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File / New...
Mode
File name Cracking Concrete {30)
Working folder
(") Recent C:¥UsersWOEMWDocuments Wiusas220 MProjects
O Userdefined ¢ 4UsersWOEMWDocuments L usas 220 WProjects Set...

Model properties

Analysis type Structural + | Mode! units N,mm,ts,C
Analysis category 30 + | Timescale units  Seconds b
Optional
Startup template 30 Beam/Shel ~ .. Layoutgrd None &
Title 3D Nenfinear Concrete Beam
Job number

QK Cancel Help

® File : }YY
® Working folder : A&t
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® Analysis type: sfd &
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@ Analysis category : REof|A] 2353 sfA 39| MYES A9
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Geometry / Line / By Coords ...
® (0, 0, 0), (1200, 0, 0)z} (1650, 0, 0)2 Sl= &= Line2 AoJshct

s LUSAS Academic (Bridge Plus) - [LUSAS View: Cracking Concrete (3D).mdl Window 1] = o x
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453 Mesh (11)
43 Line (10)
ick beam, linear order, div = 1
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v 8:Null, div = &
& 9Nl div = 12
5 10:Nul, element length
63 Surface (1) I
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% 11:Thick shell, linear order
3 Material (2) &
&4 Tsowopic (2)
5 1:Steel (Mild Steel | Steel - Structural)
5 2iConcrets (Ungradd | Conerats)
/23 Supports (8)
&% 1:Pinned
& 2Fuly Fixed
ek BFixed in X
4 4FixedinY
) SFixedinZ
% 6:Fixed in XY
& TFixedinYZ
& B:Fixed inXZ
/3 Loading (1)
23 structural (1)
£, 1Gravity vertical
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=423 Cracking Conarete (30).mdl o
-3 Atributes (22) £
424 Mesh (11) i T
433 Line (10)
%, 1:Thick beam, linear order, dv =1
ick beam, inear order, dv = 4
OZO ick beam, inear order, element leng
& amul, dv = 1 o
5 sl div =2 21
& il div = 3
& 7l div = 4
&% B:hull, div =8
2 Sl div = 12
i, 10:Null, element length = 1
=453 surface (1) g
£ 11:Thick shel, inear order &
£ Material (2)
=23 Isotropic (2)
& 1:Stee! (Mid Steel | Steel - Structural)
£ 2iConcrete Ungraded | Concrete)
/23 Supports (3)
% tPinned 2
ek, 2:Fuly Fixed
vt BFixed in X
& 4Fixedin Y
& sFixedinZ
%, iFined in XY
A TFixedin V2 o
4 BiFixedin X2 E:
/23 Loading (1) d
=423 Structurdl (1)
5 LiGravity vertical
None ~| spedfy.. ||~
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ol &N, div = 1
S, S, div = 2
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o Nl div = 4
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=423 Surface (1)
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focf, 1:Steel (Mid Steel | Stee! - Structural)
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& 1Pinned
& 2l Fixed =
& BiFixedinX S
& 4Fiedin ¥
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& BeFixed in XY
& TeFixedin V2
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423 Loading (1)
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243 Attributes (24) = 2
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23 surface (1)
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13iStress quadratic =
24 Material (2) &}
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i, LPinned
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32, 6iFixed in XY
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=3 Attibutes (24) 3

423 Mesh (13) = el

43 Line (11) Copy X
&% 1:Thick beam, linear order, div = 1
ogo 2:Thick beam, Inear order, div = 4 Orransiate  ORotate Meror fsreer) (O Matrix
o HThick beam,lmear arder, element leng Ocempound O Miror {advanced)

E001]
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Translation

X 0.0

¥ 0.0

W00

iy =
> 10:Mull, element length = 1
g% 122Nl div = 6 graded
43 surface (1)
e, 11:Thick shell, inear order
423 volume (1)
& 13:Stress quadratic
£ material (2)
=23 Isatropic (2)
& Listeel (Mild Steel | Steel - Structural)
&% 2iConrete (Ungraded | Concrete)
23 Supports (8)
% 1iPinned
% 2:Fully Fixed Ej
& IFixedin X
& 4Fixedin ¥
v SFixedin 2
o, 6:Fixed in XY
v, TFixed in Y2
A+, 8:Fixed in XZ

Number of copies 1 5

Transformations generated from memory selection

Mo transformations generated Use

o000

Name __v < (ew)

oK Cancel save relp
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=423 Attributes (24) =
423 wesh (13) L
423 Line (11) fR
& LiThick beam, linear order, div = 1
ick beam, inear order, div = 4
ick beam, linear order, elementleng
I, dv =1
I, dv =2
I, dv=3
I, dv =4
I, dv =8
SiNul, div = 12
%, 10:Null, lement length = 1
&% 12:Nul, div =6 graded
43 surface (1)
&% 11:Thick shell, linear order
4 Volume (1)
&% 13:5tress quadratic
3 Material (2)
=423 Tsotropic (2)
&% 1:Steel (Mid Steel | Steel - Structural)
&% 2:Conete (Ungraded | Concrete)
/&3 supports (8)
&% 1Pinned
&% 2iFully Fixed =
& IFixedin X
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% B:Fined in XY
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Copy X

HOp0

QO rransiate (O Rotate Mirror (screen) (D) Matrix
Oscale O Compound (O Miror {advanced)

Translation

o e R e A A
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anp0

e

Number of copies 1 5
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Transformations generated from memory selection
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oK Cancel Save Help

3000

Hone | Specfy...

3.4, WA Aol
O 0E2e 29 A5 UM 75mm ol YxIoA Algetel, 150mm HA0R wix|gUC she] maae
Aokt 3, o2 29 o] Wapoz Batstel W WpRITULE

@ Shift 712 2 Aefolq 22 shtto] [KNA S I AdEEte B9 25 TS iyt




FH & = BB x 9 SR m R = 2 iba

BIEFIE] ¢ @ @ 2 KR k0 &

{ Fle Edit View Geomety Attributes Anases Uliities Tools Bridge Bulding Composite Design Tank KEPCO KOGASTank

window  Help

Modules

Attributes vax LUSAS View: Cracking Concrete (30).mdl Window 1 x |

Layers [BlGro.. ¢battri.. (B Anal., & Utili., [E]Rep.. ~200.0, 1500, 1000 -50.0 00 50.0

T00.0.

T50.0.

2000,

2500,

3000

3500,

4000,

3500,

500

(=23 Cracking Conarete (30).mdl
-3 Attributes (24)
/23 Mesh (13)

3000,

= B Line (11)
4% 1:Thick beam, linear order, di
%, 2:Thick beam, linear order, di
&%, 3Thick beam, linear order, element leng
o 4Nl div = 1
& Silul, div =2
&5 &:Nul, div =3

2500,

5 TNul, div =4
b, BNl div =8
o ol div = 12
&5 10:Nul, element length
&% 12:Nul, div = 6 graded
= B Surface (1)
&% 11:Thick shell, linear order

2000

-4 Volume (1)
% 13:5tress quadratic
423 Material (2)
£ Isotropic (2)
1:Steel (Mid Steel | Steel - Structural)
% 2iConcrete (Ungraded | Concrete)
{3 Supports (8)

1500

1000

500

b2, BiFixed in XZ

Nane ~ spedfy...

@ g9l 47 Pointg Sl Lineg A3/ddycth
(75, 24, 24) (75, 24, 176) (75, 276, 176), (75, 276, 24)
Geometry> Line> By Coords...

Ml LUSAS Academic (Bridge Plus) - [LUSAS View: Cracking Concrate (3D).mdl Window 1]
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500, 00 500
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2000,
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2000

500

500.0.

2423 Cracking Conarete (30).mdl
-3 Attributes (24)
-3 Mesh (13)
£43 Line (10
&% 1:Thick beam, linear order, di

5% 2iThick beam, linear order, div
000 3:Thick beam, linear order, element leng

o Nl d = 1
5 SNl dv = =
Gihl, div = i
& 7Nl dy =

& gl div = 8
b 9l div = 12
% 10:Nul, element length =
12:Null, div = 6 oraded
=43 Surface (1)
&% 11:Thick shell, inear order
=423 Volume (1)

1500

&% 13:Stress quadratic
143 Material (2)
43 Isotropic (2)
&, 1:teel (Mild Steel | Steel - Structural)
% 2:Conarete (Ungraded | Conarete)
13 Supports (8)

1000,

&% 1Pinned

&%, 2iFully Fixed
&5 IFixed in X
&b 4Fixedin ¥

ek SFixedin 2

w0

5 6:Fixed in XY

None ~ | spedfy

® = & PointS AEH5HLL
Geometry> Line> By Points

%a
DEH & = BE X D-

Acaderic (Bridge Plus) - [LUSAS View: mdll Window 1]
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Attributes - x LUSAS View: Cracking Concrete (3D).mdl Window 1 x |
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1500 1000, 500, G0 500
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2000,

-3 Cracking Concrete (30).md!
=43 Attributes (24)
423 Mesh (13)

23 Line (11)

vk, 1Thick beam, finear order, di

4 2:Thick beam, lnear order, div = 4

‘720 3:Thick beam, linear order, element leng
o Al dy
o sl div
o &Ml div

o 7l div

o Bl div

b Gl div = 12

> 10:Nul, element length = 1

&% 12:Nul, div = & graded
3 Surface (1)

&% 11:Thick shel, inear order
3 Volume (1)

500

{ % 13:5tress quadratic

23 Material (2)

{ 1423 Tsotropic {2)

vk, 1:Steel (Mid Steel | Steel - Structural)
i 2:Conarete (Ungraded | Concrete)

23 Supports (8)

& vpinned

000

&, 2eFuly Fixed
& 3FikedinX
& aFiedinY
& SiFixedinZ .

0.0

2, GiFived in XY

Mone ~ seeafy.. =
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5. Meshing (@40} J1A4)

5.1. 949] A9

Q Null Line Mesh A9]

Attribute / Mesh / Line ...

O A BE 9F0= 2T P 25l FYRE 245 AU BAIE w517l Y5l Graded Meshs
ARSIt} Element= Noneg MEisI1, @4 B3 (Number of divisions)S 602 Q2idhc}. 2209] Spacing
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o] MY opR|Yo R §3 Ht E—KHJI 2417} QE AR Y.
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o
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ﬁ
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M
| & | 3D Solid Continuum Element with Enhanced Strains
S JIUE LYW E
| Geometry | Materials | Leading | Qutput | Formulation | Optiens | Notes | Recommendations on Use
hxgm
General

Hydration Element Name  HX3M
hyper-elasticity
14X 5
1AXG
identify Yy % 2
IGES
1Mo 4
impact analysis AU
India Vehicle Loading 1
Influence I T
Influence Analysis !
Influence Attributes 2
Initial Acceleration
Initial Velacity
Integration options Element Group 3D Continuum
interactive modal dynamics
Interface Element  Solid Continuum
interface elements Subgroup
interface files -
interface material models Element A 3D isoparametric solid element with an incompatible strain field. This mixed
interface mesh cript assumed strain element demonstrates a much superior performance to that of
internal heat generation . " the HX8 element.
intersecting surfaces
inverse iteration salver ‘Mumber Of 8. The element is numbered according to a right-hand screw rule in the local z-
P4 Y direction.

EAD Freedoms U, V. W: at each node.
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/23 Attributes (24)
23 Mesh (13)
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i+ LThickbeam, inear order, div = 1
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i+, 3:Thick beam, linear order, element leng
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b, SN div =2
footh Giull, div =3
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gl 9:Null, div = 12
£, 10:Nul, element length = 1
i g 12:Null, div = 6 graded
23 Surface (1)
£ £, 11:Thick shell, inear order
423 Volume (1)
L. g% 13:Stress quadratic
23 Material (2)
(=23 Isotropic (2)
fo i uiSteel (Mid Steel | Steel - Structural)
f 3 Z:Concrete (Ungraded | Concrete)
{3 Supports (8)
% LiPinned
w5, 2:Fully Fixed
% 3iFixedin X
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4 SiFixedinZ
% 6iFixed n XY
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Hla LUSAS Academic (Bridge Pius) - Cracking Concrete (3D).mdl - [LUSAS View: Cracking Concrete (3D).mdl Window 1] - O %

i@ e s BBx 0 &0 -0 & MmbA(F-[TIT[L]smhe-F R crmdr H-@mwE
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Rename
X Delete
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Attributes vax LUSAS View: Cracking Concrete (3D).md| Window 1 | >
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(-3 Craddng Conarete (30).md!
-3 Atiioutes (25)
(-3 Mesh (19)
423 Line (12)
(&% 1:Thick beam, linear order, div = 1
ek 2:Thick beam, linear order, div = 4
&%, Z:Thick beam, linear order, element leng
& @l d = 1
& Sl div =2
& el div =3
& Tabiall, div = 4
o Bl div =8
e Setiull, div = 12
&% 10:Mul, element length = 1
& 12:Mul, div = 6 graded
&% 14:8ar, quadratic =.
{23 Surface (1) ~
&% 1%:Thick shell, inear order
423 Volume (1)
% 13:Stress quadratic
3 Material (2
-3 Isotropic (2)
& LiSteel (Mild Steel | Steel - Structural) =,
& 2iConcrete Ungraded | Concrete)
-3 Supports (8)
&% 1:Pinned
o ZFully Fixed
& 3Fixedin X
& aFixediny
03(‘ 5iFixed in 2

50054

000

2000

Mane | spedfy...

5.3. Parasitic line mesh A&

Parasitic line mesh@t Host Volume Q490 wAPHo| Parasitic line $9] 1A AA Qx|7t AA=Uct o] A
4ol A= AMEAPE A9z §7dE 4 QIX|TE Line mesh spacing optionsE &3 &7} 845 4

gL

Shift 712 =2 Aejold nile] scio] BN wEg Zelsle] 2a2E uo) 85 B UREE g
c}. o] DA oA Parasitic line mesh9] {}75‘,% &4 271, quadratic elementS AMESI=S A|Gst 49, OED
o] Ak z& Tyl Zo] Bl 28 2 JepdUdh vy 7)1 HAS T2 ARRsHH 7 2 mAlg]
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SEEA] &Kol ul ”AQ

6. 7|51 Ao U I8
6.1 7151542] o)
Q 2429 7I5h54 Y]
Attribute / Geometric / Line ...
® 7151EA A9l Ao|A] From library/ calculatorS A5}, Parametric Sections, Circular Sections, New...
£ ARz AR A4S 16mme Aolshi, 44 ol2S 16 dia barg HlgUCH

Geometric Line X

Analysis category 3D

rom library [ calculator Parametric Sections >
L EHEERURC ies Circular Sections ~
() Optimisable
<Select> ~
Rotation about o Mirrored
centroid 2 about axis MNONE Saet

TYPe  Circular Solid ~

Dimensional data Calculated properties
A 201.082
Reinforcement {only used for RC design checks) 2 “y

Mone b Ixx  3.21699E3

z

ez Ofgin  Centroid ey Ongin  Same as ez - Iyy 3.21699E3
Value
L 0.0

Cross sectional area (A) 0.0 XY
Second moment of area about v axis {lyy) 0.0
Second moment of area about z axis {lzz) 0.0 D 1 6.40483E3
Product momert of area (lyz) 00
Torsional canstart (J} 0.0 Asy 171.954
Effective shear area in y direction (Asy) 0.0

Effective shear area in z direction (Asz) 0.0 Asx 171954
Eccentricity in y direction {ey) 0.0

Eccentricity in z direction {ez) 0.0

Section details...
Tapering == Section detzils. ..
. INEmE ‘ 16 dia bar ~ | I: (new)
Mame |LGeol - : new)
OK Cancel Apply Help

oK Cancel Apply Help
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DE30]e wol FelshA(D, Aauli)

b AbEoR AtElo] Aojgyr

Line

Analysis category 3D

Definition

© From library / calculator
O Enter properties

(") Optimisable

Rotation about ] Mirrored

centroid = about axis

MNone

Reinforcement {only used for RC design checks)

Parametric Sections ~
Circular Sections “

1:16 dia bar (€55 D=16)

R2 100%

Mone w
s o R4
ezorign  Centroid ~  eyorigin Sameasez
Value
Cross sectional area (A} 201.062
Second moment of area about y axis {lyy) 321699E3
Second moment of area about z axis {lz2) 3.21699E3
Product moment of area {lyz} 00
Torsional constant {J) 6.40463F3
Effective shear area in y direction (Asy) 171.954
Effective shear area in z direction (Asz) 171.554
Eccentricity in y direction {2y} 0.0
Eccentricity in z direction (ez) 0.0
Visualise. .. Tapering >3 Section details. .,
Mame | 16 dia bar ~ : {new)
QK Cancel Apply Help
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RO% 7lst=4 Aol

M=)
i)
ofo

Q gAZ9] 7IstE4d B9

Attribute / Geometric / Line ...

@ 71515 A9 A4 From library/ calculatorg A=5}1l, Parametric Sections, Circular Sections, New...
£ A2 AEEYY. A2 8mmz o5ty TH44 o]52 8 dia barz oIPU:

Analysis category 3D

Definition
© From library / calculator Parametric Sections e
B
L tnleeronectics Circular Sections -
() Optimisable
2:8 dia bar {C55 D=8) ~
Rotation about 8 | Mirrared N -
centroid aboutaxis | 1OE

Reinforcement (only used for RC design checks)

None S

ezorigin | Centroid ~  eyorgin Sameasez -~

Cross sectional area (A)

Second moment of area about y axis (lyy)
Second moment of area about z axis (lzz)
Product moment of area (lyz)

Torsional constant (J)

Effective shear area in y direction (Asy)
Effective shear area in z direction [Asz)
Eccentricity in y direction (ey)
Eccentricity in z direction {ez)

Visualise... Tapering >3 Section detals...
Mame |8 dia bar w| e fnew)
oK Cancel Apply Help

0 232)E 89| 7]5lE4 Ao
@ Volumel 2 AoJd Z32|E BE 7|5tEGS Wa AoJsHA] &Uct
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A7ETe)E Bol FAsIHED, ARuIH)

Q 2439 7|o154d A&
® Treeview / Group ®ojA] 129 ‘Main reinforcement'2 AEi5t1 O0RQA 929 Jsh]rh 'Select
members'S A=sto] o Tgof &3 FAfuE =R 7|5t5/d dlolEAl 'l

BEX aSatade et i AT T bt @ - [k -[R] -k knAS R @B

i File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

ttibutes vax LUSAS View: Cracking Concrete GDL.mdl Window 1 x| ~
B tayers [Floro.. fattri., (Banal. o utii., [Frep. e 2000 00 . 290 a0 eepo0 . Gopo . TQes 123 14E3

Aire( i
w5, 1:Thick beam, inear order, div = 1
£, 2:Thick beam, linear order, div = 4 G mR
{Thick beam, inear order, element leng

3

sl div =

E00.0

Szl di
&:lull, di
il di
Bilull, di
% 9Nl div = 12
e 10:Null, element length = 1
g% 12:Nul, div = 6 graded
& 14:Bar, quadratic
453 surface (1)
& 11:Thick shell, linear arder
/23 Volume (1)
& 13:Stress quadratic
423 Geometric (2)

&
&
&
&
&

[

2000

{2 Material (2) 2.
(=43 Isotropic (2}
& :Steel (Mid Steel | Steel - Structural) Assii
% 2iCenarete (Ungraded | Concrete)

a Sumparts 6) Assign to points 8 Assign to lnes
&0 LiPinned Assign to surfaces Assign to volumes
& 2Fully Fixed
& 3Fixedin X ¥ Analysis Analysis 1 v
oot 4Fixedin Y |
o SiFixedinZ oK Cancel Help
A 6:Fixed in XY
& TFixedin ¥Z
5 8Fixed in X2

3 Loading (1)

2000

ET

None v Spedfy..,

0 g slstsy K8

@ Treeview / Group 8104 129 ‘Stirrup' 2 AEistY 0peA 259 Zalshch 'Select members'S ATEAGH
=
=

o S5 TFol &3 AR ML) JI5154 HolEldl '8 dia bar

bd: | F T [fli]lsms @[k ] ke xo kG Rd @ - R B

© File Edit View Geomety Aftributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

Attriputes vax LUSAS View: Cracking Concrete (3D).mal Window 1 x | A
B Layers [Bloro.. Hattn. Ranai. Soutii. [Frep B L 00 . 2000 . %00 eepo 8000 .  TQes . foes . T4k Tees . Tees  20er
43 Line (12) i
&% 1:Thick beam, linear order, div = 1
%, Z:Thick beam, linear order, div =4 R
%, 3:Thick beam, linear order, element leng
v @t div = 1
% Sthul, di
& &bl diy
& bl iy
& &bl diy
& auhul, div = 12
(= 10:Mull, element length = 1
A, div = & graded
&% 14:8ar, quadratic
43 Surface (1)
& 13:Thick shell, linear order
43 Volume (1)
13:Stress quadratic
Geometric (2)
A Line (2)

G000

a0

2000

£-423 Tsotropic (2)
% 1:Steel (Mild Steel | Steel - Structural) ign Geometric
% Z:Conarete (Ungraded | Concrete)
=423 Supports (8) Assign to peints. 18 Assign to Ines

i, 1Pinned Assion to surfaces Assign to volumes
&, 2Fully Fixed
& 3Fixed in X
& aFixedin Y
£ sFixedin 2 oK Cancel Help
2 BeFixed in XY \
&b 7iFixedin Y2
& BiFixedin X2
Loading (1)

000

Analysis | Analysis 1 v

ET

None ! specfy... | ||a
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RIOR 7leksg Ae) 9 g

6.3. 7]5}EA AQ Al slo

-1 O o =

—_

@ Treeview / Layer §19] Geometry £40jJ4 Color by= Own color ThAl Assignmentof T2} T2 Ho| =
olefot 2ol WRslH J1stSHe] Mg el B 2 gk

B8 LUSAS Academic (Bridge Plus) - Cracking Cancrete (3D)mdl

— = X
‘D@d & =BEX - -8 0 /[ & b ST AT | ot B [k RTINS o E B
i File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules
Layers ~ax| LUSAS View: Cracking Concrete (30).mdl Window 1 -
Fuayers [Bsro., . Damal. Lo Frep T = =
=123 Cracking Conarete (30).mdl
=[] Cracking Concrete (30).mdI Window1 | || °|  Geometric Ke
i Geometry | Analysis: Analysis 1
-8 Mesh E & dia bar (& dia bar (GSS D=8))
) Deformed mesh I 16 dia bar (16 dia bar (CSS D=16))
8 Atiributes
3 Amotation |
5] utites S
ey View properti ®
Prope %
||
Geometry
Brorts
Blines. (OlLine drections Otine axes
Combined lines Combined line drections.
B surfaces [surface axes (O surface normals.
8 volumes ([ volume axes
(C)outhne only (D orientations only if selected
Transparent  Esold Colour by Attributes
B viireframe Hidden lines
OFacets B internalines | T |
Facets only i selected  Colour n' Assignment vl Colours
(Ol atiributes, same colour
a Cancel Aopl =
Sl — il penz 2 J [——1 choosepen..
‘ © Al atributes, auto colour
Deformations. Mo deformations drann B Generate key
) window summary  Detals. ..
Coe ) omm [ v
Bviewaxes Detais... - —

Defats... E'I
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Ifg—:%ﬂaz 5] FHSHAN(3D, AMeHAE)

7. s ol % Kg

7.1 A= 54 49

0 239 A2y R
Attribute / Material / Isotropic ...
O Ma59uS Jd8gUT. B Nmm HHAIE ARESIYSU Aasldy sidoloz tjebd AT Plastic

A2 A3st, £449900MY E42 dETHS

A
=T

Young's modulus 210e3 N/mm?”

Poisson's ratio 0.3
Initial uniaxial yield stress 300 N/mm?
Hardening slope 2121
Plastic Strain 1
B Plastic [Clcreep [T pamage [Ishrinkage [ viscous Twao phase
Elastic Plastic
|| Dynamic properties Value
m Young's modulus 210e3
Ciheriateison Pmssgnn's ratio 03 3
Mass density

Name

| o (new)

Cancel Apply Help
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RIOR 7lsk Ao 9 &

lsotropic

[Tl Creep ["|Damage [ shrinkage (] Viscous Two phase
Elastic Plastic

Stress potential ~ I W ]
I Initial uniaxial yield stress| ¥ I
Stress potential type  Von Mises v
[_IHeat fraction
8 Hardening
O Tetal S Tension ompression
() Plastic strain Slope Plastic strain | Slope | Plastic sirain |
O Hardening gradient 1 2121 1 ; i q

Mame |Monlinear Steel v : (new)

Cancel Apply Help

SEERICRI EEREE

Attribute / Material / Concrete (Nonlinear)...

® Concrete 222 Smoothed multi-crack (model109)5 A3t c}. Creep it Shrinkage 2% None2 A1EH
Ut} Strain at end of softening curve 342 MERSIL &4 Glo|EjAIQ] o]E-& Aojghct.

Concrete (Monlinear)

X

Concrete Smoothed multi-rack (model 103) ~ | BAdvanced...
Creep Mone ~ | | Options
Shrinkage None i

Component Value
Young's modulus 36.75E3
Poisson's ratio 02
Mass density 2.5484E-5
Uniaxial compressive strength 430
Uniaxial tensile strength 35
Strain at peak uniaxial compression 22E3
Strain at end of softening curve 35E-3

| Thermal properties (| Dynamic properties
Fracture energy
@ strain at end of softening curve I

Component | Value |

lonfinear Conaete

Mame w| = fnew)

Cancel Apply Help

_23_
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4(3D, Aj2uH%)

HEM

o

S =0 &

72. M= 59 H&

032 A28y 88

O

S 1183
b dgls N/m? 2 ALRsioOY, siETelE N Ul

olz Sutehy, waa) Mvlo] 24 SUE UelAlE Sxlstolor ck
A}gstolo} gc,

=

=2

A9 Mz57 HlolEAl Nonlinear steel' & A=5til ZAHC) +C)jot &, Treeview / GroupHo] Eo<
Effj= 12 Main reinforcement®t Select Memberso] £ojdoj(cr] +V) AEEAS AL3hct.
i B8 LUSAS Academic (Bridge Plus) - Cracking Concrete (3D).mdl — o
DEH @ = BBX 2- - & 0-/ - 0-8 B inba(S T fllene o Riewms & 0wE

©Flle Edt View Geometry Attributes Anaiyses Utiities

Tos

ols Bridge Bullding Composte Design Tank KEPCO KOGASTank Window Help Modules

[Etavers [Foro.. At Banal.. L utili.. [FRep.

LUSAS View: Cracking Concrete (30).md| Window 1 x

000 .. 3000 2000 BT e 000, . 2000, 3000, =500 5000 €000, . 7000 8000 5000,

%] Cradking Concrete (30).mdl
ERE|

000

2000 000 2800, T o

o

Alvsble  Modelis fully visible

o0

Availsble resulis Do results fles are loaded

(T show visibilty feedback in treeview (slow for large models)

O/

P

Ao P
. E;" |¢!! 1"“

< b4
45> ;/ 7T

N

AW

\\V
A

Vo
‘Y

VAN \E

N\
N

\/

Y,
/N
A\

8 ssign to fnes

Assign 1o volumes

A\ )

s NN\

Assign to surfaces

y-

M
N\ V. \

\ \
AR

A

© Al andlysis loadcases
Analyss 1

OA

<]

) WS .\

4
\/

S

LX

(O From loadcase (nonlinear and transient analysis)
Analysis 1

\(
LN
A

W

N\

Liloadease 1

\

e ———

\(

\/
AN
\\;

AN

Set as active loadease

s N\ VANE \W/
\

0.

RN W\

oK ancel

VA

AW
.

N/

a8
A‘X’ﬁA

i\ WA

£

O 23E Masy A
@ 25 VolumeS
Assigns AEUD.

Hla LUSAS Academic (Bridge Plus) - Cracking Concrete (3D).mdl

DEH & = BBX 2-:- & 0- /-

Q
©

o
st 22

2lEQ] R EAS Aolgt HolEAl 'Nonlinear concrete'] OR3-A

O: 8- A BT T e a e -7 [k -[E-|ehnkhd -

i File Edit View Geometry Attributes Anayses Utilties Iools

fridge building Composite Design Tank KEPCO KOGASTank Window Help Modules

vax|

(P tayers [BlGro.. & Attr. Edit

Buem @B
&b 1Thickd 8
& 2:Thickb
& 3Thikb
& sl di
& el di
& B, di
& Tebul, di
% Beblul, di

e, Setiul, di

b, 10:Nl, €
&% 12:Nul, ¢
& 1aar, ¢

Copy
Paste
Rename
Delete

=43 Volume (1)
13:Stres:
{23 Geometric (2)
B3 Line ()
[i-g% 1:16dal

Set as Only Visible

Results Flots 5

Temperature Dependence..

LUSAS View: Cracking Concrete (3D).mdl Window 1 x |

000 2000 [0 2000 2000 500.0 B00.0 963 TaE3

(g% 28 dia

{3 Material (4)
=423 Tsotropic (4)
& 1steel @
& 2Conae
& 3:tioniine

Deassign
Set Default

>

&
‘23 Supports (8)
&% 1Pinned

Fodogegon5o
e

xt
TFedin Y2

580!

i

v ispeafy...| ||_

I Assign I
“Resign 10 Al
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7.3. Mm 54 AE AdH =R

10 O

@ Treeview / Layer Tab / Geometry2] £/43 ofefie} o] Ad7JsiH, &
& LUSAS Academic (Bridge Plus) - Cracking Concrats (30}mal

DSH ® = BEX o-c- 8i0-/-0-8- @ ko BT FL] e ae-a N5

©Flle Edt View Geometty Aftributes Anabses Utiities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

Layers yRx LUSAS View: Cracking Concrete (30).mdl Window 1 x | =
[EPrayers [Bloro.. At Banal.. o Utili.. F]Rep. S 5 5000 2000 00 Z00.0 500.0 6000 B09.0 A T0E3 1263 B T4E3
(=423 Cracking Concrete (30).md|
=] Cracking Concrete (3D).mdl Window 1 Material Key d
5! Geometry Analysis: Analysis 1
B Mesh =|  Loadcase: 1:Loadsase 1 «
Q) Deformed mesh & Nonlinear Concrete

- Attrbutes Nonlinsar Steel

5] amnotaton
Wy Properties %
Geometry
Broints
BLines (Otine drections Oine axes
) Combined ines Combined fine directions
8 surfaces. [ surface axes [ surface normals
8 volumes (] volume axes

(] Outie only [ Orientations only if selected
8 Transparent O sold

8 vircframe ) Hidden ines
(DFacets B internal ines
1 Facets orly f selected | Colour by Assignment o set.
Colour by Attributes X
Close Cancel
———y
O Allatiributes, same colour
pnz 2 5[] cwomepen.
Deformations. No deformations drann
o © allattrbutes, auto colour
Viindow summery
Y Detais. B Gererate key

Bvewaes Detais..

et v
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1o (3D, ARUHF)
_‘I

S
8. PAE7 Ao U Xg
8.1. 4 =71 A9

Attribute / Support...
O 74 £712 ofzjet 2ol Felgnd,
@ HE9] Local Coordinates AJJoHA| Y=r}H

Structu

J14&818ES. (Global FEADE 7502 3

_l

ral Supports X

ral Supports

Analysis category 3D

Analysis category 30
Free Fixed Spring - Free Fixed Sprint
Spring stiffness Spring stiffness
x 0 O O xS o
Translation in ¥ [+ ] &) Q Translation in ¥: [+ ] )
z| 'O (] O z O O
x 0 O o x O (@]
Rotation about v 0 O ©) Rotation about Yy 0 (@]
z O O (@] z O (@]
Hinge rotation o © Ol.. ; Hinge rotation (-] @]
Torsional warping o O (o] : Torsional warping (] @]
Spring stiffness distribution Spring stiffness distribution
Stffress Stiffness
Stffnessfunit length Stiffness/unit length
Stiffnessfunit area Stiffnessfunit area
Lift-off »» Lift-off ==
Contact >> Contact >
Non-reflective »> Non-reflective >>
Name |FixedinZ | B ey iFixed\nX vl =@
Close Cancel Apply Help Close ancel Apoly Help
Tlp-
1.0 o )\ = 2 xJo]sF A 0Ol
Apply F2H, A2 B YA ASSt o HolHE gYE 4 sy
% WO YYI sl mlm A= olglsk
1) AR 7]E WS XYHuoR st SuAE oujgct




Al aax

M

)
1o
wa,
i)
ofo

8.2. 74 X719 Kg

® ofzjet Zo] Line Mestn Clojel3 Fixed in Y'S 01942 Bolc} ot Assign ALUCY.

B LUSAS Academic (Bridge Plus) - Cracking D) mdi - o X
Dol & = BEX 90 G0 /OB -[Fibs S T(Tli-| & ® - F k- RI-RMIM H-:@mE
© File Edit View Geometry Aftributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules
Attributes T Rx LUSAS View: Cracking Concrete (30).mdi Window 1 x | ¥
(B tayers [Eero... @yattri., (Bansl.. 2 uti. Frep... 4000 T 2000 T 00 5 2000 T 2000 T B00.0 B 0.0 > 1068 ‘ T2E3 z T4ES - 1.6E3
&% LiThick beam, linear order, div = 1.
A% 2:Thick beam, linear order, div = 4 «
4% 3iThick beam, linear order, element leng @

wih 4l div =1
wdh Sl div =2
S el 3
S5 Tl div =4
&5 8ilul, div =8
&5 9iNul, div = 12
5 10:Nul, elementlength = 1 =
& 12:Nul, div = 6 graded Assign Support
#% 14:Bar, quadratic
£-E3 surface (1) Assign 1o paints 18 Assion to lnes
v, 11:Thick shell, inear order
=423 volume (1)
13:Stress quadratic
By i ) © All analysis loadcases
ER= (e Bty =
- 116 dia bar (16 dia bar (CSS D=16) (O Fromloadzase (noniinear and transient anslysis)
Ts-¢% 2:8 dia bar (8 dia bar (CSS 5=8))
23 Material (4)
=43 Isotropic (4) LiLoadcase 1
w5 L5Steel (Mid Steel | Steel - Structural)
w5, 2:Concrete (Ungraded | Concrete)
&% 3:Nonlinear Steel oK Cancdl Help
& 4Nonlinear Conerete =
423 Supperts (3)
& L:Pinned
& ZiFully Fived
% FFedinX
&% 4Fediny
o S:FedinZ =
o, B:Fed in XY
& 7Fxedin¥Z
4 eFxedinXZ

Assign o surfaces Assign to volumes

Analyss 1

Setas aciive loadcase

None | specfy... ||2

O Bo| ZURE 4Gl thsto] 14317] 9Jsto] F Surfaces A5t HO[E|A 'Fixed in X'& URAZ Z0f
T} ot Assign AJIHCH

B8 LUSAS Acadeniic (Bridge Plus} - Cracking C

(DR @ = BEx = & 0-sNr@-Eiba § 7 [TE]sh&-g R [AxMN N & @pE

© File Edit View Geometry Aftributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

| Attributes - ax : Cracking Concrete 1 x| bl
Biayers [Sere.. &t Danal., o tiii., [FRep.. N ~ A0 2000 00 2000 . 3000 600.0 5000 v T0E3 1263 = TEES

3% 1:Thick beam, linear order, div = 1 =
&> 2:Thidk beam, linear order, div = 4
(> 3:Thick beam, linear order, element leng
o ANl div = 1
& Sl div =2
& Gl div = 3
b Zabiull, div = 4
5 Bihul, div =8 Assion to points Assign tolnes
o Nl div = 12
-5 10:Null, element length = 1 ‘ 8 Assign to surfaces Assign to volumes
g% 12:Nul, div = 6 graded
&% 19:8ar, quadratic
[ 3 surface (1) g{
% 12:Thick shel, inear order =
=423 Velume (1)
13:Stress quadratic
4 Geometric (2} tiloadeass 1
&3 Line (2)

g% 1:16 dia bar (16 dia bar (CSS D=18))
| l-g% 2:8 dia bar (8 dia bar (CSS D=8)) & oK Cancel
423 Material {4)

=423 Tsotropic (4)

> 1:teel (Mild Steel | Steel - Structural)

> ZiConarete (Ungraded | Conarete)
& ZiNorlinear Steel =
& FiMonlinear Concrete 1

43 supports (&)

& 1:Pinned
&% Z:Fully Fixed
g% 3:Fixedin X
gy Fixedin Y

& SeFixedin =

5 BeFixedin XY

& TFixedin Y2

& BiFixedin X2

Assign Support

00

© All analysis loadcases
Analysis 1 o
() From loadcase (nonlinear and transient analysis)

Anatysss 1

Setas achive loadcase

R XX
E'AV‘V’ 3

A

7

None ~ speaty...| [|2]
1

% Tip.

Treeview / Layer / AttributeojlX] 7142 BA|oh= 2PaEo] Ao} ZolS WA 4 l5Uch
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(3D, AjEsH%)

HEM

A2EaeE Ho| o
_‘I

9.1. s A9
Attribute / Loading...
Global Distributed 3}52 0]835t0] Y wekoz £ -5000NS Aolghct.

Structural Loading % Global Distributed X
Load type Analysis categary 30
Displacement, velocity,
(O Point loads () Strain and stress (@] Snirae
© Distributed loads (C)Prestressing tendons () Sjsgoﬁn:d‘gm“s O Total (CPer unitlength (O)Per unit area
() Temperature () Discrete loads G Value

ﬁ. “wream
Direction -5000 | |
1on

Distributed loads. Woment about X axis

O Global distributed () Discrete patch Moment about Y axis

Moment about 7 axis
()Face () Beam projected loading {wind)

() Local distributed

() Distributed to perimeter
(T3 Internal beam distributed

Mate 1DlsmhutEdTnIa\Luad | (new)

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

9.2. oFze A&

5
o
[
)
K=l
K
ol

15 GloJEA! Distributed load' S A& AIRYH. 3F570122) A=t skEAl»E

G0/ -0-8- B inbda £ T-[Fli]lem s - [k

i File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Hi

(e kphhd @B E

Maodules

Attributes v ax LUSAS View: Cracking Concrete (3D).mdl Window 1 x | -
Bovers [Foro.. ytti.. (Banal.. .. [Frep. : v o : EE) : 7550 : BT > 0 > S - s - T - T

&% SNl
% 6ol
2 7l
2 sl div =8
& ol div = 12
& 10:Mull, element length = 1
€% 12N, div = 6 graded
&% L4:8ar, quadratic
43 Surface (1) Assign to points Assian to surfaces
b 10Thick shel, Inear order : B sssion to s Assan to voumes
£ Volume (1)
€% 13:5tress quadratic
/53 Geometric (2)
43 Line (2)
- g% 116 dia bar (16 dia bar (CS5 D=16))
[ ¢% 2:8 dia bar (8 dia bar (CSS D=8))
23 Material (4)
E-E3 Isotropic (4)
& LiStee! (Mild Steel | Stesl - Structural)
& ZiConarete (Ungraded | Concrete)
&% :Norlinear Steel
¢% #Norlinear Concrete
423 Supports (8)
e L:Pinned
&, 2eFully Fixed
& F:Fixedin X
& 2Fixedin ¥
5 SiFixedin Z
& BiFixedin XY
& TiFixedin Y2
% BiFixed inXZ
423 Loading (2)
1423 Structural (2)
%, L:Gravity vertical
-§% Z:Distrbuted Total Load -

v =2

L

(O All lbadcases Analysis Analysis 1

BOp0

OSinge loadcase  Loadcase | 1Loadease 1

More 5> 18 setloadcase active

]

Volume 1, enclosed valme=72.0E6
Surfaces:3.4.5.6.1.7
Msh135tress quathatic
Mat 4:Norinear Concrete
There ate 4 tems at this position
Press Tab to cycle thiough them

2000

Hone | Specfy..

=
ol
——
ax
it
i)
fju
b
~
Pa)
ol
ol
rir
olr
nl
|
1°
[ira)
o3
jo
(]
=)
)
L

o}, of2} 73] 3152 siie] slEAlo| AR B2 4 glou sAT-
s15701 4 tele 23QUr} ot ERe 27t AnE waxt sh, slEAolAR 77} T2 o2 0= XA
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9.3. Nonlinear Control®] A%
@ vldeliAE 4285171 $lsted BIAE Controlg 27Ut Controlg A7s17]0f oA 2RlofjA ofzfie} ZHo] 4te] PointE
Ul 2712 AAs] HsiAdych

A OXx©O

O
® Treeveiw / Loadcase Bi0]A] Loadcase 1-& AME85} 0RQA Q=2 22510 Control / Nonlinear and TransientS

etz (30}md =

- &i0- /-0 8- MbA: $- T[Tl ]ewa-g [N [ |xmsy - @pE

 File Edit View Geometry Attributes Analyses Utiliies Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

¥y X LUSAS View: Cracking Concrete (3D).mdl Window 1 x] -
ro.. gt (Blanal.. g Utili Rep.. 2000 00 B 2000 4000 6000 B00.0 1063 1265
16 ®
(3 Materal
@-(2 supports =
-1 Loading =
% Nonlinear and Transient (Automatic)
B Nonlnear analysis options
% Model properties
t:Loadease 1 + |17
Nane ~  Spedfy..

@ 8t5-2 5000No| Afstelo} 9l AEj2 Starting load factor2 0.01% Qalsto] A7)0 0f &R sjo] A
& H=% 2gYYc. Max change in load factor gl 092 AU o= st Al W2kF9] Alks )M
Che 2Jojo|t, Lusas Solver’t o8 Jgfo] me} AAs] ofF 352 28T 4 =% dYoh Max total load
factor 3t 9A] 002 AAFYCE ol= F1F A9 HAZE ARPE AR =26 i8S Faslehs ooy
t}. Iterations per increment 32 4= A7Jsto] 7} 515 QAOIA 2o 43] WHES 4885t 2ES A=y

Manlinear B Transient
siGciementation Solution strategy
B ronlinear Same as previous loadcase
Incrementation Automatic w Max number of iterations 12
Starting load factor 0.01 Residual force norm 0l
Max change in load factor 0.0 Displacement norm a.1
Max total load factor 0.0 Advanced...
B Adjust load based on convergence Incremental LUSAS file output
Iterations per increment 4 Same as previous loadcase
skt pie e Dutput file 1.
Time domain Plat file 1
Implicit Dynamics
Restart file 0
Inil 0.0
= Max number of saved restarts 0
response time 0.0
it Log file 1
[ Automatic ime stepping
) , History file 1:
Advanced...
[ ]5ave a restart at the end of this contral
Common to &l

Max time steps or increments O

CK Cancel Help
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42z3e)E 5o FESHED, AE8HT)

® k9] Incrementation A oA} Advanced HES AERshCY,

@ Incrementation by arc-length controlZ Off2 AX 3]}t Termination criteriao]A] Terminate on value
of limiting variableg A3 gct otk MERSE Point®] ¥H$7} Point numbero] Az 02 ZZA=UCh Variable
type2 V= AZgsto] =gt Point9] Y W MY S HESIES JUCh Values -32 UHsto sh30] 571610
A2, o2 sl 2o FYH 44 Ao] 3mmo] LS AL FRSES YUk

@ Allow step reduction 24-& A FgHYct

linear |ncrementation Parameters

Incrementation by arcdength control Termination criteria
Ooff B Terminate on value of imiting variable
() Below stiffness ratio 0.4 Paint number 12 e
O Always on ‘ariable type W w
Arcdength parameters Value -3
Calculation method Crisfield Minimum change in incremental load 1.0-Ef‘15
Path direction By number of negative Step reduction

B allow step reduction
Arcdength calculation options

(affect whole analysis) Maximum step reductions 5
Relative displacement arclength procedure Load reduction factor 0.5
oot with lowest resi
Use root with lowest residual norm ek ey e 2.0
Ok Cancel Help

@ File / Model Properties®] Options B2 A1EHSHL Element options...S 54Ut} Integration optionsoijA]
Fine integration for stiffness and massof &|33ct

Element Options

B 2ssion 5 DOF to all thick shell element nodes
[ ] Axisymmetric about the global X-axis
[ Lumped mass matrix {structural)
Lumped mass matrix {thermal)
[ Write strains to output file
[_IPreserve loading whilst elements deactivated
B Improved transverse shear for thick shells
[ I Show results for rigid zone elements
B internal displacements and deformations for beams

Geometry Meshing Attributes [|OPtions  Befaults  Solver System ¢ * [ Residual bending flexibility correction {TT53)

Solver options :
iz B szve nodal stresses in plot file
Spedfied on 'Solve Now' dialog o

Prosedics

Mumber of internal points for beams 11 =

Options common to all analyses
Advanced settings should only be

Solver L modified with assistance from Integration options
LUSAS technical support e = x
| Elementoptians... | Dpd 3 B Fine integration for stiffness and mass {structural)
Advanced...

= ) INE INTEQraton Tor SOTMESS and mass | Hermal;

raping options... ==
|| Fine integration for mass (HX16 and HX20)

Averaging options...

[ Mewton-Cates integration for beam elements
[ | Coarse ‘integration for semidoof shells

Close Cancel Apply Help

QK ] Cancel Help




A5 a2

10. sfjA £~oH

10.1. 2o XA}

File / Save..
LUSAS Solver ol gsfo 5 23st7] 4, 28 coleig et
10.2. 3jAQ] 238 [
'Solve now'Z AlERs}o] sALS 2888hC).
B Solve Mow _ __x_ |

----- [ Analysis 1

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

Save opfions Solver options

© save model © Fastest available

() Save model with a different name () Frontal Solver {slower with more error diagnostics)
Dio not save [_IFirst loadcase only
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A(3D, A=8lHE)

/ Tip.

CSTIFZES 71X 1. 3RY shAle]

Force

estif=1

TLM

(Force)

—
DLMDA

=

SLMDA

g mofsp] ol o 1

o
o
o2
By
D_:ég
i)

&

estif=0

O<cstif<big
estif<l

0<cstif<l

Displacement

cstif=0 : Alemty], A=stEsd
cstif<0 : sHEAIA, FH=ole 7F, Ast

DA y

-

>
Displacement

DLMDA : &}% Factor?] S8

SLMDA : %£7] 8% Factor

TLMDA : &X}| 5}% Factor

Aatel 515 = TLMDA=SHECASEOI Afstel ste] 7]
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11. 2x2] 4
5 27

LUSASE: ©38 st AIA2] I3 ol S HEste $42 130l BF vdeldq o|olxl: §3

L

= Alsstez, siMd 2ne Rz 2ot FAY A

m[o
el
o
o
é
mkﬂ
i
0

11.1. ssAo|A XAlER

. Treeview / Loadcase EBio] ofefjet Zro] A=Yt

= o ANzl &
g 2aE 7
ZAE =53 Load IncrementE MEHSHY, Set ActiveS A|A3HYct
Analyses v o X
Eltayers [Bloro.. attri.. (B anal. o Utili.. Zrep..
Ia Cracking Concrete (30D).mdl
23 Structural analyses
-2 Analysis 1
[‘! D Geometric
=1 Q l:iloadcase 1
(23 Material
G Supports
(21 Loading
----- W% Nonlinear and Transient (Automatic)
L:Increment 1 Load Factor = 0, 100000E-01
2:Increment 2 Load Factor = 0,300000E-01
3iIncrement 3 Load Factor = 0.700000E-01
4:Increment 4 Load Factor = 0, 150000
Silncrement 5 Load Factor = 0,310000
&iIncrement 6 Load Factor = 0.630000
ZiIncrement 7 Load Factor = 1,27000
8:Increment 8 Load Factor = 2,55000
9:Increment 9 Load Factor = 4.02802
10:Increment 10 Load Factor = 5.35000
----- "b Monlinear analysis options
|;1--a Post processing
%y Results cache (OMEB)
----- % Model properties
10:Increment 10 Load Factor = 5.35000 = 3
11.2. ARe
St/ BA|SHE U182 Treeview / Layerof|A] A&y,
[e) 5 T AlsF A v o 35}lolsF A A
B9 =i9) 89 oflel 2o oheiyol EAIE 4 9k ololdel 35 I 4 AU
7S o ) o sF A S
SUAIN BYL HUE SA B2 AT 4 YxU
® X XL 2% X210, Deformed Meshs Aeighct
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AIFAE WOl A5 (3D, Aab|id)

| Layers - o x
[ Layers [Bloro.. Fpattr.. (Banal.. A utii. [FRrep...

=423 Cracking Conerete (30).md!
=-{] cracking C (3D).mdI Window 1

% View properties

Properties X

Deformations  Mesh  Visualise

©Epedfy magniude

6.0 mm
() Specify factor
9.05843

"I Exaggerate initial deformations

Deformations. .. x9.05843

[ Window summary — Detsis.,

Close Cancel Apply Help
B view axes Details...

Defaults. ..

® 'Specify Factor' 32 1 & 4sto] A4 £x0 A5 #AHS mAIsH shALL, Aj0] Wsts & wo] s 542
grjsto] wgle IAA 28 4 IS

— B
atnBz@: Blinb AT b sth B0 & e R G R
‘ Fle Edit View Geometyy Aftributes Analyses Utiities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules
Layers v RXx LUSAS View: Cracking Concrete (3D).md| Window 1 x‘ >
B iayers (Blero.. Fattri, B anal. Hutiin Fren. | 00 200 000 500.0 E00.0 0E3 s 1262 s 182 s TES [ES
=43 Cracking Concrete (3D).md
£ [T Cracking Concrate (3D).mdl Window 1 S —
[} Geometry Zoom: 112.0 R
W Mesh o Eye (0.0, 0.0, 1.0)
A5 Deformed mesh B Nonlinear analysis
2 Analysis. Analysis 1
I Attrbutes Loadease: 1:Loadcase 1, 10.Increment 10 Load Factor = 5.35000
3] Annotation Results fils. Cracking_Concrete__3D_~Analysis 1.mys
] Utites Maximum displacement 5.70043 at node
B Vien properties i Deformation exaggeration: 9.05843
Deformations... X 9.05843 o
8 window summary  Detaiks.. i
B View axes Details.
Defaults...
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11.3. sh5of thigt W9l e
Utilities / Graph Wizard...
© F32EHWO FIAA ] iRt AAolFE ZAlsh] Yot WA Bhe AEiRiuch

sllgnﬂn B = BRx _\f:fﬁg‘?l-/vnv@r o FlF ]l s s -8 [x] -

i Flle Edit View Geometyy Atibutes Analyses Utiities Tools Bridge Bulding Composite Design Tank KEPCO KOGASTank Window Help Modules

Analyses vax LUSAS View: Cracking Concrete (30).mdl Window 1 | 3D Nonlinear Concrete Beam, | AnimationZ . -

[Eltayers [HGro... gt (Ranal... Uil [FRep.. 6000 2000 E 00 2000 2000 500.0 GO0 1065 T3S THES, = TEEs.

1-/3 Cracking Canerete (30).md|
/23 Structural analyses

= Analysis 1

(21 Geometric

(D 110adcase 1
- (] Material

- supports
(] Loading

@ Noninear and Transient (Automatic)

47 Tinorement 1 Load Factor = 0, 100000E-01
rement 2 Load Factor = 0,300000E-01
rement 3 Load Factor = 0, 700000E-01
rement 4 Load Factor = 0, 150000
rement 5 Load Factor = 0,310000
rement & Load Factor = 0,620000
rement 7 Load Factor = 1.27000
rement @ Load Factor = 2,55000

L7 ginorement 9 Load Factor = 4,02802

1 10dncrement 10 Load Factor = 535000
4, Nonlinear analysis options
1423 Post processing

Ay Results cache (11.288)
4y Model properties

USAS Academic (Bridge Plus) - C

T0Ea

B0D0

FO00

a0p0

Fop0

Saoa

10:Increment 10 Load Factor = 5.35000 +

None | spedy.

@ AAatEol tigt AnS 2B7] 95t 'Time history' S ARt

Graph Wizard X

Type of graph dataset to generate

OUrer Expansion

Modal expansion
Load curve
Variation

() Reuse values from existing graphs
Thermal surfaces
Slidelines {assigned to lines)
Prestress

e

< 5E@ CHEM) = s =
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A2EaeE o) FASAED, HauiY)

=
@ A FoYsh= HlolE7E X& siFEUH. o7]oM= SR ARl et Al EAlSH = Zio]22 ‘Nodal'
S Me ct. ©£0] Sample loadcases: A2 71HE stEA0|AS MElste o2 o7|HL AFEIAS O
Aoz g
Time History Graph - X Attribute x
Results
Entity data Sample loadcases
© whole analysis
(_) Gauss point Analysis 1 e
() Named _
O Hement () Spedified loadcases Select...
() Previously defined () History files Select...
< FIE({E) CHE(N) = T2 2T

O AEE Bo ZURER (287)0] Aisoz AwtE =AIZ Aoz BgUct EntityS Displacement’ 2 AT

Time History Graph - X Attribute 4
Modal data Selected nodes
Entity Displacement e Sum Average
Component RSLT e Muitiple
523

Transform  Set... Mone

Extent Specified single node R

Specfy  |623 -

Update from view

12

< FI=(E) OhEN) » s =&

o op7lolnE Apstel s15S AAstaat g
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1

10%

Time History Graph - Y Attribute X

12 27

ol

Results
Entity data

() Nodal

() Gauss point

() Element
() Previously defined

1]
ma

<H2E) | OEN > 2 =g

O steAol20f Msh sHE S Y& HolE = 2R

Time History Graph - ¥ Attribute *
Named data
Total load factor ~
< F2{E) CHEN) = e =22
© I8 2o tigt A= 5= 2RgU
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A2EaeE o) FASAED, HauiY)

Display Graph

Display X scale
Title 3D Morlinear Concrete Beam O sutomatic () Manual
¥ Displacement {mm}) min. 0.0 Mk 1.0
v Total Load Factor [Tl Use logarithmic scale
=
B show grid B show symbals Scale factor 1.0
¥ scal
B corner labels B ruto-update Mo
© automatic () Manual
Include existing graphs —la e
r
[ Uise logarithmic scale
- Scale factor 1.0
Mame Graphl B savein treeview [ Display now
< FE{E Opz F EET

| £ LUsas View: Cracking Congiete (30).mdi Window. 1 3D Nonlinear Concrete Beam

July 18, 2025

LUSAS 22.0-0c2
3D Monlinear Concrete Beam

3D Nonlinear Concrete Beam

Total Load Factor

< o % @ 0 W o % @ 0 @ o
- = < = wowow n o

o % @ M - o % @ W NN W @ m MmN d © @
== = = R e B o oooeioo m m om om
Displacement (mm)

—®—Total load factor(2) / Resultant Displacement MNode 623(1)

U f C-\Users\OEM\Documents\Lusas220\Projects\Cracking Concrete (30) mdl Units: N.mm.t.s.C

/ Tip.

o] B RRE £ 71 Typeo] S} Aol 91| theol Saje] Auke Bl 3 74 BAlo] sl A
3lgio]] Holw2 Aet 30 Aug 2 4 aUC ol o] Hste] WAl RIS 22 Groupg & Fgstolo}
ZUIT}. Treeview / Group S Afsie] Deimtelag Aeigh # 0} 958 2i3h Io}. Results plots.. S A=t}
ofefie} o] 44 Aol FUCk of71A] ‘Specified group' AL groupe e S 10l Chet 2

o
=

= 313} 4 9J&Urt Display® @] 3190] Hol= wel(visible model), FA] 2Z(Whole model), 54 12
(Specified group)s- 0.2 AASH 2 9l ]}

_E
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Tip.
JF|mE Copy&Paste2 UE.0 9812 T2 HWP, Word, Excel S)ojA] 283 2 9lom, T 91%0] HAE
Ho|ElS Excel2 g7 8% & 5

114 Qo= / 22 e}

Sk
=]

o},

® Treeview/ Layer Bio|4] 'Deformed mesh'S AMA||(0}2A ©&322 Delete) S
Lt ofefiet Zo] g =

52 )
@ opRAl AEE|] R AJEe] stofA nheA 253 Z25to] ‘Contour'S AEF
TAF 4 YEUC
B LUSAS Academic (Bridge Plus) - Cracking Concrete (3Dhmdl - o X

‘NEd ® =®Bax - Gor 0@ Bk BTl a® g kKR (@] @

¢ File Edit View Geometry Attributes Analses Utilities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help  Madules

Layers vax LUSAS View: Cracking Concrete (3D).mdi Window 1 x |___3D Nonlinear Concrete Geam, -
Biayers [Horo.. & atri.. (Eanat.. g uii.. [Erep. T 55 —55% ; 5% —w% ; o ; T ECE = T
-3 Cracking Conarete (30).md|
& EI Cracking Concrete (30).mdl Window 1 Analysis: Analysis 1
Loadcase: 1:Loadcase 1, 1:Increment 10 Load Factor = 5.35000
Resuits file: Cracking_Concrete_3D_~Analysis 1.mys LR

Entity: Stress - Solids
Component (Averaged nodaly Sabs (Units: N/mm?)

18 Attributes
il Contours : Sabs {Stress - Solids)

19.4483

16,67
3} Annotation 138917
10 Utities A1.1133

HIp 0

Ry e properties

2.77833

mum 3.72996 at node 529 of element 18
imum -21.275 at node 87 of element 104

a0

| Properties X

Contour Results  Appearance

Display  Averaged nodal 2

Transform  Set... None

Display on shce(s)

LI Draw in sice loca directon
[ window summary
B viewaxes Close. Cancel Apply Hel
Defaults, I |

11.5. #< Pattern &0l

© olRAE MEEA] e Heje] SHolH 0194 952 J2sto] Value's Mg,
@ Properties Aof|A] Entity - Stress - Solids, Type - Crack/Crush £ Agighch

D@ = BB x D &0~ 08 ko FIT ]l s n e g%

i File Edit View Geometry Attributes Analyses Utiities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules

Layers. - i [EDX 1 x| 3D MNonlinear Concrete Beam x
[Eiayers [Slcro... batti. (Banal.. o Utili., ERep... SO 2000 00 2000 B a00.0 6000 800.0 B 10E8 1263 E=) z T
=13 Cradking Concrete (30).md
=[] Cracking Concrete (30).mdl Window 1 Analysis Analysis 1 =
1 Geometry | Loadcase: T:Loadcase 1, 10:ncrement 10 Load Factor = 5.35000 n
Mesh Soauty e Cracking | GConcrete_3D_~Analysis 1.mys L R
Entity: Stress - Solic
Deformed mesh Gompanem (Averagsd nodal) Sabs (Units: N/mime)
Attrbutes o
Contours : Sabs (Stress - Solids) 5] o
3] Annotaton W 158017
5] tiities | A11133
5! Values : Crack/Crush (Stress - Solids) i B
B View properties 277833
00
= 277833
2 Maximum 3.72996 at node 529 of element 18
Minimurm -21.275 at node 87 of element 104
Propertias X
Value Results  values Display
Entty Stress - Solids -
Component Crackjcrush -
Locaton  Gass point >
‘ Transform Set... MNone
|
Deformations.
it Display on sce(s)
(] Window summary
e Close Cancel Apply Help
Defaults... | I




AL E W] JFHA(3D, A ab|Ad)
11.6. w<¥ XA Animation

Tools/ Animation Wizard...
@ 1097/ RN sH52 S7HAIATIEA slidg 2985t oleh 2ol off DAl ZARl siHY] FeolE 5
Fog SiHAMS I & iUt s U7l Aol BAIE= 9] Contourd] Helet GAS ARsHoF &
Y,
® Treeview / Layer 9] ContourE C=Z2sto] HAARNES HYch Appearance F2 AEHSHY, Classic
Contour HH9] Set HES =t

o

Classic

Bek, ..

Design Set...

B contour key |Set... Deform Ghost fleshing

QK Cancel Apply Help

@ Automatic Rangeof|A] Interval - (2), Maximum - (6), Minimum - (-20)x} Zo] Z¥zto] Zks =gt
Contour Appearance X

Display
B Filled

[JLines Max shade 60.0 %

Labels
Multicolour  Interval 15,0 mm Angle 0.0 Font...

pen 19 2| l:l Choose pen,..

© automatic range (_)Manual range

() Mumber of boundaries 2

I 0 Interval br I

B value to pass through 0.0
B Maximum [
18 vinimum -20

SyYMmERTic anu{ ZErD

Number of seed colours 10 -2 | @ Redistribute Reverse

10 TR O

Preview

Mame Classic

| pa] =

af e ]| en] b=

Defaults Ok Cancel Help
@ Tools/ Animation Wizard D1H=r0ﬂ A] 'Load history'S AEist & NextE LSt




Animation Wizard

Animation type

() Active loadcase © Load history

Resolution
Mumber of horizontal pixels 1077

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

< Back Mext > Finish Cancel Apply Help

B LUSAS Academic (Bricge Plus) - Animation2

Mumber of vertical pixels 600

A10s axe) 93

b4 Animation Load History *
(O Final increments () Specified
Available Included
B Sp‘ucmral analyses D o
- Analysiz 1
El- LiLoadcase 1
L:Increment
2:Increment >
Zilncrement
4:Increment 55
S:Increment View
G:Inorement
T:Increment
8iInorement
S:Increment Step
=
< Back MNext = Finish Cancel Apply Help
- B x

DM @ = 28X o B0 - D@ BN b A T E[E Jdds -6 Pararind (@ B E
: File Edit View Window Help

Analyses v Qx

Etayers [Blro.. FAttri.. Eanal. o Utili.. [FRep..

| 423 Cracking Concrete (30).md!
43 Structural analyses

Entity: Stress - Sollds

A Noniinear and Transient (Automatic)

&7 LiIncrement 1 Load Factor = 0. 100000E-01
& 2iIncrement 2 Load Factor = 0.300000E-01
& 3increment 3 Load Factor = 0.700000E-01
-4 &Increment 4 Load Factor = 0.150000

& SiIncrement § Load Factor = 0.310000

&7 Bilncrement & Load Factor = 0630000

&7 ZiIncrement 7 Load Factor = 1,27000

A7 Bilncrement § Load Factor = 2.55000

L 9ilncrement 9 Load Factor ~ 4.02802

1 10:Increment 10 Load Factor = 5.35000

g, Norlinear analysis options
/3 Post processing

£y Results cache (2. 563MB)
Hys Mol properties

Maximur 3.52328 at node 324 off
MINIMUM 10878 at node 8 of

10:Increment 10 Load Factor = 5.35000

None

11.7. Animation A%t

File / Save as AVI...

2o A et ¢

0y EM o Lusas220 > Projects

B . Anaiysis: Analysis 1
S5 Mmlysts 1 Loadcass: 1:Loadcase 1, Siincremen! 9 Load Factor = 402802
(2 Geometic Results file: Gracking_Gonerete__3D_~Analysis 1.mys

Componznt Averaged nodalt Sebe (Units: NimiTs)

25 15404 EE U e 37
= Projects 5 LUSASFiles 17/07/2025 10:41 am
T Arbitrary Sections 11/06/2025 1123 am T
7 Backups 11/06/2025 11:23 am
> @ OneDrive |
T LUSASFiles32 1/04/2025 1220 pm T
v @ uyec
> Ha2BOs3
THY 0| Z(N); | Cracking Concrete (3D).avi =
Dh BH): | Video files (*avi) )
Compression 75
Quality 5 ——————————
~ w5 317 a

AnimationZ x -
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AL E W] JFHA(3D, A ab|Ad)
11.8. ¥ = Contour

® Smoothed Multi-crack Concrete Model2 A}85to] AAE < = 7S Contour ¥ Value FEf=Z A2}

® Treeview> Layer BRo]A] Contours do]o]S g5 22Ut &4 tjsbdof|A Entity= Concrete Results -
Solids, Component= CWMax(R|t] #<¢ =Z), Display~= Unaveraged nodalS A&igh]c}.

Properties

Contour Results  Appearance

Entity Concrete Results - Salids
Component  CWMax ~
Display Unaveraged nodal L

—
Transtorm 5et,.. Nong

Display on slice(s)
Draw in slice local direction

oK Cancel Apply Help

@ Appearance BloA Classic Contour H99] Set H{ES Z2ghYct Maximum, Minimum A|3IEAE SHAF|
sttt Contour Interval 32 0.052 AAgHch Value to pass throughsS 002 AXshct.

Lontour Appearance

Display
Briled

[ Lines Max shade ©0.0 %

Labels
Multicolour Interval 15.0 mm Angle 0.0 2

Pen 19 | l:l Choose pen...

© automatic range () Manual range

=]

(2) Number of boundaries

© Interval 0.05

B B

oo

B value to pass through 0.0

AT By SR SR S LY T

wichidoiz

|_| Maximum 6.0

=
o

~of | | | e f L | | —

[ Minimum -20.0

a|em

[ symmetric about zero

Mumber of seed colours 10 -:- | BB Redistribute Reverse

| ST 1 A

Preview

Name Classic

Defaults 0K Cancel Help

O Value olol= $U% 92 FYLA 028 2= Ao| Uehlal, Yess 2sto] BAAYULh
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|
x,
Different results were requested for the values layer. Change
values to match?
eI
Hvy OFLLE (N e
e i = =2 R22 ZF Viewz HRAUS
@ gulz = HE s =9 RES 75 View=z 2X|AIR] .
- O
‘DM i A% T £ o fir @ - [ & K-k ko kG S
© Fle Edt View Geometry Attributes Analses Utiities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules
Layers vax LUSAS View: Cracking Concrete (3D).mdl Window 1 x | 3D Honlinear Concrete Beam,, [ Animation2. | >:
ro. o Attri, (B anal. o Utili., ERep.. | [E[Z000 00 200.0 4050 00,0 5000 TOE2 1263 T4E3 T6ES
51423 Cracking Concrete (20).mdl
Cracking Concrate (3D).mdl Window 1 Analysis: Analysis 1
13 Geometry Loadcass; TLoadzeass 1 10Incrament 10 Load Factar = 539000 ®
S Results file: Gracking_Goncrete_ 3D_~Analysis 1. mys 2
=|  Entity: Concrete Resits - Solids
" Deformed mesh 8]  Component (Elsment nodal): CWMax (Units: mm)
- Attibtes =
Contours : CWMax (Concrete Results - Solids) l g 85
] Annotation o1
5] utiites o
151 Vaues : CuiMax (Concrete Resuts -Solds) Maximum 0 158754 at node 69 of clement 152
iy View properties o Minimum 0.0 at node 75 of element 1
gl
|
on o deformations crawn a
() Window summary  Details, 5
18 view axes Detaiks....
Defaults
= Al o:]__|,\__— 3}l018F A OlA
® Gauss point 235 BAlS] 24 Y AX #EEg solgh & &Ur
[ T i (Bridg J)md o X
| = BEx Sintadinla o lFB U |F L Gl ® - [k -[R] -k ks k¢
| File Edit View Geometny Aftributes Analyses Utiities Tools Gridge Building Composte Design Tank KEPCO KOGASTank Window Help Modules

Layers vax LUSAS View: Cracking Concrete (3D).mal Window 1 | __3D Nonlinear Congrete Baam, | Animation2. |

[Diayer: 0., At (Banal. o utili., [ERe 200.0 00 2000 . 2000 600.0 B00.0 T0E3 1263 T3E3 TRE3
21423 Cracking Concrete (30).mdl
£[7] Cracking Concrete (30).mdl Window 1 | Analysis Analysis 1
7 Geametry Loadease: 1 Loadease 1, 10:Inerement 10 Load Factor = 5.35000 m
n Results file: Cracking_Concrete__3D_~Analysis 1.mys >
Mesh
o niity: Concrete Resdils - Solids
Deformed mesh S Component (Gauss point) CWMax (Units: mmy
M Attributes =
[ Contours : CWiMax (Concrete Results - Solids) 0o
) Annotaton 01
0 tiities i o
[ values : CYMax (Concrete Resuls - Solids) Maximu 0158754 at Gauss paint 1 of slement 192
B View propertes " Minimum 0.0 at Gauss point 1 of element
>
e e * L S A T .. Fe o E, O T 3L B B B Wl B s BBy B B ]
¥ £ E Rk
Entity Conerate Resuits - Solide * * * ¥ | % ¥ * |3
Component CUiMax ¥ E'S ¥ 3 ¥ E
- ® ® 3 R E
* * * EAE . S k33
¥ £ ¥ e ¥
Transform  Set... None *® = b Foc I EuodE
i ¥ ¥ x w = *  wlw u’wukw&i{:ﬁ&(ywww&x»@{yﬁ
Display on sice(€)
Dra in sce local direction
Close Help
Deformations, . -
() Window summary  Detals .. &
B view axes Detals...
Defaults.

_43_



A A

2154(3D. Aj28)%)

e
® Treeview> Layer Eio|A] Value #o]ojE& rjEZ2shct. Symbols, Values, Maxima <9
percentaged] 10%E U=sto] Y 10%9] Z1S st Yot

B LUSAS Academic (Bridge Plus)

- Cracking Con:

dl

NEH® = BRX -0 S0 08 VTN =W 2 i 8 & @ - [k KM ks
¢ File Edit View Geometry Aftributes Analyses Utilities Tools Bridge Building Compesite Design Tank KEPCO KOGASTank Window Help Modules
Layers vax LUSAS View: Cracking Concrete (3D).mdl Window 1 | __3D Nonlinear
B uayers [Foro.. e, Davat. i, Feen. [T
=23 Cracking Concrete (30).mdl
=+ Cracking Concrete (30).mdl Window 1 | Analysis Anaiysis 1
{7 Geometry 2] Loadcase: 1:Loadcase 1, 10:Inerement 10 Load Facior = 5.35000 m
B vesh S Results file: Cracking_Concrets__3D_~Analysis 1.mys
L Entity: Concrete Results - Solids
Deformed mesh Component (Gauss point) CWMax (Units: mm)
# Attrbutes o
) Contours : CWMax (Concrete Results - Solids) =. 08
(3] Annotation k& 01
{5 Utiities o
{5 Values : CWMax (Conerete Results - Soids) =|  Maximum 0158754 at Gauss point 1 of element 152
@ View properties B Minimum 0.0 at Gauss point 1 of element 1
Properties X
Value Results  Values Display L] AR Ad L] L T 8 F0 & IF & L I ]
Show values of selection (O Threshald € Percentage
> 0.14287
3 (L) ele oo o e soe o
< 0.01587 { Y
peform @ Sinifant igures Feilure detaik. b o|e ele r o oee o
Dedimal places — & ole
8 Show trailing zeros Choose font.. L] . d
P " v u .
= iSpmbal Font angie ! ® sl ® ® 2 2le o eolo o e 8 ®
=] o o ] ;
| e = choosepen.. 0144824
Deformatio
Ty Close Cancel Aoply Help
B View axes Detai.
Defaults... 5

11.10. 22 3¢

@ Contour 2fo]o]S HE294ste] £/ thebdolq o2k Zo] gyt Entity:= Stress-BarS Component

L Sx(Fx)2 Meighc,

LUSAS Academic

ige Plus) - Cr

Concrete (3D).mal

DEWH & = BR X S i lada g BLnGA T | T - F) R 1L B o0 VR R
: Fle Edit View Geomety Aftributes Anases Utiities Tools Bridge Building Composite Design Tank KEPCO KOGASTank Window Help Modules
Layers v ax LUSAS View: Cracking Concrete (3D). 1 % [,,30.Nonii | Animation2. | i
[Brayers [Blere.. Fattri., Eranal. o utiii., FRep.. 2000 00 2000 2000 €00 B00.0 TOES 1263 T3E3 T8E3 T8E3
=23 Cracking Concrete (30).md! =l
=+{] Cracking Concrete (30).md Window 1 Analysis: Analysis 1
| Loadcase: 1:Loadcase 1, 10:Increment 10 Load Factor = 5.35000 R
Results file: Cracking_Concrete_30_~Analysis 1. mys 5
Entity: Stress - Bar
Gomponent (Internal point) Sx(Fx) (Units: Nimmm?)
2 554954
b 38,999
22,4958
599984
5 values : Sx(Fx) (Stress - Bar) 10,1000
26,9557
B View properties 43.4995
. 59.9994
o 764962
S 999
| & 109499
125,959
142,498
| | 15Eom
175498
Properties X 191598
208498
| 224,998
Contour Restis  Appearance
UM 244,208 &t node 978 of slement 167
| um 55.7504 at node 1026 of element 189
| Entty  Stress-Bar
| Component | Sx{Fx)
| Diply | Intermal ponts >
Transform | Set...| None
= | Display on sice(s)
Def] Draw in see local direction -
O 208 2158 5
Close Cancel Aoply Help
Bve —
Defaits M

_44_



