New Facilities and Improvements in LUSAS V22.0
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Bill of materials / Embodied carbon calculator

Materal Feature type atirbute | No.features Totallength fm] _ Total area fnd __ Total volume fm] _ Total mass ka)
ne Comer steel column |20 800 N/A 0610985 4795763

| [ steet 5385 ne Edge steel colum | 40 1600 NA 14892 11692263

| [steel 5355 ne Bracing Ty 213137 N/A 0450969 353971E3

| |steet 5355 ne Itemal steel column | 20 800 N/A 0744309 5846163
Steel 5355 ine Primary beam 120 3600 NA 340665 26739263

| [ steet s385 ne Secondaybeam | 210 8400 N/A 718265 56.3775E3
Steel 5355 (Subtotal) 450 17331483 00 138857 108.99E3
Concrete C25/30 suface Comflor 60thk =0... | 180 N/A 21663 298.08 759.633E3
Concrete C25/30 (Subtotal) 180 00 21663 29808 759 63363

| Total 630 1733143 21663 311.966 86862363

-
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EtA 2SS 7 ASH= Embodied Carbon Calculator 7 F=7HE| & LI CF
Analysis | Steel-composte sche v Loadcase | Loadcase 2 v Subtotal by | Geometric attribute - | | Define / Edit ECFs
Materia Fetuetype  ooometic T Een " Totaimass k] T tngenboded  snboded cat

[kgCO:e/kg] carbon [%] kgCO-e/m3

ine Comer steel colu... |1.74 4795763 83445263 250822 38632
Steel $355 Comer steel column (Subtotal) ine Comer steel colu... 4795763 83445263 250822 38632
Steel 5355 ine Edge steel column | 1.74 11692263 203444E3 61152 941872
Steel 5355 Edge steel column (Subtotal) e Edge steel colum 11692263 20344483 61152 941872
Steel 5355 ine Bracing 174 35397163 615913 185132 285144
Steel 5355 Bracing (Subtotal) e Bracing 35397163 6159163 185132 285144
Steel 5355 ne ntemal steel colu... | 1.74 584613 10.17223 30576 47093
Steel 5355 Intemal steel column (Sublotal) | ine Itemal steel colu 5846163 10172263 30576 47093
Steel 5355 ine Pimaybean  |174 2673923 46526263 12985 215399
Steel 5355 Prmary beam (Subtotal) e Primary beam 2673923 46526263 12985 215399
Steel 5355 ne Secondaybeam |1.74 56.3775E3 98.0969E3 294863 454152
Steel 5355 beam (Subtotal) e 5637753 3809693 294863 454152
Concrete C25/30 surface Comflor 60thk =... 0.1 759,633 75.9633E3 2833 35,1682
A252 mesh (Concrete C25/30) surface Comflor 60thk = .. |0.76 834624E3 63431463 1.90664 293664
Steel profle (Concrete C25/30) suface Comflor 60thk = .. | 2.83 21461863 60.7368E3 18.2565 281189
Concrete C25/30 Comflor 60thk = 017 (Su... | suface Conflor 60thk = .. 789.441E3 14304363 42994 662237
Total 398431E3 23268763 1000 154022
< >
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RC frame Steel frame

Vehicle load optimisation
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Automatic identification of influence assignments for alternative
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Viscous support loading

MZ2 2HE ™9 X[X| 8= (nodal viscous support load) 0| F=7t|0f, O|X|
‘Bicanic Boundaries Method(BBM)' £ At&3%H X| Tl A4 (seismic analysis)Al
RO HIEHO| ™ 5t&5(Face loading) CHAl Bd XX St52 HEL 5= U4
ERASLICE Ol 7|82 7|&E X7 5t52 HEY M ArEX7E 21 Hd 44
H 4= (viscous damping coefficients)E AHASHOIHE HAZZ S © 5 UA|
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Internal beam loading

Internal beam distributed load 2} Internal beam point load € O|X| A=

MEo| Flgto| A|ZH™ 7| & (start of a set of connected lines) 2 2 X|HE = U

A
| RASLICE
Overall length of lines =i Line length Line length Line length
Three lines selected Three lines selected
Load Load Load Load
Distance Distance Distance Distance
! ‘/_ 4 " ! ! v ! 4 L v !
Treat each set of lines as a single assignment Treat each lines as a single assignment

Post-tensioning
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Prestress Analysis Options

Tendon loads assigned to lines only

[(JProvide primary and secondary effects
[CJProvide results exduding prestress effects

Tendon losses
Primary Secondary

Duct friction O O

Anchorage set | O

Elastic shortening O O

Creep of concrete O O

Shrinkage of concrete O O

Relaxation of tendons O O
Number of solves to determine post-installation losses [ o =
Percentage reduction for end load placement [ 0.0
Number of times LUSAS Solver will be invoked 3

User-defined internal points for beams

Ct2o| E4= siM =& O|A Analysis branch LHO| Z8tA|Z &= IO, O] AL 7|&

Sl A ( Base Analysis)O| Oftl 22| S5 7| 0| A (Parent loadcase)2 £ EH &&=
%48 EHEA ELIC Analysis branch LA o7t 7tset E4 o2 CS1t
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Direct Method Influence Analysis
- Pedestrian Moving Load Analysis
- Moving Load Analysis

- Vehicle Load Optimisation (VLO)
- VLO Envelope Run

- Rail Load Optimisation (RLO)

- RLO Envelope Run



Analysis Branch = StLt2| S50l A E= 84 THA|(Stage)Oil CHEH SF
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Permanent loading now supported in moving load analysis
loadcases
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e Pedestrian Moving Load Analysis 0| M ‘Initial conditions, static

loadcase'7t AF5 22 4 JE0 017]0f s 40 Bt =5 JO[Lt 7|E

%= Static Moving Load Analysis 1
=& 3:Loadcase 1 (s = 0.0m)
+)-(_] Material
—-/{_¥ Loading
4:Pnt4 (HB 6.0m spacing 45.0 units) x( 1.0)
| 5:Permanent load x( 1.0) (range) |
=& 117:Loadcase 103 (s = 4.0m)
=423 Loading
4:Pnt4 (HB 6.0m spacing 45.0 units) x( 1.0)
| 5:Permanent load x( 1.0) (range) |
=" 118:Loadcase 104 (s = 8.0m)
=4y Loading
4:Pnt4 (HB 6.0m spacing 45.0 units) x( 1.0)
| 5:Permanent load x( 1.0) (range) |
- 1" 119:Loadcase 105 (s = 12.0m)
+- " 120:Loadcase 106 (s = 16.0m)
+- 4" 121:Loadcase 107 (s = 20.0m)
=J-4_y Post processing
{=) 14:Envelope (Static Moving Load Analysis 1) (Max)
{r) 15:Envelope (Static Moving Load Analysis 1) (Min)
R Results cache (9.72k8)
% Model properties

T A2, oY ot =S 7|2 X 49l =7|

--%2 Pedestrian Load Analysis 1
- Q 22:Loadcase 8 (static loadcase, initial conditions)
+1-(_7] Material
=}-4_y Loading
| 5:Permanent load x( 1.0) (range) I
) 23:Loadcase 9 (t = 0.0s to 0. 1s, initial loadcase)
—1-4_N Loading
S:Permanent load x( 1.0) (range) I
% Nonlinear and Transient (Implicit Dynamics)
" 0:Time Step 0 Time = 0.000000E +00
L' L:Time Step 1Time = 0.100000
=) 24:Loadcase 10 (t =0.2s: s =0.0m)
-1-4-¥ Loading
S:Permanent load x( 1.0) (range) I
6:Pedestrian unit load (Vertical) x( 0.0)
" 2:Time Step 2 Time = 0.200000
—-( %) 25:Loadcase 11 (t =0.3s5:s =0.216m)
-}-4_y Loading
I 5:Permanent load x( 1.0) (range) I
6:Pedestrian unit load (Vertical) x( 0.179645)
" 3:Time Step 3 Time = 0.300000
+)-( %) 26:Loadcase 12 (t = 0.45: s = 0.432m)

Nonlinear control type now reported in the Analyses treeview

H|AS sfj A

- o —

o

o [

control type

s I, Z 557 0|20

CH3H 2| =l Nonlinear and transient

| Analyses E2|5F LHO|A] B=HSHA BA[ELICE

-Manual Incrementation & Nonlinear Control & 30{| (Manual) &7t

-Automatic Incrementation 2 Nonlinear Control & H0{| (Automatic) &7t

-Time domain Control 2 Nonlinear Control & F0f (Two phase), (Viscous),

(Implicit dynamics), (Explicit dynamics), (Thermal) S0| 7}

Easier identification of loading brought forward
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-3 A B oSS A 0|/ EHA = O] 5tS0| g7 20 HE
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Analyses vax
Layers Groups “Attnb.‘. QAnalys... Reports q%"utllmes
SR |dry_excavation.md| A

=43 Structural analyses
%= Analysis 1
-] Geometric
=48 1:Init.conds
- Material
-2 Supports
&2 Loading
-] Deactivate
& Nonlinear and Transient (Manual) I
-5 2:Install wal
® JE‘* 3:Surface load 10kPa
=-(%) 4:1st excavation
-2 Loading
ﬁ Loading brought forward

+ Deactivate
i Nonlinear and Transient (Automatic) I
=-(%) 5:Install upper anchor
@#-{Z] Loading
@-(] Activate
% Nonlinear and Transient (Automatic)
-4 6:Set water level excav.2
(%) 7:1st de-watering
=-£3 Loading
& Loading brought forward l
2: 1st de-water x( 1.0)
% Nonlinear and Transient (Automatic)
';‘.‘ 8:2nd excavation

[1)-#




‘Loading brought forward’ &=2 Z&|5tH, 51T 557 0|A E= SHSEHA
(Stage)Oll CH3H O[T THAIOM O &t5
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Loading from Previous Loadcases

Loading that continues  Loading that does not continue

5:Loadcase 5

Loadk l Attribute [ Reason
4:Loadcase 4 3Cnc3 Automatic incrementation in “5:Loadcase 5" continues loading from most recent manual incrementation (“4:Loadcase 4")
4:Loadcase 4 Gravity Automatic incrementation in “5:Loadcase 5" continues loading from most recent manual incrementation (“4:Loadcase 4")

Geotechnical results processing

o

e Geotechnical M0 ‘Two -phase results’ 2t= MZ2 Z1t 50|
Contour, Values, Vectors, PRW, Graph Wizard 2+ 274 Z1t X2| =2A

F7b E|RAEUCLE O] 7152 2D & 3D AN 245 AFESHE X|Etsst
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Saturation(Z2tk), Suction(Z Y &), Excess pore water pressure(Z 1t

2+=48h), Hydraulic head(=5), Flow gX/qY/qZ (& #HH 74 24,

3D O|M gz Egh) 21t =0 2= AS LT

e MEZ Z1} & HHC[ 37| Flow qRSLT(resultant flow vector
magnitude) 7t Two-phase results Entity 0 CH8F Vector CH2tEOf

7t A5 LICE

e Flow gX, qY, gZ vector component = £2Z XEAH =E Het 7hseHL T
otz Zote 7| Z2| Results Transformation CHRHE S Solf Al 23t &
ASH, Flow gX -> Flow gx 2F 20| O|E2 AEXIZ HHY O BA|E L|CE

Rail Track Analysis
e Rail Track Analysis &2 Cf 0|4 AZP|E AE MAS 0, A0 ANE
A Lt5H=Hl MS Excel & AFESHA| gL L Chdl, SEXQl 2to|=2{2| 7t

AHBE|0f Excel MX| Of 0t ZES[ RESLICH 1 Hat



£E7F 80~90% ZH U E[RA L, Z1F M| Azt 7|& CiH| 2 10~20%
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New Modeller startup dialog and updated 'File open' and 'File

save' dialogs
o MEA =2E Modeller Startup CiaHE 2 ZE 44 3 7|E 2 E7

H
S O ZHHEH 2u £ Y= M ALt

>

XA
=] — —
o X XNFot ZHEO| Cis O|2[&= 7| O|0|X|(bitmap preview) & M3 L}
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E|AS LI

LUSAS Modeller Startup

Name Date modified

Create New Model
grilage_load_optimisation.mdi
17 January 2025 09:46:33

C:\Users\paul_b\Documents\Lusas220 Projects \grilage_load_optimisation.mdi

Create New Model A
Structural composite_deck_design.mdl
) 27 February 2025 10:30:53

C:\Users\paul_b\Documents\Lusas220\Projects\composite_deck_design.mdl

Open Existing Model
3d_nl_beam.mdl
11 April 2025 16:49:40

C:\Users\paul_b\Documents\Lusas220\Projects\3d_nl_beam.mdl

o} [ewjwe

r_frame_bridge.mdl
e 03 Apri 2025 17:07:35

o
> C:\Users\paul_b\Documents\.usas220\Projectsc_frame_bridge.md

H tank(2D Thermal).md
& 06 March 2025 11:17:03
C:\Users\paul_b\Documents\L.usas220 Projects\tank(2D Thermal).mdl

hof concrete dam.md
21 January 2025 14:14:16

C:\Users\paul_b\Documents\Lusas220\Projects\hof concrete dam.mdl
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Prior results-based variations

M
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Tank - Openings X

Type posp———T—

Type of openings Two non-dentical v

Dimensions Yo /< G,

Description Opening 1 Opening 2 = *
Opening height (Ho) [m] 0.0 0.0
Opening width (Wo) [m] 0.0 0.0
Opening elevation (H-) [m] 0.0 0.0 e e
Opening location angle (8) [deg] 0.0 180.0

. i
Height without prestress (H:) [m] 00 0.0 p, G
Width without prestress (Wgap) [m] 00 0.0 r -
=
Clear dimensions
OK Cancel Apply Help

=
=2 EZSIH, Base slab FH

7| oof 7HX| Fetot H¢
Lt

S & TEM XAESO| HAHER Hots 82, 0|8 oA 22 &
A
=

| B89 Roof ZH A0 M Roof SHOIAM &5F Compression ring Al
tX|o] Zt=7t BK|, Roof Dome, Compression Ring 2| X|+=& 7|glo 2
S22 ALHELITH Roof 72H2 A2 H (A2 HFE|D, 29| ZHO|
S22 A4S0 HA|E LT

IMDPlus

IMDPIlus solver 2| Modal Combination VBScript =& 7|&0| 7141 Z|0] ‘Start

Combination’(Z23& 2 E Combination A|ZH 13 X|H) 1} ‘Combination



Increment’ (X[ dE A2 HZ 2 H H 7 7HHA2Z Combination

mjo
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74
HY)E Sl Combination Z1tE ME{M o= £33 £ JAGL|CL

Script compatibility

ojHof 2 d&l L& LvB 23 EEZI EHL 2 HEoHK| @5 &+ USLICH

Speed-ups
o 28 HA|(Display), &(Zoom), &M (Rotate) £ = 7§
e Tapering Section & 7t7l RO 2E £k oy

e Print Results Wizard & 0| &%t 515#0|A/ Mesh Z14t, 7t2A ZQIE 8l
AN 20 Y £ 2

A S AoA X[ F=F QAHEO|A M2 AH XM Sk oy

e LUSAS Programmable Interface (LP)E AIES
2z M

POP
M

= 2§ Python ZEQ]

o Rail Track Analysis 21} M2| £= CfZ 4
Rhino/Grasshopper plugin (external application)

LUSAS V22 EA| O|F, LUSAS 0| M SA 7§ %St Rhino/Grasshopper & E2{ 1019
Z7] EA X 0|2 HOHO|ETL & ASLCE

ﬂlE

0| £2{1¢2l2 food4rhino’ AIO|EOM LR EE 7H55tH, Grasshopper Li

LUSAS ot =2t 758t &4, atet 52 2T do| ot HiX[sty AxSiM DS
ML T LUSAS 22217} AX|E|0] = E2, LUSAS B2 AT Mgt =

210, LVB A3 YES A0 LIS LUSAS O A ZOf RS 148 4

AZLICH Rhino v8.08. O1410| BRIt 31| ALY 4 A& LICH



E2{19212 'food4rhino’ EAIO|EO|N CHREE ThsTL|CH
LUSAS Plugin for Grasshopper — food4rhino &1

& Tekla
Tekla export to LUSAS (external application) Structures

LUSAS 0| A 7H23t ‘Export to LUSAS’ Tekla 22110212 Tekla 2| s & ZE S
LUSAS BRI 2 RIEotA Tt = JULFE XL O] E2{1Ql2 Tekla

Warehouse O M M S &M, 72 &2t 34 Zto| St 5= 48 =7 YLIC

Documentation

User manuals

e LUSAS v22 =A|

oF oA &3 EAMS0| YHOIE =ASLIC
o PDF Ao MEHE Of7HO| ELLSS
M

LUSAS EX|A| &M XS ElH,

CH22E JtseH bt

=

LUSAS S4| EALO|E0f
Worked Examples

LUSAS v22 EA|2t 74 User Area | M C2Z2E 7159 Worked Examples 7}
MEA T2t R}ESLICEH 2 o|M= PDF &4|o| ZAMQt ab) 23 2E oo gy

MEElof, et ot otge = A=E 50 ASLHCH



