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o HAFE: HE MIHE Z2X[X|

o M FF: 7= (Structural)

°
OF
=
X

M §d: 2D 2D Inplane)

New Model
File name Tunnel
Working folder
(ORecent C:¥UsersWOEMWDocumentsWLUSAS 230 WProjects
O uUserdefined  C:¥UsersWOEMWDocuments WLUSAS230WProjects Set...
Model properties
Analysis type Structural « Model units N,mkg,s,C v
Analysis category 2D Inplane ~ Timescale units Seconds v
Optional
Startup template  None v ... Layoutgrid None v
Title
Job number

2. ¥
Geometry> Point> By Coords...

9|9 B2 AR (0-4150) KO ZAEE MABLICE

BE MIHE sy



BE MIHE sy

Enter Coordinates

Grid style
& 3 columns
X Y 74
1 0.0 -4.15 0.0
Local coordinate
Global coordinates v

MEdStD 758 7|52 2 56.83 & THF 3| 35H0] Sweep BfLICEH
Sweep
O Translate @ Rotate (O Mirror (screen)
O scale (O Mirror (advanced)
Angle About axis Origin of axis
X Y
56.83 Oxaxs 4, 0.0 0.0
_ O y-axis
(+ve angles .
anti-dockwise o Z-axl's
about the axis) (O Spedified
Sweep type
OmMinorarc  (OMajorarc (O Straight
Order of geometry to create
OLine Surface Volume

Set as active local coordinate

(o) onen

Help

Transformations generated from memory selection

No transformations generated

Cancel

Save

Use

: (new)




MHE A5 S MO Z 56842 & THE 6 H EAbEHL|CE

N
X

(O Translate @ Rotate O Mirror (screen) (O Matrix Y
(O scale (O compound (O Mirror (advanced)
Angle About axis Origin of axis
) X ) 74 X
56.83 Ox-ais 0.0 0.0 0.0
——  OvY-axis
(+ve angles :
et : © z-axis
about the axis) (O Specified
Number of copies 6 <

Transformations generated from memory selection

No transformations generated Use

Orx[ 2oz WG E line I, Line S0 ?IX|St Point &= F7H B4R LI CH

FPoint & 7| 222

>
02
Ot
e
.
S
@D
mjo
mx
m
rot

Geometry> Line> by Splitting > At a point... HF& A

z&ota, =& X2l Line & AMRLCE

Line Splitting at Points X

Use in dependent surfaces
(8 Delete original geometry after splitting
(C) Create combined line from spiit lines

OK Cancel Help
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A RES MEiste] 7% 7|=2 2 -151.579 & 2HE 3|H™35H0] O 5 A|Z L C.

— "1

Move

OTranslate  ©Rotate O Mirror (screen) (O Matrix
(O Scale (O compound (O Mirror (advanced)

Angle About axis Origin of axis
) X Y z
sise OXass g4 0.0 0.0
O v-axis

(+ve angles i
anﬁe - O z-axis
about the axis) O Specified

Transformations generated from memory selection

No transformations generated Use

Namel v| = (new)
E] Cancel Save Help
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line & B 7|ZHS ML (415,0,0), (-4.15,0,0), (0, 415, 0), (0, =415, 0) YIX|0| Zel=Z

Enter Coordinates X

Grid style

@ 3 columns
X Y 74

1 415 0 0

2 4.15 0 0

3 0 415 0

4 0 -4.15 0 3

Local coordinate

Global coordinates v

Set as active local coordinate

OK Cancel Help

MIHE S MAHE [0 YIXIT Point & 7|E22 S HCL

otZfet 0] 2= MIAHEO sHEdt= Line 2t ?{0f fIX|Tt Point & ME{EILICH. Geometry> Line> By

Splitting> At a point... 0| =5 MESLIC} ‘Delete original geometry after splitting’ =42

HATLICH LHOX] MOAHEE SYSIA £ gLCt

Line Splitting at Points X

Use in dependent surfaces
8 Delete original geometry after splitting
[C) Create combined line from split lines

oK Cancel Help

BE MIHE sy



MIBE 182 HoBtLth MA RUS BE Mejg 2, ad2{o 18 ol0|28 =3 1802

s
X|IHBHLICH IS B S Segments 2 HOIHLICH

Group X
Definition
© selected items
O visible items
(O Empty group

Name

Segments|

x|ut ©

— d

i
[
Hn
mjo
2
1o
Qt
s

SfLICt oref 2 FOM EAIE line & =T

= 1=

ot
|
iz
|0
Hu
Ral
ox
o
-
fim}
[

It
0F
rlo

Ground Pressure — Top S & gHL|Ct.

=

Group X
Definition
© selected items
O visible items
O Empty group

Name

Ground Pressure - Top|

E Cancel Help
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otz JZo|M EAIE line =

(e]
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=

St
=1

LT

otzf ZoIM EAIE line &

olgdsth

=1

|Ct.

G

B MOIHE sfM

ME#ot 2 OFo= X[FLLLCHL 1EH2 Ground Pressure — Left £
Group
Definition
O selected items
O visble items
O Empty group
Name
Ground Pressure - Left
OK Cancel Help
MEISH 5, A2 K™ UL A&H2 Ground Pressure — Right £
roup
Definition
© selected items
O visble items
(O Empty group
Name
Ground Pressure - Right
oK Cancel Help



3. QA0 Mo| ol ML

31.A4IHE
Attributes> Mesh> Line...
MNIAHE 245 HolstL|Ct 2|9 H50M Thick Beam 2 MENSI T, Quadratic & MEHSHL| T}

HO|st Line mesh & & 2%tL|Ct.

Line Mesh x

Analysis category
{ 2D Inplane

Structural

() Use default spacing
Element type
ik heam - O Mumber of divisions
Interpolation order
Quadratic ~ a
| Spadng...
© Element length
() Element name EMI3 0.1
End conditions...
MName |Sements v| : (new)
oK Cancel Apply Help
S o g =
2o A H 2[5t Segments Cl|O|EH A S O3] Line AIZE | Joint & Z&SH= line mesh &

GolgiL ot oM E 22850 FolE £42 +EL UL End conditions & 22|gLIC} ‘Line
Mesh End Conditions’ Ll 2}%0f A Start of line OF2f Include joint Off X351, End of line 2| Same
as line start S42| M3 E siHeL|Ct HO[E A HE ‘Segments_End Condition’2 =7d5t1 OK

=g FEUC,

[

BE MIHE sy



Line Mesh

Analysis category
2D Inplane

Structural

O Element description
Element type

Thick beam
Interpolation order

Quadratic

() Element name BMI3

() Use default spacing

() Mumber of divisions

Spadng...

© Element length

0.1

Name|| Segments_End Conditions

OK. Cancel

Otz Line & 25 &St 2{0|A F2let Line mesh

BE MIHE sy

Apply

{new)

Help

Line Mesh End Conditions

End releases  Rigid zone

Start of line

Released
Yes MNo Partial fixity Yes Mo Partial fixity
Dix L0 Dx O © O 0o
Dy 1.0 oy O © O oo
Dz 1.0 Dz 0.0
THx Lo THx 0.0
THy 1.0 THy 0.0
THz 1.0 Hz O © O
Pinned Fixed Pinned

Partial fixity specified by
Fixity factor (n) basedon  Line length 0.0
Spring stiffness {k)

CK Cancel Help

£ HEYLIC.
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C A2MOe MHo|s (el ¥e] L2 AISHS o=x0| Ooleds ‘ 1 H ’
MOHE BH £45 Folg ot fo Hws 2dstd, 252 YHF0M ‘Parametric Sections’,
' . P = = S Ad _ _ o olgsl S
Regular Sections’, ‘New..'S MEHSFL|CE FHAZIA CHH Q-0 D=1, B=03 & Y&t =
SIOHES =
Geometric Line x|
Analysis category 2D Inplane
Definition
© From library [ calculator Parametric Sections ~
O Enter propertes Rectangular Sections ~
() Optimisable
Mew... 5
Rotation about e Mirrored " o
centroid aboutaxis ONE
100%
Rectangular Sections X
Type Rectangular Solid ~
Dimensional dats Calculated properties
@ D 1 * ¥ A 0.3
1
B 03 I Doc 0,025
= 1 —_—
eyorigin | Centroid - _JI_ R _.X D Iyy 2.25E-3
Value :
Cross sectional area (A) 00 Loy 0.0
Second moment of area about z axis (lzz) 0.0
Effective shear area in y direction (Asy) an ] 7.20004E-3
Eccentricity in y direction [sy) 0.0 B —
Asy 0.250008
Asx  0.25009
Visualise. .. Section details. .. Section details. ..
Name |LGeol v| F (new) Name |Segment vl o (new)
OK Cancel Apply Help QK Cancel Apply Help
BHE MIHE ofY



Geometric Line CH2IE 0| M Rotation about centroid &3S 90 =2 HO|gL|C} HO|HA HE

X8t gelE orE L

Geometric Line b4
Analysis category 2D Inplane
Definition
© From lbrary { caleulator Parametric Sections v
O gnter properties Rectangular Sections ~
() Optimisable
1:Segment (RSS D=1B=0.3) ~
ion about 0w Mirrored e 7
centroid about axis oN®
100%
¥ 1
I =z
3 S4,
eyorigin  Centroid
Value
Cross sectional area (A) 03
Second moment of area about z axis (lzz) 2.25E-3
Effective shear area in y direction (Asy) 0.25009
Eccentricity in y direction (gy) 0.0
Visualise. .. Section details. ..
Mame |Segment v @
oK Cancel Apply Help

MNOAHEO SiHStE Line 2 25 MEASD, 40 H2[Bt Segment 7|SHEH S HE2L T

fssntoponts @ Assgn tolines
Assign to surfaces Assign to volumes

Analysis Analysis 1 -

BE MIHE sy



5. MEEH ™o

514322 E

XL HE

=

Attributes> Material> Material Library...

?lel HwE

e

Material Library

Material type Concrete

YUHSIO = L.

A3WStT, Material type 0l A| Concrete & MEHSIL|CE =7t 8 X|Y, EFE S22 of2iet
Z0[ FoI5t1, H|O|E A H2 Concrete 2 H2|SLICt Material library CH4! Attributes> Material >

Isotropic.. 0|M 2SS

Country China et
Standard GB 50010-2010 M
Grade C60 v
Properties

Young's modulus 36.0E9

Poisson’s ratio 0.2

Density 25E3

Thermal expansion 10.0E-6

Name |Concrehe vl > (new)
Cancel Apply Help

MAHEO sHE3tE line & 25 MBS, AN IS Concrete 2 EHS HELHCH

Material Assignment

Assign to points 18 Assign to lines

Assign to surfaces Assign to volumes

O All analysis loadcases
Analysis 1 v
(O From loadcase (nonlinear and transient analysis)
Analysis 1

1:Loadcase 1
Set as active loadcase

OK Cancel

BE MIHE sy



52 HMaHE HZ Fo/E

Attributes> Material> Joint...

Q9| O w&E &Sk, LIEFL CHRFE O A ‘Spring Stiffness Only’ S48 MEiGIL|CH WAE HES
210 M2 LiEtH CH2HE 0| A Assignment to &=0] ‘Points and line ends’ £, Joint type 0 Joint

for beams'S MEYSIL|CE Spring stiffness €150 Of2i ot 20| Ho|stL| Lt

Joint Material X Spring Stiffness Only ¥

Analysis category 2D Inplane

pring Stiffness Only

oF = - Assignment to  Paints and line ends ~
eneral Properties

() Elasto-Plastic (Tension and Compression Equal) Joint type  Joint for beams v

() Elasto-Plastic (Tension and Compression Linequal)
() smooth Contact
() Frictional Contact & = e

() Viscous Damper - Kelvin u
() Viscous Damper - Four Parameter Solid Elastic spring stifness| _ 10e11

¥
10e11 9e7

(O) Lead Rubber Bearing

() Frictional Pendulum System

() Trilinear Earth Pressure

() Piecewise Linear, Elastic

(O Piecewise Linear, Elastic (Axial Force Dependent)
O Piecewise Linear, Hysteretic

() Plastic Hinge

() Nonlinear User

(C) Matrix Properties

Mame | Joint | o (new)

< Back Mext > Finish Cancel Apply Help < Back ST Finish Cancel Apply Help

Ch=el M 7F e E JENOIM Z|Z0| Felgt Joint ZE-E HIOIHAS HEgLICh

=~

[ =

Joint Material Assignment

Assign to points
8 Assign to lines
(O Both ends Oire end

© Al analysis loadcases
Analysis 1 ~

(O From loadcase (nonlinear and transient analysis)
Analysis 2

&:Loadcase from Basic Combination 1 ()
Set as active loadcase

oK Cancel Help

HE A2
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O
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6. 34 = 82| A HE

Attributes> Support...

Aol MOEO %E3= X[ S5 FAGLCH X AZY2 SF0= Mot AFoll=

MSHR| HE U ?12 HwE st ST A= X 2 Y 0|A Spring & 1= fLICt. 32.6e6 1t

1e12 S Z}Zt Y= SLICL Spring Stiffness Distribution 2 Stiffness/unit length £ MEISHL|C}

SIEHO| Lift off S S 28| CH X = 250 Lift-off & MEESID, Fore in X direction Of -

-0 (il
LSLICE ZtES S Wate 2 1 B 2 22 ZoW NFSHX| R s 2-ELCt

[=] o — [=] _ — o = 10O

Structural Supports b 4

Analysis category 2D Inplane

Free Fixed Spring Lift-off
Spring stiffness

x| O O
Translation in |0 %)

Fa

X
Rotation about ¥

z O @) @]
Hinge rotation

Torsional warping

Closed Seepage Drainage Open Pressure

Pore pressure o @) = (@] I

Spring stiffness distribution Lift-off control
() stiffness Force in X direction -1
I © stiffness/unit length I
() Stiffness/unit area
Behaviour after lift-off
No lift-off <<

O Release restraint in lift-off direction only

Contact >> (O Release all restraints

Mon-eflective >>

Name | Lift-off Support | = (new)

[a]8 Cancel Apply Help

MIAHES FAZHES HELLILE T Line & MEISIL, ‘Lift-off Support’ HIOIE{AS H&gtL|Ct.

vEx LUSAS View: Tunnel_rev01.mdi Window 1 x

ups @attri... (R Analys.. o Utities [FReports | [T =X 50 =T =0 =0 20 B 00 0 20 30 =0 B0 0 70 £ ) 00

=43 Tumnel_revoLmdl

B3 Atributes ©)

B/ vesh () <
B Line (2)

50

20

& 1 lsnl(UHgvaded | Conarete)
=3 Joints 1
&2

-3 Supports
&

0

B

20




7. 2% HEA ¥l 4 H8
Attributes> Local Coordinate...

99| o7& Z&5t1 Local Coordinate CHSE 0 A Cylindrical 42 eI & ZEAE

FolgULh S HHESRL 7|F0| Hle 2 £7|¢E AUE AL

Local Coordinate x
Coordinates type
(T Cartesian () Spherical () surface
O Rotate Scale () Matrix
Cylinder axis Angle Crigin
(O ¥-axis 0.0 ¥ 0.0
(O Y-axis _
0.0
o Z-axis ¥
() General Z 0.0
Local coordinate generated from selection
Mo Local coordinate atiributes created from selection Use
Mame |Cylindrical w| o (new)
oK Cancel Apply Help

i 2RO 22 ZrAE HEYLICHL TM R2S MEStL, oM Flpt Cylindrical ZHEAS

HEg L.

Attributes v B X[ LUSAS View: Tunnel_rev0l.mdl Window 1

Grovers orouns @yt Eanaiys.. o Utities Erepors | [RI0 80 70— B A0 40 0 =0 o o0 m AR R N (T T IO SO 1)

0.

&4 Tunnel_revo1md
Atrbutes (7)
Cavesh @
() Geometric (1)
1 vaterial @)
2 Supports (1)
(=3 Local coordinate (1)

3 Cyiincrical (1)
& Set Active
s Edt.
By Copy
Paste

Rename
Delete
Edit Assignments.
Select Assignments
Deselect Assignments
Visualse Assignments
Visible
Invisible
Setas Only Visible:
Advanced Visibilty.
Results Plots >
~ Show Definition
oo R

Deassign >

A | speafy.

BHE MIHE ofY



8. otF 82| A HE
MIBE X8t otF5S HolPL It MAMEE M2 THE M 7H1] R¥2| 8158 242 B 2oz

7hg et et

8.1.X=

Attributes> Loading...

2| tlwE AL LCL Fx5HE H2| 20 ‘Body force/ viscous support’ , ‘Body force'S

Meygruct.

=l

Structural Loading > Body Force

Analysis catzgory 2D Inplane

Load type
() Point loads ) Strain and stress (& eoement Relodityy
G Value
- i Bedy force, viscous j iop o
() Distributed loads () Prestressing tendons [+] e = =
) QUIar VGlocty boLT £ &S
() Temperature () Discrete loads e wbot Tos

Body force, viscous support loading

() Viscous support loading

o 7] ewy
< Back Next > Cancel Apply Help

< Back Mext > Einish Cancel Apply Help

M Z2ES dEs D Folot AtE HIO|E A S HEELC

BE MIHE sy



Treeview> Analyses B 0|Af Loadcasel & O~ = S8/510] 0|52 Body force 2 HARLIL}

[Eltayers [Slcroups g Attribu... (2 Analyses &~ Utilities 5 Reports

=44 Tunnel.mdl
429 structural analyses
=% Analysis 1
£1-|__] Geometric
o @
W Mode! properties v Set Active
Edit...
Leoadcases to Solve..,
Copy
ﬁ Paste
I Rename I
Delete
MNew >
Deassign >
Controls ¥
Gravity

=
>
o
Of
ofM
mjo
bl
fe)

olzdst | Ct
Variation x General Field Variation »
| Funcion 2235 |
() Line Variation 10 Global coordinates
() Surface Function Variation () Local coordinates assigned to geometry

R i (transformed freedom assignments)

(O Surface Grid Variat (0 specified local coordinates
urrace Gri ‘araton

1:Cylindrical
() Profile Variation
() Prior Results-Based Variation
Function limits...
Name |Internal water pressure w : (new)

< Back Next > Finish Cancel Apply Help < Back Mext > Finish Cancel Apply Help

HE A2

re
|m
O
1z

| HCE L2 MOHE F0lef MY 2A0 ez, HA B-E FolgtL|tt



Attributes> Loading... Ol ‘F S &3l $tL|Ct. Distributed loads, Local distributed S M EHSHLICE 2{0f|Af
FOIgt Variation 2 0| 83t0]| t52 oY LICH S22 9810N/m 240l Y & IX[0f 2} 24.85-

S
y S &oiA ZHolof met M¥ez AHX| =

—

f+=20] 85 gLich

Structural Loading X | Local Distributed

X |

i Analysis category 2D Inplane
) Paint loads (C) Strain and stress Og‘i‘aﬂﬂin ety i
O Distributed loads COFrestressing tendans. O 5°0Y f‘;'l‘;;'d'l‘rizm“s Oline O hrea
() Temperature () Discrete loads
[ Value
Ix Direction
y Direction -9.81E3"Intemal water pressure
Distributed loads

() Global distributed () Discrete patch Units Converter and Variation Utility X |
(O)Face () Beam projected loading (wind) - Unit converter
O Local distributed () Water pressure distribution st
(O Internal beam distributed 9.81e3 Nfm ~

To model units

9.81E3 Nim

. Variaton
49.81E3 I x  l:Internal water pressure I
Mame |Dst2
oK Cancel Help
< Back Next = Finish Cancel Apply Help - < Back Next = Finish Cancel Apply Help
[c]K=X EHS A0S S Skl=
A 22 HESHD, =22 HEELILE 518 H&Al Loadcase 2 Internal Water Pressure 2

Loading Assignment

Assign to points Assign to surfaces
18 Assign to lines Assign to volumes

O Allloadcases Analysis | Analysis 1 v
Osrimion sk [imeraviom remre ]

More >> 8 Setloadcase active

oK Cancel Help ‘

BE MIHE sy



8.3 X[8t 22 o} F

5t& 452 95400N/m € L|Ct.

285t 515 Y| & 0| A Distributed loads/ Discrete patch S

=
ko) EOo L= o . X=) S — S
MEHSILICH Next HHES F+ELICH Patch type & ‘Straight'S MEiSILCE K iR 0F & B 40
E=RNe} 5 o S
PR (-550)1F (5,50)2 EEH5tL, 5H&2 -95400 22 YHELC.
Structural Loading x Patch X
e Analysis category 2D Inplane
() Point loads () Strain and stress =) gﬂ;ﬁ@::t' jsladte Patch type
e (J)8nodepatch  ()4node patch () Multi-patch O curve () Multi-straight
Oprestressing tendons O et loading Load direction Projection vector Patch load divisions
O Temperature O Discrete loads Ox z 8 Project in load direction 18 Use default
Oy X¥Z global Project for prestress Number of divisions inx 10
8::32 * X component 0.0 Mumber of divisionsiny 10
atch y

Distributed loads
Surface narmal ¥ compenent 1.0

XYZ transformable

10 Discrete patch

() Beam projected loading (wind)

() Global distributed
Zcomponent 0.0

(O Face
(O Local distributed () Water pressure distribution |i X Y Z Load
O Internal beam distributed Il g g g jm
| |
| 2 e
< Back Next > Finish Cancel Apply Help ‘ < Back Next > Cancel Apply Help
: = & St
Attributes> Search Area... Ol w5 2&5t0 Search Area & 2| L|Ct.
Search Area
Name |Ground Pressure v| = (new)

Apply Help

Treeview> Group 0| A ‘Ground Pressure-Top'0f| 5 =5t= K|S MESE D 20| H2|Bt Search

Area & ME¢tL|C}

BE MIHE sy



o SRR | UUSAS View Tonneimal Window 1 X
Bvers Horouns ot @ anayses fvtities resorts PR TS PO SRS ST I TP WSS T NI | NS SV NS SRS T NI SIS LNV )
& T

<

Alustie  Models fully visble

Avalabie resuts  Noresults fes are loaded

O show visbiity feedbackin treeview (sow fo large models)

Patch 515 H&2 fl¢t Point £ F2lgtLICt. (0,0,0) ®IXI0 Point & F2lgfLCt.
|zt Point & MEHSE D Patch S5 S M EEL L) 5t5 H& CH2tf 0| M Search Area & Ground
Pressure-Top = MEi5t1, Project onto line (2D line beams and frames S ME{SEL|C} Loadcase

O] &2 Patch Loading 22 Fo|gtL|C}.

I 95 4E3 N l

95.4E3 N 95.4E3 N
'0.01958 N
95 4E3 N _A#9 676E-3 Nm 95 4E3 N
5.374E-3 N.m,
Discrete Loading Assignment 5
g Assig
I O Praject onta line (2D line beams and frames) I
(OProject over area (grilages, shells, and 30 space frames)
O Praject into volume (solids)
| Searcharea 3:Ground Pressure M |
Options for loads outside search area | Exclude All Load v
Moments to indude Al v
Transformations | Specify...
Loadcase
Analysis | Analysis 1 ~
e
Set as active loadcase
Load factor 1.0
OK Cancel Help

I, & LY S oYU Xt & 5tE2 0|0 et d¥oz RHStD, 0|0 LHE

Attributes> Loading...2 22/st11 515 J2| Ci=tE 0| A Distributed / Loads, Discrete Patch &
o
=

o
MENSELICE Patch type Ol A Straight & &85t 1, Load direction 2 X £ B LT},
N OB Ao & B Mo ZtE (-5,50)2 (-5-502 VAL, SHEES 22t 85.4e3, 372.6e3 =
=

UHSL|C} Apply HE= F+

BHE MIHE s



Structural Loadin

]

Load type
() Point loads

Distributed loads

() Temperature

Distributed loads
() Global distributed
O Face
(O Local distributed

|| X Y z Load \I
(O Internal beam distributed | ] 5 5 0 85483
| ] 5 5 0 372663 ||
Mame |Ground Pressure - Left | = (new)
< Back Mext = Finish Cancel Apply Help < Back Mext > Finish Cancel Apply Help
= — = ol - LI O o
RN Bab £ R BOl| ZHE (5,500 (5,-5,00F 2HOIL, SHE2 22 -85.4e3, -372.6e3 =
= o . Eo L =
st Ct HO|E{ Al M-S Ground Pressure -Right 22 2|81, Finish HES w2 Ho|Z Ot L|Ct,

atch X

Analysis category 2D Inplane

Patch type

(O anodepatch (O 4nodepatch (O Multipatch @ Straight O curve (O Multistraight

Load direction Projection vector Patrch load divisions

Ox z B Project in load direction 8 Use default

Ov X¥Z global Project for prestress Number of divisionsinx 10

8:3 : X component 1.0 Number of divisionsiny 10

Surface normal ¥ companent 00
XYZ transformable Z component 0.0
X Y Z Load
[ H b 0 -85.4e3
2 5 -5 0 -372.6ed
Mame |Ground Pressure - Right v = (ew)
< Back Next > Finish Cancel Apply Help
= (e P~ - == =l =2 el
TZ=2| & RF0| %E5t= K| & 51F ASHE IS Search Area & H2[RLILE

Attributes> Search Area... |

o) Displacement, velodity,

(O strain and stress acceleration

o) Body force, viscous

() Prestressing tendons ety

() Discrete loads

Beam projected loading {wind)

() Water pressure distribution

atch
Analysis category 2D Inplane
Patch type
(O8nodepatch (O 4nodepatch () Multi-patch Ocurve O Muliistraight
Load direction Prajection vector Patch load divisions
z B Project in load direction 18 Use default

Oy XYZ global Project for prestress Number of divisionsinx 10
Patch
gpam X ¥ component 1.0 Number of divisionsiny 10
atch y

Surface normal ¥ companent 0.0

XYZ transformable Z component 0.0

=2 MENS

mT= =
oL Lt
Search Area
Name |Ground Pressure - Left v (new)
OK Cancel Apply Help

BE MIHE sy

11, Ground Pressure — Left, Ground Press - Right =

Search Area

v

(new)

Name I round Pressure - Right]

Lo ]

Cancel Apply Help



Treeview> Groups B0l A Ground Pressure -Left, Ground Pressure -Right 2 ZfZf MEi510] Search

Area & HE%tL|C}

=o &

LA™ S MEISET Ground Pressure- Left 3t 2 X8%tL|C} 515 X5t CHSIEO| A Search Area &
Ground Pressure - Left £ &5} 11, Project onto line (2D line beams and frames & M E{gHL|C}

Loadcase O| &2 Patch Loading 22 J2|2tL|C}. Loadcase = Patch Loading & A &{gtL|LC},

Discrete Loading Assignment %  Discrete Loading Assignn X
Settings i
© Project onto line (20 line beams and frames) © Project onto line (20 line beams and frames) I
Project over area (grilages, shells, and 3D space frames) O Project over area (grilages, shells, and 3D space frames)
() Praject into volume (solids) O Project into valume (solids
I Search area | 2:Ground Pressure - Left w I Search area 3:Ground Pressure - Right ~ I
Options for loads outside search area  Exdude All Load ~ Options for loads outside search area  Exdude All Load w
Moments to indude  All e Moments to indude Al v
Transformations  Specify... Transformations  Specify...
Loadcase Loadcase
Analysis  Analysis 1 ~ Analysis  Analysis 1 ~
Loadcase |3:Pahd'1 Loading w Loadcase |3:Pahch Loading w
Setas active loadcase Set as active loadcase
Load factor 1.0 Load factor 1.0
oK Cancel Help oK Cancel Help

Treeview> Layers ©12| Attributes 2{|0|0]E HEZ2&510 &4 TfeE S HUCH Loading BOIAM ZHZH
StEHO| Settings HE 2 22/t LIC Visualisation Settings CH2HE O A Style 250 Visualise loading

by definition 2 ME{SHL|Ct.

Visualisation gs X

[ Emulate v22 and earlier
Area load visualisation

Style  Visualise loading by definition ~ Magnitude to be shown By colour intensity
Prcpen ies b4 Loads assigned to lines Also show arrows for discrete loads
Arrow style | Individual components e Maximum block height 10.0 mm

Mesh  Geometric Material Supports ocal Coordinates 1 *

B Connect arrow tails for distributed loads

Mone [Wattributes not yet areated & B Load magnitude labels
[W|Ground Pressure-Top 8 suppress overlapping magnitude labels Overlap multiplier L0
[wlGround Pressure - Left
Significant figures -
[W|Ground Pressure - Right 8D§dml placgs 4 = o Ehaioe=sy
[wBody Force o Font angle 0.0 =
[Tl show trailing zeros
Current style [WInternal Water Pressure
Pen for arrows, labels, and intensity Symbol for scalar loads
On Model
- Pen# 6 = [: Choose pen... | Symbol# 1 = | Choose symbol
= L
- Maximum arrow length 10.0 mm Sze 20  mm Angle 0.0 L
Arrow head size 2.0 mm
Close Cancel Apply Help Defaults ok i Apply Help




otefet 20| o+&0| EA|E LTt

Treeview> Attributes E{0| A Patch Divisions & M E{S

200 2 2 £=H™gtL|C},

2 ‘Number of loads along patch X’

X=
A =

Attributes

~a LUSAS View: Tunnel.mdl Window 1 X

Blavers [Fcroups Fpattribu... (B Analyses o Utilities [F]Reports o EFT) 0.0 50 50 . =0 20 0,0 20 <0 . 60

=3 Tunnel.mdl
43 Attributes (16)
O Mesh @
] Geometric (2)
(1 Material (2)
3 Supports (1)
&% 1iLiftoff Support
3 Loadg (5)
/3 Discrete (3)
=43 Pateh (3)
#% 3:Ground Pressure-Top
&% 2:Ground Pressure - Left
A 1203 & -Right

:Body Force
&% 2:Intermal Water Pressure
4 Local coordinate (1)
&3 Cylindrical (1)
&% LiCylindrical
w4 Search area (3)
&% 1:Ground Pressure
% 26round Pressure -Left

o, 95.4E3 N/m

95.4E3 N/m

85.4E3 N/m 85 4E3 Nfm

<] | Patch Divisions X

Default specification for loading divisions

|0 o sfioass dong patenx |

O Total number of loads n area patch 200
Tokal number of loads in ine patch 0
(O Distance between loads 1.0

o] () Loads per search area element 1

&% :Ground Pressure -Right
OK Cancel Help

372 6E3 N/m —— ~—— 372.6E3 N/m

FotS0| &N 22| HEE = oFF Mot=E BAY & ASFHCL

ke kRS ke i 0. - [ & - ifi A

Load visualisation on/off

Load visualisation by definition

Load visualisation by effect on model (5.0 K a0

oad visualisation by effect on mes
% Load visualisation settings

=

) 477E3N
T
T
E §
7.322E3 N-— 7.322E3 N
7 824E3 N 7824E3 N
8 758E3 N —¥ 8 758E3 N
9.26E3 N — 9.26E3 N
10.19E3 N —4 ) 2 946E-3 N.mb— 1019E3 N
107E3N  Ho o TESN.m 3.258E3N.mi 10 7E3 N

%2 417E3Nm t
84 0B9E3 N.m 1.727TE3N.m}

11.63E3 N 11.63E3 N

12.13E3 N —# 4.656E-3 N.m 1228E-3 N-mfs— 12 13E3 N
12.99E3 N —% 12.99E3 N
13.5E3 N —# 4.926E-3 N.m 13.5E3 N
14.43E3 N — 14.43E3 N
14.93E3 N 14.93E3 N

15.87E3 N
16.37TE3 N

—1
—

3.635E-3 N. 15.87E3 N
2.94E3N m»‘L 16.37E3 N

et 16.87E3 N
17.37E3 N EOIEJ Nm==07 57p3
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H

OI-

OH —_|| T—3
1. H{IMA 4

A& 2EH 0|A =8 Z2/6l1, Controls> Nonlinear and Transient |52 MEHSHL|C} ‘Nonlinear’
SME M35, Incrementation 20| ‘Manual'S MEHSIL|CH LIHX|= 7| 2A™ S A=

SRS OK HES Salgct

Nonlinear & Transient

Incrementation Solution strategy

& Nonlinear Same as previous loadcase

Incrementation Manual N Max number of iterations 12

Starting load factor 0.1 Residual force norm 0.1

Max change in load factor 0.0 Displacement norm 0.1

Max total load factor 1.0 Advanced...

Adjust load based on convergence

Incremental LUSAS file output
Iterations per increment 4 Same as previous loadcase
Advanced... Output file 1
() Time domain Plot file 1
Two Phase
Restart file 0
Initial time step
Total Max number of saved restarts 0
Log file |
Automatic time stepping
History file 1
Advanced...

([[) save arestart at the end of this control
Common to all

Max time steps or increments 0

ko
1z
4
0x
©
ro
HU
0
20
i)
C
_IT|_
ko
I
0
>
0z
ot
M
ko
I

— | — -
, B8] A4Cho Solve now = Ol0|2& =2 di4

mo

&7 Solve Now X |

[ analysis 1

Any valid existing results files will be loaded, even if not re-solved above

Save options Solver options
© save model © Fastest available
(O Save model with a different name (O Frontal Solver (slower with more error diagnostics)
Do not save ([ First loadcase only
OK Cancel Help
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20t 4E

SA40| RtZ M RHY =5 A=R0AM OIRA 25 HES 2251 Contours & MBS LICL Entity
0l A ‘Displacement’E, component 0 A] ‘RSLT'E MEiSt §| OK HEZ S L|CH X8t & 5150]
HEEJASM FR=2| HRIZUE QIS LICt Treeview> Analyses &2 5t570

>
mju
rx
L
ot
=
[72]
[¢’]

-

o

|>

Active £ ME5IH, oS otE

|

o| 21t

i

gholgt o= ALt

Properties *

Contour Results  Appearance

Entity Displacement e

Component RSLT e

Transform  Set... MNone

Display on slice(s)
Draw in slice local direction

Close Cancel Apply Help

Analysis: Analysis 1

Loadcase: 3:Patch loading, 3:Increment 3
Results file: Tunnel_rev01~Analysis 1.mys
Entity: Displacement

Component (Nodal): RSLT (Units: m)

43.4707E-6
86.9413E-6
0.130412E-3

0.173883E-3
= 0.217353E-3
0.260824E-3
0.304295E-3
0.347765E-3
0.391236E-3

Maximum 0.3944E-3 at node 88
Minimum 3.16432E-6 at Internal point 10 of element 177
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Contour 8% 0| A Entity 52 ‘Force/Moment - Thick 2D Beam’, Component = ‘Fx'S M E45}0f

Analysis: Analysis 1

Loadcase: 3:Patch loading, 3:Increment 3
Results file: Tunnel_rev01~Analysis 1.mys
Entity: Force/Moment - Thick 2D Beam
Component (Internal point): Fx (Units: N)

-1.00002E6
-888.909E3
-777.7T95E3

666 682E3
I 555 seaes
-444 454E3
-333 341E3
222 227E3
A11114E3

Maximum -10.0217E3 at node 309 of element 177
Minimum -1.01004E6 at node 210 of element 102

Properties x

Contour Results  Appearance

Entity Force/Moment - Thick 2DE
Component Fx v
Display  Internal points v

Transform  Set... MNone

Display on slice(s)
Draw in slice local direction

Close Cancel Apply Help

DHEE 250 A=R0M OIRA 2F HES 25D
‘Force/Moment 2D Beam'S, Component 0| A| '‘Mz'E

Component 2 HZAeL|C}

Analysis: Analysis 1

Loadcase: 3:Patch loading, 3:Increment 3
Results file: Tunnel_rev01~Analysis 1.mys
Entity: Force/Moment - Thick 2D Beam
Component (Internal point): Mz (Units: N.m)

-4.15283E3
-3.1147E3
-2.07647E3
-1.03823E3
B 50
1.03823E3
2.07647E3

3.1147E3
4.15293E3

Maximum 4.3866E3 at node 463 of element 227
Minimum -4.9575E3 at Internal point 10 of element 175

Properties X

Diagram Plot  Diagram Display  Scale

Entity ForceMoment - Thick 20 Beam
Component Mz ~
Location  Internal points ~
Close Cancel Apply Help
L TES
HE MOHE s

A EH

—

=

n

StL|C}. Contour =

iagrams S M E4BEL|Ct. Entity Of| A

S L3t Entity 2t




oS =g S 2Qlsty| ?lo, 23S CHEOIE2 = MGt s S CHAl = gtLICh LUSAS OlA

StExgs Lofsts YHols & 7HXI7F AE LT

Y A dF MO0 B S0 A2 HUY siMe B2, X2 HAMAM stSH 0|~ 7| =
Z ¢ (Basic Combination) &'&& AF8E 4 ACH, O] YY2 oM CHA| AL LRt Y&LIcH

=
M HRHOZ S5 A 0|A 1~3 of AIE =X 2[E LTt Analyses > Basic Combination... 75

MBEL|CH. Combination CH3FE 2| Xt Available S 20| A 815 7|0|A S 226t & 71209
MEIHE >>2 2850 2% 9| 5tF HO|AE LEZO| Included 50| F7HetL|Ct XHE 2
StE Al 4= (load factor)= 1.3 22, L=t X[EHLHE2 1.5 & F2[5t11, 0| 0| Basic Combination
12 Y3 § OKHES S/}

Combination X

Method  Factored ~
Available Incuded
[=-Structural analyses D N: B
B- Analysis 1
B 1 Bady Foros i Increment 1 13
-+ L:Increment 1 2 :nrxemx i ::g
a 2_Interna\ Water Pressure - A s
i e 2idncrement 2 >>
=8 35Patch Loading
- F:Increment 3 5
Wiew
Step
L
Mame |Basic Combination 1 | 2 (new)
oK Cancel Apply Help
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9|3t Basic Combination & Set active ©

Basic Combination 1
Entity: Force/Moment - Thick 2D Beam
Component (Internal point): Mz (Units: N.m)

-6.29647E3
-4.72235E3
-3.14823E3 3
41.57412E3 3 %
0 Z -1.271E3

.0

S 482363

; -1.394E 34

4.72235E3 182 E

6.29647E3
-83.53

Maximum 6.46783E3 at node 463 of element 227
Minimum -7.69922E3 at Internal point 8 of element 175

Ly, L~ /60E3
4 'llmmnnum\ 1S
-5.127E3] ¥4 153E3

-6. 553E3 """“ -5A793E3
-7.699E3

&e B

T H 2o 2 55 X2 NE|RLICt Treeview> Analyses £12| Structural Analyses £ Of
2= 285l New> Analysis> Structural analysis & MEisH 5| CHalE0|A OKHES 22T
O &H2 X 5152 T Loadcase O E10 CHA| SiA2 =Al35t= YA017] 20| 2R

Analysis

General [Initial State Advanced Output Options

Set this analysis as the base Inherit from base analysis @@ Al

O structural analysis
[JGeometric
[CJAge of Material and Damping
[OMaterial from first loadcase
[JSupports from first loadcase
[CJConstraints from first loadcase
Name | Analysis 2 v :
oK Cancel Apply Help
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Q0| A A A SH Basic Combination 0| A OFRA 2= 22|81, Create Loadcase S A EHSHL|CH. 0|0
=2 &l [f3}E 0| A ‘Choose a name and parent analysis for the new loadcase’ &= 0| AjZ F7tst
Analysis 2 & ME{SL|C}
Analyses w O X
Layers Groups &Attribu... @Analyses ﬁutilities Reports
=3 Tunnel.mdl
Ba Structural analyses
E|= Analysis 1
-] Geometric
EI@ 1:Body Force
7] Material
[:l Supports
|_ Loading
'&. Monlinear and Transient (Manual)
oy " LiIncrement 1
E]---@ 2:Internal Water Pressure
£1-[%) 3:Patch Loading
|1 Loading
e iIncrement 3
----- '% Monlinear analysis options
-5 Analysis 2
(D) 5:Loadcase 1
@ 6:Loadcase from Basic Combination 1 (8)
BD Post processing
4, Results cache (29! Set Active
----- % Model properties Edit...
Exarnine definition...
Copy
E Paste
Rename
#  Delete
Create Loadcase...
; Y Ly 219 M
% Analysis 2
1
- b Lol 6:Loadcase from Basic Combination 1 (&)
Lreate ioagacase

Choose a name and parent analysis for the new loadcase

Loadcase from Basic Combination 1 (6)

HE A2

re

|m

1%

OK

Cancel Help

Ela Loading
: - 1:Body Force x{ 1.3)

- ZiInternal Water Pressure x( 1.5)

- iGround Pressure- Top x( 1.5)

- 4:Ground Pressure - Left x( 1.5)

- BiGround Pressure - Right x( 1.5)

g e
{,‘E 4:Basic Combination 1
¥ Results cache (295.0kE)

----- % Model properties




Analysis 2 2| S5 &5t RHE ZuE =olghL|ct

@7 Solve Now X

[ Analysis 1

Any valid existing results files will be loaded, even if not re-solved above

Save options Solver options
© save model © Fastest available
(O save model with a different name (O Frontal Solver (slower with more error diagnostics)
Do not save ([JFirstloadcase only
OK Cancel Help

Analysis: Analysis 2

Loadcase: 6:Loadcase from Basic Combination 1 (6)
Results file: Tunnel_rev01~Analysis 2.mys

Entity: Force/Moment - Thick 2D Beam

Component (Internal point): Mz (Units: N.m)

-6.00169E3
-4.50127E3
-3.00085E3
61 .50042E3

.0
- 1.50042E3
3.00085E3
4.50127E3
6.00169E3

Maximum 6.15974E3 at node 463 of element 227
Minimum -7.34407E3 at Internal point 8 of element 175

-7.344E3
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HE A- H AIZIZ] AIAE re) Gl 2
25 AKX Aa=ZE d4eF 0ot D2 E
1. 28 7
Geometry> Point> By Coords...
?o| HwE AdAS (0,-4.150) X0 ZIEE M detL|Ct
Enter Coordinates X
Grid style
3 3 columns
X i 74
1 0.0 -4.15 0.0
Local coordinate
Global coordinates v

Set as active local coordinate

(o )| ces || 1o

ZEE 7|FE2R 56.83 & BHF 2|T50] Sweep BLICEH

Sweep

OTranslate  ©@Rotate (O Mirror (screen)

(O scale O Mirror (advanced)
Angle About axis Origin of axis
A X Y z
56.83 Ox-axis 0.0 0.0 0.0
O y-axis

g‘ée ’Wy O z-axis
about the axis) O Specified

Sweep type
OmMinorarc  OMajorarc (O Straight

Order of geometry to create
OLine Surface Volume

Transformations generated from memory selection

No transformations generated Use

BE MIHE sy



MHE ASE SHUBOR 56842 & UE 6 ¥ 2ARE LT

=

(O Translate @ Rotate O Mirror (screen) (O Matrix
(O Scale (O compound () Mirror (advanced)

Y
Angle About axis Origin of axis
. X Y z
56.842 Ox-axis 0.0 0.0 0.0 X
— O v-axis
(+ve angles ;
il o O z-axis

about the axis) () Spedified

Number of copies 6 <
Transformations generated from memory selection
No transformations generated Use
Name v| = (new)
OK Cancel Save Help

Geometry> Line> by Splitting > At a point... {lF& H&5l0] Line 2 MEHSH Point & 7|E2E

=&t S=E ?IXQl Line & ATMLCH

Line Splitting at Points

Use in dependent surfaces
{8 Delete original geometry after spiitting
() Create combined line from split lines

oK Cancel Help
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A

A REHES MEiSIY 7= 7|FZ9 2 -151.579 & OHE 3|M8L0] 0|5 A|ZIL|C}

— 1 (L

Move
OTranslate  ©Rotate O Mirror (screen) (O Matrix
O Scale (O compound (O Mirror (advanced)
Angle About axis Origin of axis
) X Y: z
151579 % Ox-axis 0.0 0.0 0.0

—— Ov-axis
(+ve angles ;
e : O z-axis
about the axis) O Spedified

Transformations generated from memory selection

No transformations generated Use

Name v| 5 (new)
E Cancel Save Help
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line 8 £ 7|ZH S MHYLITH 4150, 0), (-4.15,0, 0), (0, 415, 0), (0, =415, 0) YUK ERIES

Enter Coordinates X
Grid style
8 3 columns
X Y 74

1 415 0 0
2| 415 0 0
3 0 415 0

4 0 4.15 0 3
Local coordinate

Global coordinates v

Set as active local coordinate

OK Cancel Help

¥}

f5 MABE S4d2 2L

ofzfet 20| &= MIAHEO siE5t= Line 2t 10 YIX[S Point & M EiEtLICE Geometry> Line> By

i
rx

i

o

r -

Splitting> At a point... |+ EHSHLICL ‘Delete original geometry after splitting’ &4 2

HAZLCH LHX] MIHES SUsIA 28 $Lict,

Line Splitting at Points X

Use in dependent surfaces
@ Delete original geometry after splitting
() Create combined line from spiit lines

OK Cancel Help
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MIHE 252

S FolFLIcE MM RS BE M 3, Yl 1 00|22 52 1802
XYL 1Y

2 Segments 2 HO|BtL|C},

Group X
Definition
O selected items
O visible items
O Empty group

Segments|

-

Agh & AFS ZogLCE otz AZ0A BEAIE line S WS 2, AEC 2 X|PELICE AFH2

Ground Pressure — Top & & gHL|Ct.

Group X
Definition
O selected items
O visble items
O Empty group
Name

Ground Pressure - Top|

E] Cancel Help
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Otz J-OM EAIE line 2 MEISH 2, IEC 2 X|HELICH JIEF2 Ground Pressure — Left &

YL

=1

Group
Definition
© selected items
O visble items
(O Empty group
Name

Ground Pressure - Left

OK Cancel Help

Otz D ZO|M EAIE line & MEist & JE0Z X|HELICH IEH2 Ground Pressure — Right &

QladstL|Ct.

Hd

Group
Definition
© selected items
O visible items
O Empty group
Name

Ground Pressure - Right

OK Cancel Help
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TZES MHSIL, O A 2K HES 225t Copy £
1EHSHL|CE CHSLE O M Scale M2 MEHSED, Scale factor Of 1.2 & YLTILICE M IHE HA

12 B2 2ofstn, M2 WY& Line & 8 X|82H0| 2= 2HOM DFE = /X2 AL

O Translate (O Rotate O Mirror (screen) (O Matrix
O scale (O compound (O Mirror (advanced)
Scale factor Origin

X 12 X 0.0
Y 0.0
zZ 0.0

Number of copies 1 o
Transformations generated from memory selection

No transformations generated Use

N

Name v| 5 (new)

OK Cancel Save Help

—
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ull (<]
gt OEY 0L 25 28 2, Invisible Ol 7 & Mg
D 5X0| AT 20| LS line S DF MES
Group X
Definition
© selected items
O visble items
O Empty group
Name
Ground|
(o) omm | b
a
3. R40| Ho| U HE
3.1.MI8E

Attributes> Mesh> Line...

S

MIHE 245 FolgtLCh ?2 H=0A Thick Beam =

g4 Z0lE 0.1m 2 Felot1, Ho|HM F2 Segments 2

MENS

O|gtL|Ct. Treeview> Groups E10|A| ‘Segments’ 1E2 StHO|A 2O[X| E==

L C.

t3, ‘Ground’ O|2t= 0|52 AF0 F7hgLC.

11, Quadratic &

[ |

oL,

Line Mesh X
Analysis category
2D Inplane
Structural
e s
:mw = ¥ O Number of dvisions
or
Quadratic v 01
Spacing
© Element length
(O Element name BMI3 0.1
End conditions...
Name v| 5 (new)
Cancel Apply Help
(o ]
MIHEO sist= HA| 2t2lS MEist, AM Fofot & 245 HE L
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Attriutes vax LUSAS View: Tunnel.mdl Window 1 -
[Bovers [Floroups dattribu. (D Analyses o Utitties [3]Reports £ 0 ) =0 &1 ET) o0 70 o0 P ED 70 00 B0 . 0 £

543 Tunnel.mdl
£/ Attrbutes (4)
-3 Mesh (2) R
-3 Pont (1) =
&3 Joint for single feature (automatic) (1)

7, 2:Joint for Segment

= = &
e B Com
Semns( @ e

2300t Rename B

By

Delete
Edit Assignments.
Select Assignments
Deselect Assignments
Visualise Assignments
Visible

Invisible

Set as Only Visible

Advanced Visiblity. <
Resuits Plots > "
Assign
Assign to Al o
p==ry > :
Set Default

Tore | specty.

32 MIHE HZF ZTO/IE
Attributes> Mesh> Point...
MHEAIO|E AHZSH| st ZOIE @A E Ho|gtL|CL 2o HwE H¥sta, 0|0 LiEtLt=
T2t &0 A ‘Point Mass or Joint'S MEHSIL|C} '‘Next’ HHES F 210, Point Mass or Joint CHSFEHO|| A

=
£ MeistL|ct HIO|E A H2 Joint for Segment 2 HO|BtL|LC}

[ =

’

Element type = 'Joint for beams

Geometry Mesh Definition Point Mass or Joint 5

Analysis category
2D Inplane

(O Spacing for Irregular Meshing
© Point Mass or Joint

Structural

© Element description
Element type

Joint for beams ~
Assignment type
Between two features (manual) w

() Element name IPH3

Mame |Joint for Segment ~ @

< Back Next > Finish Cancel Apply Help OK Cancel Apply Help
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MOBE AO|S 7ot ZOIE RA8 MEHLICL 7|BE0| P 7S 2 & 2Yp| 259
AZ LN MA| BUS SYTSt0] MYBILICL M IMES| BE point B MYELIC OIRA Q2%

T
rjm
mjo
iy
Ju
ot
l
A~

eep as Only Visible 2 M E{SL|C}

)
]
L
o
=2
Hl
>
rhn
O
0.
=)
i
x
Jm
o
F
o
nz
v
1o
A
o
|.|-|
Ho
<2
>
o
1
[>
Ho
A
T
rim
njo
il
Ju
o

%, Invisible

K Delete
. P Move..

M Copy..
Sweep...
Al Visible

| invisible |
Keep as Only Visible
Advanced Visibility...

Results Plots >
O X B One-click Report...
Dezssign all attributes

Renumber...

. Select All Ctri+A
Deselect All
Select Coplanar Neighbours...
Selection Memory >

Advanced Selection...

v Selection Panel
~  Cyclable ltems Panel

Visible ltems Panel
. Hierarchy...
FJIEEQ|PI|IE £ N AHU= F Point & MEHSI, Treeview> Attributes 2| Joint 2245

82 L|Ct ‘Point Mesh Assignment’ CH2IEO|A 27(gf B2 A2 F10 OK HESZ SE L CL
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Point Mesh Assignment >

Element orientation

I © Follow axes of assigned point { line | surface I
Ignore assigned local coords

By point in selection memary

() By spedified local coordinates
1:Cylindrical

Change joint orientation  Advanced...
Mesh orientation
B Mesh from primary to secondary

oK Cancel Help

€2 Y22 LIMX] 84N U= HSS M2 HE5H0], Joint 225 HET L

o]

ol

Iof

o]
x

o}

o)

o)

si4] Zatol HEHA S 9o HOIE Joint 249 R4 FHEAT} LXISHEX| SIBILICE Treeviews

Layers HOlAf Mesh 2{|0[0|E 2250 £d& =lgLCt TH2tE 0 A Show element axes
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Properties x

Mesh  visualise

ﬂ Transparent
B solid _|
Hidden edges [ internal edges
) show nodes [ outline only ~ Thresheld 25.0 2
[ ] Show normals B Joints offset distance 6.0 mm

B show element axes | (] Orientations only if selected

% of elements remaining 100.0

Colour by | Mesh colour | | Set...

Ok Cancel Apply Help

MOAHEES HZEBHE Joint R240| 5 Y0| Of2fiet 20| EAIELCE F24 22 HEATH Joint
249 5 YeO0| CHE Joint 242 LX|SHA| = AS Y = AFLICE 0| B2, 220 = &
ZYSHOF L CE SiE F HS AEStn O A RER HES S8510] Set as Visible 2 =2 L|CY.

A

%

DD YTEO| 'Resize’ OI0|2S =28 & ZQAET} ot HO| IH HA|ZE=5 gL
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[T 72 [®BHz (xR |k o B 0-/-0O0-8-E kA

Design Tank

Window ~ Help

USAS View: Tunnel.mdi Window 1 x
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& Point & MEHSI Treeview> Attributes 2| Joint mesh %42 Deassign 2 L|Ct.

Brorers [orovps dattvu.. @ nases Utities (BReports
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& ol
R
Lsegn
&3 Geometic @ B CoPY
G Qne() @ Paste
L Sen  Rename
3300t ()
sommo’ o
5423 vatersl ()
e Eotgmans
% 1iConc
ey PmaresVsble
Tzon  Prmeries misible
-3 supports (1) Set Primaries as Only Visible
% HiRoffs
53 Local coordinat Secondaries Visible. X
53 Cyindial
e Secondaries invible
Set Secondaries a5 Only Visible
Advanced Visiblty...
Results Plots >
Select rimary Acsignments
Deselect Primary Assignments
Visualise Primary Assignments
Select Secondary Assignments
Deselect Secondary Assignments
Visualise Secondary Assignments
Asign
Asignto All
| Desssign > From Selection |
T foman
None | sty ||| |

QEZ Mol A HRY Point & MEKSID Shift 7| & F2 MEOIA &1F SHEHO| Point & 0[0f A
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Treeview> Attributes 12| Joint mesh Ci|O|E{All O A

ME4SED, 0]0f ‘Secondaries visible’S MEiTHL|Ct

A

28| 2, ‘Set Primaries as only Visible’S

«3
B v

-5,

LY
[ 2ad

Treeview> Layers 20| A] Mesh 2{|0|0] £/ & ‘Show element axes’ &4 2 X3 SiA| gLt

et

Properties

Mesh  visualise

T —

B Transparent
8 solid _J
Hidden edges [JInternal edges
(] show nodes [JJoutiine only ~ Threshold 25.0 =

Show normals Joints offset distance 6.0 mm
[C) Show element axes Crientations only if selected

%% of elements remaining  100.0

Colour by | Mesh colour | Set...

0K Cancel Apply Help
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3.3 X[ BF
Attributes> Mesh> Line...
Xgh ZALL MOHEE A

‘Joint no rotational stiffness’

OK HES F5UHEt
Line Mesh

Analysis category
2D Inplane

gelghilct. flel o

Z210|= 0.12 2 Mo|SHL|Ct Ho|E{Al S Q!

Structural

© Element description

() Use default spacing

Joint no rotational stiffness
Assignment type

Between two features (manual)

() Number of divisions

4

Element name INT3

Spadng...

O Element length

0.12

End conditions...

Mame |Ground

Close Cancel

ol O M EES 25
0 tiSst= HE M

=13
=]

MEO| Line & A&t

=]

HEAIRLICE X2 A of 3 St

LICt 20lA Z2let Mesh HIO|E A
B2 LIHA| MOHER X8 ZA Atol2] =0

w1 @
Apply Help
= Line 2 ME4SIL, Shift 7|

7E APt Element type
°

o

N
Eke)
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4. 7|5tE8 HE

C A2MOe MHo|s (el ¥e] L2 AISHS o=x0| Ooleds ‘ 1 H ’
MOHE BH £45 Folg ot fo Hws 2dstd, 252 YHF0M ‘Parametric Sections’,
' . P = = S Ad _ _ o olgsl S
Regular Sections’, ‘New..'S MEHSFL|CE FHAZIA CHH Q-0 D=1, B=03 & Y&t =
SIOHES =
Geometric Line x|
Analysis category 2D Inplane
Definition
© From library [ calculator Parametric Sections ~
O Enter propertes Rectangular Sections ~
() Optimisable
Mew... 5
Rotation about e Mirrored " o
centroid aboutaxis ONE
100%
Rectangular Sections X
Type Rectangular Solid ~
Dimensional dats Calculated properties
5 D 1 * ¥ A 0.3
1
B 03 I Doc 0,025
z 1
1
eyorign Centroid .t -2 D Iyy 22563
1 ——)
'
Value
Cross sectional area (A) 0.0 Doy 0.0
Second moment of area about z axis (lzz) 0.0
Effective shear area in y direction (Asy) 0.0 ] 7.29904E-3
Eccentricity in y direction (ey) 0.0 B —_—
Asy 0.250008
Asx  0.25009
Vvisualise. .. Section details... Section details. ..
Name |LGeol v| F (new) Name |Segment vl o (new)
OK Cancel Apply Help oK Cancel Apply Help
BHE MIHE ofY



Geometric Line Cii 3} & 0| A| Rotation about centroid &=S 90 =2 HO|gtL|C} HO|HAM HE

= =
X8t gelE orE L

Geometric Line

Analysis category 2D Inplane

Definition

O From library / calculator Parametric Sections w4

(O Enter praperties Rectangular Sections ~

() Optimisable

1:Segment (RSS D=1B=0.3) ~
Rotation ab a0 Mirrored |\
centroid about axis
100%
¥ 1
I >,
3 54
ey origin | Centroid
Value
Cross sectional area (A) 03
Second moment of area about z axis (lzz) 2.25E-3
Effective shear area in y direction {Asy) 0.25009
Eccentricity in y direction (ey) 0.0
Visualise... Section details...
Name |Segment v @
oK Cancel Apply Help

MIAHEO &St Line © 25 MEASID

I_
L ey |

Ho

Ol golst Segment 7|55 d 2 XLt

=

Assig

Assign to points 18 ssign to nes

Assign to surfaces Assign to volumes
Analysis  Analysis 1
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4.2. Joint

Attributes> Geometric> Joint...

0%

St TishE oA

QIE0| 7|5t5 42 FolBtLICE 9lo) B S A

Hole =
Eccentricity 242 0 22 Y&gtL|Ct,

Joint Geometric Properties X

Analysis category 2D Inplane

(JJ use joint length
Component Value
Eccentricity in y direction (ey) 0.0
Name| v| = (new)

@ Cancel Apply Help

.

Treeview> Attributes B 2| Joint Mesh HIO|H Al O A =2 S/t 1, ‘Select Primary

P

Kok MEREIL|C},

— [ T

ol3
rir

Assignments'E MEHSILICE Joint 2 AZE & K| F, Primary Of sl

&AM Zolot Joint 7|55t E HEE Point Off HERLICH

Assign Geometric

{8 Assign to points Assign to lines
Assign to surfaces Assign to volumes

Analysis  Analysis 1
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4.3. X[+

Xgh =R EQ| 7|55 dE HEYLILE 8 ZQEQ 7|5t5 g2 0|0] F2l=[of A= Ho|EHAS
2 ELICE X2 FA O siEt= Line & 25 HEDBLL, Joint 7[3FEES HEE LI

@
@
&
g
[G]
5,
|

nnel_Spri
Grou
ssur

Visible

Available results  All results are shown
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5. W2 540 Mol ¥ Mg
51.4/24HE
Attributes> Material> Material Library...
29| O & A&, Material type Ol A] Concrete & MEiTIL|CtH 77} 8l X|Y, EF1t S22 ofafet
Z0[ FoI5t1, H|O|E A H2 Concrete 2 H2|SLICt Material library CH4! Attributes> Material >

Isotropic.. | M M2 5G4 S TH Y510 ELCH

Material Library X
Material type Concrete b
Country China bt
Standard GB 50010-2010 v
Grade C60 ad

Properties
Young's modulus 36.0E9
Poisson'’s ratio 0.2
Density 25E3
Thermal expansion 10.0E-6
Name IConcrete v : (new)

Coce || ooy el

MIAHEO siLSt= line & 25 MEHSHD, AN

2

MOIst Concrete MZ

m

g4 HELUCH

Material Assignment

Assign to points {8 Assign to lines.
Assign to surfaces Assign to volumes

© Al analysis loadcases
Analysis 1 v
(O From loadcase (nonlinear and transient analysis)
Analysis 1

1:Loadcase 1
Set as active loadcase

OK Cancel

BE MIHE sy



52 HMaHE HZF Fo/E

Attributes> Material> Joint...

1

Q9| HlwE st LIEH CHSIEO| A ‘Spring Stiffness Only’ M MEiSIL|CE WAE HES
FEI MEZ LtEtH THRPE 0| A Assignment to &= 0] ‘Points and line ends’ &, Joint type 0 ‘Joint

for beams'S M E4TIL|Ct Spring stiffness 2= 0f Ofzf et Zt0| Ho|stL|Ct,

Joint Matenal b9 Spring Stiffness Only X

Analysis category 2D Inplane

10 Spring Stiffness Only

() General Properties
() Elasto-Plastic (Tension and Compression Equal) Joint type  Joint for beams ~

Assignment to  Points and line ends e

() Elasto-Plastic (Tension and Compression Linequal)
() smooth Contact

() Frictional Contact 2 G e

() viscous Damper - Kelvin w [ = [ THz |
() Viscous Damper - Four Parameter Solid Elastic spring stifness| 1011 i 1oell 9e7
() Lead Rubber Bearing

() Frictional Pendulum System

() Trilinear Earth Pressure

() Piecewise Linear, Elastic

() Piecewise Linear, Elastic (Axial Force Dependent)
O Piecewise Linear, Hysteretic

() Plastic Hinge

() Norlinear User

() Matrix Properties

Name |Joint | F (new)

< Back Next > Finish Cancel Apply Help < Back Next > Finish Cancel Apply Help

Treeview> Attributes B 2| Joint Mesh HIO|H Al Ot A %2 S2[5t1, ‘Select Primary

Assignments'S MEHSILICE Joint 2 HAE T 2K F, Primary O si25t= K2 MERE LICE

UM Fel Joint M=ZEY HO|EE U E Point Off HERLICH.

Jomt Material Assignment

8 assion to points.
Asson tolnes
Both ends

© All analysis loadcases
Analysis 1

(noninear and transient analysis)
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5.3 /&t
Attributes> Material> Joint...
X2 LIEI = Joint O 2SS FoTLICh 2/ HlwE H&stL, tH2E 0| Smooth contact
£ MESID Next HES 22ITtLICE Joint &4 CHsIE O A Assign to lines = MEHSET, Joint type 2

rotational stiffness ~ EfStL|C} Mass location 2 Between nodes 2 A EfSHL|C} Of2HOf

tno
HAE AZE ZY(spring stiffness)S & etL|CH

Smooth Contact x

Analysis category 2D Inplane

Assignment to Lines [ Thermal expansion
Joint type  Joint no rotational | stiffness ~ [[J Damping
Mass positios v bl ~
Properties specified for each freedom
u v
IContact spring st iffness 32 6E6 1.0E12
Mass o0 oo
Lift-off force 0.0 [
Lift-off stiffness 0.0 1.0E12
nitial gap 0.0 0.0
MName | Ground 3)
cl Gi | Appl Help

X2t ZAO| siSot= Line & 25 ME{St, 20N Folot 2=

0x
fujo
12
oo
et
£
o

cccccc

LUSAS View: Tunnel_Spring.md| Window 1 x |
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6. 34l =H Fo| A HE

Attributes> Support...
T X|gtel FA =S FolgLCE ?lof HwE 2dst tetgo T 8 3| AREE 25

Fixed 2 Ho|gtL|C}.

X

Structural Supports

Analysis category 2D Inplane

Spring stiffness

Translation in

Rotation about

N < X N =< x

Hinge rotation
Torsional warping

Pore pressure

Spring stiffness distribution
O stiffness
Stiffness/unit length
Stiffness/unit area
Lift-off >>
Contact >>

Non-reflective >>

Name |Ground v+

Close Cancel Apply Help
FH R|Eol FA =HS HEYLICEL WM M FH X|HH0)| S{FStE Line & 257 MEftLICH

‘Ground’ ZA = HO|E{AS HEGLIC.

Assign Support
| () Assign to points
Assign to surfaces

O All analysis loadcases
Analysis 1

O Fromloadcase (nonlinear and transient analysis)
Analysis 1
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7. 24 ZtEA Ee|

Attributes> Local Coordinate...

golgLtt. 34 zh&et 7IF0| He F2

Local Coordinate

Coordinates type
() Cartesian () spherical

O rotate
Cylinder axis
O X-axis
O Y-axis
o Z-axis
() General

Scale

Local coordinate generated from selection

Mo Local coordinate attributes created from selection

Ol 7E A&5t1 Local Coordinate CH2HE O A Cylindrical S42 MEi510]

=2 =7|gs A2 AFE LI

(D) surface

() Matrix
Origin

y 0.0

Use

Mame |Cylindrical

w (new)

oK Cancel

i 2o 22 =BAE HE

Apply

SLCH M 2ES HESH,

Help

QoA 2l Cylindrical ZEAE

Attributes.

SRR [ (USRS View: Tannetma Window 1 x|

(Provers [Eloroups Fatibu.. S anaises o Utities EReports |90 o B0 oAl B0 a0 a0 a0 00

=3 Tunnel.mdl

B/ Attrbutes (5)
Cvesh @
() Geometric (2)
21 Material () =
43 supports (1) E

& 1iliftoffSupport
£+ Local coordinate (1)
43 Cyindrical ()

e

50

30

Set Active

= Edt

B3 Copy <

@ Paste
Rename
Delete

0

Edit Assignments.
Select Assignments

[

Deselect Assignments

Visualise Assignments

B

Visible

Invisible

Set s Only Visible
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Results Plots >

30

~ Show Definition
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A= 2EF|0|A =2 Z2I8}1, Controls> Nonlinear and Transient |52 MEHSHL|CL ‘Nonlinear’
A

SME X33}, Incrementation &20{ ‘Manual'S MEESIL|CL LIHX|= 7| EMH™EZNE N2
SFXIoHY OK HEZ E&gtL Ct

Nonlinear & Transient

Incrementation Solution strategy
(& Nonlinear Same as previous loadcase
Incrementation Manual v Max number of iterations 12
Starting load factor 0.1 Residual force norm 0.1
Max change in load factor 0.0 Displacement norm 0.1
Max total load factor 1.0 Advanced...
A I
djust load based on convergence T tal LUSAS file output
Iterations per increment 4 Same as previous loadcase
Advanced... Output file 1
() Time domain Plot file 1
Two Phase
Restart file 0
e Max number of saved restarts 0
e tim
Log file 1
Automatic time stepping
History file 1

Advanced...
[[) save arestart at the end of this control
Common to all
Max time steps or increments 0

OK Cancel Help
9.2. 04 +¢
2 PMo| HRE|USLICH THS KASII, BH ALHO| Solve now = Ol0|2S £7 A S
TSI
@3 Solve Now o AX..,:

[¥] Analysis 1

Any valid existing results files will be loaded, even if not re-solved above

Save options Solver options
© save model © Fastest available
(O Save model with a different name (O Frontal Solver (slower with more error diagnostics)
Do not save ()First loadcase only
OK Cancel Help
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Analysis: Analysis 1

Loadcase: 3:Patch Loading, 3:Increment 3
Results file: Tunnel_Spring~Analysis 1.mys
Entity: Force/Moment - Thick 2D Beam
Component (Internal point): Mz (Units: N.m)

-4.08948E3
-3.06711E3
-2.04474E3
-1.02237E3
0.0

1.02237E3
2.04474E3
3.06711E3
4.08948E3

Maximum 4.24661E3 at Internal point 5 of element 197
Minimum -4.95473E3 at Internal point 10 of element 162

BHE M2
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-1.330E 35
-1.468E 353
-1.513E3%3

1.438E35)
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1.232E34
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