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2. DEl8 AJAF O

File> New...
Mew Mode
File name Cracking Concrete {20}
Working folder
() Recent C:UsersWOEMWDocuments WLUSAS230WProjects
© Userdefined  C:UsersWOEMWDoruments LUSAS 230 WPrajects Set..,

Model properties

Analysis type Structural « | Model units Nmkgs,C v
Analysis category 20 Inplane | Timescale units  Seconds e
Optional
Startup template  None “ ... Layoutgrid Mone w
Title
Job number

0K Cancel Help

@ File name: Y
@ Analysis type :

® Structural - t&RsHA 2dlof] fo|st 274 LA

® Thermal - %54 welo] ol 874 74

@ Coupled - FsiA ZutS vlPOR st RN, £ 1 Wiho] 5 A8 siA e 4
© Model units : R@o] AEE TOIA. U DB (DAY, MRSY 5) Mg Al 2712 R0l 9%
@ Timescale Units : sfAof] AR A|7F T
@ Analysis category : i ZHE| 2ol Aot tlw =, oieh AT 2 R A AR UEES ARSAL
QlEjm o] A WY
@ Startup template @ X3 Al835H= glo]gAl Ao]. WQA] AMBAF 1.59] ScriptE A5t 52 71
O Title : 2of £gt A (k)
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3. Geometry 44

JA0A ofH] ATYES thp oM. (A ATRE theE 29)
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File> Script> Run Script..of|A] 2d_beam_nl_modelling.vbs T}J-2- Algighct
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File Edit View Geomatry Attributes Analyses

s Bridge Design Tank KEPCO Window Help

- 3 x LUSAS View: Cracking Concrete (2D).mdl Window 1 X‘ bl
roups g Attribu.. (5 Analyses P Utities [F]Reports B -200.0 7 [ i 200.0 4000 £00.0 800.0 : 1.0E3 m 133 L T4E3 . TEES
=+ Cracking Concret (20),mdl
23 Structural analyses 2
=% Analysis 1 2 R
(] Geometric
(D 1:loadcase 1
- Material
o
: ¢ 5.8 Noninear and Transient (Automatid B 5.0E3N
H *. 4, Nonlinear analysis options
® Model properties
o
S —
—_—
e
=) ——
Tiloadcass 1 =
fione v spectr... | |o.
fext Outpit w B X Selected items v ax
©almessages. O Errorsand warnings: O Only errors. ()P Commands  Clear al Selected ltems  Cyelable [tems
11:23 Line Mesh Attribute "Hull, div = 1" assigned to 3 items [¥iPoint 3
11:23  Heshing model
11:23 Meshing conpleted
® 11:23 Total elements created :— 10 QPMS
@Kk 11:23  Support Attribute "Fixed in V' assigned to Point "1" for loadcase “Loadcase 1°
11:23 Support Attribute "Fixed in X' assigned to 2 items for loadoase ‘Loadsass 17
Ok 11:23 Loading Attribute "Point Load” assigned to Point "8 for loadcass "Loadcase 1
11:23 Model successfully saved as C:Ussrs\OEN\Docunents\LUSAS230NProjects\Cracking Cor

For Help, press F1

B4-it

Unitsi mm.tsC X 162963 V:-39638 ZNA  Selected: Point9



https://www.lusas.com/user_area/documentation/V23_0/worked_examples/LUSAS_associated_examples_files.zip

ATFI2E 59| JFAHA(@D,

NEXINE))

4 REA ROl U Ag
41, M= =4 Bl
239 32
Young's modulus 42000 N/mm? Young's modulus 210e3N/mm?
Poisson's ratio 0.2 Poisson's ratio 0.3
Mass density 0 Initial uniaxial yield stress 300 N/mm?
Uniaxial compressive strength 31.58 N/mm’ Hardening slope 2121
Uniaxial tensile strength 3.158 N/mm? Plastic Strain 1
Strain at end of softening 0.003

curve

0 "2e) Alasy ¥
Attributes> Material> Isotropic ...

EX7ro 01?—'_181-]4]]:} _Clql_—_ _?_] ]E }_Q.—“ OﬂAL]r‘} H ]}\ 3 —‘-H}H ]l:l AAAA ] 194 EXO ol
O Nes3u 4= . @9 Nmm SIS ARESIS Als8]dY siAola g A/dPgHolx 54 4
= o]= : O = 5
sh7]19lsll Ao Plasticg AAZUch
Isotropic @ Isotrapic lﬁ
[ Plastic ] Creep | IDamage [ ]shrinkage [ Viscols || Two phase 7] Plastic [Tlcreep || pamage [~ | shrinkage [T Viscous [Z] Twa phase
[ Elastic |plastic| Esue| Plstc |
[~ Dynamic properties falue [stress potental - Value
[ Thermal expansion Young's moduius ZT00E3 —  ———— [intalunacalyeldsres | 300
- Posssons rafio 3 [ Stress potential type |Von Mises -
Wass densiy ] f -
"I Heat fraction
[ Hardering
B ot Tension Compression
) Plastic strain [ Slope | Plasticstrain] | | Slope | Plastic sirain|
@ Hardening gradient ;‘ 212183 12 1] : :
Name Moninear Steel > =W Name Norlinear Steel > o
Close . Help close | y Help
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Attributes> Material> Concrete(Nonlinear) ...

® Z32)E 8 22% Smoothed multi-crack (model 109)S AMeishct Creepit Shrinkage:= sfAof 1215}
Al i 2102 JPE

I Conerete Smoothed multi-crack (madel 10} I Advanced. ..
can JBhiE v | optons
shrinkage e
Component Value
Young's medulus 36,75E3
Poisson's ratio 2
Mass densty 254849
Liniaxial compressive strength 48.0 ol
Liniaxial tensile strength 5
7 =) |
[[Strain ot end of sohening curve (e0] 35E1 1

[C)Thermal properties (| Dynamic properties
(") Fracture energy
© strain at end of softening curve

Component | Value

Name |Nonlinear Concrete Vi )

Close Cancel Apply Help

Tip.

D*%’MlL of GHAIE A8t Ty, R Hdl] 24X A GHAE FAIstefoF Fyo
9= AR B9E N/m” 2 ARSI, S5 T E N TS ARgStojof gt

42. M= &9 &&

® Ao sigsh= Lines AElsh & Aol Aj2E/] to|gAl 'Nonlinear steel' & A-&3hc},
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82 LUSAS Academic (Bridge Plus] - Cracking Concrete (2D):mdl - [LUSAS View: Cracking Concrete 2D).mdl Window 1] - o X

BH @ s BB X S0 & B F T T E R F N |k ko)

i file Edit View Geometry Aftributes Analyses Utiities Tools Bridge Design Jank KEPCO Windew Help

“Attributes w B X | LUSAS View: Cracking Concrete (20).mdl Window 1 hd
Groups - dyattribu.. (B analyses utiities [ZReports ; 2000 90 ; 2000 ; 2000 5 600.0 ; 2000 B T0E8 B 1263 ; B ; 1EES 3
s 11:Null, div =
12Nl div = 12 o
<, 13:Nul, element fength = g R
@ 15:Bar, quadratic order, divs = 4
&% 16:Bar, quadratic order, divs = & graded
i g% 18:Null, divs = 6 graded
£ Surface (2)
ot 14iPlane stress. o
&% 17:Plane Stress Quadratic 2 S.0E3N
24 Geometric (3} ™
- Line (1)
i Lg% 2Steel Area E
B4 Surface (2) R
1o/ Lilnit Thickness
3iBeam Thickness 5 s
3 Material (5) ¥
43 Isotropic (4)
1:Steel (Mid Steel | Steel - Structural)
!, 2iCencretz {Ungraded | Concrete)
- —
o “ioninear Cor =8 Edit.. —
E3 Supports (6) By copy
L LFived in XY
2Fully Fixed N
. 3:5ymmetry paralle Reénaine
Lo, SSymmetry paralle Delete
Lo gy SiFied in X
g SiFedin Y Edit Assignments...
Lozading (3) Select Assignments
1423 Structural (2) N
2. LiGravity vertk Deselect Assignments
% 2:Point Load Visualise Assignments
None Visible
— Invisible
Text Output v B X Selected tems varx
© almesssges () Errors and warni Set as Only Visible wal Selected ltems  Cyclable Items
11:23 Line Mesh &tf Results Plots 5 d to 3 itens (e 5
11:23  Heshing node! L7
11:23 . Meshing ¢ Tempersture Dependence..
11:23  Total elemenf
Ok 11:23 Support Attr: Assign Point "1" for loadcass "Loadcase 1"
11:23  Support Attr: Assign to Al 2 items for loadease 'loadcass 1"
OK 1123 Ioading Attr: - Point "8" for loadcase 'Loadcase 1°
11:23  Model susoest Deassign ? unents\IUSAS230NProjectsiCracking Cor
Set Default
For Help, press F1 g4-bit  Units:NmmbsC X 30502 ¥ 14188 ZNA  Selected: 2 items

© 232JE0 sigsl= Surfaces W5 AEish 2, £32]E0 g 5A4ds o5t Ho[EA! Nonlinear Concrete S <&

SAS Acadetn) lus) - Cracking Conerete (2D)mdl = [LUSAS View: Cracking Coricrete (2D)mdl Windew 1] = (u} x
DEE @ = BBx oo 8 apE £ T AL [F0 s -0 [k R ke B0 08 @ ibkd
View Geometry Attributes Analyses UMilities Toals Bridge Design Tank KEPCO \Window Help
¥ X |/ LUSAS View: Cracking Concrete 2D).mdl Window 1 x x
Graups  @yattiibu... (Ransiyses Futiities [FReports | [ 300.0 . [ . 200.0 . 2000 . G00.0 . B00.0 . TOE3 R 1263 . TAES R =)
5 11Nl dv =8
Lahul, dv = 12 I57
13:hul, element length = 1 2 R

o 15:Bar, quadratic order, divs =4
' 16:Bar, quedratic order, divs = & graded
Lg% 18:Null, divs = & graded
£33 Surface (2)
7, 14:Plane stress.
| g% 17:Plane Stress Quadratic
423 Geometric (3)
B4 Line (1) 1
g% 2isteel Area
£33 Surface (2)
) L:Unit Thickness
L&y 3:Beam Thickness Assian to paints Assign to fines
43 Material (4) 18 Assign to surfaces Assion ta velumes
=143 Isotropic (4)
1iStee! (Mid Stee | Steel - € All analysis loadcases
-5, :Concrete (Ungraded | C Analysie
&% ZNorlinear Steel '
&8 “:Nonlinear Concrete (O)From loadcase (norlinear and transient analysis)

5.0E3N

4000

Material Assignment

5

“Z3 supports {8} Analysis 1
7 LFived in XY Pt
17 ZFully Fixed
-, BSymmetry parallel to X (fixed Set ac active Joadcass
4, w:symmetry parallel to ¥ (fixed
& sirveding ‘ oK Cancel Help
o GiFixedin Y

1 Loacing (2) i
£/ Structural (2

%, LiGravity vertical
% 2:Point Load

None | specify... |||
Text Output v @ X Selecteditems vax
O sllmessages  OErorsandwarnings O onlyerrors  O)LPICommands | Clear all Selected Items  Cyclable tems
11:23 Line Mesh Attribute "Null, div = 1" assigned to 3 items surface 1
11:23  Meshing nodel ... Whsurface 2
11:23 Meshing conpleted ESuaface 3
11:23 Total elements created ;— 10 QPMS Surface 4
Ok 11:23 Support Attribute "Fized in ¥* assigned to Point "1° for loadcase "Loadcase 1°
11:23  Support Attribute "Fixed in X' assigned to 2 items for loadcase "Loadcass 1"
Ok 11:20 Toading Attribute "Point load assigned to Point '8" for loadcase 'Loadsase 1" |
11:23  Model successfully saved as C:\Users\OEM:\Docunents\LUSES230\ProjectsCracking Cor
For Help, press F1 B4-bit Units: N,mmt,5,C X -303.97 ¥ 257972 ZN/A Selected: 4 items.
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5. Nonlinear Control®] AA

o = AU Controls A7gs17]of] U4 2HoflA offie} 2ol A9 PointE
sege, ol @ | Controlg 39l 1] A2 oxl £712 s SIshIc
& Treeveiw>Loadcase B20J|4] Loadcase 1S 0RA &3 22510 Controls>Nonlinear and TransientS AEishct.

Ha LUSAS Academic (Bridge Plus) - Cracking Concrete (20)md - [LUSAS View: Cracking Concrete (2D)md| Window 1] - o x
Dl @8- = B@BX 9.0 & OB -7 (Fli- ddd @k -k - ki Gl O 8 intea

File Edit View Geomety AMributes Analyses Utiities Jools Bridge Design Tank KEPCO Window Help

Analyses vy ax LUSAS View: Cracking Concrete (2D).mdl Window 1 | -
.La ers [EGroups JpAttribu... (B Analyses of Utilities [E]Reparts —300.0 200.0 0.0 . 2000 R 300.0 . 600.0 . 800.0 . 1063 1263 . T4E3 R 16E3 1
Cracking Conarete (2D).mdl 1
/3 Structural analyses
E1E Analysis 1 2 R
-] Geometric 2
=] oad
e v SetActive
-1 5upy
- Loat B .
B non Loadcases to Solve.. E S.0E3N
By Norlinez =
By Model propertie! Copy
B Paste
Rename o
55 —
K Delete & il
New >
} —
Deassign > |
ravity Fourier..
~ Nonlinear and Transient...
o
&
1iLoadcase 1 ||
None ~ | Spedify.
Text Output > % Selected items vax
© Allmessages () Errors and wamings () Only errors (LI Commands ~ Clear all Selected ltems  Cyclable tems
11:23  Tine Hesh Attribute 'Null, div = 1" assigned to 3 itens [FPoint 9
11:23  Meshing nodsl |, [iNode 230
11:23 Heshing completed
@ 11:23 Total elements created :— 10 QP8
©@Rk 11:23 Support Attribute "Fized in ¥" assigned to Point "1" for loadcase "Loadcase 17
11:23 Support Attribute "Fized in ' assigned to 2 items for loadcase "Loadcase 1"
Ok 11:23 Loading attribute "Point Load” assigned to Point "8" for loadcase "Loadoass 17
11:23  Hodel successfully saved as C:\lsers\OEMDocunentsS\LUSAS230\Project=\Cracking Co
Far Help, press F1 B4bit  Units: Nmmts,C  %-53616 Y.-27093 ZMA  Selected: Nonlinear and Transient

352 5000No| AfstElo] Q= AMEfZ 5% £7F2ES 50N(Starting load factor= 0.01)0=2 Aolsta =
M2 4 ot 3159 Dl wz Ageta] RS 1S RasEA Az AslEs sEE ne Al
sA] erokon] AlEigh o2m AtEAol Welt YHHVICR 3mmE Aush Y e FUstEE AT
=

Incrementation Solution strategy
B Norlinear Same as previous loadcase
Incrementation Automatic ~ Max number of iterations 12
Starting load factor 0.01 Residual force norm 0.1
Max change in load factor 0.0 Displacement norm 0.1
Max total load factor 0.0 Advanced...

AGLSt loaC basen
HELIoa0 Bass I CANVEIgEncs Incremental LUSAS file output

Iterations per increment 47 Same as previous loadcase
Output e :
Time domain Plot file 1
Two Phase

Restart file 0

Iriitial tirme:

el Max number of saved restarts 0
Toks

Loag file 1
Automatc tme stepping
History file -4

[ 5ave a restart at the end of this control
Common to all

Max time steps or incements 0

o8 Cancel Help




SE30]e wol FAhH(ED, Masi)

Advanced Monlinear Incrementation Parameters

Incrementation by arcdength contral

O off

() Below stiffness ratio 0.4

() Always on

Arcdength parameters

Calculation method

Path direction

Crisfield

By number of negative

Arclength caloulation options
(affect whole analysis)

Relative displacement arclength procedure

Lis2 root with lowest residual norm

@ File> Model Properties®] Option §3& A=H
Fine Integration for stiffness and massof| A|25]o] QJ=X] &RIghch

General

Backups
Solver options

Spedified on 'Solve Now' dialog
Options common to all analyses

solver options..

I Element options...

Draping options...

Averaging oplions...

Close

Geometry Meshing Atiributes

o

AJERSEY. Element options...&

Termination criteria

B Terminate on value of limiting variable

Minimum change in incremental load
Step reduction
B allow step reduction

Point number 9
Variable type W
Value -3.0

Maximum step reductions 5

Load reduction factor 0.5
Load increase factor 2.0
O Cancel Help

Element Options

2

Options  Defa 4 *

Advanced settings should only be
modified with assistance from
LUSAS technical support

Advanced. ..

Apply Help

=2t} Integration optionsofA]

B Assign 6 DOF to all thick shell element nodes

[ Axisymmetric about the global X-axis

[Tl umped mass matrix (structural)
Lumped mass matrix (thermal)

[ wirite strains to output file

[ IPreserve loading whilst elements deactivated

B Improved transverse shear for thick shells
[ 5how results for rigid zone elements

B internal displacements and deformations for beams

[ residual bending flexibility correction (TT53)

B 5ave nodal stresses in plot file
Mumber of internal points for beams
Integration oplions

B Fine integration for stiffness and mass (structural)

Fine integration
[ |Fine integration for mass {HX 16 and HX20)

r stiffness and mass (thermal)

[~ INewton-Cotes integration for beam elements

[_] Coarse integration for semidoof shells

—_——

Cancel

Help
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‘Solve now' [ oo] g o|g3lo] AFE02 slie

5

[ Analysis 1

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

Save options
Q) save model

(CSave model with 2 different name

CAWINDOWS\system3 * + ~

KPVMN 22:2
19-Feb-26 11:41:U45
19-Feb-26 11
19-Feb-26 11:U41:45
INCREMENT 1e
MAR 164.72
WDNRM  ©.277U2E-02
DELTL  28.527
LTDSP -5.1693
PENMX ©.0000RE+00
ENGY 84350e.
PIVMN  49@8.1
KPVMN 22:2
19-Feb-26 11:U1:45
19-Feb-26 11:U1:45
19-Feb-26 11:u41:45
INCREMENT 1e

KPVMX 6:2
Assembling elements
Solving equations
Recovering stresses
ITERATION 4 TYPE
RMS 22.911 DPNRM
DTNRM  3.6501 EPSLN
DELTW 0.26002E+06 DLMDA
MXSTP @ NLSCH
NDPMX © KDSMX
PLWRK 0O.B0E6ORE+E8
PIVMX 0.23909E+89 NSCH
KPVMX 6:2
Assembling elements
Solving equations
Recovering stresses
ITERATION 5 TYPE

Salver options

Q) Fastest

available

[CIFirstioadcase only

NR
1.9503 RDNRM
0.21508 ETA
0.00000E+00 TLMDA
@ CSTIF
232:2 ISURF

e

NR

oK Cancel

0.29280

1.0000
5.3500

0.39201

() Frontal Solver {slower with more error diagnostics)

Help

MAR 1.8071 RMS 0.12765 DPNRM
WDNRM ©.48247E-06 DTNRM 0.53558E-01 EPSLN ©.746U3E-01 ETA
DELTL  28.5u2 DELTW 0.26005E+86 DLMDA ©.80080E+08 TLMDA
LTDSP -5.1707 MXSTP © NLSCH @ CSTIF
PENMX ©.00000E+B8 NDPMX © KDSMX 232:2 ISURF
ENGY 8u39e. PLWRK ©.B000BE+EE
PIVMN  4869.5 PIVMX 0.23909E+09
KPVMN 22:2 KPVMX 6:2
#**INCREMENT HAS CONVERGED#*¥*
19-Feb-26 11:U41:45 Writing output
19-Feb-26 11:41:45 Finishing analysis
**%L USAS RUN SUCCESSFULLY COMPLETED*#*x*

©.2862UE-01 RDNRM ©0.16313E-82
1.e000
5.3500

0.39201

NSCH e

Bl CwWindows#system32womd exe
INCHEMENT 4
HAR 34.634
UDNREHM B._2BRAS8E-82
DELTL 3.2542
LTDSPF —1.1483
PENMY 9.0800AE+8Q
ENGY 6334.6
PIUMH 18687 .
KPUMH 27:2
28—-Aug—14 15:39:18
28-Aug-14 15:39:18
28-Aug—14 15:39:18

ITERATION

RHE 3.4429
DTHRH L. 2282
DELTW 3187.1
MEETP 5]
NDPHM a
FLUYRK O.088RAE+88
PIUME B.12430E+A9
KPUMH 22:2
Assembling elements
Solving eguations
Recovering stresses
ITERATION 4 TYFE
RME B_66887E-A2 DPNHRH
DTHRM B._16468 EPSLH B_129@7E-82
DELTW 3112 .2 DLMDA O ._30R@0E+88
MEETP B HLSCH 5]
NDFHH B KDSHH 117:2
FLYRK 0O.008AAE+B8

PIUMN 9821.2 FIUME B.1243AE+A9 HSCH A
KPUMN 27:2 KPUHE 22:2

] NCHEMENT HAS CONUERGEDs=

28-Aug—14 15:3%2:18 Uriting output

28—Aug—14 15:39:10 Writing plot file

TYPE
DPNRH

NR

1.4151
EPSLN @.31987E-81
DLMDA ©.00000E+B8
NLSCH a
KDSHX 117:2

RDNRM
ETn

TLMDA
CSTIF
ISURF

B.12417
1.8888
11888.

B.85875

NSCH a

INCREMENT 4

NR
MAR A_44694E-81
WDNRM
DELTL
LTDSF
PENMX

ENGY

B_82795E-81
B.13127E-86
3.25%
-1.1488
A . BBRRAE +B0
6339.9

RDNRM
ETn

TLHDA
CSTIF
ISURF

B.24114E-83
1.8888
11888.

a.85875
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Ifge%aaz 10| FeSYED, AR

g shiAo] 8o} 71 1S wio] sfHdU: 7} Increment®] iteration ©A0] FE-ES BAIY
ot BAE 9 U9 FEES AEEYU st557 10975 59K lterationg 2Julsttd sfiA Type Newton
Rapsonti2 oyt o] TAollM A8=l= 5H50] T/l TLMDAG.30)te BH & 4 qlon], Al et

MR ol kAl BIERY 7o Ul QieRlS Besb] lshits CSTIF0.3920110¢2 AIZsstl guict. @

viila uvuu

M= CSTIF=0.391022 AgEd+Le Yol e 7oz wHwo] TLMDAZF 53502 R0 Afishd 5h52]

5.3587t Afste] L Q1SS & 4 UHUL

Tip.

CSTIFgtE 7L oAl siA o] BAIS metstr] sl oa 132 Ay

Force i

estif=0
O<csrif<hig

estif<l

O<estif<I

-

stif=T is;
estif Displacement

cstif=1 : AF SRR Al (27141
O<cstif<l : Rjg8H2o0]5.0] #djo|HLt %|=o]
ki

cstif=0 : A2y, ALl ed

cstif<0 : 31EAA, AHZols A, A}

TLMDA
A
(Force)

DLMDA

SLMDA

Displacemeut

DLMDA : &}% Factor9] S8

SLMDA : #£7] 3% Factor

TLMDA : 9} 5}% Factor

& A5k= 5t% = TLMDAx*Loadcaeo|A |
okl shael 371

_10_



A 15 sx2] 3

$A g

7.1, AAE

ZAt2 %53} Load Increment2 MEl5}1L, Set ActiveS AJJhc
@ Sloj|A] UFSA O Z21510] Deformed MeshS AlEHSH T}, 'Specify Factor' 22 1 2 AAlslo] AlR| 24
A 2 BAISHA slAu, @/ gk A Bo| ol £AS ojiclo] ¥iYE IAIA 1F & %%LM

5 View: I Window 1 — o

= Y Yoo Tl 2 ®-g [k AR [F] 0 /-8 @ A

© Flle Edit View Geometry Aftributes Analyses Utilities Tools Bridge Design Tank KEPCO Window Help

Attributes wax 1/ LUSAS View: Cracking Concrete (2D).mdl Window 1 X | -
[Bltayers ps Sattrbu., B anaiyses Hunities Freports |[F— =90 2000 00 200 2000 B00.0 B =) 1253 [EE =
2 10Nl div =8
12, div =12
., 13:Nul, dlementlength = L = Scale: 1: 8.48591 m
&% 15:Bar, quadratic order, divs = 4 2 Zoom: 89.2857
& 16:8ar, quadratic order, divs = 6 graded Eye: (0.0, 0.0, 1.0)
gy 18:Nul, divs = & graded Nonlinear analysis
(=223 Surface (2) Analysis: Analysis 1
), 14:Plane stress. Loadcase: 1:Loadcase 1, 10:Increment 10 Load Factor = 5.35000
g% 17:Plane Stress Quadratic 2 Results file: Cracking_Concrete_2D_~Analysis 1.mys 5.0E3 N
29 et 5 Maximum displacement 5.17507 at node 233
(5249 Line () Deformation exaggeration: 9.8386
& 2:Steel Area 3
5423 Surface (2) —
£, 1Unit Thickness Il
% 3iBeam Thickness E 1 ——— -l
24 Material () &

(-3 Isotropic (4) e — —

{1, 1stes (Mid Steel | Steel - Structural) —

+, 2:Conrete (Ungraded | Cancrete) —
g% FiMoriinear Steel .
“iMioriinear Concrete
-3 Supports (6)
Fixed in ¥¥
{Fuly Fixed
- 3:Symmetry parallel to X (fixed ¥ and Thz)
< #:Symmetry parallel to Y (fixed X and ThZ)
g% 5Fixedin X
& sFnedin Y
143 Loading (2)
(=24 Struchural (2)
w5k 1Gravity vertical
&% 2iPointLoad

2000

“a00.0

None ~ | |spedfy...

Text Output v B X Selected ftems vax

O allmessages  ()Errorsand wamings  (Oniyerrors  ()LPI Commands | Clear al Selected ltems  Cyclabie tems

1141 Scanning LUSAS Solver output file "Cracking_Concrete_ 2D “Analysis l.out® for ex
A 11:41 537 =«xWARNING==x THE NONSYMMETRIC SOLVER (OFTION 64) HAS BEEN INVOKED BECAUSE

M 11:41 538 MATERTAL MODEL HAS BEEN ASSIGNED ({CHEMAS PROCESSOR)
Ak 11:41 769  ***WARNINGx** ELEMENT NUMBER 7 UNREASONABLY DISTORTED. RATIO LONGI
@ 11:41 Solver version 23.0-2 Humber of lines=1824. Number of srrors=0. W
11:41
11:41

@ 11:41 Results file: C;\Users OEM Documents \IUSAS230N\Projects \LUSASFiles\Cracking Cnnt:rnl

Far Help, press F1 184Dt Units NmmisC X 1.086E3 Y. 38657 ZNA  Selected: None

72. s50] cft el Tepa
Utilities> Graph Wizard...

23e|ER0| FAIH gt AHoleis EAlel] 9lsto] WAl H7(node 230) AELIC,
A5 CASE] st At B7] Ysto] 'Time history'S A=ighUCY,
HA Aolsh= tlole7t X&0| siggurt. of7]ollAe 4R Aol Hst AL
MEeRgh Tt} 29| Sample loadcasess A2 71AL 515CASES AMEish=
gyt

ook

1S TA|E)] 2 Zlo]B2 'Nodal'
o= o7[M: AAIE ez

K

mim10®®®

_11_



A3 aE 94 0:1=H/\4( H ]}\ 63)
d 232 E WOl (A6 (2D, A &8
— S——
Gr Time History Graph - X Attribute
Type of graph dataset to generate Results
Entity data Sample loadcases
ime history
FoLrrier expansion I © Nodal I © Whole analysis
Modal expansion () Gauss point Analysis 1 v
Load curve O Named
Variation () specified loadcases Select
P () Element
{_) Reuse values from existing graphs
) e e () Previously defined (I History files Select...
Slidelines (assigned to lines)
Prestress
< Baick Next = Cancel Help < Back Next = Help

I @
i
L

Time History Graph - X Attribute

MNodal data Selected nodes
Entity Displacement v Sum Average

Multiple
Component DY w il

230
Transform  Set.., Mone
Extent Specified single node R
I Specfy  |230 “ l
Update from view
< Back Mext = Cancel Help

@ o3, Aot sks-& AAsh] Yol 'Named', 'Total load Factor'S Al 2 dEigh )

Time History

Results
Entity data
() Nodal
() Gauss point
(_J Element

() Previously defined

Named data

EiEl Ho] ZEAR (230)0] AFso= A wAD AFoR MAYUd. Entitys 'Displacement'2 A7

I Total load factor

< Back MNext =

Cancel Help

< Back Mext >

Help
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@ k5 CASEQ] Afshe sholl theh Factorg Y& HlolE= 245ty Jm Al 52 2Pyt

*
Display ¥ scale
Title Load vs Displacement O automatic (O Manual
¥ Displacement {mm) 0.8 mex Le
¥ Total Load Factor {N) ] Use logarithmic scale
B8 show grid B show symbals Seale factor 1.0
Y scale
8 corner labels B auto-update
© automatic () Manual
Include existing graphs T e
o
[ Use logarithmic scale
- Scale factor 1.0
Mame Graphl B save in treeview (@ Display now
< Back Finish Cancel Help
Di: LUSAS 23 0-2c4 February 19, 2026
T 2D Nonlinear Concrete Beam v
T Load vs Displacement
5 —
3
il
5
6
7 =
i =
E] X 5
10 57z 535 @
w
-
=
3
o
S
2
@ @ © o o
5 @ Ll
Displacement (mm)
—®— Total load factor(2) / Displacement Y Node 230(1)
K ‘,,' CWUsers\OEM\Documents\LUSAS230\Projects\Cracking Concrete {20).mdl Units: N.mm t.s.C
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@ Treeview> Layer Bio{A] 'Deformed mesh'S AMA|(OFEA 2

% )
@ o} MERE|X| kS AERo] SlHo|A OFOA OX S Salste] 'Contour'S MEASH]TY. ofgjel 7to|
TEIZ BAIE 4 AdsUrh

sHcw)e

- B X
DE—H - o= BEX 8 pE %0 & dn B & SaLnBegn Bk a
©File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design Tank KEPCO Window Help
Layers > 8 X | " LUSAS View: Cracking Concrete (2D).mdi Window 1 x | Load.vs Dispiaczment. | e
[Bioyers [Sloroups dysttribu.. (5 analyses o tilites [ Reports H090__ . 6000 . 4000 . Zep0 00 . 2000 , @00®  60po . BO0DO . TQEs . 12es ., T4E3 .,  TGE3
=4 Cracking Conarete {2D).md| = ;
5 g Windou =| Analysis: Analysis 1
L fhacecte (Rl . 81 Loadcase: 1:Loadcase 1, 10:Increment 10 Load Factor = 5,35000
s Results file: Cracking_Concrete_ 2D_~Analysis 1.mys R
B Deformed mesh .| Enfity: Stress - Plane Stress q W
e
) Attrbutes Component (Averaged nndsl) SX (Units: N/mm?)
W Contours : SX (Stress - Plane Stress) 2 18.7066
[} Annotation 2
5 Utilties:
B View properties.
o 0E3 N
= i
| Maximum 3.78556 at node 161 of element 72
=] Minimum -20.2657 at node 158 of element 75
Properties X

Contour Results Appearance

Entity Stress - Plane Stress ~

Component SX ~
Deformations... %9836 TS IO
(] Window summary Transform Set... None
B view axes Details
Defalts Display on shce(s)
= Draw in slke local drection
Text Output

w B X Selected ltems v REX

Close Cancel Apply Help Selected ltems  Cyclable ltems

O Alimessages () Errors and warnings

7.4. 42 Pattern 2RI

© ofRE MeEElx] oo AEjo] SRl oReA 953 2elste] 'Value'S HEiRC,
@ Properties Aof|A] Entity - Plane Stress, Component - Crack\Crash& Aeish]ct

B8 LUSAS Academic (Bridgs Pl

racking Concrete (2D} mdl

= a
e s s BE s Do GiAkE E T ALl G 8 [k T 00 8 = Y e
‘ Fle Edit View Geometry Attributes Analyses Utiities Tools Bridge Design Tank KEPCO Window Help
Layers v B X LUSAS View: Cracking Concrete (2D).md| Window | x | Loadys Displacement | R
Eliayers [Blcroups  fysttrinu.. (Qanayses utiities [FReparts £000 . €000 . 4400, 2000 00 . 2000 . 4000 ,  €0pO . E0QD  ,  1ME3 . 12 143 18E3
53 Cracking Conarete (20).mndl . ;
? o Analysis: Analysis 1
Loadcase: 1:-Loadecase 1, 10:Increment 10 Load Factor = 5.35000
Results file: Cracking Concrete 2D_~Analysis 1.mys R
Entity: Stress - Plane Stress
Component (Averaged nodal): SX (Units: N/mm?)
-l contours : 5X (stress - Plane Stress) -18.7066
3 Amnotaton 416.0342
0] usites 13,3618
5] Values : Cradck/Crush (Stress - Plane Stress) -10.6895
L8y View properties -8.01709
-5.34473 5.0E3 N
-2 67236
0.0
2.67236
Maximum 3.78556 at node 161 of element 72
Minimum -20.2657 at node 158 of element 75
Properfies
Value Results Values Display
Entity Stress - Plane Stress v
Component  Crack/Crush v
Location  Gauss paint -
Cefomatons.., %9838 Transform | Set... None
[ window summary  Detsic
8 view axes Detais...
I sice(s)
befas.. Display on sica(s)
Text Output | Close Cancl Apply Hep 4 X Seleded items vrx
Oalimessages  ()Errorsandwarmings () Orly errors () LPI Commands | Clearal | Selected items  Cyciable items
@ 1159 History:
& 1159 0:1t10i1
Ok 11:59 Assewbling history for nods 230 varishbls 2 .
@ 1159 Dataset 1 . no. of values 10 range -5.17072 to -3 86298e-3 (node_hist)
9 1159 dome
@ 1159 Assembling history for total load factor tlamda ..
@ 11:59 Datasst 2 . no. of valuss 10 rangs 0.01 to 5.35 (nams_hist)
9 1159 done
For Help, press F1 64bit Unitz mmtsC X 29035 ¥:348.62 ZNA  Selected: None
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7.5. <& XA Animation

Tools> Animation Wizard...
@ 9TAlo] ZXA S-S 57HA 71HA sIAS a5kl ol o] ofg] BAl] AXl iAol 5P

o2 TS UL 4 YSUC EIHE 95 0] BT Fe) Contoure] BEIo} P A
Uck
@ Contour 2AJ%0]|A] Appearance B3 AMEISHT, 'Contour Key'9] MEHS sljA||ghct.

® Classic 2X9] Set HES &2 Interval - (1), Maximum - (3), Minimum - (-16)x} Zo] zkzko] 7k oladst

Uk,

Contour Appearance

Display
B Filled
[ Lines Max shade 60.0 %
Labels
Multicolour  Interval 150 mm Angle 0.0 g Fonti..
o Automatic range O Manual range

{Jhumber of boundaries 5

7
© mterval 1.0 3

3

T 3 Classic ‘set B8 value to pass through 0.0 3

- - = 8 Maximum .0 5

o -33 Smooth  Set.. 5
L] B Mirimum -16.0 7

]

0

DESIQI'I Set... 1= =

o _ Redfblue Set.. Numberofscedcoours 10 2| @Redstbute e
O[T e (st (o |

Preview
D il 5 peferm Smsting -D
OK Cancel Apply Help Name Classic
Defaults oK Cancel Help

@ Tools> Animation Wizard..H|*-0l|A] 'Load history'S A&ist &
@ Drop-down listo|A] sfg220] Zut mdl .mys mjUS A5k, 9% 4JH] All loadcasesS A=Y

3 Wizard . Animation Load Histony

(") Final increments () specified

Animation type © 4l loadcases
() Active loadcase © Load history Available Induded

= =
= SFruch.lraI apalyses D N
Resolution = Analysis 1
Number of horizontal pixels 1137 Mumber of vertical pixels 600 Bl Liloadease 1

Lincrement
ncrEment

The aspect ratio of the window being captured will be maintained
nicrement

Defaults
=" 4Increment

G:dncrement
: TIncrement Step

< Bad Next > Firish Cancel Apply Help < Back Mext = Finish Cancel Apply Help
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H(2D, Azu]4)

USAS Wiews:. i Window Load-ws Di Animation? x I -

] = a4 op (B

7.6. Animation &%}

File> Save as AVI...
xg A 2g 39 R 594 TR AR 4 sy

LIS B

7.7, HHE dx

Utilities> Graph through 2D...
® Aorel cho] Auts Jejua Je2)7] sl 99 e Aldksta Grid sizeS 10002 AAshct
@ A ’z}oﬂﬁ 1600mm ZojAl 3L Slicing dtal Stress, SX& AMERSHUCTH

B8 LUSAS Academic 20)mall - i

DEd & 2o &G M B T T s B kRS (ST A2 8 K R [ =

© File Edit View Geometry Aftributes Analyses Ufiities Tools Bridge Design Tank KEPCO Window Help

Layers ¥ 8 % |7 LUSAS View: Cracking Conarete (2D).mdl Window 1 | _Lead s Displacsment. [ Animation? | i

(Eitayers [lcroups o Attrinu... (Banalyses of* Utiities [F reports 2000, 2000, 00 000, 4000 ., 6000 ED TGEs | 19Es . T4Es ., 1Ees 183 20E3
513 Cracking Conarete (20) mdl
571 Cracking Concrete (2).mdl Window 1 3 : 3 ; i : H 3 3 : i ; 3 : : i : ;
i Geometry L = - = = FR
Mash Siice Data <
1 Deformed mesh T
0] Attributes. .
Wl contours : 5X (Stress -Flan (O Resuitant effects from 20 madel
31 Amotation Jis. " Resuitant effects from slice
g :’;""“, . o isbeq | ity Swress PlaneStess + |t sress sz a
o wg;‘*:;p:s;m Gee ~ J[mactusishear stress
[ViMean nocmal stress Sz 5.0E3N
——— [@Viean shear stress = - $ * : ¢ : : $ : ¢ 1 )

[Heending stress

Calajate distance as andle
0.0

Arecerntie Y 0.0
z 00

Width for corridor averaging 0.0

< Back Next > Cancel Help ‘

Deformations o deformations drad L
(I indow summary  Detais...

@ view axes Detai... i

=

Defaults. ‘
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A 15 sx2] 3

Coordingles | SK- ~[LUSAS 23.0-2¢c4 _ February 19, 2026
{1600.500.0) | 10:Increment 2D Monlinear Concrete Beam
to 10 Load
(16003000 Factor - Nonlinear Concrete Beam
3) 5.35000(4) =
1 0o -17.7414 =
7| RS - g
3 1375 5]
4 206.25 3
5 2750 [}
4 0 =
7 o H
w
o
@
5
o
£
E
L3
£
=]
-
L H i H H
o o o0 o0 o0 0 0 00 oo o000 o000 o0 o0 00000 o000 o000 0000000
— N M T N O~ 0 0@ 0 - M 0O K~ 00 - NN M s WO K 0 B Qg — o0
PPPPPPP — = = NN NN NN N NN oo,
Coordinates (1600,500,0) to (1600,-300,0)(3)
—#— SX - 10:ncrement 10 Load Factor = 5 35000(4) / Coordinates (1600,500,0) to (1600.-300,0)(3)
UL B Clsers\OEM\Documents\LUSAS230\Projects\Cracking Concrete (20).mdl Units: N, mm.t.s.C

78. U= Te} 5

Smoothed Multi Crack Concrete Model®] AF20 2 AAME FEZ AuE Contourz £33 4 Q)&

® Treeview> Layer B1°] ContourS & Za5}1 Concrete REsults — Plane Stress/ CWMaxS A&ighct
@ Appearance BioA] Classic 249] Set HES &2 ‘Maximum', Minimum' &8-S 3}&|5}1. Interval2 0.005
2

Contour App

Display
Filled
Lines Width 10 Max shade 60,0 %
Labels
Multicolour Interval 15.0 mm Angle 0.0 d Font...
e —
© automatic range () Manual range
et L O DU el
Contour Results 1
Appearance © interval 0.005 2]
—
= B value to pass through 0.0 3
Entity Concrete Results - Plane 5~ i
T Em - =l
Component  CWMax w —_— =
po [~ Minimum -16.0 17 |
Display Unaveraged nodal B (7] symmetric about zero E
Transform  Set... MNone Mumber of seed colours 10 2| (@ Redistribute Reverse
N
: . = Preview
Display on slice(s)
Close Cancel Apply Help Name Classic
Defaults OK Cancel Help
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A2EaeE o) FASAED, Har)iY)

% LUSAS Bridge Plus - [LUSAS View: Cracking Concrete(2D) Window 1]

%Ei\e Edit  Wiew Geometry Atftributes Analyses Utilities Bridge Composite Window Help

- &%
DisH @ = (Bex (o g inszsn=Es | @ =[] - % xRS ko
T 0.0 =000 =000 B 053 T4E3 T6E3 TE
=]
- e Scale: 1. 10,3163
agiﬂ"iu”gmaﬂm) R *| Zoom: 89.2857
E racking Concre indow
g | Eve: (0.0, 0.0, 1.0)
&4 Nonlinzar anaiysis
| Analysis: Analysis 1
| Loadcase: 8:Loadease 1, Increment 8 Load Factor = 15000.0
Deformed mesh Results file: Cracking Concrete(2Dj~Analysis 1.mys
{5 Annotation s
{5 Contours : CMax (Plastic strain - Plane Stress| | Centour entity: Plastic strain - Plane Siress
B et 2| Contour component: CWMax
Number of cont, 16
B Values : CWMax (Plastic strain - Plane Stress) R brotalis Sanlto il
- View properties _ | Contour maximum 0 6794837 at node 80 of element 27
21 Contour minimum 0.0 at node 22 of element 1
3| Peakivalue entity: Plastic strain - Plane Stress
Peakivalue component: GWhax
| Peak range(%): 10.0
_ | Peakivalue maximum 0.0724837 at node 60 of slement 27
S| Peakivalue minimum 0.0 at node 22 of element 1
<
o
=
S
5
4 il "
% o
x =
[¥] Window summary | Detail
[ view axes [ petais.... I
S
c
i

Cutting section through clements. ..

Dataset 3 . no. of values 6 range 0.0 to 300.0 (distance)

Dataset 4 , no. of valuss 6 range —12 6826 to 3.03787 (results)
done

Assembling results .

Toadcase 6 results file O =

done i

2l I

- Selected Ttems

For Help, press F1 Units: N,mm,t5,C X:1146E3 Y- 1161E3 Z: N/A

Selected: Geometry Layer

@ Treeview>Value

2ol
o Ang B 4

2
C]

2 914t} Value Display §20j|A] Font angleg 452 daishyct.

Properties

Value Results  yalues Display Value Results  Values Display

Entity Concrete Results - Plans Stress ' Show values of selection Thireshold

Symbals Maxima + 0.0

Component  CWWMax -

Values Minima <

Location

Gauss point i

© significant figures
(C) Dedmal places

B3 show traiing zeros

Transform  Set... | MNone

Symbal

L= E Choose pen...

Display on slic

| K Cancel Apply Help (0]4 Cancel Apply

H5-2215}0] Value Results'580]A]'At Gauss points’'S AEiSHH 7}QA

Percentage

Choose font...

*

Font angle
45|

Help

BB 0. S B RS

File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design Tanl

iy B [h KT e Ao ks A

EPCO  Window Help

Lzl lBin B

inalyses v ax LUSAS View: Cracking Concrete (2D).md Window 1 x | _Load vs Displacement. | Animation2 | _Noniinear Concrete Beam

6000 E00.0 =)

T4ET

=

Bltayers oups fpattiou.. (Blanalyses o Utiiities [ Reports 00 2000 4000
513 Cracking Conerete (20).mdl
3 Structural analyses
2= Analysis 1
-] Geometric
=-(] 1-Loadcase 1
-] Material
-1 Supports
-1 Loading
i Nonlinear and Transient (Automatic)

" LiIncrement 1Load Factor =0, 100000E-01
ZiIncrement 2Load Factor =0, 300000E-01
3Increment 3Load Factor = 0, 700000E-01
4iIncrement 4Load Factor =0, 150000
ncrement 5 Load Factor = 0.310000

siIncrement & Load Factor =0.630000
TiIncrement 7 Load Factor = 1.27000
B:Increment 8 Load Factor = 2.55000
SiIncrement 8 Load Factor = 402802
&7 10:Increment 10 Load Factor = 5.35000
4y Nonlinear analysis options
£143 Post processing
Wy Results cache (0MB) =
R Mode! properties

0]

000

2000

2000

10:Increment 10 Load Factor = 5,35000

Nane

v | Spedify. |




