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2. 2] A}

File\ New...
MNew Mode
File name 20 Box Culvert
Working folder
(O Recent C: UsersMOEMYDocumentsLUSAS 230 WProjects.
O Userdefined  CriffUsersWOEMIDocuments HLUSAS 230 Projects Set..,

Mode! properties

Analysis type Structural + | Model units tf,m,tg,5,C
Analysis category | 2D Inplane ~ | Timescale units  Seconds b
Optional
Startup template:  Mone ~ ... | Layoutgrid Mone
Title
Job number

ok Cancel Help

® File name: TYY
@ Analysis type :

® Structural - 1x3HA @dof Lojst &4 LA
® Thermal - E5jA zHof Lo|st 374 1A
® Coupled - U3 Aus vigoR st 7ASA, Tt 1 Wil Yo A8 3

A
® Model units : R0 A8 TOIA. UPY DB (SIRIY, ARE4 ) ARG Al 2713t AR 9
@ Timescale Units : sfAof AF&3H A]7F &9

@ Analysis category : sl ZIE|a2jof] Aetet vl =, ohet A A4 2 AE ARES UEU =S AREA}

QIE o] A H7
@ Startup template : A} AF25}= dlo|EAl Alo). TWQA] AFRA} 1.99] ScriptE AMAsle] 52 71
@ Title : RHo] ot Ay (RF7hs)



A 3% Geometry 4

3. Geometry g

3.1. Surface A9] 1~

Geometry> Surface> By Coords ...
® O & ofo]& ] v & MENstL Surface®] 7t &tm2 sk, 'Surface by grid' A&} 5 Grid size
£ 2% 2%5t9 Surfaces It

oL@~ @i - & [eycursor e |

[7] New Surface B
i surface by Coords Snap to grid Gridsize 2 =
[Lt3] Surface by Cursor @) XY-plane Sige o0
L surface by Points Y¥Z-plane

L1 Surface from Lines XZ-plane

[ surface by Joiring [ ok ][ canel || hHep |
Surface by Extrusion -

© 3/dH SurfaceS AEsHL HAY (02 5 29)S HYUA Deletes AEIUL. Surface?t= AA[st?] sl
deieh o, & 9K Confirm AoA No AllZ 41=sHH Linet Point® g7 Huch.

Ha LUSAS Academic (Bridge Plus) - [LUSAS View: 2D Box Culvertmdl Window 1)

o X
(DEE S = BOXx 2 &6 BB (ST FL]Flas -a [N koNN $::0:/:0:8: F ntd
File Edit View Geometry Aftributes Anabses Utilties Tools Bridge Design Tank KEPCO Window Help
Analyses. ¥ 8 X 7 LUSAS View: 2D Box Culvertmdl Window 1 X | -
Boyers [Boou.. Satin.. Danay... o vtiti.. Drepo... | D 0 o5 o0 05 0 s 70 7% 30 35
3 20 Box Cubvert.md
" Structural analyses
% Analysis 1 S R
(® 1:Loadcase 1
Model rbes
* e X Delete
b Move..
M Copy..
o A Sweep...
Al Visible
Invisible
Keep as Only Visible
Advanced Visiblity...
& Results Plots >
B Oneclick Repot...
Deassign al attributes
Renumber...
s Select All [
Deselect All
Selection Memory >
Advanced Selection...
S
S « Selection Panel
oadcase 1 + ~ Cyclable ftems Panel
None: | Specfy... Visible ltems Panel
e Hiersrchy... Selected items el
OAlmessages OEmorsandwamings O Onlyerrors  (OLPICommands  Clear al Bropatie Selected ltems _ Cyclabie items
/A 00:01 No elements have been sliced ||[2e 2
00:20 Model 11y saved as C USAS2: 3 3D.mdl [Point 1
00:20 Restoring the mesh lock status as last results file is closed et
00:22 Model successfully saved as C TS\OEN USAS230 2D Box Culvert.adl || %P0t
00:22  Model 1ly saved as C LUSAS230\Pros: 2D Box Culvert.sdl || ¥1o¢5
@ 00:22 Display adapter in use: Intel(R) UHD Graphics 770 S
R 00:23 Nev Surface 1 defined 1 |/&pomnt s
00:24 No mesh related changes since the model vas last meshed -
Delete selected objects P 64-bit  Units: tf,mtg5,C X:-1.3379 ¥:1.87891 Z NA Selected: 8 items
Confirm Confirm
Confi pbjects to be deleted Confirm{Lnalbbiects to be deleted
L= 1 [ veen | [ mo | [ moar | [ concet | [ Yes ] [ v | [ o | [Cmoa ] [ coneat |
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3.2. Group?] A4

A, SA2] 7oA o8 4 =% GroupS
@ AALAQ] HAZ Groupl g AAE] 9
Group ©] 2% Box-WalloJe}x A|ggc), 7+e

AT

gl

A

02 Box- Slab, BoxT A§Aghct.

FO =&
a2 Ty

L ulvertmdl Window 1] - o
Nz
‘Rl Edit View Geometry Attributes Anayses Utilties Tools Bridge Design Tank KEPCO Window Help
sroums v 8 % |7 LUSAS View: 2D box Cuvertm Window 1 x| >
Btayers [Eerou.. st (B Analy. U CErepa.. |[ERD 5 40 s 00 05 10 15 20 25 30 3=
+[%] 20 Box Culvert.mdl
o R
Definiton
O selected items.
) Vishle items
o, O Empty group
Name
Box-Wal
2. oK Cancel Hep
Mode! is fully visile =
s Noresults fles are loaded
] Show visbilty feedback in tresview (sloi for large models)
Text Output v & X Seleced ftems ax
O rlmessages (O Erorsandwarnings  (OOnlyerrors (O LPICommands  Clear al Selected ltems  Cyclable ltems
00,20 Restoring the nesh lock status as last results file is closed
00:22 ¥odel successfully saved as C:\Users\OEM\DocunsntshLOSAS230\Projects\2D Bom Culvert.ndl
00:22 ¥odel sucoessfully saved as € \Users<OEM\Docunsnts\LUSASZ30\Projectsn2D Box Culvert.ndl
@ 0022 Display adapter in use: Intel(R) UHD Graphics 770
Kk 00:23 Nev Surface 1 defined
00:24 Wo mesh related changes since the model was last neshed
@ 00:26 Nothing in the selection to delete
00:26 ¥o mesh related changss since the model vas last neshed
For Help, press F1 bt | UntstmigsC  X0A45T7 %2175 LNA  Selected: 2 tems




4. Meshing (24T 1/9)

4.1. Beam Q49| %ol 4 X&

Attributes> Mesh> Line ...

® 2719 Beam QA4S AMEish]rh QA2 BMI27F €Ut Number of Divisionsof 10

P2 PYses T

Line-Meash

Analysis category

20 Inplane
Structural
O Blement description () Use default spading
Element type
P — e —
Thick beam < © Number of divisions
Interpolation order
Linear e 10
Spadng...
() Element length
() Element name BMIZ o
End conditions...
MName IEeam v| ] mew)
oK Cancel Apaly Help

A 4@} Meshing

Ysto] Lines 10719

© WF H doleise

Al 22 [crl] + [C] ) Treeview> Group EioA] 7153 'Box'of
2o} Yol(Ohoa 95 3¢

2Aslololos 95 2
5 g

g2 el + V) £

Fltayers [3orod A ey —= =
Eeyers [Slorou. Roatiri, (B analy. o i, [GRepo Eliayers [ElGrow... ¢ Attri.. (5 analy,, o Utiliti.. Z Repa..,
[543 2D Box Culvert.md|
By Attributes (1) = 20 Box Culvert.mdl
5423 Mesh (1)
Bk Line (1) Box-Wall
R
& Edit..
Copy B Paste
RS Visible
Delete Invisible
Set as Only Visible
Advanced Visibility...
Results Plots ?
Current Group
Renarne
X Delete
Heaticed VisiBilit Select Members
Results Plots > Deselect Members
+]
Assign to Al «|
Bzpsian ¥ Properties..,
Set Default
Hone | Specify...

% Tip.

HelpE =2 Contents> Element Reference Manual> Chapter 2 Beam Elementof]A] BMI2 @49] A}S-& 3jA
VS

7Feet Ale 54, 2ol 4 Qe 2 TR FE Y 52 ARE 4 sy
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[ LUSAS Help Topics - o X
e | 4 -

Hde Hed Back Fowed Home  Pamt  Options
Conterts  Index  Search ~

2D Thick Beam Elements

1 4@ Chapter 3 - File Types / Importing / Expart
1 4@ Chapter 4 - Model Geometry
-4 Chapter 5 - Mode! Attributes
4@ Chapter 6 - Model Liities and Tools
@ Chapter 7 - Analyses
() Chapter 8 - Viewing and Processing Resul
1 @ Resuits Files and Results Processing
} 3 Futher Calculations
- @ Visuslising the Resubs x
5@ Manipulating the Results Model =

- [2] Plotting Resuls on a Graph 2

- [2] Creating Animation Sequences Yy A s

(1@ Print Resuts Wizard 2

[2] Pinting and Saving Pictures Xu

i @ Reparts
1@ Appendi A - Smart Combination E¢amples
1@ Appendix B - LUSAS Salver Troubleshaoti
4@ AppendixC - Model Selection and Viewin n
-4 Appendix D - Real Numbers and Expressic
5@ Appendix E - Working with larger models

Geometry | Materials | Loading | Output | Formulation | Options | Notes | Recommendations on Use

General

Element BMI2 BMI3
Name

[

(-6 Application Manual (Bidge., Civi and Stucture ElementGroup ~ Beams
1] Overview of LUSAS Geotechnical Facilties
1] IMDPlus User Manual Element 2D Thick Beams
3] Rail Track Analysis User Manual Subgroup
(=t Element Reference Manual
4@ Notation Element  Straight and curved isoparametric degenerate thick beam elements in 2D for wihich shearing deformations are included. The elements can
@ Inroduction Description  accommodate varying geometric properties along the length.
@ Hement Index
@ Hlemert Summary Tables Number OF 2 (BMI2) 3 (BMI3)
@ Chapter 1: Bar Bements Nodes

2-[) Chapter 2 : Beam Elements
2D Engieering Grllage Thick Beam £ Freedoms |V, 6z st each node

2D Thick Beam Element with Guadria End Releases  The element node numbers should be followed by: R restrained {default) F free defined in the order U, V, Bz for node 1 and then U, V, Bz for

3D Thick Beam Elements the other end node (node 2 for BMI2, node 3 for BMI3). The releases relate to the local element axes (see Notes, Assumptions and
30 Thick Beam Blements with Quadr Limitations)
30 Thick Beam Elements weh Torsior
3D Thick Beam Elements with Quadnl Partial Fixity ~ Partial fixity at each end node can be defined for all freedoms: this can take the form of a fixity reduction factor or an explicitly defined
2D Krchhoff Thin Beam Elements stiffness value. Partial fixities are defined with respect to the local element axes (see Notes, Assumptions and Limitations).
- 2] 20 Kirchhoff Thin Beam Element with
[21 30 Kichioft Thin Beam Elements Rigid Ends  Rigid lengths r, and r, measured from each end node can be specified for these elements. fFthese lengths are non zero then any end

[2] 3D Kirchhoff Thin Beam Element with
30 Semioof Thin Beam Hements
30 Semioof Thi Beam Hement wih

elease or partial fixity is applied at the inner point defining the rigid end. A rigidity factor (1.0270.0) can be specified to make the ends
semi-igid, and options to include/exclude the masses of the rigid ends are also provided (see Notes, Assumptions and Limitations).

4.2. Joint Q40| o] 4l X2

Attributes>Mesh>Line ...
vt 50 J2)0 AR B Ao HoQle B &, R[] &S AKIHAL Sl AJEfolRz ARt} E/dR1
URARZ GAIE FVdstoloF gyt
@ 2&F9 JointQ 4 (Joint no rotational stiffness)S AEIEIUCE Q4TS JNT30] Huth BA] 83 2= oA 1A
o L5 A&gyh

Analysis category
20 Inplane
Structural
© Element description
Elsment type
Joint no rotational stiffness )

Assignment type
On sngle feature (automatic)

() Element name

Name |50d Spring <| (@

Close = A Help

@ AALA] AAS AEist, Joint R4S

Aashct Rgke] AAERAS Bl Yol Support line via Joints
242 AEigh]ct. Follow Axes of line2 Al Li

E150A] Joint 849] FEAP] Lineo] Wk w2 g shich



A 4@} Meshing

(Briclge P Bax Clv

bl W

- B
‘D & = Rt = W
File FEdit View Geometry Attributes Analyses Utilities Tools Bridge Design Tank KEPCO Window Help
Attributes ¥ 2 X |7 LUSAS View: 2D Box Culvert.mdi Window 1 x | -
Groups dattribu... (B Anavses P tities [FReports Bo. EEN = ET 00 T T3 .. .20 25 0 35 T
-3 2D Box Culvert.mdl 2.
424 Attributes (10)
3 Mesh (7) . R
=23 Lne (2
&% LBeam ]
13 Joint for single feature (automatic) (1) 2 s
-&% 2:50l Sping o S =
43 Geometric (2)
Join Line Assignment X
&
i i OBy specfedlocal cocrdinates
= | () Jeints between surfaces Giobal coordinates
51 leghinge)
) Follow aes of each volume
g - Ignore assigned local coords
Oi:m:smmmmen %% Ol ares oF s
e
i Ignare assigned local coords
| Ignore assigned local coords
By paint in selection memory
Change joint orientation Advanced |
Less <5
we e ==
N
None =
Text Output w 3 X Selected items v aXx
O allmessages O Erorsandwarnings (O only errors  ()1P1Commands | Clear all Selected ftems  Cyclable Items
@ 2249 Menory request for 1000mb succeeded Mare: than 50 Items

22:4% Failed to load C:\ProgranDatanLUSASZ30%xé4 lModules ING Analysis.dll trying alternal
M 2249 Succesfully loaded alternate configuration for ING Analysis from C:“\Program Files
© 22.50 Model last modified 14:15 Thursday, February 13, 2026 by version 23.0,1636,56115 (!
@ 2250 Display edapter in use: Intel(R) UHD Graphics 770

For Help, press F1 B4bit  Units: tf,mtgC X -20298 Y.14646 ZN/A  Selected: 176 items

Treeview> Layers 9] Mesh £210]|A] Show element axes 242 AMES|A] RQE Q49 FRAE olzhyct.
= ertmdi - (LUSAS View: 2D Box Culvertmdl Window 1

DR @ = B Do S EES YT Ly SB[
¢ File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design Tank KEPCO Window Help
Layers w R % | 7 LUSAS View: 2D Box Culvert.md Window 1 x |
Groups glyAttribu.. (E) Analyses o Utitities [ Reparts m"“- . T 5 . . . 0. . . . 05, . . 0.0 T . 0% . S 10 . . . . 15 . . . 20 . 25 . . . 30
=3 2D Box Culvert.md
= [ 2D Box Culvert.mdl Window 1
8 Geometry
W Mesh
42 Deformed mesh

= o %

R AAGRG B0 /O 8

(I 5= ¥

Layers

o

3

20

18

Mesh  Visualise
B wireframe  pen » 18
@ Transparent *
& soid
Hidden edges [ nternal edges
[ZJShow nodes (CJoutine only ~ Threshold 25.0 °

Choose pen...

show normals B ontsoffsetdistence 6.0 mm

Clorertston sy fecces

% of elements remaining 100.0 |

-

L -

e | -
o daformg Colour by  Mesh colour v Set |

Cwindow summary Dzt Close cancel Apply Help

8 view axes Detais.... | ‘

Defauls.

Text Output. > B X Selected tems - ax

© Al meseages () Errors and warnings () Only errors () LPICommands  Clear all Selected Items  Cyclsble ltems

22:4% Failed to load € FrogranDataLUSAS230%x64Hodules ING dnalysis.dll trying alten
49  Succesfully loaded alternate configurstion for ING Anslysis from C:\Program File:
22:50 Model last nodified 14:15 Thursday, Februsry 19, 2026 by wersion 23.0.1636.56115
22:50 Display adepter in use: Intel(R) UHD Graphics 770

22:56  Lins Mesh Attribute "Soil Spring” assigned to 4 items

22:56 Meshing model

22:86 ... Meshing completed
0 22:56  Total slements created :— 44 JNT3, 40 BMIZ

SSEO

Far Help, press F1 B4-bit  Unitsitfmtg,sC X 261395 V. -0.2879 ZN/A  Selected: Mesh Layer |
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5. 71s1Ed el o Kg

5.1. 97 PAle] 71skEA

Attributes> Geometric> Line ...

3] 99| 2 A8

&

0.3

1x0.3%x3/12

300

o 919 71815 2he YFTI

Analysis category 2D Inplane
Definition
() From liorary / calculator
© Enter properties
) Optimisable

Usage 2D Thick Beam (Any beam)

¥

L

z
ey ofigin - Centroid

Value
Cross sectional area (4] 03
Second momert of area about 2 ads (lzz) 2753
FEffective shear area in y direction (Asy) 300
Eccentricily in y direction (ey) (i)

Section details. ..

Mame |Box w| E {new)

oK Cancel Apply Help

® Treeview> Attributes S0l 2J3t HolE/S Halsl(0}9A 0%
3 Dol of] O194 35 32 Pasteplel ZIohE2 HBTc

= BEx 2-o 8 Bk SR N L L VIR i AN o A7 - O Y | =

Geomelry Attibutes Anases Utlities Tools Brdge Design Tank KEPCO Window Help

=2 Copy) Treeview> Group B9 1

¥ @ % |/ (USAS View: 20 Box Culvert:mal Window 1 x|

crou.. doattn., (Ranay.. uuins Dreno.. | [FED o= £ == o 5 7 E 5 7 0

Culvertmd
13 Attributes (3)
EE=] Mesh(l} o

8 Assion tolines
Aesign to valumes
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5.2. ARIAZRO) 7515739 9] 3 A&

Attributes> Geometric> Joint...
@ KHrAzeo] HAS 002 YHstal, GojEf Al9] o] 52 Soil Spring2 2 gyt

Analysis category 2D Inplane

(] Use joint length

Component [ Value
Eccentricity in y direction ley) | 00
Mame | Soil Spring S )]
Cloze Cancel Apply Help

@ Treeview>Attributes of|A] JoJst Hlo|HAIS BAfstl YAEAIS HEste] £Q1E 7]654S Aedyct

5.3. QAR ZJstEA Kg gl

O gofgt ALY 71skE/dol Gl AEEHUEA] st 9sh Treeview> Attributes 9] GloJEJAl "Box o]
52 235tL Select AssignmentS A=Y that o] 7|st50] A8H 247t AEd ZiY

i - [LUSAS View: 2D Box Culvertmdi Window 11 = o X
Ded & = BEx

Qrixc & B FAT [T s s 0 [N [E ek - 0> -O-@- i b &
File Edt View Geometry Attutes Analses Utiities Tools Gridge Design Tank KERCO Window Help

~a LUSAS Views 20 Box Calvertmal Window 1 x| =

.. @At (Sansl.. o vt 8 Repo. =T EG ED ED
~

o)
o)
)

R
5o — =
B Joint (1] gy Edit.. =
o 25 S — —
e "
ename
Delete o,
it
— p—
—y =
— —
— —
ate Fre
Nene
n
Text Output Rl ol v B X Selected tems v ax
O allmessages  ()Errors D 5 mmands | Clearal Selected Items  Cyciable [tems
@ 0036 Total Set Default 7 line 1
00:42 Apuve  susl spring’ sssigned to 4 items [ine 2
00:22 Meshing 12“"“
00+ 42 Meshing completed iine 4
©® 0012 Total elements d - 44 INTZ, 40 BNIZ
00:47 Geonstric Attri Box' assigned to 4 items for analysis ° Analys)s o
Ok o047 o
00:47 Geometric Attribute "Soil Spring ass)gned to 4 items for analys)s ‘Analysis 1
For Help, press F1 Sipit Units tmigsC K 23413 V118864 ZNA  Selected:4 fiems

5.4, AkAmeio] FlstEy A8 2l
@ 7olsh AWtAZEO] J]stE/Jo] LTl AEEQI=A] =UsH] S5l Treeview>Attributes $5O] Hlo[EJAl Soil
Spring'o|A] ORQA ©Z9 321511 Select AssignmentS AMEiShCE chga} 7o) 7|51EAJ0] ARE QA7)

g 2y,
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M LUSAS Academic (Bridge Plus) - [LUSAS View: 20 Box Culvertmdl Window 1]

DEH #- = BAX 2-0- & BpBE[F(T Tl ch®-a [k

File Edit View Geometry Aftibutes Analyses Utilities Tools Bridge Design Tank KEPCO Windew Help

Semoutes = 8 X | LUSAS View: 20 Box Culvertmal Window 1 x|

R

iayers [Elorou... datti,. (Danal., g Uti.

epo.. a0 R R T8, . 65, . o0 . 1= 21 T 75, . . . 80
3 20 Box Culvert.mdl
43 Attributes (4)
E1-23 Mesh (2)
B tine () o, e e g -
o LiBeam o
b —— T I I I T T I I [
&% 2:50i Spring i}
-3 Geometiic (2)
=13 Line (1)
& Lox .. — —
£43 Joint (1) E
2:5oll Spring] — i
Edit...
Copy — —
Rename g K 3
Delete
Edit Assignments...
Deselect Assignments o
— —
v Visualise Assignments 5
Visible — —d
Invisible
Transparent =
Set 35 Only Visible T I I T T T I I T
Results Plots >
None
e — Assign
Text Output > B X Stiecteditems
Assign to All
O Almessages  OlErmars an g wands | Clearall Selected Items  Cyclabie ftems
Desssign > |
@ 00:36 Total elenents creavea - sy pniz || @line 1
00:42 Line Mesh Attribute "Soil Spring’ sssigned to 4 items |[2Line

00:42  Meshing model ... }
00:42 Meshing completed
@ 00:42 Total elements created :— 44 INT3, 40 EMI2

00:47 Geometric Attribute
@R 00:47 Geonetric Attribute "Soil Spring” assigned to Line "4 for analysis "Analysis
00:47 Geomstric Attribute *Soil Spring” assigned to 4 itemns for analysis "Analysis 10

Box" assigned to 4 items for amslysis "Analysis 1"

For Helo. oress F1 4bit  UnitsitftmiosC X -23413 1053361 ZNA  Selected:4 items

_10_
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6.1. 7AAe) Aesg 3ol

Attributes> Material> Isotropic ...

AQ
=170

O AMREES YHTUD TS, m TS AgsEsU

[ClPlastic I creep [_IDamage [Ishrinkage [ |viscous [ITwophase  []Ko Initislisation
Elastic

[ Dynamic properties Value

Young's modulus 3.05915E6
Thermal g

B Thesitel Expensi Poizson's ratio 02
Mass density 0.244732
Coefficient of thermal expansion 10.0E6

Name | Lso1 v|

® ¥+, Attributes> Material> Material Library ... ofA] U&= DBE &8s

BS AASIEA Z710f ARt

M

Tip.

HAlE o HHAIE AREstolE s 2R

VigL

Cloze Help

A

_'_ol

ALREY
P2 S4gto] Uepdulct

t

eral Librany

Material type  Concrete

Country (None) s
Standard (None) b
Grade Ungraded b

Properties

Young's modulus 3.05915E6

Poisson's ratio 02

Density 0. 244732

Thermal expansion 10.0E-6

Name |1501 w| o (new)
% 5t CrolAl2 Ox|5 5
J Agho] 2X Lt GAE xIstodoF Fy.

_11_



o5 Sof BAS TS N/m’ 2 ARSI, ST T N TS AMgstofob ot

62 A7ivAle]l MBS He

© Boxg BF AEistL oot Az54dS A{IU-

$lg LUSAS Acadernic (Bridge Plus) - [LUSAS View: 2D Box Culvertmdi Window 1] - o x
DEd &- = BE X 2- & A E p i i
© File Edit View Geometry Attributes Analyses Utiiities Tools Bridge Design Tank KEPCO Window Help
Attributes rEx ‘ /" LUSAS View: 2D Box Culvertmd Window 1 x| d
Biavers [Blorou. Fatini., (B analy. > utiiti.. [F Repo.. 20 ER 0 05 [ 05 0 15 20 25 30 3
2D Box Culvert.md
i Joint for single feature {autamatic) {2} 9 T T T T I I T T
+- g% 2:501 Spring —
— —
&% 2:501 spring . e i
(3 1sotropic {1) — —
& Ungraded | Concrete)|
Edit Definition.
m Edit Attribute.
B2 Copy — —
Rename — i
Delete
— J—
Edit Assignments.
Select Assignments — o—
Deselect Assignments
Visualise Assignments i
e T T T T I I T T T
Invisible
LI _. Set as Only Visible £
Text Output T 5 v B X Seleded items vax
© Alimessages (0 Errors and warnings e Selected Items  Cyclable [izms
00:42 Line Hesh Attri 4 items JMore thasi 30 et
00:42 Hsshing cor T
@ 0042 Total clements 2
00:47 Geometric Attri  Deassion > for analysis "Analysis 1
Ok 00 47 Geometric Attri Set Default Line "4" for analysis "Analysis 1"
00:47 Geometric Attribute “soil spring” assigned to 4 items for analysis "Analysis 1° |
00:55 Haterial Attribute "Isol’ assigned to 4 items for loadcase "Loadcass 1
For Help, press F1 Ghbit  UnitstfmtsC X 23413 %:073063 ZNA  Selectec: 176 ems
6.3. ;qlu]-/\ne,] | /‘\Hg -1 7:4 |
orzu} X|K[5H= A[HFA TS | 2 o]8sted Aojshch
OFZ0F X|X|5H= AYFA I Eomtj-ﬁ 5 9]
L0] A HfA 2] o o 20 S C ISF
@ W59 Ao AgtAn L x1Q-E7F 291 Smooth Contact B]A3 Joint Element2 A0)5t1, v (local y B3F

RJieto] ™2 10,000 t/m/mE YLich

Analysis category 2D Inplane

Assignment o Lines () Thermal expansion
Joint type  Joint no rotational stiffress ~ N [JDamping
Mass posiion  Between nodes bt
Properties spedfied for each freedom
u v
Cortact spring stffness [iki] 100E3
Mass 00 0.0
Lift-off force 0o 0o
Lift-off stiffness 0.0 0.0
el gap 09 09
Mame | Soil Spring v| @
Close Apply Help
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Tip.

A2 u,v,w, THx, THy, THz 2 7|9 718 AES-29] HIgho|H u,v,w — =25495F x, v, z0]1l, THx, THy, THz & %H‘ﬂbk

Ox, Oy, 6z YU} Joint @40] Zo] disko] ZEALE xS UER|H 91 Zo7F 9= '0" length Joint Element@] 73

L ARt EAS gsych & siAof AFRH Jointo] YEHAQl 2-HHFE W= ol I} 2o Lift-off stlffnessﬁa}

Lift-off force 3 FA] FoH A4&0RS gk Amajo] FEf2 A2 EAS 2ojd 4 Ut E3t Contact Spring
AN

Stiffness?t Lift-off force 3= FA] PO QRS W Ango] YEiz MasdS 74T = sy

# - litt-off stiffness

dm

o
Lift-off
force

-
L—Gap —

K - contact spring
stiffness

L J

s m

oPIM, AZYo| £7] Gap@ AMGIITIH, o] Ao TUAL x% P YFL ALY Dol BHCIH
2 Fopl BUck. ol 1o 1 o] rhIe) exx = (Bx2-6x1)9) P UHS WS 0] 32 o] Hoj, A
W 1) 99| o] YUk T2} Gapd| Rat UF Gap% A% Yolnf W Gapdl F 9 2 Yslw

6.4. AlutAmalo] Fass AL

O REgA sigste Lined 25 A=t koA Zofet Joint A25dS HEFH
BB LUSAS Acader

@MI F-T - Tl

nalyses Utilties Tools Eridge Design Tank KEPCO Window  Help

IRy rekide e 0- s -O-8- @ik a

¥ 8 X |7 LUSAS View: 2D Box Culvertmdi Window 1 x| -
s Fpattribu... (B anayses P utiiities [FReparts | . 5 — 30 . 05 00 . . [ Al T R 20 25 . 30

B 5 = =
23 Joint for singe feature (sutomatic) (1) — T T T T T T I T L
&% 2:50i Spring
etric
— ]
=423 Jont (1) "
&% 2:5il Spring 1 *3
=+ Material {2)
= sotropic (1) — i
&% Lsol (Ungraded | Concrete)
-3 Joints (1) 8 55 to nes
&% 2:50i Spring o e — —
10 Al analysis loadcases
— —
Analysis 1 v
(O From foadcase (nanlinear and ransient analysis)
— —
— —H
oK Cancel Help — —
None v spedfy.... || l
Text Output v B X Selected tems v ax
© Allmessages  ()Errors and warnings () Only errors  (JLPICommands  Clear all Selected ltems  Cyclable [tems
[ViLne 1
output file “2D Box Culvert™inslysis 1 out" for errors and warnings :ﬁl’"“
23.0-2 Nunber of linss=1345. Wunber of srrors=0. Mumber of varnings=0 %t”‘ﬁi
¥Line

=OEM\Docunent s\LUSAS230Project=\LUSASFiles\2D Hox Culvert\2D Box_Culvert“inalysis 1.mys:
1f Weight" deassigned from 4 items |
Sk status as last results fils is closed

64bit  Units:tfmtgsC  X-1.6545 V074208 ZNA  Selected:4items
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8.1. Ak5 g9

Attributes> Loading> Body Force, viscous support loading> Body force...

Load type Analysis category 2D Inplane
s e ~. Displacement, velodity,
T Paint loads T)Strain and stress i = e
e e Body force, viscous Linear acceleration in X
(U Distriblited Joads (O Prestressing tendans o support loading linear acceleration in Y -5.81
= - Angular velocity about 7 axis
(_) Temperature () Discrete loads Angular acceleration about Z &s
Body force, viscous support loading
© Body force
() Viscous supportloading
Hame |Self Weight | 5 few)
Mext = Finigh Cancel Apoly Help < Back Finish Cancel Apply Help

8.2. EQ A9
Utilities>Variation>General Field Variation...

EJ2 Variation 7|52 ©l83lo] g9 $x|o] T2} AFsC2 sh50] ArtE =S dHPuct & 4HE Al

9] k2 BERshe o] 4412 olel] 4] theo] @) 2 RIS Alskme] $IR12 o] SAUCY
O [l A & Agslol 9 ARS N 3 WYY (192 95 3Y T Yool H ool 29 ) 2 oy
Moves: 4615k Y 9302 -4 913 o[ 2UE]. 24l iel 4% 28 Al 2m ofelol Slep %qq.
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o557 39 2 Hg
“X Delste .Mcwe
|H§ Move...
il Copy... @) Translate "I Rotate ~) Matrix 1 Mirror
A Sweep... ) Scale 17 Compound
Select Coplanar Neighbours... Translation
Invisible ]
Keep as Only Visible % 0.0
Advanced Visibility...
Results Plots 4 « @
Renumber... P AN
All Wisible
Select All Chri=A Transformations generated from memory selection
Deselect Al | e transfarmations generated ; e
Deassign all attributes =
Selection Memory 4
Advanced Selection...
%] Browse Selection... g = fewl
Browse Cyclable Ttems..
Browse Visible Items... [ aK } [ Eanel ] [ Caue | [ Help ]
Broperties...
@ Utilities>Variation>General Field Variation...o]A] EU5HS HolHE Th57] st £A1S d2dshyct o] A1
+ Field Variation2 ©]-gsto] Zlojof] T el 3 LAY Eg ZAlktel SUth A fmAlA Y&o| &
Zuisto|o 2 Yo st shprg mPS 5 914
© A9l @Y} ek 2tf/m’oR 7pgsta #‘4%@ EUS AR
P, =~yxh
Zlojof] Thg ARYRF B o3t 2ol YeRd 4 9154t Functiono] 'Y * 25 YJ2}6}al 'Vertical Soil Pressure'2h=
olgoz Hojguch

D General Field Variation

() Line Variation

() Surface Function Variation
(") surface Boundary Variation
() surface Grid Variation

() Profile Variation

() Prior Results-Based Variation

Mext > Finish Cancel

o Ao U 02 30 2 hgsl,

Apply

h

I Function

© Global coordinates

() Local coordinates assigned to geometry
{transformed freedom assignments)

() spedified local coordinates

<Select>

Help

Function limits. ..
Name | Vertical Soil Pressure v | = fnew)
Help < Back Next Firish Cancel Apply
oFo. Sh
EQS Artgych
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A71M, k= (1—sind), 0
Zdolof g 41 J% EQe et 7*01 UrE}% 2 95Ut Functiono] '1/2 + Y * 25 92514l Horizontal Soil
Pressure'zh= 0|20 2 Aojghct,

I Function 0.5%*2 I

eneral Field Variation

(D) Line Variation © Global coordinates

() Local coordinates assigned to geometry
{tranzformed freedom assignments)

{:) Surface Function Variation
(7) Surface Boundary Variation =
_ () Spedified local coordinates
(_) surface Grid Variation =
<Select:>

() Profile Variation

(") Prior Resulis-Based Variation
Function limits. ..
Mame |Horizontal Soil Pressure v| = (new)
Bach Mext > Finish Cancel Apply Help < Back Nt > Finish Cancel Apply Help

Attributes> Loading> Distributed loads> Local Distributed ...

@ Local Distributed 5152 A®sti Jolst fALS o] &s) EY o152 FYFYT. Box?| local &EAES =9l

51 Box walldle Y3 EYL. Box slabole A EYS HETUCL ol e E4S Bl 9
2z ghgs Zasto] Aolst A1 'Vertical Soil Pressure', 'Horizontal Soil Pressure'S Zzh Xeishct

o
0 48 £Y Aol

Units Converter and Variation Utility lﬁ

Analysis category 20 Tnplane El Unit converter
Convert from
Distribution type Hfm -
OLine ) Area
To mode! units
C | Value tffm
« Direction | .
Do i Hetical Soil Frassirs [5] variaten
x | Yerfical Soil Pressure:
(Mo variation)
New... s
=] rEeprm
Horizontsl Soil Pressure
Name | Vertical Soil Pressure w \ = (new)
< Back Mest Finish Cancel Apply Help
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RIO% s5z7 el 9 g

Locat Distributed A Units Converter and Variation Utility @
Analysis category 20 Inplane D Unit converter
Convert from
Distribution type tm =
O line (C) Area
To model units
Component Value Vertical Sail Pressure :.h‘_rm
x Direction
y Direction 1.0"Horizontal Soil Pressure E] ‘Variation
Vertical Soi ¥ x |Herizontal Soil Pressure .
{MNo variation)
New...
@ ‘Vertical Soil Pressure
Horizontal Soi Pressure
Mame |Horizontal Soll Pressure o : {rew)
< Badk Next > Finigh Cancel Apply Help

8.3. 2% Aol

Utilities> Variation> General Field Variation...
U EQ ORI R A Rof| Tt AFs-0= 5152 AlsH=%: Variation FieldS: 0183510 A2 oL
R|5H97t Ko 2m o2 $Alske 202 715t Variation GlolEiE AJojghct

@ R|5F2)7} K| Eol) 2mo]l $JR|5HL Q)= 7102 7HAE|9lo U & Functiond] '-Y-2'S U251 'Water pressure'2l=
olgo2 oyt

Function =fa
General Field Variation
(_iLine Variztion © Global coordinates
() Surface Function Variation (D Local coordinates assigned to geometry

Cl e oundiny Veriion (transformed freedom assignments)
() Spedified lacal coordinates

() Surface Grid Variation

<Belect>
() Profile Variation
() Prior Results-Based Variation
Function fimits...
Name |Water Pressure | o dnew)
< Back Next > Finish Cancel Apply Help < Back Next > Finish Cancel Apply Help
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Attributes> Loading> Distributed loads> Local distributed ...

@ Local Distributed

=22 g s 25t 7\*_40} A 'Water Pressure'%

Load type

() Point loads

0 Distributed loads

() Temperature

Distributed loads

() Global distributed

s5e

~, Displacement, velocity,

() strainand stress O iatian

~ Body force, viscous

() Prestressing tendons — suppart loading

() Discrete loads

() Discrete patch

Analysis category

Distribution type

Oline

2 L2 Bl 24 o183 44 3 el

Uk Y5 32

goll it ste=

20 Inplane

(D area

Component

Value

x Direction

v Direction

1.0°Water Pressure

S xfatat |l

(iFace () Beam projected loading (wind)
() Water pressure distribution
) Internal beam distributed
Name :Water Pressure : (new)
MNext > Firish Cancel Appl Help «Back lext > Finishy Cancel Apply Help
oF= 94 A
8.4. o152l A8
0~
= = =) ' . =Y
AATAIS A=HSIAL 5k HloJEf Al "Self Weight'S- A-8AIRIH:
@ Treeview>Group Bio|A] 129 'Box'E AMESt & 0f2A Q=8 Zas}o] Select MembersS Aleighc}, QF
7{ FA7E MeEiE] AEfof|A] Treeview> Attributes BHoJA] 'Self Weight' Ho|EAlS MEiSH & 0fQA Q&9
=1xX IR AAZ /\ A
0}01 ASSlgn— AEs AFSS AEPUE sEAlIOIAD AlE stEAeE AR & AsHS
B s = g
[a=3=] BB X & B BT [Tl st - [k Ak RS @ -0 O -0-8- Einka
File Edi View Geametyy Affrbutes Anayses Ubifies Tools Eridge Design Tank KEPCO  Window Help
Attributes ~ & X | 7 LUSAS View: 2D Box Culvertmdl Window 1 x| =
Eayers [Heroups Fattibu.. Danases o utiiities [Freports | [§ ES BN ES 3 s 10 o 30 z ] 3,
=43 2D Box Culvert.md |
-4 Attributes (10)
B3 Mesh (3}
- tine @) o =, =5 = -
o 1Beam 1
3 Joint for single feature (automati) (1)
e ITTTTTTTT L
523 Geomerric (2)
[T : o —
433 Jont (1) o
i g 2:500 Spring — —
2 Materia ()
i i SO ] ]
= ,j:lmnts o
*. g% 2:500Spring _ — =
[=-4_3 Loading (4) [ Assign to points.
543 Structur, ssign to lnes
o ml — =
), 2l s Presaiie
| JiHorizontsl Sol Pressure O Alioadcases Analyss Analysis 1 v — =
o OSingeloackase  Loadcase [ 1:Loadcase 1 -]
= —
More >> 1B etloadcase active
= —
oK Cancel Help
None ~ Fispedfi. ||| ‘
Text Output > 0% Selected ftems vax
O Alimessages  (DErrorsand warnings (O Only errors  (O)LPI Commands  Clear al Selected ftems  Cyclable [tems

| [More than 50 Ttems
<\OEH Docunents\LUSAS? 30N Froject s LUSASFi les\2D Box Culverts?D Bom Culvert“inalysis 1. mys)

1f Weight" deassigned fron 4 items
ck status as. last results file is closed

d :— 44 JNT3, 40 EMI2

(For Help, press F

juigyct. o
2 7

g e 7 5
F5Tct 3159 FRuz 747
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357012 A5 Treeview>LoadcaseollA] 274 4 QlgHct

M LUSAS Acadermic (Bridge Plus) - 2D Box Culvertmd = [dl X
DEE @ = BRx Do S BWE (T T[] S B S
File Edit View Geometryy Attributes Analyses Utilties Tools Bidge Design Tank KEPCO Window Help
Analyses ¥ B X | LUSAS View: 2D Box Culvertmdl Window 1 X | -
Eiayer: [SGroups yatiribu.. (B Analyses o~ Utilities [F]Reports C — 15 — . 1.0 05 0.0 05 N 10 N 75 20 _ 25 _ 30 _ 3,
[543 2D Box Culvert.mdl
£/ Structural analyses.
-2 Analysis 1 R
-] Geometric o £ E
ER] :toadeec B
B dMate o SetActive k
(] Loat —
-4y Norlinez Edit..
% Model properties
Loadcases to Solve. K — —
By Copy !
B Paste
=4 —
& — —
New >
Deassign > 7
Controls >
— —
v Gravity o
— —
| | |
o £ S S £
Lioadcase 1 +
None | Specy...
Text Output v 8 X Selected items. v ax
© Al messages  ()Errorsand wamings () Only errors  (J)LPI Commands  Clear al Selected ltems  Cyciable items
More than 50 Items
SNOEM\Docunen ts\LUSAS230\Projects\LUSASFiles 2D Box Culvert 2D Boz Culvert~inalysis 1.mys:
1f Veight' deassigned from 4 items
sk status as last results file is closed
4 .- 44 JNT3, 40 BMI2 |
1f VWeight' assigned to & items for loadeass "Loadcase 1°

For Help, press F1 PE4bit  UnifsitfmtgsC X% 19750 ¥.-18313 ZNA  Selected: None

IRE Ao A52 ALst= 7L, Attributes> Loading> Body force, viscous support loading> Body force
2 A}5& Aok ThAl, Treeview> Analyses §i0l4 Loadcase?] 0tQA 9% 22 2 'Gravity'S AEisto] 7
= ol

1=}
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1 Geometry
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B View axes Detais...
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-3 stucwrd (3) Until specified loadcase. 2450 Pre
o Liselfweight
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| Nore I Load factor -1 I
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rizontal Soil Fressure! deassigned fron 2 items
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1423 Mesh (2) e e e e e e — R
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23 Geometric (2) — —
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