP21-1.dat Modeled by shell element
22 VP22.dat Embedded rebars with slip
23 VP23.dat Pseudo dynamic embankment fill
24 VP24.dat Plane strain tunnel in jointed continuum
25 VP25.dat Spring analysis
26 VP26.dat Nonlinear truss analysis
27 VP27.dat SDOF System To Ground Acceleration
28 VP28.dat Frames with Rotational Spring Connection
29 VP29.dat Reinforced Concrete Beam
30 VP30.dat Reinforced Concrete Cylinder
31 VP31.dat Plate Modal Analysis
32 VP32.dat Seismic Response Analysis
33 VP33.dat Silo Lining Analysis
34 VP34.dat Liquefaction Analysis with PM4Sand

1-5
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Pre-Processing
Programs

Pre-Processing programs are mainly used to generate Mesh File described
in Section 4.3 of SMAP-3D User's Manual. The Mesh File represents the
geometry of the structure to be analyzed. This file contains information
about nodal coordinates, element indexes, material property numbers, and
boundary codes. In SMAP-3D, you may generate such Mesh Files using
the following methods:

Method 1

First, generate 2D Mesh File representing a typical two dimensional section
using Group Mesh Generator, Block Mesh Generator, or 2D PRESMAP.
Modify this 2D Mesh File using ADDRGN-2D if you need to do it. And then
extend the 2D mesh into 3D mesh using GEN-3D.

1. Generate 2D Mesh File

GROUP MESH GENERATOR
BLOCK MESH GENERATOR
PRESMAP-2D  NATM-2D
CIRCLE-2D PRESMAP-GP

2. Modify 2D Mesh File

ADDRGN-2D

3. Extend into 3D Mesh File

GEN-3D
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Method 2

Generate 3D Mesh Files using Block Mesh Generator or 3D PRESMAP.
Then combine or modify these 3D Mesh Files using ADDRGN-3D if you
need to do it.

1. Generate 3D Mesh File
BLOCK MESH GENERATOR

PRESMAP-3D CROSS-3D
PRESMAP-GP

2. Combine or modify 3D Mesh File

ADDRGN-3D

Above two methods can be combined to make a final 3D Mesh File
representing the structure to be analyzed.

To view the Mesh Files, you can use PLOT-3D by selecting following order:

Plot —+ Mesh — F. E. Mesh — Open

Boundary codes can affect analysis result significantly so that it is strongly
recommended for you to double check those codes to avoid solving wrong

problems.
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Main- and Post-Processing
Programs

Main-Processing program reads Mesh and Main Files as input and performs
static, consolidation, or dynamic analysis. Post-Processing programs read
Post File along with analysis results from Main-Processing program and
then produce graphical output.

Mesh Files can be generated using Pre-Processing programs as outlined in
the previous Section 2. Main and Post Files can be created according to
Section 4.4 and 4.5, respectively, in SMAP-3D User's Manual. Normally,
they can copy existing Main or Post Files which are similar to the problem
to be analyzed and modify those files using Text Editor.

Main- and Post-Processing programs can be executed using the following
methods:

Method 1

Prepare Mesh, Main, and Post Files. Run EXECUTE menu to get analysis
results. And run PLOT menu to view graphical output of analysis results.

1. Prepare All Input Files

Mesh, Main and Post Files

2. Get Analysis Results

RUN — SMAP — EXECUTE

3. View Graphical Output

PLOT — RESULT — PLOT-XY, PLOT-2D, PLOT-3D
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Method 2

Prepare Mesh, Main, and Blank Post Files. Run EXECUTE menu to get
analysis results. Now, prepare Post File according to Section 4.5 in SMAP-
3D User's Manual. Run PRE EXECUTE menu to obtain intermediate plotting
information files. And then run PLOT menu to view graphical output of
analysis results. Note that Blank Post File consists of following 3 lines:

r 0, 1, 2
| o
0, 4.5
1. Prepare Mesh and Main Files

Mesh, Main and Blank Post Files

2. Get Analysis Results

RUN — SMAP — EXECUTE Menu

3. Prepare Post File

Post File in Section 4.5 of User's Manual

4. Get Plotting Information Files

RUN — SMAP — PreEXECUTE

5. View Graphical Output
PLOT — RESULT — PLOT-XY, PLOT-2D, PLOT-3D

Method 2 is particularly useful when you are running large problems which
take long execution time. You have to care in preparing Card Group 10 in
Main File since Post File can only address those data requested in Card
Group 10. You can repeat Steps 3 and 4 as long as your Post File
addresses the output data within the range specified in Card Group 10 in
Main File.
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Post-Processing programs are mainly used to show graphical output of the
analysis results.

PLOT-XY reads Card Group 12 in Post File and plots time histories of
stresses, strains, and displacements. Once you run PLOT-XY , you will
obtain intermediate plotting information file (PLOTXY.Lin). PLOTXY.Lin file
can be modified as it will be described in Section 11 of SMAP Examples.

PLOT-2D reads Card Group 11 in Post File and plots two dimensional snap
shots. Once you run PLOT-2D in PLOT menu, you will obtain intermediate
plotting information file (PLOT2D.DAT).

PLOT-3D does not need any Post File.
This program plots following three dimensional snapshots:

. Finite element mesh

. Deformed shape

. Principal stress distribution

. Section forces in beam element

. Extreme fiber stresses/strains in beam elements (2D)
. Axial force/stress/strain in truss element

. Contours of stresses, strains and factor of safety

. 3D iso surface of stresses and strains
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SMAP-3D
Example Problem

SMAP-3D is the main-processing program which computes static,
consolidation and dynamic response of three-dimensional problems.
Input parameters of SMAP-3D are described in detail in Section 4 of
SMAP-3D User's Manual.

Running SMAP-3D is described in Section 3.2.1 of User's Manual and
can be selected in the following order:

RUN — SMAP — EXECUTE

Manual procedure to run SMAP-3D is outlined in Section 3.5 of User's
Manual. Once you finished execution of SMAP-3D, you can obtain
graphical outputs by selecting:

PLOT — RESULT — PLOT-XY, PLOT-2D, or PLOT-3D

PLOT Menu is described in Section 3.3 of SMAP-3D User's Manual.
Table 1.1 in Section 1 shows the summary of SMAP-3D example
problems. First nine example problems are the verification problems.
The main objective of these verification problems is to demonstrate
the accuracy and validity of SMAP-3D.

You can access all input files of example problems in the directory:

C:\Smap\Smap3D\Example\Smap

For each example problem, brief problem descriptions and partial
graphical outputs will be presented in this section.
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4.1 Undrained Uniaxial Strain Compression

The problem concerns fully coupled undrained uniaxial strain response
of saturated porous linear elastic medium as shown in Figure 4.1.

Finite element mesh in Figure 4.2 is generated by Block Mesh
Generator as explained in detail in Section 6.1 in SMAP-3D Example
Problem.

The exact solution for the undrained stress response is given by Blouin
and Kim, 1984.

o v B, (4.1)

M, + K, K2 - MK, K, - K K, K,
Kn Ky (K - KD

(4.2)

Where

Q

<

Applied total vertical stress

Pore water pressure

Bulk modulus of skeleton

Shear modulus of skeleton

Constrained modulus of skeleton (M, = K + 4G, /3)
Porosity

Bulk modulus of grain

Bulk modulus of water

Mixture modulus K, = K, K,/ {K,+ n [K,- K,]}

a
o

20X

%)

[t=1

=

ANAXNS
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The following material properties are used for computing undrained
uniaxial strain response:

K = 3.5210 x 10° t/m?
K = 0.2042 x 10° t/m?
E = 0.7042 x 10° t/m?
% = 0
n = 0.3
G = 2.674

= 0.2347 x 10° t/m?
G = 0.3521 x 10° t/m?

The exact ratio of pore water pressure (r,) to applied total vertical
stress (g,) is obtained from equations 4.1 and 4.2

m, /o, = 0.4592

o v

and the exact ratio of effective vertical stress (0,’) to applied total
vertical stress (o,) is given by

o',/ o, = 0.5408

\'4 \'

Figure 4.3 shows predicted undrained uniaxial stress response
compared with an exact solution. As shown in Figure 4.3, the
predicted response by program SMAP-3D is identical to the exact
solution.
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SMAP-3D Example Problem

i

Gy
113 _
A Free impermesidle Surface |
.
g Saturated Soil
{Unit Thickness) . 1
L
.
E
e
A9 = L x
i r Ed
l/ Rigid Imger meable Baze
7 1

.

Figure 4.1 A cubic element subjected to undrained
uniaxial strain loading
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Figure 4.2 Finite element mesh
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Urndrained Uniaxial Strain Loading

le [Eran

Effective Stress
SMAF-20 Result

Tatal Stres=s
SMAF-30 Rezult

Fare Pressure
SMAF-30 Fesult

(/2

o Q Q o o
Effective Streas
Exact Solution

m m m m m
Tatal Stress
Exact Solution

Stress

A & A A A
Fare Pressure
Exact Solution

0. 0002 0.oonu 0. 0008 0.onog 0.0010

Axial Strain G2

Figure 4.3 Computed undrained stress response
compared with exact solution
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4.2 Terzaghi’'s Linear Consolidation

The problem concerns Terzaghi's linear consolidation with initial
triangular distribution of excess pore water pressures. As initial
conditions, it is assumed that soil is liquefied and pore water takes all
the weight. The exact solution for the excess pore water pressure (r,)
is given by

- 8y H m T m -y
B . . 2
™, = m§3 ( mzrrz) (Sln T) (Sln H y) e
(4.3)
where
H Thickness of soil deposit.
Top is free surface, bottom is rigid impermeable base.
y Distance from the free surface.
Y= YT Y

y is the total unit weight and
v, is the unit weight of pore water.

And the time factor (T) is given by

T - kMt
Yy H?
where
t Time
k Coefficient of permeability
M Constrained modulus

To simulate numerically, following material parameters are assumed:

n = 0.3 Porosity

G, = 2.7 Specific gravity of grain
Yo = 1.0 t/m?

y = v, (G, (1-n)+n)=2.19 t/m’

y o= 119 tm?
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E = 1,000 t/m?

v 0.3

M = (1-v) E/ ((1+v)(1-2v)) = 1,346 t/m?
k = 0.001 m/day

H = 10m

Figure 4.4 shows finite element mesh consisting of 20 elements used
for this example problem.

Figure 4.5 shows profiles of pore water pressures at T = 0.05 and 0.5.
And Figure 4.6 shows profiles of effective vertical stresses at T = 0.05
and 0.5. SMAP-3D calculations are very close to the exact solution.

(@ morm b |

File Modd Mol Wiew Help
ﬂﬂﬂﬂﬂﬂ&ﬂﬂlﬂ]ﬂﬂlﬂﬂﬂiﬁlﬂﬂﬁlﬂ@ N #

Total Dirmension

1 PSR P RS P DA E AP E RS PP Piiach WP 2. e
Elrmert Humber TeaimeTic Ve

Figure 4.4 Finite element mesh
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Figure 4.5 Pore water pressure profiles at T = 0.05 and 0.5
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Figure 4.6 Effective vertical stress profiles at T = 0.05 and 0.5
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4.3 Planar Compression Wave Propagation

The problem is to check overall two-phase dynamic equations
implemented in the program SMAP-3D. A vertically propagating planar
compression wave through idealized saturated soil is considered. The
input loading, as shown in Figure 4.8, is a short rise time triangular
pulse with a peak stress of 3,521 t/m? and a positive phase duration of
10 msec. The loading pulse is applied to the saturated sand having
the properties listed in Figure 4.8. The load is applied to an
impermeable boundary at the ground surface.

Figure 4.7 shows finite element mesh consisting of 200 elements.

Computed profiles of pore water pressure and effective vertical stress
at 20 msec are shown in Figures 4.9 and 4.10, respectively. The
closed-form solution for this problem is not available. So, the same
problem has been solved by the existing two-dimensional version of
TPDAP-II for direct comparison. These TPDAP-II results are not shown
in Figures 4.9 and 4.10, but they are identical to the SMAP-3D results.

r!ﬁ PLOT 3D EE—)
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Figure 4.7 Finite element mesh
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Figure 4.8 Loading time history and material properties used
in planar compression wave propagation through
saturated soil
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Figure 4.9 Profiles of pore water pressure at 20 msec
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Figure 4.10 Profiles of effective vertical stress at 20 msec
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4.4 Circular Tunnel in Drucker-Prager Medium
The problem is to check the implementation of the 3-dimensional
formulation of elasto-plastic matrix derived for the Generalized Hoek
and Brown Model. In this problem, the plane strain response of a
tunnel subjected to axisymmetric loading as calculated using SMAP-3D
is compared to a semi-analytical solution developed by Piepenburg,
Kim and Davister (1986).

Figure 4.11 shows a schematic section view of 3.05m (10 feet)
diameter circular tunnel subjected to a hydrostatic loading of 1972
t/m? (2800 psi). The surrounding rock is assumed to be linear elastic
beneath the failure surface and to follow the Drucker-Prager plasticity
model upon reaching the failure surface. The elastic and strength
properties of the rock are listed in Figure 4.11.

By symmetry, only a quadrant of tunnel cross section is modeled as
shown in Figure 4.12. Along the axis of tunnel (in z-direction), three
elements (sections) are used so that the internal section can have
unconstrained full 3 degrees of freedom per each node.

This is to check the uniform response of the integrated three
dimensional grids though problem is essentially one dimensional
axisymmetric.

Figure 4.13 shows tunnel displacement contour. Figure 4.14 shows
stresses along the 4.5  from the X-axis in Section 2. And Figure 4.15
shows stresses along the 85.5° from the X-axis in Section 2. As we
see, both deformations and stresses are uniform along the tunnel
tangential direction. The computed tunnel radial displacement (0.896
Cm) is very close to the semi-analytical solution (0.89 Cm). The
computed stress profiles agree well with the semi-analytical solution in
both the plastic and elastic zones of deformation surrounding tunnel.

It should be noted that the stresses plotted in Figures 4.14 and 4.15
are in X, Y and Z coordinates so that for exact comparison, these
stresses should have transformed to radial and tangential coordinate
system.




SMAP-3D Example Problem 4-=15

=187z t/m2

Material Model: Drucker-Prager Model

Rock Properties:

E = 810,000 t/m? Young's Modulus

\Y = 0.33 Poisson's Ratio

o, = 1,268 t/m? (1800 psi) Unconfined Strength
[0} = 18 Friction Angle

Figure 4.11 Circular tunnel subjected to axisymmetric loading
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Strezses Along U.5 Deg. Fram X-axis in Sec. 2
AT TIME .S0O0000E+00
3600 Lagend
T —T—G—0
Y = STRESS-XX
FI\
2000
-t
! u}
@ o
=
aunn ! B bl
i L E O B 8 -1
i - ¥ = STRESS-TT
o
=
=
ok
1600
w
Ul
a
C
=
[l
1200 P
T = STRESS-TT
&00
]
1.00 200 .00 4,00 500 .00
Radius [m)

Figure 4.14 Stresses along 4 degree from X-axis in Section 2
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Figure 4.15 Stresses along 85.5 degree from X-axis in Section 2
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4.5 Laminated Beam with Slip Interface

The problem is to check the joint element and the nonlinear joint
model described in Section 3.6 in theory. Figure 4.16 shows the
schematic view of a laminated simply supported beam subjected to
uniform and concentrated transverse loads along with the material
properties of the beam and the interface.

By symmetry, only the right half of the beam is modeled by 60
continuum elements and 10 joint elements as shown in Figures 4.17
and 18. Element numbers from 61 to 70 are joint elements which
represent the slip interface. Joint face is designated along the line
from nodes 4 to 144. Thus, nodal coordinates along the other side of
joint face are used mainly for visual presentation of joint elements.
That is, program SMAP-3D resets internally the nodal coordinates of
nodes from 157 to 176 equal to the nodal coordinates of the joint face
(nodes from 4 to 144). Then joint thickness (t=0.00254 cm) is
specified through the material properties of the joint model.

In Figure 4.19, the midspan deflections by SMAP-3D are compared to
the closed-form solution derived from beam theory (Agbabian
Associates, 1981). Overall, SMAP-3D results show good agreement
with the closed-form solution, especially when the sliding occurs along
the interface. It should be noted that there are some differences
between the beam and continuum theories, to which slight
overestimation by SMAP-3D may be attributed.
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Figure 4.16 Laminated beam subjected to uniform
and concentrated transverse loads
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Figure 4.19 Vertical displacement at midspan
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4.6 Gibson's Construction Pore Pressure

The problem is to check variable time steps and moving boundary
during the construction of the fully saturated fill at constant rate. This
problem, as schematically outlined in Figure 4.21, has been analytically
solved by Gibson (1958).

m o=y mt-y (mC,t) 2.

. 4.4
exp RS f (§ tanh-M% coshx—gexp—g—z) d¢ (4:4)
0

4C t 2C 2Ct  4Cpt

v

T, Excess pore pressure
C, Coefficient of consolidation
t Time

All other parameters in Equation 4.4 are described in Figure 4.21.

The saturated fill has been modeled using 36 equally spaced laterally
confined 3D continuum elements as shown in Figure 4.20.

Computation is performed until the height of fill reaches to 18 meters
at time t = 60 days. Each time when new element is placed,
dissipation of fill is followed according to the variable time steps listed
in Table 4.1.
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Table 4.1 Variable time steps applied for each lift

Sequence At/(Ah/m)
Beginning 0.001
0.106
0.106
Intermediate 0.160
0.160
0.234
End 0.234

where At is time step and Ah thickness of current top layer.

Following input parameters are used to compute profiles of pore
pressure.

E = 1000 t/m?

v = 0.3

G, = 2.7

v, = 1L.0t/m’

n = 0.6

k = 0.001 m/day
h = 18 m

t = 60.03 days
T =4

m = 0.3 m/day
M, = 1346.15t/m?
C, = 1.3462 m?/day

0.68 t/m?

=<
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Figure 4.21  Fully saturated fill constructed at constant rate
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Figure 4.22 shows the normalized excess pore pressure profiles at time
factor T = 4. It has been normalized by the height of current fill.

As you see, the computed results of SMAP-3D are very close to
Gibson's exact solution.
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Figure 4.22 Normalized excess pressure profiles at T = 4
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4.7 Drained Triaxial Compression Test

The problem is to check the implemented algorithm of the Modified
Cam Clay Model in drained triaxial compression mode. The problem is
to model the experimental test used by Karshenas and Ghaboussi.

The sample is modeled by a single cubic element with unit length as
shown in Figure 4.23. The sample is artificial soil which is composed of
90% CO0,C, and 10% kaolinite. The material parameters tabulated in
Figure 4.24 are those determined by Karshenas and Ghaboussi.

Both computed and measured values are plotted as a function of axial
strain in Figure 4.25 for deviatoric stresses and in Figure 4.26 for
volumetric strains. As you see, the SMAP-3D results reflect well the
overall behavior of test results for the normally consolidated clay.
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Figure 4.23  Finite element mesh
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Material Parameters for Modified Cam Clay Model
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G, = 1530t/m?
Failure Parameter M = 0.86
Deformation Parameter e, = 1.0
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C. = 0.2892

C. = 0.1022
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Figure 4.24 Drained triaxial compression test
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Figure 4.26 Volumetric strain vs. axial strain for drained
triaxial compression test
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4.8 Undrained Plane Strain Compression Test
The problem is to check the implemented algorithms of Modified Cam
Clay Model in undrained plane strain compression stress path. The
following analytical solution for this problem has been presented by
Kim (1982).

Three components of the effective principal stresses are directly
obtained from the specified value of axial strain increment.

dof = g, dg,  do, =g ,de, do) =g, de, (4.5)
ol = [ do o, = i do, o, = [ do, (4.6)
where

g, = (b-a) - f[3a,b + (a-b) a, ]
g, = (a-b) - f[3a,b + (a-b) a, ]
g, = - f[3a,b + (a-b) a, ]

(@a-b)(a -a)

f =
(@-b)@’+a’+a’)+qalb+pMP/ P/ (2P -P)

:6‘9(1+°o)(1"’)1,/ b:6‘9(1+e0)vP/
C.(1+v) C.(1+v)

a] = a + 3(cl- P ay/ =a+ 3(0')/,— P’ a] = a + 3(c,- P

23(1+e)
- (G, -C)

a, =

w[N

15/
M2 (P/ - =P
( 20)

P, =Plexp (Be€)
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Note that the initial stress conditions in Equation 4.6 should be
imposed on the basis of the stress-strain state at the end of K-
consolidated condition.

To perform numerical and analytical solutions, following K, initial
stresses and material parameters are assumed:

Initial stresses:
o/=0.764 t/m* o,/=1.472 t/m*> o0, = 0.764 t/m’

Material Parameters:

e, = 1.339 C.=0.508 C, =0.254 M=1.1137 v=0.4
The sample is modeled by a single cubic element with unit length as
shown in Figure 4.27.

Figure 4.28 shows effective stresses normalized by preconsolidation
pressure and plotted as a function of axial strain. It seems that the
SMAP-3D results are very close to the analytical solution. Itis
interesting to note that the effective stress (o,') in x direction where
total stress remains constant is decreasing while other effective
stresses (o,’ and 0,’) change very little.
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Figure 4.27 Finite element mesh
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Figure 4.28 Effective stresses as a function of axial strain in K,
consolidated undrained plane strain compression test
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4.9 Volumetric Creep in Isotropically Undrained Test

The problem is to check volumetric creep behavior in isotropically
undrained test. The closed-form solution for this problem has been
presented by Borja (1992).

c S

P’=Po[1+?“(%—1” : m=P, - P (4.7)

r 0

Note that effective mean pressure (P’) was P, at initial time (t,) but
decreases with time (t) while total mean pressure (P,) remains
constant during the volumetric creep. Consequently, the excess pore
pressure (wt) increases with time.

The sample is modeled by a single cubic element with unit length as
shown in Figure 4.29.
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Figure 4.29 Finite element mesh
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To conduct numerical calculation, the following initial conditions and
material parameters are assumed:

e, = 1.339 t, l1day P, = 1 t/m?
C 0.508 C 0.254 C, 0.0374

C r

Figure 4.30 shows variation of effective mean pressure and excess
pore pressure as a function of time while total mean pressure remains
constant. SMAP-3D results are almost identical to the closed-form
solution.
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Figure 4.30 Volumetric creep in isotropically undrained test
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4.10 Space Truss Analysis

This example problem is to solve the static response of space truss as
shown in Figure 4.31. Block mesh example 5 illustrates how to
generate this mesh. This space structure is subjected to a horizontal
load along the negative z direction.

Graphical outputs are shown in Figure 4.32 for member axial forces
and in Figure 4.33 for deformed shape of the structure. Note that the
computed member forces are exact compared to the closed form
solution.

Figure 4.31 Schematic section view of space truss
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4.11 Fixed End Beam Analysis

This example problem is to solve fixed end beam subjected to a
concentrated load at mid span as schematically shown in Figure 4.34.

The exact solution for this beam is given below

PL® PL
6 . = = 0.01046 m M. =—=125t-m
M 192 El mxo g
E = 21x10°t/m? v = 0.3 L=10m
A = 0.008412 m? I = 237x10"m*
0. = Maximum deflection at mid span
M.« = Maximum bending moment at mid span

The problem has been modeled by 20 beam elements as shown in
Figure 4.35. Graphical outputs are plotted in Figures 4.36 and 4.37 for
deformed shape and bending moment diagram, respectively. Both
computed mid span deflection and maximum bending moment are the
same as those of the exact solution.

Errrrs

4
7

Figure 4.34 Fixed end beam subjected to concentrated load
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4.12 Beam Dynamic Analysis
This example problem is to solve dynamic response of a simply
supported beam subjected to a concentrated impact load at mid span.
The exact solution for the deflection is given by:
21, L =
5 = ° iSinn:x SinnTTr Sin w), t

mymE]l nt2 n?

=n? w, w1:5 % m=pA

€

Mass density

Cross section area

Length of beam

Moment of inertia

Impulse

Young's modulus

Distance from beam support
Time

X M = >0

Numerical analysis for this simply supported beam shown in Figure
4.38 has been performed using the following parameters:

I, = 0.1 t-sec
p = 0.786 t-s’/m* L = 10m
A = 0.008412 m? = 2.37x10"m*
E = 21x10° t/m? v = 0.3
I =0.1t-sec
s
- . e
5m 5m
< ¥ >

Figure 4.38 Simply supported beam subjected to impact load
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The problem is modeled by 20 beam elements as shown in Fig. 4.39.
And impact load is simulated by the initial velocity applied at mid span.

Figure 4.40 shows the deformed shape at time t = 0.1 second.
Figure 4.41 shows time history plot of deflection at mid span.
SMAP-3D results agree well with the exact solution.
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L

Fixed End Beam
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Figure 4.39 Beam node numbers
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1.0

Legend

o 06 @& o @
SMAFP-30 Result

[Cm]

Exact Solution

Displacement

0.0 2.0 u.n 6.0 8.0 0.0

Distance (m)

Figure 4.40 Beam deformed shape at 100 msec
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Figure 4.41 Time history of deflection at mid span
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4.13 William's Toggled Beam Analysis

This classic problem of a rigidly jointed toggle is selected to verify the
geometric nonlinear behavior of the continuum element.

For the toggle shown in Figure 4.42 the closed form solution as well as
experimental results was obtained by Williams (Williams, F.W., An
Approach to the Nonlinear Behavior of the Members of a Rigidly Jointed
Plane Framework with Finite Deflections, Quarterly Journal of
Mechanics and Applied Mathematics, Vol. 17, London, UK, 1964, pp.
451-469)

This toggled structure is modeled by 400 continuum finite elements:
100 elements along the beam axis, 4 elements across the depth, and
only 1 element through the thickness.

Figures 4.43 and 4.44 show the load-deflection response at mid span
and deformed shape at applied load of 16 kg, respectively.
SMAP-3D results are very close to the Williams' closed form solution.

+—=

L = 32.868 cm

Y5
p=14153°

|< 32.858 cm >|

E =7.238 x10°t/m?
I =3.746 x10? cm* A=1.18cm?

Figure 4.42 William's toggled beam (Not Scaled)
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25
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Modeled By Comtinuum Element

Legend

SMAF-30 Fesult

Exact Sclution

Deflection [(Cm)

Figure 4.43 Load-deflection curve at mid span
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Figure 4.44 Deformed shape at applied load of 16 kg
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4.14 Plane Strain Tunnel Analysis

The objective of this problem is to verify generation of in situ stresses
and interaction of a tunnel liner with the surrounding soils. This
example problem has been presented in SMAP-S2. Figure 4.45 shows
schematic tunnel section view and material properties of soil and steel
liner.

Figure 4.46 shows Finite element mesh. By symmetry, only the right
half of the tunnel is modeled. Tunnel liner is modeled by shell
elements as shown in Figure 4.47. Block mesh example 4 illustrates
how to generate this mesh.

The first two load steps were used to generate in situ stresses. Tunnel
excavation and liner installation were simulated by deactivating soil
elements within the tunnel and activating liner elements at the third
load step.

Graphical results are presented in the following order:
Figure 4.48 Tunnel deformed shape
Figure 4.49 Tunnel liner bending moment
Figure 4.50 Tunnel liner axial stress
Figure 4.51 Principal stress vector
Figure 4.52 Major principal stress distribution
Figure 4.53 Minor principal stress distribution

SMAP-3D results are almost identical to SMAP-S2 results
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12.7 m
0.91m
0.91 m
L 1.83m !
I 1
Soil Steel Liner
E = 7,030t/m? E = 20.4 x10°t/m?
v = 0.23 v = 0.3
K, = 0.3 t = 2.54 cm (Thickness)

0

Figure 4.45 Schematic tunnel section view (Not Scaled)
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Figure 4.47 Finite element mesh for liner
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Figure 4.48 Tunnel deformed shape
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Figure 4.49 Tunnel liner bending moment
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Figure 4.50 Tunnel liner axial stress
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Figure 4.51 Principal stress vector




4-62 SMAP-3D Example Problem

@ PLOT3D

File Model Plot View Help

EE = ] = N R e B [ = Y e

225 Majar principal stress at time = 3.00000E-+00

0.74768

0.065201
-0.61708
-1.2093
-1.0818
-2.6642
-3.3466
-4.0250
-4.7113
-5.3037
-6.0761
-6.7585
-7.4409
-8.1232
-8.8056
-9.4880

e

Figure 4.52 Major principal stress distribution
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4.15 Hemispherical Shell

This classic problem of a hemispherical shell with 18° hole is selected
to verify accuracy of the membrane and bending performance of shell
element.

The theoretical solution for this problem was presented by R. H.
MacNeal and R. L. Harder (A proposed standard set of problems to
test finite element accuracy, Finite Element Anal. Des., 1, 3-20,
1985).

Figure 4.54 shows finite element mesh, material properties, loading
and boundary conditions. By symmetry, only a quadrant of the shell is
modeled. Block mesh example 3 illustrates how to generate this
mesh.

Graphical results are presented in the following order:
Figure 4.55 Deformed shape
Figure 4.56 Maximum bending moment

SMAP-3D result gives excellent results for the displacement at the
point of load in the direction of load as compared below:
Theoretical solution = 0.094
SMAP-3D result = 0.0944
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Free

E = 6.825 x 10’ v=0.3 Thickness = 0.04

Figure 4.54 Hemispherical shell subjected to pinched point loads
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Figure 4.56 Maximum bending moment
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4.16 Simply Supported Plate Analysis

A simply supported rectangular plate, shown in Figure 4.57, is selected
to verify the dynamic response of shell element. By symmetry, only a
quarter of the plate is modeled. The plate is subjected to a
concentrated step load at center.

The computed displacement time history at plate center is shown in
Figure 4.58 along with static results. SMAP-3D solution shows good
results with such a relatively coarse mesh:

Static vertical displacement at plate center
Kirhhoff theory = 0.925 cm
SMAP-3D result = 0.942 cm

Period of the first mode
Kirhhoff theory
SMAP-3D result

0.2366 sec
0.237 sec

(Estimated from Figure 4.58)
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Figure 4.57 Simply supported plate (Not Scaled)




4-70 SMAP-3D Example Problem
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Figure 4.58 Vertical displacement time history at plate center
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4.17 Heated Beam Analysis

A Simply supported plain concrete beam, shown schematically in
Figure 4.59, is subjected to linear temperature increase through depth.

The temperature of the top surface of the beam is increased from -30°
C to 50° C while temperature of the bottom surface remains constant
at -30° C. Consequently, it is expected that the top surface expands
relative to the bottom surface and the beam deflects upwards.

Top Surface Temperature From -30°C To 50°C

gt
h =50 cm
e
Bottom Surface Temperature At -30°C rrrerrs
L = 360 cm il
< - >| k—

Figure 4.59 Heated beam subjected to temperature difference
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By symmetry, only right half of the beam is modeled using a total of
22 shell elements as shown in Figure 4.60.
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Mesh File: C\SMAPYSMAPIDVEXAMPLE\SMAPYWP L7\ INPUT\WPL7 MES

Figure 4.60 Finite element mesh
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Material Properties are assumed as:
a=3.2x10°°C' E=2.7x10°kg/cm®> v =0.15

Theoretical Maximum Deflection is given as:
O max = A L2 (T = Thorom)/(8 h) = 0.8294 cm

Figure 4.61 shows beam deflections. SMAP-3D result gives excellent
results for vertical displacement at center of the beam.

Theoretical solution = 0.8294 cm

SMAP-3D solution = 0.8276 cm

Bean Deformned Shape
At Time= 5 and 10

Legend

o
0. 50 [y

E= B E =f]=F]
T= 10

Vertical Displacement (Cml

200 Cra

Figure 4.61 Beam deformed shapes
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4.18 Thin Pipe Subjected To Internal Pressure

A very thin steel pipe, with radius of 20 cm and thickness of 0.003 cm,
is subjected to the internal pressure of 0.2 kg/cm?. The pipe is
assumed to be in plain strain condition in the axial direction.
Theoretically, the pipe is radially expanding due to the in-plane
(membrane) deformations.

A total of 32 Shell elements is used to model the circular pipe as
shown in Figure 4.62. A constant internal pressure is regarded as the
hydrostatic pressure acting on the inner surface of Shell element.

Since the bending stiffness of the pipe is proportional to the third
power of the pipe thickness while the in-plane stiffness is linearly
proportional to the pipe thickness, the bending stiffness in such a very
thin pipe would be much smaller than in-plane stiffness.

Thus, even a very small force associated with the bending degrees of
freedoms may induce unrealistically large displacement. To improve
the accuracy of displacement result, bending stiffness is multiplied by a
factor of 100000.

The theoretical elastic solution gives the following radial displacement
(u,) and the hoop stress (0y):

P-r2
u 1 -2 o, =
" E-t( ) 0 t

where
E Young's modulus v Poisson's ratio
t Thickness of pipe  r Radius of pipe
p Internal pressure

Numerical parameters are assumed as:

E = 2.0x10°kg/cm®* v =0.3
0.003 cm r =20cm
0.2 kg/cm?

o rt
o
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Figure 4.63 shows deformed shape of pipe and Figure 4.64 shows hoop
stress developed in the pipe.

SMAP-3D results are very close to theoretical solutions as listed below:
Theoretical solution: u, = 0.01213 cm o, = 1,333 kg/cm?

SMAP-3D result: u = 0.01207 cm g, = 1,327 kg/cm?
(@ roT3 (= | ® o]

File Model Plot View Help
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-
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Figure 4.62 Finite element mesh
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Figure 4.63 Pipe deformed shape
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Figure 4.64 Pipe hoop stress
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4.19 Preload Consolidation and Excavation

This example problem is to illustrate the analysis of the slope to be
constructed under sea water. The in situ soil consists of about 40
meters of soft clay layer overlying hard soil layers.

Figure 4.65 shows schematically four stages of preloading
embankment construction followed by excavation up to 17.6 meters
below sea level.

Before preloading embankment, material zones 4, 5, 7, 8, 12 and 13
shown in Figure 4.66 are to be improved by drain methods (sand drain
and PDB). In situ and improved soil properties are listed in Table 4.1.

The rate of embankment construction and excavation is shown
schematically in Figure 4.67 along with computational steps used for
SMAP-3D analysis.

Finite element meshes used for the analysis are shown:
Figure 4.68 Finite element mesh
Figure 4.69 Finite element mesh around preload
Figure 4.70 Finite element mesh at completion
Figure 4.71 Finite element mesh around slope

A total of 2330 elements is used to model a sequence of embankment
construction and excavation.

Computed results at 152 days after completion of excavation are
plotted by PLOT-3D in the following order:

Figure 4.72 Deformed shape around slope

Figure 4.73 Horizontal displacement distribution

Figure 4.74 Pore pressure distribution

Figure 4.75 Effective mean pressure distribution

Figure 4.76 Deviatoric stress distribution

The horizontal contour lines of the hydrostatic water pressure in Figure
4.74 indicates that there will be no further consolidation settlement at
152 days after completion of excavation. Figure 4.76 shows that
deviatoric stresses are concentrated around the base of the slope.
Looking at both effective mean pressure (p') and deviatoric stress (q),
the value of stress ratio (g/p’) is less than one at locations
approximately 3 meters away from the surface of slope.
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Figure 4.77 shows the location of selected elements where time
histories of stresses and stress path are plotted. These selected
elements are located within 10 meters from the surface of slope.

Computed results of time history of stresses are plotted by PLOT-XY in
the following order:

Figure 4.78 Stress time history at element 120

Figure 4.79 Stress path at element 120

It should be noted that first 2000 days are used to generate in situ k,
stresses. During embankment construction, excess pore water
pressures develop mostly immediately after placement and then
dissipate with time while effective stresses develop gradually. During
excavation, effective stresses undergo unloading stress paths which
will end up with higher horizontal stresses in over consolidated soil
condition and pore water pressures drop rapidly and then get gradually
back to the hydrostatic water pressure level as the dissipation length is
shorter.

It is worth noting that the effective mean pressures decrease slightly
while deviatoric stresses increase during the short period of placement
of preloading fills. This is due to the fact that the compressive plastic
volumetric strains develop while the total volumetric strains remain
nearly constant since very little excess pore pressure dissipations are
expected in such a short period.

Examining all the stress path plots, elements 120, 299, 477, 655 and
833 lie on the failure surface and elements 300 and 478 are slightly
below the failure surface. Noting that elements 120, 299, 477, 655
and 833 are located within 2 meters from the surface of slope and
elements 300 and 478 are located within 4 meters from the surface of
slope, it is expected that soil failure would occur around the slope base
within approximately 3 meters from the surface of slope. It may
require redesign of the slope or accompany engineered structures for
the slope to stay in safe.
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Table 4.1

Material model parameters

Elastic Model Parameters

Material Porosity Specific k (m/day) E (t/m?) v Remark
Number (%) Gravity
1 42 2.7 0.0864 600 0.33 Dry
2 42 2.7 0.0864 600 0.33 Dry
3 42 2.7 0.0864 600 0.33 Saturated
6 44 2.7 0.0864 1400 0.33 Saturated
14 99.9 2.7 10.0 10.0 0.2 Water
Modified Cam-Clay Model Parameters
Material = Porosity | Specific | k (m/day) e, Ce M
Number | (%) Gravity
4 59.1 2.72 *0.0274 1.49 0.55 0.077 1.2
5 61.0 2.72 *0.0274 1.57 0.70 0.098 1.2
7 59.1 2.72 *0.0274 1.49 0.55 0.077 1.2
8 61.0 2.72 *0.0274 1.57 0.70 0.098 1.2
9 59.1 2.72 4.32x10° | 1.49 0.55 0.077 1.2
10 61.0 2.72 4.32x10° | 1.57 0.70 0.098 1.2
11 61.0 2.72 4.32x10° | 1.62 0.80 0.112 1.2
12 61.0 2.72 *0.0274 1.62 0.80 0.112 1.2
13 61.0 2.72 *0.0274 1.62 0.80 0.112 1.2

(*) Soil permeability improved by sand drain or PDB
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Construction State

Step 101 (2000 days)
Step 104 (+ 15 days)
Step 165 (+ 321 days)

Description

In Situ State

Sand Drain:
Material 4, 5, 12

PDB:
Material 7, 8, 13

Completion of Stage 1
Embankment

Completion of Stage 2
Embankment

Figure 4.65 Construction sequence
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Construction State

Step 216 (+ 627 days)

Step 267 (+ 933 days)

Step 333 (+ 1265 days)

Description

Completion of Stage 3
Embankment

Completion of Stage 4
Embankment

Completion of Final
Excavation (Dredging)

Figure 4.65 Construction sequence (Continued)
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4.20 Seismic Tunnel Analysis

This example problem is to analyze a typical NATM tunnel subjected to
earthquake loading. The tunnel is located about 22 meters below
ground surface as shown in Figure 4.80. Figure 4.81 shows detailed
tunnel cross section. Material properties are listed in Table 4.2.

This example problem consists of static and dynamic analyses for the
typical horseshoe tunnel constructed by NATM method.

The static part (Steps 1 thru 9) of the analyses as shown in Figure
4.82 is the same as the example problem 2 in TUNA Plus User's Manual
except the followings:

« Top core excavation followed by lower core excavation.

e Lining modeled by Shell element with plain concrete.

The dynamic part starting from Step 10 as in Figure 4.83 is performed

by applying following boundary conditions and base acceleration:

e Left and right sides of boundary are horizontal roller and bottom of
mesh is fixed.

« As horizontal base acceleration, N-S component of the El Centro
earthquake is applied with scaled maximum acceleration of 0.2g.

Figure 4.84 shows key location selected for displacement time history
plot. Numbers shown in the figure represent node numbers. Figure
4.85 thru 4.87 show finite element meshes used for the analysis.

Figure 4.88 shows tunnel deformed shape at 5 seconds after the onset
of earthquake loading. Figures 4.89 and 4.90 show top and bottom
surface extreme fiber stresses at 5 seconds after onset of earthquake
loading.

The graphical outputs of inner (bottom) and outer (top) extreme fiber
stresses of the lining show the maximum compressive stress of 119.9
t/m? and the maximum tensile stress of 31.88 t/m? at 5 seconds after
onset of earthquake loading. Such maximum extreme fiber stresses
are far below the strength of the typical plain concrete.
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Figure 4.91 shows ground surface horizontal displacement time
histories at selected locations: Nodes 609, 837, and 2020. As it can
be seen, horizontal ground surface displacements are influenced very
little due to the presence of the tunnel.

Figures 4.92 and 4.93 show springline horizontal displacement time
histories at the right and left sides of the tunnel, respectively. Each
figure shows two adjacent nodes: inner and outer nodes which are
separated by interface element as shown in Figures 4.84 and 4.87.

Compared with ground surface, displacements at tunnel springlines are
much less amplified. Overall, tunnel lining is moving with the
surrounding rock mass but the outgoing lining displacements are
limited to the adjacent rock mass displacements. In other words, at
those locations where lining is in contact with the adjacent rock mass,
the outgoing lining displacements do not exceed the rock mass
displacements.
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Table 4.2  Material property

Material Type % K, E \ ® C T
(t/m*) (t/m’) deg. | (t/m*) | (t/m?)

Weathered Soil 1.90 0.50 | 2.00x10° 0.33 | 30 3 20 |
Weathered Rock | 1.90 0.43 | 5.000x10° | 0.30 | 35 30 30 |
Soft Rock 2.40 0.33 | 2.00x10* 0.25 | 40 70 40 |
Hard Rock 2.55 0.25 | 2.00x10° 0.20 | 45 100 50 |
Shotcrete (Soft) 2.40 0.50x10° 0.20 | 30 500 100 |
Shotcrete (Hard) | 2.40 1.50x10° 0.20 | 30 500 100 |
Rock Bolt 2.10x10” |
Reinforced 2.50 2.10x10° 0.20 | 30 500 300 ‘
Concrete Lining

Reinforcing Bar 2.10x10’ 0.20 |
Interface Joint 2.00x10° 5 0.001 | 0.02
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Figure 4.80 Geological profile
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Figure 4.82 Construction sequence, static part
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Figure 4.82 Construction sequence, static part (Continued)
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Figure 4.83 Seismic load, dynamic part
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Figure 4.91 Horizontal displacement at nodes 609, 837, and 2020
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Figure 4.92 Horizontal displacement at nodes 19 and 2439
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Figure 4.93 Horizontal displacement at nodes 1255 and 2473
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4.21 Frames with Hinge Connection

This example problem is to solve symmetric plane frame members
subjected to a vertical concentrated load at the hinge connecting both
frames as shown is Figure 4.94.

The exact solutions for this frame structures without shear deformation
are given below:

_ P _ PLIY2
6= ————M Mpx = ———
EA/L +3EI/L3 1+AL2/31
where
o) Maximum deflection at the center
M Maximum moment at fixed end

max

Two SMAP-3D calculations are performed using the geometrical and
material parameters listed in Figure 4.94.

Frames modeled by 10 beam elements:
Figure 4.95 Beam element with material number
Figure 4.96 Beam deformed shape
Figure 4.97 Beam bending moment diagram

Frames modeled by 40 shell elements:
Figure 4.98 Shell element with material humber
Figure 4.99 Shell deformed shape
Figure 4.100 Shell bending moment diagram

SMAP-3D results show good agreement with the exact solutions.

Maximum deflection at the center (8)

Exact solution = 0.01768 cm
SMAP-3D (Beam) = 0.01767 cm
SMAP-3D (Shell) = 0.01767 cm

Maximum moment at fixed end (M,,.,)

Exact solution = 0.1000 t-m
SMAP-3D (Beam) = 0.1000 t-m
SMAP-3D (Shell) = 0.1003 t-m




4-116 SMAP-3D Example Problem

P
L
L/ y2
: L/2 ds (BB :
P =100t L =7.071m
E =20 x 10° t/m? v =0.0
A =0.2m? I =0.000667 m*

Figure 4.94 Frames with hinge connection




SMAP-3D Example Problem 4=117

i ™y
@ pOT3D S

File Model Plot View Help

@ 8| W BEHE» S RE (R A | e = T |G| @ N|F T

Total Dimension

¥ - direction
Min  -5.0000
Max  5.0000

Y - direction
Min 0

Max  5.0000
Z - direction

Min  -1.0000
Max  1.0000

L.

C: WSIMAP SIMAP 30 I AMPLE WSMAP P2 L filesh Wvp21 Mes
Material Mumber

Figure 4.95 Beam element with material number




4-118 SMAP-3D Example Problem

i Y
@ PlOT3D [ESEEN

File Model Plot View Help
= 8 HWEHE S A A | e 21420 @ N[V Y

Total
Min ]
Maxo 0.00017674

¥ - direction
Min -1.6965e-05
Mla 1.6986e-05

¥ - direction

Min -0.00017674
flax a

Z - direction

Min u]

Mlas a
Magnification

Scale  8000.0

L

Displacement at time = 2.00000E+00

Figure 4.96 Beam deformed shape




SMAP-3D Example Problem 4-119

i Y
@ POT3D Lo e

File Mecdel Plot View Help
Z8|HdWBEHB A RS A O 2t 2@ @ NV [T

I Fositive
[ Megative

Min o -0,10000
Max o 8.9410e-08

Mai Absolute Yalue
0,10000

Mz Length (Crn)
1.0000

L

306 Bending moment about z axis at time = 2.00000E+00

Figure 4.97 Beam bending moment diagram




4-120 SMAP-3D Example Problem

r .
@ PLOT3D [E=STE

File Model Plot View Help

= I E = e = e R B R N

Total Dimension

¥ - direction
Min 0O
Max  10.000

Y - direction
Min 0O
Max  5.0000

Z - direction
Min 0O
Max  1.0000

il
Lix
Frames With Hinge Connection

Material Murmber

Figure 4.98 Shell element with material number




SMAP-3D Example Problem 4-121

r Y
@ rOTD Lo =0 e

File Model Plot View Help
Z 8| JW BHHs 8 QA A | e =21 [ 2|0 @ N[V [T

Total
Iirn 1]
Maxo 0.00017674

¥ - direction
i -1.6927e-05
Max 1.6927e-05

¥ - direction

N -0.00017674
Max 1]

Z - direction

i 1]

=T o

Magnification
Scale  8000.0

-

Yiew No 2@ Displacernent attime = 2.00000E+00

Figure 4.99 Shell deformed shape




4-122 SMAP-3D Example Problem

Wigw Mo 4 @ 504 Maxirmum bending moment (Mmax) at tirme = 2.00000E+00

(@ roTaD [ESYEER=)
File Model Plot View Help
== ColEl = = Y S Y N e el ed N A PR R N A A

- 0.10030
0.093513

0.086027
0.080240
0.073554
0.066867
0.060181
0.053494
0045803
0.040121
0.033433
0026743
0.020061
0.013375
0.0066224
1.8077e-06

&

Figure 4.100 Shell bending moment diagram




SMAP-3D Example Problem 4-123

4.22 Embedded Rebars with Slip

This example problem is to verify the implementation of the embedded
reinforcing bars (rebars) with interface shear (slip) between rebars and
surrounding concrete. Figure 4.101 shows a simply supported
reinforced concrete beam subjected to a concentrated load at midspan.
To simplify the problem, it was assumed that both reinforcing bars and
concrete are linearly elastic while the interface shear is elastic -
perfectly plastic with a limiting constant cohesion.

The exact beam solution without shear deformation is given below:
Maximum deflection at the center without rebars,

. 3
5-_—PL° _4190cCm
48 E -1

c c
Maximum deflection at the center with rebars,

. 3
5-_—P "L 1040 Cm
48 E -1

c t
By symmetry, only left half of the beam is modeled using 60
continuum elements for concrete and 2 embedded truss elements for
reinforcing bars as shown in Figure 4.102. It should be noted that the
end points of embedded truss elements do not belong to the corner
nodes of continuum elements.

The computed center deflections are compared with the exact beam
solution as shown in Table 4.3. SMAP-3D results approach to the
upper bound beam solution at lower cohesion and the lower bound
beam solution at higher cohesion. At the intermediate cohesion,
however, the computed deflection is in between upper and lower
bound beam solutions, indicating some resistance from slip strength.

Figures 4.103 and 4.104 show the deformed shape and the axial stress
distribution, respectively, from SMAP-3D result at the intermediate
cohesion of 5 t/m?.
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Table 4.3 Computed center deflections

Cmax (t/m?)

SMAP-3D Result

Exact Beam Solution

0.1 1.1746 Cm 1.190 Cm (without rebar)
5.0 1.0990 Cm
280 1.0379 Cm 1.040 Cm (with rebar)

Cmax : Interface Cohesion
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Figure 4.101 Embedded rebars with slip
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4.23 Pseudo-Dynamic Embankment Fill Analysis
This example problem is to solve the response of an embankment fill

subjected to pseudo-dynamic earthquake load as schematically shown
in Figure 4.105.

As listed in Table 4.4, the sequence of construction consists of 5 steps.
The first two steps are used to compute in situ Ko state with water
table at GL-25. At step 3, water table is raised up to GL-5. At step
4, embankment fill is completed. At final step 5, pseudo-dynamic
earthquake load is applied to the embankment fill.

Material properties are listed in Table 4.5.

The change of water table is modeled by adding Intensity times
Distribution Factor to the Y component of unit gravity load (FRY).
Intensity history number and distribution factor are specified in Card
Group 9.1.2.

The pseudo-dynamic earthquake load is modeled by adding Intensity
times Distribution Factor to the X component of unit gravity load
(FRX).

Figure 4.106 shows the finite element mesh used for the analysis.
Figures 4.107 and 108 show deformed shape and vertical stress
distribution, respectively, at final step 5 where pseudo-dynamic
earthquake load is applied to the embankment fill.

Computed vertical stress at GL-23 is reduced by 18 t/m? due to the
water table at GL-5. The reduction of vertical stress is associated with
the water head of 18 m at GL-23.

Horizontal displacement of 1.16 Cm is obtained at the top surface of
embankment fill due to the pseudo dynamic load. Exact solution for
this problem is not available. However, SMAP-S2 and SMAP-2D
analyses show the same results.
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Figure 4.105 Schematic section view of embankment
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Table 4.4 Construction sequence

Table 4.5 Material property

Step Description
1,2 In Situ Ko state with water table at GL-25
3 In Situ Ko state with water table at GL-5
4 Completion of embankment fill
5 Embankment fill subjected to pseudo-dynamic load

Material Type \% K, E % P C T ‘
(t/m°) (t/m?) deg. | (t/m) | (t/m’)
Weathered Soil 1.90 0.50 2.0 x10° 0.33 30 3 20 |I
Weathered Rock | 1.90 0.43 | 5.0x10° 0.30 | 35 30 30 |I
Soft Rock 240 | 0.33 | 2.0x10* | 0.25 | 40 70 40 |I
Embankment Fill | 2.00 | 0.50 | 3.0x10° | 0.33 | 30 3 M
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Figure 4.108 Vertical stress distribution
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4.24 Plane Strain Tunnel in Jointed Continuum

This example problem is to verify the jointed continuum mesh
generated by JOINT-3D pre-processing program. Jointed continuum
analysis is similar to the discrete element analysis. For the jointed
continuum analysis, each continuum finite element is surrounded by
joint elements.

The main advantages of using such joint elements are to allow slippage
along the joint when reaching shear strength and debonding normal to
joint face when exceeding tensile strength.

This example is identical to the Example Problem 14 except that the
tunnel is located in the jointed continuum. The jointed continuum
mesh is generated by JOINT-3D program with the input file Joint.inp.
Refer to JOINT-3D User's Manual.

Figure 4.109 shows the finite element mesh consisting of the jointed
continuum around tunnel.

To compare with continuum model (Example Problem 14), two
analyses are performed with Elastic and Plastic Joint Models.

The Elastic Joint Model assumes strong joint properties so that it
essentially represents continuum model. The Plastic Joint Model
assumes lower shear and tensile strengths so that it allows slippage
and debonding along the joints.

Results are listed in the following order:
Figure 4.110 Deformed shape for Elastic Joint
Figure 4.111 Principal stress vector for Elastic Joint
Figure 4.112 Bending moment for Elastic Joint
Figure 4.113 Deformed shape for Plastic Joint
Figure 4.114 Principal stress vector for Plastic Joint
Figure 4.115 Bending moment for Plastic Joint

In general, rersults of the Elastic Joint Model are close to those of
conventional continuum analysis in Example Problem 14.

On the other hand, Plastic Joint Model shows considerable amount of
slippage below bottom corner of tunnel as in Figures 4.113 and 4.114.
Stress distributions are quite different from Elastic Joint Model.
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4.25 Spring Analysis
This example problem is to show how to model springs using special
features in beam element in Card 6.4.1 of SMAP-3D User's Manual.

The example is composed of two truss members connected by
horizontal and vertical springs as shown in Figure 4.116. The
structure is subjected to external horizontal and vertical nodal forces.

Figure 4.117 shows the finite element mesh consisting of two beam
elements and two truss elements. Beam element 1 and 2 are used to
model vertical and horizontal spring, respectively. When you specify
MR = 11 or -11 in Card 6.4.1, beam axial stiffness (E A/L) represents
axial spring constant (Ks).

For the material properties, dimensions and loads in Figure 4.116,
the exact solution gives following displacements and truss axial forces:
Horizontal Displacement = 0.04

Vertical Displacement = 0.02
Horizontal Truss Axial Force = 40 (Compression)
Vertical Truss Axial Force = 20 (Tension)

SMAP-3D results show exact as shown in Figures 4.118, and 4.119
for displacements and truss axial forces, respectively.

Px = 200 Py = 100
L Spring Constant Ks = 4000

Truss Section Property
E=1000 A=10 L=10

775377

Figure 4.116 Truss members connected by springs
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4.26 Nonlinear Truss Analysis

Truss elements in SMAP can consider nonlinear behavior such as
yielding and post buckling as schematically illustrated in Figure 4.121.
Following examples are to show how to use such material parameters
in truss element in Card 7.4.3 of SMAP-3D User's Manual.

Figure 4.120 shows a horizontal truss element subjected to axial force.
A typical I-section (400x150@720kN/m) is assumed for truss member
with material and cross section properties as listed in the figure.

Six different cases are performed:

Buckling and Tension Yielding (Figure 4.122)

Compression and Tension Yielding (Figure 4.123)

Tension Yielding for No Compression Member (Figure 4.124)
Compression Yielding for No Tension Member (Figure 4.125)
Buckling for No Tension Member (Figure 4.126)

Initial Stress (See Case 6 at the end of example)

ouUhWNH

Compression resistance is not allowed for No Compression Member
such as cable and tension resistance is not allowed for No Tension
Member such as strut. A linear elastic truss element is added to
prevent the structure from being unstable when plastic yielding.

Both compression and tension yield strengths are increased more than
12 times in order to make an exaggerated graphical presentation
associated with load and unload.

L=4m

P —é
I-Section (400x150@720 kN/m)

Ix = 2400 Cm* Iy =887cm’
E = 21000 kN/Cm2 A = 91.73 Cm?
Oy =32.5 kN/Cm? Ocr=12.52 kN/Cm?

Figure 4.120 Truss member subjected to axial force
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Rupture / E : Young's modulus
6 L : Length of truss member
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P  ForPc < Py
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5
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: AE :
Elongation Z Contraction a
= 5
f’ P. : Axial force on buckling
2;;* 0 Pe _Axial force at yield _
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Figure 4.121 Nonlinear force displacement curve
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Load Deformation Curve (VP26-1)
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-120 -0 -60 -30 0 30

Axial Displacement (Cm)

Figure 4.122 Buckling and Tension Yielding (VP26-1)
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Aatial force [kN)

Load Deformation Curve (VP26-2)
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Figure 4.123 Compression and Tension Yielding (VP26-2)
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Load Deformation Curve (VP26-3)
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Fig 4.124 Tension Yielding for No Compression Member (VP26-3)
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Load Deformation Curve (VP26-4)
50000
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m——ELEM NO = 1

= ELEM NO = 2

20000 -+

Axial force (kN)

10000

-10000

-80 -40 o 40 a0 120 160
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Fig 4.125 Compression Yielding for No Tension Member (VP26-4)
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Load Deformation Curve (VP26-5)
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Figure 4.126 Buckling for No Tension Member (VP26-5)
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Case 6 Initial Stress

For this example, following parameters are used:
L =400 Cm E, = 21000 kN/Cm? E, = 1000 kN/Cm?

To check Initial Stress, Member 1 is assumed to have initial
compressive stress (o,= -10 kN/Cm?) with the corresponding initial
strain (¢, = 0,/ E, = - 0.00047619).

Thus the original length of Member 1 at stress free
lo=L/(1+¢)=400/(1-0.00047619) = 400.19057 Cm

Now, when Members 1 and 2 are connected,
0,"A+0,-A=P=0 ie. 0,=-0, (1)

0, =E, ¢, (2)

g =({(L+AL )-Lo)/ Lo
((L+¢g-L)-Lo)/ Lo

= (L/Lo)-(1+¢) -1 (3)
o, = E g
= (E,-L/Lo)-(1+¢) - E 4)

Substituting (2) and (4) into (1),

g =E (1-L/Lo)/(E,+E L/ Lo) (5)
= 0.00045475
From (3)

g, =-0.000021654

And from (2) and (1)
o, = -0.45475 kN/Cm? (Compression)
0, = 0.45475 KkN/Cm? (Tension)

SMAP results show exact solution.
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4.27 SDOF System To Ground Acceleration

A single Truss element is used to model axial spring subjected to
sinusoidal ground acceleration as schematically shown in Figure 4.127.
Mass is lumped at the node in the right side of truss member.

Following parameters are assumed:

L =120inch A=1in? E = 30x10° psi
p =(1/1.2) Ib-s*/in* a = 200 in/s’ w = 40 rad/s
¢ = 500 Ib-s/in

Lumped mass at right node:
m=pAL=(1/1.2) (1) (120) = 100 Ib-s*/in

Equivalent spring constant:
k =EA/L =(30x10°% (1)/(120) = 250,000 Ib/in

Natural frequency:
w, = (k/ m)¥> = (250,000 / 100)*> = 50 rad/s

Critical damping ratio: &=c/ (2 mw,) = 0.05
Damped natural frequency : ®, = @, y1- §2
Frequency ratio: B=w/w,=40/50=0.8

For systems with viscously damped single degree of freedom,
the relative displacement is given by

X(t) =e ™" (ACosw,t+BSinw,t) +Csinwt+DCoswt

The constants C and D are given by
- ma 1-p p-Mma -28B
k(1 -8?)?+ (28p)? k(1 -82)7°+ (28B)

Assuming initial conditions at rest, constants A and B are given by

A--D B-=--(2c-e®p
Wy Wy
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Figure 4.127 SDOF system subjected to ground acceleration

Figure 4.128 shows time history of computed relative displacements.
SMAP results are almost identical to the exact solution.

Relative Displacement History Subjecte to Ground Acceleration

0.4

— Exact Solution

— Smap 3D

02 /\ /\ . h n A N A n A A

-1E-16 /\

-0.2 v
v \/ V Y v \ v v v

Relative Displacement (In)

-0.4

Time (Sec)

Fig 4.128 Time history of relative displacements




SMAP-3D Example Problem 4=157

4.28 Frames with Rotational Spring Connection

This example is the same as Example problem 21 except that it is
connected by rotational spring and subjected to both moment and
horizontal force at the connection as shown in Figure 4.129.

The rotational spring is modeled by the simple Joint Spring Element
which can consider axial, shear, torsional and flexural resistances.

For this example, the Joint Spring properties are assumed very rigid in
all deformation modes except the rotation about z-axis.

Five analyses are performed to see the influence of connection:
Rigid connection

Hinge connection

Rotational spring connection, rigid Kr = 1x10° t-m/rad

Rotational spring connection, very flexible Kr = 1x1072 t-m/rad
Rotational spring connection, somewhat rigid Kr = 1x10* t-m/rad

kN

Computed results are summarized in detail in Joint_Spring_3D.pdf.
It approaches to rigid connection when the rotational spring is rigid
and hinge connection when the spring constant is very flexible.

Figures 4.130 to 4.134 show finite element mesh, deformed shape,
thrust, shear and bending moment distributions, respectively, for the
rotational spring connection with Kr = 1x10* t-m/rad.

(m
k] = - P

L2

K Fas

L2

Fig 4.129 Frames with rotational spring connection
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4.29 Reinforced Concrete Beam

This example problem is to verify the implementation of reinforcing
bars (rebars) into quadrilateral shell element. This example is the
same as Example problem 22 except that it is modeled by reinforced
shell element. Figure 4.135 shows a simply supported reinforced
concrete beam subjected to a concentrated load at midspan.

To simplify the problem, it was assumed that both reinforcing bars
and concrete are linearly elastic.

The exact beam solution without shear deformation is given below:

Maximum deflection at the center without rebars,

p.L3
48 E_ -1

c c

0 = = 1.190 Cm

Maximum deflection at the center with rebars,

p.L3
48 E, - I,

9

o = = 1.040 Cm

By symmetry, only left half of the beam is modeled using 10 reinforced
shell elements.

The computed center deflections are compared with the exact beam
solution as shown in Table 4.6. SMAP-3D results are very close to
the exact beam solutions.

Computed results are shown in the following order:
Figure 4.136 Deformed shape
Figure 4.137 Bending moment
Figure 4.138, 4.139 Top and bottom surface axial stress
Figure 4.140, 4.141 Top and bottom reinforing bar axial stress
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Table 4.6 Computed center deflections

Reinforcement

SMAP-3D
Shell Element

Exact Beam Solution

Plain 1.1812 Cm 1.190 Cm (without rebar)
Concrete

Reinforced 1.0329 Cm 1.040 Cm (with rebar)
Concrete
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— wm r’< nm
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As: Total Reinforcing Bar Area

Figure 4.135 Reinforced concrete beam
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Figure 4.138 Top surface axial stress
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4.30 Reinforced Concrete Cylinder

This example is to check the reinforced concrete cylinder subjected to
uniformly distributed radial line loads as shown in Figure 4.142.

This example is an axially symmetric problem since both the structure
and the external load are axially symmetric.

The exact solution for unreinforced cylinder can be obtained from the
reference: Timoshenko and Woinowsky-Krieger, Theory of Plates and
Shells, 2" Edition, McGraw-Hill International Series, 28" Printing 1989.

This exact solution is further modified here such that it includes both
axial (meridian) and hoop (circumferential) reinforcements as listed in
the file Reinforced_Cylinder_3D.pdf.

Four cases are performed with different reinforcements:

1. Concrete without reinforcements

2. Concrete with hoop reinforcements

3. Concrete with axial & hoop reinforcements, vc = 0.15

4. Concrete with axial & hoop reinforcements, vc = 0.0

Note that the analytical solutions represent exact solutions

except the case 3 where it is an approximate closed-form solution.

As in Figure 4.143, the structure is modeled by quadrilateral shell
elements which have capability of modeling two way reinforcements.

Overall, SMAP-3D results are very close to the exact solutions.
Refer to the following two files for detailed graphical outputs:
Reinforced_Cylinder_3D.pdf and Smap-3D_Vp30.pdf.

SMAP-3D results for case 3 are compared with closed-form solutions:
Figure 4.144 Radial displacement profile
Figure 4.145 Meridian bending moment profile
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Figure 4.142 Reinforced cylinder section view
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Axisymmetric Cylinder
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Figure 4.144 Radial displacement profile
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Figure 4.145 Meridian bending moment profile
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4.31 Plate Modal Analysis

A simply supported rectangular plate, shown in Figure 4.146, is
selected to verify the Modal Superposition method for the dynamic
response. By symmetry, only a quarter of the plate is modeled. The
plate is subjected to a concentrated step load at center. This problem
is identical to the Verification Problem 4.16 which was solved by Direct
Integration method.

The closed form solution of natural frequencies of simply supported
rectangular plate is given by Kirchhoff plate theory:

2 2 3

o - L[(M)(M)} b._ ER
ph a b 12(1-v?)

p = 0.0003 Ib-s?/ in* v =0.25 h=1 in

E = 3x10* Ib/ in? a=60in b =40 in

Table 4.7 summarizes the computed natural frequencies along with
closed form solution. Both shell and continuum modal analyses
predict pretty well natural frequencies of the simply supported
rectangular plate.

Figure 4.147 shows the contours of the first three modes solved by
shell modal analysis.

Figure 4.148 shows deflection time history at plate center as predicted
by modal superposition method using only first 6 mode shapes.

To verify the computed response of the modal superposition method,
step-by-step solution by direction integration with the same shell
element mesh which was used in shell modal superposition is included.
SMAP-3D modal superposition solutions predict very closely the direct
integration solution.
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Table 4.7 Computed natural frequencies (rad/s)

Mode Kirchhoff Shell Continuum
No Plate 4 Node Quad 8 Node Hexa*
Theory 16x24 Mesh 8x12 Mesh
1 26.565 26.544 26.412
2 91.955 91.729 91.356
3 173.693 172.992 173.411
Notes:
1. Computed frequencies represent natural frequencies
associated with symmetric boundary conditions.
W; = Wy, Wy = W3y, W3 = Wy3
2. All modal analyses used Subspace Iteration method
with lumped mass to compute natural frequencies.
3. Shell modal analysis used 16x24 mesh consisting of
4 node quadrilateral shell elements.
4. Continuum modal analysis used 8x12 mesh consisting

of 8 node hexahedral continuum elements with 3
incompatible extra degrees of freedom* (IEDOF =1).
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P (Ib)
10
v =0.1158 Ibfin3
E = 30000 Ib/in2
v =0.25
» t(msec)
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At=86
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Figure 4.146 Simply supported plate (Not Scaled)
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First Mode (w = 26.544 rad/s)

47112
43971
4.0830
37600
34349
3.1408
2.8267
25126
2.1886
18845
15704
1.2563
094224
062816
0.31408

k

Second Mode (w = 91.729 rad/s)

47044
4.0771
34499
2.8226
22,1954
15681
0.94088
0.31362
-0.31363
-0.94083
-1.5681
-2.1954
-2.8226
-3.4490
-4.0771
-4.7044

Third Mode (w = 172.992 rad/s)

46735
40489
34242
2.7996
2,1749
1.5503
0.92566
0.30102
-0.32362
-0.94826
-1.5729
-2.1975
-2.8222
-3.4468
-4.0715
-4.6961

Figure 4.147 First three modes solved by Shell (16x24)




SMAP-3D Example Problem 4-181

Simply Supported Plate Modal Analysis

b T

I I I I I I
—— MODAL ANALYSIS SHELL 16x24

oy —— MODAL IEXDOF CONT. 8x12

—— STEP BY STEP SHELL 16x24 Q

\ /
\

Displacement {in}

0 01 02 03 04

Time (Sec)

Figure 4.148 Deflection time history at plate center
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4.32 Seismic Response Analysis

This example is to solve the free-field seismic response of the linearly
viscous elastic soil profile, shown in Figure 4.149 along with material
properties, subjected to earthquake excitations from the bedrock.

This problem is the same as the sample problem in SHAKE91 (Idriss
and Sun, 1992). A 45.72 m (150 ft) soil profile is subjected to
Diamond Heights earthquake in 1989 as outcrop to the elastic half
space. The earthquake is scaled to peak acceleration of 0.1g. Scaled
earthquake time history and its spectral acceleration are shown in
Figures 4.150 and 4.151, respectively. The predominant period of the
earthquake is about 0.4 second as shown in the response spectrum.

To mitigate frequency dependency, Rayleigh mass and stiffness
proportional damping constants (a, b) are computed in the equation:

a=2Bfw w/(w +w) b=2B8/(w; +w)

where w, represents for fundamental natural circular frequency of soil
profile, w, for predominant circular frequency of the input earthquake
motion and B for critical damping ratio in an element.

Figure 4.152 shows computed acceleration time histories on the
ground surface and Figure 4.153 shows the same accelerations
between 10 and 12 seconds where strong motions occur. SMAP-3D
solutions predict very closely the closed-form frequency domain
SHAKE91 solution.

Figure 4.154 shows spectral accelerations with 5% structural damping
on the ground surface and Figure 4.155 shows the same accelerations
between 0.1 and 1 seconds. SMAP-3D solutions are very close to
SHAKE91 solution.

It should be noted that both base shear and base acceleration options
for earthquake load produce exactly the same results as presented in
the reference (S. H. Kim and K. J. Kim, 2024).
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Y (kNm3) | G(MPa) | B (%)
! 19.63 185.963 5
2 19.63 150.608 5
3 19.63 150.608 5
4
19.63 167.878 5
5 19.63 185.963 5
6
19.63 185.963 5
7
19.63 225042 5
8 19.63 225042 5
9
2042 326.859 5
2042 326.859 5
Total Dimension
2042 379.120 5 X - direction
Min 0O
Max 10,000
2042 379.120 5 ¥ - direction
Min 0
Max  45.720
2042 435255 5
2042 435255 5
2042 495264 5
2042 626.675 5
Elastic Half Space 2199 3333.116 1

Figure 4.149 Finite element meshes and material properties
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Diamond Heights Earthquake Scaled to 0.1g
0.2
0.1
=
]
E oo va.h,ﬂ.un AP A e
H Wl %
k]
0.1
-0.2
0 10 20 30 40
Time (S)

Figure 4.150 Diamond Heights acceleration time history

Spectral Acceleration For Earthquake Acceleration Scaled to 0.1g

— Absolute Acceleration

Al

Spectra Acceleration (g)
s

Period (5)

Figure 4.151 Spectral acceleration for input earthquake
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Ground Surface Acceleration Damping Ratio 5%

0.2

0.1

Acceleration (g)
°

0.1

—— SHAKE91

— SMAP-3D Base Shear

— SMAP-3D Base Acceleration

VI AW A AR -

02

10 20

Time(S)

Figure 4.152 Ground surface accelerations

Acceleration (g)
°

Ground Surface Acceleration Damping Ratio 5%

—— SHAKES1

-+++- SMAP-3D Base Shear

—— SMAP-3D Base Acceleration

i
\

Time ()

Figure 4.153 Ground surface accelerations between 10 and 12 sec.
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Spectral Acceleration at 5% Damping Ratio On Ground Surface with 5% Soil Damping
1
— sHAKES1
— SMAP-3D Base Shear A
0.8 —{  —SMAP-3D Base Acceleration
=
5 o6
B
Kl
E
]
T
2
&
0.2
w\k
0
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Period ()

Figure 4.154 Spectral accelerations on ground surface

Spectral Acceleration at 5% Damping Ratio On Ground Surface with 5% Soil Damping
1
— sHAKES1
— SMAP-3D Base Shear
08 {—|  —SMAP3D Base Acceleration
=
5 06
g
Kl
:
e
g os
2
& M/
02
0
0.1 1
Period (5)

Figure 4.155 Spectral accelerations between 0.1 and 1 sec.
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4.33 Silo Lining Analysis

This example is to solve the lining stresses developed in underground
silo subjected to residual water pressure. This silo structure in
Gyeongju, South Korea, was constructed to store the low-and-
intermediate-level radioactive waste.

Figures 4.156 and 4.157 show finite element meshes and close-up
view around silo, respectively. This 3 dimensional model consists of
65,598 continuum, 792 joint, 1,584 shell elements and 71,867 nodes.
Program used thin shell elements to model reinforced concrete lining.

Table 4.8 lists material properties and Figure 4.158 shows schematic
view of detailed silo lining structure. Table 4.9 lists lining thickness
and reinforcement. Figure 4.159 shows silo lining material numbers.
Table 4.10 shows schematically the sequence of silo construction
including residual water pressure applied at step 5. Figure 4.160 shows
key locations along the silo lining.

The following is a partial listing of graphical outputs at load step 5
when lining is subjected to residual water pressure head of 17.47m:
Figure 4.161 Deformed shape of silo lining
Figure 4.162 Dome deflection along A-B
Figure 4.163 Storage wall radial displacement along C-D
Figure 4.164 Dome lining inner hoop stress along A-B
Figure 4.165 Dome outer rebar meridian stress along A-B
Figure 4.166 Storage wall lining inner hoop stress along C-D
Figure 4.167 Storage wall outer rebar meridian stress along C-D

SMAP-3D results are compared with SMAP-2D results to verify the
validity of the solution. As shown, SMAP-3D results are very close to
SMAP-2D results. It seems that the reinforced concrete lining is in safe
condition under the applied residual water pressure head of 17.47m.

Note: It takes about 5 hours of run time in the following computer:
64 Bit Windows 11, 8 Core i7-11700F CPU, 16 GB of DDR4 Ram.
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Figure 4.156 Finite element meshes

Figure 4.157 Finite element meshes around silo
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Table 4.8 Material properties

. . Young’s . R Internal
Unit weight Poisson’s .
Ground Layer (KN/m?) modulus ratio Friction
(MPa) Angle
Soil Layer 18.56 0.124x10* 0.33 30°
Weathering | 5) | 0342410 | 030 380
Rock
Rock 26.28 8.260x10* 0.27 43°
Shotcrete 23.0 24,500 0.167 -
Concrete 23.5 29,500 0.167 -
Rebar - 210,000 0.25 -

SoiaELe Excavation

Concrete Contour

’

800 mm

Figure 4.158 Schematic view of detailed silo lining structure
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Table 4.9 Silo lining thickness and reinforcement

Material | Thickness Steel Ratio (%)
Number | (Meter) Hoop Meridian Location
1 1.211 0.85 0.85 Dome Crown
4 1.246 0.83 0.83 Dome Crown
5 1.279 0.81 0.81 Dome Crown
6 1.328 0.78 0.78 Dome Crown
7 1.398 0.74 0.74 Dome Crown
8 1475 0.70 0.70 Dome Crown
9 1.547 0.67 0.67 Dome Crown
10 1.594 0.65 0.65 Dome Crown
11 1.600 0.65 0.65 Dome Wall
12 1.200 0.86 0.86 Dome Bottom
13 0.800 1.29 1.29 Storage Wall
14 1.200 0.86 0.86 Storage Bottom
15 1.200 0.86 0.86 Storage Bottom
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13

12

13

13

Axis of Symmetry

13
13
13
13
13
13
13

13
Lx 13

15 1S 1S 14 14 14

Figure 4.159 Silo lining material numbers
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Table 4.10 Construction sequence

Step Construction State Descriptions

1,2 In Situ Ko State

Excavate Silo and install

3 Shotcrete of 50cm Thickness

4 | I Install Reinforced Concrete
Lining with its Own Self Weight

5 S Ir / Lining is Subjected to Residual

‘ Water Pressure Head of 17.47m
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¢
D A-B
A ome
C B

2

£
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é

Storage Wall C-D
E

L 3 & D

Storage Bottom E-D

Figure 4.160 Key locations along silo lining
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p, AT 1Y WA
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il —

Displacement at time =  S.00000E+00

Figure 4.161 Deformed shape of silo lining
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Dome Crown Deflection Along A-B  Subjected to Residual Water Pressure

—e— smAP-3D

¥ Displacement (mm)
9

0 5 10 15 20 25 30

Distance (m)

Figure 4.162 Dome deflection along A-B

Storage Wall Radial Displacement Along C-D  Subjected to Residual Water Pressure

./"‘1

—e— SMAP-3D

X Displacement (mm)

0 10 20 30 40

Distance (m)

Figure 4.163 Storage wall radial displacement along C-D
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Dome Lining Inner Hoop Stress Along A-B Subjected to Residual Water Pressure
)

0.5 .
g
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8 5 :
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-2

0 5 10 15 20 25 30
Distance (m)

Figure 4.164 Dome lining inner hoop stress along A-B

Outer Rebar Meridian Stress Along A-B Subjected to Residual Water Pressure
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AP-2D
oo
10 /
g u
g '
&
T
o )
2
-
g
:
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Figure 4.165 Dome outer rebar meridian stress along A-B
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Storage Wall Lining Inner Hoop Stress along C-D  Subjected to Residual Water Pressure
0
- B+ SMAP-2D
—e— sMAP3D
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g
= -1
&
a
g
8
E
3
£ s
[
25
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Distance (m)

Figure 4.166 Storage wall lining inner hoop stress along C-D

Storage Wall Outer Rebar Meridian Stress along C-D Subjected to Residual Water Pressure

MAP-2D
—— SMAP-2D

b

Outer Rebar Meridian Stress (MPa)

0 10 20 30 40

Distance (m)

Figure 4.167 Storage wall outer rebar meridian stress along C-D
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4.34 Liquefaction Analysis with PM4Sand

It should be noted that PM4Sand in SMAP-3D works only for plane
strain condition. It does not work for general 3 dimensional condition.

The main objective of this example is to verify PM4Sand model
implemented in SMAP-3D finite element program. The PM4Sand model
(Boulanger and Ziotopoulou, 2017) is the effective stress material model
which is calibrated in the finite difference program FLAC 8.0 (Itasca
2016) for the plane strain condition.

As first step, several different stress paths for a single element are
considered to verify implementation; including drained and undrained
conditions, monotonic and cyclic loadings, and isotropic and K, initial
conditions. Figure 4.168 shows isotropic consolidated drained cyclic
direct simple shear test. All other results are summarized in the file;
Single Element Stress-Strain Response of PM4Sand Model.pdf

This analysis is to solve the free-field seismic response of the soil
profile, shown in Figure 4.169 along with material properties,
subjected to earthquake excitation from the bedrock.

This problem is the same as the problem in the report (Chen and
Arduino, 2021). A 6 m soil profile is subjected to Loma Prieta
earthquake in 1989 (RSN766) as outcrop to the elastic half space.
Earthquake time history with peak acceleration 0.37g and its spectral
acceleration are shown in Figures 4.170 and 4.171, respectively.

Figures 4.172 and 4.173 show computed profiles of peak ground
accelerations and maximum shear strains, respectively, compared with
SHAKE 91 and DEEP SOIL. Note that this linear elastic analysis is
performed to check the initial stresses and boundary conditions prior
to liquefaction analysis by scaling down peak acceleration to 0.02g.

Results of liquefaction analysis are presented in the following:
Figure 4.174  Maximum acceleration profile (PGA)
Figure 4.175 Maximum displacement profile
Figure 4.176  Maximum shear strain profile
Figure 4.177  Maximum r, profile
r, = Excess Pore Pressure / Initial Effective Ver. Stress

Overall, PM4Sand in SMAP-3D is performing very well in predicting the
stress-strain responses compared to the calibrated FLAC results.
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Shear Strainvs Shear Stress DC_DSS DR=75% SVo=1atm.
120
=== FILAC
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Isotropic consolidated drained cyclic direct

Figure 4.168
simple shear test
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No | v (kN/m3)

G (MPa)

B (%)

Dry
n=39.66%
PM4Sand
Dr = 0466
Go=4683
hpo = 0.463

355

Saturated
n=39.50%
PM4Sand
Dr = 0.466
Go=584.1
hpo = 0.45

3.55

Saturated
n=3959%
Elastic
G=6654

3.55

Elastic Half Space 197

Elastic
G=166.54

Tatal Dirmension

¥ - direction
Min -6.0000
Max 0O

L

Figure 4.169 Finite element meshes and material properties
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RSN766-Loma Prieta PGA=0.37g Gilroy Array #2-000
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0.4
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Figure 4.170 Loma Prieta (RSN766) acceleration time history
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RSN766 Earthquake Acceleration Response Spectra with 5% Damping

— Spectral Acceleration /\

A
=SS5
N

Period (5)

Spectra Acceleration (g)

Figure 4.171 Spectral acceleration for input earthquake (RSN766)




SMAP-3D Example Problem 4-203

Peak Ground Acceleration Profile
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Figure 4.172 Peak ground acceleration profile, Elastic analysis




4-204 SMAP-3D Example Problem

Maximum Shear Strain Profile
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Figure 4.173 Maximum shear strain profile, Elastic analysis
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Peak Ground Acceleration Profile
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Figure 4.174 Maximum acceleration profile, Liquefaction analysis
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Maximum Displacement Profile
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Figure 4.175 Maximum displacement profile, Liquefaction analysis
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Maximum Shear Strain Profile
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Figure 4.176 Maximum shear strain profile. Liquefaction analysis
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Maximum r_u Profile
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Figure 4.177 Maximum r, profile, Liquefaction analysis
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Group Mesh
Example Problem

Group Mesh Generator is a two-dimensional CAD program specially
designed to build group mesh which can be used to generate finite
element mesh with the aid of program ADDRGN-2D. Group Mesh User's
Manual describes all the basic functions associated with group mesh
generation and modifications.

Six example problems are presented:
1. Arch Tunnel
Shows step by step procedure to create and modify group meshes.
2. NATM Tunnel
Builds group mesh for typical NATM tunnel.
3. Excavation
Builds group mesh for typical multi-step excavations performed
near the existing structure.
4. Buried Pipe
Builds group mesh for typical pipe buried in the trench followed by
multi-step embankment lifts.
5. Arch Warehouse
Builds group mesh for typical arch warehouse structure.
6. Finite Element Mesh Modification
Illustrates how to modify existing finite element meshes using Mesh
Generator.
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5.1 Arch Tunnel

The main objective of this first example is to show the step by step
procedure to create and modify group meshes.

This example has the following three parts:

Part 1 : Creating Arch Tunnel (Figure 5.1)
« Create group mesh

e Set built-in base mesh

« Draw arch tunnel

« Plot finite element mesh

Part 2 : Adding Rock Bolts (Figure 5.2)
e Open the group mesh file in part 1
« Add three rock bolts

« Plot finite element mesh

Part 3 : Adding Utility Tunnel (Figure 5.3)

e Open the group mesh file in part 2

« Remove the first rock bolt

» Change the second rock bolt length

e Replace the third rock bolt by utility tunnel
« Plot finite element mesh

Table 5.1 shows the construction sequence.
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Figure 5.1  Arch tunnel (Part 1)

" Rock Bolt Léngth = bm

Figure 5.2  Arch tunnel with rock bolts (Part 2)
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Figure 5.3  Arch tunnel with utility tunnel (Part 3)

Step No Description
1,2 In-Situ Stress
3 Arch Tunnel Excavation & Lining Installation
4 Rock Bolt Installation
5 Utility Tunnel Construction

Table 5.1 Construction sequence
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5.1.1 Part 1: Creating Arch Tunnel
Part 1 consists of the following main actions:

« Create group mesh

* Set built-in base mesh

« Draw arch tunnel

* Plot finite element mesh

Step 1: Group Mesh Generator (New)
Access Group Mesh Generator by selecting the following menu items in

SMAP (Figure 5.4):

Run — Mesh Generator —+ Group Mesh — New

.
@ smaP 3D

:Eg

Run Plot Setup
Smap

Mesh Generator

Load Generator

Exit

3

»

(s

New

Open

Group Mesh
Block Mesh

AddRgn

3
3
PreSmap 3
3
Supplement 3

File Conversion

Figure 5.4  Accessing group mesh generator (New)

Step 2: Group Input (New)
Select Built-in Base Mesh in Figure 5.5.

Click OK.

.
@ Group Input [Mew]

Base Mesh

" Existing Finite Element Mash

Browse...l |

ok | Cancel |

e

Figure 5.5 Group input (New)
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Step 3: Group Menu and Dialog
Click Group menu in PLOT-2D as shown in Figure 5.6.

EE pLoT 20 [E=SRE

File Edit View Plot Entity Mouse-Snap |Group | Child-Window State Window

Figure 5.6  Group menu

Group dialog in Figure 5.7 is displayed with initial default values.

Group
— Group |dentit
Group Mo | 1 uM Title | Group Ma= 1 Add Group |

Show Nurnber |

— MTYPE and Material .

I 1: Generate ines & remove elements within clozed loop vI

MATHO [ 1 KF [ 100 MaTad | 3 MTYFE | cut
MATND] [0 KF  [Foo0 THIG [Toio Desciiption_| inside
LTF I 2 LMAT I 1 ™ &dd new mesh I~ Hide

Update I

LTFi I 2 LMATI I 1 Line Optiong
LTFa |2 LMATOl &z ’7 [ Coler | [ Twpe | [Thickness| Save I

Coordinate Constraint
’7 & Gererated coordingtes are movable 7 Generated coordinates are not movable ‘ —IBase Mesh

Element Activity ————— PLOT-2D Plat Tranzlation ———————— T
eplal I

MHALC MDAC [ Mesh Geometry will be moved E
il 0 I Frincipal Stress by distance Dk and Dy MI
il 0 [~ Deformed Shape in¥ and ' direction Segment E ditar I
L 2 = D= 0.00 F.E. Mesh Plot I

LiaT 0 0 ™ Truse

0 0 I~ Contour Oy o0 &I
i} i} [~ Reference Line Euit I

Figure 5.7  Group dialog with initial default values
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Step 4: Built-in Base Mesh

Click Base Mesh button in Group dialog.

Fill in input fields for Built-in Base Mesh as shown in Figure 5.8.

Click OK.

Built-in Base Mesh

- Horizontal Block  artical Block.
Herizontal blacks ars defined from left ta right Verticsl blocks sre defined from tap to bottom
Number of blacks in % direction |1_ Mumber of blacks in ¥ diection: lw_
Mo width Element Mormalized Mo HeightHl  Element Nomalized
w) Size [D¥) Midpaint (4 H Size (0] Midpoint (&)
LG [05 [os =] L |05 [os =]
el I I E] 2| I I El
=) | | E il | I E|
s I I =] | I [ E|
2 [ [ E 2l [ [ =l
B I I = Ll I [ El
) [ I =] 2| [ [ &
iigin ~ Bounday Condiion
’V ®a |0 vo [0. Top
ten [0 e =] pigy
- Water Tabl [1 Raler =] Batom [1 Roller =]
For total st lysis,
Vel o o 7o ot [0 [1 Foler =]

| Bage Mesh Layout Description |

0K | Cancel |

Figure 5.8 Built-in base mesh dialog

Figure 5.9 shows Base Mesh with dimensions of 30m x 20m on drawing

board in PLOT-2D.

FINITE ELEVENT HESHES

Figure 5.9 Base mesh on drawing board
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Step 5: MTYPE

Click MTYPE button in Group dialog.

Select MTYPE=3 in MTYPE dialog in Figure 5.10.
Click OK.

Select MTYPE

‘ 12 land 2 Sutract

C MIYPE=1 € MIYPE=2 & MTYPE=3 € MTYPE=4  MTYFE=5

cut , "
ouiside joint joint joint

H ‘ 12 1and 2 s

C MIYPE=-1 € MTYPE=-2 € MTYPE=-3 € MTYPFE=-4  MTYFE=0

Cancel

Figure 5.10 MTYPE dialog

Fill in input fields for Group dialog as shown in Figure 5.11.

Group

Group | derti
’V GroupNa | 1 Title: [ Arch Tunnel ‘ Add Group

Shaow Number |

[~ MTYPE and Material Parameter

L]

| 3 tissign new material number within closed loop

MATND | 2 KF 1.00  MaTold | 3 MTYPE

MATHD] [ K [700 THIG [To10

L 2 W | ™ Add new mesh I Hide
LTFi 2 LMATI | 1 |' Line Optians &I

LTPa |_2 LMATnl_g [ Color | [ Twpe | [Thickness| | v |

Coordinate: Canstraint
’7 (% Generated coordinates are movable ' Generated coordinates are not movable | __BaszMesh

- Element Activity ——————— PLOT-2D Plat Translation ————————
Replot

MAC  NDAC [ Mesh Geomatty wil be moved

i] i] [~ Principal Stiess by distance Dw and Dy M‘
MaTHOD | 0 3 [~ Defomed Shaps Eendyddi=ation Seament Edtor

LMAT £l 993 [ Truss
0 0 [~ Contou o, [000 _ Che |
i i [ Reference Line ’T”

Figure 5.11 Group dialog with MTYPE = 3
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Step 6: Mouse Snap
Click Mouse-Snap menu in PLOT-2D.
Select Snap to Grid in Figure 5.12. Click OK.

Figure 5.12

Mouse snap dialog

Step 7: Add Group

Click Add Group button in Group dialog.

o
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Table 5.2 summarizes group parameters used for arch tunnel.

Element Activity
Group MTYPE Description Element Type Mat. Np.
No NAC NDAC
Core Cont. MATNO=2 0 3
1 3
Lining Beam (LPT=2) LMAT=1 3 999

Line Segment Arc Segment
Group | Seg. Beginning Ending Origin Radius and Angle IEND
No No Point Point
X Y X Y X, Y, Ry Ry O, O,
1 1 10 5 20 5 2
2 15 5 5 5 0 1 2
8
0
" — |/ /— |

Table 5.2 Group parameters for arch tunnel
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Step 8: Line Segment
Click Draw button in Line Segment dialog in Figure 5.13.

Line Segment

Segment No: 1

Group Ma: 1 Arch Tunnel

Points B
’V * Mouse Pickup " Enter ¥ and ¥ |

 Beginning Paoint Ending Point—————————

xe[ | |«
| |-

i~ Divisions and Inclusion

Hurnber of divisions: IU

I 2: Include beginning & ending paint ;I

Draw I Arc Seament | Finish I Eancell

Figure 5.13 Line segment dialog

Click the mouse where the line begins and then click the mouse where the
line ends as shown in Figure 5.14.

I I I I I
FINITE ELEMENT MESHES 0 2.00 User Unit

Figure 5.14 Line segment on drawing board
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Step 9: Arc Segment
Click Arc Segment button in Line Segment dialog.

Fill in input fields for Arc Segment as shown in Figure 5.15.
Click Draw.

Arc Segment

SegmentNo= 2

Group Ne: 1 Arch Tunnel

Diigin B
(  Mouse Pickup  Enter X and ¥ ‘

Enter iigin
( o Yo | ‘

~ Enter Radus and Angk

Horizontal Radis R |E—
Rx
. Ry  VYetes Radw Ry i
B, C—
0
o Beginning Angle (Dea): Gb

Endng  Angle Deg): O [180

Mote: "when Ob = Oe. a shiaight radialline i dravn from R = R o R = Ry.
That is. i and Ry tepresent radial distances at angle O = Ob = Oe.

~ Divisions and Inch
Divisions  Inchusions
o | 2 Include beginving & ending point JEa|

Drau Line Segment Firish Cancel

Figure 5.15 Arc segment dialog

Press down and hold mouse button on the drawing board.
Drag the mouse to the location of arc origin and then
release the mouse button as shown in Figure 5.16.

Click Finish.

o 5 20 e i
NITE ELEHENT HESHES

Figure 5.16 Arc segment on drawing board
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Step 10: Save
Click Save button in Group dialog.
Group.Meg is saved as shown in Figure 5.17.

Figure 5.17 Message for file save

Step 11: Finite Element Mesh
Click F.E. Mesh Plot button in Group dialog.
Click Yes in Figure 5.18.

Motice

Have you clicked Save button ?

Es Mo I

Figure 5.18 Notice for finite element mesh plot

Please Wait... message in Figure 5.19 is shown on the screen while
generating finite element mesh plot.

Program i running.  Please wait......

Figure 5.19 Notice while generating finite element mesh plot
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Once finished, finite element mesh file is generated as Group.Mes in the
directory Plot_Mesh as shown in Figure 5.20 along with finite element
mesh plot in Figure 5.21.

1 (e g e =%
FLOT HO :

PLOT HO :

Figure 5.20 Message for finite element mesh file

- N
@ PLOTID [

File Model Plot View Help

gle@s@mo]saclala el ] |@e[@ n7]b]

Total Dimension

¥ - direction
Min 0
Max 30,000

L] ¥ - direction
Min
Max 20,000

Z - direction
Min  -1.0000
Max  1.0000

[

. WGroup Mes

Figure 5.21 Finite element mesh plot
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Step 12: Exit
Click Exit button in Group dialog.
Click OK in Exit dialog as shown in Figure 5.22.

Exit

Total Mumber of Groups = 1

Enter Dutput File

CHEMAPASMAPIDNEXAMPLE \Group_Mesh\EXTA\TEST\Group.Meg

Mote: This "Output File" wil be the input file to program ADDRGM-20.
‘when you execute ADDRGN-2D, following fles will be generated:
Group.Mes containg coordinates and index for mesh file.
Group.Man contains element activity data for main file.
Group.Pos  contains graphical input data for post file

Lo 1]

Cancel I

Exit withaut Saving |

e ———————

Figure 5.22

Exit dialog
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5.1.2 Part 2: Adding Rock Bolts

Part 2 consists of the following main actions:
e Open the group mesh file in part 1

« Add three rock bolts

« Plot finite element mesh

Step 13: Group Mesh Generator (Open)

Access Group Mesh Generator by selecting the following menu items in
SMAP (Figure 5.4):

Run — Mesh Generator —+ Group Mesh — Open

Step 14: Group Input (Open)
File open dialog will be displayed as in Figure 5.23.
Select group mesh file Group.Meg in Part 1 and click Open.

HEEE——— |
OD ‘,. ~ EXAMPLE v Group_Mesh » EX1 = TEST = ~ |23 [ search TesT
Organize ~  New folder B= -~ 1 @
~1  Name -~ |DahE modified |Type

1. Plot_Mesh 8/23/2017 11:06 AM  File folder
File folder

i : | ol

File name: IGraup,Mag j IAH Files () =

Figure 5.23 File open dialog

Step 15: Group Menu and Dialog
Click Group menu in PLOT-2D as shown in Figure 5.6.
Group dialog for Group No 2 is displayed with initial default values.

Step 16: MTYPE

Click MTYPE button in Group dialog.

Select MTYPE=2 in MTYPE dialog in Figure 5.10.
Click OK.
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Step 17: Group No 2 for Rock Bolt 1
Table 5.3 summarizes group parameters for rock bolts.
Rock bolt is modeled by a straight radial line in Arc Segment.

Elem. Mat. Element Radius and Angle
Group | Bolt No | MTYPE| Type No Activity IEND
No (LTP) | (LMAT)
NAC [ NDAC | R, | R, | O, | o,
2 Bolt-1 2 Truss 1 4 999 5 10 60 60 -2
(3)
3 Bolt-2 2 Truss 1 4 999 5 10 90 90 -2
(3)
4 Bolt-3 2 Truss 1 4 999 5 10 | 120 | 120 -2
(3)

Table 5.3 Group parameters for rock bolts

Group No 2 represents Rock Bolt 1 with a length of 5m at 60 degrees.
Fill in input fields for Group dialog as shown in Figure 5.24.

Group

Group
’V GroupMo | 2 Tite | Rock Bolt 1 ‘ Add Group

Show Number

- MTYPE and Material Parameter

| 2 Benerate lines -

wmatno [ kF 100 aTod [3 WTYPE

MATNG] [T KA [Ton THIC [Toas

(i 3 R 1 I Add rew mesh [ Hide

(R o T Line Options Update

e [ e[z | -

Coordinate C
’V & Generaled coordinates are movable Generated caoidinales are not movable ‘ _BaseMesh |
 Element Activity PLOT-20 Plet Translation ———————

Fleplat
MAC  NDAC [~ Mesh Geomety wil be moved

7 ™ Principal Shess by distance D and Dy _Group Editor_|
0 I~ Defoimed Shape in> and'f direction Segment Editor

[
[
L 2 Ll Dy | 0o F.E. Mesh Plot
LM&T 4 339 I Trss
o Ly Isiiborto oy [0m _Cme |
0 [

[ Reference Line Est |

Figure 5.24  Group dialog for Rock Bolt 1
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Step 18: Mouse Snap

Click Mouse-Snap menu

in PLOT-2D.

Select Snap to Grid in Figure 5.12.

Click OK.

Step 19: Add Group
Click Add Group button in Group dialog.

Step 20: Arc Segment
Click Arc Segment button in Line Segment dialog.
Fill in input fields for Arc Segment as shown in Figure 5.25.

Click Draw.

Arc Segment

Segment Mo =

1

Group Mo: 2 Fock Bolt 1

o, Yo [

Ending Angle[Deq]: Qe IBD

Mate: when Qb = Qe, a straight radial line iz drawn from B = Rz to R = Ry,
That iz, Fx and By represent radial distances at angle O = Qb = Qe.

Origin By
[ ' Mouse Fickup " Enter ¥ and Y
— Enter Origin
o o I
— Enter Radiug and dngle
Horizontal A adius :Rx |5
R
Ry Wertical  Radius Ry |1U
it : Beginning Angle (Deqg.) : Ob IBD

Divigiohs

o

— Divisions and Inclusion:

Inclusions

|-2: Include beginning & ending point but no splitting ;I

Diraw I

Line Segment

Finish | Cancell

Figure 5.25 Arc segment dialog for Rock Bolt 1
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Press down and hold mouse button on the drawing board.
Drag the mouse to the location of arc origin and then release
the mouse button as shown in Figure 5.26. Click Finish.

I
FINITE ELEMENT MESHES 0 2.00 User Unit

Mesh Seale

Figure 5.26 Rock Bolt 1 on drawing board

Step 21: Group No 3 & 4 for Rock Bolt 2 & 3

Repeat Steps 16 through 20 to add rock bolts at 90 and 120 degrees.
All three rock bolts are shown on drawing board in Figure 5.27.

Click Save button in Group dialog.

FEFETTY

I
FINITE ELEMENT MESHES 0 2.00 User Unit

Vesh Scale

Figure 5.27  All three rock bolts on drawing board
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Step 22: Finite Element Mesh

Click F.E. Mesh Plot button in Group dialog.
Follow the same procedure as in Steps 10 and 11.
Finite element meshes are shown in Figure 5.28

# POT3D | |
File Model Plot View Help

zlal@sooElsalaaalalmle» 1] e@@(N7[T]

Total Dimension

¥ - direction
Min 0O
Max  30.000

S LT ¥ - direction
Min 0
Max  20.000

s

Z - direction
Min  -1,0000
Max  1.0000

L.

. HGroup.Mes

Figure 5.28 Finite element mesh plot

Step 23: Exit
Click Exit button in Group dialog.
Click OK in Exit dialog as in Figure 5.22.
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5.1.3 Part 3: Adding Utility Tunnel

Part 3 consists of the following main actions:

e Open the group mesh file in part 2

« Remove the first rock bolt

« Change the second rock bolt length

» Replace the third rock bolt by utility tunnel
« Plot finite element mesh

Step 24: Open Group Mesh File in Part 2
Follow Steps 13 through 15 to open Group dialog for Group No 2.

Step 25: Remove Rock Bolt 1

Select Group No 2 in Group dialog.

Click MTYPE button in Group dialog.

Select MTYPE=0 in MTYPE dialog in Figure 5.10.
Click OK.

Click Update and then Replot buttons in Group dialog.
A new plot with the Group No 2 missing is displayed in Figure 5.29

ordinates

T

I
S <O
BEEE) I3

i I | I I | I
FINITE ELEMENT MESHES

Figure 5.29 Rock Bolt 1 removed on drawing board
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Step 26: Change Length of Rock Bolt 2

Select Group No 3 in Group dialog.
Click Edit Group button in Group dialog.

Click Edit button in Edit Segment dialog in Figure 5.30.

Figure 5.30 [ ean Segment
Edit segment dialog
for Group No 3

Group Mo : 3 Rock Bolt 2
Enter Segment Mumber and D oubleclick Edit Button

o Madify Segment " Replace &1l Segments
Segment Mumber | 1

Edit | Fiish | Cancel |

Fill in input fields for Arc Segment dialog as shown in Figure 5.31.
Click Draw and then Finish in Arc Segment dialog.
Click Finish in Edit Segment dialog.

Figure 5 31 Arc Segment
Arc segment dialog with e
. Group Mo: 2 Rack Bolt 2
rock bolt length modified Diigi B
[ " Mouse Pickup @ Enter % and ¥ |
Enter Origin
[ se | 15.000 Yo |5nuuu ‘

~ Enter Radius and Angl

Horizontal Radius Rx | 5.0000
R
_. Ry  Vetioad Radus Ry [12500
B
i EXD H Begirring Angle [Deg.): Qb | 90.000

Ro—— Ending  Angle [Deg.): Qe | 90.000

Maote: When Qb = Qe, a straight radial line is dravn fom B = Rxto B = Ry
That iz, Rx and Ry represent radial distances at angle @ = Ob = Qe.

i~ Divizions and Inclusion

Divisions Inclusions

[0 |2 Include beginning & ending paint but no spiting =l

Draw Finish Cancel
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Figure 5.32 shows a new plot with longer Rock Bolt 2.

I~ | Coordinates
X + = 0.000
Y+ = 0.000
- - Xmin = 0.000
Xmax = 30,000
Tmin = 0.000
- - Tmax = 20,000
Il L L L B
0 2.00 User Unit
FINITE ELEMENT MESHES L
Mesh Scale

Figure 5.32 Longer Rock Bolt 2 on drawing board
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Step 27: Replace Rock Bolt 3 by Utility Tunnel
Select Group No 4 in Group dialog.

Click MTYPE button in Group dialog.
Select MTYPE=1 in MTYPE dialog in Figure 5.10.

Click OK.

Fill in input fields for Group dialog as shown in Figure 5.33.

Click Edit Group.

Group
— Group [dentit
Goho | ¢ [<I>]  Tite [Ty Tomel Edit Group
. Shiow Mumber |
— MTYPE and Material Parameter
I 1. Generate lines & remove elements within closed loop ;I
MATHO | 1 KF 1.00  MATold | 3 MTYPE ot
MATHD] [0 K 100 THIE [ o010 inside
LTP 2 LMaT |2 [T tdd new mesh [~ Hide
LTFi B LMATI | 1 Line Options M
LTFa 2 LKATo [ 2 ’7 [ Color | [ Twpe | [Thickness| [ save |
Coordinate Constraint
’7 @ Generated coordinates are movable " Generated coordinates are ot mavable ‘ M‘
— Element Activity PLOT-ZD Plot Tranglation
Replot
MALC MNDAL [ Mech Geometny wil be moved =
0 0 I™ Principal Stress by distance D and Dp M‘
il il [~ Deformed Shape in# and*t’ direction Segment Editor
E
L L B Dx oan F.E. Mesh Plat
LMAT 5 959 I Trss
0 0 I~ Contour Dy 000 Clase
0 0 I~ Reference Line Esit |

Figure 5.33 Group dialog for Utility Tunnel
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Select Replace All Segments in Edit Segment dialog in Figure 5.34
Click Edit.

Edit Segment

Group Mo : 4 Utility Tunnel

Enter Seament Mumber and Doubleclick Edit Button

 Modify Segment ¢ Replace Al Segments
Segment Mumber | 1

Edit | Fimizh Cancel

Figure 5.34 Edit segment dialog for Group No 4

Warning message is displayed as shown in Figure 5.35.
Click OK.

Warning g

“f'ou are about to delete geometry data of Current Group  and create new geomnetry 111

0K I Cancel

Figure 5.35 Warning message
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Fill in input fields for Arc Segment dialog as shown in Figure 5.36.
Click Draw and then Finish in Arc Segment dialog.
Click Finish in Edit Segment dialog in Figure 5.34.

Arc Segment

SegmentNo= 1
Group No: 4 Utility Tunnel

Origin B
|— © Mouse Pickup & Enter % and ¥ ‘

Enter Origin
[ Ho |75 o [125 ‘

i~ Enter Radius and Angl

Horizontal Radius ~ :Rx (25
R
Ry YoMl Radus Ry 25
=
_ ;n_ BegimingAngle Deg) G5 [0

Erding  Angle [Dea): Qe |360

Nate: When Gb = Qe, a straight radil ing is diawn from Fi = R to R = Fy.
That is, R and Fiy represent radial distances at angle 0 = Ob =

i~ Divisions and Inclusion:

Diwisions Inclusions

[ | 2 Include beginning & ending point ~|
Drraw Line Segment Finish Cancel

Figure 5.36 Arc segment dialog for Utility Tunnel

Click Update and then Replot buttons in Group dialog.
Figure 5.37 shows a new plot with Utility Tunnel on drawing board.

I I I I I I
FINITE ELEMENT NESHES 0 2.00 User Unit

Mesh Scale

Figure 5.37 Arch and Utility Tunnels on drawing board
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Step 28: Finite Element Mesh

Click Save and F.E. Mesh Plot button in Group dialog.
Follow the same procedure as in Steps 10 and 11.
Finite element meshes are shown in Figure 5.38

#p moT3I0 ==

File Modl Fit View Hep
e = (-] sl ] Aldne== T2 |EHWEBINIER

Total Divereion

A = givection
Min a
Mae  30.000

Ftas e Tt ¥ - drrection
Mn ad
Max  20.000

i Z = direction
M =1.0000
Max  1.0000

WG pup Mes

Figure 5.38 Finite element mesh plot

Step 29: Exit
Click Exit button in Group dialog.
Click OK in Exit dialog as in Figure 5.22.
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5.2 NATM Tunnel

This example illustrates how to build group meshes for typical NATM (New

Austrian Tunneling Method) tunnel.

5.2.1 Overview

The cross section of NATM tunnel consists of rock bolts, shotcrete,

reinforced concrete liner, and core as schematically shown in Figure 5.39.

L W1=20 L Wa =20 L W3 = 20
— - T T 21.44
AR 1. Top Soil

] 17.24
L Z. Weathered Rock
o 1294

3. Soft Rock 8.0
% -
=t
1}
[an]
s

-6.58

*

4. Hard Rock
=
<t
=
[l
[ar
S
W -30.00

Figure 5.39 Tunnel cross section
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Step Construction State Description
1,2 In Situ Ko State
/"_'\
3 | 30 % Stress Relief
75 % Stress Reli g
4 fo alressakcher L Upper Core
Soft Shotcrete, Rock Bolt )
Excavation
- 100 % Stress Relief
Hard Shotcrete, Rock Bolt
8 50 % Stress Relief
: Lower Core
7 73 % Stress Relief, Soft Shotcrete z
Excavation
~ 100 % Stress Relief. Hard
3
Shotcrete
5 [ | Lmnmg Subjected to - Weight
12 Lining Subjected to - Weight + Water Pressure

Table 5.4  Construction sequence
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A total of 21 groups are used to model NATM tunnel as schematically shown
in Figure 5.40: 4 for in situ geological profile, 11 for rock bolts, 1 for lining,
3 for shotcrete, and 2 for core.

L& ATunrel Liningd

Figure 5.40 Group section view




5-30 Group Mesh Example

Table 5.5 summarizes key parameters of groups.

Group | Name MTYPE NAC NDAC MATNO / LTP / LMAT / IEND

1 Top Soil 3 1/0/0/2

2 Weathered 3 2/0/0/2
Rock

3 Soft Rock 3 3/0/0/2

4 Hard Rock 3 4/0/0/2

5 Rock Bolt-1 2 4 999 0/3/1/-2

6 Rock Bolt-2 2 4 999 0/3/1/-2

7 Rock Bolt-3 2 4 999 0/3/1/-2

8 Rock Bolt-4 2 4 999 0/3/1/-2

9 Rock Bolt-5 2 4 999 0/3/1/-2

10 Rock Bolt-6 2 4 999 0/3/1/-2

11 Rock Bolt-7 2 4 999 0/3/1/-2

12 Rock Bolt-8 2 4 999 0/3/1/-2

13 Rock Bolt-9 2 4 999 0/3/1/-2

14 Rock Bolt-10 2 4 999 0/3/1/-2

15 Rock Bolt-11 2 4 999 0/3/1/-2

16 Tunneling -2 9 999 MATNOj = 7, LTPi=0, LTPo =2
Lining LMATo = 2, IEND = 2

17 Shotcrete 2 7 999 0/2/1/3
Right Lower

18 Shotcrete 2 4 999 0/2/1/3
Upper

19 Shotcrete 2 7 999 0/2/1/3
Left Lower

20 Upper Core 3 0 5 5/0/0/3

21 Lower Core 3 0 8 6/0/0/3

Table 5.5 Group key parameters
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5.2.2 Base Mesh

Built-in Base Mesh dialog is shown in Figure 5.41 with input data for blocks
Element size is more refined at the center block
considering relatively high stress change here due to tunnel construction.

and boundary

condition.

Built-in Base Mesh

- Horizontal Black. - Wetical Block
Hotizontal blocks are defined from left to right, Verlical blocks are defined fiom top ta bottom.
Mumber of blocks in X dection: [ 73 Mumber of locks in ¢ dection: [ 3
Moo width Element Normalized No. HeightH]  Element Normalized
w) Size: (D] Midpoint (4] H) Size (DY) Midpaint (4Y)
T 20000 [0.50000 [o3  ~] T [1zooo 0.50000 05
2 [20000 [ 0.50000 [os  ~] 2 [1e000 0.50000 05
3 [20.000 [0.50000 [os  ~] 3[40 0.50000 03 >
1 | || =] |  d
’—Drigin  Baundary Candiion
%o |0 o |-30.000 Top
Lt [0 Fee =] Right
- \ater Tabl [1 Roler ~| Botom  [1 Poller ¥]
For total stress analysic,
setwaler lower than'Yo  Ywater [50.000 1 Roler >

Base Mesh Layout Desciiption

0K | Cancel |

Figure 5.41

Built-in base mesh dialog

Figure 5.42 shows base mesh plot on drawing board.

Ynin = 0.000

Xmax = 60,000
Tnin = -30.000
Tnax = 21,440

FINITE ELENENT MESHES

Figure 5.42

Base mesh plot on drawing board
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5.2.3 Groups

Group meshes are divided into five parts:

Geological profile
Rock bolt

Lining

Shotcrete

Core

Final finite element meshes are most influenced by group order and IEND.

5.2.3.1 Geological Profile

In situ geological profile consists of four layers: top soil, weathered rock,
soft rock, and hard rock. Table 5.6 lists key parameters of these groups.

Beginning Point Ending Point
Group Profile MTYPE | Elem. |MATNO | Seg. IEND
X Y X Y
1 0 17.24 60 17.24 2
1 Top Soil 3 Cont 1 2 60 17.24 60 21.44 2
3 60 21.44 0 21.44 2
4 0 21.44 0 17.24 2
1 0 12.94 60 12.94 2
2 Weathered 3 Cont 2 2 60 12.94 60 17.24 2
Rock
3 60 17.24 0 17.24 2
4 0 17.24 0 12.94 2
1 0 9.44 60 9.44 2
3 Soft Rock 3 Cont 3 2 60 9.44 60 12.94 2
3 60 12.94 0 12.94 2
4 0 12.94 0 9.44 2
1 0 -30 60 -30 2
4 Hard Rock 3 Cont 4 2 60 -30 60 9.44 2
3 60 9.44 0 9.44 2
4 0 9.44 0 -30 2
Table 5.6 Key parameters for geological profile
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Figure 5.43 shows Group dialog for top soil layer.
Group dialogs for the other layers are very similar to this group 1.

It is a good idea to click Save button occasionally in case of system down.

Group
— Group Identity
Grotriklo | N I | N Tep Soi Edit Group |
Show Mumber |
— MTYPE and Material P
I 3 Assign new material number within closed laop ;I
MATND | 1 KF | 100 MaTad | 3 MTYPE
MATND] [0 KFi  [700 THIG [To10 =22
LTP I 0 LMAT I 1 [ Add new mesh [~ Hide
LTPRi I ? LMATI I 1 Line Dptions Update I
LTFa I 2 LMATOI 2 ’7 [ Color | [ Twpe | [Thickness| e I
Coordinate Constraint
’7 * Generated coordinates are movable " Generated coordinates are not movable ‘ M
Element Activity PLOT-2D Plot Translation
Fieplat |
MN&C  WDAC [~ Mesh Geometry will be moved
il il [~ Principal Stress by distance Dx and Dy MI
MaTHD | 0 0 [ Deformed Shape i’ and " direction S egment Editor |
B
L D— L} Bear D= n.on F.E. Mesh Plat I
LAT 0 0 I~ Truss
LS S I Gty Dy | 000 _ Cose |
il il I~ Reference Line Eit I

Figure 5.43  Group dialog for top soil layer
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5.2.3.2 Rock Bolt

There are eleven rock bolts above the tunnel crown as schematically shown

in Figure 5.44. Table 5.7 lists key parameters of these groups.

6=150"

08=165"

(29.134, 0.5).

(30.0, 0.0)

e

(30.866, 0.5)

Rock Bolt Length = 3m

Figure 5.44 Rock bolt layout

Origin Radius & Angle
Group Name NAC/NDAC MTYPE/LTP/LMAT/IEND
X, Yo Ry Ry 0y O
5 Bolt-1 4 /999 30.866 | 0.5 | 4.24 | 7.24 15 15 2/3/1/-2
6 Bolt-2 4 /999 30 0 5.24 | 8.24 30 30 2/3/1/-2
7 Bolt-3 4 /999 30 0 5.24 | 8.24 45 45 2/3/1/-2
8 Bolt-4 4 /999 30 0 5.24 | 8.24 60 60 2/3/1/-2
9 Bolt-5 4 /999 30 0 5.24 | 8.24 75 75 2/3/1/-2
10 Bolt-6 4 /999 30 0 5.24 | 8.24 90 90 2/3/1/-2
11 Bolt-7 4 /999 30 0 5.24 | 8.24 105 105 2/3/1/-2
12 Bolt-8 4 /999 30 0 5.24 | 8.24 120 120 2/3/1/-2
13 Bolt-9 4 /999 30 0 5.24 | 8.24 135 135 2/3/1/-2
14 Bolt-10 4 /999 30 0 5.24 | 8.24 150 150 2/3/1/-2
15 Bolt-11 4 /999 29.134| 0.5 | 4.24 | 7.24 165 165 2/3/1/-2

Table 5.7

Key parameters for rock bolt
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Figure 5.45 shows Group dialog for the first rock bolt at 15 degrees.
Group dialogs for other rock bolts are very similar to this group 5.

Group
— Group Identity
Group Nol 3 Title FRock Bolt - 1 Edit Group |
Shiow Nurnber |
~ MTYPE and Material P.
I 2: Generate lines LI
MATND | 1 KF | 100 MaTold | 3 MTYPE
MATHD [0 KFi [ 100 THICE [oqo
LTF I 3 LMAT I 1 [~ Add new mesh [ Hide
LTFi I 2 LMATI I 1 Line Options &I
LTFa I 2 LMATDI 2 ’7 [ Color | [ Twpe | [Thickress| Bee I
Coordinate Constraint
’7 & Generated coordinates are movable " Gererated coordinates are not movable ‘ MI
Element Activity FLOT-20 Plot Translation
Fieplat |
MALC MDALC [ Mesh Geometry will be moved i
i} il I~ Principal Stress by distance Dx and Dy MI
il il [~ Deformed Shape in and ¥ direction Segment Editor |
B
2 z e Dx 0.00 F.E. Mesh Plat I
LMAT 4 933 I Trss
1} 0 I~ Contour ] Dy 0.00 Clase |
1] 1] [~ Reference Line Euit I

Figure 5.45

Group dialog for rock bolt at 15 degrees
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5.2.3.3 Lining

Lining is the reinforced concrete liner which is modeled by beam elements.
Seven segments are used to model lining as shown in Figure 5.46.

The interface between lining and shotcrete is modeled by joint element as
shown in Figure 5.47. It should be noted that MTYPE = -2 in this group
includes both lining and joint elements.

Segment 4

Uppelr

Core

Segment 5 . ' Segment §

Lower Core

Segment § Segment

Segment 1

Figure 5.46 Lining segments

Figure 5.47 Interface joint element
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Table 5.8 lists key parameters of this group.

Element Activity |
Element Type Material No

NAC NDAC |
Interface Joint MATNOj = 7 9 999 |

Lining Beam (LTPo = 2) LMATo = 2 9 999
Origin Radius & Angle |

Group | Name | MTYPE | Seg. IEND
Xo Yo Ry Ry Oy CA
1 30 20.59 23.86 23.86 270 280.94 2 |I
2 25.25 0.5 9.86 9.86 -19.78 0 2 |I
16 | Tunnel
Lining 3 | 30.866 0.5 4.24 4.24 0 30 2

4 30 0 5.24 5.24 30 150 2 |I
5 29.134 0.5 4.24 4.24 150 180 2 |I
6 34.75 0.5 9.86 9.86 -180 -160.22 2 |I
7 30 20.59 23.86 23.86 259.06 270 2 “

Table 5.8 Key parameters for lining and joint elements

5-37
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Figure 5.48 shows Group dialog for tunnel lining.

Group
— Group [dentity

Group Mo I 16 Title: Tunrel Lining Edit Group |

Show Number |

— MTYPE and Material P. b

|,2: Generate slip lines with joint elements ;I

MATHD | 1 KF [ 100 MaTod | 3 MTYPE

MATND] [ 7 KFi 100 THIG [ o

BT I 2 LMAT [ T &dd new mesh I~ Hide

e [0 LMaTi [ @t Update |

LTPo I 2 LMATDI 2 ’7 [ Colar | [ Tupe | [Thickness| Save I

" Coordinate Constraint

% Generated coordinates are movable

1~ Generated coordinates are not movable

‘ Baze Mesh I

Element Activity

1]

2
MATHO] | g
a0
LMATi 1]
LMATo k|

NDAC

=

333

o

=1

933

PLOT-2D Plat

I~ Mesh

I~ Principal Stress
[~ Deformed Shape
[~ Beam

I~ Truss
I~ Contour
[~ Reference Line

Translation

Geometry will be moved
by distance Dx and Dy
i and ' direction

Fieplat I
Group E ditor I
Segment E ditor I
F.E. Mesh Plot I
Cloze I

E it I

Figure 5.48 Group dialog for tunnel lining
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5.2.3.4 Shotcrete

Shotcrete is applied to upper tunnel wall right after excavation of upper
core and lower tunnel walls right after excavation of lower core as shown in
Figure 5.49. But shotcrete is not applied at tunnel invert.

Table 5.9 lists key parameters of these groups.

Figure 5.49
Shotcrete cross section

Shoterete

(Upper)

Shoterete
(Right Lower)

Shoterete
(Left Lower)

No Shotcrete

Element Activity
Group Name MTYPE LTP LMAT
NAC NDAC
17 Shotcrete: Right Lower 2 2 1 7 999
18 Shotcrete: Upper 2 2 1 4 999
19 Shotcrete: Left Lower 2 2 1 7 999
_|
Origin Radius & Angle |
Group | Name MTYPE | Seg IEND
Xo Yo RX RY G')b ®e
17 Shotcrete 2 1 25.25 0.5 9.86 9.86 | -19.78 0 3
Right Lower
1 30.866 | 0.5 4.24 4.24 0 30 3 |
18 Shotcrete 2
Upper 2 30 0 5.24 5.24 30 150 3
3 29.134 | 0.5 4.24 4.24 150 180 3 |
19 Shotcrete 2 1 34.75 0.5 9.86 9.86 -180 |[-160.22 3
Left Lower

Table 5.9 Key parameters for shotcrete elements
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Figure 5.50 shows Group dialog for the upper shotcrete.
Group dialogs for other lower shotcrete are very similar to this group 18.

Growp
G | deniity
Geoup He | 18 Tide (T — Edi Gioup
Shazws Hlurcbe:
MTYPE and Materisl Paesineter
| 2 Generale res ;I
MsTHO |1 BF | 1000 MaTe | 3 MTvPE
MeTHE] [0 ¥ [0 THO [Toon Descaiplion | |
LI 2 e 1 I™ Add rew mesh ™ Hice
LTF ; 2 maTH | 1 Liver Optiors a Updai=
e [T wMATe[T [ Coar | [ Tyme | [Thichneaa] | o
1 Cooidnate Comrain 1
| = Geneiged cooshnales de movabls ¢ Germraled cooidnate: an nol movebl _BasMeth |
-~ Elermeent Activiy - ~ PLOT20PE —— — Trarlaion ——————— =
Mal  MOAL I Mesh Gimometry vall be maved
] 1 I Prncipal Siress By clistance Do o Dy (G Ecton
] ] [~ Desformed Shape in¥ and'r diecion g Edia
1] ] ™ Beam
ER 000 _FE Mesh it |
war [4 [ (it = =
0 0 I Carvour o [000 [
] o ™ Redeianca Line I Exit

Figure 5.50 Group dialog for upper shotcrete




Group Mesh Example 5-41

5.2.3.5 Core

Core is divided into upper and lower parts as in Figure 5.46 considering the

order of excavation.

Table 5.10 lists key parameters of these groups.

Element Activity
Group Name MTYPE Element MATNO
NAC NDAC
20 Upper Core 3 Cont. 5 0 5
21 Lower Core 3 Cont. 6 0 8
Line Segment Arc Segment |
Group | Seg | Beginning Pt. Ending Pt. Origin Radius & Angle IEND |
X Y X Y X, Y, Ry Ry Oy O, |
1 124.894 | 0.5 |35.106 | 0.5 3 |I
20 2 30.866| 0.5 | 4.24 | 4.24 0 30 3 |I
3 30 0 5.24 | 5.24 30 150 3 |I
4 29.134| 0.5 | 4.24 | 4.24 150 180 3 |I
1 30 20.59 |123.86 |23.86 [ 259.06 | 280.94 3 |I
21 2 25.25 | 0.5 | 9.86 | 9.86 |-19.78 0 3 |I
3 |35.106 | 0.5 |24.894 | 0.5 3 |I
4 34.75 | 0.5 | 9.86 | 9.86 | -180 |-160.22 3 “
Table 5.10 Key parameters for core elements
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Figure 5.51 shows Group dialog for the upper core.
Group dialog for the other lower core is very similar to this group 20.

Group
— Group Identity
Group Mo I 20 Title Upper Care Edit Group |
; Shiow Murnber |
— MTYPE and Material P: b
I 3 Azzign new matenal number within clozed loop LI
MATNO | 5 KF | 1.00 ) MATald | 3 MTYPE
MATN; [ K [Too THIG [To1o 1=2
LTF I 1] LMAT I ] I Add new mesh I~ Hide
LTPi I 2 LMATI I 1 Line Options &I
LTPa I 5 LMATDI z ’7 [ Color | [ Tupe | [Thickness| e |
Coordinate Constraint
’7 & Generated coordinates are movable 7 Generated coordinates are nat movable ‘ MI
— Element Activity — PLOT-2D Plot — Tranglation
Fieplat |
HAC  NDAC [~ Mesh Geometry will be moved ]
i} il [~ Principal Stress by digtance Dx and Dy MI
MATND | O 5 [~ Defarmed Shape (D tandiddiection Segment Editor |
B
L D— S D 0.oo F.E. Mesh Plat |
LMAT ] ] I~ Truss
1} 0 [~ Contour ] Dy 0.00 Clase |
il il I~ Reference Line Euit [

Figure 5.51

Group dialog for upper core
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5.2.4 Finite Element Mesh Plot
Figure 5.52 shows finite element meshes generated from group meshes.

Finite element meshes around tunnel are shown in Figure 5.53.

LD BT
['File Model Plot View Help
zlal@sBEE|slaalalalalolc-[t]]:|eo@N|wIF|
Total Dimension
X - direction
Mn 0
Max 60000
- drecton
Max 21440
2Z - direction
.00
Vax L0000
I
I
.. WGROUP . MES

Figure 5.52  Finite element meshes for NATM tunnel
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Figure 5.53 Finite element meshes around tunnel
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5.3 Excavation

This example illustrates how to build group meshes for typical multi-step
excavations performed near the existing box structure.

5.3.1 Overview

The cross section of this excavation problem consists of box structure,
SCE-wall, anchors, and excavation zones as shown in Figure 5.54.

Cross section near the box structure is shown in detail in Figure 5.55.

A 45.0 L 200 \l 20.0 \]
125 [ =l [ “
g4 | ey | 96
5.0
e ——— \\
N b 1 = L0

%
155

Figure 5.54 Schematic section of excavation problem
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Figure 5.55 Cross section near box structure
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Table 5.11 shows the construction sequence associated with multi-step
excavations.

Step D escription |
1,2 In situ stress |
3 Box Excavation and Frame Construction |
4 First Excavation (Y = 8.4 m) |
5 First Anchor Installation |
6 Second Excavation (Y = 5.0 m) |
7 Second Anchor Installation |
8 Third Excavation (Y = 2.3 m) |
9 Third Anchor Installation |
10 Fourth Excavation (Y = 0.0 m)

Table 5.11  Construction sequence

A total of 17 groups are used to model this excavation problem as
schematically shown in Figure 5.56: 3 for in situ geological profile,
3 for box structure, 1 for SCE-wall, 4 for excavations, and 6 for anchors.

A RSANN e 4 Box Frame
: 6 Box
1 Fill <—+— Excavation
§ Ex-] [ECRCCRERRS &
12 Anchor—1 5 Box Column
2 Silty—Sand
9 Ex-2
10 Ex-3
11 Ex-4 Qe

3 Sand—Gravel
(Fized)

T 7 SCE - Wall

Figure 5.56  Group section view
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Table 5.12 summarizes key parameters of groups.

Group | Name MTYPE NAC NDAC MATNO / LTP / LMAT / IEND
1 Fill 3 0 0 1/0/0/2
2 Silty-Sand 3 0 0 2/0/0/2
3 Sand-Gravel 3 0 0 3/0/0/2
4 Box Frame 2 3 999 0/2/2/2
5 Box Column 2 3 999 0/2/3/2
6 Box Excavation 3 0 3 0/0/0/3
7 SCE-Wall 2 4 999 0/2/1/2
8 Excavation-1 3 0 4 0/0/0/2
9 Excavation-2 3 0 6 0/0/0/2
10 Excavation-3 3 0 8 0/0/0/2
11 Excavation-4 3 0 10 0/0/0/2
12 Anchor-1 Free 2 5 999 0/3/1/0
13 Anchor-1 Fixed 2 5 999 0/3/2/-2
14 Anchor-2 Free 2 7 999 0/3/3/0
15 Anchor-2 Fixed 2 7 999 0/3/4/-2
16 Anchor-3 Free 2 9 999 0/3/5/0
17 Anchor-3 Fixed 2 9 999 0/3/6/-2
Table 5.12  Group key parameters
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5.3.2 Base Mesh

Built-in Base Mesh dialog is shown in Figure 5.57 with input data for blocks
Element size is more refined at the top center
block considering relatively high stress change here due to excavation.

and boundary condition.

Built-in Base Mesh

[~ Horizontal Black

Harizontal blocks are defined from left ta right.

Number of blacks in ¥ direction: IT

[~ Vertical Block

Weilical blocks are defined from top to bottom,

Number of blacks in ' direction: IT

Mao.  Height [H] Element MNarmalized
H Size DY) Midpoivt [47]
1 [17.000 [050000 [os  ~]
2 [1s500 | 0.50000 [0z~
g I I =
15 I | =

No.  ‘width Element Momalized
W Size (D] Midpairt (4]
1 [4s000 [osoonn [0z~
2 [20.000 | 0.50000 [os  ~]
3 [z0000 [0.50000 joz ~|
A I (=]
Origin
( o [-45.000 Yo |-20000
[~ water Tabl

For tatal stress analysis,
set Ywater lower than Yo

“water |-30.000

 Boundary Condition
Top

et [0 Fee <] gy
[1 Roler =] gotom |1 Roler ~]
1 Roler >

| Base Mesh Layout Description |

0k | Cancel |

Figure 5.57

Built-in base mesh dialog

Figure 5.58 shows base mesh plot on drawing board.

Coordinates
X+ = -30

Ymin = -20,
Tmax = 12,500

| |

FINITE ELEMENT MESHES

Figure 5.58

Base mesh plot on drawing board
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5.3.3 Groups

Group meshes are divided into five parts:
. Geological profile

. Box structure

. SCE-Wall
. Excavation
. Anchor

It should be noted that the final finite element meshes are most influenced
by group order and IEND.

5.3.3.1 Geological Profile
In situ geological profile consists of three layers: fill, silty-sand, and sand-
gravel. Table 5.13 lists key parameters of these groups

Beginning Point Ending Point
Group Profile MTYPE | Elem. |MATNO | Seg. IEND
X Y X Y
1 -45 9.3 40 9.3 2
1 Fill 3 Cont 1 2 40 9.3 40 12.5 2
3 40 12.5 -45 12.5 2
4 -40 12.5 -45 9.3 2
1 -45 1 40 1 2
2 Silty-Sand 3 Cont 2 2 40 1 40 9.3 2
3 40 9.3 -45 9.3 2
4 -45 9.3 -45 1 2
1 -45 -20 40 -20 2
3 Sand-Gravel 3 Cont 3 2 40 -20 40 1 2
3 40 1 -45 1 2
4 -45 1 -45 -20 2

Table 5.13 Key parameters for geological profile
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Figure 5.59 shows Group dialog for top fill.
Group dialogs for the other layers are very similar to this group 1.

Group

— Group |dentity

Group Mo |1_ MM

Title Fill

E dit Group I

~ MTYPE and Material Parameter

Show Number I

LTFi

—
—

LTPa

LMAT I 1 Line Options
LMATDI 7 ’7

I 3 Assign new material number within closed loop LI
MATND | 1 KF ] 100 MaTod |3 MTPE
MATHND] [0 KFi [ 100 THIG [oao
LTF I 0 LMAT I 1 [ Add new mesh I Hide

[ Color

[ Twpe | [Thickness|

1—>2

Update I
Save I

" Coordinate Constraint

& Generated coordinates are movable

" Generated coordinates are not movable

‘ Baze Mesh I

— Element Activity

MAC  MDAC

ER{E

MATNO 0 a

1] 1]

LMaT | O | 0

1] 1]

a il

— PLOT-2D Plot
I~ Mesh
[~ Principal Stress
[~ Deformed Shape
[~ Beam
I~ Truss

[~ Contour
[~ Reference Line

— Translation

Geometry will be moved
by distance D= and Dy
i and v direction

D= 0.00

oy | oo

Fieplat I
Group Editor I
Segment E ditor I
F.E. Mesh Plat I
Cloze I

Ext |

Figure 5.59  Group dialog for top fill
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5.3.3.2 Box Structure

Box structure consists of frame, column, and excavation as schematically
shown in Figure 5.56. Table 5.14 lists key parameters of these groups.

Element Beginning Ending
Group Name MTYPE | LTP LMAT Activity Seg Point Point IEND

NAC | NDAC X Y X Y

1 4.26 | 8.12 | 11.56| 8.12 2

4 Frame 2 2 2 3| 999 | 3 |11.56| 11 | 6.06 ] 11 2

4 6.06 11 6.06 | 12.5 2

5 6.06 | 12.5 | 4.26 | 12.5 2

2 |11.56| 8.12 | 11.56 11 2 I

6 4.26 | 12.5 | 4.26 | 8.12 2

Element Beginning Ending
Group Name MTYPE | Elem | MATNO Activity Seg Point Point IEND

NAC | NDAC X Y X Y

1 4.26 | 8.12 | 11.56| 8.12 2

6 Excavation 3 Cont 0 0 3 3 |11.56| 11 [ 6.06 [ 11 2

4 6.06 11 6.06 | 12.5 2

2 |[11.56| 8.12 | 11.56| 11 2 I

5 6.06 | 12.5 | 4.26 | 12.5 2

Table 5.14 Key parameters for box structure
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Figure 5.60 shows Group dialog for the box frame.
Group dialog for box column is very similar to this group 4.

Group
— Group Identity
Group Mo I 4 Title Baw Frame E dit Group |
Shaow Number |
~ MTYPE and Material P. b
I 2 Generate ines j
MATHO | 1 KE | 100 MaTod | 3 MTYPE
MATND] [0 K [1o0 THICE [Toio
LTP I 2 LMAT | 2 [ Add new mesh I Hide
LTFi I 2 LMATi I 1 Line Dptions Update |
LTPa I 7 LMATDI 2 ’7 [ Color | [ Twpe | [Thickress| ey |
Coordinate Constraint
’7 ' Gererated coordinates are movable " Generated coordinates are not movable ‘ M
— Element Activity — PLOT-ZD Plot — Tranglation
Fieplat |
HAC  MWDAC [ Mesh Geometry will be moved ]
il il [~ Frincipal Stress by digtance Dx and Dy MI
il il [~ Deformed Shape i and Y direction Segment Editar |
B
L 0 iz D 0.o0 F.E. Mesh Plat |
LMaT 3 959 I~ Truss
0 0 I~ Contour ) Dy 0.00 Clase |
il il [~ Reference Line Exit I

Figure 5.60 Group dialog for box frame
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Figure 5.61 shows Group dialog for the box excavation.

Group
— Group |dentity

Group Mo I & I;IIL' Title Box Excavation Edit Group |

Shiow Murnber |

— MTYPE and Material P. b

I 3 Assign new material number within clozed loop LI

MATNOD | 0O KF ] 100 MaTold | 3 MTYFE

MATND] [ KFi  [Fo0 THIC [To1m 1—2

LTP I 0 LMAT I 0 [ &dd new mesh I Hide
R [z LhiaTi [T M _ Update |
UPe [2 | UiTe[Z { [ Color | [ Tvpe | [Thickness| Save |

Coordinate Conztraint
’7 @ Generated coordinates are movable 7 Generated coordinates are not movable ‘ —IBase Mesh

— Element Activity ————  — PLOT-2D Plat — Tranglaton ——— T
eplo |

NAC  NDAC 7 Mesh Geometry will be moved 2
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B
0 [ e S T F.E. Mesh Plat |
LMAT ] 0 I~ Truss
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i} i} [~ Reference Line Esit I

Figure 5.61 Group dialog for box excavation
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5.3.3.3 SCE-Walli

SCE-Wall is the structure to prevent ground movement due to excavations
and is supported by anchors as schematically shown in Figure 5.56.

Table 5.15 lists key parameters of this group.

Element Beginning Ending
Group Name MTYPE | LTP LMAT Activity Seg Point Point IEND

NAC | NDAC X Y X Y |

7 SCE-Wall 2 2 1 4 999 1 0 12.5 0 -4 2

Table 5.15 Key parameters for SCE-wall

Figure 5.62 shows Group dialog for SCE-wall.

i N
Group
— Group Identity
GroupNoI 7 Title SCE -'wall Edit Group_ |

Shiow Mumber I

~ MTYPE and Material P

I 2 Generate lines LI
MATHD | 1 KF ] 100 MATald | 3
MATHD] [ KFi - [1oo THIE [oi0

LTF I 2 LMAT I 1 [ Add new mesh [~ Hide
LTFi I 2 LKaTi I 1 Line Options &I
LTPg I 2 LMATDI ] ’7 [ Color | [ Twpe | [Thickness| TS I

Coordinate Constraint
’7 @ Gererated coordinates are movable ¢ Generated coordinates are not movable ‘ —IBase Mesh
— Element Activiy —————  ~ PLOT-2D Plot — Tranglaton ———
Fieplat I
NAC — NDAC I™ Mesh Geometry will be moved ]
1] i} " Principal Strezs by distance Dx and Dy Group Editar I
a 1} [~ Deformed Shape in and' direction Sl I
B
: B e Dx 0.o0 F.E. Mesh Plat I
LMAT 4 993 I~ Truss
0 1 I~ Contaur . Dy 0.00 Cloze I
] i} [~ Reference Line = I

Figure 5.62 Group dialog for SCE-wall
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5.3.3.4 Excavation

Excavations are conducted through four stages as schematically shown in
Figure 5.56. Table 5.16 lists key parameters of these groups.

Beginning Ending
Group Name MTYPE | Elem MATNO Seg. Point Point IEND
/ NAC / NDAC
X Y X Y
1 -45 8.4 0.0 8.4 2
8 Excavation-1 3 Cont 0/0/4 2 0 8.4 0 12.5 2
3 0 12,5 -45 12.5 2
4 -45 12.5 -45 8.4 2
1 -45 5 0 5 2
9 Excavation-2 3 Cont 0/0/6 2 0 5 0 8.4 2
3 0 8.4 -45 8.4 2
4 -45 8.4 -45 5 2
1 -45 2.3 0 2.3 2
10 Excavation-3 3 Cont 0/0/8 2 0 2.3 0 5 2
3 0 5 -45 5 2
4 -45 5 -45 2.3 2
1 -45 0 0 0 2
11 Excavation-4 3 Cont 0/0/10 2 0 0 0 2.3 2
3 0 2.3 -45 2.3 2
4 -45 2.3 -45 0 2
Table 5.16 Key parameters for excavation
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Figure 5.63 shows Group dialog for the first excavation.
Group dialogs for the other excavations are very similar to this group 8.

Group
— Group |dentity
Group Mo I 8 Title Excavation - 1 Edit Group |
Show Mumber |
~ MTYPE and Material P. b
I 3 Assign new material number within clozed loop LI
MATNO | 0 KF | 1.00 ) MATod | 3 MTYPE
MATND] [ K [Too THIG [To10 1—2
LTP I ] LMaT I 0 [ &dd new mesh I Hide
LTPi I 2 LMATI I 1 Line Options &I
LTPa |2 LMATo [ ’7 [ Coler | [ Tupe | [Thickness| o |
Coordinate Constraint
’7 @ Generated coordinates are movable " Generated coordinates are not movable ‘ MI
— Element Activity — PLOT-2D Plat — Tranglation
Fieplat |
HAC  WDAC [~ Mesh Geometry will be moved ]
il il [ Principal Stress by digtance Dx and Dy MI
MATND | O 4 I™ Deformed Shape iEaebdiddieaion Segment Edior |
B
s S e D 0.00 F.E. Mesh Plat |
LMAT 0 ] I~ Truss
0 0 [~ Contour ) Dy 0.00 Clase |
il il [~ Reference Line Exit I

Figure 5.63

Group dialog for the first excavation
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5.3.3.5 Anchor

Three anchors are used to support SCE-wall as schematically shown in

Figure 5.56.

Table 5.17 lists key parameters of these groups.

Each anchor consists of two parts: free and fixed length.

Beginning Ending
Group Name MTYPE / LTP / LMAT |[Seg. Point Point NDIV | IEND
/ NAC / NDAC

X Y X Y
12 Anchor-1 Free 2/3/1/5 /999 1 0 8.9 9.46 1.51 1 0
13 Anchor-1 Fixed 2/3/2 /5 /999 1 9.46 1.51 [15.68 | -3.35 0 -2
14 Anchor-2 Free 2/3/3 /7 /999 1 0 5.5 6.63 1.03 1 0
15 Anchor-2 Fixed 2/3/4 /7 /999 1 6.63 1.03 |[11.52 | -2.27 0 -2
16 Anchor-3 Free 2/3/5 /9 /999 1 0 2.8 3.9 0.55 1 0
17 Anchor-3 Fixed 2/3/6 /9 /999 1 3.9 0.55 | 10.74 | -3.4 0 -2

Table 5.17 Key parameters for anchor
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Figure 5.64 shows Group dialog for the first anchor (free part).
Group dialogs for other anchors are very similar to this group 12.

Group
— Group |dentity
Group Mo I 12 Title Anchar -1 [Free) Edit Group |
Show Mumber |
— MTYPE and Material P
I 2 Gererate lines LI
MATHD [ 1 KF | 100 mMATod | 3 MTPE
MATHD] [0 KFi - [1oo THIG [Toa0
LTF I 3 LMaT I 1 I Add new mesh I~ Hide
LTFi I 2 LMAT I 1 Line Options &I
LTPa I 7 LMATDI 7 ’7 [ Color | [ Twpe | [Thickness| Save I
Coordinate Constraint
’7 & Generated coordinates are movable " Generated coordinates are not movable ‘ MI
Element Activity PLOT-20 Plat Tranzlation
Fieplaot |
MNAC  NDAC [~ Mesh Geometry will be moved s
i] 0 I~ Frincipal Stress by distance Dix and Dy MI
il 0 [~ Deformed Shape i and Y direction Segment Editar |
L L B D= 0.00 F.E. Mesh Plot I
LMaT 5 999 I~ Truss
- I Cortasr Dy | 000 _ e |
il i} [~ Reference Line Exit [

Figure 5.64 Group dialog for the first anchor (free part)
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5.3.4 Finite Element Mesh Plot
Figure 5.65 shows finite element meshes generated from group meshes.
Finite element meshes near box structure are shown in Figure 5.66.
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5.4 Buried Pipe

This example illustrates how to build group meshes for typical pipe buried
in the trench followed by multi-step embankment lifts.

5.4.1 Overview
The cross section of this buried pipe consists of natural soil, bedding, steel
pipe, backfill, and lifts as shown in Figure 5.67.
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Figure 5.67 Schematic section of buried pipe
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Step

Construction Sequence

Description

Element Activity

1,2

In situ K, state

Active elements:
Natural soil within trench

Excavate trench

Deactive elements:
Natural soil within trench

Place bedding

Active elements:
Compacted sand for bedding

Place steel pipe
Fill the backfill

Active elements:
Steel pipe
Compacted sand for backfill

Place first lift
of embankment fill

Active elements:
First lift of embankment fill

Place second lift
of embankment fill

Active elements:
Second lift of embankment fill

Place third lift
of embankment fill

Active elements:
Third lift of embankment fill

Place fourth lift
of sand done

Active elements:
Fourth lift of sand done

Table 5.18

Construction sequence
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A total of 9 groups are used to model this buried pipe as schematically
shown in Figure 5.68: 1 for natural soil, 1 for excavation, 2 for compacted
sands, 1 for steel pipe, and 4 for lifts.

2 [Excawvation)

Figure 5.68 Group section view
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Table 5.19 summarizes key parameters of groups.
Group Name MTYPE NAC NDAC MATNO / LTP / LMAT / IEND
1 Natural Soil 3 0 0 1/0/0/2
2 Excavation 3 0 3 1/0/0/2
3 Bedding 3 4 999 2/0/0/2
4 Steel Pipe 2 5 999 0/2/1/2
5 Backfill 3 5 999 3/0/0/2
6 Lift-1 3 6 999 4/0/0/2
7 Lift-2 3 7 999 5/0/0/2
8 Lift-3 3 8 999 6/0/0/2
9 Lift-4 3 9 999 7/0/0/2
Table 5.19 Group key parameters
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5.4.2 Base Mesh

Built-in Base Mesh dialog is shown in Figure 5.69 with input data for blocks

and boundary condition. Element size is more refined at the block in

trench considering relatively high stress change here due to pipe

construction.

Figure 5.70 shows base mesh plot on drawing board.

<
Built-in Base Mesh
~ Horizartal Block ~ Veticl Block
Horizontal blocks re defined from left o right. Vertical blocks are defined fram top ta bettom.
Humber of blocks in ¢ direction |T Humber of blocks in v direction: |T
No.  Widh Element Nomalized No. Height)  Element Nomalzed
1) Size D) Midpoint (4] H) Size DY) Midpoint (4]
1 [ao000 [ 010000 [0z -] 1 [1.0000 [ 030000 [o5  ~]
2 [4n0000 [ 010000 [os -] 2 [zooon [ 030000 [os ~]
3 [3oo00 [010000 [0z =] 3 20000 [0:30000 [os ~]
4 ] | | =] 4 [10000 [ 0.20000 [os  ~]
5 I | =1 5 [2oo0m0 [ 010000 [as  ~]
8 | I = & [250m0 [ 010000 [0z ~]
150]] I [ =] L I [ 5]
[ Origin ~ Boundary Condition
%o [5.0000 vo [25000 Top
e [0 Fe = gy
T [1 Raller | Batom [1 Roler x|
For total st lysis,
o Voota lower oo ater [E000 [1 Foler =]
[ Base Mesh Layout Desarplion___| [il3 | Cancel |

Figure 5.69

Built-in base mesh dialog

L
SoExaxg

FINITE ELEMENT MESHES

Figure 5.70

Base mesh plot on drawing board
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5.4.3 Groups

Group meshes are divided into three parts:
« Natural soil and excavation

» Pipe construction

o Lift

It should be noted that the final finite element meshes are most influenced
by group order and IEND.

5.4.3.1 Natural Soil and Excavation
Excavation is performed in natural soil to make trench.
Table 5.20 lists key parameters of these groups

Beginning Ending
Group Name MTYPE | Elem MATNO Seg. Point Point IEND
/ NAC / NDAC
X Y X Y
1 -5 -3.5 5 -3.5 2
1 Natural Soil 3 Cont 1/0/0 2 5 -3.5 5 1 2
3 5 1 -5 1 2
4 -5 1 -5 -3.5 2
1 -1 -1 1 -1 2
2 Excavation 3 Cont 1/0/3 2 1 -1 2 1 2
3 2 1 -2 1 2
4 -2 1 -1 -1 2
_|

Table 5.20 Key parameters for natural soil and excavation
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Figure 5.71 shows Group dialog for natural soil.

Group
— Group Identity
Group Mo I‘I Title Matural Soil Edit Group |
: Shiow Murnber |
— MTYPE and Material P
I 3 Agzign new material number within clozed loop j
MATND | 1 KF | 100 MaTold |3 MTYPE
MATND] [0 K [7oo THIC [Toio 1342
LTP I 0 LMaT I 0 [ Add new mesh ™ Hide
LTPi I 2 LMATI I 1 Line Options &I
LTPo I 2 LMATOI 3 ’7 [ Colar | [ Twpe | [Thickness] TR |
Coordinate Constraint
’7 @ Generated coordinates are movable " Generated coordinates are not movable ‘ M
Element Activity PLOT-20 Plat Transzlation
Replat |
AT WDAC [™ Mesh Geometry will be moved ]
il i} [~ Principal Stress by distance Dx and Dy MI
MATHO 0 1] [~ Deformed Shape in and* direction Segment Editor |
B
2 2 M 5= Dx | 000 F.E. Mesh Plat |
LbdasT i} i} I~ Truss
0 0 [~ Contour ) Dy o.00 Clase |
i] il [~ Reference Line Evit I

Figure 5.71

Group dialog for natural soil
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Figure 5.72 shows Group dialog for excavation.

Group

— Group Identity

Group Mo lT

Title

Excavation

Edit Group I

~ MTYPE and Material P

Shaw Nurnber I

—

—

I 3 Azzign new material number within closed loop LI
MATND | 1 KF | 100 MATald | 3 MTYPE
MATNG [0 Kfi [ 100 THIC [To1o
LTR I 0 LT I 0 [ Add new mesh I Hide

LTPi I 2 LiaTi I 1 Line Options

LTPg LiaTo ’7 [ Color | [ Twpe | [Thickness|

1—>2

Update I
Save I

" Coordinate Constraint

& Generated coordinates are movable

" Generated coordinates are not movable

‘ Basze Mesh I

— Element Activity

NDAC

=)

[

=)

=

=]

=)

— PLOT-2D Plot
I~ Mesh
[~ Principal Stress
[~ Deformed Shape
[~ Beam
I~ Truss

[~ Contour
[~ Reference Line

— Translation

Geometry will be moved
by distance D= and Dy
in® and Y direction

D= 0.00

Dy | 000

Fieplat I
Group Editor I
Segment Editor I
F.E. Mesh Plot I
Cloze I

Esit |

Figure 5.72  Group dialog for excavation
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5.4.3.2 Pipe Construction

Pipe construction consists of bedding, steel pipe, and backfill as shown in

Figure 5.67. Table 5.21 lists key parameters of these groups
Element Activity
Group Name MTYPE | Add New Mesh | Element MATNO / LMAT
NAC NDAC
3 Bedding 3 Checked Cont. 2/0 4 999
4 Steel Pipe 2 Beam 0/1 5 999
5 Backfill 3 Checked Cont. 3/0 5 999
|
Line Segment Arc Segment
Group |Seg Beginning Point Ending Point Origin Radius & Angle IEND
X Y X Y X | Yo | Re | Ry | 6, 0,
1 -1 -1 1 -1 2
3
2 1 -1 1.353 -0.294 2
3 1.353 -0.294 0.4045 -0.294 2
4 0 0 05|05 ]| -36 | -144 2
5 -0.4045 -0.294 -1.353 -0.294 2
6 -1.353 -0.294 -1 -1 2
4 1 0 0 0.5 (0.5 0 360 2
1 2 1 -2 1 2
5 2 -2 1 -1.353 -0.294 2
3 -1.353 -0.294 -0.4045 -0.294 2
4 0 0 0.5 0.5 ] 216 -36 2
5 0.4045 -0.294 1.353 -0.294 2
6 1.353 -0.294 2 1 2
Table 5.21 Key parameters for pipe construction
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Figure 5.73 shows Group dialog for bedding.
Group dialog for backfill is very similar to this group 3.

Group

— Group |dentity

Edit Group |

LTFi |2_

LHATI I il

LTPa | 7

LMATol 7

Line Options
’7| Color | [ Twpe | [Thickness]

Group Mo lT Title Bedding [Compacted Sand)

— MTYPE and Material P. 2how Nuber I
I 3 Assign new material number within clozed loop LI
MATNO | 2 KF | 1.00 ) MATod | 3
MATND; [ K [To0 THIG [o10 1=
LTP IU— LMAT IU— V' Add new mesh ™ Hide

Update |
Save |

" Coordinate Constraint

& Generated coordinates are movable

" Generated coordinates are not movable

‘ Basze Mesh |

— Element Activity

MAC  NDAC

KNl
MATNO 4 933

1] 1]

LT 0 1]

1] 1]

0 0

— PLOT-2D Plat
[~ Mesh

[~ Principal Stress
[~ Deformed Shape
[~ Beam

I~ Truss

[~ Contour
I~ Reference Line

— Translation

Geometry will be moved
by digtance Dx and Dy
i and Y direction

D= 0.o0

Dy | 000

Fieplat |
Group Editor |
Segment Editor |
F.E. Mesh Plot |
Cloze |

Exit |

Figure 5.73  Group dialog for bedding
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Figure 5.74 shows Group dialog for steel pipe.

Group
— Group Identity
Group Mo I 4 Title Steel Pipe Edit Group |
Show Mumber |
—~ MTYPE and Material P. b
I 2 Generate lines LI
MaATND | 1 KE | 100 MaTod | 3 MTYPE
MaTND] [ O KFi [0 THIE [Toao
LTF I 2 LMAT I 1 [ Add new mesh I Hide
LTFi I 2 LMATI I 1 Line Options &I
LTFa I 2 LMATDI 2 ’7 [ Color | [ Twpe | [Thickress| Gae |
Coordinate Constraint
’7 & Gererated coordinates are movable " Generated coordinates are not movable ‘ MI
Elerment Activity PLOT-2D Plat Translation
Fieplat I
HAC NDAC 7 Mesh Geometry will be moved =
i} il I~ Frincipal Stress by digtance Dx and Dy MI
0 il [~ Defarmed Shape inx and" direction Segment E ditor I
B
L L e D 0.oo F.E. Mesh Plat |
LMAT 5 959 I~ Truss
1} 0 I~ Contour ] Dy 0.00 Clase I
il il [~ Reference Line Exit I

Figure 5.74  Group

dialog for steel pipe
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5.4.3.3 Lift

Embankment lifts are placed through four steps as shown in Figure 5.67.
Table 5.22 lists key parameters of these groups

Beginning Ending
Group | Name MTYPE Element MATNO Seg. Point Point IEND
/ NAC / NDAC
X Y X Y
1 -5 1 5 1 2
6 Lift-1 3 Cont 4/6/999 2 5 1 5 2 2
3 5 2 -5 2 2
4 | -5 2 -5 1 2
1 -5 2 5 2 2
7 Lift-2 3 Cont 5/7/999 2 5 2 5 4 2
3 5 4 -5 4 2
4 | -5 4 -5 2 2
1 -5 4 5 4 2
8 Lift-3 3 Cont 6/8/999 2 5 4 5 6 2
3 5 6 -5 6 2
4 | -5 6 -5 4 2
1 -5 6 5 6 2
9 Lift-4 3 Cont 7/9/999 2 5 6 5 7 2
3 5 7 -5 7 2
4 | -5 7 -5 6 2
_|
Table 5.22 Key parameters for lift
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Figure 5.75 shows Group dialog for the first lift.
Group dialogs for other lifts are very similar to this group 6.

Group
— Group Identity
GroupNo | © Tite [ Lif1 Edit Growp |
Show Number I
~ MTYPE and b aterial P
I 3 Agsign news material number within clozed loop j
MATND | 4 KF | 100 MaTold [ 3 MTPE
MaTND] [T K [7oo THIC [Toio 1—2
LTF I ] LMaT I 0 [~ Add new mesh [~ Hide
LTRi I 2 LMaTi I i Line Options M
LTFa I z LMATDI 7 ’7 [ Color | [ Type | [Thickness| e |

" Coordinate Constraint

& Generated coordinates are movable

" Generated coordinates are not movable

‘ Base Mesh |

MATHNO

LiAT

— Element Activity

NAC  NDAC
0 0
R
0
0 0

0 [ o
0 0

— PLOT-2D Plot
I~ Mesh
[~ Principal Stress
[~ Deformed Shape
[~ Beam
I~ Truss

[~ Contour
I~ Reference Line

— Translation

Geometry will be moved
bw distance D% and Dy
in ¥ and " direction

Dx | 0.00

Dy [ 000

Fieplot |
Giroup E ditor |
Segment Editar |
F.E. Mesh Plat |
Cloze |

Exit |

Figure 5.75

Group dialog for first lift
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5.4.4 Finite Element Mesh Plot

Figure 5.76 shows finite element meshes generated from group meshes.
Finite element meshes near buried pipe are shown in Figure 5.77.

; » e it i |
Figure 5.76 _E"*E_‘_._iﬂ_v_____ﬁ — —
Finite element meshes lalctelokn|tnialalaiolcl i selolusl)
Tl (eraraon
e
I - grwomor,
i
T
| -
ArEDFL
Figure 5.77 ® roim =*1ﬁ|
Finite element meshes o 8| Wi OIREL 8 e ala 4 e ] £ |EhE ] wIRIR] |
near buried pipe
B’ Tots Srmraaon,
GE ey iy
ke -1
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5.5 Arch Warehouse

This example illustrates how to build group meshes for typical arch
warehouse structure.

5.5.1 Overview
The cross section of this arch warehouse consists of soil layer, foundations,
and arch frame as shown in Figure 5.78.

Construction sequence is listed in Table 5.23.

38
5 2
T E
5
I NI T N
w }ﬁ 1
10,0
L 10 L 20 L 10 N
1< 1< 1S =

Figure 5.78 Schematic section of arch warehouse

Step D escription

1,2 In situ stress
3 Excavate trench & place foundation
4 Construct steel arch frame

Table 5.23  Construction sequence

o
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A total of 5 groups are used to model this arch warehouse as schematically
shown in Figure 5.79: 1 for soil layer, 1 for above ground, 2 for
foundations, and 1 for arch frame. Table 5.24 summarizes key parameters
of groups.

Figure 5.79 Group section view

Group Name MTYPE NAC / NDAC MATq 5 / MATNO / LTP / LMAT / IEND
1 Soil Layer 3 0/0 1/0/0/0/2
2 Above Ground 1 0/0 0/0/0/0/0
3 Left MATop 0/3
Foundation 4 2/3/0/0/2
MATNO 3/999
4 Right MATop 0/3
Foundation 4 2/3/0/0/2
MATNO 3/999
5 Arch Frame 2 4 /999 0/0/2/1/2
(Checked Add new mesh)
_|

Table 5.24 Group key parameters
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5.5.2 Base Mesh

Built-in Base Mesh dialog is shown in Figure 5.80 with input data for blocks

and boundary condition.
board.

Figure 5.81 shows base mesh plot on drawing

Bullt-in Sase Miesh

+ Hurconad Bk I Vs Bl
Heamarial becker s calrasd o it o sghi Wadical blacks s dafnad o bop B batton
Hunber of ook in ) desctors [ 1 Hunbet of loaks in ¥ deschore [ 2
Ko ‘widk Ereand Moamakred Mo, Heighd 4| Elsrent Moeveskred
w1 Sirm O8] Mideoant (4] HI Sew O] Ll |
1 [inom 050000 s -] 1 [15ml 05000 [ -]
2 | [ =1 2 [oma 250000 05 |
W | [ = M L I [—r]
 Diigin - Bvaradary Conibion
o |0 o [0 Tz
Leit 0 Fem =] g
‘Weln Tebls TERT
Fot Iotal thsart anabyin
nmm‘ﬁ et [ 1 1 Pl =
Bate Mesh Lagoul Ditscipioey L3 | Cancel |
Figure 5.80 Built-in base mesh dialog
I Coordinates
I~ - X+ = 0.000
T+ = 0.000
Xmin = 0.000
Xmax = U40.000
Tmin = 0,000
N A D US | vmax = 25.000
_ [
‘ FINITE ELE»‘«ENT HESHES ‘ I 5 S-00UssE Ui
Mesh Scale
Figure 5.81 Base mesh plot on drawing board
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5.5.3 Groups

Group meshes are divided into three parts:
« Soil layer and above ground

« Foundation

« Arch frame

It should be noted that the final finite element meshes are most influenced
by group order and IEND.

5.5.3.1 Soil Layer and Above Ground

Above Ground represents upper block of base mesh which will vanish.
Table 5.25 lists key parameters of these groups

Beginning Ending
Group | Name MTYPE | Elem MATNO Seg. Point Point IEND
/ NAC / NDAC
X Y X Y
1 0 0 40 0 2
2 40 0 40 10 2
1 Soil Layer 3 Cont 1/0/0
3 40 10 0 10 2
4 0 10 0 0 2
1 0 10 40 10 2
2 40 10 40 25 2
2 Above Ground 1 Cont 0/0/0
3 40 25 0 25 2
4 0 25 0 10 2

Table 5.25 Key parameters for soil layer and above ground
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Figure 5.82 shows Group dialog for soil layer.

Group
~ [roup | dentiy
oophe [l [l[s] i [l _ EdiGuop |
) Shaw Humbear |
~ MTYFE and Maleial 7
| 2 Asnn res material ramber witkie closed loop -
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MATHD; [0 FFi | oo THIG [ pao Duacriplion 1—=2
UL ] LWAT [ o [ Add nesw mesch I Hiss
LTF I 2 LaTi [T3 Ling Ogtioee: Update
Pe [T ] WMATe[Z [I Coie | [ Tupe | [Thechresz| Sawe
Cocidinate Corslrant
| & Gerested coodnates sie movable 7 Gereigted coordinates e rot movabke m
Elerverd Actialy PLOT-20 Fal ~ Trsnslalin ————————— Pl
MAC  MDAC [T Hezh Geamety will be noved
0 1 [ Frincipal Shress by dittance Dy and Oy Growp Eddos
MaTrd [ @ [ [~ Defored Shase in s daection Segmerk Ecier
] 1 [ Bean
AL [am F.E. Mesh Plot
mar [0 [0 il hEl | ML,
1] 0 [ Contos oy [om _ Oen |
1] 1] [T Rebeenos Ling

Figure 5.82  Group dialog for soil layer
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Figure 5.83 shows Group dialog for above ground.

Group
— Group |dentity
Group Nol 2 Title | Above Ground Edit Group |
. Show Mumber |
— MTYPE and Material . b
I 1: Generate lines & remove elements within clozed loop LI
MATHO | 1 KF | 100 MATod | 3 MTYPE out
MATMO] [ O KR [ oo THIG | ddo inside
LTP I 0 LMAT I 0 I 4dd new mesh I Hide
LTPi I 2 LMATI I 1 Line Options &I
LTPo I 3 LMATDI B ’7 [ Color | [ Twpe | [Thickness| e |
Coordinate Constraint
’7 & Generated coordinates are movable " Generated coordinates are not movable ‘ MI
— Element Activity — PLOT-20 Plat — Translation
Fieplat I
HAC  MNDAC [~ Mesh Geometry will be moved ]
il il I~ Frincipal Stress by distance Dx and Dy MI
il il [~ Deformed Shape in¥ and Y direction Segment Editor |
B
0 0 ke Dx 0.00 F.E. Mesh Plat |
LMAT 1] 1] I~ Truss
i} 0 I~ Contour Dy 0.00 Clase |
il i] [~ Reference Line Exit I

Figure 5.83

Group dialog for above ground
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5.5.3.2 Foundation

Each foundation group includes both in situ soils and concrete block such
that in situ soils are replaced by concrete block when foundation is built.
Table 5.26 lists key parameters of these groups.

Beginning Ending
Group Name NAC / NDAC | MTYPE |Seg. Point Point IEND
Elem
X Y X Y
1 8 8 12 8 2
MATo =2 0/3
3 Left 4 2 12 8 12 10 2
Foundation Cont
3 12 10 8 10 2
MATNO=3 3/999
4 8 10 8 8 2
1 28 8 32 8 2
MATqp=2 0/3
4 Right 4 2 32 8 32 10 2
Foundation Cont
3 32 10 28 10 2
MATNO=3 3/999
4 28 10 28 8 2
_|

Table 5.26 Key parameters for foundation
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Figure 5.84 shows Group dialog for left foundation.
Group dialog for right foundation is very similar to this group 3.

Group
 Group Identity
Group Mo I 3 - Title I Left Foundation Edit Group |
Shiow Mumber |
~ MTYPE and Material P. b
I 4. Same az MTYPE = 3 but keep old & add new materials LI
MATNO | 3 KF | 100 MATald | 2 MTYPE
MATND] [T KFi  [7o0 THICP [o10 Tand 2
P o LMAT [ o 71 Add news mesh I Hide
LTPi I 2 LMATI I 1 Line Options &I
LTPa I 7 LMATOI Z ’7 [ Color | [ Twpe | [Thickness| G |

Coordinate Constraint
’7 & Generated coordinates are movable " Generated coordinates are not movable ‘ MI
— Element Activity ————  ~ PLOT-2D Plot — Tranglaton ———
Feplot |
NAC  NDAC 7 Mesh Geometry will be moved =
MATold il 3 [ Principal Stress by distance Dy and Dy MI
MaTnD | 3 | 999 I~ Deformed Shape D endiifarection Segment Editor |
B
0 D— Lo D 0.00 F.E. Mesh Plat |
LMAT 1] ] I~ Truss
0 U_ [~ Contour Oy o.o0 LI
il il [~ Reference Line Exit I

Figure 5.84 Group dialog for left foundation
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5.5.3.3 Arch Frame

Arch Frame is the only structure in the upper block of base mesh since the

Above Ground group generates void space.
parameters of this group.

Table 5.27 lists key

Element Activity I
Group Name MTYPE Element LTP / LMAT
NAC NDAC I
5 Arch Frame 2 Beam 2/1 4 999 I
Line Segment Arc Segment
Group Seg Begin. Pt. Ending Pt. Origin Radius & Angle NDIV | IEND
X Y X Y X | Yo | Ry Ry o, O,
1 30 10 30 15 5 2
5 2 20 15 10 5 0 180 20 2
3 10 15 10 10 5 2
|
Table 5.27 Key parameters for arch frame
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Figure 5.85 shows Group dialog for the arch frame.

that Add new mesh be checked.

It should be noted

Group
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Figure 5.85

Group dialog for arch frame
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5.5.4 Finite Element Mesh Plot

Figure 5.86 shows finite element meshes generated from group meshes.

P
#§ PLOT3D

File Model Plot View Help

zle|dSE@Esalalalalalmelst @00 nw]F]

. WGROUP.MES

Total Dirmension
X - direction
in
Max  40.000
¥ - direction
Min
Max  20.000
Z - direction

Min  -1.0000
Max  1.0000

L

Figure 5.86 Finite element meshes
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5.6 Finite Element Mesh Modification

This example illustrates how to modify existing finite element meshes using
Mesh Generator.

5.6.1 Overview
When you open input file, Mesh Generator reads the extension of the input
file name and it assumes that the input file is the finite element mesh file if
the extension is .Mes.

Editing finite element meshes has three parts: Nodal Boundary, Nodal
Coordinate and Element Material. These editing modes can be accessed
from Mesh menu in PLOT-2D as shown in Figure 5.87.

,
EEE pLOT 20 [ESREEE =5

File Edit Wiew Plot Entity Mouse-Snap [Mesh| Child-Window State Window
Nedal Boundary
Nodal Coordinate

Element Material

Figure 5.87 Menu for editing finite element mesh

It should be noted that once you edited the finite element meshes, modified
finite element mesh is saved as MeshFile.Mes in the current working
directory. The original input mesh file is not changed.

Figure 5.88 shows existing finite element mesh with six layers of natural
soils. The top layer of this existing mesh is to be replaced by sand
embankment with reduced width as schematically shown in Figure 5.89.

This modification involves following three works:
« Change top surface nodal coordinates

« Change top surface nodal boundaries

« Change top layer element materials
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Natural Soil (Mat = 1)

& ol

o
[0

Figure 5.88 Existing finite element mesh

1.5 3 1.5

le e e N
I > > el
S
- Sand (Mat = 2)
s ol
i Natural Soil (Mat = 1)
o A
N
o o

Figure 5.89 Madified finite element mesh
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5.6.2 Change Top Surface Nodal Coordinates

Click Nodal Coordinate from the Mesh menu, then Edit Coordinate dialog in
Figure 5.90 is displayed.

Select Coordinate Method and Click Select Node

Coordinate By Enter Coordinate

& Mouse PFickup #= I
" Enter % and ¥ V= I

Select Node | Cancel |

Figure 5.90 Edit coordinate dialog

For this example, Snap to Half of Grid in Figure 5.91 is the most convenient
method for Mouse Pickup.

Mouse Snap Method

— Mouse Snap Method

" Screen Resolution " Whale Mumber — [0000]

" Snap to Mode 1 after Decimal Pt (000,00
 Spap to Grd 2 after Decimal Pt [0000.00)
% Snap to Half of Grid 7 3 after Decimal Pt [0000.000)
" Snap to Tenth of Grid " 4 after Decimal Pt (0000,0000)
" Snap to Entity Line End Paint / Arc Origin

" Snap to Entity Line / Az Face

ag. I Cancel I

Figure 5.91 Mouse snap method
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Click Select Node in Figure 5.90.
When you select the node by Mouse Right Click, the selected node is
marked as an open circle on the drawing board as in Figure 5.92.

Figure 5.92 First selected node on drawing board

Now, move the first selected node by using drag-and-drop of Mouse Left
Button as shown in Figure 5.93.

Figure 5.93 New position of first selected node
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Select the next node by Mouse Right Click as shown in Figure 5.94.

Figure 5.94 Second selected node on drawing board

Now, move the second selected node by using drag-and-drop of Mouse Left
Button as shown in Figure 5.95.

Figure 5.95 New position of second selected node
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Repeat the same procedure for all other nodes on the top surface.
Once finished, click Finish button in Figure 5.96.

Select Node By Mouse Right Click

Coardinate By Enter Coordinate

{* Mouze Fickup H= |4.5EIEID
" Enter % and % v = [E0000

Undo | Finizh | Cancel I

Figure 5.96 Edit coordinate dialog

Figure 5.97 shows final finite element mesh on the drawing board.

Figure 5.97 Final finite element mesh
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5.6.3 Change Top Surface Nodal Boundaries

Click Nodal Boundary from the Mesh menu, then Edit Boundary Code dialog

in Figure 5.98 is displayed.

Figure 5.98

Edit Boundary Code

Edit boundary dialog

Click Select Node in Figure 5.98.

1 Mook Musber By

1 Erter Mode Ho—

—

* Mo Pickup T Enler Hoda Mo

Hews Bourday Code

153 18 IFx IFY IRE IEX IEY
fn T O O 1 ]
=0 Fiee lo move in specibed dischion.

=1 Froad im specalied diacion,

Select Mode

]

When you select the node by Mouse Right Click, the selected node is
marked as an open circle on the drawing board as in Figure 5.99.

Figure 5.99
Selected node on drawing board
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Change the boundary codes as in Figure 5.100 so that the top left node can
be free to move in both horizontal and vertical directions and then click
Apply Code button.

Figure 5.100 Select Node By Mouse Right Click
Modified boundary code
for top left node

% Mouze Fickup € Enter ModeHo

—

— Mode MumberBy———————————— " Enter Hode No—

— Mew Boundary Code

155 15 IFx IFY IRZ 12 IEY
o " F [

=0 Free to move in specified direction.

=1 Fixed in specified direction.

Apply Code | Cancel |

In the same way, select the top right node, modify boundary codes, and
click Apply Code. Since all boundary codes are modified, click Finish
button in Figure 5.101.

Figure 5.101 Select Node By Mouse Right Click
Modified boundary code — Made Mumber By Enter Maode Ma—
for top right node % Mouse Fickup  © Enter Node Mo [ |—43

— Mew Boundary Code
153 15 IF IFY IRZ IEX IEY
EHN N ENA TN NN EN
=0 Free to move in specified direction.

=1 Fixed in specified direction.

Undo | Finigh | Cancell
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Click General View from the View menu. Select Skeleton Boundary Code in
General View Options dialog as shown in Figure 5.102 and then click OK
button. Modified skeleton boundary codes are shown in Figure 5.103.

[ 5
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" Node Number

Dram Entity Number Humeric Farmat o E e
© Shaw & Hide € Expon. & Decimel | |~ s o Element Number

for skeleton boundary code

 Bleeleton Boundary Codg
Element Fill
" Fluid Boundary Code
@ Cicle ¢ Nore il @ None
" Rotation Boundary Code

" Slip Boundary Code

= 7 [

Beam/Truss End Mavk—‘

 BeamdTruss Line Thick -~ Element Outine 3
" Material Number
& Single © Double " white ¢ Gresn
" Material and Nods Number
" Triple & Black ¢ None
 Mumeric Character—— [~ Element Type
* Smal " Medum falry| " Mone
" Large " Beam/Truss &I

00 00 00 00 00 oo oo

Figure 5.103
. 1 7 13 19 25 3t
Modified skeleton
0 oo ag [nv] 10
boundary code plot
fch g 14 20 26 e
10 oo 00 o 0o [x[n] 10
3 =] 15 21 27 33
10 ag a0 oo (] [aw] 10
4 10 16 2L: 28 34
10 oo 00 ag 0o [x[n] 10
5 11 17 23 29 35
10 Qo (A} Qo 00 [8[A] 10
] 12 13 24 30 36
11 o1 01 01 01 01 11

SRELETON BOUNDRRY CODE: ISX,ISY

0: Free, 1: Fixed in SPBC-l‘F-IBEI Oirection
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5.6.4 Change Top Layer Element Materials
Click Element Material from the Mesh menu, then Edit Material Parameter
dialog in Figure 5.104 is displayed.

Figure 5.104 [ )

Edit Material Parameter

Edit element material dialog

— Element Mumber By Element Mo

@ Mouse Pickup

" Enter Element No I 1

— Mew Material Parameter

MATMo  KS KF TBJWL

I 1 I i I 1 I (0.00000

K5 = 0:5alid, » OuJoint Face Mo, -1:Detonation
KF = 0:Fluid, TEBJWL: Det. Time for KS=-1

Select Element | Cancel |

e ——

Click Select Element button.
Click the element on the top layer by Mouse Right Click.
Selected element is marked as an open circle as shown in Figure 5.105.

Figure 5.105 o
Selected element on drawing
board
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Change the material number as shown in Figure 5.106 and then
click Apply button.

Figure 5.106 Select Element By Mouse Right Click
Modified material number
for element 1

— Element Mumber By Element Ho

% Mouse Pickup

" Enter Element Mo I 1

— Mew Material Parameter

MATNo  KS KF TEJwL

I 2 I 1] I 1 I 0.00000
kS = 0:50ld, > D:Jaint Face Mo, -1:Detanation
EF = O:Fluid. TEJWwL: Det. Time far KS5=-1

Apply | Cancel |

Repeat the same procedure for the other elements on the top layer.
Once finished, click Finish button in Figure 5.107.

Figure 5.107 Select Element By Mouse Right Click
Modified material number — Element Mumber By Element Mo
for element 31 (s

" Enter Element Mo I 3]

— Mews Material Parameter

MATHa KS KF TBJw/L

I 2 I a I 1 I 0.00000
K5 = X:Sold, » OJoint Face Mo, -1:Detonation
KF = 0:Fluid, TEJWL: Det. Time for K5=-1

Undo | Firizh | Eancell
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Click General View from the View menu.
General View Options dialog as shown in Figure 5.108 and then click OK
button. Modified material number is shown in Figure 5.1009.

Figure 5.108
General view

for material number

Figure 5.109

Modified material number

plot

Select Material Number in
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T D O Double
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 Emdl 7 Haduw
I""w
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* Shew F Hide

- Huaneo Foonat
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Block Mesh
Example Problem

Block Mesh Generator is a three-dimensional CAD program specially
designed to build block mesh which can be used to generate finite
element mesh with the aid of program PRESMAP-GP. Block Mesh
User's Manual describes all the basic functions associated with block
mesh generation and modifications.

Five example problems are presented:
1. Single Element
Shows step by step procedure to create block mesh.
2. Cube Foundation
Builds block mesh for cube foundation.
3. Hemispherical Shell
Builds block mesh for hemispherical shell subjected to concentrated
loads.
4. Horseshoe Tunnel
Builds block mesh for typical horseshoe tunnel with reinforced
concrete lining.
5. Space Truss
Builds directly finite element mesh for space truss.
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6.1 Single Element

The main objective of this first example is to show the step by step
procedure to create block mesh.

This example is to build single cube element in Figure 6.1 by using
block mesh generator. This single element is subjected to undrained
uniaxial strain loading.

This example involves following seven main steps:
Access block mesh generator

Set work plane

Build cube entity

Build hexahedron block

Edit block boundary code

View skeleton boundary code

Plot finite element mesh

NouAwWwNE

Y

I

Free Impermeable Surface

- -

Saturated Soil
(Unit Thickness) i

/ Rigid Impermeable Base
1

Figure 6.1 Single element in uniaxial strain condition
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Step 1: Access Block Mesh Generator (New)

Access Block Mesh Generator by following menu items in SMAP
Run — Mesh Generator — Block Mesh — New

e
@ smap 3D = B
[Run_] plot  setup  Exit

Smap 3

Mesh Generator 3 Group Mesh 3

Load Generator v Blockiidesh & New,
Presmap v Open
AddRgn 3
Supplement 3
File Conversion

Figure 6.2 Accessing block mesh generator

Step 2: Set Work Plane

Prebuilt Work Plane is displayed on drawing board along with Work
Plane Editor dialog. Modify NDx and Wx in Figure 6.3 and click Update.

Work Plane Editor =l

- Work Plane No 1

Hame [Plane ()

 Reset Inital Glabl Coordinate Layout —————————
¥ ¥ r> ® Y
T—r x z <—f z ZA 2
@ None € Fiont € Side  Flan © Isometric

Feset BaseWark Plane Local Coordinate
((-‘ None € [ny) Oy Oy © Manual

r~ Translate / Rotate Work Flane

ES 4 &
Translate  [g o Jo. Draw
Fiotate: Deg. [ [o Jo. g.?gv:q
Fiotate: O [1 ] 4 I

- Grid Dimensions and Divisions
HQ NDx MNDy Wi iy
o 2 2 2 2

[Tt | [ Hide Plane | [ Desoridion | [ Dton]
[Upete] [ Erty | [ Add Plane | [ Dot pane | [t |

Figure 6.3 Work plane editor
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Step 3: Build Cube Entity
1. Click Entity button in Figure 6.3.
2. Entity Editor dialog is displayed as in Figure 6.4.

Entities on Work Plane 1 Elig
~ Enity Humiber 1 [Line Extig |

Mame: |Ling Seomeri
r— Linw Thickness ——

Lire Trpa
& Thin ¢ Thick ’V

1 Linz Viskokly
&+ Sobd © Dash | " Show = Hide

| Aeference Coodinabs |

1 Line Color

" Green % Blus C Fed © Giey O Black

[ G [ ] [show Eniytie ] |

|updse| | Edk

F Local ¢ Global

Fiesel To Global |

| | add || Deles | | Esil |

Figure 6.4 Entity editor

3. Click Add button in Figure 6.4.
4. Select Cube entity and click OK button in Figure 6.5.

Add Entity 3

Select Entity Type

 Line [T
* Cube " Elipsoid

= Cylinder
" Copy Exizting Entity
Entity Mo - |-|
[u]: | Cancel |

Figure 6.5 Entity type selection
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5. Modify input fields of Lx, Ly, and Lz as shown in Figure 6.6.
6. Click Draw Cube Entity button.

Entity 3 on Work Plane 1

— 1. Select Reference—— 3 Enter Drign
Local ' = |0
o' = EEI.
2 Select Methed
& Mouse Fickup ='= J0.
O Erter no', o', 20 I~ HNew [rawing

— & Eriter Dimersians

L
'

=
we[
==

P

Z

Atz =Lz L= and Ly are zcaled by factar s

|  SDmawCubeErbty |  Frish | Cancel |

Local coordinates depend on curnent work plane.
Click: Finish butbom once you inshed an ently.

Figure 6.6 Cube entity
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7. Coordinates on Work Plane dialog is displayed as in Figure 6.7.
8. Click Info button to see the notes on Mouse Actions on Work Plane
as shown in Figure 6.8.

Coordinates on Work Plane

Paoint Numbsr 1 Drawaing Mode

W= | z.00002+00 * Single Point
Y= 5.0000&-01

= | 0.00002+00

— Chick Point Snap

 HaliGid " FullGnd  Tenth Gnd
" Ent Poirk © Ent Face  Block Nods

Figure 6.7 Coordinates on work plane

-
Mouse Actions on Waork Plane u

1. %ou can move the current active paint on wark, plane by Cragging.

The curent active point iz shown as Bed.

2. ou can zelect Indew £ Point Mumber on wark plane by Right-clicking.
Thiz zelection iz applicable in Single Point Drawing Mode.

3 You can select x, v, or z direction to edit coordinate by Right-clicking

while Holding Down Shift Key. Selected Global Axiz is shown as Red.
4. You can delete Entity Paint Mumber on wark, plane by Right-clicking

while Holding Dawn Control Key.

Figure 6.8 Mouse actions on work plane




Block Mesh Example 6-=7

9. Click Axis toolbar as shown in Figure 6.9.

@ PLOT 3D
File Model Plot View Help

[1sometric/Front/Side/Plan View|

Figure 6.9 Axis toolbar

10. Click Mouse at the origin of coordinates.
11. Cube entity is shown on isometric work plane in Figure 6.10.

- N
@ POTID [E=TEE] )

File Model Plot View Help

slalde@maalsalaa@lalales[td[*@]@)E 7T

=

Tatal Dimension

X - direction
Min 0
Max 0

- direction
Min 0
Max 0

Z - direction
Min 0
Max 0

Work Plane 1
Dx'  1.0000
Dy’ 1.0000
¥o 0
Yo 0

1)

.

Isometric Yiew

Title

Figure 6.10 Cube entity on isometric work plane
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12. Click Finish in Figure 6.7.
13. Click Finish in Figure 6.6.
14. Select Global for Reference Coordinate in

Figure 6.11.

15. Click Reset To Global and then Exit buttons in Figure 6.11.

-
Entities on Work Plane 1 Eliu
~ Eritiby Mumber 3 [Cube Entily |
Mate [ Cube Entty [Hew)
~ Lire Thickness - -~ Lire Type Line Visbily
& Thn © Thick | | & Solid FDuhHﬁ‘smf‘Hidc
~ Line Color Refererce Coondinate
& Giesn O Blue ¢ Red © Giey O Black ™ Local # Global

[e] ] [tit_| [Show EntiyNo | [ ResetToGibal |
|Update] | Edt | | add | | Debets | | Esit |

Figure 6.11 Entity editor
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Step 4: Build Hexahedron Block
1. Click Block Editor toolbar in Figure 6.12.

@@ PLOT3ID
File Model Plot View Help

zlalmeEmBesaalala

Figure 6.12 Block editor toolbar

2. Select Hexa for block type and click OK in Figure 6.13.

Build Mew Block 1

— Select Block Type
 Line ¢ Triangle ¢ Quad © Prism © Hewxa

" Copy Block Mo : |1

— Block Index Number

28 Origin  28-29 Axis  28-30 Normal

— Interpolation Coordinate System ICO0RD)

1. Rectangular " 2. Spherical 3. Culindrical

Ok | Cancell
e ———

Figure 6.13 Block type selection
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3. Click Draw Index Number in Figure 6.14.
4. Coordinates on Work Plane dialog is displayed in Figure 6.15.

Build New Block 1

— Show work Plane — 1. Enter Index Mumber—
I Show Work Plane before diawing index number. |1
r Block Index Mumber 2. Select Reference ——

I Local I

3 Select Method
@ Mouse Pickup

 Enters’ y. 2

4. Enter Coordinate ——

I3
s ID.
28 Origin 28-29 Axis 28-30 Normal 3
2= |0
Enter index number 0 to redraw the block. [ shift Block

Local coordinates depend an current wark plane

Fiepeat Step 1 through 5 for each index number. B R e

Click. Finizh button once you finished all index numbers.
Finizh | Cancel |
—

Figure 6.14 Hexa block

Cogrdinates cn Work Flane

1 Indzs Humbes 1 Diraving Hode

W= | z.ona0e+o0 ™ Sirgle Point
you | Lo 0000e+I0 O D ans:
2= [Ooo0obesan
Indo Firigh
Click: Poird Snap !
Ml Gid  FullGed ¢ Tenthad
" Ent Poind [ Erd Facs  Block Node

Figure 6.15 Coordinates on work plane
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5. Translate work plane as in Figure 6.16 and click Update button.

Translate / Fotate Waork Plane

W g Z
Translate |[|. |U, Diraat
Rotate: Deg. |[|_ |D_ |D. gr.iagbivn
Fotate: Order I‘I 2 3 ;I

Figure 6.16 Work plane translation (z' = 1)

6. Click the points for index numbers on front surface as in Fig. 6.17.

Index 1

Index 4

Figure 6.17 Index numbers on front surface
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7. Translate work plane as in Figure 6.18 and click Update button.

Crraw
Flew
Diigiy

Trangate / Rotate \Waik P

W &
Trarslale ||1 lu
Fictale: Deg. ||:| ||1
Fictale: Dids |1 2

\T-
Index 5

™~
N

< | 3).
N

\\T'
[

0.
g

Figure 6.18 Work plane translation (z' = 0)

8. Click the points for index numbers on back surface as in Figure 6.19.

Index 8

Figure 6.19 Index numbers on back surface
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Now, the geometry of hexahedron block is completed.
9. Click Finish in Figure 6.20 and then click Finish in Figure 6.14.

Coordinates on Work Plane

— Indes Mumber 8 ———  — Drawing Mode —
#=[ 1,0000e4+00 " Single Paint
= | 0.0000e+00

#= | 0.0000=+00 o | i |

— Chick Pairk Srap

® HafGid  FullGid © TerthGnd
" Enl Point " Ert Face 7 Block Mods

Figure 6.20 Coordinates on work plane

10. Get back to Work Plane Editor dialog and click Entity.
11. Select Entity Number 3, Hide for line visibility, click Update,
and click Exit in Figure 6.21.

Entities on Wark Plane 1 =Ll

-~ |Entity Humber 3 1Cube Entity |

Hame [ Cube Enlizy [New)

Lirv= Thickress Line Type || Line Vizhiity
# Thin T Thck FSDH‘“D-!&"I_ " Show (¥ Hida

~Ling Cikor - Feed Cooidrale—
# Gresy 1 Bhar © Rod © Gy O Black I Local & Globe

GIGI e [ ShowEmiphie | [ RewtTofkes |
|Vpdowe] [ Eck | [ Add || Delete | | ] |

Figure 6.21 Entity editor
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12. Modify Title and Material & Element Generation Parameters in
Block Editor as shown in Figure 6.22.
13. Click Save and type in file name as EX1.

Elock Editor

Tie [ Singhe Elemert

Block Mo 1 | Hexsheckan Block | -
Mame | Hewahedran Block |__Hice Black

~ Ikaipolation Cooidrsta Spstem ICOORD]

% 1. Rectangular 2 Spheiical 3 Cylncical
— Cooedinate Modiicalion IMODE]
* 0 Donot modity ™1, Maodiy comdinate using node M23 az oiign

~ Irbaipolatian Schere [ILAG)
# 0. Seserciphy 1. Lagrangian

— Raference Nods Mumbees
0 (28] Orign. - Hegative walve means arc shape over 180 degress in sphere or cpinde
I [ 250 Drefining cyfinder asis M2B-M23 g [M20] Onher crlimdes axis M2E30

— Material and Elemert Generstion Paramatens
MATMO MO MO MOZ kS KF
| [ 1 [t o Jo
MidMode  flphal  Alpha’r Alpha Z WET Matl  HE2 Ma2 HED Matd Ml Matd

sl B _F _RBR FPp FP FF

[ALT Gt | [ Showinder | [Show FEMen| [ Edt Bounduy |
[ Edi Comcinete | | add block | [ Delete bk | | Seve | | Eat |

Figure 6.22 Block editor
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Step 5: Edit Block Boundary Code

1. Click Edit Boundary in Figure 6.22.

2. Set the boundary codes as shown in Figure 6.23.

3. Click IBTYPE button to see description of boundary type in Fig. 6.24.
4. Click Update and then OK buttons.

Boundary Code I

i Boundary Codes for Block Mo 1

Skeleton DOF Pore Fluid DOF
IBTYPE IS¢ ISY ISZ P IFY IFZ

g 1 a 1 1 1 1

MI I1S= 15T L7 IFx IFY IFZ
el il cul el i

Mote: Free to move in specified direction for DOF = 0, Fixed for DOF =1
Default codes 1S==5T=152=0 IFx=IFr=IFZ=1 IR==IRY=RZ=1

I Add l Delete 0K Cancel

Figure 6.23 Boundary code editor

r Ny
Boundary Type =L
~ Available Boundary Type for Hesahedran Block
IBTYPE Desciiption
1. Interior volume =
Front  surface [l

3. Back surface
4. lLeft surface
5. Right  surface
6. Top surface
7. Botton  surface
8. Line I - Iz
5. Line Iz - I3

10, Line I3 - 11 L

11.  Line 14 - 11 1

1z, Line I5 - I6

13, Line I6 - 17

14, Line 17 - 18

15.  Line I8 - 15 Front I;-15-15 - 14

16.  Line Il - 15 Back S P e

17, Line 12 - I6

18, Lline I3 -17 Aeft Le2la-ls 1,

13, Line 14 - I8 i | Right Is-Ip-1s - Ig

20, Node 11 Top Is-I-1, -1,

2 Iode iz Bottom  Ig-I;-I5-Is

22, Node I3

23, Node 14 -

Mate: 1. Black number defined later governs conditions along the interface:

2. Default conditions can be overidden by IBTYPE =1 m
and higher [BTYPE govens in a given block. -

Figure 6.24 Boundary type for hexa block
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Step 6: View Skeleton Boundary Code

1. Select View — General in PLOT-3D menu.

2. Select Skeleton Boundary Code and click OK in Figure 6.25.
3. Click Save in Figure 6.22.

| General View Qplions

~ Legend BMumber Fomat — Mumberz & Doamert Mesh File ——
" Exponanital (8] % Dacma Floaling (1] ™ Mone
Corfinuus Elemert Dulire " Hode Husrbes

™ Elzment Humies

™ Mode: and Elerer Nusbar
- Besn Elesent Dullne & Shelstan Bourdary Code |
O Gieen  Blue & Red O Gy O Black " Fluid Bounday Code

™ Fiotalion Boundaiy Code

" Shp Boundary Code

ke C Ble 0 Red O Giey % Slack

 Toass Elermert Dutire

& Green © Blue  © Red Gy O Black ™ bdotesial Mumber
- Juiek koo Outing :: :a:-ida-v:lhlc-daﬂwtq
WM
Cwhis CBus O Red G i Hlae
= i L |0 ¥ Condias
Sheall Elerrecrt Duities S ™ Z Condinate
© white % Blue O Bed 7 Gy O Black " Cumert Mesth Fike Name
BMode Ho - Ele=ent Humbs: Range
" Gieen " Blue  Red O Giey % Black Minimus= Mgrmm
1 |1m[r{r|]
r Bourday Ciode
© Geen F Blue Red © Gy © Black [ BodeMumbe Range ————
: BRI i zgninim
~ Elosment Ho / Hatesal Mo - [100000

™ Geen  Blue % Fed Gy O Black
. Bz BModal Poid:
~ FadesNo [¥ Shell [ Beam ¥ Tss

" Gesn © Blue % Bed T Gy Black

1

BEn and MaxWahies
Lol on Chp Plzne [¥ Madk min and max poirks
& Defeuk © Yelow/Fed 7 Ble 7 Gosp/Gis=n [T Add =T avms
Sheows &k Fight Mouse Bullon Cick. Fagal Al Yigw O plions
* Bone © Elesment Index  Mods 0 Element [FYes * Mo
~ Show Unigleienced Nodes: Mol G Aad to £
# Bone  © Mak b Mode Mumber 7 Mak only 0%, Cancel

Figure 6.25 General view options
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4. Click Show Numbers toolbar as shown in Figure 6.26.

@ PLOT3D

[File Model Plot View Help

Figure 6.26 Show numbers toolbar
5. Skeleton boundary codes are shown in Figure 6.27.
rg PLOT 3D = | i |

File Model Plot View Help

sle||eEaoslalalalalalmles )Lt @|0@ w5

Title
Skeleton Boundary Code: 15%,15Y,152

Tatal Dimension

¥ - direction
Min 0
Max 0

¥ - direction
Min 0
Max 0

Z - direrction
Min 0
Max 0

D

Dy'

o
Yo
Zo

Work Plane 1

1.0000
1.0000
0
0
0

A

Isometric View

Figure 6.27 Skeleton boundary codes on drawing board
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Step 7: Plot Finite Element Mesh

1. Click Show F. E. Mesh in Figure 6.22.

2. Rotate the finite element mesh as shown in Figure 6.28.
W o

|
[P e i
5| e i |- ) e 0 L] e R SIS

4

b
§57 FE] EF
mll rull =
13RF]

Figure 6.28 Finite element mesh

3. Follow same procedure to plot skeleton boundary codes in Step 6.
4. Figure 6.29 shows skeleton boundary codes for finite element mesh.

® rot

=)
Fie Model Piot View Help
zls|de@aglsaalalalolel-[ ] RO|@] N7 5]

0
10000

L

Extives
Skeleton Boundary Code: 1K,ISY,ISZ

Figure 6.29 Skeleton boundary codes
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6.2 Cube Foundation

This example illustrates how to build block mesh for cube foundation.
Cube foundation has the dimensions of 100 x 100 x 100 units with all
roller boundaries except free on top surface.

This example has the following two parts:

Part 1: Creating Cube Foundation (Figure 6.30)
. Access block mesh generator (New)

. Set work plane

. Build hexahedron block

. Edit block boundary

. Set global boundary

. View skeleton boundary code

. Plot finite element mesh

Part 2: Modifying Cube Foundation (Figure 6.31)
. Access block mesh generator (Open)

. Modify element generation parameters

. Plot finite element mesh
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Figure 6.30 Cube foundation with constant element size

Figure 6.31 Cube foundation with variable element size
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6.2.1 Part 1: Creating Cube Foundation

Part 1 consists of the following seven main steps:
Access block mesh generator (New)

Set work plane

Build hexahedron block

Edit block boundary

Set global boundary

View skeleton boundary code

Plot finite element mesh

NowuhwNR

Step 1: Access Block Mesh Generator (New)

Access Block Mesh Generator by selecting the following menu items in
SMAP (Figure 6.2):
Run — Mesh Generator — Block Mesh — New

Step 2: Set Work Plane

Prebuilt Work Plane is displayed on drawing board along with Work
Plane Editor dialog. Modify NDx and Wx in Figure 6.32 and click
Update button.

it P B [

Wk Parala 1
Hen  [Famem
Frast inil Cickal Coosdrsin Layons
1 1 il B
Lm 1 ) "
E e r r r

Femmt: Egen Wk Flane Lol Coosdrain

Teamkofn ¢ Ficdorn ‘atork Fares =

Tramddae ||.I 3 3 | b |
Rambe ™ B | e
1

Fatste s [ 2 -|

Ml:lmmidbr.'m
] = [

LI ] Crher | [ oopen | [Ge=]
= | R e | =1

Figure 6.32 Work plane editor
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Step 3: Build Hexahedron Block

Follow the same procedure as in Step 4 in the first example.

1. Click Axis toolbar as shown in Figure 6.9.

2. Click Block Editor toolbar in Figure 6.12.

3. Select Hexa for block type and click OK in Figure 6.13.

4. Click Draw Index Number in Figure 6.14.

5. Coordinates on Work Plane dialog is displayed as in Figure 6.15.

Index Numbers on Front Surface
6. Translate work plane as in Figure 6.33 and click Update button.
7. Click the points for index numbers on front surface as in Fig. 6.34.

Index Numbers on Back Surface
8. Translate work plane as in Figure 6.35 and click Update button.
9. Click the points for index numbers on back surface as in Figure 6.36.

Now, the geometry of hexahedron block is completed.
10. Click Finish in Figure 6.20.
11. Click Finish in Figure 6.14.

12. Modify Title and Material & Element Generation Parameters
in Block Editor dialog as shown in Figure 6.37.
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~ Translata / Raotale \wiok Plane
¥ ¥ Fe
Tierslels [0, Jo. 100 Ditaw
M
Rolate: Deg. [7 Jo o Deg
Reatate: Oedes |1 2 3 |

Figure 6.33 Work plane translation (z' = 100)

Index 1 Index 2

R

Index 3 _ Index 4

Figure 6.34 Index numbers on front surface
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~ Tranelata £ Ratale \wiok Plare
¥ ¥ Z
Tierels [0 o o Diraw
M
Reotate: Deg. [7 Jor Jo D
Realale: Deder |1 ] 3 |

Figure 6.35 Work plane translation (z' = 0)

”
Index 5 i~ Index 6

e S 3

o

p
Index 7 Index 8

®..

Figure 6.36 Index numbers on back surface
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Block Editor =

Title | Cube Foundation

— Block Mo 1 [Hexakedron Element |

Mame IHe:-cahedron Block I Hide Block |

— Interpolation Coordinate System (ICOQRD)
1. Rectangular 2 Spherical 3. Cylindrical

— Coordinate Modification [IMODE]

& 0. Do not madify 1. Modify coordinate using node M28 az orign

— Interpaolation Scheme [ILAG)

& 0. Serendipity 1. Lagrangian

— Reference Node Numbers
ID [t 28] Origin. Megative value means arc shape over 180 dearees in sphere or cylinder
ID [t 29] Defining cylinder axis b28-k4 29 ID [b30) Other cylinder axis b 28-M30

— Material and Element Generation Parameters

MATNO  HD¥ ND'Y NDZ K3 KF
[1 C I6 Is [0 I

MidMNode  Alphas  AlphaY  AlphaZ  NET Matl M2 Mat2 N3 Mat3 Nt Matd

= ol o o o ool o ol

CIEIC G ] [“showindes | [[Show F.EMesh]| [ Edit Boundary |

[TEdt Coordinate | [ Aad Block | [ Delete Block | | Save |  Esit |

Figure 6.37 Block editor
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Step 4: Edit Block Boundary Code

1. Click Edit Boundary in Figure 6.37.

2. Set the boundary codes as shown in Figure 6.38.

3. Click IBTYPE button to see description of boundary type in Fig. 6.39.
4. Click Update and then OK buttons in Figure 6.38.

—

Soundary Code (= ——

Esnurndians Coddect i Ebock Ko 1

Scainion DOF Pizsa Flsd DOF
{111 L S~ S T~ S - S 1 S 4

m

BTYFE| B I8 152 =T | | -4
S N N T N

Pdter Frem b rrces in spacfesd desciion ko COF = (1, Fusciioe D0F = 1
Dot oodes |EXalaYeShlel]) IFXaFTaFle] IHEHYERTe]

[tedwa | [ o | [ culem | Ok | Ceed |

Figure 6.38 Boundary code editor

r Ny
Boundary Type =L
~ Available Boundary Type for Hesahedran Block
IBTYPE Desciiption
1. Interior volume =
Front  surface [l
3. Back surface
4. lLeft surface
5. Right  surface P
3 Top surface 12 .~
7. Botton  surface
8. Line I - Iz
5. Line Iz - I3
10, Line I3 - 11 L
11.  Line 14 - 11 1
1z, Line I5 - I6 :
13, Line I6 - 17 2
14, Line 17 - 18
15.  Line I8 - 15 Front I;-15-15 - 14
16.  Line Il - 15 Back S P e
17, Line 12 - I6
18, Lline I3 -17 Aeft Le2la-ls 1,
13, Line 14 - I8 i | Right Is-Ip-1s - Ig
20, Node 11 Top Is-I-1, -1,
2 Iode iz Bottom  Ig-I;-I5-Is
22, Node I3
23, Node 14 -
Mate: 1. Black number defined later governs conditions along the interface:
2. Default conditions can be overidden by IBTYPE =1 m
and higher [BTYPE govens in a given block. -

Figure 6.39 Boundary type for hexa block
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Step 5: Set Global Boundary Code
1. Select Model — Edit Global Boundary in Figure 6.40.

@ PLOT3ID

File [Model| Plot View Help
[ New e Ale]e]]t]4]

Open

Edit Block

Edit Auto Mesh

Waork Plane 3

=

Figure 6.40 Edit global boundary menu

2. Set the boundary codes as shown in Figure 6.41.
3. Select Yes override block boundary.
4. Click Save and type in file name as EX2.

i N
Global Outer Surface Boundary

Select DOF Type
’75' Skeleton  Pare Fluid " Rotation
— ¥ - Right Y -Top — £ - Front

7 Hone Mo 7 Mone
 Fres & Free " Free

" Fived " Fied " Fined

& Roller © Raller & Roler

" Other " Other " Other
- Left — ¥ - Bottom — Z-Back

" None " None " None

" Free i Free i Free

" Fived " Fived " Fived

* Raller & Roller * Raller

" Other  Other = Other

Apply Global Outer Surface Boundary Description

i® No|5" ‘e overides block boundary\

Save | Cancel

Figure 6.41 Global outer surface boundary
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Step 6: View Skeleton Boundary Code

1. Select View — General in PLOT-3D menu.

2. Select Skeleton Boundary Code and click OK in Figure 6.25.
3. Click Show Numbers toolbar as shown in Figure 6.26.

4. Skeleton boundary codes are shown in Figure 6.42.

¢ 3
@ PLOTID [E=AE] ==

File Model Plot View Help

zle|deBoBsalalalalaloel2 4t ee N 7T

@ 181'744 Total Dimension
; X - direction
it S e Min O
Max O
m( 111 ¥ - direction
oxt ] ) Min 0
Jd’i/ Max 0
- ) B! Z - direction
. Min 0
Max 0O

Work Plane 1
Dx' 10000

Dy 100,00
¥o O
fo a
Zo [a}

L

Title
Skeleton Boundary Code: 15%,1SY,ISZ Isometric View

Figure 6.42 Skeleton boundary codes on drawing board
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Step 7: Plot Finite Element Mesh

1. Click Show F. E. Mesh in Figure 6.37.
2. Rotate the finite element mesh as shown in Figure 6.43.

® PoTD (=5 el |

Fie Model Plot_View Fep
slaldeBoolsealalalolc[> ] @@@|Nv]T]

Bx2abe Mes

Figure 6.43 Finite element mesh

3. Follow same procedure to plot skeleton boundary codes in Step 6.
4. Figure 6.44 shows skeleton boundary codes for finite element mesh.

~ e BE=)
Model plot_View Help
s(a|@e@agls@alalalalwle|-s[t] 4] e[@N]7]T

Figure 6.44 Skeleton boundary codes
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6.2.2 Part 2: Modifying Cube Foundation

Part 2 consists of the following three main steps:
1. Access block mesh generator (Open)

2. Modify element generation parameters

3. Plot finite element mesh

Step 8: Access Block Mesh Generator (Open)

1.  Access Block Mesh Generator by selecting the following menu
items in SMAP (Figure 6.2):
Run — Mesh Generator — Block Mesh — Open

2.  Click Browse button in Open Input File dialog in Figure 6.45.
3. Select the input file EX2.Meb generated in Part 1 .

W Spen Input Flle g

Figure 6.45 Open input file
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Step 9: Modify Element Generation Parameters
1. Click Block Editor toolbar in Figure 6.12.

2. Modify Alpha X, Alpha Y, Alpha Z as in Figure 6.46.

3. Click Reset.

4. Click Save.

Block Editor s

Title: I Cube Foundation

— Block Mo 1 [Hexahedron Element |
Mame |Hexahedron Block I Hide Black I

— Interpolation Coordinate System (ICOORD]

& 1. Rectangular 2 Spherical 3 Cylindrical

— LCoordinate Modification [IMODE)]

& 0. Do not modify 1. Maodify coordinate based on rectangular grid

— Interpolation Scheme [ILAG)

1. Lagrangian

— Reference Mode Mumbers
ID [M28) Origin. Megative value means arc shape over 180 degrees in sphere or cylinder
ID [M29] Defining cylinder awis bM28-29 ID [M30) Other cylinder axis k28-k30

— Material and Element Generation Parameters

MATND  MDX MDY NDZ ks KF
ik C C E o f1

Mid Hode  Alphai  Alphay  Alphad | N1 Matl  NE2 Mat2  WE3 Matd  Nid Matd

[Feset] [03 [ [o3 o o oo oo
.l Ut | [ Show inder | [Show F.E Mesh| [ Edit Bounday |

[ Edit Coodinate | | Add Bk | [ Delete Block | Save | Eat |

Figure 6.46 Block editor
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5. Click Work Plane toolbar and then click Show Plane button.
6. Click Axis toolbar in Figure 6.9.
7. Block mesh is shown in Figure 6.47.

- N
@ POTID =TT

File Model Plot View Help

2le|meEgols|alalalalalmles 4 @0 @7 ]5]

Total Dimension

X - direction
Min 0
Max  100.00

Y - direction
Min 0
Max 100,00

¥ Z - direction
Min 0
Max 100,00

work Plane 1
Dx' 100,00
Dy’ 100.00
¥o O
Yo 0
Za a

.

Isometric View

Title

Figure 6.47 Block mesh on drawing board
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Step 7: Plot Finite Element Mesh

1. Click Show F. E. Mesh in Figure 6.46.
2. Rotate the finite element mesh as shown in Figure 6.48.

@ PLOT3D ==

File Model Plot View Help

gl eomElslalalalalalnlel» 4 ][@@@| N 7|5

—
] Total Dimension
/“"I_J | ——]
L= //'__ ¥ - direction
T |1 Min O
1 [ Max  100.00
] d
AT ¥ - direction
;rrrf/ Min  -1.0720s-05
| Max  100.00
L=
il 7 - direction
L= Min -1,07208-05
| Max  100.00
1——"’/
//
Em———
A=

-

ExZcube.Mes

Figure 6.48 Finite element mesh
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6.3 Hemispherical Shell

This example illustrates how to build block mesh for hemispherical
shell subjected to concentrated loads as schematically shown in
Figure 6.49.

This example involves following seven main steps:
Access block mesh generator

Set work plane

Build arc entities

Build quad block

Edit block boundary code

View skeleton and rotation boundary codes
Plot finite element mesh

NowuhwNR

Free

Figure 6.49 Hemispherical shell subjected to concentrated loads
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Step 1: Access Block Mesh Generator (New)

Access Block Mesh Generator by selecting the following menu items in
SMAP (Figure 6.2):
Run — Mesh Generator — Block Mesh — New

Step 2: Set Work Plane

1. Select Work Plane No 4 and set parameters for Grid Dimension and
Division as shown in Figure 6.50.

Waork Plane EStor
oik Flane He 4

Hame |Flane [ ]
Reset Iritial Global Coordinate Layout

¥ ¥ — 1"

1

Lll ® 1-—T : 2
# Mone  Fionl " Sids T Plan T Isometic
~ Feset Basa 'Woik Plane Local Cooidirsha
W Mone © [kl Tzl Ol Manual
- Trawelabie: J Fiotale \Work Plare:

¢ ¥ z
Tranzlate ||]_ ||1 ||1 Drares

H

Fotate: Dea [, 0] [0 D:;
Fiotate: Ducke |1 2 3 |
G Dimerisione: and Divisions
g} MO MOy L] Wiy
i 1o 1o [10. in

[T Eme] [ Fsepe | [ Descipion | [Gpin] |

|Update|| Ertiy | | sud Prane | | Delsle Flane | | Ewt |

Figure 6.50 Work plane editor
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2.  Select Model -+ Work Plane — Isometric Z-axis in Figure 6.51.
3. Figure 6.52 shows work plane with Isometric Z-axis.

@ PLOT 3D

File [ Model | Plot View Help
F|§  New PRIBIA[G e T

Open

Edit Block

Edit Global Boundary
Edit Auto Mesh
Work Plane 3 Show Editor
Normal View

Isometric (xy)
Isometric (zy)
Isometric (zx)
Front View

Side Wiew
Plan Wiew
Isometric Y-axis

Isometric Z-axis

Figure 6.51 Isometric Z-axis menu

(% ot o

File Model Plot View Help

zla|deoog).alalalalaloles ] 0e@n 7]

Total Dimension
X - direction
Max 0

¥ - direction
Max 0

2 - direction
Min 0

Max 0

Work Plane 4
Dx' 10000
Dy 1.0000

Xo 0
Yoo 0
0

In
k/Ly

Title

Figure 6.52 Work plane with Isometric Z-axis
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Step 3: Build Arc Entities
Click Entity in Figure 6.50.

Arc Entity on YZ plane

1. Click Add in Entity Editor dialog in Figure 6.53.

Entities on Work Plane 4 =l

r— Entity Mumber 1 [Line Entity |

Name ILlna Segment

r Line Thickness Line Type  Line Visibility
& Thin  Thick ’7 * Solid  Dash © Show * Hide

i~ Line Color r~ Reference Coordinate -

" Green @ Blue ¢ Red © Grey ¢ Black & Local © Global

| List | | Show ErtiyMo | | FResetTafGiobal |

[Update] | Ecit | | add || Delete | | Exit |

Figure 6.53 Entity editor

2. Select Arc in Entity Type Selection dialog in Figure 6.54.
3. Click OK.

Add Entity 3

Select Entity Type
 Line & A
" Cube " Ellipzoid
" Cylinder

" Copy Existing Entity

Entity Mo |1

oK | Cancel I
———

Figure 6.54 Entity type selection
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4. Type in dimensions of arc entity as shown in Figure 6.55.
5. Click Draw Arc Entity.

Entity 3 on Work Plane 4

1. Select Reference —— 3. Enter Origin
I Local I wo' = [0,
yo'= |D.

— 2. Select Method

@ Mouze Pickup 0'= IU'

7 Enter v’ po', 20’

I~ New Diawing
4. Enter Dimensian:
i Rx= [10
. *@b -
R -
Jas A ™ Ry = [10
o Ob= I'IB—
Qe= ISD
For Ob = e, staight line from A = Rxto R = Ry
Fix and Ry reprezent radial distance at 0 = Ob.

I 5. Draw Arc Entity I Finigh Cancel

Local coordinates depend on current wark, plane.

Click Finish button once vou finished an entity.

————————————————————

Figure 6.55 Arc entity

6. Figure 6.56 shows Coordinates on Work Plane dialog.

Coordinates on Work Plane

— Point Mumber 1 Drawing Mode —
¥'= | 0.0000e+00 * Single Point
y'= | 0.0000e+00
2= | 0.0000e+00 -

Info | Finizh |

— Click Paint Shap ————————
@ HaliGid ¢ Full Gid ¢ Tenth Grid
© Ent Paint  Ert Face  Block Mods

et

Figure 6.56 Coordinates on work plane
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7. Rotate work plane as in Figure 6.57 and click Update button.

 Thareslata ¢ Fotate ‘Woik Flans
LS ¥ z
Translale ||;| ID_ |g Dz
Roctate: Deg. o [ [0 [a .5‘.;‘:,
Fictate: Duder |1 2 E] -]

Figure 6.57 Work plane rotation

8. Click Mouse at the origin of coordinates as shown in Figure 6.58.

- -
@ roTD [E=1 >

File Model Plot View Help

zle|lemnolsls|alalalalmle[ 4@ @@ N 7T

Total Dimension

¥ - direction
Min 0
Max 0

¥ - direction
Min 0
Max 0O

Z - direction
¥ Min 0
Max 0

wiork Plane 4
o' .0ooo

Title

Figure 6.58 Arc entity on YZ plane
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10.
11.
12.

Click Finish in Figure 6.56.

Click Finish in Figure 6.55.

Click Global for Reference Coordinate in Figure 6.59.
Click Reset To Global.

Entities on Work Plane 4 ==

— Entity Murnber 3 [Arc Entity ]

M arnz |mc Entity [on 2]

— Line Thickness Line Type ——  Line Yisibility
@ Thin ¢ Thick ’7 @ Solid ¢ Dash & Show ¢ Hide

 Line Color — Reference Coordinate -

@ Green ¢ Blue ¢ Red ¢ Grep ¢ Black ™ Local * Global

[ B[t [“Show EntiyNa | [ Reset ToGiobal |

[Update| | Edt | | add || Delete | | Exit |

Figure 6.59 Entity editor
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Arc Entity on XZ plane

Follow the same procedure as for Arc Entity on YZ plane.

1. Click Add in Entity Editor dialog in Figure 6.59.
2. Select Arc in Entity Type Selection dialog in Figure 6.54.
3. Click OK.

4. Type in dimensions of arc entity as shown in Figure 6.60.
. Click Draw Arc Entity.
6. Coordinates on Work Plane dialog in Figure 6.56 is shown.

Ul

Entity 4 on Work Plane 4

—1. Select Reference —— 3. Enter Origin
wo' = IU.
2. Select Methad e 0
2. Select Metha
#  Mouze Pickup 2= IU'
" Enter »o', o', 20" W RBhentis

4. Enter Dimension:

Ry O
b B,
' : X Ob= ||3—
Qe= |?2

For Ob = Qe, straight line from R = R=ta B = Ay
Fix and Ry represent radial distance at @ = 0b.

I 5. Diraws Arc Entity

Finish Cancel

Local coordinate: depend on current work plane.

Click, Fimizh button once you finished an entity.

Figure 6.60 Arc entity
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7. Rotate work plane as in Figure 6.61 and click Update button.

~ Tiarslate o Fiotate Wik Flans
¥ ¥ ¢
Translabe ||;| Iu |g Drass
Retare: Dea [[a0 | o [@ 5‘.;‘;
Rictate: Deder [1 2 3 -

Figure 6.61 Work plane rotation

8. Click Mouse at the origin of coordinates as shown in Figure 6.62.

. N
@ PLOT3D [E=EER =

File Model Plot View Help

sle|deEoeslalalalalalmels 4] @e)@ N w8

Total Dimension

X - direction
Min 0
Max 0

r - direction
Min
Max 0

Z - dirertion
Min 0
Max 0

Work Plane 4
Dx' 1.0000
Dy 1.
¥a O
fo 0

1)

0
/Ly

0000

Title

Figure 6.62 Arc entity on XZ plane
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9.  Click Finish in Figure 6.56.

10. Click Finish in Figure 6.60.

11. Click Global for Reference Coordinate in Figure 6.63.

12. Click Reset To Global and then Exit buttons in Figure 6.63.

Entities on Work Plane 4 =l

— Entity Mumber 4 [Arc Entity |

[RET] I.-’-‘uc Entity [an #Z]

— Line Thickness Line Type ——  Line Wisibility
@ Thin ¢ Thick ’V @ Solid ¢ Dash @ Show  Hide
r Line Calar — Reference Coordinate -

@ Green ¢ Blue ¢ FRed ¢ Grey  Black " Local * Global

C TGt ] [ show EntipNo | [ Reset ToGiobal |

[Update] | Edit | | 2dd || Delete | | Exit |

Figure 6.63 Entity editor
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Step 4: Build Quad Block
1. Click Block Editor toolbar in Figure 6.64.

# PLOTID

File Model Plot View Help

Figure 6.64 Block editor toolbar

2. Select Quad for block type in Figure 6.65.

3. Select Spherical for Interpolation Coordinate System.
4. Select Origin for Reference Point.

5. Click OK.

Build New Block 1

 Select Block Type
" Line " Triangle & Quad ¢ Prism ¢ Hexa

" CopyBlock No: [3

r~ Block Index Nurber

12 I

I3 Ia

10 Origin  10-11 Axis 10-12 Normal

— Interpolation Coordinate Spstem I[COORD]

1. Rectangular @ 2 Spherical O 3. Cylindrical

Select Reference Point
’7(‘ Manual & Origin Ok | Cancel |

e

Figure 6.65 Block type selection
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6. Click Draw Index Number in Figure 6.66.
7. Select Ent. Point for Click Point Snap as in Figure 6.67.

Build New Block 1

 Show Work Plane 1. Enter Index Nurnber —
I Show Work Plane befare diawing index number. |1
r Block Indes Nurmber 2 Select Reference ——

I Local I

Iz I1
3. Select Method
& Mouse Pickup
 Enters v, 2
I3 Ia ~ 4. Enter Coordinate ——

W= ID.
i 5 y= ID.

10 Origin - 10-11 Axis 10-12 Normal
2= ID.

Erter index rﬂumber O 'to redraw the block. ™ Stift Block
Local coordinates depend on current work, plane.

Fiepeat Step 1 through 5 for each index number B B el Wb

Click Finizh button once you finished all index numbers.
Finish

——————————————————————————————————————

Cancel .}

Figure 6.66 Quad block

Coordinates on Work Plane

— Index Murmber 1 Drawing Mode —

W= |_9,993_1_e+oo " Single Point
Y= I—l.DDEGe+Dl & Continuols

Z=| 0.0000e+00

Info | Finish |

— LClick Paint Snap
 HalfGrid ¢ FullGrid ¢ Tenth Grid

& Ent. Point |  Ent Face ¢ Elock Node

Figure 6.67 Coordinates on work plane
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8. Rotate work plane as in Figure 6.68 and click Update button.

Tranzlate / Rotate Work Plane
" N z
Translate ID_ |D_ ID. Draw
M
Rotate: Deg. Igg ID ID_ Dr.iagbrn
Rotate: Order |1 2 3 LI

Figure 6.68 Work plane rotation

9. Click the points for index numbers 1 and 2 as in Figure 6.69.

Index 1 Index 2
" y

Figure 6.69 Index numbers 1 and 2 on XZ plane
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10. Rotate work plane as in Figure 6.70 and click Update button.

Translate / Rotate Work Plane

S o 2
Translate ID' IU, IU. Cirawm
M
Fotate: Deg. ID_ | I-SD | ID. Dr'iegbi\ln
Raotate: Order |1 2 3 LI

Figure 6.70 Work plane rotation

11. Click the points for index numbers 3 and 4 as in Figure 6.71.

Index 4

Figure 6.71 Index numbers 3 and 4 on YZ plane




6-48 Block Mesh Example

Now, the geometry of quad block is completed.

12. Click Finish in Figure 6.67 and then click Finish in Figure 6.66.
13. Figure 6.72 shows completed quad block with index numbers.

Title

Wi

D

Dy'

o
Yo
Z0

s N
® ror PEr
File Model Plot View Help
#|a|de@ads&lalalaalale/s[ 4] |@]0]@] N5
2t
Total Dimension
X - direction
Min 0
Max 0
'Y - direction
Min
Max O
Z - direction
W Iin
Max 0

rk Plane 4
1.0000
1.0000

)
0
o

A

Figure 6.72 Completed quad block
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14.

Modify Title and Material & Element Generation Parameters in

Block Editor dialog as shown in Figure 6.73.

Block Editor ) e

Title I Hemispherical Shell

— Block Mo 1 [Quad Block ]

Name | Quad Black |_Hide Block_|

— Interpolation Coardinate System (ICOORD])

1. Rectangular & 2 Spherical 3 Cylindrical

— Coordinate Modification [IMODE)

@ 0. Do not modify 1. Modify coordinate based on rectangular grid

— Interpolation Scheme [ILAG)

@ 0. Serendipity " 1. Lagrangian 2 Surface Sectar

— Reference Mode Numbers
|5 [M10) Origin. Megative value means arc shape over 180 degrees in sphere or cylinder
Iu [M171] Defining cylinder axis k10411 ID [M12] Other cylinder axis P10-k412

— Material and Element Generation Parameters

MATHND | ND MDY
I I8 E
MidMode Alphax  Alpha'y MET Mat]  NE2 Mat2  WNE3 Mat3 NE Matd

[fes] £ o ol ol el il ol

CAGI ] [showindex | [Show F.E.Mesh| [ Edit Bounday |

[Edi Coordinate | [ Add Block | [ Delete Block |  Save |  Evit |

Figure 6.73 Block editor
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Step 5: Edit Block Boundary Code

1. Click Edit Boundary in Figure 6.73.
2. Set the boundary codes as shown in Figure 6.74.
3. Click IBTYPE button to see description of boundary type in Fig. 6.75.
4. Click Update and then OK buttons.
5. Click Save in Figure 6.73 and type in file name as EX3.
Ry Code - M
B twrdany Caded bod Bloack Ko 1 1 |
Shedoaan [0F Ressbonsl DOF
L [] [] [] [] [ [
IETVPE| 18 15y B2 R B2
Hate Fres ko vminee i dpociied e B DA F = (L Fistsd i DO0F = 1
Doafmck coclar Eesr=giZs] IFFr=fZs] IFLT=FE =40
] | e |

Figure 6.74 Boundary code editor

Boundary Type o |=

~ Awallable Boundary Typs for Quad Block

IBTYPE Deseription
1. Interior surface
2. Line I - Iz
3. Line Iz - I3
4. Line I3 - 14
5. Line I4- 11 Iz I3
6. MNode Il @ @
7. Hode 1z
8. Hode 13
9. Node 14
e &
I3 Ig

Mote: 1. Block number defined later gowerns conditions along the interface.
2. Default conditions can be overridden by IBTYPE =1 I3
and higher IBTYYPE governs in a given block,

Figure 6.75 Boundary type for quad block
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Step 6: View Skeleton and Rotation Boundary Code
1. Select View — General in PLOT-3D menu.

2. Select Skeleton Boundary Code and click OK in Figure 6.25.

3. Click Show Numbers toolbar as shown in Figure 6.26.

4. Skeleton boundary codes are shown in Figure 6.76.

r 5
# PLOT3D = | B

File Model Plot View Help

zle|deEmolelalaa/alslole» 1] @@ N 7T

010 100

Total Dimension
X - direction
Max 0O

2 3 ;%d‘rggttm”
Max O

11 100 Z - direction

Min 0
Max 0O

A

Title
Skeleton Boundary Code: 1S3,1SY,1S2

Figure 6.76 Skeleton boundary codes
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5. Click Next Numbers toolbar twice in Figure 6.77.

@ PLOT 3D
File Model Plot View Help

zlal@eBEE[s[aalalelalnes[ ] @ee] ][]

Figure 6.77 Next numbers toolbar
6. Rotation boundary codes are shown in Figure 6.78.
(% st [ESER)
File Model Plot View Help
zlal@eang|s|alalalalalme» 4] £]o(o|a| N7 |5
101 a1l
il 4
a1 011 Total Dimension
X - direction
Min 0
Max O
2 3 ’\\’%mrectiuﬂ
Max 0O
01 011 Z - dirertion
Min
Max 0
Title /Ly
Rotation Buundary Code: IRYIRY,IRZ

Figure 6.78 Rotation boundary codes
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Step 7: Plot Finite Element Mesh
1. Click Show F. E. Mesh in Figure 6.73.

2. Select Model —+ Work Plane — Isometric Z-axis in Figure 6.51.

3. Finite element meshes are shown in Figure 6.79.

@ PLOT3D

File Model Plot View Help

zs|deEgElsaaalalalne 10N 7T

Ex2Mes

Total Dimension
X - direction
Min 0

Max 10000

*f - direction
Min 0

Max 10,000

Z - direction

in
Max 95106

A

Figure 6.79 Finite element mesh
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4. Follow the same procedure to plot boundary codes as in Step 6.
5. Skeleton and rotation boundary codes are shown in Figures 6.80
and 6.81, respectively.

® roTD (= [

[[FileModel Plot View Hel

b
zl8|dlemmds@aalalalmles[t]]|e|e]aN[7]F]

e
Skeleton Boundary Code: 19X,ISY,1SZ

Figure 6.80 Skeleton boundary codes

® rot (= [ i

Model Plot View Help
=t el S NN N PN R S Y B Y R I i
210000 oo

Exaes '/LV

Rotation Boundary Code: IRX IRY,RZ

Figure 6.81 Rotation boundary codes
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6.4 Horseshoe Tunnel

This example illustrates how to build block mesh for horseshoe tunnel
with reinforced concrete lining as schematically shown in Figure 6.82.

This example involves following eight main steps:
Access block mesh generator

Set work plane

Build entities

Add work plane

Build blocks

Set global boundary

View selected material

Plot finite element mesh

ONOUAWN &

(0, S00, 0)

Ground Suface

sym. \\ \/

SiE e

o {0, 500, 0

o

F

e

e
g

{500, -500, 100)

Figure 6.82 Schematic horseshoe tunnel section
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Step 1: Access Block Mesh Generator (New)

Access Block Mesh Generator by selecting the following menu items in
SMAP (Figure 6.2):

Run — Mesh Generator — Block Mesh — New

Step 2: Set Work Plane

. Select Work Plane No 4 as shown in Figure 6.83.

. Select Isometric for Reset Initial Global Coordinate Layout.
Set parameters for Grid Dimensions and Divisions.

. Click Description to see layout of NQ = 8 in Figure 6.84.

. Click Update.

. Figure 6.85 shows isometric view of work plane.
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Fhone Oy Cled Clzd © Meue [E ]

Trarelsis ! AotalsWod Flane
¥

¥

Trarslss Eq [u ||;| [

Ham

Rty Dlag. o o [ rigin

Fiokae: ikt [1 2 3 =]

Grd Dimensons and Divitions

MO KO MOy W Taly

@ ] [in [500 [500
L=l ce | [ vace Prae | [ Descrpson | [opse]
[Updsee] | Eriip | | Acd Plae | | Delets Flare | [ B |

Figure 6.83 Work plane editor
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Waork Plzne Description g

oy

Wx (NDx)

- Quadrant 2 uadrant 1| Wy (NDy)
— — X
o 1
NG Quadrant
a7 dgeyaca
A |
22
Quadrant 3 Quadrant 4 3 3
4 4
ST
6 2,3
7 3,4
E_i4]

NDx, NDy : Number of grid divisions along x', v

Figure 6.84 Work plane description (NQ=8)

® oo == =)

File Model Plot View Hel

3
slal@e@molseaalalnle> ][+ @ee(N[F|T]

¢

Total Dimension

X - drection
M 0
Max D
¥ - drectin
M0
Max 0

Work Plane 4
D¢ Sa000
oy S0000
X 0

Yo oo
» 0

L

Figure 6.85 Work plane on drawing board
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Step 3: Build Entities
Following five entities are used to make it easier to build blocks

Cylinder entity for Upper Core

Cube entity for Lower Core
Cylinder entity for Around Upper Core
Cube entity for Around Lower Core
Cube entity for Outer Boundary

Upper Core by Cylinder Entity

NouAWwN R

. Click Entity in Figure 6.83.
. Click Add in Entity Editor dialog in Figure 6.88.
. Click Cylinder in Figure 6.86 and click OK.

Set the geometric parameters as in Figure 6.87.

. Click Draw Cylinder Entity and then click Finish.
. Set option parameters as in Figure 6.88 and click Reset To Global.
. Cylinder entity for upper core is shown in Figure 6.89.

-

Add Entity 3

Select Entity Type
 Line Ao

" Cube " Ellipsoid
o Cylinder

" Copy Existing Entity

Entity Mo |1

0K | Cancel I
——

Figure 6.86 Entity type selection

Other Entities

8.

Follow the same procedure as for upper core.

Lower Core: Figures 6.90 - 6.92
Around Upper Core: Figures 6.93 - 6.95
Around Lower Core: Figures 6.96 - 6.98
Outer Boundary: Figures 6.99 - 6.101
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Entity 3 on Work Plane 4

1. Select Reference —— 3. Enter Origin

Local wo' =

— 2 Select Method
" Mousze Pickup 2

' Enter wo', yo', 20'

— 4. Enter Dimension:

Ms < 0: Fix and Ry are scaled by factor [Ns| atz = Lz
Mz =0 AN 1:1st Quadrant 51:L 52:R 537 548

I 5. Draw Cylinder Entity I Finizh Cancel

Local coordinates depend on current work, plane.

Click Finizh button once you finizhed an entity,

————

Figure 6.87 Cylinder entity for upper core

Entities on Work Plane 4 =Ll

"EnlilyNumher 3 (Colinder ]

Name | [ Cyid 1 (Upper Core)
Line Thickness Line Type Line Yisibilty
[ & Thin € Thick ( @ Soid © Dash [ @ Show " Hide
Line Color Feference Coordinate
’7(_ Green  Blue © Red O Grep|® Black) ’V  Local [® E\gbal—‘
| Lt | | Show EniyMa | | Feset TaGlohal |

[Update] [ Ect_| [“add | [ Dete | | Exit |

Figure 6.88 Entity editor
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Figure 6.89 Upper core on drawing board
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Entity 4 on Waork Plane 4

—1. Select Reference —— 3. Enter Origin
= o
yo'= I-SB
— 2. Select Method
" Mouse Pickup z0'= ID'

& Enter s’ po’, 20’

4. Enter Dimensions

¥ Lx = |38—

B Ly= |38

il Ex =3 Lz= |1un
- P = |1—

Atz =Lz Lxand Ly are scaled by factar r

I 5. Draw Cube Entity I Finizh Cancel

Local coordinates depend on curment work, plane.

Click Finizh button once you finished an entity,

Figure 6.90 Cube entity for lower core

Entities on Work Plane 4 el

Name: | Cube 1 [Lower Care)

Line Thickness Line Type Ling Wisibility
’V @ Thin © Thick ’V @ Soiid  Dash ’V @ Show © Hide

Line Calor Reference Coordinate
’7(" Green " Blus " Red Glay ’7  Local |& a|oba|—‘
EEI List I Show Entity No I I Reset To Global
[Opdate] [Edt | [edd | [[peete | | Edil |

’, Entity Number 4 [Cube Entity ) ‘

Figure 6.91 Entity editor
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Figure 6.92 Lower core on drawing board
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Entity 5 on Work Plane 4

1. Select Reference —— 3. Enter Origin

Local o' =

2. Select Method
 Mouse Pickup i

& Enter s, yo', 20 [~ MNew Drawing

4. Enter Dimension:

Fx= 200
Ry = |200
Lz= 100
Mz =

1111

Mz < 0 Ax and Ry are scaled by factor Mzl at z = Lz
Ms =04l 1:1st Quadrant 51:L 52:F 53T 54:B

I 5. Draw Cylinder Entity I Finish I Eancell

Local coordinates depend on current wark plane.

Click Finizh button once you finizhed an entity.

Figure 6.93 Cylinder entity for around upper core

Entities on Work Plane 4 e

"Entily Number 5 (Cylinder )

B
Name | [ Cyid 2 Around Upper Core]
Line Thickness Line Type Line Visibility

’V & Thin © Thick ’V & Solid ¢ Dash ( & Show C Hide
Line Color Reference Coordinate

’Vr Gieen " Blue ¢ Red ¢ Grey[© Black ’V © Local[® m.jha\—‘

L[t ] [show Enyhe | [ Resel ToGlobal |

[Update] [ | [add | [Delete | | Evit |

Figure 6.94 Entity editor
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Figure 6.95 Around upper core on drawing board
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Entity 6 on Work Plane 4

1. Select Reference—— 3. Enter Origin

yo'= |-2DD
ID.

— 2. Select Method
" Mouse Pickup L0

& Enter wa', o', 20’

— 4. Enter Dimension

N

Ly
Lzl Lx]

Atz =Lz, Lr and Ly are scaled by factor ¢

I 5. Draw Cube Entity I Finizh Cancel

Local coordinates depend on current work, plane.

Click Finizh button once wou finizhed an entity.

Figure 6.96 Cube entity for around lower core

Entities on Work Plane 4 ==

" Entity Mumber & [Cube Entity ]

Name | [ Cube 2 [Around Lower Core)
Line Thickness Line Typs Lins Vishility
’V & Thin " Thick ’V @ Soid € Dash [ @ Show  Hide
Line Color Reference Coordinate
[r‘ Green ¢ Blus (" Red ¢ Grey| % Black [  Locd |7 Globa\—‘
[T It | Show EniyNo | | Reset ToGisbal |
[Updete] [ Eat | [ada | [Dekte | | Exit |

Figure 6.97 Entity editor
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Figure 6.98 Around lower core on drawing board
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Entity 7 on Work Plane 4

—1. Select Reference —— 3. Enter Origin
w= o
ya'= |00
— 2 Select Method
 Mouse Pickup '= ID'

& Enter o', yo’, 20' [~ New Drawing

— 4. Enter Dimension:

Y L= |500

i

i Ly= [1000

Lz ey Lz= |100

Atz =Lz, Lx and Ly are scaled by factor ¢

I 5. Draw Cube Entity I Finizh Cancel

Local coordinates depend on current work. plane.

Click. Finizh button once pou finished an entity.

Figure 6.99 Cube entity for outer boundary

Entities on Work Plane 4 =L

" Entity Mumber 7 [Cube Entity ]

Name | Cube 3 [Outer Boundary)
Line Thickness Line Type Line Visiilty
’V & Thin © Thick ’V & Soid ¢ Dash || @ Show O Hide
Line Colar Reference Coordinate
’Vr Green ¢ Blue € Red ¢ Grey|® Black ’V  Local |[® Gluba\—‘
[T I e ] [ show enighio | [ Pesel To Blobal |
[Updete] [ Edr | [ pad | [ Delete | | Enit |

Figure 6.100 Entity editor
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Figure 6.101 Outer boundary on drawing board
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9. Available entities on work plane 4 are listed as shown in Figure
6.102 by clicking List button in the Entity Editor dialog.

10. Click OK in Figure 6.102.

11. Click Exit in Figure 6.100.

Available Entities - e

i~ Awvailable Entities on ‘Waork Plane 4

Mo Tepe  Thic Line Color Vigibilty — Reference  Mame

il Thin Solid Local 5

2 Arec Thin Dash Elue No Local Arc Sequent

3 Cyld Thin So0lid Black Yes Global Cyld 1 (Upper Core)

4 Cube Thin s0lid EBlack Yes Flobal Cube 1 (Lower Core)

5 Cyld Thin So0lid Black Yes Global Cyld 2 (Around Upper Core)

[ Cube Thin So0lid Elack Yes Global Cube Z (Lround Lower Core)

7 Cube Thin So0lid Black Yes Global Cube 3 (Outer Boundary)
Selected Entity

Mo Tepe  Thic Line Calor Vigibilty  Reference  Name

I 1k Line Thin Solid Elue No Local Line Segment

| ShowalEntiies | | HidealEnties | | 0k | | Cancal |

Figure 6.102 Available entities on work plane 4
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Step 4: Add Work Plane

At Step 2, we set Work Plane No 4 which represents back surface.
At Step 3, we built 5 entities on this Work Plane No 4.

Here, we want to add new Work Plane No 5 in the following way:
« Copy Work Plane No 4 along with entities on it.

» Add this copied one as new Work Plane No 5.

* Modify such that it represents front surface.

Once we have this new Work Plane No 5, it will be much easier to build
blocks since front and back surfaces of work planes can be accessed
simply by one click of Back or Next button on Coordinates on Work
Plane dialog in Figure 6.103.

Perform the following four steps:

1. Select Work Plane No 4 in Work Plane Editor dialog in Figure 6.83
2. Click Add Plane button in Figure 6.83

3. Modify Name and Translation as in Figure 6.104

4. Click Update in Figure 6.104

Coordinates on Work Plane 5

~ Index Number 1 ——— Cirawing Mode

W= | 3.7500e+02 ™ Single Paint
Y= I 1.0000e+02 % Continuous

z= | 0.0000e+00

Info | Finish |

— Click Paint Snap
" HalfGrid  © FullGrid ¢ Tenth Grid
@ Ert Point " Ent. Face ¢ Block Node

Select Work Plane ‘

Figure 6.103 Coordinates on work plane
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.
Wark Plane Editor

— Work Plane Mo &

Hame |Plane (3] Frant Suace

— Rezet Initial Global Coordinate Layaut
b Yy rt- W Vi
T—p x z d—T z Z ‘/r\. =

& Mone  Front " Side " Plan  |sometric

— Rezet Base Work Plane Local Coordinate

* MNone [x. 4] ' [z. 4] ' [z. %) " Manual

 Translate / Fotate Work Plane

4 ¥ £
Tranglate n 0 100, D
| | [
Rotate: Deq. ||:|_ ||j, |D. Origin
Fiotate: Order I‘I 2 3 ;I

 Grid Dimenzions and Divisions
M HOx MOy W Wy
E 10 10 |50, {500,

ml List II Show Plane I I Description I IEIptionI

IUpdate” E nitity | I Add Plane | | Delete Plane | | E xit |

Figure 6.104 Work Plane No 5 representing front surface
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Step 5: Build Blocks

Fourteen blocks are used to model the geometry of horseshoe tunnel
as shown in Figures 6.105 and 6.106.

o 8 blocks for surrounding medium
o 2 blocks for tunnel core
o 4 blocks for tunnel lining as shell elements

Figure 6.105 Block numbers for surrounding medium

Figure 6.106 Block numbers for tunnel core and lining
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Building Block No 1

1. Click Zoom toolbar to turn on in Figure 6.107.

2. Click the mouse at top-left point and release at bottom-right point
as shown in Figure 6.108.

Figure 6.109 shows zoomed area around upper core.

Click Zoom toolbar again to turn off.

Click Block Editor toolbar in Figure 6.110.

Select Hexa, Cylindrical, and Z axis as shown in Figure 6.111.
Click OK.

Click Draw Index Number in Figure 6.112.

Select Ent. Point for Click Point Snap as in Figure 6.103.

@ PLOT3D
File Model Plot View Help

zle|de@ ol ala/alalalo

Zoom is Off

WoOoNOURW

Figure 6.107 Zoom toolbar

Figure 6.108 Zoom area selection
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- N
@ PoOTD SR

File Model Plot View Help

ey el Y oY Y N N P el R R A e e el Vi e il

TN

Total Dimension

[ ke * - direction
ek L A Min 0O
e e Max O

¥ - direction

Min 0
Max 0O

Z - drrection
in

Max 0O
work Plane 4
D' 50.000
Dy 50.000
Xo 0

Yo o
7o 100.00

P

Title:

Figure 6.109 Zoomed area around upper core

# PLOT3D
File Model Plot View Help

= EE =S Y

Figure 6.110 Block editor toolbar
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Build New Block 1

- Select Black Type
© Line " Trangle ¢ Quad ¢ Prism & Hewa

" CopyBlock Mo: [7

1~ Block Index Number

I3

28 Origin  28-29 Axis  28-30 Normal

Interpolation Coordinate System (ICOORD]

’Vr‘ 1. Rectangular (2. Spherical & 3. Cylindrical
Selest Reference Paint

’V © Manual O Raris O Y aris & 2 ais

0K Cancal

Figure 6.111 Block type selection

Build New Block 1

Shows Work Flane

1. Enter Indes: Number

I Shaws Work Plane before drawing index number

fi

[~ Block Index Number

2 Select Reference

I3

28 Origin  28-29 Axis  28-30 Normal

I Local

3. Selest Method
& Mouse Pickup

 Enters, vt 7'

4. Enter Coordinate ——

PA —
—

Enter index number 0ta redraw the black

Lacal coardinates depend on cunent work plane
Repeat Step 1 thiough 5 for each index number

Click Finish button once you finished al indes: numbers.

I Shift Block

B Draw Index Number

Figure 6.112 Hexa block
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10. Select Work Plane No 5 for front surface using Back / Next button
in Figure 6.103.
11. Click the points for index numbers on front surface as in Fig 6.113.

"Inde ) Inde

-ifexg

Figure 6.113 Index numbers on front surface
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12. Select Work Plane No 4 for back surface using Back / Next button
in Figure 6.103.
13. Click the points for index numbers on back surface as in Fig 6.114.

g

Index 5 |

<

[ndex

Ind

ex 6

i
8

Figure 6.114 Index numbers on back surface
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Now, the geometry of the first hexahedron block is completed.

15. Modify Title, Block Name and Material & Element Generation
Parameters in Block Editor as shown in Figure 6.115.
16. Click Reset button.

14. Click Finish in Figure 6.103 and then click Finish in Figure 6.112.

Block Editor

Tide | [ Harseshoe Tunnel

Black Ha 1 [ Hesahedion Black ]

Hams | Top-1

I Hide Black |
Irkespelation Coorginate System ICOORD]

1, Rectangulw ™ 2 Sphetical 3 Culinddical

- Coondnats Modilicaton IMODE] —
0 Do ek modify ™ 1, Modip condingte based on rectangula orid

~ Irbeapolation Schema [ILAG)
* 0. Sersndiely 1. Lagiargan

— Relererice Node Numbers
q [M28] Ouigin. Negative walue mears ac shape over 180 degiess in sphese or cplinder
il [M29) Defining cylinder aniz: M28-M29 j11 30 Oither cplinder axds H28:-M20

Matend ard Element Generston Paamsteis

MATHO NI HLY HDE ES EF
It 5 I2 2 o It
MidhMode Alphai  [Abha'f | AlphaZ WU Mall M2 M3l2 WI3 Mad M Mad
2z e o o o o o o o
List | | Show Indes | | Show FE Mesh| | Edit Bounday |
| Edi Coodinate | | sed Black [ Ceete Black | _Sawe | Exk |

Figure 6.115 Block No 1
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17. Figure 6.116 shows Block No 1 on drawing board.

'g PLOT 3D

File Medel Plot View Help

le||e@ETolslalalalalalmle» 4] @)@ w5

.

Total Dimension

¥ - direction
Min 0O
Max O

¥ - direction
Min 0O
Max 0O

Z - direction
Min 0O
Max 0O

Work Plane 4
D' 50,000
Dy 50.000
¥o 0O
o o
Zo o

Title

A

Figure 6.116 Block No 1 on drawing board
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Building Other Blocks

18. Follow the same procedure as for Block No 1.

Block No 2
Block No 3
Block No 4
Block No 5
Block No 6
Block No 7
Block No 8
Block No 9
Block No 10

Block No 11
Block No 12
Block No 13
Block No 14

(Side-1):
(Side-2):

(Bottom-1):

(Top-2):
(Side-3):
(Side-4):

(Bottom-2):

(Core-1):
(Core-2):
(Liner-1):
(Liner-2):
(Liner-3):
(Liner-4):

Figures 6.117 - 6.118
Figures 6.119 - 6.120
Figures 6.121 - 6.122
Figures 6.123 - 6.124
Figures 6.125 - 6.126
Figures 6.127 - 6.128
Figures 6.129 - 6.130
Figures 6.131 - 6.132
Figures 6.133 - 6.134

Figures 6.135 - 6.136
Figures 6.137 - 6.138
Figures 6.139 - 6.140
Figures 6.141 - 6.142
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[EOIE )

Figure 6.117 Index numbers on front surface (Block No 2)
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Elock Editor

The | Hoseshos Tunnel

~ Block Mo 2 [ Hesabedion Block |
Hame [5ide1 |_Hide Bk
¢ Inkerpolston Comdinate System (ICOORD]
1, Rectangulsr i~ 2 Spherical 3 Cyindrical

 Coordinsbs Moditicaton IMODE] -
& 0. Donctmodly O 1. Mody comdinate based on rectangudar gid

 Inberpaleton Sehems (ILAG]
= 0. Serendipily 1. Lagrangian

 Reference Hode Mumbers
Ir |M28| Oragin. Megstive vaue means aro shape over 1ED degress in sphere o cylinder
I$_ [M23) Defining cylinder axds M28-MZ3 lg?_ [M30] Othes cylinder awiz MZBI0

 Mabeial and Elemenl Generston Pasmstes

MATHD  HO HD HOE ES EF
1. | |3 |2 [o [1

Mid Hode  Glpha  AphaY  AphaZ  BE Mabl ME2 Mat2 N3 M3 NS Mald

[Resat| o s o N A N N (N T

[ te | [Showirdee | [Show e Mesh| [ Eck Boundey |
[ Edi Cocedinate | [ AddBlock | [ Celel Block | Save | Est |

Figure 6.118 Block No 2 (Side-1)
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(3)

Figure 6.119 Index numbers on front surface (Block No 3)
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Block Editor L
Tile | Horzashos Tunred
~ Block Mo 3 | Henahadon Block | :
Rame [cide.2 | Hide Block |
Inbespelation Cocrdinate Spstem ICOORCD)

% 1. Ractasgua 2 Spheecs 3 Cylindrical |
Ceordinate Modfization IMODE] 1
™ 0 Domstmodly 1 Modiy cowdingle usirg nods W22 az cign |
Irbespolation Scheme ILAG)

%0 Serendioly 1. Lagizrgan

~ Relemence Mods Munbers
||;| (28] Quigry. Megalive value mears aic thape oved 180 degress in sohera o eylinder
||:| (125 Delinrg eulrden s M2E-M 29 ||:| [30] Dbt exliriden s M23-830

— Mahziial arvd Elemert Gensialian Py |

MATHO IO, MDY HDZ KES EF
I |5 E] [2 [ [

MidMHode Aphax  Alpha  AlphaZ MET BMall  MNEZ2 Mal2  WNEE Mat3 B Matd

[Fesat] [0 [0 [ o o R @
lst | | Showindex | [Show FE Mesh| | Eck Bourdoy |

[ Edicondnee | [ dddBo | [ DeteBlock |  Sewve| Eat |

Figure 6.120 Block No 3 (Side-2)
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(z)

(3] ()

Figure 6.121 Index numbers on front surface (Block No 4)
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Block Editor
Tlle [ Horseshioe Tureed
~ Block Mo 4 [Hesshedion Block |
Hame B ot | Hide Block
— Inlerpatahion Coondnabs Systam ICO0RD]
& 1. Rectangda © 2 Spherical 3. ki

~ Coodinate Modiication IMODE]
& 0 Donolmodly 1 Wedly cooidinale usirg node M2E & oiign

Inlerpalstion Scheme [ILAG)
& 0 Sewndply 1. Lagrangian

- Reference Mods Mumbers
In_ [M25] Ciigr. Megatve valee mesns ac shape over 160 degiees nsphens of cyiinder
|n_ [M25] Erelinrig cpirder ms M2E-M23 ]D_ [M30) Other cyliner ss MZ34430

— Waterial and Elermerk Geresalion Paramelers
MATHO WD [ HCE 3] KF
. B B B [0 [
HWidMode  Alphall  Apha  Aphal  WH Mal M2 Mat2  Hid Mat3 B Matd

[l ke _FF FF PR FF_

.l | [ Sowimex | [ShwrEven] [ o Hordsy |

[ Eat Comdnate | | AddBleck | [ Delwte Block |  Save | Eat |

Figure 6.122 Block No 4 (Bottom-1)
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[ (3

Figure 6.123 Index numbers on front surface (Block No 5)
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Block Editar L=l
Titl= I Hoesarhee Tunnel
Block Mo 5 [ Hexahedion Black |
Hame: [Top.2 | Hide Block I
— Inlerpalation Comdnate System ICOORD)

1. Aeclerguls  z Spherical 3 Cyhnciical

— Coordinate Modification 1MODE)
& 0 Danctmodly 1, Modip conicinate using rods M23 as aign

~ Interpalation Schama [ILAG]
& 0 Serendipity 1. Lagrangian

Aefeience Hode Humbez
Iu_ |M23) Ongin. Hegstive waius mesns so shape over 180 degress in sphens or cylinder
Iu_ |MZ3] Dedining cylinder axs M28-M2Z3 ||;|_ [ME0] Other eylinder sds M23-M20

M atenal and Element Generston Paametes

MATHD MO DY HDZ kS KF
1. [5 [ [2 [o [1
Midbode Aphal  Aphat  AphaE WU Mal HEZ Mat? HED Matd BE Mabd

[Resm] [0 s fo ple oo R PR
GG ] [showimdee | [[Show FEMesh]| [ Edt Bondow |

[TEdi Coordrate | [ mddBlock | [ Delete Block |  Save | Eat |

Figure 6.124 Block No 5 (Top-2)
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4

TI: [&] )

Figure 6.125 Index numbers on front surface (Block No 6)
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Block Editor
Thle [ Herseshos Tumel
Bk Mo B [ Hesahedion Elock |
Mare | 5ide-3 Ficks Bluck:
Interpalstion Cooednate Spstem (ICO0AD)

1. Rectarguar 2 Sphesical " 3 Cyinciical

 Coordinate Modiicaton IMODE]
0. Da nct modiy 1. Modiy coordinate using node M2 a5 ongn

 Interpolation Scheme [ILAG] -
0. Sewerdipity 1. Lagangian

 Redeenca Node Mumbses:
|E| [M23] Drigin. Hegative walue means aic shape aver 120 degress i sphene o culinde
IEI (M) Defining cyfinder stz MEEHIT g [M300 Qther clinder asi: M2ZEH3I0

 Mabesal and El=ment Ganershion Faramebers

MATHO MO MDY MO KE KF
Ir. [5 ] E] o 1
MidHode lphal  Alpha’  AlghaZ  HYl Mafl HE2 Ma2  MI3 Mald MM Mad

I—E:E-J [ 04 [0 o o o o o o
LB ] [Cstowindes | [Show FEMssh] [“Eck Bounday |

[ aad oo | [ Doetemiock | See |  Eat |

| Edit Coordnae |

Figure 6.126 Block No 6 (Side-3)
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_\_I: (1 ()

(3

Figure 6.127 Index numbers on front surface (Block No 7)
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Block Editor

Titke [ Herseshor Tureel
¢ BlackHa T [Hesshedion Block |

Mems | Sied | Hide Elack
- Ireipelstion Cocedriste System (COORD)

# 1. Reclaroua 2 Spheica 3. Cylredical
| Cooedate Modiication IMODE]
* 0 Dorctmody 1, Modiy coordinate wsing node M23 az aign

 Itempalation Schame [LAG)
* 0 Sererdpiy 1. Lapigrgian

!

1~ Reference Mode Humbers
lg_ [MZ5] Onigrn. Megstive value means s thane cver 180 degress in sphee of cyiinder
lﬂ_ [MZ5) Drsdinien cpbnder 2eds MEEH2S ln_ [0 Dtbvet cpdirnden axs MZ3830

o Matens srd El=ment Gersestion Parsmebers

MATHO  HOK RO HNOZ [ 4] KF
[ |5 ] [2 [ [v

MidMode Sphak  AlphaY  AlphaZ W Matl M2 Mat2 P Maid Ned Mad

| [Ressi] |0 hs o fo (O N O O O T

GG ] [ chowindess | [Show FEMesh]| [ Edt Bourdaw |

| Edit Cooedinsbe |

[ Aadbock | [ Dose ok | _Sawe| Ea |

Figure 6.128 Block No 7 (Side-4)
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(2) J

[E] (4

Figure 6.129 Index numbers on front surface (Block No 8)
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Block Editor

Tile | Horzeshon Tunrel
Bleck Mo 8 [ Hexshedion Black |

Hame | Bottomr2 | Hice Black |

- Interpolation Cocrdinate Systern ICO0RD]
&1, Rectangul ™ 2 Spheical " 3 Cylndrical

— Cooidinate Moddization [IMODE)
& 0 Do nat madiy 1. Modify coordinate using rode M23 az orign

— Interpcfation Scheme ILAR]
0 Saendpily " 1. Lagiergian

— Fefesance Moda Mumberz
II;I [M2E] Ciigin. Megative value means ac shaps aver 180 degress: in sphere of cplinder
[0 M2 Defiingopinder s M23M23 [ [M20) Othe cyfinder avis M2BH3

— Malenal and Ekment Gerrration P
MATHO WD HD'Y MOZ S KF
. s e [2 [a n

MidMode Alphaxl  Alpha  AlphaZ M1 Matl ME2 Wat?  REZ Mal3 Mg Matd

| Reset| 0 jos o - P @ P

|>|| Lt | | Showindx | [ Show F.E Mesh| [ Edt Boundsy |
| Eck Comdinate | | AddBlock | |  Dedete Block | Save | Ext |

Figure 6.130 Block No 8 (Bottom-2)
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[E)] ()

Figure 6.131 Index numbers on front surface (Block No 9)
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Block Editor e e

Title I Haorseshoe Tunnel

— Block Mo 9 [ Hexahedron Block |

MName | Core-1 |__Hide Block |

— Interpolation Coordinate Syster [ICOORD)

% 1. Rectangular 2 Spherical 3 Cylindrical

— Coordinate Modification (IMODE)]

@ 0 Do not modify 1. Modify coordinate using node M28 as orign

— Interpalation Scheme (ILAG)

0. Serendipity & 1. Lagrangian

— Reference Node Mumbers
ID (k28] Origin. Megative value means arc shape over 180 degrees in sphere or cylinder
ID [M29] Defining cylinder asis M28-29 ID [M30) Other cylinder axiz M28-k4 20

— Material and Element Generation Parameters

MATND WD NDY NDZ ks KF
2 |5 |5 IE] 1] i

Mid Node  Alphax  AlphaYy  AlphaZ W Matl N2 Mat2  WNE3 Matd  Wed Mad

] i B B FF BB Bl B
EI List | || Showindex | | Show F.E.Mesh | | Edit Bounday |

[TEdt Coodinate | | Add Block | | Delete Block | Save |  Esit |

Figure 6.132 Block No 9 (Core-1)
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[&] (1)

€] 2

Figure 6.133 Index numbers on front surface (Block No 10)
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Block Editor |

Title I Horzeshoe Tunnel

— Block Mo 10 [ Hexahedron Block |
Name | Core-2 | HideBiock |

— Interpolation Coordinate Syztem ICO0RD)

@ 1. Rectangular 2 Spherical 3. Cylindrical

— Coordinate Modification [IMODE)

@ 0. Da nat madify 1. Madify coordinate using node M28 az arign

— Interpolation Scheme [ILAG)

0 Serendipity & 1. Lagrangian

— Reference Mode Numbers

Ig [M28] Origin. Megative value means arc shape over 180 degrees in sphere or cylinder
IU M 29] Defining cyliinder axis M 28-M29 ID [M30) Other cylinder axis k28430

— Material and Element Generation Parameters

MATHO  MDe MDY MNDZ KS

KF
2 |5 |5 ] [i] 1

Mid Node Alphak  Alphay  AlphaZ  NE1 Matl N2 Mat2 N3 Matd  Ntd Matd

=l F FF FF Fp FF
FACIT ] [“showindes | ['Show FE-Mesh| [ Ecit Bounday |

[ Edit Coordinate | [ AddBlock | [ Delete Block | | Save |  Esit |

Figure 6.134 Block No 10 (Core-2)
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Figure 6.135 Index numbers on front surface (Block No 11)
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Block Editor (=)

Title | Harseshoe Turinel

— Block Mo 11 [ Quad Block ]
Name | |jner-1 |_Hide Block _|

— Interpolation Coordinate System (ICA0RD)

& 1. Rectangular 2 Spherical 3. Cylindrical

— Coordinate Modification [IMODE)

& 0. Do not modify 1. Modify coordinate using node M10 as arign

— Interpolation Scheme [ILAG)
@ 0. Serendipity 1. Lagrangian 2. Surface Sector

— Reference Mode Numbers
ID [b10) Origin. Megative value means arc shape over 180 degrees in sphere or cylinder
ID [M171] Defining cylinder azis k10-+11 ID [M12] Other cylinder axiz M10-M12

— Matenal and Element Generation Parameters

MATHND  ND% NDY
Il |5 3

Mid Node  Alpha®  Alpha'y NET Matl  ME2 bMat2  NE3 Matd  Ntd Matd

[l o o FF b bbb
IEIC G ] [showindew | [Show FE Mesh| [ Edit Bounday |

[Edt Coordinate | | Add Black | [ Delete Block |  Save |  Esit |

Figure 6.136 Block No 11 (Liner-1)
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@

Figure 6.137 Index numbers on front surface (Block No 12)
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Elock Editor
Tile | Horzeshes Turnsl
— Block B 12 | Quad Block |
Rame: | Liner.2 | Hide Block_ |
Interpalation Cooidinate Spstem ICO0RD) '
1 Aectanguls 2 Spheical 3. Cplinchical

r Coondinate Modfication [MODE]
0 Domotmodly 1 Mody coondinate using node M10 az oign

 Interpodation Schema [ILAG]
* 0 Seendoly 1. Lagergian 2 Swiface Secta Defing Sector

Redeience Mode Murmbers:
i (10§ Ozl Hleatons waos means e shape over T80 degress 1 spheens o cubrder
i [+411) Diedining culirder avis MIDST [ [M12) Dther cpbnder i M10M12

— Matenal and Element Ganeialian Paamed
MATHO N3 MDY
E_F B
MidHode Akha  Alghe HUT BMall  HEZ Mat2 Mi3 Matd NI Matd
el B bl bl bl pp |
|> Lt | [ Showindes | [ShawrEticn] [ Ecit Bourcey |

[Edt Comdnae | | Acd Block | | Dol Biock | See |  Ext |

Figure 6.138 Block No 12 (Liner-2)
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(1)

Figure 6.139 Index numbers on front surface (Block No 13)
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Elock Editor
Tie I[-Il:-meshu-eTl.rnel
— Blogk N 13 [ Quad Bhock |
Marne | Liner-3 | Hids Bilack
Irte=polation Cocrdinate Spelem ICOORD)
# 1. Rectangula: 2 Spherical " 3 Cyplincrical

— Coordnate Modhization [MODE]
= 0 Donotwodly 1. Modbe coondnate usra node M10 2z cign

~ Irteapolstion Seheme [ILAG]
= 0. Seendply 1 Legrargian 2 Sulace Sechor Dafive Seclor

Felerence Mode Mumbes
|ﬁ'_ (W10 Qigin. Megative value means aic shaps over 180 degrees in sphere o cxlinder
0 1M11] Defiring cafindes awis MIDMI1 [ (W12 Diher cyinder asis MIDMIZ

— Matenial and Element Generation Paametes
MATHD WD KDY

[z |5 [2

WidMode Alpha  Alpha' WO Mall  ME2 Mal2  ME3 Wal3  Mid Matd
[Fem] [@ o O I O O O O
| List. | | Show Indes | | Skow F.E Mash | | Edt Bounday |

[ Eai Comanate | [ Aadblock | [ Delte biock | Save | | Est |

Figure 6.140 Block No 13 (Liner-3)
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&3] J

Figure 6.141 Index numbers on front surface (Block No 14)
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Block Editor
Titk | Horzeshos Tunnel
Black Mo 14 | Quad Blck |
Plame ||_'.-|,,p4 i Hide Block |
~ Irtenpolation Coordinate Sysher [|CODRDY)

* 1. Rectangular [ E Sphetical 3. Cylindical

Cooedinate Modlication [IMODE]
0 Donat modiy ™ 1, Modify cooedinate wing node M 10 az anign

— Imtepolation Scheme (ILAG] |
[0 Secancily 1. Lagiangisn 2 Suwiface Seclor
— Fielerance Mods Numbeis

] (109 Quiin. Megative walie meares anc shaps over 180 degrees in sphens o cilinda
] (1] Drafiving cylinder a=is M10M11 ||] [M12] Dthen cyfinder ai W12

Iaterial ard Element Generation P,

MATHNO WD N
[2 [5 £}
M Meds  Alphai  dipha’ MIT Matl  HE2 Mat2  BE3 Met3 Mg Matd
] B 1 com o o o O

FAE G ] [ showingse | [Show F.EMen| [ Eck Bourdsy |

[ ek Comnaie | [ sodbiek | | Dewie ok |  Save |  Eat |

Figure 6.142 Block No 14 (Liner-4)
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19. All blocks are listed as shown in Figure 6.143 by clicking List

button in the Block Editor dialog.
20. Click OK.

Existing Blocks = L=
— Block Information
Ewizting Blocks
Elock ik g ! Yizible Top-1
Elock No Z 1 Hexa Yiszible Zide-1
Elaock No 3 i Hexa Yiszible Side-2
Elock No 4 : Hexa Yiszible Botton-1
Elock No 5 1 Hexa Yiszible Top-2
Elock No & : Hexa Y¥izible 2ide-3
Elaock No 7 i Hexa Y¥iszible Zide-4
Elock No & : Hexa Y¥iszible Botton-2
Block Ho El Hexa Wisible Core-1
Block Ho 10 : Hexa Wisible Core-z
Block Ho 11 Quad Wisible Liner-1
Block Ho 1z Quad Wisible Liner-2
Block Ho 13 Quad Wisible Liner-3
Block Ho 14 & nad Wisible Liner-4
Selected Block
| Elock Mo 1 : Hexa Vizible Top-1
| ShowalBlocks | | HidealBlocks | | ok | | Cancel |

Figure 6.143 Listing of all of the blocks
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Step 6: Set Global Boundary
1. Select Model — Edit Global Boundary in Figure 6.144.

@ PLOTID

File [Model| Plot View Help
E|§ New *AS(AIN e T

Open

Edit Block

Edit Auto Mesh

Work Plane »

Figure 6.144 Edit global boundary menu

2. Set the boundary codes as shown in Figures 6.145 and 6.146.
3. Select Yes override block boundary.
4. Click Save and type in file name as EX4.

[ Global Quter Surface Boundary ]

Select DOF Type
’7(3' Skeletan  Pore Fluid © Rotation
— ¥ - Right ~Y-Top £ - Front
 None  None  None

" Free * Free " Free

" Fined " Fined " Fived

& Roler " Roller & Roller

© Other 7 Other 7 Other
— - Left ~ ' - Bottom ~ Z-Back

7 Mone 7 Mone " None

" Free " Fres  Fres

" Fined " Fined 7 Fived

& Roler & Roller & Roller

7 Other 7 Other 7 Other

Apply Global Outer Surface Boundary Description
’7(" No[® Yesoverridesblockboundam m

Figure 6.145 Global outer surface boundary (Skeleton)
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-
Ghobsl Outer Surface Boundary
~ Sl DOF Tope
™ Skelslon 1 Pows Fluad " Ralation |
¥ - Right - Top  Z-Funt
T Hone T Hone T Hore
" Fres & Fres T Free
™ Fiesd ™ Fresd ™ Fresd |
* Roler T Roles = Roles ‘
T Othest T Otk T Otk
-X-leh ———— Y -Bollom ——— - £-Back ——
 Hena T Hers " Hore
" Fres T Fres T Free
T Fsed T Fesed T Frassd
& Flcler & Ficler & Fioler
 Other T Othent T Ot
—mswnu-smam—l Diescriplion
[ © Nolﬂ' H’:smdtlbh:kbmnduyl | Save I3 |

Figure 6.146 Global outer surface boundary (Rotation)
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Step 7: View Selected Material

1. Select View — Mesh in PLOT-3D menu.

2. Select Only Selected One for Material Selection in Figure 6.147.
3. Click Number 3 in Available list.

4. Click OK.

Mesh Options

— Element Type ——— [ Material Selection ———  — ContinuumAJaint/Shell —
T o 00 Al Materials . Calor |
Al Except Selected One Available  Selsoted
¥ Beam ] 1.
" Drly Selected One 2
¥ Truss i] 03]
el Jon i — Element Selection ————— Click to pelect
P Al Elements
v Shel
2 18 Al Except Selected One
TotalNodes 155  Only Selected One
~ Material Color ———— [~ Selected Elements
* Sequential From To
" Repeating IU - IU
[ - |o

— Boundary Outline

Wi Frame

ID ID
& Finite Element Mesh IU - ID
ID ID

— Shaw Only On Clip Plane —

[~ Show Continuum data ID
only on clip plane

Figure 6.147 Mesh options
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5. Figure 6.148 shows selected block meshes with material number 3
which represents tunnel lining.

r
#§ PLOT3D

File Model Plot View Help

glaldeBaglsalaalsalolels 4+ [@@]@N 7T

Total Dimension
X - direction
Min 0

Max  36.000

¥ - direction
Min  -36.000
Max 36,000

Z - direction

in
Max  100.00

Horseshoe Tunnel

L.

Figure 6.148 Block meshes representing tunnel lining
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Step 8: Plot Finite Element Mesh

1. Click Show F. E. Mesh in Block Editor dialog.
2. Select Model —+ Work Plane — Isometric Y-axis in PLOT-3D menu.
3. Figure 6.149 shows finite element mesh.

- ~
@ POt | . [

File Model Plot View Help

zle|de@aolslalalalalal@me=[ 4] |@@[@|n]w]F]

Total Dimension
3 - direction

Min  -3.2584e-05
Mz 500,00

¥ - direction

Min  -500.00
Max 500,00

Z - direction

Min 0O
Max 100,00

e

© WEMAP WSMAPID WE X AMPLE WRIock_Mesh WEX4 WEX4_New Mes

Figure 6.149 Finite element mesh




Block Mesh Example 6-113

4. Follow the same procedure to view selected material as in Step 6.
5. Figure 6.150 shows finite element mesh with material number 3
which represents tunnel lining.

. N
@ PLOTD (= D e

File Model Plot View Help

zle|@e@osalalalalalmel[ 14 @0@| N 7T

Tatal Dimension
X - direction
Min 0

Max 26,000

¥ - direction
Min  -36.000
Max 36,000

Z - direction

in
Max  100.00

L.

C: WSIMAP WSMAPIDYWEAMPLE WRIock_Mesh WEX4 WEXY_New Mes

Figure 6.150 Finite element mesh representing tunnel lining
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6.5 Space Truss

This example illustrates how to build directly finite element meshes for
the space truss as schematically shown in Figure 6.151.

This example involves following nine main steps:
Access finite element mesh generator

Set work plane

Build cube entity

Add work plane

Build truss elements

Edit mesh title

Plot node and element numbers

Edit boundary codes

Plot skeleton boundary codes

WOoNOU A~ WM

Figure 6.151 Space truss consisting of four elements
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Step 1: Access Finite Element Mesh Generator
Access Finite Element Mesh Generator by selecting the following menu
items in SMAP as in Figure 6.152:

Plot -+ Mesh — F. E. Mesh — New

@ svar 3D [E=EE )
Run Setup  Exit

Mesh » F. E. Mesh » New
Result Bleck Mesh 3 Open

Group Mesh 3

Figure 6.152 Access finite element mesh generator

Step 2: Set Work Plane
1. Select Work Plane No 4 and set parameters as shown in Fig. 6.153.
2. Click Update button.

Waork Plane Editor =S,

| Work Plane Mo 4
_—
Name I Work Plane for Space Truss

- Reset Initial Global Coordinate Layout
o 2 l—» % Y
T—» x z d—f z - ‘J\ -

CoNore € Front 1 Side € Plan

Feset Base Work Flane Local Coordinate
’7(' Mone € [xyl € [z G'[z,x]‘ " Manual | Specwfy|

i~ Translate / Rotate Work Flane

X ¥ &
Translate |El. |U_ |El. Draw
N
Rotate: Deg. |g_ |U_ |D. Ur?;n
Rotate: Order |1 2 3 ;I

r Grid Dimengions and Divisions
NDx MOy W Wy

I List I I Hide Plane I I Description I IDpt\nnI

IUpdate” Entity I I Add Plane I I Delete Plane I I E xit I

Figure 6.153 Work plane editor
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3. Figure 6.154 shows work plane with Isometric Y-axis.

.— 3
@ roTID [E=TE= )

File Model Plot View Help

Zla|deBnglsalalalalalme» 1] @e@|N]w]F]

Total Dimension

¥ - direction
Min 0
Max 0

¥ - direction
Min 0
Max 0

Z - direction

Work Plane 4
1.0000

D!

oy 1.0000
o O

Yo a

Zo s}

A

Smmap Initial Start Mesh

Figure 6.154 Work plane with Isometric Y-axis




Block Mesh Example 6-117

Step 3: Build Cube Entity
1. Click Entity in Figure 6.153.
2. Click Add in Entity Editor dialog in Figure 6.155.

Entities on Work Plane 4 ==

— Entity Murmber 1 [Line Entity )

Hame |Line Segment

— Line Thickness Line Type ~ Line Yisibility
@ Thin © Thick ’7 @ Solid € Dash © Show ™ Hide

~ Line Calar — Reference Coondinate

" Green & Blue ¢ Red ¢ Grey © Black & Local © Global

[J I Gs ] [ show eniiyNo | [ Reset ToGlobal |

[Update| | Edit | | add || Delete | | Exit |

Figure 6.155 Entity editor

3. Select Cube in Entity Type Selection dialog in Figure 6.156.
4. Click OK.

Add Entity 3

— Select Entity Type
" Line = Arc
* Cube i~ Ellipzoid
 Cylinder
" Copy Existing Entity

Entity Mo : |-|

Ok I Cancel I

Figure 6.156 Entity type selection
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Entity 3 on Wark Flase a4

1. Galek Heference 3 Endey Qg
SN
-iﬂ
2 Galect Mettod =
St | [ —
& ety I~ HewCumvng
4 Erdai Divamirara
¥ T E
[r L= [B
il (=
Eb i= !l-_

Bl 3wz, L Lis sbe boaed b beciod 1

Fish | _Carce |

Local eoosnatet depared on curerd sl plars.
Lk Frith baien enc sou k] an erlly,

e ——

Figure 6.157 Cube entity

5. Set geometric parameters of cube entity as shown in Figure 6.157.
6. Click Draw Cube Entity.
7. Click Finish.

8. Set parameters of cube entity as shown in Figure 6.158.
9. Click Reset To Global and then click Exit.

Entities on Work Plane 4 ==

Entity Mumber 3 [Cube Entity |

Mame I Cube Entity for Space Truss

Line Calor

Line Thickness Line Type Line Visibility
’7 @ Thin © Thick ’75" Solid ¢ Dash  Show  Hide

Reference Coordinate
€ Green © Blue © Red[ Grey] O Black { c Lm|
I List I I Show Entity No I I Reset To Global I
| [ 4dd || Delete | | Exit |

[upsete] [ Eat

Figure 6.158 Entity editor
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10. Figure 6.159 shows cube entity on drawing board.

'g PLOT 3D =] B ) |

File Model Plot View Help

zlaldEBmels@lalalalalonle|s[ 1]y o0aN|7] T

Total Dimension

¥ - direction
Min D
Max 0O

¥ - direction
Min 0
Max O

2 - direction

Wiork Plane 4
D' 1.0000
Oy 1.0000
X0 o
Yoo 0

u]

A

Smap Initial Start Mesh

Figure 6.159 Cube entity on drawing board
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Step 4: Add Work Plane

At Step 2, we set Work Plane No 4 which represents bottom surface.
At Step 3, we built cube entity on this Work Plane No 4.

Here, we want to add new Work Plane No 5 in the following way:
« Copy Work Plane No 4 along with cube entity on it.

» Add this copied one as new Work Plane No 5.

« Modify such that it represents top surface.

Once we have this new Work Plane No 5, it will be much easier to build
blocks since top and bottom surfaces of work planes can be accessed
simply by one click of Back or Next button on Coordinates on Work
Plane dialog in Figure 6.160.

Perform the following four steps:

1. Select Work Plane No 4 in Work Plane Editor dialog in Figure 6.153
2. Click Add Plane button in Figure 6.153

3. Modify Name and Translation as in Figure 6.161

4. Click Update in Figure 6.161

Coordinates on Work Plane 5

— |ndex Mumber 1 Drawing Mode —

W= | 3.7500e+0Z2 € Single Point
y'=| 1.0000e+02 & Comtinuous

= | 0.0000e+00

Infa | Finish |

— Click Paint Snap
" HalfGrid " FullGrid ¢ Tenth Grid
& Ert Point © Ent Face { Block Mode

Select Work Flane |

Figure 6.160 Coordinates on work plane
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-
Waork Plane Editar

— Work Plane Mo &

Marne ||F'Iane[><:Y] Top Suface |

— Reset [nitial Global Coordinate Layout
¥ ¥ rp W ¥
T—- X z .._T z . /k o

@ Mone © Front  Side = Plan  sometic

— Reset Baze Work Plane Local Coondinate

® Mone O [wyl O [zy s Manual

— Tranzlate / Rotate Wwork Plane

¥ v 2
Translate In_ |E|_ Diraw
M
Rotate: Deg. ||j_ |E|_ |D. Drliagbivn
Ratate: Order I‘I 2 3 LI

— Grid Dimengions and Divizgions
RLE] MO MOy W Wiy
[i 3 5 3 3

I List || Hide Plane || Description | IDptionl

IUpdate” Entity | I Add Plane | I Delete Plane | I E it |

Figure 6.161 Work Plane No 5 representing top surface
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Step 5: Build Truss Elements

Build Element 1
1. Click Edit Element toolbar in Figure 6.162.

@ PLOT 3D
File Model Plot Wiew Help

z|a|"elEnolsalalalala

Figure 6.162 Edit element toolbar

Draw Index Numbers For Element 1
2. Select Line for element type in Figure 6.163.
3. Click OK.

Build Mew Element 1

 Select Element Type
@ Line O Triangle ¢ Quad ¢ Prism ¢ Hexa

" Copy Element Mo |1

i Element Index Humber

p
Iine @ I

K Reference Node

Ok Cancel

Figure 6.163 Element type selection
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4. Type in 1 for MatNo and 1 for truss element as in Figure 6.164.
5. Click Draw Index Number.

Build New Element 1

r Show work Plane 1. Enter Index Mumber —
I Show Work Plane before drawing index number. I |1
i~ Element Index Number ———————————————————— [~ 2 Select Reference —

I Local I

3. Select Method
& Mouse Pickup

=0

It .-' ® 1 © Enters.y. 2

4 Enter Coordinate——
K Reference Node

W= |0.
y=|0.
Mathla |1— Truss [1 2=[o

Enter index number 0 to redraw the element.

™ Shift Element
Local coordinates depend on current work plane.

Repeat Step 1 thiough 5 for each index number D e
Click Finish button once you finished all index numbers.
Finish Cancel I

Figure 6.164 Line element

6. Select Full Grid for Click Point Snap as in Figure 6.165.

Coordinates on Work Plane 5

 Index Mumber 1 ——— Drawing Mode —

-6.0000e+00 " Single Point
y'=| 5.5000e+00 & Cortinuous

2= | 0.0000e+00

Info | Finish |

— Click Paint Snap

© Half Grid | Full Gid | ¢ Terth Grid

" Ent. Paint ¢ Ert Face  Mode

Select Work Plane ..

e ——

Figure 6.165 Coordinates on work plane
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7. Select Work Plane No 5 for top surface using Back / Next button in
Figure 6.165.
8. Click the point for index number 1 as in Figure 6.166.

Figure 6.166 Index number 1 for Element 1
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9. Select Work Plane No 4 for bottom surface using Back / Next
button in Figure 6.165.

10. Click the points for index numbers 2 and 3 as in Figure 6.167.

11. Click Finish in Figure 6.165 and then click Finish in Figure 6.164.

Figure 6.167 Index numbers 2 and 3 for Element 1
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Build Element 2

12. Select Model — Edit Element in Figure 6.168.

@ PLOT 3D

File [Model | Plot View Help
=& Mew 1
| Open

Edit Node

Edit Title

Waork Plane 3

Figure 6.168 Edit element menu

13. Popup menu in Figure 6.169 is displayed by Shift + Right click.
14. Click Add menu.

Element Mode
Edit
Copy

Hide
Delete
Exit

Figure 6.169 Popup menu for edit element
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Draw Index Numbers For Element 2

15. Repeat steps 2 through 11 for Element 2 with MatNo = 2.
16. Figure 6.170 shows index numbers for Element 2.

Figure 6.170 Index numbers for Element 2
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Build Element 3

17. Get Popup menu in Figure 6.169 by Shift + Right click.
18. Click Add menu.

Draw Index Numbers For Element 3

19. Repeat steps 2 through 11 for Element 3 with MatNo = 3.
20. Figure 6.171 shows index numbers for Element 3.

Figure 6.171 Index numbers for Element 3
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Build Element 4

21. Get Popup menu in Figure 6.169 by Shift + Right click.
22. Click Add menu.

Draw Index Numbers For Element 4

23. Repeat steps 2 through 11 for Element 4 with MatNo = 4.
24. Figure 6.172 shows index numbers for Element 4.

Figure 6.172 Index numbers for Element 4
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Step 6: Edit Mesh Title

1. Select Model — Edit Title in Figure 6.168.

2. Type in new title in Mesh Title Editor dialog in Figure 6.173.
3. Click OK.

Mesh Title =Ll

Title
’7 I Space Truss

QK. Cancel

Figure 6.173 Mesh title editor

4. Click Save toolbar in Figure 6.174 and type file name as EX5.

8
# PLOT 3D
File Model Plot View

zla[@eEms

Figure 6.174 Save file toolbar
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Step 7: Plot Node and Element Numbers
1. Click Show Numbers toolbar in Figure 6.175.

@@ rLOT3D
File Model Plot View Help

glaldeBaasalalalaaloels 14 @@ @n]v|w]

Figure 6.175 Show numbers toolbar

3. Click Next Numbers toolbar three times in Figure 6.176.

# PLOT3D
File Model Plot View Help l
Z8||lelamolslalaalalalonles[ i @e(en][z]5]

Next Numbers

Figure 6.176 Next numbers toolbar

4. Fig 6.177 shows finite element mesh with node & element numbers.

Figure 6.177 Node & element numbers
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Step 8: Edit Boundary Codes
1. Select Model — Edit Node in Figure 6.178.

# PLOT 3D
File [Model | Plot View Help
£ New 3 Q
Open
Edit Element
Edit Title
Work Plane »

Figure 6.178 Edit node menu

2. Popup menu in Figure 6.179 is displayed by Shift + Right click.
3. Click Boundary menu.

Node Mode
Edit

Add

Delete

Exit

Figure 6.179 Popup menu for edit node

4. Set the boundary codes for Node 1 as shown in Figure 6.180.
5. Click Update button.

Boundary Code | =

Boundary Codes for Node No 1

Skeleton DOF Pore Fluid DOF Rotational DOF
Node No 15X ISY 152 IF= IFY  IF2 IRX IRY IRZ2

(R I N I ST N S A K
Mate: Free to move in specified direction for DOF = 0, Fixed for DOF =1
Defaul codes 15%=I5=I52=0 IFX=IFr=IFZ=1 IRX=IRY=IRZ=1

Once modified, click Update: Update oK Cancel

Figure 6.180 Boundary codes for Node 1
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6. Set the boundary codes for Node 2 as shown in Figure 6.181.
7. Click Update button.

Boundary Code ] e

Boundary Codes for Mode Mo 2

Skeleton DOF Pore Fluid DOF Fotational DOF
HodeMo 15%  ISY 152 IRXIFY IFZ IR IRY IRZ

|EI N I N |

Mote: Free to move in specified direction for DOF = 0, Fised for DOF =1
Default codes 1S2=l5Y=15Z=0 IFx=IFr=IFZ=1 |R==IRv=IRZ=1

Once modified. click Update: Update Ok Cancel I

Figure 6.181 Boundary codes for Node 2

8. Repeat steps 6 and 7 for Nodes 3, 4, 5 and 6.
9. Click OK button.

10. Click Save toolbar in Figure 6.174.
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Step 9: Plot Skeleton Boundary Codes

1. Click Show Numbers toolbar in Figure 6.175.

2. Click Next Numbers toolbar in Figure 6.176 until skeleton boundary.
3. Figure 6.182 shows skeleton boundary codes for the space truss.

Figure 6.182 Skeleton boundary codes for space truss
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