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INTRODUCTION

The rapid development of information technologies is driving significant
changes in engineering practices related to the design and analysis of building
structures. Modern construction is inconceivable without the use of computer-based
analysis methods, which enhance calculation accuracy, improve the efficiency of
structural solutions, and enable the modelling of complex spatial systems.

The academic discipline “Modern Computer Methods for Structural Analysis”
iIs one of the core subjects in the training of students specialising in 192 —
Construction and Civil Engineering. It is aimed at developing the knowledge and
practical skills required for professional activities under conditions of extensive
implementation of software packages in the construction industry.

The main objective of the discipline is to teach students how to apply modern
information systems for the analysis and design of buildings, perform detailed
modelling of reinforced concrete and steel structures, utilise specialised software
packages in construction, address issues of computer modelling, and master the
fundamentals of the finite element method. Particular attention is given to solving
linear and nonlinear structural analysis problems, considering both engineering and
physical nonlinearity, as well as the specific behaviour of structures of varying
complexity.

During the course, students will:

. acquire knowledge of the principles for creating and analysing two-
dimensional and three-dimensional structural models;

. learn to apply shell, frame, and solid models in numerical analysis;

. master techniques for accounting for the real behaviour of materials,
including cracking, creep, and plastic deformations;

. develop skills in interpreting and critically evaluating calculation results,
comparing them with regulatory requirements, and applying them to practical
engineering solutions.

The practicum has been developed in accordance with the curriculum of the

discipline. It is intended for use by students during practical classes and independent
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study. The materials include task execution algorithms, input data for modeling,
examples of calculation schemes, and recommendations for result analysis.

An important component of mastering the discipline is the independent work of
students, aimed at studying theoretical material, reinforcing practical skills in
working with software packages, and developing the ability to apply acquired
knowledge in real-world design conditions.

Thus, the study of the discipline “Modern Computer Methods for Structural
Analysis” ensures the training of highly qualified specialists capable of using modern
software and computational technologies for the analysis, design, and reliability
assessment of building structures. This is a necessary condition for the development
of the construction industry in the context of modern challenges.

All practical tasks presented are based on official examples from the LIRA-
FEM software package, a domestic engineering tool that implements modern finite
element method algorithms. This package is widely used in professional engineering
practice both in Ukraine and abroad, ensuring compliance with current regulatory
documents of Ukraine (DBN, DSTU), as well as the European Union standards
(Eurocodes) in terms of structural analysis.

This approach enables students to develop practical skills in working with
professional software that meets current international requirements and is useful in

both local and global engineering practice.



PRACTICAL SESSION 1
MODELLING AND ANALYSIS OF A REINFORCED CONCRETE SLAB
(LIRA-FEM)

The purpose of this task is to develop and reinforce practical skills in
constructing a computational model of a slab, ensuring the correct application of
boundary conditions, which is essential for the accuracy of subsequent engineering
calculations. The work involves mastering the methodology for applying loads and
forming the structural analysis model (SAM) to enable precise evaluation of the
structure.

An additional objective is to acquire proficiency in reinforcement design using
two methods — Karpenko’s and Wood’s approaches — followed by a comparison of
the results to select the most efficient solution. The task also includes developing
skills in analysing and interpreting graphical outputs, such as deformation maps,
bending moment diagrams, and required reinforcement area (As).

Initial Data

1. Slab dimensions: 3 x 6 m, thickness 150 mm.

2. Support scheme: one long edge — simply supported along its entire length;
opposite short edge — supported at the ends (columns); long side edges — free.

3. Mesh division: 6 x 12 (spacing 0.5 m in both directions).

4. Loads:

Ne 1 — self-weight;

Ne 2 — concentrated forcesP =1t,P=1t, P =1tat nodes (see task diagram);

Ne 3 — concentrated loads on platessP=1t,P=1t, P =1t with application area
A=B=0.25m, A=B=0.25m, A=B =0.25 m for the specified elements.

5. Two design approaches: Karpenko and Wood (slabs).

6. Materials: concrete C16/20, reinforcement A400C (longitudinal), A500C

(transverse).
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Figure 1 — Structural analysis scheme of the slab

Execution Algorithm
Task preparation
1. Create a new project: Programs — New;, set the scheme flag: 3 DOF per node
(Wz, Ux, Uy) in the XoY plane; give the file a name, e.g. 02_slab_RC.
2. Save the model (Data/...).

x|

todel bype

|3 - Three DOF per node [tranzlation £ and rotations s, Uy ?j

Problem name IEHampIEE

[ Dutput datain certain directony

Problem description ;I
[up to 255
characterz]

Figure 1.1 — Project description

Geometry and mesh

3. Generate the slab:



Create — Generate regular fragments/meshes — Slab; mesh spacing: 0.5 m in
both directions; number of divisions: 6 x 12. — Apply.
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Figure 1.2 — Creation of planar fragments and meshes

Boundary conditions

4, Display node numbers; mark the support nodes (the entire long edge and

the two corner nodes of the opposite short edge).
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Figure 1.3 — “Show”

Figure 1.4 — Node numbering of the analysis
dialog Figure

scheme of the slab



5. Assign restraints (prohibit W, for the marked nodes). Verify colour

indication of the restraints.

[® Restraints on node x|

""-.J'isualize restraintz
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— Parameters of restraints
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Figure 1.5 — “Node restraints” dialog

Design variants (reinforced concrete)
6. Open Design variants and create:
« Variant 1: DSF, type “Slab”, Karpenko theory.
o Variant 2: DSF, type “Slab”, Wood theory (tick option “Design
reinforcement by Wood’s theory”).
7. In Stiffnesses and materials create a typePlate, h = 15 cm”;
set E~3.0 x 10°t/m? v=0.2, p=2.75 t/m’.
8. On the RC tab for the plates set: Calculation type: Slab, concrete class B20,
reinforcement A—400C (longitudinal), A—240C (transverse).
9. Assign the selected stiffnesses and materials to all elements (first for the
Wood variant, then switch to the Karpenko variant and assign its materials).



@ Stiffness and materials

Assign to elements of the model
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Figure 1.6 — “Stiffnesses and materials” (left) and “Add stiffness” (right)

Stiffness for plates

dialogs
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Figure 1.7 — “Plate stiffness
definition” dialog
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Loads

10. Load Ne 1 (self-weight): Loads — Add self-weight (ys= 1, apply to “all”).
11. Load Ne 2 (nodal P = 1 t): select the specified nodes; Nodal loads —

Concentrated force in Z (magnitude 1 t with negative sign in global Z if downward is

negative).

12. Load Ne 3 (on plates P = 1 t): select the specified plate elements; Plate
loads — Concentrated load with A = B = 0.25 m for the contact area.

Add dead weight

x|

— Azzign dead weight to:

" iall elements of model [by stiffness twpel

£ all elements to be azzembled by stifiiess bpe]

— Shffness types
¥ standard

v stesl

v Composite FC and steel

¥ plates, solidz, numerical

" selected elements

[ ignore offzets in bars

— Load fachar

—

|

B  Alal 1

Figure 1.9 — “Add self-weight” dialog

Define loads

o b LA S | | ¥

x|

— Loadz on nodez

— Coordinate system

¥ Global " Local

— Diirection
[ S A Ol YT

~ Load type
! .
[} [}

Gy ‘o
=T 1 R
—0—3—3 [+}
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Figure 1.10 — “Load definition”
dialog

13. In the Load editor as sign load types: Ne 1 — Permanent, Ne 2 and Ne 3 —

Long-termvariable.
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x|
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Tupe I Dead j W |
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Load case name
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3 Loadcaze3 Live =

Set as current one |

Figure 1.11 — “Load editor” dialog

Load combinations, calculation, analysis
14. DCF: Calculation — Table of load cases / structural analysis models

(DCL/DCF) — “Fill by default” (check coefficients for each load type and adjust if
necessary).

15. Full calculation: Calculation — Execute full analysis.
16. Review results (Analysis):

« Deformations (W, isoplot).

« Mosaics of My,My for the plates.

. Standard tables (DCF in plates) — export to report.
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//////

Figure 1.12 — Analysis scheme showing node displacements

Reinforcement design and comparison of theories

17. Reinforced concrete — Plate reinforcement: inspect the bottom

reinforcement area As along X1 and Y1; for a particular element use Element
information.

18. Generate reinforcement tables for the plates (for Variant 1 and Variant 2).
19. Switch between design variants and compare the As maps (Karpenko vs

Wood) — note differences in peak zones (near supports / under concentrated loads).
|

Inputdata Output data |

[~ Add table to Report Book,

&
Format for tables:  CSW [*.cav] Other...

Analysis protacol
Dizplacements sy
Forces ' in plates
DCF, design values

DCF. design walues (live)
DCF. nomative values
DCF. nomative values [live)
Reinforcement in elements

™ in bars

¢~ explanatory notes

Design options

2. Design oplion 2

2l x] 2]

Figure 1.13 — “Tables” dialog
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Tip: before comparing, hide node/element numbers and loads for clearer isoplot
visualisation; unify the mosaic (contour) scales.
Typical errors

«  Confusion over the Z-axis sign (load direction).

« Inconsistent assignment of materials across design variants.

« Incorrect identification of nodes/elements when assigning P = 1 t.

o  Mismatched load types — erroneous load combination table.

«  Comparing contour maps with different scales.

Self-check questions

1. How does the support scheme (free edge vs line/point support) affect the
distribution of My and M,?

2. Why are peak As values expected near supports / under concentrated loads?

3. How do the reinforcement design results differ between Karpenko’s and
Wood’s theories for this slab, and why?

4. Which load combination produced the maximum moments? Where are
their maxima and minima located?

5. Why is it important to standardise mosaic scales when comparing design
variants?

6. How will the W;, M, MyandAs patterns change if the nodal concentrated

forces are replaced by uniformly distributed loads over the contact area?

PRACTICAL SESSION 2

ANALYSIS OF A TWO-DIMENSIONAL REINFORCED CONCRETE
FRAME (LIRA-FEM)

The objective of this task is to acquire and reinforce practical skills in creating a
computational model of a planar reinforced concrete frame, taking into account
supports, nodes, and structural elements. The exercise involves mastering the
methodology for defining different types of loads — nodal and distributed on beams —
as well as forming the calculation model for subsequent analysis.
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An additional aim is to perform a full calculation and select reinforcement for
the frame elements in compliance with current regulatory requirements. Special
attention is given to developing skills in interpreting analysis results, particularly in
evaluating displacements, determining internal forces, and assessing reinforcement
requirements.

Input Data

1. Scheme: two-span, two-storey reinforced concrete frame in the X0Z
plane.

2. Spans:Li=L=6.0m.

Storey heights: Hi = H>=3.0 m.

w

4.  Cross-sections:
e Columns: 400 x 400 mm;
e Beams: 300 x 500 mm.
5. Materials: concrete C20/25, reinforcement A400C.
6. Node grid: according to the span lengths and storey heights.
7. Boundary conditions: rigid fixity at column bases.
8. Loads:
o Self-weight of the structure.
e Temporary uniformly distributed load on beams.

e Temporary concentrated loads at selected nodes.

AZ T A

Nepepis

crmidky

4.0M

Mepepis
puzens

6.0 m

X
¥ o e .- . »>
» 40 m pla S.0m N Poamipu & oM
Figure 2.1 — Frame scheme Figure 2.2 — Cross-sections of frame

elements
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Execution Algorithm
Task Preparation

1. Create a new project: Programs — New, set DOF = 3 (Uy, U,, @) in the

X0Z plane.
2. Save the file under the name Frame_2D.
x|
Model type

Y
|2 - Three DOF per node (franslations =, £ and ratation Ly) Klj 2

Froblem name IE:-:ampIe1

[ Output data in certain directary

Probler description ﬂ
[up to 255
characters)

Figure 2.3 — Scheme description

Geometry Modelling
3. Create nodes at coordinates according to span lengths and storey heights.
4.  Connect the nodes with bar elements: beams and columns.

5. Assign geometric properties to the elements:

o Stiffness — Bar — h, b according to the given cross-sections.
E |35 tim2 z1
2 4 § B &0 cm
hal
H |4D cm I‘
4 7 5 8 6 Ro 0 um? S
Monlinear parameters Il
I atenal parameters | Crrawa
| 1 . Femnforcement parameters | P r
I~ | Worlinear diagram far,
reinfareemert from BET
Comments Calour
i [m[ |
1 2 3 V| X 2]
Figure 2.4 — Analysis model Figure 2.5 — Assigning standard

Cross-section
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Materials and Design

6. Create a material type: concrete C20/25, reinforcement A400C.

7. In Design variants create DCF for elements of type “Beam” and “Column”
with the respective concrete and reinforcement classes.

8. Assign materials to the elements.

£ TPE  BAR
# [ Neme | Analysis...] Sym.. | Bott.. | Top(..] Sde..[sS | Long..|Shor.. | Spa... | Vae |leng.. |Efl..|ly iz |1
1() Comns  Coumn... S 300 300 300+ ) 235 om0 om  om
2(0) Beams  Beam A 300 300 300 |+ 0% 04 D 2% 000 BF 000 0.0
d | I
PLATE
# | Neme [/ Analysis type | Wood. ... | Bottom ... | TopX (... | Bottom ... | Top¥ (.. | 15am.... ] SiS Long-te... | Short-t... | Spacn... ||[% pesign
Add ..
| | E=
£ CONCRETE
[~ Distance tog.c. of reinforcement, am |
£ | Name [ Gassof...|_Rbn, t/...| Rbtn, t... | Eb, t/(_. | Typeofc... | Grad... | Hardeni... | Service ... | Coeffid.. | SEY ... | SEZ... | P e
1(1) Parameters...  B25 18900 163.0 30600... heavyweiht 500  natwral.. standard = 1.00 000  0.00 Lo =2 E B
J¥ Analysis by serviceabilty lmit states (SLS)
Long-term aracks, mm [os
0.3
 REINFORCEMENT Short-term cracks, mm [or
# [ Name RXLoss | RSt | R [RYLos [ R, s [ Ry [RT T TR, b [ Ry 51, Pun [ 52,Pr [ Portins [0 T [ | s
1() Paramete.. AIN... 375.. 300.. AMN.. 375.. 300.. Add.. 2%.. 180.. 100 100 100 25 | 1 o I

x| w2 55| Q0] =] W]

«|

Length of dlement, Effective lengths ——
Length of clement 0 m
" Effective length w o7 |
 Foctor z o7

Figure 2.6 — Materials and design settings

Boundary Conditions

9. Assign rigid fixity to the nodes at the bases of the columns (restrain Uy, U,, @).

Loads

10. Self-weight — automatically added (y/'= 1, Permanent).

11. Uniformly distributed load — applied to beam elements (Long-term variable).

12. Concentrated forces — applied at selected nodes (Long-term variable).

X
M1l LA | e ¥

i~ Loads on bars

— Coordinate system
& Global " Local

r Current laad

Figure 2.7 — Load definition
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Load Combinations and Analysis
13.  Fill the LC table using the default option, checking coefficients.

@ Design combinations of forces (DCF) ﬂ

Mumber of DCF table |1_j il _l ﬁl ﬁl x_l il
Mame of DCF table |5N|P_‘| il

Building code ISNIF‘ 2.01.07-85¢ j

Load case No. I ﬂ Load case 4 ‘
Load case type IInstant 71 j | Default... |

# of group of integrated I r~ DCF coefficients

temporary load cazes o

# | 1 main | 2 main | Spec.[E) |Spec:.[n E]|5 combin. |B combin.
Account of sign variabilit |_ ] 1.00 1.00 0.90 1.00 0.00 0.00
# of the group of mutually 2 1.00 0.95 0.80 0.95 0.00 0.00

e fi 100 090 050 080 000 000

3
“”nﬁifn‘;i:gwmpa' o o |[#£] 10o[ o09[ o5 08 000 000

Load factor |1.4D
Duration coefficient ID.DD

[ ot considen for analpsis by SUS T

Festrictions for, cranes atd brakes
’V Crane I Erake I 1 _| 4

Summary table for DCF calculation: k]

L. | Load case name | Type | DCF parameters | DCF coefficients

1 Loadcaze 1 Diead (0] gooooooiiotoo 1.00 1.00 0.90 1.00
2 loadcae 2 Live [1] 10000001.201.00 1.00 0.85 0.80 095
3 Loadcase 3 Iristarit (7] 7001000740000 1.00 0.90 0.50 080
4 Load caze 4 Iristarit (7] 7001000740000 1.00 0.90 0.50 080

Figure 2.9 — Calculation combinations table

14. Perform the full calculation.

15. Review results: displacements, bending moments (M), shear forces (Q),
and axial forces (N) in elements.

o e Y o
o ey v i —~—

g
1 ) i
2

2 x PERINSPSISIE S PR—————

Figure 2.10 — Analysis Flgure 211 — Bending  Figure 2.12 — Shear
model with node  moment diagrams (M.)  force diagrams (Q,)
displacements
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Reinforcement Design
16. For columns and beams, review As maps (longitudinal and transverse
reinforcement).

17. Compare internal forces between spans and storeys.

«

Inputdata Outputdata |

I~ &dd table to Repart Book
Select DCF table

Format for tables: — CSW [".csv) (Other...

# x| 2]

YIEw

Figure 2.13 — Generating and viewing result tables

Results Analysis

18.  ldentify maximum bending moments and shear forces.

19. Draw conclusions about the frame behaviour.

Self-Check Questions

1. How does changing the storey height affect M and Q values in beams?

2. What are the specific features of a rigidly fixed frame compared to a simply
supported one?

3. In which elements of the frame do the largest axial forces (N) occur, and
why?

4. How is reinforcement distributed in the top and bottom zones of the beam
under uniform loading?

5. Why is it important to separate permanent and temporary loads when

forming load combinations?
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PRACTICAL SESSION 3

ANALYSIS OF A STEEL TOWER (LIRA-FEM)

The aim of this task is to master the methodology for creating a spatial bar
model of a steel tower, taking into account its structural components, such as bracing
members, chords, and bracing systems that ensure the overall spatial stiffness of the
structure. The exercise includes learning the correct procedure for applying spatial
loads, including the self-weight of the structure and the effects of wind loading.

Additionally, the task involves calculating the stress-strain state (SSS) of the
steel tower and subsequently selecting the optimal cross-sections for its members in
accordance with design standards. An important component of the exercise is
developing the ability to interpret analysis results, including displacement evaluation,
determination of internal forces, and stability verification.

Initial Data

« Structure: four-sided spatial bar tower.

« Height: H=30m.

« Number of sections: 6 (each 5 m high).

o Base geometry: square, 4 x 4 m.

. Elements:

1. Vertical legs — circular hollow sections @159 x 6 mm (S355).
2. Horizontal and diagonal bracings — circular hollow sections @89 x 4 mm
(S355).
« Boundary conditions: hinged support at the base.
. Loads:
1. Self-weight (automatically applied).
2. Wind load according to national standards/Eurocode (e.g., qo = 0.3 kPa
at 10 m height, including relevant coefficients).
3. Additional concentrated load on the top platform (antennas, equipment).
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Figure 3.1 — Tower layout

Execution Algorithm

Task Setup
1. Create a new project: Spatial frame, DOF = 6.
2. Assign the name Steel _Tower.

x|

fodel type
W
|4 - Three DOF per node [tranzslations =%, 2] ;I D

FProblem name IE wampleh

[ Output data in certain directany

FProblem dezcription ;I
[up to 255
characterz]

Figure 3.2 — Scheme description

Geometry Modelling
3. Define the base nodes (4 points forming a 4 x 4 m square).

4, Copy the nodes upwards in 5 m steps to a height of 30 m.
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5. Connect the vertical legs between corresponding nodes at the corners.
6. Add horizontal bracing members (around the perimeter of each section).

7. Add diagonal bracing members in the planes of the tower faces.

Copy objects ﬂ
v Intonewblock — |
Add node X|| | @ bysigebiock b5
XVE | .o n=1| net 2 ™| Pack coineident nodes
o= |- {:}l ﬁ ahmnl 1L —l ¥ Copycoupled DOF Add element
By coordinates T ¥ Copyrigid bodizs \
M O =) ] 2] e
Pﬂﬂ- ia[il 4 [i] ERENERE @a| |?| | 4 —l J“"l‘")lﬁl
F\ r Mirrar copy (ki . o & ID—
¥ Divide FE with new nods  Coordinates of base node Srzelly e Rl ety ¥ .
5 ID v ID z ID [™ Do naot intermupt the process dr' ID. i
i By coordinates e ——— v Account of intermediate nodes dZ ID_ | |
" Felative to previous node i~ Relative to the plane——————— ¥ Intersect with other FE
C R0z KOy FOZ
" Relative to baze node )
= Arbitrany
[™ | Specify base node with pointer
[V Intersect with ather FE
Figure 3.3 — Base nodes Figure 3.4 — Figure 3.5 — Adding
Copying objects members between nodes

Materials and Cross-Sections
8. Create material S355 (define modulus of elasticity, density).

9. Assign section properties for the legs, horizontal, and diagonal bracing
members.
10. Check the orientation of local axes.
x|

Components | Stiffness I

BT FEAE Profile 5T 8732-78 5 fzm. No 1, 2) <TRUBA2.SRT> v | &’
~-{3) L Pipe45x 3.5
45 % 3.5 =l &
Cechication
21 o .
H=45 Information about shapes in the fille
1 Tw =035 Annotation: Truby stal nye besshovnye
T goryachedeformirovannye (GOST 8732-75 s izm. No
" 3 Bf=0 1,2
T=0 The shapes comply with building codes: GOST 8732-78
sizm. No 1, 2
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Figure 3.6 — Defining cross-sections
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Supports

11. Assign hinged supports at the base nodes (restrain Uy, Uy, Uy, ¢«, ¢y, 02).

Loads

12. Permanent load: self-weight (yf = 1, Permanent).

13. Wind load: apply a linearly distributed load along the height to the legs,

considering the variation of pressure with height.

14. Concentrated load: applied to the top nodes (equipment).

Hoaatv enacHy sary X

BnacHy Bary npuaHaunm™ Ha:
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@ yci
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BMANEH eneMeH™

[ ukniouam xopcTki BcTasku cTepxHis

Koed HagiHoCTi 33 HaBaHTaXeHHAM

— Y,

NOHOBMIOBATH 33AaHY PaHile BNacHy sary

& A ?

Figure 3.7 — Self-weight definition

Load Combinations and Analysis
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Figure 3.8 — Load application

15. Create load combinations according to Eurocode.
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¥ Design combinations of forces (DCF) ﬂ
Mumber of DCF table = B =
T | E|B| B =] |

Name of DCF table  [SNIF_T ? |
Building code |SN\F‘ 2.01.07-85* j
Load case No. I :II Load case 4 |
Load case type IInstant 7 j | Default... |
# of group of integrated IU— i DCF coeflicients
temporary oad cases # | 1 mair ‘ 2 main | Spec.[E] |Spec [h E]l 5 combi, |E combik
Account of sign variability il 1 1.00 1.00 0.90 1.00 0.00 0.00
# af the group of mutually ID— 2 1.00 0.90 0.50 0.80 0.00 0.00
" B:CL“S'VB [EEFleesED 3 000 000 000 000 000 000

of the accompa-

i oad [ Jo |4 100 098] o050 080 0.00] 0.00
Load factar I] 40
Diuration coefficient II] oo
Do ot consider for analysis by 515 T
Bestrictions for cranes and brakes

’7 Crane I Brake I 1 J 4

Summary table for DCF calculation
L. | Load case name | Type | DCF | DCF s
1 Loadcasel Dead (0] oo0oo00001.051.00 1.00 1.00 0.90 1.00
2 Lloadcase2 Short-term (2] 2000000130035 1.00 0.90 0.50 0.80
3 Loadcase3 Inactive (3] (wi.. 5000000 0.000.00 0.00 0.00 0.00
4 Lloadcase 4 Inistant (7] 7010000 1.40 0.00 1.00 0,90 0.50 0.80
q | |

Figure 3.9 — Load combination table

16. Perform the stress-strain state analysis.

17. Review results: displacements, bending moments (M), axial forces (N), and

shear forces (Q).

Section Verification and Design

18. Perform section checks according to standards for tension, compression,

and bending members.

19. Verify utilisation factors (< 1).

20. Determine the maximum horizontal displacement at the tower top.

21. ldentify the most heavily loaded members.

22. Draw conclusions regarding structural stability and efficiency.
Self-Check Questions

1. How does the horizontal displacement of the tower change with increasing

height?

2. Which members primarily resist wind loads?

How do diagonal bracings influence structural stiffness?

3
4. What is a section utilisation factor and how should it be interpreted?
5

Why is it important to consider wind pressure variation with height?

24



PRACTICAL CLASS 4

ANALYSIS OF A PLANAR STEEL FRAME (LIRA-FEM)

The aim of the task is to master the methodology of constructing a planar bar
model of a steel frame, taking into account the spans, heights, and stiffness
characteristics of its elements. Within the scope of the work, students are expected to
acquire the principles of correctly defining various types of loads for a planar model,
including permanent, variable, snow, and wind loads.

Another important stage is the calculation of the stress—strain state of the
structure and the verification of the strength of its elements in accordance with
regulatory requirements. The task provides for the development of skills in
interpreting results, including the assessment of displacements, determination of
internal forces, and selection of optimal cross-sections of the steel frame elements.

Initial Data

1. Structure: single-span planar frame.

2. Span: L =24 m.

3. Column height: 6 m.

4. Material: steel S355.

5. Elements:

¢ Columns — I-beam IPE 300.
* Beam — I-beam IPE 400.
6. Supports: pinned at the column bases.
7. Loads:
* Self-weight of the structure.
* Permanent load from the roof covering: 0.8 kN/m?.
* Snow load according to DBN/Eurocode.

* Wind load (for planar model — horizontal concentrated or distributed).
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Figure 4.1 — Cross-section scheme of the building

Execution Algorithm
Task creation
1. Create a new project “Planar frame”, DOF = 3.

2. Set the units of measurement — kN, m, °C.

x|

todel type

[+[<

|2 - Three DOF per niode [translations . 2 and rotation Uy]XIj

Problemn name IEHampIeS

[ Output data in certain directony

i

Froblem dezcription [
[up to 255
characters]

Figure 4.2 — Scheme description

Geometry
3. Define column nodes at coordinates (0;0), (L;0) and the top nodes of the

columns at a height of 6 m.
4. Connect the columns and the beam into a single frame scheme.
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Figure 4.3 — Creation of the
geometric scheme

Materials and cross-sections

5. Create material S355 (E =2.1-10° MPa, y = 78.5 kN/m?).

Figure 4.4 — Calculation scheme

6. Assign cross-sections: IPE 300 for columns, IPE 400 for the beam.

Supports

7. At the base nodes of the columns — pinned support (Ux = U, = ¢z = 0).
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W
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Figure 4.5 — Support assignment
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Loads

8. Self-weight — automatic.

9. Permanent load — uniformly distributed along the beam.

10. Snow — calculate according to standards and apply along the beam.
11. Wind — horizontal load on the columns.

Calculation and Load Combinations

12. Create load combinations in accordance with Eurocode.

13. Perform stress—strain analysis.

14. Review displacements and internal forces M, N, Q.

Verification and cross-section selection

15. Perform verification according to standards (stability, strength).

x|

...................................... —Load cases

v Al combinations
" by forces K
¥ by DCL 2-DCL2
3-DCL3
¥ Account of moments for 5-DCLA
calculation of buckling mode
Mumber af buckling modez I
to be calculated 3

2]

Min [0 Max [too0

|'Sear|:h for b.modes with stab factars in the rang

— lgnaore elements:
=l
[~
T list | Select |
Lnalyze |
s x| ?]

Figure 4.6 — Setting parameters for frame stability analysis

16. If necessary, change cross-sections to ensure a utilisation factor < 1.
Result analysis
17. Determine the maximum deflection of the beam.

18. Analyse the distribution of bending moments in the column and the beam.
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19. Draw conclusions regarding the adequacy of stiffness.
Self-assessment questions
1. How does the column height affect the beam deflection?
2.  Why is the bending moment at the column base equal to zero with
pinned supports?
3. How will the distribution of moments change with an increased span?
4, What does a cross-section utilisation factor of 0.95 mean?

5. Why is it important to verify both strength and stability of the elements?

PRACTICAL CLASS 5

ANALYSIS OF A CYLINDRICAL REINFORCED CONCRETE TANK

The aim of the task is to acquire practical skills in constructing a three-
dimensional model of a thin-walled cylindrical shell in the LIRA-FEM software
package, taking into account the specific features of the spatial behaviour of the
structure. The work involves mastering the configuration of stiffness characteristics
of shell elements for the correct modelling of the reinforced concrete walls of the
tank.

Important stages include defining boundary conditions, applying loads from
hydrostatic pressure and self-weight, as well as performing stress-strain analysis of
the structure. The task also requires the interpretation of the obtained results,
including the assessment of stresses, displacements, and internal forces in the tank
wall, together with familiarisation with the principles of strength verification of shell
structures in accordance with current standards.

Initial Data

e Internal diameter: 12 m.

» Wall height: 8 m.

» Wall thickness: 200 mm.

 Material: concrete grade C30/37 (E = 30,000 MPa, y = 25 kN/m?).
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» Supports: rigid restraint at the nodes of the bottom ring of the wall.

* Loads:

1. Self-weight of the structure.

2. Hydrostatic water pressure varying along the height (from O at the top to
maximum at the bottom).

Execution Algorithm

Task creation

1. Create a new project in the Shell Elements mode with measurement units —
m, KN.

2. Specify the model parameters (analysis in a physically linear setting).

Geometry construction

3. Create a closed circle with a radius of 6 m in plan view.

4. Divide the circle into 3672 segments (depending on the required accuracy).

5. Extrude (copy vertically) to a height of 8 m, dividing the height into 8-16
rings.

Note: the finer the mesh, the more accurate the analysis, but the greater the

computational effort.

Surfaces of revolutic ﬂ Surfaces of revolutic x|
m A |Q |o | n A ] |e |
(Elements Grid type (E_Iegnleamss Grid type
+ Plates D m E e I:I N E
 Bars A f" - & I -
i |2U 0 ID w0 nl I"q
R |2 i "2 Ig R |2 m nZ IS
3 . - H ID m i [50 N
H i fi ISE‘ | I

Specify with pointer Specify with painter
%[o v o z[o ® |o. v [o zfo

Coordinates of base node————————————— "Coordinates of bage node

Intersect with other FE Intersect with ather FE
s x| 2] s x| 2]

Figure 5.1 — Creation of the geometric scheme
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Materials and stiffness assignment

6. Create material C32/40, assigning elasticity modulus, density, and Poisson’s

ratio.

7. Add a stiffness type “Shell” with a thickness of 0.2 m.

8. Assign this stiffness to all wall elements.

@ Stiffness and materials

Assign to elements of the model
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|
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]
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|

| Concrete:
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Type:
<N

Properties IRC | steel |
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7 1. Flate H 20
&> 2FlateH 15
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Edit...
Display.
Copy
Delete
=

| Set as curmrent one I
[~ List for fragment

Define parameters for new stiffness and add it to the
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g |1 = |

Plates, solids. numerical

@ H o

Plates Solid FE Nonstandard
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Figure 5.2 — Assignment of stiffness and material parameters to the tank wall

Boundary conditions

elements

9. Fix displacements in X, Y, and Z directions at the nodes of the bottom ring.

10. Ensure compatibility of nodes in the direction of tangential displacements

(if necessary).
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Figure 5.3 — Boundary condition assignment

Loads
11. Activate self-weight of the structure.
12. Define hydrostatic pressure load:

* Enable shell element mode.

* Create a load with linear variation of intensity along the height from 0

kN/m? (top) to y % h (bottom).

13. Apply the load to the inner surface of the wall.

Add dead weight 1
V)

Al LA A A
Assign dead weight to:  Loads on plates
% all elements of model by stiffress type) rED%_?_i%ﬁlEB S&'Slemﬁ
* {alobg falet-| - E
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Cx Cy 6z Cw |

Stiffness types

I¥ standard i Load type .
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i~ Along v-auis
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¥ plates, solids, numerical

% ie t"C .
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Figure 5.4 — Load assignment
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Calculation and result analysis
14. Define load cases and combinations.
15. Perform the calculation.
16. Review:
» displacement maps (radial, vertical);
» membrane and bending stress maps;

» force distribution along the height.

Susasranens 2 [—
Isonoas nepesimess o X(L) Izonons nepescimens 5o Z(G)
Oumaui itipy - 304 [r—————

Ly | =" -

Figure 5.5 — Isolines of displacements Figure 5.6 — Isolines of displacements
along the local X-axis along the global Z-axis

Strength verification
17. Perform verification of shell elements in accordance with standards
(concrete in tension and compression).

18. Identify critical areas for reinforcement (region near the base, joints).

Self-assessment questions

1. How does the mesh density affect the accuracy of the shell analysis?

2. Why do the highest membrane stresses occur in the base region of the tank?

3. How will the stress distribution change if the wall thickness is increased?
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4. What is the difference between membrane and bending stresses in shells?

5. Why is only the internal hydrostatic pressure considered in the analysis?

PRACTICAL CLASS 6

ANALYSIS OF MASTS IN A GEOMETRICALLY NONLINEAR SETTING

The aim of the task is to acquire practical skills in constructing a three-
dimensional bar model of a mast in the LIRA-FEM software package, taking into
account the specific behaviour of flexible structures. The work involves mastering the
methodology of configuring geometrically nonlinear analysis, which allows the
influence of deformations on the stress—strain state of the system to be considered.

Important stages include the application of wind loads, self-weight, and guy
cables (stays), as well as analysing the effect of geometric nonlinearity on
displacements and internal forces in the mast elements.

Initial Data

* Mast height: 40 m.

 Scheme: three tiers of stays, spacing along height — 13.3 m.

» Material: steel C245, E =2 x 10° MPa, y = 78.5 kN/m>.

* Supports: rigid restraint of the nodes of the bottom ring of the mast.

* Loads:

1. Self-weight.
2. Wind load according to DBN or Eurocode.

3. Initial tensioning of stays.
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Figure 6.1 — Mast scheme

Execution Algorithm

Task creation

1. Select units: m, kN.

2. Enable geometrically nonlinear analysis in the settings.

Geometry construction

3. Create a vertical axis (line) with a height equal to that of the mast.

4. Divide it into segments according to the locations of the stay attachment
nodes.

5. Create three tiers of stays, connecting the respective nodes with anchorage

points in the ground at an angle.
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Figure 6.2 — Creation of mast geometric scheme
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Figure 6.3 — Calculation scheme of the mast

Materials and stiffness
6. Add material “Steel C245 with elasticity modulus 2 x 10° MPa.

7. Assign stiffnesses to the mast bars (tube/angle section according to the
standard range).

8. Assign stiffnesses to the stay cables (considering their diameter).
Boundary conditions

9. Restrain the base nodes in X, Y, Z directions.

10. For stays, specify operation in tension only (cable elements).

estraints on nodesME
A | |

&
V[ ux
I

VZz [ Uz
[ Al

Yizualize restraints
’7 6 | f—— i

S X ?

Figure 6.4 — Boundary condition assignment in nodes
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Loads

11. Add self-weight.

12. Define wind load: uniform or varying along the height in accordance with
standards.

13. Assign initial tensioning of the stays (via initial displacement or applied
load).
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O sy S
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Figure 6.5 — Load assignment

Calculation

14. Perform linear analysis (for comparison).

15. Perform geometrically nonlinear analysis, accounting for shape changes.

Result analysis

16. Compare mast top displacements in linear and nonlinear settings.

17. Review force distribution in the stays and mast bars.

18. Determine the influence of geometric nonlinearity on the calculated
stresses.
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Figure 6.6 — Deformed shape of the structure after nonlinear analysis

Self-assessment questions

1. Why must flexible structures be analysed with consideration of geometric
nonlinearity?

2. How does the initial tensioning of stays influence mast stability?

3. What is the difference in cable behaviour between linear and nonlinear
settings?

4. How would the analysis change if the stays were modelled as bars working
in both compression and tension?

5. Which parameters of the calculation model mesh most significantly

influence result accuracy?

PRACTICAL CLASS 7

ANALYSIS OF A SPATIAL FRAME WITH A FOUNDATION SLAB ON AN
ELASTIC BASE

The aim of the task is to acquire practical skills in modelling a spatial building
frame together with a foundation slab in a software environment. The work involves
studying the methodology of accounting for the interaction of the “soil-foundation”

system by means of the subgrade modulus for modelling the elastic properties of the
soil base.
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The exercise includes mastering the use of plate elements for modelling the
foundation slab and bar elements for columns and beams of the frame. An important
component is the calculation of the spatial model followed by analysis of
displacements, internal forces, and stresses in the structural elements.

Initial Data

* Building dimensions: 18 x 12 m, storey height — 3.6 m, number of storeys — 3.

 Material: reinforced concrete C20/25, reinforcement class A500C.

* Subgrade modulus: k = 50,000 kN/m?.

* Supports: foundation slab on an elastic base.

* Loads:

1. Permanent (self-weight of structures).

2. Variable long-term (service loads on floors).

3. Wind load.
. -
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Figure 7.1 — Building frame scheme

Execution Algorithm
Task creation and unit selection
1. Define the system in m, kN.

2. In the settings, enable the use of plate elements for the slab.
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Construction of the spatial frame geometry

3. Define the coordinates of the column axes.

4. Model the columns (bar elements) and beams (bar elements at the upper
storeys).

5. Create a mesh for the foundation slab (plate elements) with a division
of 1-1.5 m.
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Figure 7.2 — Creation of the geometric scheme
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Figure 7.3 — Calculation scheme of the frame
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Materials and stiffnesses

6. Add material “RC C20/25” for columns and slab.
7. Assign cross-sections of bars (columns, beams) according to the given

dimensions.
8. Specify slab thickness (e.g., 0.4 m).
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Figure 7.4 — Stiffness parameter assignment

Boundary conditions (elastic base)

9. Assign the subgrade modulus k to the slab nodes.

10. Verify that the restraints account for soil behaviour only in

direction.
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Figure 7.5 — Boundary condition assignment

Load definition

11. Add self-weight.

12. Apply variable loads — on the floors of each storey.

13. Apply wind load — to fagade columns and beams with allowance for

building height.
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" selected elements i, %
D
™ ignore offsets in bars m E’

r— Current load
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r~ Load factor

Figure 7.6 — Load assignment

Formation of load combinations

14. Perform automatic generation of load combinations according to DBN or
Eurocode.

15. Provide both fundamental and accidental combinations.

x|

Edit selected load case
1 Load case 1

Mame

Tupe IDead

Modal loads: 0; Local loads: 1524;

i List of load cases

# | Load case name | Type | Notation | i‘
1 Load caze 1 Dead 57

2 Load caze 2 Dead U'_b
3 Loadcase3 Shart-temn ... =
4 Load caze 4 Earthquak...  EART..

Set as cument one I

Figure 7.7 — Extended load information assignment

Calculation

16. Perform the analysis of the spatial model.

43



17. Review displacement maps, internal force diagrams in bars, and Mx, My in

the slab.

7]

il . L
0 i

Figure 7.8 — Calculation scheme accounting for node displacements

Result analysis

18. Determine maximum slab deflections and displacements of the top points
of the frame.

19. Verify slab stresses and internal forces in column sections.

Self-assessment questions

1. What role does the subgrade modulus play in the analysis of a foundation
slab?

2. Why are plate elements used in LIRA-FEM for modelling foundation slabs?

3. How will the stiffness of the system change if slab thickness is increased?

4. What do the My and My diagrams in the slab represent?

5. How will the analysis change if an absolutely rigid restraint is assumed

instead of an elastic base?
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PRACTICAL CLASS 8

ANALYSIS OF A SPATIAL FRAME WITH A FOUNDATION SLAB ON A
SOIL BASE

The aim of the task is to acquire practical skills in constructing and analysing a
spatial model of a building frame with consideration of the interaction of the “soil-
foundation” system. The exercise involves mastering the use of an elastic—plastic soil
model with the deformation modulus of soil to more accurately reflect the behaviour
of the foundation under real loading conditions.

An important component is the calculation of the spatial system with a
foundation slab, including the analysis of displacements, internal forces, and stresses
in the structural elements, which allows assessment of the stress—strain state of the
building as a whole.

Initial Data

* Building dimensions: 24 x18 m, number of storeys — 5, storey height — 3.3 m.

» Material: reinforced concrete C25/30, reinforcement class A500C.

* Soil deformation modulus: E = 30 MPa (or as specified).

* Foundation slab thickness: 0.5 m.

* Loads: permanent, variable, wind.

Base slab (plan) Floor slab (plan)
T 5\ N E\
5 1% == =l b+ =—1Ed ==
§ & g E
w ~
AH5—1E3 == A—s—Hd ==
NN 3
.8m, ém A.ém, P 0.8m ém B 0 5/"
Y 7.ém y” Y 7.2m 7
7 2 7 Z

Figure 8.1 — Spatial frame scheme
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Load case 2

(base slab)
b £ 1p.-mol l,o:matéj
= lp:.’aot l”:wﬁf
J08m/ 12m / 36m / 12m/08m
1 2
Load case 3
(floor slab)
&,
b =¥ =7 ==
&
A s (==, ==
STV
/0.6m 6m /0.6m
1/ (2

Figure 8.2 — Load schemes of frame slabs

Execution Algorithm
Task creation
1. Select measurement units (m, kN).
2. In the settings, enable the soil base with modulus E.
Model geometry
3. Define the coordinate grid for the columns.
4. Construct the columns, beams, and floor slabs.

5. Create a mesh of the foundation slab with optimal element size (1-1.5 m).
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Figure 8.3 — Calculation 3D-model

Materials and stiffnesses
6. Add materials for reinforced concrete and soil (deformation modulus E).

7. Assign bar cross-sections and slab thickness.

Feintarcement parameters

Define standard section x| Stiffness for plates x|
E I3E+DDE tfm2 21 [~ account of orthatropy E2 ID
3e+006 tim2 W21 10
B [a cm i1 e | [
T Y |n.2 G |u
H IBD cm
—_— H [d cm Fio |2.?5 Ym3
Bo 275 tim? B
Maonlinear parameters I
Monlinear parameters r Diraw | FE type _
fdaterial parameters |
: & Flate, shel
tiatenal parameters -
| Azcount of shear = allbeam Hemfarzement parametersl

Smaller dimension of plate
™ Account of shear [ 0 -

Colaur
’7 _‘ - Comments Lolour—
= | |

"Eomments

Figure 8.4 — Cross-section assignment Figure 8.5 — Stiffness assignment

Supports and soil base
8. Assign the soil base to the slab nodes, using modulus E and Poisson’s ratio.
9. Verify the working directions of the base (typically vertical and partially

horizontal).
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Soil model x|

File of scil (*.5ld) attached to the current soil model: Caleulate C1, C2 | Fosition |
I Data for calculation Building code
) Coefficient for depth of 0.5 % SNIP 2.02.01-83
v Transfer slabs with non-zero Pz to SOIL system as Il_ compressible stratum I .
group of loads : : 5P 50 - 101 - 2004
Min depth of compressible
[~ Do notrefresh loads on soil stratum I i} W TTT
[v Transfer parameters of soil model to SOIL system Additional stress invariable
within compressed stratum I 0 " sp 22.13330.2011
Attach soil madel |
™ Account of soil weight above elevation of load application
Edit soil model |
[ calculate results within area of imported loads on enlarged rectangular grid
Obtain soil model from SCOIL system | Frleis ll—

Remove soil model Merge loads

replace adjacent loads or loads of neighbouring values with one load equal to

average value
Calculation method (C1,C2) IMEﬁjDEI 3 jv I 0 3‘

Mumber of ranges for merge option
Recalculate C1, C2 |

Recalulate pile stiffness | from S0IL | v"l ? |

Figure 8.6 — Activation of the “soil” system

Loads

10. Add self-weight of structures.

11. Apply variable loads — on the floor slabs.

12. Apply wind loads — on the external elements of the frame.

Load combinations

13. Generate fundamental and accidental load combinations in accordance with
DBN or Eurocode.

Calculation

14. Run the analysis, obtain displacements, internal forces, and moments in the
slab and bars.
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Vo W, A
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W e i
- 0BT a2
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i
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Figure 8.7 — Node displacements
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Analysis
15. Assess maximum slab deflections, top displacements of the frame, and
distribution of contact pressures under the slab.

16.  Verify stresses and forces in the elements.

Self-assessment questions
1. How does a soil base differ from the model with a subgrade modulus?
2. How does the soil deformation modulus affect system displacements?
3. Why is Poisson’s ratio of soil required in calculations?
4. How will the results change if the slab thickness is increased?
5. Why is it important to analyse the distribution of contact pressures beneath

the slab?

PRACTICAL CLASS 9

ANALYSIS OF A PHYSICALLY NONLINEAR BEAM WITH
CONSIDERATION OF CONCRETE CREEP

The aim of the task is to become familiar with methods of modelling physical
nonlinearity of reinforced concrete elements in the LIRA-FEM software package.
The exercise involves learning to account for concrete creep when performing
engineering calculations and analysing the effect of long-term loads on the stress—
strain state of a beam, in particular on the magnitude of its deflections.

An additional objective is to consolidate skills in defining material parameters
using “o—¢” diagrams for concrete and steel, enabling a more accurate representation
of the actual structural behaviour under service conditions.

Initial Data

1. The beam scheme and its supports are shown in figure 9.1.

2. Beam cross-sections are shown in figure 9.2.

3. Beam material — reinforced concrete C20/25, reinforcement A400C.

4. The calculation model is analysed after 365 and 730 days.
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5. Loads:
 Permanent (self-weight + structural load).
* Long-term variable (service load).

6. Calculation conditions: consideration of physical nonlinearity and concrete

J!

A A Filk x

creep.

54m | £72m
Figure 9.1 — Beam scheme

FetSom F=8 o’

o —1
F=6 ot
b) c)
c b
-
A K

Figure 9.2 — Beam cross-sections

Execution Algorithm
Creating a new task
1. Launch LIRA-FEM, create a new project file.
2. Set the system of measurement units: metres, kN.
3. Activate the option for physically nonlinear analysis in the project settings.
Geometry definition
4. Create nodes in plan according to the span lengths.

5. Connect the nodes with bar elements to form the geometric beam model.
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Figure 9.3 — Analytical beam scheme

Cross-section definition
6. Select the cross-section type as rectangular reinforced concrete.
7. Specify width b and height h according to the initial data.

8. Verify that the section complies with the concrete strength class.

Define standard section x|

Z1
B1

T v

D
Account of shear - Ll

Manlinear parameters ¥

taterial parameters |

Reinforcement parameters |

Comments Colour
ﬁ' u |

J| x| 2|

Figure 9.4 — Beam cross-section definition

Material definition

9. Create a new material: concrete C20/25:

* Assign the relevant “c—¢” deformation diagram for PNA analysis.

* Define modulus of elasticity *E*, Poisson’s ratio *v*, and ultimate strains.
10. Create a material for reinforcement A400C with its own “o—¢” diagram.

11. Assign reinforcement to the beam cross-section (longitudinal and

transverse reinforcement as specified).
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Figure 9.5 — Definition of nonlinear deformation laws of materials

Concrete creep consideration

12. In the concrete material properties, open the “Creep and Shrinkage”

section.
13. Enable creep consideration.

14. Input parameters: creep coefficient ¢(t, to) or creep modulus according to
DBN/Eurocode 2.

15. Specify the load duration.
16. If required by the code, account for concrete shrinkage.

Model nonlinear load cases of the structure Model nonlinear load cases of the structure
IStep-t}lpe method *I Farameters | Prirat resultsl

IStep-t_l,lpe rethod

=~

Parameters | Print results I

Histow Load case No. |3 izt Load casze Mo. |4
E ey : SRR .
i ¢1.Load case 1> Analysis method |[1] Step - C1Load case 1> Analysis method I['I] Step
¢2 Load case 2 Minimum number of iterations I 300 Murnber - 42 Load case 2 Minirum number of iterations I 300 Murnber
""" 45 Values of load factors forgteps—————————————— ; - ¢3loadcaze 3 | —Values of load Factars for steps
(" Read from file | B2y " Read from file [
- ¢1.Load case 1> '
i i " Input and edit
" Input and edit <3 Load case 2 nput and edi
{+ Equal steps ' Equal steps
Frecision (00001 | [rikial step | Frecisiot ID_EIDEI‘I [itia step |
Summary  coefficient I 1 Summary.  casthicent I 1
Print results IDispIacements and forces afte Frint results IDispIacements and farces afte
 Display intermediate results——————————————— ~ Dizplay intermediate results
IDispIay al 'l I IDi$pIay all 'I I
i Creep  Creep
5\
+ | % /] ] v |

Figure 9.6 — Modelling nonlinear loading
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Load definition

17. Self-weight: enable automatic calculation of structural self-weight.

18. Permanent load: apply uniformly distributed load along the beam length

(e.g., from floor structures, finishes, etc.).

19. Long-term variable load: define as a separate load case.

20. Assign load groups (Permanent,

combinations.

Add dead weight

X|

— Azzigh dead weight to:

% iall elements of model [by stiffness wpe}

) all elements to be aszembled [by stiffness pe]

Stiffness types
¥ standard

v steel
v plates, solids, numerical

i~ selected elements

Define loads x|

rloadsonbars———————
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Ay L |Ay|ﬁ4|,
Coordinate system
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—
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Figure 9.7 — Load definition

Boundary conditions

21. For a simply supported beam, restrain the support nodes against vertical

displacements (and horizontal if required).

22. Ensure there are no kinematic

Calculation settings

indeterminacies in the scheme.

23. In the calculation dialogue, selectphysically nonlinear analysis with creep

consideration.

24. Define load steps (e.g., 1020 steps for smooth diagram generation).

25. Activate the option for long-term load analysis.
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Performing the calculation

26. Run the analysis.

27. Verify the calculation protocol for errors or warnings.
Results analysis

28. Review displacement maps — determine maximum deflections.

29. Review stress maps in concrete and reinforcement.

30. Analyse the “moment—curvature” diagram for the beam.

O gy -7

Bis. 0

Figure 9.8 — Internal force diagrams

31. Compare results with analysis excluding creep consideration:
* How have deflections changed?
» How have stresses in concrete and reinforcement changed?

32. Draw conclusions on the influence of long-term loads.

Self-assessment questions

1. What is physical nonlinearity and how is it modelled in LIRA-FEM?

2. How are concrete creep parameters determined by design codes?

3. How does creep differ from shrinkage?

4. What is the effect of long-term loads on beam deflections and stresses?

5. Why is it important to perform comparative analysis “with” and “without”
creep consideration?

6. How does the stress distribution in concrete change under long-term
loading?
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PRACTICAL CLASS 10

ANALYSIS OF A SHEET PILE WALL REINFORCED WITH ANCHORS
IN INTERACTION WITH A SOIL MASS (LIRA-FEM)

The aim of this exercise is to acquire practical skills in modelling and analysing
retaining structures of an excavation, represented as a sheet pile wall reinforced with
an anchoring system interacting with a multilayered soil base. Within this objective,
the task involves practising the application of a physically nonlinear soil model
according to the Coulomb—Mohr criterion, which enables the realistic simulation of
soil mass behaviour under loads and changing construction conditions.

Another objective is to develop an understanding of staged construction
analysis, which reflects the actual sequence of wall installation and excavation works.
In addition, the task includes studying the influence of anchor pre-tensioning on
reducing sheet pile wall displacements and redistributing forces within the “soil—
structure” system. Achieving this objective provides a comprehensive understanding
of the behaviour of retaining structures in complex geotechnical conditions and lays
the foundation for further engineering calculations related to the design of excavation
supports and underground structures.

Initial Data

1. Base geometry: profile 60 x 20 m, layer thickness 1 m; mesh element
spacing 1 < 1 m. Excavation: 20 x 8§ m. Retaining wall: vertical elements 14 m high.
Anchor system: supports (forcops) 3 m long; anchors 10 m long at an inclination
of 45°.

2. Soil layer materials (Coulomb—Mohr model, FE 281-284):

* Layer 1 (fill): E = 800 t/m?; v =0.3; h =100 cm; y = 1.6 t/m?; ¢ = 0.1 t/m?;
Rt =0.01 t/m?; ¢ = 30°; transition coefficient to secondary branch Ke = 3.

* Layer 2 (sand):* E = 3 000 t/m?;, v=0.3; h =100 cm; y = 1.7 t/m?, ¢ = 0.1
t/m?; Rt = 0.01 t/m?; ¢ = 30°.
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Note. Y-axis — perpendicular to the plane; use the scheme option “2 — three
DOF (X, Z, U,).

3. Loads:

» Self-weight of the three-layer soil mass.

* Permanent uniformly distributed loads on the soil surface: g1 = 1 t/m;
g2 = 0.5 t/m; + self-weight of retaining wall elements.

» Anchor pre-tensioning F =5 t (special element).

* Fictitious point load P = 0.25 t applied to the edge point of the soil base in the

direction of boundary conditions.

|. 3N|.

20m
6m L2 by Seop I

1 - sheef piling

2 - anchors

3 - supports for anchors
I - fill-up soil

Il = sand

M - clay loam

Figure 10.1 — Scheme of retaining wall structures of the excavation and loads
on the multilayer base

Execution Algorithm
Task creation
1. Name: 10\ sheet\ pile\ with\_soil\_mass.
2. Plane: X0Z, “2 — three DOF (X, Z, Uy)”.
Mesh and finite element type

3. Create a rectangular area 60 x 20 m with 1 m spacing.
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4. Assign type 281 (physically nonlinear rectangular finite element for plane
soil analysis) to the area.

5. Enable node numbering display if required.

Create plane fragments a X
F |&= H |5 = ¥ Change FE type x|
i~ Create wall-beam
Angle of rotation about the Z-axis IIJ Lizt of applied FE types Select
r— Coordinates of the 1-st node —I
Specify with pointer 7 Select plane I_ 'l
L ol el i
b IU m ~ Select new FE type
YID m ) Arbitrany a Io—o IA i | |,¢!4|p|
a ID m 1 Spsaly nede: FE type 21 - rectangular FE of 20 problem [v
_ . o ) ) FE tppe 30 - guadrilateral FE of 20 problem
Spacing alang the 1-st axiz |~ Spacing along the 2-nd axiz FE type 221 - physicaly nonlinear rectangul:
Walue MNumber WValue MNumber . - h
FE tppe 230 - phwzically nonlinear quadrilate
L] g L) £ [«]
1.00]60 1.00f2d ] FE tppe 284 - phyzically nonlinear arbitrang g
- KN — [
[ Generate nodes at places of intersection with ather FE J x ? A

Figure 10.2 — Creating the geometric scheme

Insertion of retaining wall and anchors
6. Add sheet pile wall bars (height 14 m) along excavation boundaries.
7. Add anchor supports (=3 m) and anchors 10 m long at 45°.

8. Ensure correct connectivity of wall nodes with the soil mesh.

N Ll ENE S ANE = ‘

Add bar

Specify nodes with painter
¥ Account of intermediate nodes

[” Generate nodes at places of intersection with ather FE

Figure 10.3 — Inserting retaining wall and anchors

Boundary conditions

9. At the bottom boundary of the base, restrain X and Z displacements.
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10. At the side boundaries — apply plane-strain boundary conditions

(restraining normal displacements).

Figure 10.4 — Defining boundary conditions
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Soil materials and stiffness

11. Create finite element 281-284 (numerical description) for Layer 1 (fill)

with the parameters above.

[ stiffness and materials

Assign to elements of the model

12. Copy the stiffness type twice for Layer 2 and Layer 3; edit the parameters.

13. Assign colours/comments for convenient layer identification.
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Figure 10.5 — Assigning stiffness parameters to elements
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Load definition
14. Add self-weight.
x|

r Aasign dead weight to:

" &l elements of madel [by stiffness tupe]

™ &l elements to be azsembled (by stiffness tpe)

Shffmess tipes
™| standard

[~ steel

[T plates, solids, numerizal

& {selected clements

™ ignore offsets in bars

r~ Load factor

|
B @l 17

Figure 10.6 — Self-weight definition

15. Apply g1 =1 t/m, g2 = 0.5 t/m on the surface + self-weight of the wall.

16. In the polyfilter, select Type 208 (special two-node pre-tension element).
On the “Bar Loads” tab, define the forcops with P =5 t.

17. Apply point load P = 0.25 t at the extreme node of the base in the direction
of boundary conditions.

Staged construction and nonlinear loading

18. Stage 1:base — self-weight.

19. Stage 2:wall installation (stiffness “4. Finite element 2 numerical (Wall)”
— “All selected”). In the second nonlinear loading case, check the option “Reset
displacements™.

20. Stage 3:excavation of the 1st layer inside the retaining wall (select “1. FE
281-284 (Fill)” within the excavation).

21. Stage 4:installation/activation of anchors and pre-tensioning (reference load
case No4).
22. Stage 5:completion, fictitious load for correct sequencing.
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odel nonlinear load cases of the structure
Aszemblage =1 | Paameters | Print results | Stages | Groups | Addload cases

Histary —Stage 1
<< 1> I Display current stage
2]

i Elements to be assembled

All
List of elements selected

1-1200

Select on

[~ Elements to be d bled

All
selected

. Select on
List of elements

Table for asssmblags mode . I ]
File name [5aPR Z0TE Dt Examplet 0 mrt | -
4+ | &% + |

Figure 10.7 — Load definition

Calculation

 Run a physically nonlinear analysis with Coulomb—Mohr model and
transition to the secondary branch (Ke).

« Obtain displacements, internal forces, and moments in the wall and soil
elements.

 Assess maximum deflections.

» Check stresses and forces in elements.

L bel o o b b e e b b L (b L B G

- ——————————— - e Y- -

Figure 10.8 — Analytical scheme considering node displacements

Self-assessment questions

1. What is the role of “resetting displacements” in Stage 2?
2. How do the primary and secondary soil deformation branches differ, and

what is the influence of the Ke coefficient?

60



3. How does anchor pre-tensioning affect the behaviour of the sheet pile wall
and the soil mass?
4. How would the results change with a different anchor inclination or length?

PRACTICAL CLASS 11

ANALYSIS OF A STEEL BUILDING FRAME WITH PREPARATION OF
DATA FOR PROGRESSIVE COLLAPSE ASSESSMENT

The aim of this task is to master the methodology of modelling a steel frame of
a multi-storey building in the LIRA-FEM software package. The assignment involves
learning how to prepare input data for subsequent progressive collapse analysis,
which is an important stage in assessing the reliability and safety of a building.

An essential component is the development of skills in creating spatial models
of steel frames and verifying their load-bearing capacity in accordance with current
design standards, which enables a comprehensive evaluation of the frame
performance  under both  service and accidental load conditions.

Initial Data

* The frame scheme and its supports are shown in figure 11.1.

» Cross-sections of elements:

1. Edge and middle columns — I-beam Ne 35 K1.
2. Longitudinal beams — I-beam Ne 30.
3. Transverse beams — welded I-beam.
4. Bracing of columns — two angles 75 x 75 x 6.

« Structural system: steel braced frame.

* Materials: steel grade S355 for main elements.

* Loads: permanent, variable, wind.

* Software: LIRA-FEM, 3D analysis mode.
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Figure 11.1 — Analytical scheme of the building frame cross-section

Execution Algorithm
Creating a new task
1. Launch LIRA-FEM, set measurement units — metres, kKN.
2. Create a new project file, enable 3D analysis mode.
Constructing the geometric scheme
3. Define node coordinates according to the building grid and storey heights.
4. Connect nodes with bar elements (columns, beams, bracing).

5. Check node connectivity (no gaps in the model).
x|

Specify with pointer ™ Generate floor slabs and divide bars
I [” Generate foundation slab
s |0 m
™| Wse parameters far mesh of faon st
s ID i ¥ &pply restraint
2w Mx WY Rz
V¥ ux ¥ uy ¥ uz
IU Angle of rotation about the Z-axis
e o rZ
Walue Mumber Walue Mumber Walue MHumber
L(m] R L(m] [ 8 ] L(m] [ % [=
8.00[2 6.00[3 420 3|
Generate nodes at places of intersection with other FE
IEARd

Figure 11.2 — Constructing a spatial frame
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Assignment of cross-sections and materials

6. Assign hot-rolled I-sections or built-up sections to columns according to the
catalogue.

7. Assign I-sections or channels to beams according to the variant.

8. For vertical and horizontal bracing, assign circular or angle profiles.

9. Assign material: steel S355.

O Stiffness and materials: 3|l Add stiffness Steel cross-section
e ) Define forren sifress and aditlathe
W Siffness: ” i mponerts | Siffness |
| 4 Double angle 75x 75x 6 i :
I ouble andle 75 75 x 6 fraces) B I |EE | pechaompn s Profile I solok tipa K{kolonnyj) <DV-K.| wrw:nﬁlessrt:: |
) = kd Datsbsse of steel seci - I IESechanssen [s361 =]
¥ Materizls: SNPT-23-81= ~  D.Option[1 = = =
PiY
Material Addtional parsme... | Selection limitations a4 I | [
I 1 structurals... 3. braces |-section Builtup Channel
? I-section
&
= i 1
Properties | ac | ste E I I[ Ef H=343 Information about shapes in the file
ol | — E )
i) Tw=1 Annotation: Dvutavr s parallel nymi granyami p
et Enx l‘ Two lsections ‘Enxt_nl Tf Sl
T B L. I-section 35K1 (columns) e eestons i Bf =35 The shapes comply with building codes: GOST 2500
T 1 2. Builtup I-section (i b | T=15 83
ir - u‘azg :‘1?, ;:ng:nsvm =) L ’—fir" < Tw Shapes are zorted in ascending order of the
- 630x8,web nde Cruciomol  Angl H | Hw B'=35  parameter: A, ploshhad™
T 1 3. I-section 30 (ongitudinal beams) angles T=15  Number of shapes in the file: 13
Ir | 4, Double angle 75 x 75 x & (braces) , TF=TF R1
Si¢- -Ir o 1 R1=2
i ' i T R2=0
Add>> Crucitom of  Double angle  Channel and
i angles |-section Bl = BFf (all in cm)
Edit...
Display... L ][ ]
Gy [ -
Isection and Pi Doubl ;
Delete Ssﬁ;ﬁ:;” ks Ch@ﬁﬂj‘s Rotation Section... | Coupling »> | Comment: Icn\umns Color: |
by | >> DIHL — fr—
+. B | | Comosion: not specified Cormasior
7] j-— —_—
Setas current one I Twochannels  Stuctural Built-up box
T Lt for ragment tubing Cancel | ke
A E—

Figure 11.3 — Assignment of stiffness characteristics and material properties
to elements

Boundary conditions

10. Column supports at ground floor — pinned or rigidly fixed (as specified).

11. At roof level nodes, if required, assign elastic restraints.

By FE numbers 32
- = — Set hinge
B - rlstnode———  2hd node
ol - i [0 tm [o 4
By FE shape I- “ "
('_I = i o tm | T v1[0 tm
[IB_}I IFE type . [z ID_ tm = Ig_ b
By stiffness I_ A IIJ rm I_ U= 0. it
L—| El MU o= Em W Uy [o tm
By stiffness type p Uz i Fm p uzn .
’]_I j I . I s tr
By orientationof FE——————————— I- Al I- el
W sz s Showhinges
ColRny O @Y
® [ cuz Symbal << | =—U—— 33>
‘r"?“l"—l'%' Colour << | f——— 3> J|X|?|
=

IEfgure 11.4 — Defining boundary conditions
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Load definition

12. Permanent loads: self-weight of structures, weight of enclosing structures.

13. Variable loads: imposed, snow, wind (in accordance with DBN or
Eurocode).

14. Apply loads at relevant nodes or directly to elements.

Add dead weight X L=/ Bl rion-uniformly distributed load x|
Y E A |ér |ﬁ 4]
fssign dead weight to: "-°Eadsd°” btafsli
oordinate spsten
& all elements of model by stiffness type) ’—F labal  Lecal F1 II]I]EE tm [ Blong #-aniz
Direction
£ &l elements to be assembled|(by stiffiess bpe] ’—f‘ % Y &z s Al i
rloadtygpe————————— Lyl -3RlE
Stiffness types o= g
IV standard — = P2 II:I-I tim i .-’-'-.Inng -3z
v steel o | o
¥ plates, solids, numerical i £C I_ F'ru:u|eu:twe J | X | ? |
 selected elements 'i :g p—1
i ’
‘ ™ ignore offsets in bars ‘ ——a [ D,
Load fach rCurentload———————
[ oAt tactar TN Z =2 t/m - Urilforly distribu=
1.09 rd « mll
i@ | A | = | ? | MIE

Figure 11.5 — Load definition

Formation of load combinations (LC)
15. Generate LC for ultimate and serviceability limit states (ULS, SLS).

16. Add combinations to be used in modelling accidental scenarios (element
removal).
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¥ Design combinations of forces (DCF)

Number of DCF table  [f j +| | 4 5
Mame of DCF table |5N\P_‘\

Building code
Load case Mo,

Load caze lype

1 of group of integrated

[smiP 2010785

=l

Load case 1

[

| Dead()

=]

_I Default |

x|
M
7]

IU— i~ DCF coefficients
e o] s # | 1 main ‘ 2 main | Spec.(E] |Spec.[n E]|5 corbir. |B cambit.
Account of sign variability il 1] 1.00] 1.00[  0.90] 1.00  0.00]  0.00
# of the group of mutualy ID— 2 1.00 0.95 080, 095 0.00  0.00
" E;‘“L”S'VE i 3 100 090 080 080 000 000
of the accompa- —
nying load ID ID
Load factor |1.U5
Duration coefficient 1.00
D' bk eorsider for, analpsis by SLS [
Festrictions for cranes and brakes
’7 Crane I Erake: Al J >
Summary table for DCF calculation: &
L. | Load case name | Type ‘ DCF | DCF coefficients
1 Loadcase Dread(0) 0000000105100 1.00 1.00 0,90 1.00
2  Loadcase2 Live(1] 1000000120100 1.00 0,95 0.80 0.95
3 Loadcased Instant(7) 0000007140000 1.00 0,50 050 0.80

Figure 11.6 — Load combination table
Frame analysis

17. Run linear static analysis.
18. Review displacements and internal forces, check absence of instability.

19. If necessary, adjust cross-sections to ensure strength.

Standard tables x|

™ Generats updatable table in Report Book

Other..

LLLLL DCF table

Fommat for fables: G5V [*csv)

Steel elements. Check,

Steel elements. Selection
Steel elements. Final check.
Steel elements. Final selection,

2| x| 2

Figure 11.7 — Reviewing calculation results tables

Preparation for progressive collapse analysis

20. Save the basic model as a separate file.
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21. In the copy, remove specific elements (columns, beams) according to the
failure scenario.

22. Check the new scheme for stability and redistribution of forces.
Result analysis

23. ldentify maximum displacements and stresses in the damaged scheme.

24. Compare with permissible values.

25. Formulate conclusions on the reserve of load-bearing capacity.

Self-assessment questions

1. What are the specific features of modelling steel frames in LIRA-FEM?

2. How do bracing members affect the frame stiffness?

3. What is the methodology of preparing a model for progressive collapse
analysis?

4. Which load combinations should be applied for accidental load cases?

5. How should the results of analysis be interpreted when elements are

removed?

PRACTICAL CLASS 12

ANALYSIS OF A SPATIAL REINFORCED CONCRETE FRAME
IN APHYSICALLY NONLINEAR FORMULATION

The purpose of this work is to master the methodology of modelling spatial
reinforced concrete frames in a physically nonlinear formulation using the LIRA -
FEM software package. The task involves learning the principles of working with
nonlinear material models that more accurately represent the real physical —
mechanical properties of concrete and reinforcement.

Special attention is paid to the consideration of cracking processes and the

redistribution of internal forces within the structure, which ensures higher accuracy in
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predicting its stress—strain state and assessing load-bearing capacity under service
loads.

Initial Data

» Two-span, three-storey building.

* Span length — 6 m, column spacing — 6 m, storey height —3 m.

* Columns at the foundation slab level — rigidly fixed. Material: reinforced
concrete C20/25, reinforcement A400C.

» Cross-sections of elements:

1. Columns of the first and last frames — rectangular section 500 x 500 mm.

2. Edge columns of the central frame — T-section, height 1 200 mm (flange
width — 1 200 mm, flange thickness — 300 mm, web thickness — 300 mm).

3. Central columns of the middle frame — I-section, height 600 mm (flange
width — 600 mm, flange thickness — 200 mm, web thickness — 200 mm).

4. Floor and roof beams — rectangular section 400 x 500 mm.

5. Floor and roof slabs — thickness 200 mm.

o Structural elements: columns, beams, slabs.

» Material: concrete class C32/40, reinforcement class A500C.

* Loads: permanent, variable, snow, wind.

* Calculation scheme: spatial.

Execution Algorithm

Creating a new task

1. Select units — metres, kN.

2. Create a spatial analysis problem.

Geometric model

3. Input node coordinates according to the building grid and storey heights.

4. Define bar elements (columns, beams) and plate elements (slabs).

5. Check model integrity (absence of “hanging” nodes).

Assignment of materials and cross-sections

6. Assign a physically nonlinear concrete model (e.g., Concrete 55 in LIRA-
FEM).

67



7. For reinforcement, assign a model with a stress—strain diagram.

8. Assign cross-sections to elements as per the specification.

N SNIP 2.03.01-84* Material properties for analysis of RC structures

& TYPE  BAR

Define standard section

Name [ coumns
= Trame T | s oot | Top (] e [ s tongo | Sore [ spor [vae T0mge T8 T T8 11 | psysts (e s
1@ Columns  Column . El 3.00 3.00 3.00 + 0.30 0.40 D 40 0.00 ELF 0.70 0.70 Reinfor t
2(1) | Beams Beam A 300 300 300+ 030 04 D ) o0 EF 000 000 enroreemen Symmetric
System Statically Inde
— Analysis
Precision (preliminary analysis), %
< | 2| |preciion fimain analysi), %
ELATE Max % of reinforcement
= | Name | Analysis type | wood. ... | Bottom....| TopX (... | Bottom...| Top¥ (.. | 1sqm.... | SLS Long-te... | Short-t... | Spacn... ||[F pesign
3(1)  Siabs Shell - 3.00 3.00 4.00 4.00 - + 0.30 0.40 S e e,
I~ Arrange side reinforcement in
™| Account of combined action of |
™ ultiple contaurs,
I | ccount of 5.3,52 Manoal o 5P
< I | (| Fiezoiric of sepression o o)
" CONCRETE Gravity centre of reinforcen
# [ Name [ Gass of... | Rbn, ti... | Rbn, t... [ Eb, t/(.. [ Typeofc... | Grad... | Hardeni.. | Service ... | Goeffid... | SEY... | SEZ... | EU ER 55 ER
1(0 B25 1850.0 163.0 30600... heavyweight 2000  natural ... standard | 1.00 0.00 0.00 =
[ analysis by serviceabity limit 5
Long-term cracks, mm
 REINFORCEMENT Short-term cracks, mm
= | Name RXL... | Rs, t.. | Rew,... | RYL Rs, t.. | Rew,... | RTTr... | Rs, t... | Rew, S1,P... | 52,P... | Parti... | D... | Nu..| ¢ Spacng of rebars, mm
1@ AIIL... 375.. 300.. AIIL... 375.. 300.. Ald. 230... 180.. 1.00 1.00 1.00 40 1 & Diameter of rebars
Length of element, Effectin
Length of element !
== " Effective length w [
x| ] % 3= 5] 2 5] =] M «| iz i

" Factor

E |3e+DDB tm2 Z1

B ISD—cm

H |50 cm
o 25 ume 5

Monlinear parameters

Diraw |

Account of shear

r

I aterial parameters

Freinforcement parameters |

" Comments
|

Figure 12.1 — Assignment of materials and cross-sections

Boundary conditions

9. Fix the nodes at the base of the columns (rigid fixity or hinge).

10. If necessary, define elastic supports simulating soil-structure interaction.

¥ Unify elements x|
r— Design option: ? |
™ For al M I_:I i |
v New group |24 ;"; |
Unification type
% {Single section for the whole groug = | il
™ Unification by separate zections a |
" Unification by sections with regard ta symmetry kv |
Name: | T. | Stiffness: | Materials: | ;I
U E. Plate H 20 SHELL [Flexure, Compressio...
uat B. Plate H 20 SHELL [Flexure, Compressio. ..
B U - E. Plate H 20 SHELL [Flesure, Compressio. ..
B UB10 2 2 Rect bar 4050 Bearn B25 A1LA]LA
B UB1M1 2 2 Rect bar 4050 Beam,B25 A-LALA
UB121 2 2 Rect bar 40560 Bearm B 25 ANLALA
B UB13 2 2 Rect bar 4060 Beamn B25 ALALA
B UB141 2 2 Rect bar 4050 Beam,B25 A-LALA
B UB151 2 2 Rect bar 4050 Beam B 25 ANLAALA]
B UB1B1 2 2 Rect bar 40X 50 Beam,B25 ALAALA
B UB17 2 2 Rect bar 4050 Beam,B25 ALALA
B UB181 2 2 Rect bar 4050 Beam B 25 ANLAALA]
B uci: 2 8. |-Section 20 60 Colurmn regular B25.A-La1...
B ucxn 2 4. T-zection 30120 Column regular B25 A1 a1l
B uc21n 2 3 T-section 30120 Column regular B25.A-1LA-l ..
B ouczr 2 1. Rect. bar 50 x50 Colurmn regular B25.A-La1...
B ouczn 2 1. Rect. bar 50 = &0 Column regular, B25 A& =
™ List for fragment

Filter for elements

M |

By FE numbers

X
AR =4

r |
Bl =
— By FE zhape

T |4-node FE [plates) j
By FE type

| [~

= By stiffness

il

L

By stiffnezs type

| [
r— By orientation of FE
Ol [ 1] %
L [ A A N [
| Yoz oz
r$ re O H

| [~ &ngle of unific. [ Orthotiopy axes |

[T &ccount of SE ohjects

4]

e X 2]

Figure 12.2 — Element unification

Load definition

11. Permanent: self-weight of structures, partitions, roofing.
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12. Variable: imposed (service) loads.

13. Climatic: snow and wind.

Add dead weight

x|

—Azzigh dead weight bo;

i+ iall elements of model by stiffness wpel

1 &l elements to be assembled [by stiffiess pe]

Stiffness types
Iv standard

W steel

¥ Composite BC and steel

¥ plates, zolids, numerical

" zelected elements

[ ignore affsets in bars

— Load factar

—

|

x|

%t b || el

i~ Loads an bars

Coordinate system
& Glaobal  Laocal

Direction
CX Cy =z ‘
—Load type

RSN I S
(s

t1"C
oAC. | FTT]

T 3

— Current load
TN Z p=1 t/m - Uniformly distribu=

4 I I 3

& Ala| 2|

Parameters

X|
P[T  tm

[ lgnore offsets

Z y P

[ Projective

v x|?]|

Formation of load combinations

14. ULS — ultimate limit states.

Figure 12.3 — Load definition

15. SLS — serviceability limit states.

Settings for physically nonlinear analysis

16. Select nonlinearity type — physical.

17. Define parameters of material stress-strain diagrams.
18. Enable

Execution of analysis

cracking

analysis  for

reinforced

19. Run physically nonlinear analysis.

20. Check the results of step-by-step loading.

21. Assess zones of plastic deformations and crack widths.
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ﬂ

Inputdata Outputdata |

[” Generate updatable table in Report Book, B
— —Select DCF table

Format for tables:  CSW [*.cav) Other... |
Analysis protocol
Dizplacements
Forces
DCF, design values
DCF, design values [live]
DCF. nomnative values
DCF. nomnative values [live)
Unified forees, design values
Urified forces, design values (live]
Unified forces, nomative values
Urified forces, nomative values (live)
Reinforcemert in elements
[ | X] 2

Figure 12.4 — Review of result tables

Analysis of results

22. Determine maximum deflections and displacements.
23. Review stress maps in concrete and reinforcement.
24. Compare with permissible limits (DBN, Eurocode).

25. Formulate conclusions regarding load-bearing capacity.

Self-assessment questions

1. What is the difference between physical and geometric nonlinearity?
2. How is concrete behaviour considered after crack formation?

3. Why is step-by-step loading important in nonlinear analysis?

4. How are zones of plastic deformations identified in the model?

5. Which key parameters must be defined for the reinforcement model?
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PRACTICAL CLASS 13
ANALYSIS OF A STEEL TRUSS WITH CIRCULAR SECTIONS

The purpose of this work is to demonstrate the procedure for analysing a joint
of a steel truss composed of circular tubular members using modern calculation
methods. The task involves illustrating the procedure for editing user-defined
parameters and verifying the load-bearing capacity of the joint in accordance with
regulatory requirements.
An additional objective is to familiarise students with the specifics of
modifying the geometric and stiffness characteristics of structural members in order
to ensure the required strength and reliability of the joint under design loads.
Initial Data
* Truss geometry and supports — see figure 13.1.
» Assumed member cross-sections:
1. Top chord — seamless hot-rolled tube @159 x 7.5 mm.
2. Bottom chord — seamless hot-rolled tube @133 x 5 mm.
3. End diagonals (1-10, 2-10, 9-17, 8-17) — tube @76 x 5 mm.
4. Other diagonals — tube ¥63.5 x 5 mm.

» Material: steel.

* Coefficients:
5. Service condition factor y. = 0.9.
6. Reliability factor by purpose y, = 0.95.

» Design forces in the joint — see figure 20.2:
7. Chord: Ny =255 kN.
8. Diagonal 1: Ny = 120 kN.
9. Diagonal 2: Ny =—-196 kN.
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Figure 13.1 — Geometry of the steel truss

Execution Algorithm

Launching and creating a new joint
1. Create a new joint: File — New — Joint, or use the toolbar button.
2. In the Select Joint Type window, choose:

* Structure type: Truss joints.

* Subtype: Circular tube (select the appropriate option from the

illustration).

3. Click OK.

Select Joint Type x|

B4 Trusses —
o fe Aingles
i e Pipe

=- a Beam to column joint
E| a Firired

o fi |-zection column Intermediate Intermediate:

E| a Fixed
i B |-gection column

= a Beam to beam jaint
EI a Beam splice
i i -zection colurnn
E| a Beam connection

i B |-section bearns
=3 Column to column joint Irtermediate
B2 Calurn zplice

i @i |-section column

=- a Colurin bazes —
a Pinned
© b Be J-gection column
- g Rectangular box column

a Fixed

i B |-gection column

- fF Rectangular box column
=23 Sway bracing f
f e B Angles
B- a Rigid connections
EI 423 Beam to beam joint
b Be I-section !

El a Bieam to column joint =] Intermediate Support =]

OF. I Cancel |

|»
|»

Irtermediate

Intermediate Intermediate

Figure 13.2 — Selection of joint type
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General joint parameters

4. In the General dialogue window specify:

« Joint name — Truss Joint 1.

®*Yn = 095
*v.=0.9.
5. For the Welds group:

* Properties: service condition factor y. = 0.9; wire grade — Sv-10GA.

6. If required, configure Risk Factors:

» Standardised value: Z25.

 Joint stiffness: Medium.

x|

Marmne of joint [Joint
~Factor 7 .
e = Weld Properties x| Risk factors
Safety factor V= |EEE
Generdl |
Service conditions factar To= |08 Normalized value of risk factor (S0ST 28870) =
Weldtyps: | Semiautomatic weld d < 1.4 mm or fluscored wire weld =l

- Group name for joint elements Weld positior; [Batiom

Service conditions factors

Weld technology

Stiffness degree of joint

IMean - partially possible contr ¥

Cornection: Y= [03
wheldabilty factors

Weld: yc:|1 m:|1

Number of passes or
runs

| ™ Allow edition

Group properties..

‘weld materials

Seguence of

tg= [0 Be= I1 welding

Apply specified properties to all elements of graup |

 Brittle fracture analpsis.

eld W2 I Bllow editiors

Electiode; -

Heating
wheld wire mark: Cs-10rA hd

Jore =l

|5tart from one side, then from the oﬂ'valj

IND heating j

Namilal and design resistances, MPa

Fiwur = [450 F\wf=|215

e

- Material

Cancel

Concrete class K

Cancel

Figure 13.3 — Assignment of joint parameters

Input of design forces

7. In the Design Forces window define:

* Chord: —255 kN.
* Diagonal 1: 120 kN.
* Diagonal 2: —196 kN.
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Design Forces X|

M Element FE zect, M kM by kMm Gz kM kz kMm Gy kN
1 Chord -1 -1 -285.000 0.000 0.000 0.o0o 0.000
2 Diagonal 1 -1 -1 120,000 n.0on n.00n 0.000 0.000
3 Diagonal 2 -1 -1 196,000 0.000 0.000 0.000 0.000

\Z > . Add rowe |

T ] < |
LZ - Delete rovws
e
W QK I Cancel |

Figure 13.4 — Input of design forces

Geometry and cross-section definition
8.
9.

Open: Edit — Joint Parameters.
For the Chord:
* Profile: seamless hot-rolled tube.
* Dimension: @152 x 6 mm.
10. For Diagonal 1:
* 63.5 x5 mm.
11. For Diagonal 2:
* D73 x5 mm,
12. Define lengths:
* Chord: 3 015 mm.
* Diagonal 1: 2121 mm.
* Diagonal 2: 2121 mm.
13. Define inclination angles:
* Chord: —5.42°.
* Diagonal 1: —135°.
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* Diagonal 2: —44.59°.

Joint Properties

Sketch Parameters
N Patamter Valus | =
T | 2 [Thickness t Diagonal 1 3,000
|2 |Length : Diagonal 1 1000.000
|5 | Thickness 1 - Diagonal 2 5000
| B |Length : Diagonal 2 1000.000
L7 |Leq: weldwi 5.000
| 8 [Length : weld w1 270,000
13 |Leq: weldw2 5,000
|19 | Length - weld w2 270,000
LI | butt welds Ho
|12 | Compute weld lengths [for pipes] Yes
i Eccentricity 0.000
_ Joint element l Chord: slope anale, © 0.000
E Diagonall: slope angle, -135.000]
1B | Disgonal2: slope angle, * I 45,000 :‘
Sv:;ﬁmﬂ 2 Edil properties A1 LIJ
il W2

Ml Steel cross-section []
Componeris |
SHRT ST Profile quEHan ropaueKaTaHan musnz,sp.srwj &

Q LPipel59x7.5

J1sex7s Jid

Tw

H B'=0
T=0

3 R1=0
0

il ¥ Use forbidder combinations profils-steel

Steel
=
Z1 - -
H=159 Information about shapes in the file
1) Tw =075 Annotation: Tpyba GeauosHas ropadexaTaHas

Comment

The shapes comply with building codes: MOCT 8732 -
5=

Shapes are sorted in ascending order of the
parameter: Ya. macca
Mumber of shapes in the file: 1316

Steels info
Annotation: CTans no Cr 16, 133302011, Tpyha
The steels comply with building codes: no

e m

Cancel

Cormosion: not specified

Comosion...

Cancel

Figure 13.5 — Definition of geometry and cross-sections

Analysis of results and adjustments

14. After verification it was established that the elements do not meet the

strength requirements.

Truss joint 1 : Check Results ( SP 16.13330.2011)

Utillizati Internal forces
Parameter Property Value r:;tli? o:,:n
’ N.KN | My, kNm |Qz kN| Mz, KNm | Qy, kN
Thicknesst| 7.5 mm
155 *
Chord Lensth | 30150 mm 1113 255000 0.000 0.000 0.000 0.000
. Thicknesst| 5.0 mm
y 2 ®
Diagonal 1 Length | 21210 mm 1004 120000 0.000 0.000 0.000 0.000
. Thicknesst| 5.0 mm
2 5 _ *
Diagonal 2 Length | 21210 mm 111.5 196.000 0.000 0.000 0.000 0.000
Leg 5.0 mm
Teld W 5 22 2 *
Weld W1 Tensth 3310 mm 922 120.000 0.000 0.000 0.000 0.000
Leg 5.0 mm
T ] =] : - *
Weld W2 Lensth 315.0 mom 1104 196.000 0.000 0.000 0.000 0.000
All butt welds - No - - - - - -
Compute weld lengths (for pipes) - Yes - - - - - -
Eccentricity -- 0.0 mm -- - - - - -
Chord: slope angle, ® -- -5 -- - - - - -
Diagonall: slope angle, © -- -135 -- - - - - -
Diagonal?: slope angle, ° - -44 - - - - - -

Figure 13.6 — Verification results before adjustments

15. Perform adjustments:
* Chord: @152 x 8 mm.
* Diagonal 1: ©63.5 x 5.5 mm.
* Diagonal 2: @73 x 6 mm.
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» Weld throat sizes: Ne 1 — 5 mm, Ne 2 — 6 mm.

16. Repeat verification.

Truss joint 1 : Check Results ( SP 16.13330.2011)
Utilizati Internal forces
Parameter Property Value r;tliz:o:,:n
: N, KN [ My, KNm [Qz, kKN| Mz, KNm | Qy. kN
Thicknesst| 3.0mm
-255.000*
Chord Length | 3015.0 mm 99.6 255.000 0.000 0.000 0.000 0.000
. Thicknesst| 5.5 mm
ol =
Diagonal 1 Length | 2121.0 mm 90.7 120000 0.000 0.000 0.000 0.000
. Thicknesst| 6.0 mm
2 _ *
Diagonal 2 Length | 2121.0 mm 91.4 196.000 0.000 0.000 0.000 0.000
. . Leg 5.0 mm
7 7 = 2.2 2 *
Weld W1 Lensth 231.0 mm 922 120.000 0.000 0.000 0.000 0.000
. . Leg 6.0 mm
] o] £=] 7] _ b
Weld W2 Lensth 3150 o 920 196.000 0.000 0.000 0.000 0.000
All butt welds - No
Compute weld lengths (for pipes) Yes
Eccentricity 0.0 mm
Chord: slope angle, ° -5
Diagonall: slope angle, © -135
Diagonal?: slope angle, © 44

Figure 13.7 — Verification results after adjustments

Self-assessment questions

1. Which key parameters must be specified when creating a new truss joint in

LIRA-FEM?

2. How do the coefficients y, and y affect the verification results?

3. What is the procedure for assigning risk factors?

4. What are the main reasons for failure to satisfy the strength condition of the

joint?

5. How does modifying the geometry or wall thickness of tubes influence the

load-bearing capacity?
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PRACTICAL CLASS 14

ANALYSIS OF A SPATIAL FRAME ON A PILE FOUNDATION

The aim of this work is to master the methodology of modelling spatial frames
on pile foundations using modern computational software. The task involves
acquiring skills in applying elastic supports to model piles and their interaction with
the soil base, ensuring the correct representation of the spatial behaviour of the
“frame—foundation—soil” system.

An important component is the training in performing calculations and
analysing displacements, internal forces in the piles and in the frame elements, which
allows for a comprehensive assessment of the stress—strain state of the building and
the effectiveness of the foundation system.

Initial Data

» Single-span, single-storey building. Span length — 6 m, column spacing — 6
m, storey height — 4 m. Side overhangs of the pile cap slab — 1 m.

» Member cross-sections:

1. Beams — T-section, height 500 mm (flange width — 500 mm, flange
thickness — 200 mm, web thickness — 300 mm).

2. Columns — rectangular section, 400 x 400 mm.

3. Roof slab — thickness 200 mm.

4. Pile cap slab — thickness 500 mm.

* Structural elements: columns, beams, floor slabs, foundation slab.
* Material: concrete C32/40, reinforcement A500C, piles — reinforced concrete.

* Loads: permanent, imposed, snow, wind.

 Type of pile foundation: bored or driven piles with specified soil

characteristics.

Execution Algorithm
Creating a new task

1. Set the system of units — metres, KN.
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2. Create a spatial task.

Geometric model

3. Input node coordinates according to the plan and storey height.

4. Define bar elements (columns, beams) and plate elements (floor slabs,
foundation slab).

5. Ensure the correctness of the spatial scheme (no isolated nodes).

3D frame x|
v Generate floor slabs and divide bars
¥ Generate foundation slab
v Use parameters for mesh of foor slab
[~ Apply restraints
M= WMy [CZ
| TN T i
IEI Angle of ratation about the 2-axiz
A i rZ
Walug MNumber Mesh W alue Humber Mesh Walue Mumber Mesh
Uml [ # M Ll | # M Lm | # M
6.00 112 6.00 112 4.00 1
Parameters of foundation slab =
Side overhangs
Step of division along % I m ‘width of overhang along ¥ |1 oo m
Mumber of FE along = |2
Step of divizion along v’ I m
“Width of overhang along ™' 1.00 m
v Define side overhangs Murnber of FE along ' |2
Generate nodes at places of intersection with other FE
PARER .

Figure 14.1 — Creation of the geometric model

Assignment of materials and cross-sections

6. Define the physical and mechanical characteristics of concrete and
reinforcement.

7. For the foundation slab and piles, assign the relevant cross-sections.

8. If necessary, define physically non-linear material properties.
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[ Materials: SNIP 2,03.01-84* »  D.0ption I 1 _-|E| A
sl T
Type: Concrete: | Reinforcement: L “
<no <no> =ne> ? Rect. bar T-section T-section
| L
Properties IRC I Steel I _I
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1. Rect. bar 403 40
B 1 2 T-zection 30X 50
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Addsy Angle Agymm. T-s8.. Asymm, T-ge...
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Dizplay...
C
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M| oo | pmdt
]
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Define standard section x|

E 3eb tm2 Z1
B |4D cm Y1
H |4D cm
Ba |275 tim?

Monlinear parameters r

I atenal parameters
| Account of shear r
Feinfarcement parameters |

" Camments
|

[ |

] x| ?]

Figure 14.2 — Assignment of stiffness and cross-sections

Modelling of pile foundation

9. For each pile, introduce an elastic support element with stiffness parameters

(subgrade coefficients determined by calculation or according to standards).

10. Arrange the piles according to the foundation plan.

11. If necessary, model piles as bar elements with fixed nodes in the soil.

Define stiffness parameters for

i

r Caleulate from soil rmodel

| Input data for calculation

Soil model

— % Assign
¥ Ex ID— ke _‘jl
e [ m 2]
vV Rz IEI— Lfm
M oRm 0 bm
I Ry In—t”m
M Ruz In—t*m
Calculate pile stiffness
" Multiply by a factor of n [Fi=F*n)

x|
+| x| 4= il 1 Y Y Y D Y ol el
No. Comments | L...| Dimen... | d... | Yo | k.. | Ec-M.. | L. |h. | o
© /P S TR P R Y 5w elerum oo
l@ R m d[o m
EI B m H m
db O m Lv|20
A (b hd [0 m @
k|o.5 Colour _I L@J
]
A

Figure 14.3 — Assignment of pile stiffness parameters
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Boundary conditions

12. Restrain the bottom nodes of the piles (full fixity or elastic conditions,
depending on the model).

13. At the top nodes of the piles, assign rigid connections with the foundation
slab.

Load assignment

14. Permanent: self-weight of the structure, weight of infill.

15. Imposed: service loads on floors.

16. Climatic: snow, wind.

Define loads x|
\ﬂ,’
: PR RNV AN
Add dead WEIght il rLoadsonplates————————
Coordinate system
~Aszsign dead weight ta: & fobal " Local Add dead weight x|
i g Direction
* iall elements of model [by stifress wpef oW oy ol ‘ T —
. ' il elements of modef [by stifiness bpef

- all slzmznts fo b azzzmblad [b_I,J Shifiess t_|,||:IE] [ Loadtype 7 &l elements to be assembled (by stifness bips]

Sliffress types L % S'twafnetss;w:s

¥ standard =

p steel N 4+ i i, \gﬁ_/ ‘% ¥ plates. solids. numerical

v plates, solids, numerical ® sttty

i i £ ie L"C
r" selected elements b I igrore offsets in bars |
t"C Load factar
<, | =R O —— |~
[™ ignore offsets in bars 2, d| & ?
D 1€ ! B=s
:.. ‘ ,
r~ Load factor
|-| J | r~ Current load
[TTLZ p=1.5 t/m™2 - Uniformly i
2 | A s ? | | I ol
o X ?

Figure 14.4 — Load assignment

Load combinations
17. ULS — for verification of load-bearing capacity.

18. SLS — for assessment of serviceability.

Execution of calculation

19. Run the model analysis.
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Standard tables x|

[~ Generate updatable table in Report Book &1

Select famat. | ~ Choose load caze Na.
Analyziz protocol I.-’-'-.II lnad cazes j
DisEIacements

Load casze numbers

1
2
3

i |

s x| 2|

Figure 14.5 — Formation and review of calculation result tables

20. Obtain nodal displacements and forces in piles and structural members.
21. Determine maximum pile forces and compare them with the design bearing
capacity.
Result analysis
22. Verify displacements and deflections against the allowable limits.
23. Analyse the uniformity of load distribution among piles.
24. Determine whether modifications in pile arrangement or quantity are

required.

Self-assessment questions

1. How are piles assigned as elastic supports in the LIRA-FEM model?
2. What is the difference between modelling a pile as a bar element and as an

elastic support?
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3. Which parameters define the stiffness of a pile in the calculation?
4. How can the uniformity of load distribution among piles be checked?
5. Which load combinations are used to verify load-bearing capacity and

serviceability?

PRACTICAL CLASS 15
MODELLING OF A COMPOSITE (STEEL-CONCRETE) CROSS-SECTION

The aim of this work is to master the principles of creating and analysing
composite steel-concrete cross-sections in the LIRA-FEM software package. The task
involves learning how to define the joint action of steel and concrete within one
section to correctly model their interaction under service loads.

An additional objective is to acquire skills in verifying the load-bearing
capacity and stiffness of composite elements in accordance with current design
standards, thus ensuring the reliability and efficiency of structural performance.

Initial Data

» Cross-section of a composite slab with a monolithic concrete slab cast on a
profiled steel deck (figure 15.1):

1. Reinforced concrete slab: material — concrete C25/30; reinforcement:
DSTU 9130:2021, class A400C, ©20 mm.
2. Profiled steel sheet with trapezoidal corrugation: height h = 116 mm, B1
= 187 mm, t = 1.2 mm; material — galvanised steel.
3. Beam: asymmetric I-section (upper flange — 150 x 12 mm; lower flange —
630 x 10 mm; web — 320 x 16 mm); material — rolled steel.
» Materials: concrete class C32/40, steel class S355.
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Figure 15.1 — Cross-section of a composite floor slab

Execution Algorithm

Creating a new task and section

1. Launch the «Sections» module in LIRA-FEM.

2. Select the type of section — composite (steel-concrete).

3. Input the main dimensions of the concrete part (height, width, flange
thickness, etc.).

Adding steel elements

4. Select the type of steel profile (I-section, channel, plate).

5. Specify its position within the concrete part — coordinates, orientation.

6. Define the steel grade.

Assignment of materials

7. For concrete — assign modulus of elasticity, compressive strength, density.

8. For steel — assign modulus of elasticity, yield strength, density.

9. Verify the system of units.
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B Matenals

General Example26.KCC
- Simple

- Concrete B20

- Concrete B25

- Concrete B30

- Concrete B40

- Silicate brick

- Ceramic brick

- Ceramic facing bricks

- Gypsum

- Tiling

- Ondulin

- Glass

- \Wood

- Softwood

- \Wooden lattice

- \Wooden bars for walls

- Aluminium alloy

- Nonlinear

Concrete, 50 insulation
i 380 rfc, 50 insulation, 120 bricks

Name of material

B| o

Concrete B30 A

- Steel structures material GUID be300325-a791-45fa-b3d9...
- Polyfoam PSB-25 |dentifier 3
- Air gap Code
- Steel reinforcement =,
~R/C Columns Face Concrete
~RJC Walls Back no colour
~R/C Beams Side, end Grey 6
UL Shabs Hatching in section Concrete
- R JC Foundation -
--R/C Pies Hatc.hmg of surface no colour
. Default concrete Service [ cccebftt
- Default rolled steel Priority 10 %
- Default rebar steel Name of material
- Multilayer | Name of object instance

Figure 15.2 — Material assignment

Assignment of reinforcement
10. If the section contains additional reinforcement — input the bar diameter,
quantity, and arrangement.

11. Assign the reinforcement grade.

Figure 15.3 — Section outline with reinforcement

84



Assignment of design forces

12. Input values of N, My, My, Qy, Qy according to the results of static analysis.

13. Ensure that the signs of forces correspond to the adopted convention in the
program (compression — “+”, tension — “-7).

Verification procedure

14. Run the section analysis.

15. Review results: utilisation factors, stresses in concrete and steel,

deflections.
Cross-section properties *
Copy Copy all
Annotation Value Units MName -
¥o i] mm ¥-coordinate of gravity centre in the current coordinate system
Yo 1] mm ¥-coordinate of gravity centre in the current coordinate system
o] 0.01 = Rotation of principal ¥ 1-axis of the section relative to x-axis of current coordinate system
Ry 314.07 mm Gyration radius relative to principal ' 1-axis
Rz 152,81 mm Gyration radius relative to prindpal Z1-axis
Pext 3809.45 mm Perimeter of outer contours
Fint a mm Perimeter of inner contours
Ro 3.064 tfm? Average density of cross section
a 0.546 tffm Average unit weight
- 70.72 mm Core distance in negative direction of principal ¥ 1-axis
Y+ 70.78 mm Core distance in positive direction of principal ¥ 1-axis
- 318.84 mm Core distance in negative direction of principal Z 1-axis
I+ 148,39 mm Core distance in positive direction of principal Z 1-axis

Torsional properties
Yt 17.13 mm ¥1 coordinate of torsion centre in coordinate system of prindpal axes ¥ 1021
It 110.99 mm Z1 coordinate of torsion centre in coordinate system of principal axes Y1021

m Shear properties

Ys 16.62 mm ¥ 1-coordinate of shear centre in coordinate system of principal axes ¥ 1021

Is 118.15 mm Z1-coordinate of shear centre in coordinate system of principal axes Y1021

[ Stiffness properties

EA 9.1786e5 tf Auxial stiffness

Elu 90539 tfm2 Bending stiffness relative to central U-axis

Elv 21432 tf'm2 Bending stiffness relative to central V-axis

Eluv -17.23 tFm2 Centrifugal stiffness relative to central axes UV

Ely 90539 tfm2 Bending stiffness relative to principal ' 1-axis

Elz 21432 tFm2 Bending stiffness relative to principal Z1-axis

ESy 1.1431e5 tFm Product of static moment of half-section and its elasticity modulus relative to principal ¥ 1-axis
ESz 54274 tm Product of static moment of half-section and its elasticity modulus relative to principal Z 1-axis
Glt 4248.9 tfm2 Torsional stiffness - product of shear modulus and torsion moment of inertia

EIw 676.157354  tf'me Warping stiffness - product of elasticity modulus and warping moment

GFy 2,3998e5 tf Shear stiffness ¥1 - product of shear modulus and shear area relative to principal ¥ 1-axis
GFz 21461 tf Shear stiffness Z1 - product of shear modulus and shear area relative to principal Z 1-axis

Figure 15.4 — Review and analysis of section characteristics

Analysis and conclusions
16. If utilisation factors > 1 — modify dimensions or materials.
17. Analyse the compatibility of deformations between steel and concrete.

18.Draw conclusions regarding the efficiency of the section.
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Self-assessment questions
1. What are the main differences in behaviour between composite steel-
concrete elements and conventional reinforced concrete elements?
2. How is the joint action of steel and concrete defined in LIRA-FEM?
3. Which parameters govern the load-bearing capacity of a composite section?
4. Why is it important to check deformation compatibility?
5. How does the positioning of steel elements in concrete influence the

stiffness and strength of the section?

PRACTICAL CLASS 16
FRAME STABILITY UNDER PROGRESSIVE COLLAPSE

The aim of this work is to master the methodology of modelling progressive
collapse in spatial frames using the LIRA-FEM software package. The task involves
learning how to apply special calculation scenarios to assess the loss of stability of a
structure following accidental damage to individual elements.

An important component is understanding the impact of element removal on
force redistribution, changes in the stress-strain state, and the overall load-bearing
capacity of the system. This enables an assessment of the reliability and safety of the
building under accidental loading scenarios.

Initial Data

» Materials: steel (S355), concrete (C32/40).

* Loads (characteristic values):

1. Floor slabs: 6 m x 0.33 t/m?=1.98 t/m.
2. Partitions: 6 m X 0.092 t/m? = 0.552 t/m.
3. Floor construction: 6 m % 0.072 t/m? = 0.432 t/m.
4. Imposed load: 6 m x 0.15 t/m?> = 0.9 t/m.
5. Wind: 0.023 t/m?.
* Loads (design values):

6. Floor slabs: 1.98 t/m x 1.1 =2.18 t/m.
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7. Partitions: 0.552 t/m x 1.2 = 0.662 t/m.

8. Floor construction: 0.432 t/m % 1.3 = 0.562 t/m.
9. Imposed load: 0.9 t/m x 1.3 =1.17 t/m.

10. Wind: 0.023 t/m? x 1.4 = 0.032 t/m>.

» Damage conditions: removal of one or several elements (columns, beams) in

the model.
AZ
Column '.':_;
section 2
E i
& i
-« R
¥ ‘ 40 )
&
E -
E .
o Beam
section 5 =
X | 20,
v | 1 5 > 10 10
4.0 1 3.0
L - L Dimensions In cm

Figure 16.1 — Initial data

Execution Algorithm
Creation and preparation of the base model
1. Launch LIRA-FEM and create a new spatial frame model.
2. Define the building geometry.
3. Assign rigid diaphragms for floors (if required) to ensure correct load

distribution.
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Figure 16.2 — General view of the frame after element addition
Assignment of element properties
4. Assign cross-sections and materials (steel / concrete) to columns, beams, and

slabs.

E ek tfm2 Z1
B IEIII— cm
H |4EI— cm *
Ro [0 tme

Maonlinear parameters '

taterial parameters Diraw |

Beinfarcement parameters r
Account of shear

x|

I | Honlinear diagran far
reinforcement from BET

Comments Colour
[ [m |

J| x| 2|

Figure 16.3 — Standard section assignment
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5. For each material, specify modulus of elasticity, density, and design
strength.
6. Assign boundary conditions for column bases according to the structural

scheme.

1 3asamTawenns 1
Mosaixa npurssagemix #opcTKocTel

Figure 16.4 — Mosaic of assigned stiffnesses

Load assignment

7. Automatically include the self-weight of structures.

8. Add permanent and variable loads (imposed, snow, wind) according to
design standards.

9. Generate the required load combinations (LC) in compliance with codes.
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Figure 16.5 — “Load assignment” dialogue window

Base model calculation

10. Run the analysis in a linear—elastic setting.

11. Verify displacements, internal forces, and stresses in elements.

12. Save the results as a reference state for comparison.

Accidental damage simulation

13. Identify the element(s) to be “removed” for simulating an accidental
scenario (e.g., middle column at ground floor).

14. Delete the selected element or replace its material with “very soft” (near-
zero stiffness) to simulate failure.

15. Ensure the geometry of the model remains consistent.

Recalculation

16. Run the analysis of the model with the removed element.

17. Compare displacements, forces, and stresses with the baseline condition.

18. Check whether allowable deflections and stresses are exceeded.
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Redistribution of forces analysis

19. Assess how adjacent elements (columns, beams, slabs) respond after
removal of one element.

20. Identify which elements become “critical” after damage.

21. Consider whether additional strengthening of the structure is required.

Conclusions

22. Formulate a conclusion regarding the frame’s stability against progressive
collapse.

23. If the system is unstable — suggest measures to improve robustness

(redundancy of load-bearing elements, additional bracing, etc.).

Self-assessment questions
1. What is progressive collapse and what are its main causes?
2. How can accidental element failure be modelled in LIRA-FEM?
3. Why is it important to analyse force redistribution after damage?
4. What measures can enhance structural resistance to progressive collapse?
5. How should the results of comparing the baseline and damaged states be

interpreted?
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