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General notes

ESPRI 2016 (Engineering Assistance Package) is a set of reference and calculation
programs for the day-to-day needs of civil and structural engineers.

ESPRI software contains programs (modules) that enable you to carry out computer-aided
analyses for a wide range of tasks in design, engineering and research fields of
construction.

Since all modules of the package are very user-friendly and calculation procedure requires
minimum amount of time, ESPRI may be successfully applied for different purposes, such
as: generating design model of the structure, evaluation of analysis results, expert
appraisal of projects and technical supervision during erection of the structure.

ESPRI may be essential in many situations that require evaluation of real structures
behaviour during erection, reconstruction, design procedure and supervision for their
maintenance.

ESPRI helps the user in the routine work and provides the user with support to come up
with an optimal solution. Modules of ESPRI program are significant supplement to the more
powerful software for civil and structural engineering — LIRA-SAPR and MONOMAKH-
SAPR.

The software package contains 85 reference and calculation programs (modules) that are
organized in the following chapters:
Mathematics for engineer

Sections

Static/Dynamic analysis, stability
Steel structures

Reinforced concrete (RC) structures
Masonry and masonry reinforcing
Timber structures

Foundations and beddings

Loads and actions

Deflections

Ellipsoid

Sheet piling

Diaphragm
Punching shear

TOSTER

Prestressing
Soil
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Mathematics for engineer

Mathematics for engineer

This chapter contains the following modules:
1. Areas and volumes

2. Diagram multiplication

3. Linear algebra:

— inverting a matrix,

— determining eigenvalues and eigenvectors;
— solving a set of linear equations;

— multiplying matrix by matrix (vector),

— computing the determinant of a matrix.

4. Polynomial roots

5. Function interpolation

6. Advanced calculator ESPRI

— Calculator;

— Conversion of measurement units;

— Computing definite integral.

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

\‘ix; =| & Areasand Volumes

i The module contains considerable set of frequently used plane figures and solids, for which with appropriate formulas it is possible to determine areas, volumes and surface areas respectively.
Y Mathematics for
engineer Diagram Multiplication
The module is intended to multiply unit and load diagrams of internal forces of various shape for solving statically indeterminate systems by force method. Computation is made by three methods:
l Vereshchagin formula, Mohr integral and universal numerical method.
Sections F" Linear Algebra
The module is intended to solve main problems of linear algebra: multiplying matrix by matrix (vector), computing the determinant of a matrix, inverting a matrix, determining eigenvalues and
ﬁ eigenvectors, solving a set of linear equations.

Polynomial Roots

Static and G % 2 - e S ik
The module is intended to complex root of that consists of real and imaginary components. Polynomial order is limited up to 36.

dynamic
analyses, stability & Function Interpolation
The module is intended to interpolate on nonuniform mesh the function defined in tabular form.

[Eeg B Advanced Calculator ESPRI
Steel structures The module presents advanced set of mathematical functions and options, converter for measurement units, etc.

&
Reinforced

concrete (RC)
structures

; Russian ‘ Open Exit

Figure 1.1
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Areas and volumes

The module contains considerable set of frequently used plane figures and solids, for
which with appropriate formulas it is possible to determine areas, volumes and surface
areas respectively.

Areas, volumes and surface areas of geometric figures X|

— Schematic presentation

- Plane figures

<= Circular segment

------ “_» Circular sector
Rectangle and paralle
{} Rhombus
Y Trapezoid

------ A% Triangle

— Formulas
P Rectangular paralleler

[P Trangulartruncated p
------ B Truncated pyramid I 40.71503:

& Truncated cone
@ Cylinder

[comme | [_sepon | s | [sovomee] o

Figure 1.2

To define input data, follow these steps:

—In the Areas, volumes and surface areas of geometric figures dialog box, click
appropriate plane figure or solid.

— Define input data in the appropriate boxes.

— Select formula for calculation.

— Click Calculate.

Input data for plane figures:

d — diameter of circle;

r — radius of circle;

a — opening angle of circular segment or sector;

a — height of rhombus, side of trapezoid or triangle, semi-axis of ellipse;
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b — side of rectangle, parallelogram, trapezoid or triangle, height of rhombus, semi-axis of
ellipse;
h — height of rectangle, parallelogram, trapezoid or triangle.

Output data for plane figures:
F — area.

Input data for solids:

r — base radius of cone, top base radius of truncated cone, radius of cylinder, radius of
sphere;

g — bottom base radius of truncated cone;

d — diameter of sphere;

a, b, ¢ — sides of rectangular parallelepiped or truncated triangular prism;

h — height of cone, pyramid, right prism, truncated pyramid, truncated cone, cylinder;
F — base area of pyramid, right prism, truncated triangular prism;

F1, F2 — top and bottom base area of truncated pyramid respectively.

Output data for solids:

V — volume;
S — surface area of solid.

Diagram multiplication

The module is intended to multiply unit and load diagrams of internal forces of various
shape for solving statically indeterminate systems by force method. Computation is made
by three methods: Vereshchagin formula, Mohr integral and universal numerical method.
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Diagram multiplication -] x|
Diagram Mo, 1 rGeneral data
Hﬂﬂ]]]]]l * Bending moments
= Axial forces

" Shear forces

Section properties
| variant1 E= [21000000 tjm2

q
7

Fi= | 150 tm
= _I_ — _'|=|D.UDI i
= F2= |-50 tm
I F3 = Ig tm Variant 2 |EJ =] 2100000  tm2
419.62cm
L=10.00m, W=-83.33, Fc=-3471. Fé = |'j tm [t e m
Diagram Mo, 2 ~Result

LE

R, = (@Y. F&Y/E]

LR

Ra=ge{FPRP 4R e )

)
F1= [|-250 tm
= = [--- Zalculate
= F2 = Il:l tm R1 I gl
G Report |
F3 = ||:| tm R2 = IW
500.00cm H;'F'l
L =10.00m, W =-2500.00, Fc=-250.00. Fa= |'j tm Rch =|U.992068 = |

Figure 1.3

To define input data, follow these steps:

— Select appropriate diagram No.1 and diagram No.2 with the pointer.

— Define ordinates for characteristic points of diagrams F1, F», F3, F4 .

— Define type of internal forces for calculation — bending moments, axial forces, shear
forces.

— Define section properties for Variant 1 or Variant 2: E, G, I, A, El, EA, GA — modulus of
elasticity, shear modulus, geometric properties of section, stiffness properties of section;

— In the appropriate list box, select measurement units —t or kN;

— Define length of the line L (m);

— Click Calculate.

A

a o
V

—— 120

'1:FI'|

141.28cm
L=3.00m, YW=11.50 Fc=11.66.

Page 10 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Mathematics for engineer

Notation for the scheme above:

— length of line (m),
W — area of diagram (with account of sign),
Fc — value of ordinate at gravity centre of the diagram,
141.28 — location of gravity centre (cm).

Calculation of Mohr integral
General formula for multiplication of diagrams for 3D bar systems:
P pai P i P pai P P
MMy MyMx MzM:; NN
xMx y 4 Mz Wz

Api =
P Z~£ GJ, GJ, GJ, EA KGa GA

R1 — Calculation by Vereshchagin formula.
R2 — Calculation by Simpson-Kornoukhov formula.

tKz—5—

Q; Q.
GA

ds.

Rch — For any kind of diagrams, the result is calculated by numerical methods.

Linear algebra

The module is intended to solve main problems of linear algebra:
— multiplying matrix by matrix (vector),

— computing the determinant of a matrix,

— solving a set of linear equations;

— inverting a matrix,

— determining eigenvalues and eigenvectors.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com
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Linear algebra =10 x]

Select the problem to be zolved:

[Al[B]=]C] bALiltiply matrix by matrix (or by

wector]
det [ﬁ] = l Calculate determinant of a matrix
[A]i = [E] Irevert a matrix

[A -?l.E] {fwv}=0 Determine eigervalues and

eigenvectars of a matrix

[ﬁ] {X} = {b} Solve a spstem of equations

Exxit |

Figure 1.4

To define input data, follow these steps:
— Define necessary procedure with the pointer or use the TAB key to move through a
dialog box.
— In another dialog box, define the matrix type with the option button:
— Arbitrary matrix;
— Symmetric matrix;
— Tridiagonal matrix.
— Click Generate a matrix (vector).
— Define dimension for input matrix by moving the pointer diagonally from the left upper
corner (see Fig. 1.5).
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Multiply matrix by matrix (or by vector) - 10| x|
Input data |
(Generate a matrix | (Generate a matrix (vector) |
BEEEE | [ [ I ) omensions of amatix 0x 0

HEEEE ]

EEEEEEEN |
EEEEEEEN |
EEEEEEEN |
EEEEEEEN |
EEEEEEEN |

AN EEEEEe

4x5

™ Tridiagonal matrix

% Arhitrany matrix

" Symmetric matri
™ Tridiagonal matrix

¥ Fix rows and columns

Calculate

Figure 1.5 a)
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Multiply matrix by matrix (or by vector)
Input data |

=101 x|

Generate a matrix | Generate a matrix {vector) |
Dimensions of @ matric 4x 5 Dimengions of a matrc 5x 3
1 2 3 4 1 2

ol = = =
LN

3
1
1
0
1
3

=" Arbitrary matrix
" Symmetric matrix
™ Tridiagonal matrix

=" Arbitrary matrix
" Symmetric matri

™ Tridiagonal matrix

¥ Fix rows and columns

Calculate I

Figure 1.5 b)
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Multiply matrix by matrix (or by vector) =10 x|
input data Output data |

Matrix product
1 2 3
1 3 3 3
2 3 1 3
3 2 1 1
4 2 2 3

Calculzte | B | Repot |  Hep |

Figure 1.5 c)

— To define numerical values for matrix elements, just click appropriate cells in the table.
— Define the second matrix in the same way (see Fig. 1.5).

— Click Calculate.

On the Output data tab you will see results according to the procedure you selected.

Limitation to the order of problems is equal to 15.

Polynomial roots

The module is intended to determine complex root of polynomial that consists of real and
imaginary components.

2 n—1 Mo
actaXtax oo tamx T‘anx =0.

Polynomial order n is limited up to 36.
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Input data.

Polynomial roots — | O] x|

Coefficients of palmaomial |

2 -1 )
a,+ax+a,x +..+a_x" +ax =0
Specify degree of polynomial {n) for which it is necessary to find roots. 7 -

N o P o
P x4 I x”+ 12 x°+ s x'+
et
A M N
Y S e e P P
e e
P X xE P xS
=T AT T N
[ x4 [ 2% 4 xF
o x® =0
Al roots “Criterion for selection [te00s

% With real part only™ Mumber of decimal places 7 -
™ With imaginary part only™ Find == |
Report O
Figure 1.6

To define input data, follow these steps:
— Specify degree of polynomial in the appropriate box at the right part of the dialog box.
— Define values for coefficients.
— Specify one of the options:
—all roots;
— with real part only;
— with imaginary part only.
— For the last two options, define Criterion for selection, that is, appropriate parts of the
root that are less than this value will be considered as zero ones.
— Define the Number of decimal places for the output data.
— To calculate roots, click Find.
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Output data.

Values for roots:

Re( Xi ) — real part,

Im(Xi) — imaginary part.

CABS[P(X)] — result of root substitution in the polynomial (to evaluate solution accuracy).

Note. When finding roots of polynomial, an overflow may occur sometimes. Then the
1.#IND symbols will appear in appropriate cells. It is not recommended to use such roots.

Function interpolation

This module is intended to interpolate on nonuniform mesh the function defined in tabular
form and to calculate values of interpolation function from arbitrary defined arguments.

4 Interpolation of functions

Interpolation of functions

Function values:

4 | 8 | c | o | & [ F | & [ H J |
L& (-1 ] 5.23 7.8
F [15.3 ] -20.86 248
Interpolation method:

® Lagrange interpolating polynomial
(O Linear interpolation

Calculated function values:

& [ e | e | o [ e | ¢ | & [ #® T v [ 4 ]
% |5
F |190.17985

f

2.2

15,32

o

L2085 |

-5 Bl 0 — 1523 78

»

Figure 1.7
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To define input data, follow these steps:
— In the Interpolation of functions table, define (in arbitrary order) ordinate values and
corresponding function values.
— Define Interpolation method with appropriate option button:
— Linear interpolation - interpolation only within defined values of X;
— Largange polynomial - minor departure of input points from defined range of X.

Lagrange polynomial

)= e (:f—:fu)...(x—,5_1)[:{—:{{._1)...(:{—:{”)
an = ;F{ (:{{. — X )(T; B! Xxs ~ X )(T{ _xn)

— In the Calculated function values table, input values of X for which it is necessary to
calculate function values.
— Click Interpolate.

In the Calculated function values table, under appropriate X values you will see function
values. The function will be sketched on the f(x) graph below.

Advanced calculator ESPRI

The module Advanced Calculator ESPRI presents advanced set of mathematical functions
and options, such as:

— to calculate expressions defined by the user as formulas;

— to convert different units of measurement;

— to compute definite integral for arbitrary defined function within the range from a to b.

The dialog box contains three tabs: Calculator, Convert units of measurement and
Definite integral.
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Figure 1.8 a)

"Calculator  Convert units of measurement |Ddiieﬁeqd|

Select necessary units of measurement
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Figure 1.8 b)
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o]

Angles are measured only in radians

N —

b
If(X]dx: |5*sinfx/2+0.2"cosfe/ 201472
a

a=|2—

T
Ptz i =
@ I Nessage: I

Farameters | Exit | Help |

Figure 1.8 c)

To input expressions in the Calculator program, use appropriate buttons for algebraic and
trigonometric functions or the keyboard. Complete guide on 'How to input formulas and
functions' you will find in the Help system for the program. To calculate the value of
expression, click Calculate.

When you click the Constants or Variables buttons, the dialog box is expanded to display
the Value window with two appropriate tabs.

With the Constants button, it is possible to select a constant from the set and input its
value to the line of expression beginning from the pointer location. To do this, select
appropriate constant and click Apply.

With the Variables button, you could save and apply values for calculation results. To
define value for a variable, you could simply type the value in the appropriate cell or (if it is
result of calculation) copy it with the Copy button and paste into appropriate cell with
SHIFT+INSERT or CTRL+V shortcut keys. To use variable in the line of expression, just
indicate the name of variable.

On the Convert units of measurement tab you can convert different types of
measurement units.

The program enables you to convert measurement units for the following categories:
— Length

— Area

— Volume

— Pressure

— Force and mass

— Moment of force

— Angle
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— Temperature
— Number.

On the Definite integral tab, it is possible to compute definite integral (from function within
the range from a to b) for the expression defined by the user. Instructions for the defined
expression remain the same as for the formulas in Calculator. Any variable from the
Variables dialog box may be considered as integration variable. The rest of variables
(except the selected one) included into expression are considered as constants. To
compute definite integral for the function, click [=] button.

In case of any error, you will see an error message in the lower part of Calculator tab.

In the Parameters dialog box you could select language for the program, define number of
expressions that will be saved in Calculator (the most recent ones that were defined),
define several parameters for calculator itself:

notification area on the taskbar. To start the Calculator module, just double-click this icon.
When you right-click the icon, it is possible to display context menu with options to present
the dialog box with copyright information or to close the program (only Calculator module
will be closed; if ESPRI software is active at the moment, it will remain active);

—to allow multiple document interface. If this check box is selected, you will be able to
start one more copy of the Calculator module and vice versa.
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Sections

With modules of this chapter you could compute stiffness parameters of solid, thin-walled
sections and separate sections considered as single unit.

The chapter contains the following modules:
— Parametric sections;

— Parametric thin-walled sections;

— Separate sections as single unit;

— Moment of inertia in torsion.

# ESPRI. Engineering Assistance Package. R

ESPRI

Engineering Assistance Package

;‘ixg © Parametric Sections

it The module enables you to compute geometric properties of the most widely used sections. The section is defined with minimum number of parameters.
Y Mathematics for

engineer B ic Thin-walled Secti
The module enables you to calculate geometric properties of the most widely used types of thin-walled sections.
l } I Separate Sections as Single Unit
Sections The module enables you to determine location of gravity centre for separate sections that are considered as single unit. In this case, elements of arbitrary plan of building may be applied.

gT {3 Moment of Inertia in Torsion

The module enables you to calculate moments of inertia in free torsion for the most widely used section types.

Static and
dynamic
analyses, stability

BT
Steel structures

i
Reinforced

concrete (RC)
structures

|

;'Russiann Open | Exit

Figure 2.1

Parametric sections

The module enables you to compute geometric properties of the most widely used sections
(22 types). The section is defined with minimum number of parameters.

Input data.

To define input data, follow these steps:

— click the section you would like to compute;

— select measurement units for input and output data;

— define necessary parameters of the section (see schematic presentation);

Page 22 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Sections

— click Calculate (this button becomes available only when parameters that describe
selected section are defined correctly).

E Parametric sections

— Select zection

&

~ Input data
H=[6 cm
Hi= 5  em
He= 10 em
B-[F o
Bl= [ om
B2= [30  em

Unitz of measurement

Input

Dutput

— Section properties

ICITI

"l ICI‘ﬂ

[

Edt | Help

|

1
]

=10] x|

Y=

[s]
=

Zoc=  [28.9458 Cm

Fi = |0.000

F = 7075 i

109287 crnd

lz = |30013.2 crid

iy o= [12.4285 cm

B.A1318 =)

o
L}

139811711

Wiy = |3775.56 crid

Wz = 200055 cm3

Figure 2.2

Output data.

Calculated geometric properties of the section:

Yc, Zc — coordinates of gravity centre in initial axes;
Fi — slope angle of principal axes of inertia;

F — area of section;

Jy, Jz — principal moments of inertia;

iy, iz — radii of inertia;
Wy, Wz — section moduli.

Parametric thin-walled sections

The module enables you to calculate geometric and sectorial stiffness properties of thin-

walled sections.
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B2 Thin-walled section

Input data |
Available templates

|1| C-shaped section
._r'Z-shaped gection

I |section

'{" Cruciform section

Modulus of elasticty  Shear madulus

IEI}EDDD MPa

Mesh step

II}.1 cm

_|-L Omega-shaped section

T T Buitt-up open |l section

I?Eﬂl}[}' MPa
Calculate |

YWalue, cm | Thickness, mm

b1 15 1

h1 a0 1

h2 a0 1

1 ] 1

c2 ] 1

r 3 1

re 3 1

ra 3 1

|3 [ |
4 ™

— —

Figure 2.3

In this dialog box, on the Input data tab, select with the pointer the type of shape, define its
dimensions and thickness according to schematic presentation and define modulus of
elasticity, shear modulus and step for interior division of the section (for calculation).

Click Calculate. In the window below (see Fig. 2.4) you will see the stages of computation

and its statistics.
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x|
Computation
stages
Initializing and preparing the model data for computation
Computing secondary geomeftric properties
Chedking continuity of the model
Creating stiffness matrix

Determining unknown parameters

Mumber of computation elementary primitives 1033 1033
R R e

Computation status

Following objects have initialized successfully: -
nodes: 10; lines: 5;

arcs: 4;

computation elementary primitives: 1038;

Following geometric properties were computed successfully:

Area: 0.001033437 m2;

Slope angle of main axes: 0 rad;

Centre of gravity location: xc = 0,185 m; yc = 0. 1836665 m;

Principal moments of inertia: I 1= 1.7927542-005 m4; IZ71= 1.159363e-005 m<;

Figure 2.4

Click Cancel (see Fig. 2.4). The Thin-walled section window will be displayed
automatically.

Output data.

After computation, you will obtain geometric and sectorial properties for the section.
Diagrams of axes' coordinates, diagram of warping coordinate and stress diagrams (when
forces at the section are defined) are also available. To display the diagrams, in the Thin-
walled section window, in the drop-down list, select appropriate diagram.

To define forces for the thin-walled section, on the Actions menu, click Modify forces

.
(button g on the toolbar).
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Forces

Figure 2.5
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&8 - Thin-walled section _ O] x|
Window Actions View Help

ple sl al S i

|N|:|rma| stress | Step: 0.01 D-IHE;-H | M: 1 . all

Normal stress (MPa)

Extrermums: Max = 514 7T6MPa; Min = -408. 289MFa;

Frimary properties: A= 10.38cm2; Iyv1 = 1792 76cmd; 121 = 1159.37cmd; Jt = 0.03cmd; Jw=108430.67cmE;
Considered forces components: B =-10kMN; My1 = 15kMN m; Mz1 = 0kN m; B = 2kiN m2;

|Fu:uru:e hd |kN [ |Fnr Help, press F1 | |NUM | i

Figure 2.6
To paste the diagrams to report (completely or as a fragment), use the Add current view

to report and Select region and add to report (button : on the toolbar) commands on

the Actions menu.
To preview all output data for analysis of geometric properties, on the Actions menu, click

Show report command (button on the toolbar).

There are also additional tools with enhanced options to visualize objects.

Separate sections as single unit

The module enables you to determine location of rigidity centre for separate sections that
are considered as single unit. In this case, elements of arbitrary plan of building may be
applied.
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Xo " mass centre { gravity centre x '
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[¥ Display axes % arbitrary point at axes Xo and Yo Calculate |
xok [125 Yok [52  |'m Help |

Open Save |

Figure 2.7

Plan of a building (section as a whole unit) consists of elements. Sections of columns
(rectangular, circle and box) and walls (rectangular) are considered as elements of building
plan.

Coordinates of the centre of rigidity (CR) are calculated based on the assumption that all
elements of plan (section as a whole unit) have the same displacement in horizontal plane
and the same rotation angle (linearly dependent on displacement) about vertical axis.

This module enables you to determine forces in elements of section from external loads.
Loads may be applied at centre of mass (CM), at centre of rigidity (CR) and at the point
with arbitrary coordinates.

External loads may be defined in initial or in principal axes. Location of load application
may be also defined either in initial or in principal axes.

External loads Px and Py are considered positive if they coincide with direction of principal
axes Xand Y.

Positive twisting moment MZ caused by external loads is acting anti-clockwise if you look
from the end of the Z-axis.

Forces are not calculated in the section that consists of the single element.
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Input data.

Every defined element is located at the first quarter of initial coordinate system Xo, Yo.
By default, local system of principal axes of inertia Y, Z is assigned to every element.
The serial number is assigned to every element.

In the appropriate boxes, define the following data:

— modulus of elasticity for material of an element E;

— dimensions of rectangular or box sections b and h, that are parallel to principal axes of
inertia in an element Y,Z respectively; for ring section it is outside and inside diameters
respectively;

— web thicknesses for box section b1l and h1;

— distances Xc, Yc from gravity centre of an element to the axes Xo, Yo0;

— slope angle W between principal axes of inertia Z of an element and the Xo-axis.

In the appropriate boxes define external loads, coordinates of the point where they are
applied and direction of load.

To display elements on schematic presentation area, click Redraw.

If the Display axes check box is selected, then for every element you will see location of
its principal axes of inertia Y, Z.

To make calculation, click Calculate.

Output data.

Output data is presented in appropriate boxes as the following values:

— Xom, Yom coordinates of centre of mass (CM) (gravity centre) of a plan in initial axes
Xo, Yo;

— Xor, Yor coordinates of centre of rigidity (CR) in the system of axes Xo, Yo;

— slope angle a of principal axes X, Y of a plan.

Location of rigidity centre on the plan is indicated with the red point.

If the Display axes check box is selected, then location of centre of mass (CM) is
presented as well as principal axes X, Y.

To save the problem to a file, click Save.

All above-mentioned data as well as forces in elements of the section from external loads
and intermediate calculations are presented in the Report.

Below you will se the fragment of the report (table of total forces in elements).
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| Ne || QYi [ Qzi [ QXoi | QYoi |
1 ]j0.0180413 ||5.75392 5.75392 |-0.0180413 |
2 |lo.0818408 |-3.70471 l0.081841 |I-3.70471 |
3 |lo.0801473 ||-1.89681 0.0801474 |-1.89681 \
4 |lo.0021634 ||1.48421 11.48421 |-0.0021634 \
5 ||0.0560477 |-0.463089 0.0560477 |-0.463089 |
6 ]/0.0275237 |25.3616 125.3616 |-0.0275237 |
7 |lo.0981373 ||[109.111 1109.111 |-0.0981373 \
8 ][0.0261699 |l43.5522 143.5522 |-0.0261699 \
9 ]jo.0728911 13.7872 113.7872 |-0.0728911 |
110 ][0.333969 |-93.503 0.333973 |I-93.503 |
11 ||0.198507 |l0.0692695 0.189347 |-0.091385 \
12 |jo.16148 |0.162715 l0.208131 |-0.0960898 |
= | | 200 |-100 |

Notation system accepted for the report:

b — dimension of the i-the element along its own Y-axis;

h — dimension of the i-th element along its own Z-axis;

Xc, Yc — coordinates of the gravity centre of the i-th element in initial axes Xo, Yo;
F — area of the i-th element.

Xom, Yom — coordinates of gravity centre of a plan in initial axes Xo, Yo.

Jy — moment of inertia of the i-th element relative to its own principal Y-axis;

Jz— moment of inertia of the i-th element relative to its own principal Z-axis.

Y — angle between axes Z and Xo for the i-th element; measured anti-clockwise from the
Xo-axis to the Z-axis.

Axes U, V — central (not principal) axes that are parallel to the axes Xo, Yo respectively.

Ui = Xoi— Xom; Vi= Yoi — Yom — coordinates of gravity centre of the i-th element in U, V
axes .

Jui — moment of inertia of the i-th element relative to the U-axis;
Jvi — moment of inertia of the i-th element relative to the V-axis;
Juvi — product of inertia of the i-th element in axes U, V.

ui, vi — coordinates of gravity centre of the i-th element in axes U, V.

Ju =Z(Jui + Fi*vi2);

Jv = Z(Jvi+ Fi*ui2);

Juv = Z(Juvi + Fi * ui *vi).

Ju — total moment of inertia relative to the U-axis;
Jv — total moment of inertia relative to the Vaxis;
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Juv — total product of inertia in axes U, V.

K1 = (Ju + Jv)/2;

Kz = (Ju - Jv)/2;

Ks =V( K22 + Juv?).
Jx =Jmax = K; + Kgs;
Jy =Jmin=Kj - Ks.

Jx, Jy — principal moments of inertia of a plan.

a = arctg((Juv / (Jmin— Ju)) .
a — rotation angle of principal central axes X, Y of a plan; measured anti-clockwise from the
Xo-axis to the X-axis (angle between axes Xo and X).

Ai — moment of inertia of the i-th element relative to the principal X-axis;
Bi — moment of inertia of the i-th element relative to the principal Y-axis;
Di — product of inertia of the i-th element in principal axes.

Numerical parameters:

A=YAi; B=YBi; D=73Di

Ay = > (Ai *Yi); Bx=>(Bi* Xi); Dx= > (Di* Xi); Dy= > (Di* Yi);
E=A*B-D% E;=Dy-Bx; E,=Dx-—Ay.

Coordinates of rigidity centre (CR) in principal axes X, Y:

Xr = — (E{*A+E,*D)/E;
Yr =— (Ex*B+E.*D)/E.

Coordinates of rigidity centre (CR) in initial axes Xo, Yo:

Xor = Xom + Xr * cos(a) — Yr * sin(a);
Yor = Yom + Xr* sin(a) + Yr* cos(a).

Algorithm for calculation of forces in elements

1. Calculation of displacements and forces in elements of a plan from external loads Px
and Py applied at the centre of mass (CM) along the direction (positive) of principal axes X
and Y.

Displacements in principal axes:
AX=(-Px*B+Py*D)/E;
AY=( Px*D -Py*A)/E.

Displacements in initial axes:
AXo = AX * cos(a) - AY * sin(a);
AYo= AX * sin(a) + AY * cos(a).
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Let's define: Si, Ci — sin(yi-a) and cos(yi-a) respectively.
Displacements in local axes of the i—th element:

AYi= AX* Si- AY * Cij;

AZi = AX* Ci+ AY * Si.

Forces in local axes of the i—th element:

Qyi(P) = Jzi* AYi;

Qzi(P) = Jyi* AZi.

Positive moment MZ acts anti-clockwise.
Moment MZ = MZx +MZy , where MZx = Px * bn MZy= —Py * a.

More notations:

Xi=Xi—a; y=Yi—-b.

Asg=Z(Ai*Vi®); Bg=2(Bi*x?; Dpg=2Z(Di*xi*v;

Jt = Ag — 2*Dg + Bg; B=Mz/Jt;

Displacements of the i—th element in local axes caused by moment MZ:

AYi (M) =B* (xi * Ci +y; * Si);
AZi (M) = B* (-xi * Si +yi * Ci).

Forces in local axes of the i—th element from moment MZ:

Qyi(M) = Jzi * AYi (M);
Qzi(M) = Jyi * AZi (M).

Total forces in local axes of the i—th element:

QYi = QYi(P) + QYi(MZ);
QZi = QZi(P) + QZi(MZ).

Forces in the i—th element in initial axes Xo, Yo:

QXoi = QYi * sin(Wi) + QZi * cos(Wi);
QYoi = -QYi * cos(Wi) + QZi * sin(Wi).

2. If external loads Pxo and Pyo applied at the centre of mass (CM) are oriented relative to
initial axes Xo and Yo, then they are transformed into loads Px and Py (relative to the
principal axes):

Px = Pxo * cos(a) + Pyo * sin(a);
Py = —Pxo * sin(a) + Pyo * cos(a).
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Moment MZ = MZx +MZy , where MZx = Px * b and MZy= —Py * a.

If external loads Pxo and Pyo applied at the centre of rigidity (CR) are oriented relative to
initial axes Xo and Yo, then they are transformed into loads Px and Py (relative to the
principal axes):

Px= Pxo * cos(a) + Pyo* sin(a);
Py=—Pxo* sin(a) + Pyo* cos(a).

In this case, there is no moment (MZ=0).

3. If external loads Pxk and Pyk are applied at arbitrary point K of a plan and oriented
relative to the principal axes X and Y, then the moment will appear.

In this case, external moment MZ may be calculated by formula:

MZ = — Px*(Yk = Yr) + Py*(Xk — Xr).

4. If external loads Pxok and Pyok are applied at arbitrary point K with coordinates Xok,
Yok in initial axes Xo and Yo, then coordinates of point K should be recalculated into
principal axes X and Y, while loads are transformed into loads Px and Py (relative to
principal axes):

Xk = (Xok — Xom) * cos(a) + (Yok —=Yom) * sin(a);

Yk = — (Xok — Xom) * sin(a) + (Yok —=Yom) * cos(a).

Px= Pxok* cos(a) + Pyok* sin(a);

Py= —Pxok * sin(a) + Pyok * cos(a).

In this case, external moment MZ may be calculated by formula:

MZ = — Px*(Yk = Yr) + Py*(Xk — Xr).

Forces are considered positive if they coincide with direction of appropriate axes.

Moment of inertia in torsion

The module enables you to calculate moments of inertia in free torsion for the most widely
used section types. The calculation is made according to formulas from [1, 2]. Section
moduli are also calculated for several types of sections.

Realized types of sections are presented in the table below.
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No.| Shape of section No. | Shape of section No. | Shape of section
1 [Circle 8 ISector 15 Box
b
¥
2r ) |t 4—+t —+|t|«~ b
r +h :
*
‘(/ L_. a _.]
2 [Ellipse 9 Rectangular bar 16 Thin-walled open ring of
— uniform thickness
2b
2a
with 2 or 4 parallel cuts
3 [Square 10 Ring 17 Arbitrary convex open
I'y section of uniform
i thick;ess
2a =3
/
4 |Rectangle 11 Off-centre ring 18 Trapezium
e S - 7
2b d D b2 b1
o H- | 3 4
l— 2a - b—h —
5 [Equilateral triangle 12 Hollow ellipse 19 T-section
f—a—
" b
I ¢
IR £
— d h—
6 |lsosceles triangle 13 IThin-walled hollow ellipse 20 Angle section
¢ 2 F
N b 7 D
R ‘| ) 2b
| a | l ™ AR
2a —*
bxd
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7 Segment

D

Ve AN

of uniform thickness

14 Arbitrary convex hollow section

21 I-section
=¥
“D* 71_3
r
2o Lol w2
b
.‘_a_,{T

Input data.

Define necessary dimensions for the section in appropriate boxes and click Calculate.

% Moment of inertia in torsion

-0 x|
BN — A
- a-40.07+0.076%) i
bd D=2[d+b+3r-v22r+b)(2r+d)]
b < 2(d+1)
21 !
] _ Ji=2K1+K2+2aD
::gecmlldlzg: Kl_abS[I 0 21b(1 b N
t1=becm: b)::l; 3 . " 12a4
t1=decme d>b; K2=l(:d3
" 3
L =t 0.15+0.10
- @=1(0-15+0-10y)
+ b :ird+did
I"'_ a—»—_‘r (21'+b) J
‘I  wil
a 24 cm g IW ' IW h
o ) o pEm
c 10 cm
d |4 em
2
r o Bt Help
Figure 2.8

Output data.

In the appropriate boxes you will see calculated moments of inertia in torsion Jt, section
moduli Wt and some additional parameters.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com

Page 35 of 403


http://www.liraland.com/

Manual on ESPRI 2020

] Moment of inertia in torsion =1
=
9 Wi=r3/B
. Fortwo flat sides where For two flat sides where J
0= h/ir=0.6
2
C=0-7854-0-4053(hfr)-2-5 810(/1)+ B =0.6366+2.5303(IV1)-11.157(/r)-+49. 568 (/1)
5.2708(1)-2.0772(r)* 85.886 (l'1)+69.849(lvr)°
Far four flat sides where For four fiat sides where
0= h'r<=0.203 0=h/r=0.293
b=r-w C =0.7854-0.7(Wr)-7.7982(Wr) +14.578(r)  B=0.6366+2.6298 (Wr)-5.6147(Wr}+30.856(W)’
10 |
| |
ro e cm 0.350794 |459?92
(5 : Jt : cméd
w 12 cm
E I'I 42526 |2373.87
number of direct sides in contour b em3
hir |D-25
Ext Hep |
Figure 2.9
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Static/Dynamic analysis, stability

Static and dynamic analyses, stability

This chapter contains modules for analysis of the most frequent problems in statics,
dynamics and stability of structures.

Continuous beam

Influence lines in continuous beam

Truss

Parametric plane frame

Arbitrary plane frame

Rectanqgular slab on elastic foundation

Rectanqgular slab

Wall-beam

Shell on rectanqular plan

Shell on circular plan

Mode shapes and frequencies of natural vibrations in cantilever
Stability factors and buckling modes in cantilever

Mode shapes and frequencies of natural vibrations in continuous beam
Cable and string

i ESPRI. Engineering Assistance Package. B

ESPRI

Engineering Assistance Package

;‘ixg /= Continuous Beam
i1 The module enables you to carry out static analysis of multispan continuous beam (up to five spans with two cantilevers).
Mathematics for ‘
engineer = Influence Lines in Continuous Beam

The module enables you to generate influence lines from moving loads in multispan continuous beam (up to five spans with two cantilevers).

* Truss
The module enables you to determine nodal displacements and forces in elements of plane trusses of various shapes that are most widely used in practice.

Parametric Plane Frame
Module for static analysis of plane frames of various shapes that are most widely used in practice.
Siaiic and > i Arbitrary Plane Frame

dynamic
analyses, stability Module for static analysis of plane frames and trusses of various shapes.

. Rectangular Slab on Elastic Foundation
Module for static analysis of rectangular slabs with an opening on elastic foundation.

Rectangular Slab
The module enables you to carry out static analysis of rectangular slabs with opening.

-~ (& Wall-beam

Reinforced Module for static analysis of wall-beams with an opening.
concrete (RC)
structures Shell on Rectangular Plan

Module for static analysis of shells on rectangular plan

Shell on Circular Plan
Module for static analysis of shells with option to define different types of loads and methods of support along circle contour.

Russian. Open | Exit

Figure 3.1
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Continuous beam

The module enables you to carry out static analysis of multispan continuous beam (up to
five spans with two cantilevers).

Input data.
Static analysis of continuous beam -0 x|
27 Input data | % Output data |
r— Parameters
: Flexural Weight
MNumber of spans: |ﬂ "l stiffness per Trm.
I Lefcantiever [00 m o0 m2 [00 tm ]
1t span |6.5 m [1e3 tm2  [0.3 t/m \|/
2nd span |72 m [100C tm2 [0 t/m ¥
3rd span Joo m 0.0 tm2  [0.C t/m
4th span Jo. m |00 tm2 0.0 t/m Q Q
bith span I:.C m I tm2 I:.C L/m Li1)= L(2)= L(5)=
W Right cartiever [18  m |10 m2 03 tm e r2om eom
1 2 3
— Options — Loads
Units of measurement: It -] Cumertspan:  [2 <] Load case MNo. |1_j
. _L L alzulate
¥ Uriform beam —1 [Load TYDE—‘ P l l ,l, Name ILoad case 1
~ Supports o 9T @ = "[ &| - Delete load
Type SC.'JJ;:;E‘; m P - I4— Uim I L of load case | from span | cUErt |
Stiffriess ———— ﬁl P1= IC i L/m ¥ Account of dead weight in load case
far translation 5 = I: 0 - Table of specified loads for the cumrent load case
- [1000 B dh S Load type | Span | P | P1 | a | b |
n ) B rTlirapez. load 1 0 4 65
for rotation Edit load Ly -
== : ) concentr.load 6 1 0 18 0
| Fo = ad | et || | mdebesd 2 4 0 0 0
Cpen Save | Bxit | Help |
Figure 3.2

— Select number of spans in the appropriate list box and, if necessary, define left and right
cantilever (to do this, just select appropriate check boxes).

— Select measurement units for load and stiffness - t or kN.

— Define length of span (cantilever) in m and flexural stiffness (if all spans and cantilevers
have the same flexural stiffness, select the Uniform beam check box).

— Select the support for which it is necessary to apply boundary conditions. You could
select the support in the Current support list box or by clicking directly on schematic
presentation.

— Select the type of boundary condition with the Type buttons (the type will be displayed
on schematic presentation) and, if required, in the Stiffness area, define the stiffness
values for translation and rotation.

— Select number for the current load case (up to 3 load cases).
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— Select spans where the load should be applied to. You could select the span in the
Current span list box or by clicking directly on schematic presentation (it will be displayed
there).

— Define the type of load with one of the 4 buttons, then define the load type (force or
moment).

— Input load value (P, P1), distance to the beginning/end of the load (a, b) (if required) and
click Add.

— To modify parameters of load, select certain load with the pointer in the table of specified
loads, modify necessary parameters and click Edit.

— To delete load, select certain load with the pointer in the table of specified loads. In the
Delete load area, click current. To delete all loads from the current span, click from span.
— To add dead weight to the current load case, select the Account of dead weight in
load case check box.

— When you define input data, click Calculate.

— If required, it is possible to save the problem.

Output data.

Static analysis of continuous beam -0 x|

o7 Inputdata = Output data |

 Values

R

Current coordinate:
Li1)= -@- L(2)= -?- LiB)=

B.50m 5 7.20m : 1.80m x = ID m

457193 + Deflection:
T ID— mm

ol 0 1000 rad

-20.272 - Bending moment:
left Iﬂ
=
17.2916 +

Shear force:

] m\ - I—Iﬂ
sasois | S| U] opot___|

Figure 3.3

On the Output data tab you will see the diagrams of displacements, rotation angles,
bending moments and shear forces. To find out ordinates of diagrams at any point of
beam, drag the pointer across the diagram and view the ordinate at appropriate box.
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Colour of the diagram corresponds to the colour of diagram name at the right part of the
dialog box.

To present a report document in HTML format, click Report.

Truss

This module enables you to determine nodal displacements and forces in elements of
plane trusses of various shapes that are most widely used in practice.

Input data.
B2 Analysis of truss oy ] 3
Input data |
Define fruss " —S.elect Display —Lcad.s
objects numbers Specified loads at nodes
| Mode .| loadNo. | loadt | Angle.® |
o 5
o
— Supports
Type Stiffness — | E
& R¥ = I t/m
— Edit load
_& RZ= | t/m « o
| + _ - =
§ Calculate || ./]52;=t P= I e I
_ Delete | ad | Edt | Deete |
Ba | Hep |
Figure 3.4
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x|

ANy

A
e

L

B

Cancel

Help |

Figure 3.5

Parameters of truss x|

e

ok |
Cancel |
K. - number of bays [even] Help |

Figure 3.6

To define input data, follow these steps:
— Click the Define truss button.

In the Define truss dialog box, select the truss by shape of the chord. To do this, press the
button with the corresponding icon:
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In the Parameters of truss dialog box, select the web of truss. Then define appropriate
parameters (see the Tip at the bottom of the dialog box). To check whether parameters are
defined correctly, click Preview. Then click OK.

o

— In the Select objects area, click the Nodes button 4| and select necessary nodes
with the pointer on schematic presentation. In the Supports area, define boundary
conditions (just click appropriate icon). If required, define stiffness of restraints.

— To delete restraints at any node, select this node with a pointer and click the Delete
button in the Supports area.
— To display numbers of nodes and elements on schematic presentation, in the Display

L 13 |
i o —
numbers area, click Nodes 4| or Elements )

— To define load at node, select appropriate node with the pointer, then in the Edit load
area, define the load value (P) and angle of load application (a). Click Add.

— To modify or delete nodal load, click appropriate load in the Specified loads at nodes
table. Modify values of (P) and (a), click Edit or click Delete.

— To assign stiffness to elements, in the Select objects area, click Elements
Select appropriate elements either on schematic presentation or in the table of elements
define EA value and click Apply.

— Click Calculate.

Output data.

On the Output data tab you will see deformed shape, tables of forces in bars and nodal
displacements. When you select node or element on schematic presentation, the row that
corresponds to this node or element in appropriate table will be selected in the list.

To present a report document in HTML format, click Report.
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B2 Analysis of truss -0 x|
Output data |
i ;1 09 1 T10
1 ? 25
1 1
— Intemal forces in elements —Select Display — Displacement of nodes
Hlement No. | Awial force, t - ohjects numbers Node No. | dX,mm | dZ, mm e

18 -58.853882 -b8. 782612

o C}S 17 -bh. 375622 -729.348816
16 159.158541 -1267.335538
15 112326241 -1613.585722

_— E 14 211.705124 -1735 465820

sy 13 311.084015 -1612 589844
12 404 251709 -1265.335938
) ih 478785828 -726.348816
Displacement scale 10 522264099  -54.782612
0.000517 9 472 360229 -4 000000

8 422 360229 -681.414001 o
7 378.8815989 -1233.096802
[ 304 347809 -1553 046265
5 211 180115 -1725.770264 E

Figure 3.7

Parametric plane frame

The module enables you to carry out static analysis of plane frames of various shapes that

are most widely used in practice.

Input data.
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iZ Analysis of parametric frame - 0] x|

Input data |

— Information about supports
Suppart type Stiffness

gﬁ_§|}c’ < = [ um - 2 T3

[rirnry
Jm e §|E RUY = I tm
ﬁ Delete support |

1 3
r Information about loads
Mode No. | Load ... | Load, t | Angle.* | Moment, tm |
1 2 10 50 0
[~ Moment Load — Display numbers ————— [~ Select ohjects ———————————
= o | |
D/ || P= I E a= I : |:|5 | 13 = A
P
Edt | Deete |
Define frame Il Calculate II
Ba | Hep |

Figure 3.8
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— Schematic presentation

=1 Portal frame

L1 with pinned supparts r a |
[ T] with fived-end suppoarts
el L with columng of ditferent cross
e[ 7] with pinted beam
ol with columng of different crozs t:'*I
L1 from two L-frames connected ¢
wee[7], from bwo L-frames with pinned
02 from two L-frames with tie bear
B L-frame

o L% ith pinned supparts

o [* iwith fiwed-end suppaort at the b
= Acframe

%
1
L B it tie beam bl = |5— o
E

=R Two-storey frame

[ with fixed-end supports b =
=T Twa-zpan frame

------ [17 from L-frames with pinned corn
L0 From Lframes with pinted sLpf
-ty Three-span frame

b, dh partal frame and twa L-frames

Cancel

dl;

1] | | Help
Figure 3.9

To define input data, follow these steps:

— Click the Define frame button. In the Define frame dialog box, select necessary frame
from the list of main types of parametric frames. Define geometric properties of selected
frame and then click OK.

o
— In the Select objects area, click the Nodes button and select necessary nodes

with the pointer on schematic presentation. In the Information about supports area,
define boundary conditions (just click appropriate icon). If required, define stiffness of
restraints.

— To delete restraints at any node, select this node with a pointer and click the Delete
support button in the Information about supports area.
— To display numbers of nodes and elements on schematic presentation, in the Display

h 13 |
numbers area, click Nodes AI or Elements )

— To define load at node, select appropriate node with the pointer, then in the Load area,
define the load value (P) and angle of load application (a). Click Add.

— To modify or delete nodal load, click appropriate load in the table with specified loads at
nodes. Modify values of (P) and (a), click Edit or click Delete.
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— To define load on element, in the Select objects area, click the Elements button 4|
and select necessary elements either with the pointer on schematic presentation or in the
Information about stiffness table. Then select appropriate type of load (just click
appropriate icon), in another dialog box define parameters of load and click OK.

— Ifitis required to define additional hinges in bars of frames, select appropriate element
and click Define hinges button &=——==1. In the Define hinges dialog box, select define
where to place hinges and click OK.

— To assign stiffness to elements, in the Select objects area, click Elements
Select appropriate elements either on schematic presentation or in the Information about
stiffness table. In the Stiffness area, define axial and flexural stiffness values (EA and El),
then click Apply.

— Click Calculate.

Output data.

On the Output data tab you will see deformed shape, tables of forces in bars and nodal
displacements. When you select node or element on schematic presentation, the row that
corresponds to this node or element in appropriate table will be selected in the list.

To display force diagrams in elements, click appropriate buttons. If required, it is also
possible to display applied loads together with diagrams.

Page 46 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Static/Dynamic analysis, stability

iZ Analysis of parametric frame - 0] x|
Output data |
— Displacement of nodes

Node No. | d¥mm | dZmm | duv,10007=d |

1 0 0 17.4282 o

2 75.812 20 10,6308 [ 5 T3

3 66638 20 9.53589

4 0 0 15,2384

1 3
r Intemal forces in elements

Flement Mo | Node Mt Q M tm ||
N
2 | N
P ] 1 4
EN | |
: o 1]
ENE : || _ .
I N = | Display numbers ———— - Select objects
I L 1]
I L 1] 0 | 13 - E.
I ]

i I I | J]]]]ﬂ]m"] | | Displacemert scale IE'-DHETIE Input data II

Ba | Hep |

Figure 3.10

To present a report document in HTML format, click Report.

Arbitrary plane frame
Arbitrary plane frame

This module enables you to carry out static analysis of plane frames and trusses of various
shapes.

Model of the frame is located in the XOZ-plane. X-axis is horizontal while Z-axis is vertical.
Y-axis is directed out of the plane and generates the right Cartesian coordinate system with
the X and Z-axes. Let us refer this coordinate system as global or principal one.

Every node of the frame has three degrees of freedom (DOF) — two translations (X, Z) and
rotation (UY).

Nodal loads — forces and moments are directed relative to the global coordinate system.
Force is considered to be positive if it is directed opposite appropriate axis. Moment is
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considered to be positive if it is directed clockwise when you look from the end of
appropriate axis.

Initial translation is considered to be positive if it acts along direction of appropriate axis.

Initial rotation is considered to be positive if it is directed anti-clockwise when you look from
the end of appropriate axis.

Restraints imposed at support nodes are directed relative to the global coordinate system.

Local coordinate system of every bar is also right Cartesian coordinate system. X1-axis is
longitudinal axis of the bar; it passes from the beginning of the bar up to its end through the
gravity centre of the section. As a rule, node of the model with the smaller number is
considered as beginning of the bar while node of the model with the greater number is
considered as the end of the bar.

Y1-axis and Z1-axis — principal central axes that also pass through the gravity centre.
Local axes are generated according to the rules below.

For vertical bars:

— if the X1-axis is directed upward, then the Y1-axis is horizontal and directed out of the
plane at us and the Z1-axis is directed left-to-right;

— if the X1-axis is directed downward, then the Y1-axis is horizontal and directed out of the
plane at us and Z1-axis is directed right-to-left.

For arbitrary oriented bars:

— the Z1-axis is always directed to the upper half-space;

— if the X1-axis is directed left-to-right, then the Y1-axis is horizontal and directed out of
the plane from us;

— if the X1-axis is directed right-to-left, then the Y1-axis is horizontal and directed out of
the plane at us.

Local load is oriented relative to local coordinate axes. Sign convention for the local load is
similar to the sign convention for the nodal load.

The work with the program will be illustrated at example of two-storey frame with two
spans.
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3.000

4,000

G.000 2.000

Figure 3.11

Step 1. Generate model geometry

Step 2. Define boundary conditions (restraints) and hinges

Step 3. Define cross-sections for bars

Step 4. Define loads on design model

Options to edit and visualize the model

Output data

Sign conventions for displacements and forces

Step 1. Generate model geometry

4+

To start, on the MODEL menu, click Grid (button *** on the toolbar). In the Grid
generation dialog box, define steps along axis 1 (horizontal axis) 6 and 3 metres and
steps along axis 2 (vertical axis) 4 and 3 metres. Number of steps for all cases define as
equal to 1.
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Grid generation x|

Step along axis 1 -ty Step along axiz 2 -ty

! 3] | ¥ ‘

tdd | Delete | Add Delete |

| 6.000000 | 1 | 4.000000 | 1

1 & 2 ¢

Apply Cancel |

Figure 3.12

Click Apply. Nodes of the grid will be displayed on the screen. They are denoted with grey
cross symbols.

To define bars, on the MODEL menu, click Bars (button M on the toolbar) and connect
nodes of the grid.

When you define bars, the mouse buttons work in the following way.

Left mouse button: the first click — to select the first node, the second click — to select the
second node. Right mouse button: to unselect the first node.

When model geometry is generated, click the Bars button . once again in order to make
this command (mode) not active.

Step 2. Define boundary conditions (restraints) and hinges

To define the type of restraint, on the MODEL menu, point to Add restraint and click
appropriate command from the list or click necessary button on the toolbar.

Restraints toolbar ]
Lo Bk ALK
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Define the nodes where the restraint should be imposed on.

In this example, select Restrain all option (button on the toolbar) and define three

bottom nodes.

Then click this button once again in order to make this command (mode) not active.

To define hinges

connections between bars and nodes), on the MODEL menu, click Add

hinge (button E

on the toolbar). Then click appropriate end of the bar. If there are hinges

at both ends of the bar, place the pointer (and click) at the middle of the bar.

The hinges will be marked with yellow circle on the screen.

Click Add hinge button once again in order to make this command not active.

Step 3. Define

cross-sections for bars

To define sections for bars, on the MODEL menu, point to Section and click Select
section (button BE on the toolbar).

In the Cross-section dialog box, click Add.

In the Cross-section type dialog box, select Rectangular bar option and define
necessary properties: rectangular bar with dimensions 40x40cm, modulus of elasticity

3000000 t/m? and

material density 2.75t/m>. Click Apply. Other types of sections are

defined in the same way.

Cross-section type x| Rectangular bar x|
I 000000 .
[ ]| Rectangular % Charinel E tf/m™2 71
| bar
40
B I Cm
i [ R =T el
W T-zechion @ Ring gl I 2.73 b ™3 2 b
_— | [top] | g
% |-zection % Beam
[— _— | Apply |
_ Cancel 40.00
EF=] Murnerical
er [+8000000¢
Bl IE4EIEI.EIEIDEI[ o
a) b)

Figure 3.13
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In the Cross-section dialog box, select the section and click Set as current. Then click
Apply.

To assign current section to bars of design model, follow one of these methods:

1) on the EDIT menu, click Select bars (button ™ on the toolbar).
Select necessary bars with the pointer.

Then on the MODEL menu, point to Section and click Assign section (button £ onthe
toolbar).

On the MODEL menu, point to Section and click Apply to selected bars (button ™ on
the toolbar);

2) On the MODEL menu, point to Section and click Assign section (button “= on the
toolbar).
Select necessary bars and assign the section to them.

Click Assign section button *= once again in order to make this command not active.

Note. The first method is helpful when you define section to large number of bars.
Otherwise, when you define sections to separate bars, use the second method.

Step 4. Define loads on design model

Let us define two load cases: the first one is the dead weight and the second one is the
load on nodes and bars of design model.

Dead weight may be defined if material density was specified for all sections or unit weight
(if the section has numerical description). To define dead weight, on the MODEL menu,
point to Load case and click Add dead weight. If material density or unit weight were not
defined, then you will see appropriate message and dead weight is not added.

Load for the first load case is presented in the figure below.
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340 0.490
W
1Ry 1Ry 0.0

.40 0.0 .40
Figure 3.14

To define the second (and the following) load cases, on the MODEL menu, point to Load
case and click Current load case (button ™ on the toolbar).

Specify number of the load case in the Current load case dialog box.

To define nodal loads, on the MODEL menu, point to Load case and click Define at node
(button “= on the toolbar).

In the Load at nodes dialog box, define horizontal force P = — 10 tf and click Apply.

On the MODEL menu, point to Load case and click Apply load (button %% on the toolbar).
Then specify the node where the load should be applied to (in this example, it is the upper
left node).

In the Load at nodes dialog box, buttons with green arrows correspond to force relative to
appropriate axis in the global coordinate system while buttons with yellow arrows - to
cinematic load (initial translation of nodes). Initial translations may be defined only to nodes
where there are no supports.
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To define local loads on bars, on the MODEL menu, point to Load case and click Define
on bar (button = on the toolbar).

In the Load on bars dialog box, specify uniformly distributed load (5 tf/m) on inclined bar
along the whole length of bar in local coordinate system along the Z-axis.

It is possible to define the following types of load:

1) Concentrated load in span in global or local coordinate system along the X-axis or Z-
axis;

x|

= | P

| Apply I Cancel

Figure 3.15

2) Concentrated moment in span;

3) Uniformly distributed load in span in global or local coordinate system along the X-axis
or Z-axis;

4) Trapezoidal distributed load in span in global or local coordinate system along the X-axis
or Z-axis;

5) Uniform heating along the local X-axis of the bar;

6) Non-uniform heating of the upper and lower fibre of the bar.
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Figure 3.16

When the load is specified, click Apply.
On the MODEL menu, point to Load case and click Apply load (button %% on the toolbar).

Design model for the second load case is presented in the figure below.

5.000
B (Rululu} 3‘ *
=
=
=
L]
5.000
2
=
=
=
-t
T T Tr
G5.000 2.000
Figure 3.17

To start calculation, on the MODEL menu, point to Calculation and click Analyse problem
(button on the toolbar).

When you see the message 'Calculation is complete’, you could evaluate analysis results.
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Options to edit and visualize the model

Options to edit the model

Principal commands (modes) to edit the model are presented on the EDIT menu.

Undo
Select nodes

ElSelect bars
<] Delete nodes

< Delete bars

Remove restraint
DeIete hinge

% Delete load (MODEL menu / Load case)

Options to visualize the model

All commands to visualize the model are presented on the VISUALIZE menu. With the help
of these commends you could show or hide the following data:

Numbers of nodes
Numbers of bars
@Dimensions of the specified grid
Restraints

Hinges

Loads

Load values

Tools
ElLength between two nodes
Angle by three nodes .

Information about bar
Information about node

@Zoom - to enlarge the model fragment
Fit in window - to display all objects on the screen
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Output data

Define the number of the load case that you would like to evaluate (button ™ on the
toolbar).

To display the output data, on the MODEL menu, point to Calculation and click one of the
following commands to display appropriate data on the screen:

- Deformed shape;
- El Axial force diagram N;
- Shear force diagram Qz ;

- El Moment diagram My .
To display numerical values of nodal displacements and forces in bars, on the MODEL

menu, point to Calculation / Tables and click Nodal displacements or Internal
forces at bar ends :

Displacements/Load case 2 £3|W Forces/Load case 2 x|
File File
Node.. | % [mm] | Z (mm) |__Uypadeioog | ElementNo. | Section | M K] | Mytem | 2z |
9 -3.31636 0.00755124 0.090772 ] 1 808329 1.51205 -0.681633
mn 341715 111866 0.590335 9 2 806329 257778 -0.681633
Ikl -3.37513 -0.0604073 -1.20252 10 1 -1.29823 -7.41465 11.8413
12 i} I} a 10 2 -1.29823 -21763 -9.35871
13 i} i} 1] 11 1 -7.24887 0404172 1.1641
14 -3,29009 0.00329099 0562208 1 2 724857 4 25224 11641
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Figure 3.18

To save calculation results to a certain file, in the Nodal displacements (Forces) window,
on the FILE menu, click Save.
To display information about certain bar (such as forces, diagrams of axial and shear

forces, moments and displacements), click the Information about bar button.

To display information about certain node (such as nodal displacements), click the
Information about node button.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 57 of 403


http://www.liraland.com/

Manual on ESPRI 2020

Sign conventions for displacements and forces

Sign convention for displacements

Linear translations (X, Z) are considered positive if they are directed left-to right or upward
along appropriate axes.

Rotation (UY) is considered positive if it rotates clockwise when you look at the screen.

Sign convention for forces

Axial forces (N) is considered positive if the bar is in tension.

Sign convention for other forces relates to the bar section that belongs to its end:

— positive bending moment (My) rotates anti-clockwise when you look from the end of the
Y1-axis;

— positive shear force (Qz) acts along the Z1-axis.

Rectangular slab on elastic foundation

This module enables you to carry out static analysis of rectangular slab on elastic
foundation. There may be one rectangular opening or a cutout in a slab.

Input data.
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= Static analysis of rectangular slab on elastic foundation x|
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Figure 3.19
Slab

In the appropriate boxes define the following values:

— dimensions of slab — length, width, thickness;

— stiffness parameters — modulus of elasticity and Poisson's ratio;

— parameters of opening — length of opening, width of opening and distances from the
opening to the nearest left corner of the slab. If there is no opening, you could define its
dimensions as equal to zero.

Parameters of elastic foundation

In the appropriate boxes define moduli of subgrade reaction (also called subgrade
modulus):

— C1 — subgrade modulus in compression;

— C2 — subgrade modulus in shear.
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Loads

It is possible to define vertical concentrated and uniformly distributed loads. Uniformly
distributed loads may be distributed across the whole slab, across arbitrary rectangular
area or along the line on a slab.

— In the Loads area, select certain type of load from the four available types (just click
appropriate icon), define necessary parameters — load value and other parameters
depending on the load type and then click Add;

— To modify parameters of load, in the Table of defined loads select the row for
appropriate load, input new parameters and click Edit;

— To delete load, in the Table of defined loads select the row for appropriate load, under
Delete loads click Current. To delete all loads, click All.

Boundary conditions

Define line segments with certain types of boundary conditions on one side of a slab or on
several sides of a slab, that is, restraints should be imposed. The following types of
restraints are allowed:

— Z — linear restraint along the axis that is orthogonal to the slab surface;

— Ux — restraint against rotation about the axis that is parallel to the slab length;

— Uy — restraint against rotation about the axis that is parallel to the slab width.

— In the Restraints area, in the drop-down list, define the side of the slab where boundary
conditions should be applied.

— With an option button, define direction along which displacements should not be allowed.
In the From and To boxes, define distances to restraints, then click Add. If the values in
the From and To boxes coincide, restraint is supposed at this point.

— To modify distances to restraint, select appropriate row in the Table of restraints on the
current side table, define new parameters and click Edit.

— To remove restraints, in the Table of restraints on the current side table, select
appropriate row and click Current. To remove all restraints on the current side of a slab,
click On side.

When all input data is defined, click Calculate.

Output data.
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Figure 3.20

Calculation is made by finite element method in displacements. When calculation
procedure is complete, the Output data tab will be displayed in the dialog box. The
following data is calculated:

— vertical displacements W and rotation angles Ux , Uy ;

— bending moments Mx, My n Mxy;

— shear forces Qx, Qy;

— reaction of foundation Rz.

This data is presented as contour plots, the values are presented in the table.
— To generate and view certain results, just click appropriate button. All images presented

on the screen are automatically placed to the report. When you move the pointer across
the contour plot on the image, at the bottom of the dialog box you will see information
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about location of the pointer and the value of appropriate contour plot. When you click at
any point on the contour plot image, the value of this contour plot will be added to the table.

— Displacements and Stresses tables for all elements of the model are presented after
calculation. To delete all rows in the table, click Clear button above the table. Then you
could input values of contour plots at certain points (with the help of the pointer), it will
reduce the report. It is possible to vary measurement units for moments and reaction of
foundation.

— To delete one row from the table, select the row with the pointer and click Delete button
above the table.

To generate the report file in HTML format, click Report.

Rectangular slab

This module enables you to carry out static analysis of rectangular roof slabs and floor
slabs. There may be one rectangular opening or a cutout in a slab.

Input data.
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Figure 3.21

Slab

In the appropriate boxes define the following values:

— dimensions of slab — length, width, thickness;

— stiffness parameters — modulus of elasticity and Poisson's ratio;

— parameters of opening — length of opening, width of opening and distances from the
opening to the nearest left corner of the slab. If there is no opening, you could define its
dimensions as equal to zero.

Loads
It is possible to define vertical concentrated and uniformly distributed loads. Uniformly

distributed loads may be distributed across the whole slab, across arbitrary rectangular
area or along the line on a slab.
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— In the Loads area, select certain type of load from the four available types (just click
appropriate icon), define necessary parameters — load value and other parameters
depending on the load type and then click Add;

— To modify parameters of load, in the Table of defined loads select the row for
appropriate load, input new parameters and click Edit;

— To delete load, in the Table of defined loads select the row for appropriate load, under
Delete loads click Current. To delete all loads, click All.

Boundary conditions

Define line segments with certain types of boundary conditions on one side of a slab or on
several sides of a slab, that is, restraints should be imposed. The following types of
restraints are allowed:

— Z — linear restraint along the axis that is orthogonal to the slab surface;

— Ux — restraint against rotation about the axis that is parallel to the slab length;

— Uy — restraint against rotation about the axis that is parallel to the slab width.

— In the Restraints area, in the drop-down list, define the side of the slab where boundary
conditions should be applied.

— With an option button, define direction along which displacements should not be allowed.
In the From and To boxes, define distances to restraints, then click Add. If the values in
the From and To boxes coincide, restraint is supposed at this point.

— To modify distances to restraint, select appropriate row in the Table of restraints on the
current side table, define new parameters and click Edit.

— To remove restraints, in the Table of restraints on the current side table, select
appropriate row and click Current. To remove all restraints on the current side of a slab,
click On side.

When all input data is defined, click Calculate.

Output data.
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Figure 3.22

Calculation is made by finite element method in displacements. When calculation
procedure is complete, the Output data tab will be displayed in the dialog box. The
following data is calculated:

— vertical displacements W and rotation angles Ux , Uy ;

— bending moments Mx, My and Mxy;

— shear forces Qx, Qy.

This data is presented as contour plots, the values are presented in the table.

— To generate and view certain results, just click appropriate button. All images presented
on the screen are automatically placed to the report. When you move the pointer across
the contour plot on the image, at the bottom of the dialog box you will see information
about location of the pointer and the value of appropriate contour plot. When you click at
any point on the contour plot image, the value of this contour plot will be added to the table.
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— Displacements and Stresses tables for all elements of the model are presented after
calculation. To delete all rows in the table, click Clear button above the table. Then you
could input values of contour plots at certain points (with the help of the pointer), it will
reduce the report. It is possible to vary measurement units.

— To delete one row from the table, select the row with the pointer and click Delete button
above the table.

To generate the report file in HTML format, click Report.

Wall-beam

This module enables you to carry out static analysis of rectangular wall-beam. There may
be one rectangular opening or a cutout.

Input data.
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Figure 3.23
Wall-beam

In the appropriate boxes define the following values:

— dimensions of wall-beam — length, width, thickness;

— stiffness parameters — modulus of elasticity and Poisson's ratio; material density (to
automatically take account of dead weight);

— parameters of opening — length of opening, width of opening and distances from the
opening to the bottom left corner of the wall-beam. If there is no opening, you could define
its dimensions as equal to zero.

Loads

—In the Loads area, define direction of load, then select certain type of load from the four
available types (just click appropriate icon), define necessary parameters — load value and
other parameters depending on the load type and then click Add,;

— To modify parameters of load, in the Table of defined loads select the row for
appropriate load, input new parameters and click Edit;
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— To delete load, in the Table of defined loads select the row for appropriate load, under
Delete loads click Current. To delete all loads, click All.

Boundary conditions

— In the Restraints area, in the drop-down list, define the side of the wall-beam where
boundary conditions should be applied.

— With an option button, define direction along which displacements should not be allowed
(X — linear restraint along the horizontal axis, Y — linear restraint along the vertical axis).
In the From and To boxes, define distances to restraints, then click Add. If the values in
the From and To boxes coincide, restraint is supposed at this point.

— To modify distances to restraint, select appropriate row in the Table of restraints on the
current side table, define new parameters and click Edit.

— To remove restraints, in the Table of restraints on the current side table, select
appropriate row or click Current. To remove all restraints on the current side of a slab, click
On side.

When all input data is defined, click Calculate.

Output data.
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Figure 3.24

— To generate and view certain results (such as deformed shape, contour plots of vertical
Y and horizontal X displacements, contour plots of normal Sx, Sy and shear Txy stresses),
just click appropriate button. All images presented on the screen are automatically placed
to the report. When you move the pointer across the contour plot on the image, at the
bottom of the dialog box you will see information about location of the pointer and the value
of appropriate contour plot. When you click at any point on the contour plot image, the
value of this contour plot will be added to the table.

— Displacements and Stresses tables for all elements of the model are presented after
calculation. To delete all rows in the table, click Clear button above the table. Then you
could input values of contour plots at certain points (with the help of the pointer), it will
reduce the report. It is also possible to vary measurement units.

— To delete one row from the table, select the row with the pointer and click Delete button
above the table.
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To generate the report file in HTML format, click Report.

Shell on rectangular plan

This module enables you to carry out static analysis of convex parabolic and spherical

shells that are rectangular in plan.

Input data.

« Static analysis of shell on rectangular plan
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Figure 3.25

Shell

In the appropriate boxes define the following values:
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— dimensions in plan (length, width), thickness of shell;

— stiffness parameters — modulus of elasticity and Poisson's ratio;

— parameters for the surface — shape of the surface, rise and radius for left and right
sides (f2, R2) or for front and back sides (f1, R1).

If there is a support contour, define its stiffness properties — modulus of elasticity, width and
height or numerical stiffness.

Loads

— In the Loads area, define direction of load, then select certain type of load from the three
available types (just click appropriate icon), define necessary parameters — load value and
other parameters depending on the load type and then click Add,;

— To modify parameters of load, in the Table of defined loads select the row for
appropriate load, input new parameters and click Edit;

— To delete load, in the Table of defined loads select the row for appropriate load, under
Delete loads click Current. To delete all loads, click All.

Boundary conditions

Define line segments with certain types of boundary conditions on one side or on several
sides, that is, restraints should be imposed. The following types of restraints are allowed:
— Z — linear restraint along the vertical axis;

— X, Y — linear restraints along appropriate horizontal axis.

— In the Restraints area, in the drop-down list, define the side where boundary conditions
should be applied.

— With an option button, define direction along which displacements should not be allowed.
In the From and To boxes, define distances to restraints, then click Add. If the values in
the From and To boxes coincide, restraint is supposed at this point.

— To modify distances to restraint, select appropriate row in the Table of restraints on the
current side table, define new parameters and click Edit.

— To remove restraints, in the Table of restraints on the current side table, select
appropriate row or click Current. To remove all restraints on the current side of a slab, click
On side.

When all input data is defined, click Calculate.

Output data.
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« Static analysis of shell on rectangular plan
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« Static analysis of shell on rectangular plan
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Figure 3.26 b)

Calculation is made by finite element method in displacements. When calculation
procedure is complete, the Output data tab will be displayed in the dialog box. The

following data is calculated:
— vertical displacements W ;

— bending moments Mx, My and torsion moment Mxy;
— normal stresses Nx, Ny and shear stresses Txy;
— forces N, M, Q in support contour.

This data is presented as contour plots (W, Mx, My, Mxy, Nx, Ny, Txy) or diagrams (N, M,
Q), the values are presented in the table.

— Contour plots may be presented in different ways (it depends on the All check box
status - on/off): 1) one by one in certain projection (XOY, XOZ, YOZ) or in dimetric
projection; 2) all contour plots together. To generate certain contour plot, just click
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appropriate button. If the All check box is not selected, then when you click any button for
a certain contour plot, the plots will change each other. To simultaneously display contour
plots or diagrams in all three planes and in dimetric projection, select the All check

box. The data may be added to the table only from projection on the XOY -plane (in plan).
In this mode when you move the pointer across the contour plot on the image, at the
bottom of the dialog box you will see information about location of the pointer and the value
of appropriate contour plot. When you click at any point on the contour plot image, the
value of this contour plot will be added to the table. To add result values to the table, you
could also define coordinates of a point in appropriate boxes and click Insert. The report
file contains only one projection for every contour plot or diagram, that is, the latest image
visualized on the screen for the certain parameter.

— Displacements and stresses and Forces on contour tables for all elements of the
model are presented after calculation. To delete all rows in the table, click Clear button
above the table. Then you could input values of contour plots at certain points (with the
help of the pointer), it will reduce the report. It is possible to vary measurement units for
moments and stresses.

— To delete one row from the table, select the row with the pointer and click Delete button
above the table.

To generate the report file in HTML format, click Report.

Shell on circular plan

This module enables you to carry out static analysis of convex parabolic, spherical and
conic shells that are circular in plan.

Input data.

In this dialog box, on the Input data tab, you could define information about geometric
properties, physical properties of a shell and support contour, boundary conditions along
the contour, type and direction of load, load value and location. Data about defined loads
and boundary conditions will be displayed in appropriate tables and on schematic
presentation. To define measurement units, select them from appropriate lists. According
to defined data, the area is divided into rectangular finite elements and design model is
generated.

Calculation with account of geometrically nonlinear deformations is available.
A simple step-type method is implemented.

Page 74 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Static/Dynamic analysis, stability

r v
& Static analysis of shell on circular plan &
Input data | ’
Shape
(& parabolic  sphencal ™ conic
Demensions V¥ Geometric nonline
Radus (R) [5 m =
Number of steps |5
Height ) |2 m
=l seese -
Thickness |25 em A
Stiffness
£ [3e6 [m2 +] M f02 I
Parameters of support contour
| " section dmensions & numercal ¥
| Es.um2 [og EF.t [1000000 /

25300000

El,tm2

Drection of restraint
250 cz2 CxX Y

iFigure 3.27

Shell

In the appropriate boxes define the following values:

—dimensions — radius in plan, rise (height), thickness of shell;

— stiffness parameters — modulus of elasticity and Poisson's ratio;

— parameters for the surface — shape of the surface (parabolic, spherical, conical).

If there is a support contour, define its stiffness properties — modulus of elasticity, width and
height or numerical stiffness.

Loads

—In the Loads area, define direction of load, then select certain type of load from the three
available types (just click appropriate icon), define necessary parameters — load value and
other parameters depending on the load type and then click Add,;

— To modify parameters of load, in the Table of defined loads select the row for
appropriate load, input new parameters and click Edit;

— To delete load, in the Table of defined loads select the row for appropriate load, under
Delete loads click Current. To delete all loads, click All.

Boundary conditions

Define segments with certain types of boundary conditions, that is, restraints should be
imposed. The following types of restraints are allowed:

— Z — linear restraint along the vertical axis;

— X, Y — linear restraints along appropriate horizontal axis.
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— With an option button, define direction along which displacements should not be allowed.
In the From and To boxes, define distances to restraints, then click Add. If the values in
the From and To boxes coincide, restraint is supposed at this point.

— To modify distances to restraint, select appropriate row in the Table of restraints on the
current side table, define new parameters and click Edit.

— To remove restraints, in the Table of restraints on the current side table, select
appropriate row or click Current. To remove all restraints on the current side of a slab, click
On side.

When all input data is defined, click Calculate.

Output data.

<> Static analysis of shell on circular plan Iﬁ

Input data  Output data ]

[ I I I I I VoAl
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_m |
e - T
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T_x T_y | ........... Nx '|CDr1tl:|l.|r
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_ Ty |
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T_x T“_'x q
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Mo. x ¥ z W Mo Ihy Mhey e My Ty oL Moments
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Exit | Help ‘

i:igure 3.28 a)
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¢ Static analysis of shell on circular plan Iﬁ
Input data  Output data
Diagrams of shear forces (Qz) r "““
Shell
_w_ |
W
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PR Wboy
#‘ T
-’ e
/
/ _ o
- T
".\ e =
\‘ __,,..--""'/ Contour
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2] 433 25 1] 0119 -0.003..
7 433 25 0 0118 -0.003..
n e e Ea n ni1ik i i
Report

I

Help ‘

i:igure 3.28 b)

Calculation is made by finite element method in displacements. When calculation
procedure is complete, the Output data tab will be displayed in the dialog box. The
following data is calculated:

— vertical displacements W ;

— bending moments Mx, My and torsion moment Mxy;

— normal stresses Nx, Ny and shear stresses Txy;

— forces N, M, Q in support contour.

This data is presented as contour plots (W, Mx, My, Mxy, Nx, Ny, Txy) or diagrams (N, M,
Q), the values are presented in the table.
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— Contour plots may be presented in different ways (it depends on the All check box
status - on/off): 1) one by one in certain projection (XOY, XOZ, YOZ) or in dimetric
projection; 2) all contour plots together. To generate certain contour plot, just click
appropriate button. If the All check box is not selected, then when you click any button for
a certain contour plot, the plots will change each other. To simultaneously display contour
plots or diagrams in all three planes and in dimetric projection, select the All check

box. The data may be added to the table only from projection on the XOY-plane (in plan).
In this mode when you move the pointer across the contour plot on the image, at the
bottom of the dialog box you will see information about location of the pointer and the value
of appropriate contour plot. When you click at any point on the contour plot image, the
value of this contour plot will be added to the table. To add result values to the table, you
could also define coordinates of a point in appropriate boxes and click Insert. The report
file contains only one projection for every contour plot or diagram, that is, the latest image
visualized on the screen for the certain parameter.

— Displacements and stresses and Forces on contour tables for all elements of the
model are presented after calculation. To delete all rows in the table, click Clear button
above the table. Then you could input values of contour plots at certain points (with the
help of the pointer), it will reduce the report. It is possible to vary measurement units for
moments and stresses.

— To delete one row from the table, select the row with the pointer and click Delete button
above the table.

To generate the report file in HTML format, click Report.

Mode shapes and frequencies of natural vibrations in cantilever

This module enables you to calculate mode shapes and frequencies of natural vibrations in
cantilever. Method for iteration of subspace is applied to solve the eigenvalue problem.

Input data.
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Mode shapes and frequencies of natural vibrations in cantile — |0 x|
2 Input data |
Measurement units I vl
3 ~Define tiers
Mo, of current tier I 1
E Height |3.2 m Axial stiffness I 1000 t
Mass | 100 t Flexural stiffness IZDDD tm2
Add | Edit | Delete |
Tier No. | Height | Mass | Axial stiffness | Flexural stiffness |
1 2 100 1000 2000
B 2 3.2 200 1000 2000
3 3 3.2 300 1000 2000
1
—Maode shape narmalization
¥ by unit " orthonormalization  { orthonormalization by mass matrix Calculation
Cpen Save Exit Help |
Figure 3.29

To define input data, follow these steps:

— Define measurement units for stiffness and mass - t or kN.

— In the Height box, define the height of the tier in m.

— In the Mass box, define the mass at the level of tier top.

— In the Axial stiffness box, define the axial stiffness for the tier.

— In the Flexural stiffness box, define the flexural stiffness for the tier.
— To add defined tier, click Add.

— To modify parameters for the current tier, click Edit.

— To select a tier, just click appropriate row in the table of tiers.

— To delete the current tier, click Delete.

— To define normalization for mode shapes of natural vibrations, select appropriate option.
— When the input data is defined, click Calculate.

— Select the problem, if required.

Output data.
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Mode shapes and frequencies of natural vibrations in cantile — |0 x|

2’ Inputdata = Output data |

N Modal mass, % | Total modal m...
. 1 14.55%1

2 1.57046 0.2499947 4.00085 46.69 87.91

3 3.47734 0.553436 1.80639 6.75 94,66

4 5.1615 0.821478 1.21732 2.19 96.85

5 B8.54869 1.36057 0.734388 1.12 97.97

[ 11.4841 1.82774 0.547123 2.03 100.00

77777777777 Parameters of report
’ Save from 1 to I [ mode shapes Report ||

Cpen Save | Exit | Help |

Figure 3.30

— On the Output data tab you will find mode shapes of natural vibrations. For every mode
shape the following data is presented: angular frequency w (rad/s), technical frequency f
(Hz), period of vibrations T (s), modal mass (%) and total modal mass (%).

— In the Parameters of report area it is possible to define mode shapes for which results
should be presented.

— To present a report document in HTML format, click Report.

Stability factors and buckling modes in cantilever

This module enables you to calculate stability factors and buckling modes. Buckling modes
are computed in classical definition for elastic system. It is supposed that displacements
are rather small and all external loads applied to the model (as well as internal forces) will
increase in proportion to parameter A. Minimum value of parameter A (for which stiffness
matrix for the system will not be positive-defined any more) is critical; this A value is called
'stability factor'. Three stability factors and mode shapes appropriate for them are
computed.
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Input data.
Stability factors and buckling modes in cantilever -0 x|
2 Input data |
Measurement units -
3 rDefine tiers
Mo. of current tier I 1
Height |3.2 m Axial stiffness I 1000 t
f Force I? t Flexural stiffmess IZDDD tm2
Add | Edit | Delete |
Tier No. | Height | Farce | Axial stiffness | Flexural stiffness |
1 2 7 1000 2000
2 32 14 1000 2000
E 3 32 21 1000 2000
1
—Mormalization of buckling modes
% by unit £ orthonormalization Calculate |
Cpen Save Exit Help |
Figure 3.31

To define input data, follow these steps:

— Define measurement units for stiffness and mass - t or kN.

— In the Height box, define the height of the tier in m.

— In the Force box, define the force at the level of tier top.

— In the Axial stiffness box, define the axial stiffness for the tier.

— In the Flexural stiffness box, define the flexural stiffness for the tier.
— To add defined tier, click Add.

— To modify parameters for the current tier, click Edit.

— To select a tier, just click appropriate row in the table of tiers.

— To delete the current tier, click Delete.

— To define normalization for mode shapes of natural vibrations, select appropriate option.
— When the input data is defined, click Calculate.

— Select the problem, if required.

Output data.
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Stability factors and buckling modes in cantilever — o] x|

2’ Inputdata = Output data |

buckling mode 1 buckling mode 2 buckling mode 3 Mo, Stahility factor
2 15.3901
3 40,3945
l | ©
—Parameters of report————————————
Save from
1 to 3

buckling mode

PEPLE LS PEPLE LT i Report ||

Cpen Save | Exit | Help |

Figure 3.32

— On the Output data tab you will find up to three buckling modes. Stability factor is
presented in the table for every buckling mode.

— In the Parameters of report area it is possible to define buckling modes for which
results should be presented.

— To present a report document in HTML format, click Report.

Mode shapes and frequencies of natural vibrations in continuous beam

This module enables you to calculate mode shapes and frequencies of natural vibrations in
multispan continuous beam (up to five spans with two cantilevers). Sections of spans may

differ. It is possible to consider compliance of supports. Method for iteration of subspace is
applied to solve the eigenvalue problem.

Input data.

Page 82 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Static/Dynamic analysis, stability

=a Mode shapes and frequencies of natural vibrations in conti -0 x|
27 Input data | S Output data |
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il : = distrib. mass 2 10 0 0 0
| Fo tm rd | e || | =g 10 0 0 0
Cpen Save Bxit | Help |
Figure 3.33

To define input data, follow these steps:

— In the Number of spans drop-down list, define number of spans and, if required, define
left or right cantilevers with appropriate check boxes.

— In the Options area, define measurement units for load and stiffness -t or kN.

— In the appropriate boxes, define the span (cantilever) length in m and flexural stiffness in
a span. To define the same flexural stiffness for all spans and cantilevers, select the
Uniform beam check box.

— Define support to which boundary conditions should be applied. To define such support,
either click it directly in the schematic presentation or select it in the Supports area, in the
Current support drop-down list.

— Then define the type of boundary condition (just click appropriate icon in the Supports
area) and it will be displayed in the schematic presentation. If required, in the Supports /
Stiffness area, define stiffness for translation or rotation.

— In the Current span box or in schematic presentation, select spans where the mass
should be applied to (it will be displayed in schematic presentation window).

— Select one of the four available mass types (just click appropriate button).

— Define mass values (P, P1), distance to beginning/end of mass application (a,b) (if
required) and click Add.

— To modify parameters for the mass, select the mass in the table, modify its parameters
in the appropriate boxes and click Edit.
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— To delete mass, select the mass in the table. To delete current mass, in the Delete load
area, click current. To delete all masses from the current span, in the Delete load area,
click from span.

— To consider the dead weight in the current load case, select the Account of dead
weight in load case check box.

— When the input data is defined, click Calculate.

— Select the problem, if required.

Output data.

=a Mode shapes and frequencies of natural vibrations in continuc -0 x|
2" Inputdata = Output dats |
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231.798 + 71| R1N A2 97 11592 N NNZSER 0 | @B
4
—Values
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x= 0 m o0
Angular:
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Figure 3.34

— On the Output data tab you will find mode shapes of natural vibrations. For every mode
shape the following data is presented: angular frequency w (rad/s), technical frequency f
(Hz), period of vibrations T (s), modal mass (%) and total modal mass (%).

— To present a report document in HTML format, click Report.

Page 84 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Static/Dynamic analysis, stability

Cable and string

Cable and string

This module enables you to analyse cable and strings according to requirements presented
in the Design-theoretical reference book for structural designer.

There are five types for calculation.

For cables:

— calculation type 1 — by specified length of blank So;

— calculation type 2 — by dip fq from dead weight q at mid-span;

— calculation type 3 — by dip fx from arbitrary load at arbitrary point K .

For strings:
— calculation type 4 — string with arbitrary load;
— calculation type 5 — string prestressed by force N, arbitrary load.

The following load patterns are available: concentrated load, different types of distributed
loads, as well as their combinations.
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Input data | Output data |
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Figure 3.35

Calculation type 1.
Cable. By length of blank Sy > d (d — length of chord) and allowed load pattern, determine

thrust, form of equilibrium and axial force.

Calculation type 2.
Cable. By dip fq at midspan from the dead weight and allowed load pattern, determine
initial dip, thrust, length of blank, form of equilibrium and axial force.

Calculation type 3.
Cable. By dip fx at arbitrary point K with arbitrary load pattern, determine form of
equilibrium, initial thrust, length of blank and axial force.

Calculation type 4.
String. Length of blank is equal to length of chord Sp= d. Determine thrust and force in
string for the specified load pattern.

Calculation type 5.
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String. Length of blank is equal to length of chord So= d. Determine thrust and force in
prestressed string for the specified load pattern.

Design model of the cable is located in the X and Y axes. X-axis is directed left-right. Y-
axis is directed top-down.

Important.

If calculation type 3 is specified, then dip of the cable at point K is calculated automatically
for the specified data. If the specified dip fx is less than dip of the same cable at point K,
then calculation procedure is terminated and the program displays the following message:
'For selected type of calculation with the specified parameters of cable and load pattern,
specified value of dip at point K should be not less than [YK] m'. In this case, new value will
be displayed in the box for dip value; it is suggested for calculation procedure.

Load pattern

ik 4

Wieeereemersereeeeereeerei

L.Unifarmly distributed load with RNl ALEs IE-ld=wdad 3. Additional load p at two parts

intensity q = BRI i gl gl of span to uniformly distribut. ..
F
l q
—e —]
Lo |

4, Concentrated load F

7. Linear descending load with
max intensity q

g™

Wirrrr——

cl
:_‘ch

10, Trapezoidal load with
intensity ql - q2 at part of span

5. Additional load F to uniformly
distributed load g

&, Twa linear loads, descending
up to middle span, with max i...

p2
M q
Wirrerereeeere——
cl
j ce

11. Additional trapezoidal load
pl-p2atpart of span to u...

Apply

6. Linear ascending load with
max intensity g for the wh...

9, Two linear loads, ascending
up to middle span, with ma...

Figure 3.36
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The following load patterns are realized:

1 — uniformly distributed load with intensity q;

2 — additional load p at part of span to uniformly distributed load q;

3 — additional load p at two parts of span to uniformly distributed load q ;

4 — concentrated load F;

5 — additional load F to uniformly distributed load q;

6 — linear ascending load with max intensity q for the whole span;

7 — linear descending load with max intensity q;

8 — two linear loads, descending up to middle span, with max intensity q;

9 — two linear loads, ascending up to middle span, with max intensity q.

10 — trapezoidal load with intensity q1-g2 at part of span with length b , distance to the
beginning c;.

11 — additional trapezoidal load with intensity p1-p2 at part of span with length b and
distance to the beginning ¢, to uniformly distributed load q .

When you start the program, the dialog box will be displayed with the Input data tab where
you could define input data for calculation.

Cable and string. Input data

The input data depends on the type of calculation you select.

Required parameters:

L — span length (distance between supports along the X-axis);

h — difference between support heights (distance between supports along the Y-axis);
EF — axial stiffness.

To present the cable on schematic presentation zone according to specified parameters,
click Redraw.

From the Calculation box, select appropriate type of calculation procedure.
Boxes for additional parameters become active according to type of calculation you select.

Additional parameters depending on the type of calculation:

Calculation type 1 — length of blank So. Available load patterns: 1, 2, 3, 5,11.

Calculation type 2 — dip fq at midspan. Available load patterns: 1, 2, 3, 5,11.

Calculation type 3 — dip fk at arbitrary point K and distance X to the left support. All load
patterns are allowed.

Calculation type 4 — additional data is not required. All load patterns are allowed.
Calculation type 5 — prestress N. All load patterns are allowed.

To select load pattern, click Select button. You will find load patterns available for certain
type of calculation.

To start calculation procedure, click Calculate.
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Cable and string. Output data

When calculation is complete, the Output data tab and the Report button become
available.

The output data contains:

Projection of cable (string) onto horizontal axis; load pattern is indicated.
Diagram of dips for the cable (string) f = Mb(X) / H.

Form of equilibrium for the cable (string) Y = f(X).

Diagram of tg values of slope angles for the cable (string).

Diagram of beam moment and shear forces onto horizontal projection.
Diagram of axial force.
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Figure 3.37
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When you define Current coordinate X, ordinate values for the above-mentioned
diagrams will be displayed in appropriate boxes.

When you drag the pointer along the image, you will also see ordinate values for the
above-mentioned diagrams. Colour for the diagram corresponds to the colour for the text at
appropriate boxes.

To present the text file with temporary parameters for calculation and comments on them,
click More button.

If calculation was terminated by any reason, then temporary parameters calculated up to
this moment are saved to this file with a message about the cause of such termination.

To generate report file (HTML) with input and output data, click Report. It is possible to
save the report file for further work.

Cable and string. Notation

Notation for input data

For geometry:

fq — dip at midspan from the dead weight q;
fx — dip at arbitrary point K;

Xk — distance from left support to point K .

For load:

g — dead weight or load uniformly distributed along the whole span or max value of
triangular load;

gl — the first (from left support) ordinate of trapezoidal load at part of a span;

g2 — the second (from left support) ordinate of trapezoidal load at part of a span;

p — additional uniformly distributed load at part of a span;

pl — the first (from left support) ordinate of additional trapezoidal load at part of a span;
p2 — the second (from left support) ordinate of additional trapezoidal load at part of a span;
F — force in span;

c: — distance from the left support to the first ordinate of trapezoidal load;

¢, — distance from the left support to the second ordinate of trapezoidal load;

¢ — distance from the left support to the force.

Notation for output data and temporary parameters

Ho — thrust of nonstretchable cable;
So — length of blank;

H — thrust of elastic cable;

S — length of loaded elastic cable;
d — length of chord;

D — parameter of load,
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¢ — slope angle between cable and the X-axis;

R1 - reaction at left support;

R2 — reaction at right support;

Mb(Xk) — beam moment at point Xk;

Eps - relative (along the X-axis) distance from the left support to resultant;
Yc — dip at point where resultant is applied;

Yk — dip at point K.

nju — ratio of dip (at point where resultant is applied) to span length;

A, B — coefficients in cubic equation;

v,w,wl, J, J1,tl, t2, z— temporary parameters for solving cubic equation;
rl, r2, k —temporary parameters.

Influence lines in continuous beam

The module enables you to generate influence lines of displacements, rotation angles,
bending moments and shear forces from moving loads in multispan continuous beam (up
to five spans with two cantilevers).

Input data.
Influence Lines in Continuous Beams =10 x|
Input data I
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Figure 3.38
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To define input data, follow these steps:

— In the Number of spans drop-down list, define number of spans and, if required, define
left or right cantilevers with appropriate check boxes.

— In the Options area, define measurement units for load and stiffness - t or kN.

— In the appropriate boxes, define the span length in m, flexural stiffness in a span, and
the dead load. To define the same flexural stiffness for all spans and cantilevers, select the
Uniform beam check box.

— Define support to which boundary conditions should be applied. To define such support,
either click it directly in the schematic presentation or select it in the Supports area, in the
Current support drop-down list. Then define the type of boundary condition (just click
appropriate icon) and it will be displayed in the schematic presentation. If required, define
stiffness for translation or rotation.

— In the Assigned section box, define ordinate of beam for which influence lines should
be generated.

— Define the Class of load in the appropriate box. You could also define your own moving
load that differ from normative values of load classes A1l and A8 (SNIP 2.05.03-84
'‘Bridges and pipes'). To do this, select the Edit load values check box and input
appropriate values.

— When input data is defined, click Calculate.

Output data.

Page 92 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Static/Dynamic analysis, stability

Influence Lines in Continuous Beams - O] x|

“Input data  Output data |

—Values

Cumrent coordinate:

[
(%]
R

Ratation angle:

0.082 W : o913 1000red

Bending moment:

left |5.913

-0.0B2
‘ W gt [6513  m
T.478 -

Shear force:

left |El.ﬂvDD
0.000 right |—1.DDD t

Figure 3.39

On the Output data tab you will see influence lines of displacements, rotation angles,
bending moments and shear forces. To review values of influence lines at any point of
beam, just drag the beam ordinate with the pointer. The values will be displayed at the
appropriate boxes.

To present a report document in HTML format, click Report.

To generate a report with detailed tables of results, on the Input data tab, select the
Report in detail check box.
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Steel structures

This chapter contains modules for analysis of elements and joints of steel structures as
well as reference modules necessary for analysis and design of steel structures.

Steel table

Analysis of steel elements

Principal and equivalent stresses in steel structures
Effective lengths of steel structure elements
Parametric joints of steel structures

Analysis of welds

Bolted connections

Cold-formed shapes

Critical temperature of section

¢ ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

\iix; Steel Table

u The module provides you with a wide set of reference tables for steel shapes. steels and combinations shape-steel. Several modules ESPRI 'Steel’ also use these tables.
Bl Mathematics for
engineer # Analysis of Steel Elements

The module enables you to select and check sections (33 types) of steel structures according to different building codes.

l Principal and Equi t in Steel Struch
Sections The module enables you to calculate principal and equivalent stresses by different criteria of rupture applied to analysis of steel
materials.

tﬂ 3 Effective Lengths of Steel Structure Elements

Static and The module enables you to determine effective lengths of different elements of steel structures.
dynamic

anaiyses shabiliy Parametric Joints of Steel Structures

The module enables you to design and check joints of steel structures. The joint is defined with minimum number of parameters.

@ } Analysis of Welds

The module enables you to analyse welded i of in steel
Steel structures

Bolted Connections
() E The module enables you to design and analyse bolted i of el in steel

n Reinforced ~ Cold-formed Shapes

concrete (RC) The module enables you to check and select sections of structures made of cold-formed steel shapes.

structures - o <
% Critical temperature of section

The module enables you to calculate critical temperature of steel profiles.

| 1§
Manual : Russian

Figure 4.1

Steel table

This module is a version of SRS-SAPR (Steel Rolled Shapes) module in LIRA-SAPR
program but it is adapted for the work in ESPRI environment.

The module enables you to view and edit existing steel tables and create new ones.
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The module is mentioned to review and edit available steel tables and to create new ones.

Steel tables contain: table of profiles, table of materials and table of combinations.
Dimensions and geometric properties of profiles are presented in the table of profiles.
Physical and mechanical properties of materials that profiles are made of are presented in
the table of materials.

Table of combinations presents data about compatibility of every combination profile-
material, that is, whether the profile may be made of certain material, and properties of
such combination.

=lol=|
i File Edit View Window Help
i0EH EEN= Y [ Bl:=:=]:=]:=4%
L.profiles. SI/ DV-B.profiles.srt x ‘ -
L Ugolki neravnopolochnye. Importirovany iz Tl Y A i H, B, Tw, | TE R, A, W, Ix, Iy, 5, Sy,
Bi | | Designation r,mm ], cm#
L Ugolki neravnopolochnye. Importirovany iz T = r e e R aa o g e o el eyl e melg e B [feng
L UgOIkI neravnﬂpolochnye. Impoltirovany iz T T R » 1081 100 55 41 57 7 10,32 |8,098 171 15,9 1,209 19,7 4,573
L UgOIkI neravnﬂpolochnye. lmportiruvany iz T “ y = « 1281 117,6 |64 38 51 7 11,03 |8,655 |257 24 1,047 249 5,489
L Ugolki neravnopolochnye. Importirovany iz T e 182 e L o B R U D21 10,37 |38 27 (L7404 6
L UgOlkI stal” nye gnutye neravnopolochnye. (T r 1481 137,4 |73 38 56 7 13,39 |10,51 |435 36,4 1,367 (358 7,761
L Ugolkl Stal‘ nye gnutye n@ravnﬂpﬂlochnye. (T £ 1681 157 82 4 59 9 16,18 12,7 639 54,4 1,974 [43,5 10,35
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23,95 |18,79 |1317 100,8 (4,811 |83,2 17,3
28,45 |22,35 (1843 (1423 (7,017 |110,3 |22,31
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Figure 4.2
Main options

Preview steel table

In the list of steel tables, double-click appropriate item. Table of profiles presented in the
steel table will be opened. To preview the table of materials, on the VIEW menu, click
Materials table. To display the general data, on the VIEW menu, click Show annotations.
Note: If the list of steel tables is hidden, to present the list, on the VIEW menu, point to

Toolbars and docking windows and click Steel tables (ﬁlbutton on the toolbar). To
open file, you could also use the Open command on the FILE menu.

Edit existing steel table

Open the file for preview. On the EDIT menu, click Edit mode. Now you could edit the
table. When you edit the table, it is possible to type the values or use copy & paste
commands: you could prepare fragment of the table in the table editor like MS Excel, then
copy it to the Clipboard and paste to appropriate steel table in the SRS-SAPR. To do this,
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on the EDIT menu, click Paste. You could also copy selected fragment from SRS-SAPR
table (Edit / Copy) and paste it to the table editor.

Open folder that contains files of steel tables
To open folder that contains steel tables, on the FILE menu, click Open folder. Then
double-click appropriate steel table in the list.

Create new steel table

To create new file of steel table, on the FILE menu, point to New and click the type of
profile for which the steel table is created. Then fill in the table of profiles and table of
materials. For ropes, it is necessary to fill in the table of combinations as well.

Add new profile to the table of profiles

Open the table of profiles as described above in the 'Edit existing steel table' or 'Create
new steel table' sections. Select the last row in the table (the last row is denoted with an
asterisk * ). Define the name for the new profile in the Designation column and profile
dimensions in the appropriate cells according to schematic presentation. To determine
geometric properties of these profiles according to their dimensions, on the EDIT menu,

click Autocomplete now (or click ﬂl button on the toolbar or click F12). If geometric
properties of a certain profile are known, you could define them in the table manually. To

check them, on the EDIT menu, click Validate now (button El on the toolbar). If there are
any mistakes in values (program check), symbol & will be displayed in the cells. If the
value is correct, just ignore the warning. The additional check option is the option to
generate the sketch of cross section of profile to scale. To generate the sketch, on the
VIEW menu, click Show sketch.

Notes:

1. To cancel or customize check carried out by the program, on the EDIT menu, click
Validation options.

2. Before the new steel table is saved, it is recommended to sort the table of profiles by
area (just click the title of appropriate column).

Add new material to the table of materials

Open the table of profiles as described above in the 'Edit existing steel table' or 'Create
new steel table' sections. To open materials table, on the VIEW menu, click Materials
table. Select the last row in the table (the last row is denoted with an asterisk * ). Type
the name of new steel to the Designation cell, its GOST or TU — to GOST cell. Define
design and normative strength of new steel in the Ry1, Rul, Rynl, Runl cells and define
thickness of steel Tminl, Tmax1, for which steel strength values are actual. If for another
range of steel thicknesses it is necessary to define another strength values, fill in Ry2,

Ru2, Ryn2, Run2 and Tmin2, Tmax2 cells, etc. The procedure for check of defined data is
the same as for the table of profiles.

Notes:

Page 96 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

1. To customize units of measurement, on the VIEW menu, click Units.
2. Table of combinations is filled in automatically as you define other data. That's why it
should be edited manually only in case you edit the steel table of ropes.

Important. Several modules ESPRI 'Steel' also use these steel tables.

Analysis of steel elements

This module represents STC-SAPR module adapted to work in ESPRI environment.
The module enables you to select and check sections of steel elements according to
different building codes.

The program supports the following normative documents:

— SNIP 11-23-81* 'Steel structures',

— Manual on design of steel structures (to SNIP 11-23-81* 'Steel structures’),

— Eurocode 3 'Design of steel structures'.

The work with the program is illustrated by an example: analysis of steel beam with |-
section shape loaded in two planes.

Input data

On the FILE menu, point to New and click Element (button B on the toolbar).
In the Units of measurement dialog box, define appropriate units for input data and output
data and click OK.
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» STC-SAPR module [Steel element =[O x|
¥ File View Edit Results Opfions Window Help _ =] x|

B |E|ox|2@mB (et @ — 0o o EE |k

Units of measurement x|
Input |Output |
Geometry w vl
Sections cm =~
Loads It 'l m 'l
Material properti
{E.Ge.g C2sigma .. ft =l m [~
Temperature C 'l
oK | Cancel | Hep |

Zy

ux

Figure 4.3 a)

[ oMl

In the Problem info dialog box, define the following data:

— problem code (comment) (not necessary);

— number of element (by default, it will be the file name);

— length of element — for this problem, define 6 m;

— element location — define either vertical or horizontal (specifies how the diagrams should
be located in the report).

For flexure elements, it is possible to select and check according to serviceability limit
states (SLS) by enveloping diagrams of DCF.

Select the Calculate deflection by envelope diagrams DCF check box and then define
appropriate Fixities at beam ends (Y1, Z1 — translation along appropriate local axes of bar
are not allowed, UY1, UZ1 — rotations about appropriate local axes of element are not
allowed).

In the present case, we define beam with hinge support at the left end in both directions
(Y1, Z1) and at the right end - fixed in its own plane and with hinge support out-of-
plane (Y1, Z1, UY1).
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7 STC-SAPR module [Steel element sections ¢ N [=] 3
¥ Fle View Edit Results Options Window Help — =] x|

B E a2 2m@ % ZRE2 f @ —Hnon uvmm@m\

Problem Info x|
Problem code
@ |5555
ElemeNo; Blemert length Element location
|1 IE ol ’7 £ Vetical
¥ Calculate the deflection by envelope d " Horizontal

Deflection fixties at beam ends

¥ 1 [T Uyt Fl 1 " ¥yl ¥ uv
V¥ z1 [T uz1 ¥ z1 [T Uzt

< Back Next = Cancel Help

Zy

Ax

Figure 4.3 b)
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Click Next.

In the Design forces dialog box, define Number of force combinations as equal to 5 and
click OK.

In the table fill in the column of section numbers (Sect.) with sequence numbers 1, 2, 3, 4,
5 and for every section define appropriate forces in the table (for beam — bending moments
and shear forces) according to sign convention presented in the right bottom corner of the
dialog box.

When you fill in values in the Design forces table, click OK.

In the Select section type dialog box, select the type of section - I-section. To select the
section type, either double-click its icon or select the section with the pointer and click OK.
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Figure 4.4
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Figure 4.5

In the Steel cross-section dialog box, on the Components tab, in the drop-down lists
Profile, select the profile table and number (name) for profile: I-section with non-parallel
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flanges (45). Then, in the drop-down lists Steel, select the steel table and steel grade
(C245).

To use forbidden combinations profile-steel (combinations may be found in the Steel Table
module), select appropriate check box.

Steel cross-section x|

Components | Additional characteristics | Selection limitations |

Secti ents:
on componens Profile Ini granyami polok {D'I.-'LFI'A'I.-'R.prDﬁIES.srt}j Wl

------- 1. I-section 45
I 45 |
Steel SNiP II-23-81%, fason {SnipPer.steels.srt:bj 6%:”"
|s245 =
= Specification
Bf H=45 Information about shapes in the file
Tf LY'] Tw=09 Annotation: Dvutavr = neparallel” nymi granyami
polok
7 R Bf = 16 The shapes comply with building codes: GOST 8239 -
=142 72*
Tw Shapes are sorted in ascending order of the
H{Hw Bf =16 parameter: A, ploshhad®
T =142 Number of shapes in the file: 27
Tf = TF A1 Steels info
F1=16 Annotation: Stali po SMNiP [I-23-81%, fason
RZ=07  The steels comply with building codes: GQST 27772 -
88
Bf* = Bf {all in crm)
ﬂl ™| sz farhidden combinations profile-stes]

Flotation Section... | Eaupling >>| Comment: || Color: |

Comosion: not specified Comasion. .. |
ok | canced | Hep |

Figure 4.6

On the Additional characteristics tab, in the Element type area, click Beam
(corresponds to analysis of flexure elements by SNIP 11-23—-81* 'Steel structures’).
Input necessary data according to SNIP [I-23—-81* 'Steel structures' for the problem:

— service condition factor for strength — 1.1,

— safety factor — 0.95;

—in the Analysis area, click Elastic;

—in the Deflection analysis area, define Max allowed deflection as equal to 1/250;
—in the Data for buckling analysis area, under Bracing of compressed flange, for
buckling analysis define effective length Lef = 1.5 m (suppose that beam is fixed out-of-
plane with purlins of step 1.5 m).
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Figure 4.7

On the Selection limitations tab you could define parameters for limitation in selection
procedure. In the Limitations area, define overall dimensions along axes and min
thickness. It enables you to limit min and max height and width of sections during selection
procedure. This option is frequently used for selection of weld composed sections.

Click OK.

Output data

To check or select section of element in steel structure, on the RESULTS menu, click

L >,
Check element (button *7| on the toolbar) or Select element section (button 7| onthe
toolbar).

If you have to check or select separate section of an element, on the RESULTS menu,

click Choose section (button | onthe toolbar) and click any of section diagrams where
selection or check should be made.
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To switch to the next or previous section or to return to the mode of results for element as a

. = . .
whole, on the RESULTS menu, use the Next section (button =—/), Previous section

& o
(button =) or Element as a whole commands (button =),
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Figure 4.8

Output data (for the check option) presents utilization ratio values by appropriate checks
(ratio of bearing capacity of section to real stress, slenderness, etc. multiplied by 100%).
Output data (for the selection option) presents determined section with utilization
percentage by appropriate checks.

To carry analysis by another building code, on the OPTIONS menu, click Building code
(button | on the toolbar).

To print the output data directly from the program window, on the FILE menu, click Print
(button = ). Itis also possible to copy data to other applications that work with graphic
objects. To do this, use the Copy button on the toolbar &3

The program contains additional tools that enhance visualization options.
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Principal and equivalent stresses in steel structures

The module enables you to calculate principal and equivalent stresses by different criteria
of rupture applied for analysis of steel structures and structures of composite materials.
Principal stresses 01, 02, 03 are determined by the certain stress tensor {0y, Oy, 07, Txy, Txz,

Tyz}.

£ Principal and equivalent stresses = o] x|
—Mormative, design walues Criteria of rupture
Compres. - Rs_c |335|:| IMiSES j ¥ Strength analysis fsaacfteut;'"
a000 Tension - Rer  [7350 b aterial [T Triavial strength |1.2
Poizzon's ratio =i Teta P2C
[0 Shear Rtay, Ea [26+007 |Sted = [025 fi [ fi
— Ultimate strair:
elasticity, rpture (5% Oy 7z Txy sz Tyz
f0.002 (018
|0 [ [0 [0 [0 [
— Principal stresses————— —Anagles Sigl to #7E [dea.] Elasto-plastic deform. — Udltimate strezses
n | " E & o G0 |n
' ||:| [53 II:I —
02 I Lo ||:|
z IEI — —
0Oz | 00 |
Slope angle o1 O3
of crack in II:I 'y
Equivalent streszes——— | 20 stresz Lo I II:I IEI
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Figure 4.9

To find out roots of principal stresses, cubic equation is solved based on stress matrix [0] in
the form:

Oy I'x}. T\~
[c'r ] = I'_@. g y I'}.Z
_rxz ryz O ]
Input data

Besides components of the stress tensor, it is necessary to define the following data:

Page 104 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

— strength in compression Rc (tf/m?);

— strength in tension Rr <= Rc (tf/m?);

— for calculation of composite materials, strength in pure shear should be also defined —
Rtau, if Rtau=0 it is taken as:

Rtau = 0.5*Rc(1+c)/ 3 |

where

c=Rr/Rc - fragility parameter of material,

v — Poisson's ratio;

— additional parameters for calculation by different strength criteria ¢, 8 (or other
parameter), P2C are determined automatically according to defined strength parameters:
Rc, Rr, Rtau.

Output data

When the Strength analysis check box is selected, after strength analysis, the following
data is displayed:

01, 03 — Ultimate allowed values of principal stresses;

Oo, To — ultimate axial and shear octahedral stresses;

— reserve factor (analysis by serviceability limit state is supposed, that is, normative
strength parameters of material are considered in analysis);

_ (20'2 - 01— ;)
He = ( )
— Lode-Nadai parameter is computed as: 01— 03 ;

To generate report file in HTML format, click Report. The report file contains the following
data:

— principal stresses as: 01 > 02 > 03;

— matrix of directional cosines MC(3,3) — orientation of principal stresses in the space
relative to the X,Y,Z axes:

N ml nl]
MC=|12 m2 n2
_33 m3 ?”1‘3_

— slope angles AL1, AL2, AL3 (I1, 12, I3) of principal stress 0; to the X, Y, Z-axes; angles
define orientation of the crack plane in the space;
— slope angle a3 of principal stress 03 to the X-axis; angle defines orientation of the crack
plane relative to the X-axis ;
— Euler angles TETA, PSI, FI ( 6, g, ¢ ) that define location of principal stresses 04, 05, 03
relative to the X, Y, Z-axes of global coordinate system;
— additional strength parameters:

— strength in biaxial uniform compression — R2c = Rc*P2c,

— strength in biaxial uniform tension — R2p.
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Stress tensor

Sig X =1500.000

Sig Y =-2500.000

Sig Z = 0.000

Tau_X¥= 450.000

Tau Hi= 0.000

Tau_¥Z= 0.000

Principal stress

SIG 1=1550.000 SIG_2= 0.000 SIG_3=-2550.000
Equivalent stress by theory Mises
SIG 1E=1550.000 SIG_2E=-2550.000
Octahedral stress - Normal Sig 0 =-333.333
Octahedral stress - Shear Tau O =1850.332
Lode-Wadai coefficient Daram Lode = 0.2435
Slope angle of crack R1fa crack Zx= —-B3.E€0 (dagrees)

Slope angle Sig 1

to X, ¥, Z-axes

of principal coordinate system

AlLl= 2.031 (Radians)

ALZ= 1_e81

AL3= 1.571

AL1= 167.320 (Degrees)

LLZ= 1Z.&80

AL3= 50.000

Matrix of direction cosines Orientation 5IG 1,2,3 in triaxial stress strain state |MC(3,3]
L1=-0.35388 ml= 0.00000 nl= 0.00000
L2=-0.11043 m2= 0.00000 nZ= 0.00000
L3=-0.00000 m3=—1._00000 n3= 1_00000
Material properties: Stesl
Initial Poisson's ratio Nu o =0.250
Hormative strength in compression Re_n=4000.000 (t£/m2)
Normative strength in tension Rp n=4000.000 {t£/mZ)
Strength in pure shear R _tau=2305.401 (t£/m2Z)
Strength in biaxial compression R _Zc=4000.000 (t£/m2)
Strength in biaxial tension R_Z2p=4000.000 (tf/m2)
Safety factor by stresa kRs =1_200
Design compression strength Rs_c =3350.000 (t£/m2)
Design tensile strength Rs_r =3350.000 (t£/m2)
Initial modulus of elasticity Es_o =Z_0000e+007 (t£/mZ)
Secant modulus, elastic-plastic Es_cut =4_.527€e+003 (t£/m2)
Ultimate strain elastic, rupture Def u =2_000000=-003 Def pl =1.800000=-001
Principal strain, elastic Def 1 =1.15131¢e-004 Def 3 =-1.342105e-004

Principal strain, elastic-plastic

Def 1n=3.423454e-001

Def_3n=-3.5%07&5e-001

Ultimate principal stress

Figure 4.10

Effective lengths of steel structure elements

5G_1L =4000.000 56_2L = 0.000 S56_3L= -Zg844.524
5C OL =-371.844 TED L = Z305.401

Presence of cracks: IB=1,2,3 - cracks; TB=10 - crack and yield in compression;

TB=20 - yielding of steel in biaxial compression; | TB=5 - yielding of ste=l by ULS; TB=50 - rupture by ultimzte strain
State of steel in biaxial stress strain state IB=50
Feserve factor by SLS 1.11&
Feserwve factor by ULS 0.%30
Utilization factor by SLS 0.285643

The module enables you to determine effective lengths of the following elements of steel

structures:

— Idealized conditions (columns) of uniform section;
— elements of uniform section with semi-rigid joints;
— elements of uniform section for one- or multi-srorey frames;
— intersecting elements of uniform section;
— continuous beams (top chord of truss) and columns (crane laced columns);
— elements of 3D laced structures;

— lower part of single-stage (crane) columns.

The following building code are implemented in the program:
1. SNIP 11-23-81* 'Steel Structures’;
2. Manual to design of steel structures (to SNIP 11-23-81* 'Steel Structures’).
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Effective lengths of steel structure elements

- Calculate Report Measurement units Help

IE. ldealized conditions {columns)
1’21" Continuous beams and columns

:D Semi+igid joints I ﬁ Frames
# Laced structures

— Schematic presentation

rigid disk
s

rigid disk
s

x|

f Intersecting elements I
T Crane columns

Input data

1= |11.3 m
2= I-d-? m
1= (951000 cmd

il
il

2= (280000 cmd

F1= 1979 H
F2= (607 i
—Output data

Figure 4.11

Input data

When you start the program, select appropriate tab with the short description of topology
for computed elements of the structure (e.g. Crane columns).

In the dialog box, select with the pointer the element to be calculated or design model of
the structure (except Frames, where frame parameters are described with number of

defined storeys and spans).

Generally, it is necessary to define geometry for the element or the structure and stiffness
properties. In some cases, define load on element or structure. The stiffness may be
described either numerically or with program options in the Steel cross-section dialog box

(button EJ - Stiffness). When you click the Section button in the Steel cross-section
dialog box, it is possible to select different types of sections, for which stiffness is

calculated automatically.
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Effective lengths of steel structure elements x|
- Calculate Report Measurement units Help
;1" Continuous beams and columns | # Laced structures | FI Crane columns
IE. ldealized conditions {columns) I :D Semi-igid joints @ Frames | * Intersecting elements
— Parameters of structurs
— Storeys — Spans r— Column focation
i~ hinge
[300  m [0 m B
= rigid N N N N N
27 b
I " I m r— Frame focation b L L L L —.IL
j3.2 m |45 m « free o
" not free «©
4.8 m 5 m <
— Beam fiation *L
£~ hinge g
Apply - {
% rigid ()
—
~ Input data E
= 10476 H
Ic omd ]| Is1 52 o
Isl = [21826 cmd m . Q
[yp]
Is2 = [52433 cmd Eﬂl S 2
}—6.00—+—5.00—+4.50—+5.00—
Output data
( u= [132 | Caloulate
Figure 4.12

Elastic fixing at the ends on the Semi-rigid joints tab (elements of uniform section with
semi-rigid joints) may be defined numerically or you could compute appropriate stiffness

according to the variant of design model (button LS ).

To start calculation, click Calculate.

Page 108 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

Calculate Cm x| Calculate Cm x|
— Schematic present. [variants] rInput data — Schematic present. [variants) Input data
LA B o I =i i-emz  EJ| e |2 i = d-cmz ]|
Li+L, Li= Ny =
T’ W T [ m r L= | "
r El; El, L2= I m L {|El L2 = I -
L
El El,
L L
e Cancel 1 ok | Carcal
a) b)
Calculate Cm x| Calculate Cm x|
— Schematic present, [variantz]  Input data — Schematic present. [variants]  Input data
14¢ | 3 ST £l = I - ml 1< 4 il M = I i * om2 ml
L, L1= L+ L, L1=
ey | el Gt
El, L2= I m El, El, L2= I m
LI\ Bl L El
)4 | Cancel ) ok, | Cancel
c) d)
Figure 4.13

Output data

Output data contains coefficient (coefficients) y. Effective length (lengths) may be obtained
if geometric length of element (elements) of structure is multiplied by this coefficient

(coefficients).

Output data may be presented as a report. To present a report document in HTML format,

click Report on the menu bar.

Parametric joints of steel structures

This module represents STC-SAPR module adapted to work in ESPRI environment.
The module enables you to design and check joints of steel structures.
The program supports the following normative documents:
— SNIP 11-23-81* 'Steel structures',
— Manual on design of steel structures (to SNIP 11-23-81* 'Steel structures'),
— Provisions contained in [45, 46].

©2011-2020, LIRA SAPR. All rights reserved
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Input data

On the FILE menu, point to New and click Joint. In the Select joint type dialog box, select
the joint prototype from the following menu: Trusses, Beam-to-column joint, Beam-to-
beam joint, Column-to-column joint, Column bases, Sway bracing, Rigid
connections.

Then select with the pointer the icon of appropriate joint and click OK or simply double-click
appropriate icon.

In the General dialog box, define safety factor and service condition factor. In the Group
name for joint elements list, select certain group of components: principal elements of
joint, welds, plates, bolts, etc. List of groups depends on selected type of joint. When you
click Group properties, the dialog box that corresponds to this group will be displayed on
the screen.

For the principal elements of joint, from appropriate lists select the profile and its name,
then steel table and steel name.

For other groups of elements, appropriate dialog boxes will appear. Necessary data is
defined there by default. If necessary, correct the data.

If it is necessary to input data about design resistances that differ from the ones mentioned
in SNIP 11-23-81*, then select the Edit check box for appropriate options and define the
values manually.

For the joints of columns, in the General dialog box, define class of concrete for
foundation.

When the input data is defined for every group (or for all groups), the Apply specified
properties to all elements of group button becomes available. Click this button to apply
properties.

Then click OK.

The Design forces dialog box will be displayed on the screen. There you should define
forces at joint.
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x|

M Element FE zect. M kM P kM Lz kM Mz kMm Cly kM

1 Beaml -1 1 -100.000 12.000 3.000 9.000 4.000
2 |Beam? -1 -1 7a.000 10,000 5.000 12.000 1.000
3 |peamt -1 1 -22.000 3.000 3.000 4.000 [.970
4 |Beam? -1 1 67.000 a8.300 E.000 ¥.000 8.000

\Z% . o Add row |
I L
\Z ] Bearn? Delete rows |

ﬁ (] I Cancel |

Figure 4.14
When you click OK, analysis will be carried out.

The EDIT menu contains the following commands:

— Forces — to display the Design forces dialog box;

— General properties — to display the General dialog box;

— Joint parameters — to display the Joint properties dialog box with the joint type and
defined parameters.
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Joint Properties x|

Sketch Parameters
M Parameter Yalue
L 25 25 space without weld ]
. 11 1 . | " |Leg:'weld'1 4. 000
[/ R | T | 2 |Leg: weldw?2 10,000
1 1 fPater | 4 [Thickness 1 : Plate 1 £.000
ir = 4 vk ﬁl
mrE E :: E W2 il | 4 |Dimension B : Plate 1 110.000
e \_ | 3 |Dimension H : Plate 1 305.000
T i §- i Thicknessz 12 Plate 2 10.000
rrmr—r———rrr—rry_F 16 2 | © |Dimension B : Plate 2 195,000
Il / 8 | Dimension H : Plate 2 350.000

D m or o~ — joor o]

—Joint elements

Beam2
wield Wl E dit properties...

Wield w2
Plate 1
Plate 2

(1] 4 I Cancel

Figure 4.15

The ANALYSIS menu contains the following commands:

— Check joint elements - to check elements of joint according to selected prototype;

— Select joint elements — to select elements of joint according to selected prototype;

— Tracing routine — to generate file with tracing routine about analysis procedure. This file
will be opened in web-browser right away.

Output data

Output data presents utilization ratio (ratio of bearing capacity of element in a joint to the
real stress multiplied by 100%) by strength of elements available at joint as well as sketch
of drawing.
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# STC-SAPR module [Steel joints parametric design] - [Joi oy (=] 3
}/| File Edit Analysis Options Window Help -|=| x|
J PR ES ZHRELH T O
25 . 25 space without weld
¢ 1 il 1 .
" ;___,F‘Iate 1 /
ir Tr E _é 1 H?E ﬁhm W
1 v F
RN
1 /
=== I F==
o T
Joint : Input Data
Joint Element Property Value Units
Beam] Shape [35B1;GOST 26020 - 83
Steel 09G2;
Beam? Shape [35B1;GOST 26020 - 83
Steel 09G2;
Weld W1 Material Wire mark: Ce-08
Weld W2 Material Wire mark: Ce-08
Steel BCT3rm?
Plate 1 Width 110.00 him
ae Length 305.00 mm
Thickness 6.00 mm
Steel BCT3rm?
Plate 2 Width 19500 him
- Length 350.00 mm
Thickness 10.00 mm
Joint : Check Results ( SNIP I1-23-81%)
) Utilization Internal forces
Parameter Property Value ratio.%
’ N. kN My, kNm | Qz, kN | Mz, kNm | Qy, KN
Weld W1 Leg 4.0 mm 104 -100.000* 12.000 3.000* 9.000 4.000
Weld W2 Leg 10.0 mm 1058 78.000* 10.000* 5.000 12.000* 1.000*
Thickness t1 6.0 mm
Plate 1 Dimension B 110.0 mm 54 67.000* 8300 6.000* 7.000 g.000
Dimension H | 305.0 mm
Thickness 2 10.0 mm
Plate 2 Dimension B 195.0 mm 144 -100.000* 12.000* 3.000 9.000* 4.000*
Dimension H | 350.0 mm
* _ forces used in selection or check of the appropriate parameter | |
=l
Done | INUM | Y
Figure 4.16
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Use the Tracing routine command 2 to generate the tracing routine file for the check
and selection of joint. This file will be opened in web-browser right away.

Analysis of welds

The program enables the user to analyse the following types of weld joints in steel
structures:

— Lap joints

— T-joints, butt

— T-joints, flanged

The program supports the following building codes:

1. SNIP 11-23-81* 'Steel structures. Design rules' — M.: TSITP Gosstroy USSR, 1990;

2. Manual on analysis and design of weld joints in steel structures (to SNIP [1-23-81* 'Steel
structures’) / Moscow, 1984;

3. Manual on design of steel structures (to SNIP [1-23-81*) / TSNIISK named Kucherenko
Gosstroy USSR.

Analysis of welds in overlap joints is carried out according to sections 11.2*, 11.3*, 11.5,
12.8 SNIP [1-23-81*.

Welding techniques are provided according to table 34* SNIP 11-23-81*.

Min leg lengths are selected in Select option (or defined values are checked in Check
option) according to table 38* SNIP [1-23-81*.

The program works with steel tables that may be edited and created in the Steel table
module (ESPRI program, Steel structures chapter).

The program supports the following building codes:

Mode References to building codes

Steel Table 50* SNIP 11-23-81*
Table 51* SNIP 11-23-81*
Table 51,6 SNIP [1-23-81*

Materials for welding sect. 2.2*, 3.4 SNIP [I-23-81*
Table 55* SNIP I-23-81*
Table 56 SNIP [I-23-81*

Parameters of weld joints | sect. 11.2*-11.3*, 11.5, 12.8 SNIP 11-23-81*

Partial safety factors Table 6* SNIP |I-23-81*

Input data

The program window contains four tabs where you could define input data for analysis of
weld joint:
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— Joint type

— Steel

— Parameters

— Welding materials

Input data for analysis of selected joint is defined in sequence tab by tab from left to right;
at the same time the program checks whether assigned data is correct. Otherwise, the
program displays the error message and it is not possible to select another tab in program
window.

When defined data is approved as correct one, you will be able to select another tab and
define appropriate data there. When you define data for selected template joint at any tab,
you could return to any of the previous tabs to edit or review the previously defined data.

When you switch from one tab to another, all defined data is saved in both directions. If
previously defined data do not correspond to current data, then the program opens the tab
where the inconsistency is found and you could remove such inconsistency.

As you define input data, the program may display various warnings and tips for the user.

On the Joint type tab it is possible to define data about weld joint that should be analysed,
its service conditions and parameters for welding.

In the Select template joint area, select their type: Lap, T-joints (butt and flanged).

In the list of joint templates located below select appropriate template. For the check
option, selected template will be displayed in the upper small window.

In the Service conditions and Parameters of weld joint areas, select in the drop-down
lists and with option buttons all data necessary for analysis according to SNIP [1-23-81*
'Steel structures'. Ratio of defined Welding technique and Weld location are checked for
correspondence according to SNIP.

On the Steel tab it is possible to assign steel for every element in the joint (use appropriate
option buttons to activate certain mode):

— Profile (Strip) and Gusset for the lap joint;

— Profile (Rolled sheet) and End-plate for the T-joint (butt);

— Flange and Web for the T-joint (flanged).

Depending on previously defined Service conditions, in the Material for joined elements
box, for every element according to table 50* SNIP [1-23-81* you will see lists of
recommended steel or steel grades according to other building codes that may be used
instead of steel recommended in GOST 27772-88.

With the help of option buttons you should define whether you will work either with classes
or with grades of steel. In this case, when you select the class of steel in the Steel
recommended according to GOST 27772-88 list, in the special list Steel grades by
other GOST and TU (not active at the moment) you will see steel grades that correspond

to this class and vice versa.
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In case of butt joint of pipes you will see the list of steel grades according to table 50* and
table 51.a SNIP 11-23-81* .

To compute flanged joint of built-up beam, it is possible to assign steels of different
strength for flange and beam.

In the information window to the right you will see normative and design values of steel
strength. These values depend on the thickness of steel profiles and sheets for selected
class (grade) of steel in appropriate list.

The steel name and its mechanical properties for any element in the joint may be defined
manually, if required. To do this, select appropriate check box. In this case, the input data
is not checked but when you click the Parameters tab, defined value of thickness range is
considered.

For steel profiles, in the Designation list for certain Shape you will see only shape in which
flange thickness corresponds to the specified thickness range. If there are no such
thickness values in the available shapes, then the Designation list remains empty and the
program displays a warning that the thickness range should be modified.

Defined values of steel sheets are checked not so strictly. When you open the Parameters
tab for the first time, min value for thickness range is displayed. Min value may be modified
but within the range.

When you switch from the Parameters tab to the next tab Welding materials, the program
checks correspondence between assigned thickness range for steel profiles and sheets of
a certain element and the thickness value defined in the Elements of joint area. In case of
any inconsistency, appropriate warning will be displayed and the thickness range should be
modified.

Select with the pointer class or grade of steel for the element of weld joint and then click
Assign. To do the same, it is also possible to double-click selected row. Information about
defined steel for every element in the joint will be displayed in the information box to the
right.

Class or grade of steel may be defined for four groups of structures and three climatic
zones according to table 50* SNIP 11-23-81*. If you select a steel for which there is a note
in the table (about specific features of application), the program displays appropriate
message. If the non-recommended steel is assigned for the gusset, you will see
appropriate warning. But you could take a decision whether it is possible to apply such
steel.

Important. The steel should be assigned separately for every element in the joint. To do
this, use appropriate option buttons for every element in the joint and then select and
assign steel for these elements.

On the Parameters tab it is possible to define data about dimensions of the joint and the
forces that act on the joint. On schematic presentation of selected joint you will see
necessary data about defined parameters and positive direction of applied forces.
Depending on the type of calculation (Check or Select options), either leg lengths and
weld lengths are defined (Check option) and then their values are checked or min allowed
values for leg lengths are displayed (Select option) as input ones. When you place the
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pointer over appropriate boxes for leg lengths and weld lengths, you will see tooltips with
information about allowed values for these parameters. When you select this tab for the
first time, min allowed values for leg lengths and weld lengths are displayed by default.

In the Elements of joint area, select the Shape and Designation of the profile in the steel
table or define height and thickness for the Sheet,as well as thickness for Gusset or End
plate. For the butt joint of built-up I-section, in this area specify width and thickness of
rolled sheets from which the I-section is consisted of and thickness of the end-plate.

For the T-joints (flanged) just as for the butt joint of built-up I-section, it is necessary to
define geometric properties of rolled sheets that the built-up I-section of the beam is
consisted of. If there is a local stress in this beam, you should define length (b) of
application of concentrated load to flange of built-up beam.

To display additional information about main geometric properties of the sections, click the
Geometric properties button.

In the Type of analysis area, select with option button either Check or Select.

If the Check option is selected, then weld lengths and leg lengths should be defined in
appropriate boxes, schematic presentation is available. The check procedures (by SNIP)
carried out in computation depend on the joint type and combination of loads that act on
this joint. For this type of computation, nonzero forces acting on the joint are checked
unlike the Select option where the same condition causes that parameters of welds are
selected by design requirements.

If the Select option is selected, then min allowed leg lengths (for defined element
thickness) are displayed while weld lengths remain as zero values. For certain types of
joints, additional options for Select procedure are available. For L-shaped lap joints it is
possible to define additional option Leg lengths at the heel and toe are equal, for the
flanged joints - One-sided flange weld. For the T-joint (butt) of the sheet element, in both
modes of analysis it is also possible to assign One-sided weld and edge preparation in
full penetration.

In the Forces area, there are forces for which Check or Select procedures for weld
parameters is carried out according to the sign convention displayed on schematic
presentation (for the active forces equal to zero, parameters of weld will be selected
according to design conditions).

In analysis of T-joints (butt), the check strength of joint across the thickness of rolled
steel option may be defined. In this case, when the tensile stresses arise in the main steel
across the thickness of rolled steel, the program displays another dialog box where you
should define Pattern for edge preparation and type of penetration and, if required,
define depth for edge preparation for strength analysis of the end-plate across the
thickness of rolled steel.

All linear dimensions are defined in mm.
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Important. When you assign another Shape or thickness for any element in the joint from
rolled sheet and then click at any box or at the Leg length boxes, in these boxes the
program will display recomputed min allowed value for defined parameters of elements.

On the Welding materials tab it is possible to select and assign welding materials for the
structure. Materials are selected according to table 55* SNIP 11-23-81*. In the Materials for
welding area, you will see the list of available electrode types or marks of welding wire; the
content of the list depends on previously defined Service conditions.

With the mouse pointer, select the electrode type or mark of welding wire in the table.

In the lower left corner of the dialog box, the Calculate button becomes available.

Check of input data

When you move sequentially from one tab to another, the assigned data is checked for
compliance with the requirements of SNIP 11-23-81*. If the specified data does not satisfy
the building code, one of the following messages is displayed:

'E - information warning about non-compliance with recommendations SNIP; further
=) work (defining input data and carrying out analysis) is possible as preferred by the
user;

@ - message about error in the input data, further work (defining input data and
carrying out analysis) is not available until this data is modified.

When a steel for which specific features are specified in table 50* SNIP 11-23-81* is
assigned to elements of joint, the program displays the warning with the % icon,

Data specified on the Joint type tab is checked for mutual consistency according to SNIP
provisions mentioned below.

Selected Welding technique and Weld location allow you to determine the coefficients s
and 4 according to table 34* SNIP 11-23-81*. When assigned weld location does not
correspond to selected welding technique and you try to move to the next tab, the warning
is displayed and you cannot move to the next tab.

In case of butt joint for the pipe for structures of Group 1 (table 50* SNIP 11-23-81%), the
program also displays appropriate warning.

Defined value of safety factor for unique object for class of responsibility is also
checked.

When you move from the Steel tab to the following Parameters tab, the program checks
the steel assigned for the second element in the joint.

Values for Parameters of joints of all types are checked according to sect.11.2, in some
cases - also sect.11.3, 11.5 SNIP 11-23-81*. Defined values of element thickness are
checked for:
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- whether it is allowed to weld (table 38* SNIP [1-23-81%*);
- whether steels defined for elements are allowed.

For lap joints of sheets, the program also checks whether defined height h is correct.
Here for the Check procedure, leg length and weld length are specified. When you move

from one tab to another, the program checks whether these values correspond to
requirements of sect.12.8 SNIP [1-23-81*:

Joint Check of parameters

Ki min < Ki < 1.2*min{1.2*, ts }, Kt min = Table 38* SNIP
[1-23-81* { max(t, ts)}

Ki min < Krz < 1.2*min{0.9*, ts }, Kt min = Table 38* SNIP
[1-23-81*{min(0.9%, ts)}

b1 = max{ 40 mm, 4*K; 1}

b2 = max{ 40 mm, 4*K; 2}

Ki min < Ki; < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)}

b1 = max{ 40 mm, 4*Ks, }

h = 5*min{t, ts }

Ki min < Ki; < 1.2"min{t, ts }, Kf min = Table 38* SNIP II-
23-81* { max(t, ts)}

b1 = max{ 40 mm, 4* K, }

h = max{ 40 mm, 4* K¢, 5*min{t, ts } }

\ L M. Q: K: min < Kr, < 1.2"min{t, ts}, K; min = Table 38* SNIP 1I-23-

,”@_. 81* { max(t, ts)}

i 197 > |h N | b1 25" min{t, ts}
|

h = max{ 40 mm, 4* K, }
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Ki min < Kip < 1.2*min{t, ts }, K¢ min = Table 38* SNIP II-
23-81* { max(t, ts)}

b1 = max{ 40 mm, 4* K¢, 5*min{t, ts }

h = max{ 40 mm, 4* K¢, 5*min{t, ts }

Kt min < Ki; < 1.2"min{t, ts }, Ki min = Table 38* SNIP II-
23-81* { max(t, ts)}
b1 = max{ 40 mm, 4* K, }

Kt min < Ki; < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)}, where t — flange thickness of channel
section

Ki min < Kr, < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)},where t — web thickness of channel
section

b1 = max{ 40 mm, 4* Kz }

bl Ki min < Ki; < 1.2"min{t, ts }, K min = Table 38* SNIP II-
¥ y 23-81* { max(t, ts)}, where t — flange thickness of channel
i M, Q; section
< {Kgo Ks1 E ® Ki min < K, < 1.2"min{t, ts }, K min = Table 38* SNIP II-
: N 23-81* { max(t, ts)}, where t — web thickness of channel
J/ ; section
ts b1 = max{ 40 mm, 4* K¢, 5*min{t, ts }
b1
: M, % Kt min < Kr, < 1.2"min{t, ts }, K min = Table 38* SNIP II-
Kp $® 23-81* { max(t, ts)}
N | b1 2= 5*min{t, ts}
//

Kt min < Ki; < 1.2"min{t, ts }, Kf min = Table 38* SNIP II-
23-81* { max(t, ts)}, where t — flange thickness of profile

Kt min < Kr, < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)}, where t — web thickness of profile
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Ki min < Ki; < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)}, where t — flange thickness of built-up I-
section

Ki min < Kr, < 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, ts)}, where t — web thickness of built-up I-
section

Ki min < Kq; < 1.2"min{t, ts}, K min = Table 38* SNIP [1-23-
81* { max(t, ts)}
h = max{ 40 mm, 4* K; }

Ki min < Kq; < 1.2"min{t, ts }, Kf min = Table 38* SNIP [I-23-
81* {max(t, ts)}
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In some cases it is not possible to define min leg lengths correctly because of attempt to
weld elements of inappropriate combinations of thicknesses or to use steel not mentioned
in Table 38* SNIP [1-23-81*. In this case, zero values of the leg lengths are displayed in the
corresponding input boxes and the warning is issued. When you carry out the Select
procedure, the values of min leg lengths are also checked to be not equal to zero. To
continue calculation, data should be reset.

When you carry out the Check procedure, the program checks that at least one of the
acting forces should be with non-zero value. For the Select procedure, zero forces in the
joint are allowed and weld dimensions are selected according to design requirements.

For lap joints of the L-shaped profile, if only longitudinal force is acting, the thickness of the
gusset is checked for compliance with the recommended value depending on the acting
force. In case of non-compliance, the warning is displayed.

Geometric properties of the section of the flanged T-joint are checked for compliance with
the following requirements:

Sl -
F tw
T o br2 2 by,
b where b — flange width of built-up I-section in section 1-
w 1’
br, — flange width in section 2-2

hW 2 bf!
hw > 40 mm,
bf > tW!

b =50 mm, if F#0,

Q:=0 and Q»=0 and F=0 (in this case, the weld is
assigned according to design features) or

Q:1=0 and Q»=0 and F=0 or

Q:#0 and Q,#0 and F=0 or

Q:#0 and Q,#0 and F#0

Weld T-joints (flanged)

In built-up beams, flanges are joined to webs by means of fillet welds.
For analysis of T-joints (flanged), the following types of flanged joints in built-up I-sections
are available:

et b Flanged joint of built-up I-section
' when there is no local stress
hy (Gloc = 0)
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Flanged joint of built-up I-

section
with local stress
(0_|oc 75 0)

| —

Flanged joint of built-up I-section
with local stress
(Gloc # 0)

Load on flange of built-up beam may be transferred from steel purlin and from RC slab.
Pressure V from design value of concentrated loads F should be computed by formula

V= F/Ief,
where
ler = b + 2t; — effective length of load distribution,
tr — thickness of appropriate flange of beam.
Important. When load F is applied to the bottom flange of beam, welds of the bottom
flange are computed with account of force Q (regardless of the presence of stiffener in
section where load F is applied to).

Output data
To carry out analysis, click the Calculate button (on the Welding materials tab).

Output data is presented on the Parameters tab. This tab is displayed automatically after
analysis procedure. The Report button becomes available after computation.

After the Check of weld joint, the program computes max utilization ratio of design strength
of weld joints either by weld metal or by metal of fusion weld boundary (ratio of real stress
to effective strength of weld, expressed as %).

In the Select procedure, the program computes min allowed leg lengths and corresponding
weld lengths (that do not exceed min allowed effective lengths) that provide bearing
capacity of the joint. Computed values are displayed in the appropriate boxes.

For analysis of T-joint butt welds in case of tensile stresses in the main steel across the
thickness of rolled steel, the program carries out the check of steel strength. The output
data contains utilization ratio of steel strength across the thickness of rolled steel according
to this check.
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In case forces (that act on the joint of any type) are defined as equal to zero for the Select
procedure, the leg length and length of weld are assigned according to design features
(you will see appropriate warning).

For the flanged joint, the program carries out only Selection of leg length at the support of
beam and in the plane of local stress (section 2-2 Fig. in the table). If computed leg length
exceeds max allowed value, then the program displays the warning that it cannot
determine weld for the specified parameters and forces.

After analysis procedure, it is possible to generate the Report that contains the input data
and the output data from Check or Select procedures. To generate and open the report file
in HTML format, click Report. It is possible to save the copy of the report with user-defined
name and location (on the FILE menu, use the Save as command).

Bolted connections

The module enables the user to analyse and design lap bolted connections in steel
structures of the following main types:

— connections of single and double angles to the gusset;

— connections of sheet elements with splices;

— connections of beam web (rolled or built-up) with splices.

The program supports the following building codes:

1. SNIP 1I-23-81* 'Steel structures. Design rules' — M.: TSITP Gosstroy USSR, 1990;

2. Manual on design of steel structures (to SNIP 11-23-81*) / TSNIISK named Kucherenko
Gosstroy USSR.

The program window contains four tabs where you could define input data for analysis of
bolted connection:

Connection type

Steel of elements

Parameters of connection

Requirements to bolts

When input data is defined and analysis results are obtained, the output data is generated
as report file that may be printed or saved, if necessary.

Set of checks by SNIP [1-23-81* depends on type of connections and sections of its
elements, type of bolts (without controlled tension or with controlled tension - friction-grip
bolts) and all loads applied to connection. Below there is a list of checks for every type of
connection.

Connections of angle sections:
bolt in shear (without controlled tension) — sect.11.7,
connection in shear (friction-grip bolts) — sect.11.13%;
angle in local compression — sect.11.7;
gusset in local compression — sect.11.7;
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strength in weakened section of angle — sect. 5.1.

Connectlons of sheet elements with splices:

bolt in shear (without controlled tension) — sect.11.7,

connection in shear (friction-grip bolts) — sect.11.13%;

splice in local compression — sect.11.7,

gusset in local compression — sect.11.7,;

strength in weakened section of splice — sect. 5.1.

strength in weakened section of gusset (if its width is equal to width of splice) —
sect. 5.1.

Connectlons of beam web:
bolt in shear (without controlled tension) — sect.11.7;
connection in shear (friction-grip bolts) — sect.11.13%,
web of beam in local compression — sect.11.7;
splice in local compression — sect.11.7,
strength in weakened section of web in beam — sect. 5.1.
strength in weakened section of splice — sect. 5.1.

For analysis of different connections of structural shapes, the steel table from ESPRI
program 'Steel structures' chapter is used. Geometric properties of rolled sheets are
defined by the user.

The program supports the following building codes:

Mode References to buildings codes

Steel of elements Table 50* SNIP 11-23-81*
Table 51* SNIP 11-23-81*
Table 51,6 SNIP [1-23-81*

Matchmarks that determine location of bolt | GOST 24839-81 «Steel structures.
holes in elements Arrangement of holes in rolled sheets.
Dimensions»

sect. 12.19*, Table 39 SNIP 11-23-81*

Requirements to bolts sect. 2.4*, 2.7*, 3.5, 3.7 SNIP 11-23-81*
Table 57*, 58* and 59* SNIP [1-23-81*
(bolts without controlled tension)

Table 36* SNIP [1-23-81* (friction-grip

bolts)
Partial safety factor Table 6* SNIP |1-23-81*
Partial safety factor for connection Table 35* SNIP [1-23-81*

Input data

Input data for analysis of selected connection is defined in sequence tab by tab from left to
right; at the same time the program checks whether assigned data is correct. Otherwise,
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the program displays the error message and it is not possible to select another tab in
program window.

When defined data is approved as correct one, you will be able to select another tab and
define appropriate data there. When you define data for selected template connection at
any tab, you could return to any of the previous tabs to edit or review the previously defined
data.

When you switch from one tab to another, all defined data is saved in both directions. If
previously defined data do not correspond to current data, then the program opens the tab
where the inconsistency is found and you could remove such inconsistency.

As you define input data, the program may display various warnings and tips for the user.

On the Connection type tab it is possible to define data about connection that should be
analysed, its service conditions, type of structure and type of bolts.

In the Select template connection area, select the template type that will be displayed in
the upper small window.

In the Service conditions and Parameters of bolted connection areas, select in the
drop-down lists and with option buttons all data necessary for analysis according to SNIP
[I-23—-81* 'Steel structures'.

In the Parameters of bolted connection area, define the type of structure from one of the
following:

OHTL - overhead transmission line;

OSG - outdoor switchgear;

CS - overhead control system.

On the Steel tab it is possible to assign steel for every element in the connection (use
appropriate option buttons to activate certain mode):

— Profile (Strip) and Gusset for the lap connection of angle and sheet;

— Profile (rolled or built-up from sheets) and Splice for connection of built-up or rolled
beam.

Depending on previously defined Group of structures and Climatic zone according to
SNIP 1I-23-81*, in the Material for connected elements box, for every element according
to table 50* SNIP 11-23-81* you will see lists of recommended steel or steel grades by other
building codes that may be used instead of steel recommended in GOST 27772-88.

With the help of option buttons you should define whether you will work with steel classes
or with steel grades. When you select the class of steel in the Steel recommended
according to GOST 27772-88 list, in the special list Steel grades by other GOST and TU
(not active at the moment) you will see steel grades that correspond to this class and vice
versa.

In the information window to the right you will see normative and design values of steel
strength. These values depend on the thickness of steel profiles and sheets for selected
class (grade) of steel in appropriate list.
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The steel name and its mechanical properties for any element in the connection may be
defined manually, if required. To do this, select appropriate check box. In this case, the
input data is not checked but when you click the Parameters tab, defined value of
thickness range is considered. If any property of user-defined steel was modified but not
confirmed when you select this tab once more, then when you switch to another tab you
will see appropriate warning.

For steel profiles, in the Designation list for certain Profile you will see only profiles in
which flange thickness corresponds to the specified thickness range. If there are no such
thickness values in the available profiles, then the Designation list remains empty and the
program displays a warning that the thickness range should be modified.

Defined values of steel sheets are checked not so strictly. When you open the Parameters
tab for the first time, min value for thickness range is displayed. Min value may be modified
but within the range.

When you switch from the Parameters tab to the next tab Requirements to bolts, the
program checks correspondence between assigned thickness range for steel profiles and
sheets of a certain element and the thickness value defined in the Elements of
connection area. In case of any inconsistency, appropriate warning will be displayed and
the thickness range should be modified.

Select with the pointer class or grade of steel for the element of bolted connection and then
click Assign. To do the same, it is also possible to double-click selected row. Information
about defined steel for every element in the connection will be displayed in the information
box to the right.

Class or grade of steel may be defined for four groups of structures and three climatic
zones according to table 50* SNIP 11-23-81*. If you select a steel for which there is a note
in the table (about specific features of application), the program displays appropriate
message.

Important. The steel should be assigned separately for every element in the connection.
To do this, use appropriate option buttons for every element in the connection and then
select and assign steel for these elements.

On the Parameters tab it is possible to define data about dimensions of the connection,
forces that act on the connection, diameter and accuracy class of bolts, hole misalignment
(difference in nominal diameter of holes and bolts) and location of centres of bolt holes.

On schematic presentation of selected connection you will see necessary data about
defined parameters, matchmarks that determine location of bolt holes in connected
elements, and about applied forces.

Depending on selected type of connection, matchmarks may be either completely defined
by the user according to sect.12.19*, Table 39 SNIP 11-23-81* or, for connections of angles,
recommended ones (matchmarks stipulated in GOST 24839-81). In connections with

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 127 of 403


http://www.liraland.com/

Manual on ESPRI 2020

staggered arrangement of bolts, min distance between bolt centres is limited. In this case,
the weakened section is checked and the area of weakened section is computed in vertical
direction across the force.

When you place the pointer over appropriate boxes for matchmark values (distances from
bolt centre to edge of element and between bolt centres in any direction) and number of
bolt spacings in both directions, you will see tooltips with information about allowed values
for these parameters. The program checks these parameters according to sect.12.19*
SNIP [1-23-81*.

When you open this tab for the first time, in the boxes with geometrical data the program
displays min allowed values (thickness) for bolted connections and in boxes for
matchmarks - their min allowed values are displayed as initial ones and may be modified.

In the Elements of connection area, select the Profile and its Designation in the steel
table or define height and thickness for the Splice,as well as thickness for Gusset. For the
connection with splice (splices)of built-up I-section, in this area specify width and thickness
of rolled sheets from which the I-section is consisted of and thickness of the splice.

To display additional information about main geometric properties of the sections, click the
Geometric properties button.

When you define Forces applied to connection, necessary Accuracy class, diameter of
bolts d, and Hole misalignment, dimensions for Necessary contours of bolted field, to
confirm all modifications that determine allowed (min and max) values of matchmarks, click
Set matchmarks. If the data is defined incorrectly or the program cannot select allowed
value of matchmark, you will see appropriate warning with the list of errors, and in case of
selection procedure, with recommendations about possible modification of this data.

All linear dimensions are defined in mm.

Important. When you assign another Profile or thickness for any element in the
connection from rolled sheet, set of forces applied to the connection, values of matchmarks
or other parameters of connection that determine matchmarks (diameter or accuracy class
of bolts, hole misalignment), click Set matchmarks. The program will check whether
current values of matchmarks are allowed.

On the Requirements to bolts tab it is possible to select and assign materials for the
structure depending on type of bolts defined earlier. For bolts without controlled tension, in
the Requirements to bolts area, the program displays the list of Accuracy classes for
bolts stipulated depending on previously defined Service conditions. If temperature
conditions for the connection are defined as below -40°C, the user will be able to select
the mode of maintenance in heated space.

Select with the pointer accuracy class for the bolts. In the information boxes you will see
appropriate values for design strength in shear Rps and in tension Ry for bolts of selected
class. Below you will also see information about design strength in local compression for
connected elements Ry, for the current class of accuracy defined on the Parameters tab.
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In the lower left corner of the dialog box, click Calculate.

For the friction-grip bolts, in the Connections on high strength bolts with controlled
tension area, define Method of processing (cleaning) the surfaces to be joined and
information about mechanical properties of high strength bolts.

Select with the pointer certain method of processing the surfaces. In this case, in the
information boxes you will see appropriate values of friction coefficient gy and load factor y.

In the table, select the Steel grade according to GOST 4543-71* from the list. The
contents of the list depend on previously defined nominal diameter of thread.

In the lower left corner of the dialog box, click Calculate.

Check of input data

When you move sequentially from one tab to another, the assigned data is checked for
compliance with the requirements of SNIP 11-23-81*. If the specified data does not satisfy
the building code, one of the following messages is displayed:

'E - information warning about non-compliance with recommendations SNIP; further
=) work (defining input data and carrying out analysis) is possible as preferred by the
user;

@ - message about error in the input data, further work (defining input data and
carrying out analysis) is not available until this data is modified.

When a steel for which specific features are stipulated in table 50* SNIP 11-23-81* is
assigned to elements of connection, the program displays the warning with the % jcon.

When you move from the Steel tab to the following Parameters tab, the program checks
the steel assigned for the second element in the connection.

Values for Parameters of connections of all types are checked for mutual correspondence
for further correct arrangement of bolts in connection according to SNIP 11-23-81*. Defined
values of element thickness are checked:

- whether it is allowed to connect with bolts of selected diameter (table 39 SNIP 11-23-81%);
- whether steels defined for elements are allowed.

When you move to Requirements to bolts tab or click Calculate, the program checks
whether defined values of matchmarks correspond to requirements of sect.12.19* SNIP II-
23-81*:
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Connection Check of parameters (Table 39 SNIP [I-23-81%)

m — defined according to GOST 24839-81
amin < a < min(4d,8T),
: T=min(t, ts) — for connection of single angle to gusset
'“I : T=t — for connection of double angles to gusset
il 3 N | amin = 1.5d (Ryn< 375MPa) or 2.5d (Ry,>375MPa)
= amin = 1.3d — for high strength bolts with controlled tension
(friction-grip bolts)
Smin < S < min(8d,12T)
smin = 2d (Ryn< 375MPa) or 3d (Ryn>375MPa)
n=0

XS |

l

—

—
N
i
lo
Is |

. nxs m, u — defined according to GOST 24839-81
: 1 amin < a < min(4d,8T),
T=min(t, ts) — for connection of single angle to gusset
oo 1| — T=t — for connection of double angles to gusset
+--4 | amin = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa)
_ amin = 1.3d — for high strength bolts with controlled tension
t”/‘" wlsl il (friction-grip bolts)
s — .
) Smin <8 < min(8d,12T)
Smin = 2d (Ryn< 375MPa) or 3d (Ryn>375MPa)
n=0

:
3

=u

Rt 2

¥
n
+

fis m, u — defined according to GOST 24839-81
N i amin < @ < min(4d,8T),
T=min(t, ts) — for connection of single angle to gusset
L 5\—;1 T=t — for connection of double angles to gusset
-4 | amin = 1.5d (Ryn< 375MPa) or 2.5d (Ry»>375MPa)
e s = s amin = 1.3d — for high strength bolts with controlled tension
ts/ als| £J (friction-grip bolts)
S Smin < S < min(8d,12T)
Smin = 2(u +1.5d)

n=1
L5 Il amin (Cmin) < @ (c) < min(4d,8T),
. Nxs T=min(t, ts) — for connection of single splice or
= — T=ts — for similar connection with double splices
oy i uf Q, amin = 1.5d (Ryn< 375MPa) or 2.5d
" S ’_'b_, (R,n>375MPa) }
< 6 E50 o N | Cmin = 1.5d — for sheared edges
‘ i . J Cmin = 1.2d — for rolled edges - if N #0; Qz;, My =0
t;/":a s]’ N Cmin = 1.5d (Ryn< 375MPa) or 2.5d
P bpkr (Ryn>375MPa)
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges Jif Q#0; N, My =0

Cmin = @min = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa),
for all other combinations of forces

amin = Cmin = 1.3d — for friction-grip bolts

Smin (Umin) < S (u) < min(8d,12T)
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Smin (Umin) = 2d (Ryn< 375MPa) or 3d (Ryn>375MPa)
n=0
k=0
LLie W amin (Cmin) < & (C) < Min(4d,8T),
R s . 5, T=min(t, ts) — for connection of single splice or
- A Ll T=ts — for similar connection with double splices
(e 4 3N Q| g =15d (Ry< 375MPa) or 2.5d
ket [ 4—4---4—7 h (Ryn>375MPa)
TINSt Tt | [N | cmin=1.5d - for sheared edges
i | Cmin = 1.2d — for rolled edges Jif N #0; Q;, My =0
o Blslp Nt Cmin = 1.5d (Ryn< 375MPa) or 2.5d
P e (Ryn>375MPa) }
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges S ifQ#0; N, My =0
Crmin = @min = 1.5d (Ryn< 375MPa) or 2.5d (Ry»>375MPa),
for all other combinations of forces
amin = Cmin = 1.3d — for friction-grip bolts
Smin (Umin) <s (U) < m|n(8d,12T)
Smin (Umin) = 2d (Ryn< 375MPa) or 3d (Ry,>375MPa)
n=1
k=2
Lok sl amin (Cmin) < @ () < min(4d,8T),
1 T=min(t, ts) — for connection of single splice or
‘ Ly, CErT G T= ts — for similar connection with double splices
) G g t| 40, amin = 1.5d (Ryn< 375MPa) or 2.5d
kx| | T4 Th é" (Rin>375MPa) >
| 44+ ,_v MN Cmin = 1.5d — for sheared edges
QIR : 4 Cmin = 1.2d — for rolled edges Jif N #0; Q,, My =0
GBS N Cmin = 1.5d (Ryn< 375MPa) or 2.5d
-i—»l b "T (Ryn>375MPa)
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges 4 if Q#0; N, M, =0
Cmin = @min = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa),
for all other combinations of forces
amin = Cmin = 1.3d — for friction-grip bolts
Umin < U < min(8d,12T)
Umin = d (Ryn< 375MPa) or 1.5d (Ry»>375MPa)
Smin < § < min(8d,12T)
Smin = U +1.5d
n=2, always even
k=2, always even
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I ..ﬂl_nxs ,.la amin (Cmin) < a (c) < min(4d,8T),
e ) T=min(t, ts) — for connection of single splice or
A ] T=ts — for similar connection with double splices
}, U q, | @mn=15d (Ryn< 375MPa) or 2.5d
k;u e :b_. (Ryn>375MPa)
| 44 | N | Cmin = 1.5d —for sheared edges
Nt L™ | o= 1.2d —for rolled edges JifN#0; Q,, My=0
o BLE p N Cmin = 1.5d (RynS 375MPa) or 2.5d
P k—I- (Ryn>375MPa)
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges S ifQ#0; N, My =0
I I I Crmin = @min = 1.5d (Ryn< 375MPa) or 2.5d (Ry»>375MPa),
P — ,;:a for all other combinations of forces
_____ et Amin = Cmin = 1.3d — for friction-grip bolts
+ -:-:'i** T q. | Umin < u < min(8d,12T)
Sl s :b_i Umin = d (Ryns 375MPa) or 1.5d (Ry>375MPa)
4'“____4:4 N | Smin S8 <min(8d,12T)
o+ | [My |syn=u+15d
t»/ﬁ al |s b e nz1, always odd
s R k=2, always even
S ’
Amin (Cmin) <a (C) = min(4d,8T),
e T=min(t, ts) — for connection of beam web with single
= Iz splice or
: T Q, T=ts — for similar connection with double splices
T |nxs q %.. amin = 1.5d (Ryn< 375MPa) or
E Is |} M, N 2.5d (Ryn>375MPa) I
Ry al -+ t Cmin = 1.5d — for sheared edges
g @jh Cmin = 1.2d —for rolled edges 7 if Q,#0; N, My =0
Cmin = 1.5d (Ryn< 375MPa) or
2.5d (Ryn>375MPa) I
amin = 1.5d — for sheared edges
C.C, amin = 1.2d — for rolled edges 4 if N #0; Qz, My =0
i 2t I# Q, 8min = Cmin = 1.5d (Ryn<=375MPa) or 2.5d (Ry»>375MPa),
| N :b_. for all other combinations of forces
i fs |+ H M N amin = Cmin = 1.3d — for friction-grip bolts
I fal L ° ;| Smin<s<min(8d,12T)
= i Smin = 2d (Ryn< 375MPa) or 3d (Ry,>375MPa)
gl " | z-—a>=t+R +2—for rolled beam
Z —a>=t; + ks +2 — for built-up beam
h—n*s =2z
n=0
ki = 3

In some cases it is not possible to define correctly min values of matchmarks because of
attempt to connect elements with unallowable thickness combinations for the specified
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steel for the current diameter of hole. It means that for these parameters, min allowed
value of matchmark exceeds max value that is determined according to Table 39 SNIP II-
23-81*.

When you open the Parameters of connection tab for the first time for the current
connection or after significant changes to input parameters considered as a new problem,
the min allowed values of the element thickness and matchmarks are displayed in the
corresponding boxes. When you modify any parameters presented on this tab and then
confirm them with the Set matchmarks button, a warning is displayed that assigned
matchmarks do not correspond to the tolerance limits. The min allowed value of T (see
above) is indicated. In this case, to perform further calculations, the data must be modified

properly.
Output data

To carry out analysis, click the Calculate button.

Output data is presented on the Parameters tab. This tab is displayed automatically after
analysis procedure. The Report button becomes available after computation.

After the Check of bolted connection, the program computes max utilization ratio of
bearing capacity of weakened sections of elements in connections. Location of weakened
sections is also provided.

After analysis procedure, it is possible to generate the Report that contains the input data
and the output data from check procedures. To generate and open the report file in HTML
format, click Report. It is possible to save the copy of the report with user-defined name
and location (on the FILE menu, use the Save as command).

Cold-formed shapes

The module enables you to check and select sections of structures made of cold-formed
steel shapes according to Guidelines on design, manufacturing and assemblage of
framework structures in low-rise buildings and attics of cold-formed galvanized shapes
made at 'Balt-Profil' Ltd. (Edited by E. Ajrumyan).

The work with this program is similar to the work with 'Analysis of steel elements' module.
Dialog boxes to define the input data are presented in Figures 4.24 — 4.27.
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Additional parameters and selection limitations x|
Section outline

Element type
’7 " Truss ™ Column i* Beam
[~ use factors for
length of element
Partal satety tactors ——————
for buckii I 1,000 Safety factor I~ cantlever |~ Beam with one axis of symmetry
e 2 —End conditions of compression flange of beam
for strength I 1.000 I 1.000 V¥ no fixations [ lower flange

™ one at middle Lef | 3.000000
[~ mare, span divided into equal parts
—Load
¥ applied 1 [ applied 2

¥ cause pure bending [~ applied to two flanges
[~ applied to middle support

[T concentrated at 1/2 span

Place stiffeners in |znu.nun I™ uniformly distributed
[T Analysis with account of plasticity —Selection limitations
— Calculation by deflection Cwverall dimensions along 21

Span length |:min I 1.000 max I 1.000

-
Max allowed deflection " I 400 T "Duerall dimensions along Y1

min I 1.000 max I 1.000

Min thickness
1.000

Cancel |

—Select steel for the element
¥ Select section from defined steel only ™ Place stiffeners
" Move downwards the steel list
i~ Move upwards the steel list

Figure 4.24
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Section outline x|

Steel table | C-OBR.profiles.srt

Shape | Gn.C550 x 65 % 30 x 4
Steel |5235
Select shape
|7 £ Channel {* C-shaped
: g Shape I shape 1 j Section type I C-shaped j
—Parameters of shape
Ry |23U.DDD Ru |35D.DDD
Total area Reduced area I— Parameters of section as a whole
28.550 28.550

Ix | 10258.700 Iy I 110.320 It | 1544533
Wi | 373.044 Wy 20,659 Cw I J1143.273 d 1,000000

—Data for calculation of beam web not strengthened with stiffeners

Bend radius I 2,500
i 20,000 0.001
Support width I Force at support I QK Cancel

Figure 4.25
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Steel cross-section x|

Components |

Section components:

Profile Ilznye ravnopolochnye {C—DBR.prDﬁles.srt}j Wl
------- C 1. C-shaped section 550 x 65 x 30:

550 % 65 x 30 x 4 |
Steel Stal’, list <Dbnlist.steels.srt> | a‘ﬁ“|
1 I I ﬂ 1?-_35 j
T = Specification
H=55 Information about shapes in the file
rﬂ) LY'] Tw=04 Annotation: Profili stal’'nye gnutye S-obraznye
ravnopolochnye

Bf =65 The shapes comply with building codes: GOST 8232-78
Ti=04 Shapes are sorted in ascending order of the
parameter: A, ploshhad™
Bi'=65  Number of shapes in the file: 7
=04 Steels info
Annotation: Stal”, list
F1=06  The steels comply with building codes: DBM V. 2.6-
Rz=0 193:2014

{all in crm)

ﬂl ™| sz farhidden combinations profile-stes]

Comment: I Color: . |

Comosion: not specified Comasion. .. |
ok | cancel | Heb

Figure 4.26
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Design forces and deflections of element x|
—Design forces
Mo. | Element | Section | M | My | Oz | Mz | Oy | Lo
1 1 -0.8000 0,9000 0.1140 0,1300 0.0900
2 1 2 1.1200 0,3500 0.4300 0.1400 0.8000
1] | i
M FE sect, M, t My, t*m Qz,t Mz, t*m Qy,t Load case
|1 |1 f 1 |-0.8000 [o0.9000 [0.1140 [0.1300  [0.0900 | |Dead |
Mumber nfmmbinaﬁnnsl I QK | Apply | Add | Delete |
—Deflections of element
Direction FE sect. deflect.,mn load case DCF Mo,
T v1 |u | 1 |1n.uu IDead | 1
71
[T calolate deflection by enveloping diagrams of DCF
&y Boundary conditions
ry1 T un My1 T un
rzi T uz1 Mzi I ozt
K I Cancel
Figure 4.27
I~ Cold-formed shapes - [COOL_2016.clf] (=] 4|
7] Fle View Edit Results Window Help _|=] x|
BEEHS & EZ BE mEm| 7
Section C-shaped h]
Shape C-0OBR.profiles.srt
Steel Gn.C550xB5x 30 x 4 )
Steel table 5235
Utilization percentage for section
‘Streng.centr. tens.elem. Buckl.centr.compr. Streng.bent.single. shapes Buckl. beams Ultimate slendermess ‘Streng.bent. inZprinc.pl.
0.00 0.00 0.00 19.99 76.31 4834
Check for basm webs Streng ecosnt comp.and bent | Bucklecoent.comp.and bent | Bucklwebs strangth stiffen. | Bucklwebs not strang stiffen Stiffenerbatten spacing
3516 66.71 366.98 0.00 19.88 MNo
Ready NUM 4
Figure 4.28
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www.liraland.com
ESPRI 2016. Engineering Assistance Package. Version: 5.0.

LIRA SAPR (Kiev, Ukraine) international@liraland.com.ua

Element type: C-shaped
Steel table: C-OBR.profiles.srt
Shape: Gn.C550 x 65 x 30 x 4

Steel: S235

Geometric properties of section

F F_red Ix Iy Wx Wy It Cw
28.55 28.55 10258.7 110.32 373.044 20.659 1.545 71123.273

Combinations of forces by which calculation is made

Combination No. N My Qz Mz Qy
1 -0.8 0.9 0.114 0.13 0.09
2 1.12 0.35 0.43 0.14 0.8

Utilization percentage for section by combinations

c"m';::at"’“ Sh. 1 sh. 2 Sh.3 Sh. 4 sh. 5 Sh. 6 Sh.7 Sh. 8 Sh. 9 sh. 10 sh. 11
1 0.00 0.00 0.00 19.99 76.31 48.34 27.46 66.71 366.98 0.00 19.88
2 0.00 0.00 0.00 7.77 38.15 43.03 35.16 0.00 0.00 0.00 19.88

Total utilization percentage for section

Sh. 1 Sh. 2 Sh. 3 Sh. 4 Sh. 5 Sh. 6 Sh. 7 Sh. 8 Sh. 9 Sh. 10 Sh. 11
0 0 0 19.99 (1) 76.31 (1) 48.34 (1) 35.16 (2) 66.71 (1) 366.98 (1) 0 19.88 (1)
Figure 4.29

Utilization percentage for the section is computed for every check (see Fig.4.28).
Output data is presented as the report file either in HTML or RTF format (see Fig.4.29).

Critical temperature of section

Use this module to calculate critical temperature of steel profiles.

The following building code is supported: DSTU-H EN 1993-1-2:2010 'Eurocode 3: design
of steel structures'.

Input data
The contents of the dialog box is presented in the figure below.
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& Critical temperature of section x|
Type of element —Design forces
[ Beam Column | Truss | My kN=m ‘ Mz kN=m | Qy.kN ‘ QzkN | Tor
_ : 1 1. £58.
Type of section Irolled I-section j 2
— - 3
Steel table IIﬂechon with flat inner flange surfaces, type B (beam) j
4
Shape Mo. I 1081 b I 5
b¢ 6
) — T Flange width (bf) [55 mm .
f
hu tw || Y Flange thickness (if) I 5.7 mm ]
S Height (hw) 100 mm £
° 10
Z
Web thickness {tw) I 4.1 mm
k1 I 1 Bend radius (r) I 7 mm I™ Budkling analysis is not required
k2 I 1 Area of section I 10.32
cm2 Reduction factor for loads 0.85
Geometric properties of section
Section modulus (Wy) IT o Section modulus (Wz) e s —Material properties
Yield strength 235 Njmm2
Critical moment Critical moment -
Mary) I 1589 3 Mcrz) 123 S Modulus of elasticity I 210000 Nfmm2
Radius of I 4.0706 Radius of
gyration {iy) e gyration iz I 1.24125 m - Output data
Critical temperature (min by 858.003229!
. ) defined DCF) I degrees
Effective lengths relative to
¥-axis [ 1000 m T [ 1000 m
Report | Cancel | Help |

In the dialog box, select the section type. The following types of sections are available:
built-up I-section, rolled I-section, channel, T-section, angle and pipe.

In the dialog box define dimensions, geometric properties of the section, effective lengths
of element and forces in the element.

When you define axial force N, tensile forces are defined with the plus sign '+' while
compression forces are defined with the minus sign -

For calculation of beams, define coefficients k1 and k2 that consider non-uniform
distribution of temperature.

For sections of classes 1 and 2, when calculating bearing capacity of the bar, plastic
section modulus (only relative to y-axis) is considered.

For the welded I-section, Wpl.y is determined by formula:
Wply=b-t;-(h—t;) +0,25-t,, - (h — 2-t;)?

By default, reduction factor for loads during the fire is taken as equal to 0.65. The user
could modify this value manually.

When input data is defined, click Calculate.
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Relative slenderness in plain buckling is determined by formula:

_ 1 —
Apr = —UVAzy/
LT \/—C—1 z\ Bw

By default, the following factors are accepted:
1

=1, U=09, V=1, By=1

1

3l

Output data
To present a report document in HTML format, click Report.

Design forces in case of fire (Efi,d) and design resistance (Rfi,t,d) are presented in the
report in absolute values.

Notation in the output data correspond to notation mentioned in DSTU-H EN 1993-1-
2:2010.
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Reinforced concrete (RC) structures

Reinforced concrete (RC) structures

This chapter contains modules for analysis of different types of reinforced concrete
structures, such as bars, beams, slabs, shells.

Properties of concrete;

Table of reinforcement;

Anchorage of reinforcement by DSTU 3760-07;

Sections of RC elements;

Reinforced concrete shell;

Reinforced concrete wall-beam;

Reinforced concrete slab;

Principal and equivalent stresses in reinforced concrete structures;
Strengthening with composite materials;

Strength of reinforced concrete butt joint in shear;

Concrete sections with fibre-reinforced polymer (FRP) bars;
Concrete pipe sections;

Composite steel and concrete columns;

Column strengthened with composed materials;

Composite steel and concrete slabs.

# ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

ﬁ i Properties of Concrete
Stofie end The module provides reference materials about normative and design strength of concrete for ultimate and senviceability limit states.
- dynamic ¥ Table of Reinforcement
analyses, stability The module provides reference materials about design area and theoretical mass per running metre of reinforcement depending on number and diameter of rebars.
27 EJ Anchorage of Reinforcement by DSTU 3740-07
71 The module enables you to of rebars to DSTU 3760-07.
Steel structures &

Sections of RC Elements
The module enables you to analyse reinforced concrete (RC) sections by ultimate (ULS) and senviceability limit states (SLS) according to different building codes.

(-J
Reinfoiced } 2% Reinforced Concrete (RC) Shell

concrete (RC) The module enables you to analyse reinforcement in plate RC structures with complex stress state according to different building codes.

structures i Reinforced Concrete (RC) Wall-beam
The module enables you to analyse in wall-b to different building codes.

-
wes % Reinforced Concrete (RC) Slab

X
- Masonry and The module enables you to analyse reinforcement in slabs according to different building codes.
masonry
reinforcing Principal and Equivalent Stresses

The module enables you to calculate principal and equivalent stresses by different strength criteria applied to analysis of concrete and reinforced concrete (RC) structures.
2 %; g Sstrengthening with C
l Foundations and The module enables you to check strength of reinforced concrete (RC) sections in case the are with materials.

beddings = e
ing & Strength of RC Butt Joint in Shear
;- The module enables you to check strength of reinforced concrete (RC) butt joint in shear.
%IIL

l
;' Russian open_‘l - Exit

Figure 5.1

The programs of this chapter are based on the following regulations:
SNIP 2.03.01-84* 'Concrete and reinforced concrete structures’;
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Manual on design of concrete and reinforced concrete structures from heavyweight and
lightweight concrete without prestressing of reinforcement (to SNIP 2.03.01-84);
SNIP 51-01-2003 'Concrete and reinforced concrete structures’;

SP 52-101-2003 'Concrete and reinforced concrete structures without prestressing of
reinforcement’;

SP 63.13330.2012 'Concrete and reinforced concrete structures. General rules’;
Manual on design of concrete and reinforced concrete structures from heavyweight
concrete without prestressing of reinforcement (to SP 52-101-2003);

Eurocode 2. Design of concrete structures;

DSTU 3760-98. Rolled rebars for reinforced concrete structures;

DSTU 3760-2006. Rolled rebars for reinforced concrete structures;

TSN 102-00*. Reinforced concrete structures with reinforcement of class A500C and
A400C.

Properties of concrete

The module provides reference materials about normative and design strength of concrete
for ultimate and serviceability limit states according to SNIP 2.03.01-84* "Concrete and
reinforced concrete structures'.

2! Properties of concrete =100 x|

Ultimate limit states (ULS) | Serviceability limit states (SLS) | Modulus of elasticity |

Design strength of concrete for ultimate limit states Bb and Rbt
for class of concrete according to strength in compression

5‘[5;2‘“ Concrete B1 B15 B2 B25 B35 BS -
Auxial compression Heawyweight and 31 q
[prizm strength) fine-aggregate ’ ’
Rb Lightweight 15 2.1 2.8
Cellular 0.63 0.95 1.3 1.E 2.2 31
Axial tenzion Heawyweight 0.26 0.37
Rt Fine-aggregate of groups:
i, 0.26 0.37
B 017 0.27
C
Lightweeight with fine
aggregate; -
< | 3

Values in IMF‘a vI

.
1. Values of design strenglkaf/cm2  br cellular concrete with average humidity 10%.

2. For ceramsite-perit concrete on expanded perit sand, values Rbt are taken as for lightweight concrete on porous
sand, muttiplying by coefficient 0.85.

3. For porous concrete, values Rb are taken as for lightweight concrete while value Rbt is multiplied by
coefficient 0.7.

4. For prestressed concrete, value Bb is taken as for heavyweight concrete while value Rbt is multiplied by
coefficient 1.2.

ot Help

Figure 5.2
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To preview properties of concrete by ultimate or serviceability limit states as well as
elasticity moduli, click appropriate tabs in the dialog box.
It is possible to preview concrete properties either in MPa or in kgf/cm?.

Table of reinforcement

The module provides reference materials about design area and theoretical mass per
running metre of reinforcement depending on number and diameter of rebars according to
SNIP 2.03.01-84* "Concrete and reinforced concrete structures'.

Program provides several computation tools. You could determine number and diameters
of rebars for the specified area and preview area of cross-section for rebars depending on
defined number of rebars.

12 Tables of reinforcement - O] %]
Marri- Area of crose-eection for number of rebars: Theore- Diameters for «
nal tical &
diameter, mass, Alll Al
mm 1 2 K] 4 a] E 7 a 3 13 kg
GOS

B .28 &7 R=is] 113 1.4 1.7 1.98 226 254 4 022

v .38 N 1.15 1.54 1.92 2.3 2E9 308 346 ] 0302

a 5 1.M 1.51 2mM 251 302 352 402 452 7 0395

3 B4 1.27 1.9 254 318 382 445 5.03 A.73 a 0433

10 79 157 236 314 393 47 5.5 B.28 o7 10 0E17

12 1.13 226 339 452 5.65 E.73 792 9.05 1018 15 0882
14 1.54 2.08 462 E1E w7 9.24 1078 | 1232 | 1385 20 1.208
16 20 4.02 £.03 8.04 1005 | 1206 @ 1407 | 16.05 181 26 1.573
18 254 5.03 7.63 1018 1272 0 1527 | 1781 | 2036 229 33 1.933
20 314 E.28 9.42 1257 0 1871 0 1885 | 21.93 | 2513 | 2BEY 1 2.4E6
22 a8 Fi 11.4 1521 19.01 0 2281 | 2661 | 2041 | 34N 43 2.984
25 491 9.82 1473 | 1963 2454 | 2945 | 3436 | 3927 0 4418 B4 2.853
28 B.16 1232 | 1847 | 2463 | 3073 | 3635 431 4326 | 5542 50 4.834
32 8.04 1608 | 2413 | 3217 | 4021 | 4825 aE.3 64.34 | 7238 105 E.313
36 108 | 2036 0 3054 0 4072 0 BOBS | B1OF 0 A28 | 8143 0 9161 132 /.99

40 1257 | 2813 377 0.7 EB2.83 5.4 B7.96 | 10053 1131 | 16336 9.865

+ o+ [+ 4+ + + [+

o e o e e A

l

-~

Murber of rebars I'I 3 Units. - = Exit | Help
Apply |
Area |3EI

Figure 5.3

TTirme

To preview the Area of cross-section for number of rebars that differ from 1-9, in the
Number of rebars box, define any whole number.

To preview number of rebars of various diameters that satisfy certain area, in the Area box,
define appropriate value. Click Apply.

Then in the Area of cross-section for number of rebars columns, some values will be
coloured red. Necessary number of rebars for the certain diameter if the area of
appropriate diameters of rebars is greater than predefined value.
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It is possible to preview concrete properties either in mm? or cm?,

Anchorage of reinforcement by DSTU 3760-07

This module enables you to determine anchorage length of rebars (Ilength of rebar outside
the section where it should take forces acting in the section).

Anchorage of reinforcement is carried out according to DSTU 3760-07 'Reinforcing bars
for RC structures'.

Length of anchorage in reinforcing bars is computed for horizontal beams and slabs.

Length of anchorage is computed for separate and for double rebars. Rebars in which clear
spacing is less than their diameter are considered as double rebars.

Concrete cover for the corner rebar is selected from the two values: vertical and horizontal,
whichever is less. For intermediate rebars, concrete cover is specified up to the side at
which it is located.
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Anchorage of reinforcement (DSTU 37¢ - |0 x|

Class of reinforc, IAEUUC d=3-2 'I Rebar diameter, mm 13 b [ Double rebars

Concrete B25 - Clear spacing between double rebars iz, mm I 0
Area of reinforcement required by Concrete cover, mm I 30

calculation (As,reg), mm2
Clear spadng between 100

5 Area of reinforcement, actually placed rebars (b), mm

(As,prov), mm2 Type of stress state:

v tensile reinforcement for
' . .
concrete in tension

P |n.? "I

—Anchorage type T

11

Value of compressive stress that acts perpendicularly to
anchored rebar, MPa

—Secondary (distribution) reinforcement
Element type:

[+ beam

4

spacing, | 100 diameter, 10

~Location of anchored rebar relative to secondary (distribution) reinforcement

1

|| | L —— # — anchored rebar C

—Qutput data

Lan IS?'?-SZ‘EI mm
.| d
| Lan :# d IlB mm

Figure 5.4

Area of distribution reinforcement (3 As) located along the length I, is calculated with
computer program by the successive approximations method based on the spacing and
diameter of distribution reinforcement.

Value of compressive stress in concrete (0y) that acts perpendicularly to anchored rebar is
obtained by dividing support reaction into support area of an element.

Coefficients ¢, and ¢, are computed depending on the type of anchorage and ratio of
anchored rebar diameter to distribution rebar diameter.

Coefficient @4 takes into account location of reinforcement during placing of concrete;
coefficient is determined according to the table 12 (Recommendations).

Input data should be defined in the dialog box. then click Calculate.

To display the output data together with temporary computation data, click More.
To display the report file (with input & output data) in HTML format, click Report.
The report is presented below.
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Input data
“ Code |[psTu 3760-07 |
Materials

Diameter of anchoring rebar, mm 18

Grade of concrete B25

[Class of reinforcement |Aas00C d=8-22

Concrete cover, mm 30
Clear distance between rebars, mm 100
Element type: beam

Tensile reinforcement in tensioned concrete

Area of reinforcement required by calculation, mm2 3

Area of reinforcement actually arranged, mm?2 59
Value of compressive stress that acts perpendicularly to anchoring rebar, MPa 4
Spacing of secondary (distribution) reinforcement, mm 100
Diameter of secondary (distribution) reinforcement, mm 10
Anchorage type

Location of anchoring rebar relative to secondary (distribution) reinforcement m

Output data

|Ib ||Basic length of anchorage, mm ||125?.?6
lan,min ||M'|n length of anchorage, mm 377.329
Lan_ ||Ef'fective length of anchorage, mm 53.5639
Lan ||Length of anchorage, mm 377.329

Sections of RC elements

The module enables you to carry out analysis of reinforcement in sections of RC elements
by ultimate (ULS) and serviceability limit states (SLS) according to the following building

codes.
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farm1 - Sections of RC elements _ ol x]
File ‘Wiew Input Culput Help

EEAEIEIE IRT

Section type x|
—BAR——————— — COLUMM BEAN FYLON
— Twpes of forces — Types of forces Types of forces Types of forces
g Ve Dk M: My: bz hly: Mz Oz N ky; bz;
Oy; Oz N
— Section type — Section type [~ Section type—— [~ Section lype—
l u l u BAR . X
Section dimenzion:
+b+ Diesign farces
Il l Il ll '_EIZ Peinforcement | Mt | Mytm | Mztfm | Mkptm [~
h <Z_”I* I_| ) 1 |aspmmetic 25215 241 1.55 8|}
Ll II- Ll II-| Ev_rhz n 2 ti 20408 L 3
i e 3 i 2564 158 6.16 1
° . ° . 4 |asymmetric -255.83 3.09 4.86 g
| | | h [60 bl [20 h2 |35 cm 5 i 22315 1.78 5.58 7
b [20 b1 50 b2|30 em 6 i 15236 a8 113 g
T 7 |asymmetic x|l 2m7 386 ERES
— Geaometric properties—— -~ Distance to reinf., cm 7 A
symmetric
= [} i ’7a1 |4 aZ |4 g : . -
Iy |0 cmd | Materials——————————— g L
2 [0 oma | |[Code ISNIP 524010z r
Feinforcement:
Wy w cm3 longitudinal | 4500 =
wz |C cm3 lﬁ
ve |0 o transversn.a A240 ™ ‘width of crack propagation, mm————
5 constuction ~ Lang-term cracks IU-3
Ze M| Concrete IBZU ‘I I Analysis according to serviceability SErHET EaEe IM—
r— Partial safety factor r~ Effective lengths, m—— limit states -
IT— bt [T L e Relative huridity, (4] ¥ Spacing of rebars, mm
b2 : elative humidity, [%]
Loy 504 IBU " Diameter, mm IZDD jv
b3 |1 Loz 2.24
Loy 0
Sign '—I
Lozdiz IU Redraw | cohvention 0K Cancel | Help |

For Help, press F1

Figure 5.5

Input data

On the INPUT menu, click Input data and calculation (button Iil on the toolbar).

In the Section type dialog box, select appropriate type of section by type of forces and
click OK.

In the Bar, Column, Beam or Pylon dialog box (depending on defined Type of forces), in
the Materials area, define the building code by which computation should be carried out.

In the dialog box define appropriate section dimensions; distances from the gravity centre
of reinforcement to the bottom (top) face (al) and to the side face (a2); define all necessary
properties according to the building code.

When you click Redraw, schematic presentation of the section will be updated according to
appropriate dimensions and in the Geometric properties area you will see geometric
properties of the section (they are computed automatically).

To find out schematic presentation of positive directions for forces in element section, click
Sign convention.

Define appropriate data for Design forces.

To start calculation of reinforcement, click OK.
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Output data

To present analysis results as a report (input & output data for the problem) file in HTML

format, on the OUTPUT menu, click Report.

8 arm1 - Sections of RC elements 3] x|

File View Input Output Help

MEEIEIE TR

— Code:SNIP 52-01-03 Materials Effective Partial safety
JASZ agv2 Geometric properties, cm  Concrete B20 lengths, m  factors
b =50 Wy=123158 Long reinf  A500 L =32 Yb2 =1
linsz [osal] v =60 Wz=9040.82 Transv.reinf A240 Loy =2.24 Yo4 =0.85
F =1800 Yo =227778 . Loz =2.24 Yo3 =1
AS|EEV | 1y-300000 Zc =31.6667 Eﬁ‘j”ce;gj”ﬁ‘ M Loyriy=15.2
b lz=248111 Loz/iz=19.2
Relative humidity,(%) =80
Width of crack propagation, mm
long-term =0.short-term =0.4
E = ) Transverse Transverse reinforcement, cm2
E 2 Longitudinal reinf., cm2ir.m. for stirrup spacing, mm
- - Forces (t, tm) 5 5
=4 S = £ reinforcement, cm2 total Fsty
E g including shear Fstz
& N My Mz Mkp Qy Qz 2 AS1 AS2 AS3 AS4 ASV1
10 asymm. -25215 | 341 455 0.3 0 o 12 3924 3.924 5.168 8.628
11 asymm. -25215 | 341 455 0.3 0 o 12 3924 3.924 5.168 8.628
2l asymm. -24408 | 492 -1.35 0.9 0 0 12 2.248 3.595 7.842 7.842
2l asymm. -24408 | 492 -1.35 0.9 0 0 12 2.248 3.595 7.842 7.842
3l asymm. -256.4 1.58 6.16 0.1 0 0 12 3.242 3.242 5.003 9.962
3l asymm. -256.4 1.58 6.16 0.1 0 0 12 3.242 3.242 5.003 9.962
4l asymm -255.83 3.09 486 08 0 0 125 3838 3838 5605 9239
41 asymm -255.83 3.09 486 08 0 0 125 3838 3838 5605 9239
5l asymm -229.15 178 558 07 0 0 0.895 291 291 2773 7524
51 asymm -229.15 178 558 07 0 0 0.895 291 291 2773 7524
] asymm -152.38 388 -1.13 09 0 0 0.0699 | 0.2097 | 0.2097 | 0.4194 | 04194
61 asymm -152.36 388 -1.13 09 0 0 0.0699 | 0.2097 | 0.2097 | 0.4194 | 04194
7 asymm -2537 386 -1.12 0 0 0 132 3759 3759 8138 8138
7l asymm. -2537 .86 -1.12 0 0 o 132 3.759 3759 8.138 8128

For Help, press F1

[ Num[

Figure 5.6

To print the output data directly from the program,

Reinforced concrete shell

on the FILE menu, click Print.

This module enables you to analyse reinforcement in plate RC structures with complex
stress state (shells) by ultimate and serviceability limit states according to different building

codes.
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+¢ Shell. Analysis of reinforcement v Shell. Analysis of reinforcement x|
Input data | Output data | Inputdata Output data |
Zi R Builcing code Reinforcement pattern
Q SNIP 2,03.0184° 7 a
| ¥ Z, A,
{: N % [ Materials: A Class B25  Class Al Al AL
m| ,‘?\MVN Longitudinal reinforcement : Dm??(nrt:rifn"éﬁi”n” = X i A Rbtm2 = 1480  Rstm2 = 37500 | 37500 | 23000
iy BN v | dongxmie [im = = . - S Rbttm2 | 107 Rsw,tfl. 30000 30000 13000
A LMxy .”T hixy A |—4 / Yy e e e == Al Rbn,t/m2 1890  Rsm,t/m2 40000 40000 24001
! I i p— dong¥mis [am x| 7 L 7 2 2 A4 @ s Y |rbmntm2 163 Rectim2 | 37500 | 37500 | 23000
0 X Nay Transverse ¢ o |= vl S . _|—I
#n it T | A EE Al 4 i
# Nx a
X Conaetedass [25 7| Qxt | Qut | axan2] Axu,... [ajan2] Ayu,... [ aPx,... | &Py,... [ Ad2,... [ asz... | Ayiz,... | ayuz... |
0 0 100 100 100 100 000 000 100 100 100 100
20
A o 0 0 100 100 100 100 000 000 100 100 100 100
P 0 0 100 100 100 100 000 000 100 100 100 100
Design combinatians of forces 0 0 100 100 100 100 000 000 100 100 100 100
Ned | Mot | Net | M [ voza |05 |1
it It ot 1 m ot
1 ma 2413 13 86 || vesoes wb5 |1 o5 |1 K| ]
3 aEm AB41 112 EH A, Axu, Ayl, Ayu - longitudinal reinforcement by strength APx, APy - transverse reinforcement
3 2008 14 249 o o7 |t ves | ve10f1 Axl2, Axu2, A2, Ayu? - longitudinal reinforcement, total (with account of cracks)
4 -30.08 -24.32 37 I Yb12 | 1 Ysi|1 =
= =
4 » Report
| I~ Width of crack propagation, mm 4
Long-term cracks 0.3
[¥ Analysis according to serviceability mit states Short-term cracks 0.4
™ Determine transverse reinforcement per 1sq.m. QE iy
Calaulate " Diameter, mm 00 T
Cancel Help Cancel Help

a)
b)
Figure 5.7

Input data

To define input data, follow these steps:

— In the Shell. Analysis of reinforcement dialog box, select the building code for
calculation from appropriate list.

— In the Materials area, select classes of reinforcement along certain axes indicated on
the model; define distances from extreme lower (al) and extreme upper (a2) fiber of
section to gravity centres of reinforcement; define class of concrete.

— In the Partial safety factors area, define required parameters according to selected
building code (additional data is different and depends on the selected building code).
— Define thickness for the plate element in the H box.

— When the Design combinations of forces table if filled in, click Calculate.

Output data

When calculation is complete, on the Output data tab you will see determined
reinforcement as well as input data.

To present a report document in HTML format, click Report.

Reinforced concrete wall-beam

This module enables you to analyse reinforcement in plate RC structures with complex
stress state (wall-beam) by ultimate and serviceability limit states according to different
building codes.
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i wall-beam. Analysis of reinforcement X|

Input data | Output data |
Code Type of structure

|civi |

Distance to gravity centre of
reinforcement, cm

Kl

IEurncndE

—Materials:
Longitudinal reinforcement

along X-axis |A4DD 'l

along Y-axis  [A400

al
2
Transverse I l F
reinforcement AZ0 [ illl I 3
a

Concrete dass  [C25 -

Design combinations of forces Stress-sirain diagram O£,

Nit t Nyt Meyt | e | & [ w2 to, ‘I’ﬁc
1 5 451 97.3 3 000 1
7 -
7.9 130.1 EEE 0 1 0 e e

3 255 79.7 771 00 A 'i

4 12, 227 79 1 0 0

R I—" o (.
4| | 3

Ae, A, W - presence of earthquake, accidental and
wind loads: 0-no, 1-vyes

[T Determine reinforcement separately for every combination

Calculate

Cancel | Help |

Figure 5.8 a)
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i@ wall-beam. Analysis of reinforcement X|

Inputdats Outputdata |

Reinforcement pattern Properties of concrete and reinforcement
Concrete | |F‘.einﬁar... | Longit. X | Longit.f |Trar15'u' =
Class C25 Class A400 A400 AZ220
Rb,tfm2 2549.29  Rs,tm2 40738.6 40735.6 22433
> A Rbt,tjm2 275.32  Rsw,tjm2
/ Rbn,tfm2 Rsn,tim2
Rbtn,tfm2 Rsc,tfm2 = 40788.6  40788.6 22433
Eb,t/m2 3.21e+... Es,t/m2 2.04e+,.. 2.0492+... 204+
4 .3
Mo | M, t | My, t My, t | Ax,cm2 | Ay,cm2 | APx,clT|2| APy,u'r|2| Tsh,mm |Tlnr1g,mm|
1 5.45 97.3 3.5
2 7.9 -130.1 5.65
3 25.5 -7 7 .7
4 12 -122.7 0.79 2.31 1.70 1,30

Bac, Ay - longitudinal reinforcement, cm2

Tsh, Tlg - width of crack propagation for short-term (Jong-term) cracks, mm

APx, APy - fransverse reinforcement, cm2

Motes
Report |
Cancel | Help |
Figure 5.8 b)
Input data

To define input data, follow these steps:
— In the Wall-beam. Analysis of reinforcement dialog box, select the building code for

calculation from appropriate list.

— In the Materials area, select classes of reinforcement along certain axes indicated on
the model; define distances from extreme lower (al) fiber of section to gravity centres of
reinforcement; define class of concrete.
— In the Partial safety factors area, define required parameters according to selected
building code (additional data is different and depends on the selected building code).

— Define thickness for the plate element in the H box.

— When the Design combinations of forces table if filled in, click Calculate.
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Output data

When calculation is complete, on the Output data tab you will see determined

reinforcement as well as input data.

To present a report document in HTML format, click Report.

Reinforced concrete slab

This module enables you to analyse reinforcement in plate RC structures with stress state
of flexural elements by ultimate and serviceability limit states according to different building

codes.

.| Slab. Analysis of reinforcement

Input data | Output data |

Code Type of structure
IEuru:u:u:u:IE j ICiviI j
—Materials: _ _
Longitudinal reinforcement Distance to gravity centre of
reinforcement, cm
glong X-axis |a400 -
a2s a3
along Y-axis  |A400 ™ |
: =
Transverse A0 ,C:r_' —T I—
al

reinforcement

Concrete C25 ~
Design combinations of forces
Mxtm My £ | Mg | Ot | Opt | Stressstrain diagram T E¢
1 -5.3§. -3.54 1.1 AR77 107
2 5.4 756 5.89 2475 145 O, Tﬁc
3 35 -15.4 il 124 -3.8F
4 -7.3 -12.8 27 0.2 -8t El: El:
g = . .
< | LH = r

Ae, A, W - presence of earthquake, accdental and wind
loads: 0-no, 1-yes

¥ Determine reinforcement separately for every combination

¥ Determine transverse reinforcement per 1sq.m.

Calculate

Cancel | Help |

Figure 5.9 a)
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x|

":| Slab. Analysis of reinforcement

‘Inputdata Outputdata |

Reinforcement pattern Properties of concrete and reinforcement
7 A” Cuncretel |F‘.einﬁa... | Longit. X | Longit.f | Trans... |
AU Class C25 Class A400 A400 AZ20
* b Rb,tfm2 2549.29 Rs,tjm2 40738.6  40788.6 22433.8
X i Rbt,tjm2 27532 Rsw,tf...
PN NN T AI Rbn,tfm2 Rsn, tfm2
22 0 223 29 = Y | pbin,t/... Rsc,tfm2  40788.6 40788.6 22433.8
'AT Eb,tfm2  3.21e... Estjm2  2.04e.. 2.04e.. 2.04e...
x
No | Mx,t*m | My,t*m | Mxy,... | Qx,t | Qyt | Axdam2| Axu,... | Ayl,am2| Ayu,... | APx,... | APy,.. | Ax:
1 -5.35 -3.54 -1.1 -15.77 | -10.12 0.85 11.70 0.85 3.40 1.74 1.30
2 -15.4 -7.58 -5.89 -24.75 -14.7 8.05 43,70 0.85 27.70 3.39 1.54
3 3.5 -15.4 0.55 -12.4 -3.85 6.15 0.00 0.85 33.10 1.30 1.30
4 -7.3 -12.8 -2.7 -10.2 -3.9 0.85 16,20 0.85 27.20 1.30 1.30
1| | o

Axd, Axu, Ayl, Ayu - longitudinal reinforcement by strength APy, APy - fransverse

Axl2, Axu2, Ayl2, Ayu?2 - longitudinal reinforcement, total (with account of cracks)

Motes
Report |
Cancel | Help |
Figure 5.9 b)
Input data

To define input data, follow these steps:
—In the Slab. Analysis of reinforcement dialog box, select the building code for

calculation from appropriate list.

— In the Materials area, select classes of reinforcement along certain axes indicated on
the model; define distances from extreme lower (al) and extreme upper (a2) fiber of
section to gravity centres of reinforcement; define class of concrete.

— In the Partial safety factors area, define required parameters according to selected
building code (additional data is different and depends on the selected building code).

— Define thickness for the plate element in the H box.

— When the Design combinations of forces table if filled in, click Calculate.
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Output data

When calculation is complete, on the Output data tab you will see determined
reinforcement as well as input data.
To present a report document in HTML format, click Report.

Principal and equivalent stresses in reinforced concrete structures

The module enables you to calculate principal stresses 01, 02, 03 by the certain stress
tensor {0y, Oy, Oz, Txy, Txz, Tyz}-
To find out roots of principal stresses, cubic equation is solved based on stress matrix [0] in

the form:
o I'x}.
o]=| 7, o,
_sz ryz

o] x|

—Mormative, design wvalues Strength criterion Building code
I 25000f Compres. - Ro I 166667, IGeniev G.A, j IEurn:n:n:u:Ie Ij ¥ Strength analysis
[~ Triaxial strength
I 33000, Tension - Rp Imuuu,u Concrete dass
Xi Teta Pac
C25-30 - Poiszon's
[-8837¢ Shear -Rtau, E0 | 34500000( [ ratio |08 Jo.1320 [o.o00 |1732
. . . Thermal creep
Stress tensor: 2% Oy 0z Laey [.xz lyz tc
tfm2)  [12 [40 [180 [s0 [-70 [ 220 E
— QOutput data
—Main stresses ~ Angles Sig1 to ¥YZ (deg.) Main strain — Lltimate stresses
1 |3?1.3?2512 & [1.103246e-00¢ a0 |B436.2018.
X |45.163??E
€3 [ 115942000 = -
32 I?B.EE?lBS Y 5. 022442 e — Lo |2?281.619;
0 | 106, 6566¢ — —
I B z | 43.628994 @] 03
130, 00000
03 TCI I 205.64260
Slape angle |38939.4E- |-1353n.35
—Equivalent stresses of crackin |?2-255325 )ufﬂ' I":"lﬁj"':"':"'6
2D stress
o1 G2 Reserve I?g.nsgsgc Strength zone |
Matrix COS | factor
atrix
ISSU.ElEIE |-211.nnm Report | Help |

Puc. 5.10

In this program you could also check strength by the certain stress tensor.

Page 154 of 403

www.liraland.com

©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Reinforced concrete (RC) structures

Input data

For concrete it is necessary to define class and type of concrete according to SNIP
2.03.01-84*, for example:

— B25 HA — concrete class 25, heavyweight of groups A,B,C (fine-aggregate of groups
A,B,C with thermal treatment B25 FAT ), etc.;

— B3.5 L1400 — concrete class 3.5 lightweight, with unit weight 800-1800 kg/m®;

— B2.5 C800 — concrete class 2.5 cellular, with unit weight 500-900 kg/m?;

— strength parameters: strength in compression — Rc, strength in tension — Rp, are taken
automatically from the database;

— to define arbitrary strength parameters for concrete: in the Concrete class box, select
Nonstandard concrete; and then define strength parameters for concrete: Rc > Rr (tf/m?).

Output data
When the Strength analysis check box is selected, after strength analysis, the following
data is displayed:

01, 03 — ultimate allowed values of principal stresses;

Oo, To — ultimate axial and shear octahedral stresses;

— reserve factor (analysis by serviceability limit state is supposed, that is, normative
strength parameters of material are considered in analysis);

_ (20'2 -1 —03)
He = ( )
— Lode-Nadai parameter is computed as: 01— O3 ;

To generate report file in HTML format, click Report. The report file contains the following
data:

— principal stresses as: 01 > 02 > 03;

— matrix of directional cosines MC(3,3) — orientation of principal stresses in the space
relative to the X,Y,Z axes:

N ml nl
MC=|12 m2 n2
_33 m3 ?”1‘3_

— slope angles AL1, AL2, AL3 (I1, 12, I3) of principal stress 0; to the X, Y, Z-axes; angles
define orientation of the crack plane in the space;
— slope angle a3 of principal stress 03 to the X-axis; angle defines orientation of the crack
plane relative to the X-axis ;
— Euler angles TETA, PSI, FI ( 8, g, ¢ ) that define location of principal stresses 01, 0,, 03
relative to the X, Y, Z-axes of global coordinate system;
— additional strength parameters:

— strength in biaxial uniform compression — R2c = Rc*P2c,

— strength in biaxial uniform tension — R2p.
— whether cracks are present TB=1, 2, 3 — one, two, three; TB=10 (20) — destruction of
element in compression. TB=0 — no cracks.
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Strengthening with composite materials

This module enables you to check strength of reinforced concrete sections in case the
structures are strengthened with composite materials.

Input data and calculation

In the dialog box select the section type (rectangle, T-section with flange at the bottom, T-
section with flange at the top, I-section) and define its dimensions. To check T-section or I-
section with trapezoidal flanges, define the average values for flange overhang.

Select appropriate composite material or define arbitrary material (if User-defined option is
selected in the list). You should also define design forces.

The following types of composite materials are available:

ASLAN, FibARM®, ITECWRAP®, Mapei®, S&P®, Sika®, Tyfo®, YOII.

It is also possible to define non-standard data.

The following regulations are realized in the program: 'Manual on strengthening of RC
structures with composite materials' and SP 52-101-2003 'Concrete and reinforced
concrete structures without prestressing of reinforcement'.

The following classes of concrete are available: B10, B15, B20, B25, B30, B35, B40, B45,
B50, B55, B60.

The following classes of reinforcement are available: A240, A300, A400, A500, B500.

Max diameter of reinforcement - 40 mm.

Distance to reinforcement - distance from gravity centre of reinforcement group up to the
nearest side (lower reinforcement to the lower side, upper reinforcement to the upper one).

Physical and mechanical properties of suggested reinforcement types FRP (composite
materials) are taken from Appendix 5 'Manual on strengthening of RC structures with
composite materials'.

Define thickness of monolayer, modulus of elasticity for composite material, strength in
tension and ultimate tensile strength.

Note. It is recommended that you should contact the manufacturer to find out parameters
of materials you selected.

Partial safety factor for FRP (fiber-reinforced polymer) is defined according to the table
below.

Environmental Material Laminates |Fabric

conditions
Carbon 0.95 0.9
Inner premises | Glass 0.75 0.7
Aramid 0.85 0.8
Outer Carbon 0.85 0.8
structures Glass 0.65 0.6

Page 156 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Reinforced concrete (RC) structures

Aramid 0.75 0.7
Carbon 0.85 0.8
Glass 0.5 0.5
Aramid 0.7 0.6

Corrosive
medium

The dialog box where you define input data is presented below.

8 Strengthening with composite materials =101 x|
|i Il il !l ~ Composite material
Width, mm 150
= ta W b |m— o Number of layers IZ—
h Manufacturers FibARM® |
=), h1 |— b1 |— mm | ! . _
Lb| Y T Reinforcement type FRP |FIbARM® Tape 350/300 x|

Thickness of monolayer, mm

Madulus of elasticity, MPa
Reinforcement Class ‘ Diameter. mm | Humber | Dimension [a].mm
Upper ASDD - 16 4 50 Strength in tension, MPa
Lower A400 ~ 14 2| 20 _ . . 0.018
— Ultimate tensile strain, % S
Partial safety factor for FRP I 1
Concrete dass B35 -
Design forces
Partial safety factor for concrete I 1 N.kN ‘ H.EN"m | LA Q.kN
1 100. 200, 50,
Load factor I 1
Save... | Open... Calculate I Results... Report Help | Exit |
Figure 5.14

Define design forces in the appropriate table. To convert design values to normative
values, the load factor y; will be applied.

N — axial force applied at the gravity centre, kN;

M — expected moment from external forces, kN*m;

MO — moment from external forces before strengthening, KN*m;

Q — shear force, kN.

Sign convention: positive moment corresponds to tension in lower fiber (according to
schematic presentation of section), positive axial force corresponds to compression.

Partial safety factor for concrete vy, is defined depending on the load pattern (by default, it
is taken as equal to 1).

To make calculation, click Calculate.
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Output data
To display Output data for the calculation, click Results.

Output data x|
Ared | 126550.29888¢ mm2  Ired |45210123??.6 mmd  Wred |14844131.4651 mm3

i

vo | 304.56563348 mm

Concrete area, mm2 I 120000 Area of upper reinforcement, mm2 804.24771

Composite area, mm2 I 28.200001 Area of lower reinforcement, mm2 307.87607

il

Lllitimate moment, kM*m I 14502222596 Mere, kiN*m I 40.67588362 ACTC, MM 1073750145

Exit

Figure 5.15

To save the model in *.cmp format, click Save.

To open the input data of the saved model, click Open. The calculation should be made
once again.

To present a report document in HTML format, click Report.

Notation in output data

Ared - area of equivalent section;

Ired - moment of inertia of equivalent section;

Wred - section modulus of equivalent section;

yO - distance from lower fibre up to gravity centre of the section;
X - height of compression zone of concrete;

Mult - ultimate moment for the section;

Mcrc - moment in crack formation;

acrc - max width of crack propagation.

Important. If the Mult value in output data is less than defined value MO before
strengthening or equal to zero, it is necessary to check defined parameters for concrete
and reinforcement.
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| Concrete and reinforcement |

|Reinf0rcement ||Knacc ||D|'ameter,mm ||Nl|_|mber ||Dimen5icm,mm |
Upper A400 18 4 50

Lower A400 22 2 50

Concrete class Eb, MPa Rb, MPa Rb,ser, MPa Rbt,ser, MPa

B30 34500 17 22 1.75

Partial safety factor for concrete 1

| Composite material

|
|thickness, mm ||D.111 |
|width, mm |[l400 |
|number of layers ||2 |
type of reinforcement ||FibARM® Tape 200/300
modulus of elasticity,MPa ||23CIODC|
|strength in tension,MPa ||4300 |
|max tensile strain,% ”0.018 |
|par‘tia| safety factor for FRP ||1 |

Design combinations

N, kN M, kn=m Mo, kn=m |lo.kn

[s00 220 |50 o |
|Loacl factor ||1 |

Output data

Area of effective section,mm2 ||Ared:25090{)

Moment of inertia of effective section,mm+4 Ired=8.851012+009

Section modulus of effective section,mm3 Wred=2.94269e+007

Centre of mass of section before strengthening,mm ¥0=300.78

|Area of concrete, mm2 ||24ODC|D |
|Area of lower reinforcement,mm2 ||?60.265 |
Area of upper reinforcement,mm2 1017.88

Area of composite,mm?2 88.8

Ultimate moment, kN*m Mult=295.308

|Moment while crack formation, kN*m ||Mcrc=110.14 |
|Width of crack propagation,mm ||acrc:0.4833?5 |
Figure 5.16

Strength of reinforced concrete butt joint in shear

The module enables you to check strength in shear for butt joints of precast and cast-in-
situ RC structures as well as structures of cast-in-situ RC with additional layer for joint
grouting.

The dialog box of the program is presented in Figure 5.11.
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™™ Strength of RC connection in shear

u—%%ﬁm

ok =457

Geometry of conhection [m)

LT 8[s wmps d Jooz

158 [oooo, H [s0oc

[~ Self-sthessed concrete
[~ Mon-uniform distribution G

Building code

=10] x|
hﬂ Report | Help |
— Concrete class — Partial zafety factar
— 1 |[eesTa =l | kpet kpez 03
hé[ KPrl, KP:2 |E|.85
L _ Coefficient of
— Renforcement param. — friction for seam IF
Class IA‘I” jv [V | Earthguake, coclicity
[ h3] .
] IT Diameter (mm) | - Loads on connection (1, tm)
[300 Spacing:S{mm] [z0000 W Mive [210.0
Diarneter of
hor head 2 G, Qlive {1,400
!-! . ;:c :r ead [mm] I I
ecl
I I, ki I oo
I Select 10 Ve ]7.000
Additional stress from

zelf-streszing [H/ma]

e

Contact surface

I el ECH ) CER A O S CRER )

[snPzoames x| | ‘Rough” =l
Diesign param. of material ULS, SLS [f/m2) - — Data about double laver connection of slab Ultimate farces

Eo. Rtau Compres. stress at Percent. of = T ; o

; IQSDD[ reinfarc, Wget |1-441'-""‘1 Lc |32'E?8? -

Re_I. Re Il [14801 [1830¢ [3080000 contact zone [tmz] i N [11es.m:
- - ' : || Awea of reinfore., - acua =] A= 23ER7Y T [29.0897 —

Rl Rl [107.0C [16300 [14663E || design value [em2) [687 [oorars  Lhet [z L I Q  [17e0004
Area of reinfore. . Il ax tensile st Rezerve —

Rax. Flaz  [4000000C [36500.00C actual value (cm2) 23780 o SIS SUESS [B46 79 foctor 08304 | 7f |12,539355

Figure 5.11

Calculation is made according to the following building codes:
1. EN 1992-1 Eurocode 2. 'Design of concrete structures. Part 1. General rules and rules

for buildings'. 1992.

2. DSTU-N EN 1998-1:2011. 'Design in earthquake-prone regions. Basis of design.' (EN
1998-1:2004 Eurocode 8), 2004.
3. DSTU B V.2.6-156: 2010. 'Concrete and reinforced concrete structures from

heavyweight concrete’, 2010.

Output data and notation
B=L: h=H
_I:;_r :bjl‘ }?jzz.;?z
Rec IT;
Raz

Vsa

f ck
j: vd

J.de :fl/_’f; N.S'd =N
‘fcd :RC_I
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T _ ultimate shear stress taken by the section;

QEJ@I— ultimate shear force taken by concrete section;

N _ ultimate axial force taken by reinforced concrete section;

Q — ultimate shear force taken by reinforced concrete section;

M_ ultimate moment taken by reinforced concrete section.

To present a report document in HTML format, click Report.

Concrete sections with fibre-reinforced polymer (FRP) bars

The module is meant for strength analysis of concrete sections with fibre-reinforced
polymer (FRP) bars or with several types of reinforcement including steel one, by two
theories - ultimate states and deformation model.

B Sections with FRP bars - Concrete sections with fibre-reinforced [ x|

Criterion for check procedure

rload ——— Output data
IDefarmaﬁon model j —
Calculation is complete.
Section M -150 t
ITﬂech’on {(bottom) j o o Height of compression zone of concrete, mm 533.270%4
My I
b Relative height of compression zone I 0.8332358
+—
L Width of crack propagation, mm I 0.0330733
ai
th Distance between cracks, mm I 219, 16420
hz
J'—" Mare... |
—Concrete —Reinforcement
b | 360 mm b1 |0 mm b2 [0 mm At [a200 ] @1 [18 =] mmon1[s a1 [40 mm
h |54U mm hi I'Z' mm  h2 I 180 mm AZ |A4|JD x| a2 |18 x| mm n2 |4 a2 |40 mm
Concrete dassIBZS 'I Humidity, % ISU a3 I,a.tu:uj j d3 |12 j mm n3 |4 a3 |4D mm
Diagram for [Ginear =] A4 | d4 |12 - 4 |4 a4 |40 mm
Bili G b2 |1 a%00 x| x| om on4 | |
— ilinear ~| Gamma I I
Save | Open | Report | Help

Figure 5.17

Building codes
The following building codes are supported in the module:
— SP 63.13330.2012 Concrete and reinforced concrete structures. General rules.
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—SP ... 2013 (first draft) Structures from concrete with fibre-reinforced polymer bars.
Design requirements.

Materials

Concrete: heavy-weight concrete of classes B15, B20, B25, B30, B35, B40, B45, B50,
B55, B60, B70, B80, B90, B100.

For calculation by deformation model, diagrams for concrete state are realized - bilinear,
trilinear and nonlinear (Appendix G. SP 63.13330.2012).

Steel reinforcement: A240, A400, A500, A600, A800, A1000, B500, Bp500, Bp1200,
Bp1300, Bp1400, Bp1500, Bp1600.

Non-steel reinforcement:

— glass-reinforced plastics (ANK-S);

— basalt-plastic (ANK-B);

— carbon fibre-reinforced plastic (ANK-U);
— aramid fibre (ANK-A);

— hybrid (ANK-H).

Section types

The following types of concrete sections are realized in the program:
— rectangular;

— T-section with table at the bottom;

— T-section with table at the top;

— I-section.

Input data

Concrete: section dimensions (b, h, b1, hl, b2, h2), class of concrete, relative humidity,
partial safety factor for concrete Yb2, diagram for concrete state (for calculation by
deformed shape).

Reinforcement: It is possible to define 4 types of reinforcement with different location
relative to bottom edge of the section. For every type of reinforcement, the following data is
defined: class of reinforcement (composite and steel), diameter di, number of rebars ni and
distance from the bottom edge ai.

Load:

N — axial force (compression is denoted with sign «-»),

M — bending moment («+» if bottom edge of section is in tension, «-» if top edge of section
is in tension).

To work with binary file of the program data, sue the Save and Open buttons. To start
calculation, click Calculate.
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Output data

When calculation is complete, you will obtain the following values: height of compression
zone of concrete, relative height of compression zone of concrete, width of crack
propagation and distance between cracks.

To view additional results, click More. In another dialog box you will see the following data:
— X — height of compression zone of concrete;

— ksi — relative height of compression zone of concrete;

— % arm — percentage of reinforcement for section;

—|_crc — distance between cracks;

— a_crc — width of crack propagation;

— Abet — area of concrete;

— Al, A2, A3, A4 — areas of reinforcement;

— Rs1, Rs2, Rs3, Rs4 — design strengths corresponding to them;

— h_crc — depth of crack (calculated only by deformation model).

Output data (in detail) X|

Calculation by deformation model

X 533.270949 m Rzl 5 MPa Al 0.0015268 m2
ksi 0.8332358 Rs? 5 MPa AZ 0.0010178 mz2
A bet 0.252 m.2 Rs3 5 MPa A3 0.0004523 mz

o arm | 1.3688367 Rs4 5 MPa A4 [0.0004523 m2

NN
RN
i

h_ere | 0.0677510 m loc  |0.2191642 a_oc |9.3073851 m

Figure 5.18

Report

To present a report document in HTML format, click Report.

The report contains material stress-strain properties as well as the output data:
Percentage of reinforcement for section, %

Relative height of compression zone of concrete - ksi
Height of compression zone of concrete, mm - X
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Width of crack propagation, mm - acrc

Distance between cracks, m - Icrc

Equivalent area of the section, mm? - Ared

Equivalent moment of inertia for the section, mm* - Ired

Stress in extreme tensile or min compressed reinforcement, MPa - Sigma_kr

For calculation by ultimate states:

Equivalent section modulus for the section, mm?® - Wred
Ultimate moment, tm - Mult

Cracking bending moment, tm - Mcrc

For calculation by deformation model:

Max depth of cracks, mm - hcrc
Relative strain in extreme compressed fibre of concrete - EpsBMax.

Concrete pipe sections

The module is meant for strength analysis of concrete pipe sections of columns based on
deformation model.
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& Concrete pipe - Analysis of concrete pipe sections x|
—Concrete —Load
Code |sP 63.13330.2012 | - Ii_m
Class B15 - vh2 I 1
My, tm |45
Diagram ITri|iI'|EE|r j
| 23
D Humidity, % |5'3' Mz, tm
1 1
—Steel
Pipe vstap | D,mm | 680 Thickness, mm | 12
Reinforcement Diameter r’:irg:g of Distance Angular distance
A1 |00 > dymm[ ] a1 x| an,mm[% 1 o
a2 I-"'-5':":' j d2, mm I 12 "'I n2 I 12 'I az, mml 30 fi2 I':'
Open | Calculate | Results | Report | Help |

Figure 5.19

The following building codes are supported in the module:

Russian Federation

Ukraine

— SP 63.13330.2012 - Concrete and
reinforced concrete structures. General
rules.

— SP 16.13330.2011 - Steel structures.
—SP 2013 - Structures from concrete
with fibre-reinforced polymer bars. Design
requirements.

— DBN V.2.6-160:2010 - Steel-concrete
composite structures. Basic provisions.
— DBN V.2.6-98:2009 - Concrete and
reinforced concrete structures. Basic
provisions.

— DBN V.2.6-135(163):2010 - Steel
structures. Requirements for design,
manufacturing and assembly.

— DSTU-N B V.2.6-XXXX:2011 - Manual on
design and manufacturing of concrete
structures with non-steel composite
reinforcement based on basalt and glass
rovings.

Materials

©2011-2020, LIRA SAPR. All rights reserved
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Concrete - heavyweight concrete of classes:

B15, B20, B25, B30, B35, B40, B45, B50,
B55, B60, B70, B80, B90, B100

For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized (Apendix G. SP
63.13330.2012).

C12/15, C16/20, C20/25, C25/30, C30/35,
C32/40, C35/45, C40/50, C45/55, C50/60
For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized.

Steel reinforcement:

A240, A400, A500, A600, A800, A1000,
B500, Bp500, Bp1200, Bp1300, Bp1400, A240, A400, A500, B500
Bp1500, Bp1600

Non-steel reinforcement:

glass-reinforced plastics (ANK-S);

basalt-plastic (ANK-B); Basalt TU U V.2.7-25.2-34323267-001:2009
carbon fibre-reinforced plastic (ANK-U); Basalt TU U V.2.7-25.2-21191464-:20
aramid fibre (ANK-A); Glass TU U V.2.7-25.2-21191464-:20

hybrid (ANK-H).

Steel pipe:

VSt3kp
VSt3kp VSt3ps
VSt3ps VSt3sp
VSt3sp VSt3ps4
VSt3ps4 VSt3sp4
VSt3sp4 20
20 16G2AF

09G2S

Input data

Concrete: Class of concrete, relative humidity, partial safety factor for concrete Yb2,
diagram of concrete state.

Steel pipe: Steel, diameter D, web thickness.

Reinforcement: It is possible to define 2 types of reinforcement with different location. For
every type of reinforcement, the following data is defined: class of reinforcement
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(composite and steel), diameter di, number of rebars ni, distance from the bottom edge of
pipe ai and angular distance relative to the Y-axis.

Load:

N — axial force (compression is denoted with sign «-»),

My — bending moment relative to Y-axis («+» if bottom edge of section is in tension, «-» if
top edge of section is in tension),

Mz — bending moment relative to Z-axis («+» if right edge of section is in tension, «-» if left
edge of section is in tension).

To work with binary file of the program data, sue the Save and Open buttons. To start
calculation, click Calculate.

Output data

When calculation is complete, to obtain results, click Results. In another dialog box you
will see the following data:

— X — height of compression zone of concrete;

— Abet — area of concrete;

— Rb*/Rb — coefficient for strengthening of compressed concrete,

—a_crc — width of crack propagation;

— A, Al and A2 — areas of pipe and reinforcement;

— % arm — percentage of reinforcement for section.

Output data (in detail) X]

X, mm | 577.16379 A mm2 | 25183.006

Al mm2 |3619.1147

A_bet, mm2

Rb*Rh 1.6673059 AZ, mm2 | 1357.1680

a_crc, mm | 0.0019652 %, arm 5.9592229

[

Figure 5.20

Report

To present a report document in HTML format, click Report.
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The report contains physical and mechanical properties of materials as well as the output

data:

Percentage of reinforcement for section, %
Relative height of compression zone of concrete — ksi
Height of compression zone of concrete, mm — x

Width of crack propagation, mm — acrc

Max depth of cracks, mm — hcrc
Distance between cracks, m - Icrc
Coordinates of gravity centre — Y, Z

Relative strain in extreme compressed fibre of concrete - EpsBMax
Coefficient for strengthening of compressed concrete — Rb*/Rb.

Composite steel and concrete columns

The module is meant for strength analysis of sections in composite steel and concrete

columns based on deformation model.

T\ Design of composite steel and concrete columns x|
I . l | . | I | —Output data
Calculation is complete,
%% of reinforcement Iil-':"’i‘fi:‘-ﬁ66 acrc, mm IU
H, mm | 400
H | X, mm I 0.4938733 lere, mm I o
B, mm | 300
lLL ksi I i here, mm IU
~Steel Concrete
Class I VSt3kp ﬂ Building code I 5P 63.13330.2012 j
t, mm |9-5 Class B30 i Yb2 I 1
d, mm I 5.6 Diagram IBiIinear j
h, mm I 240 Hurmidity, % |’5'3'
b, |'|'||'|'|| 115
z, mm I o —Load
N, t |-zzs Mx, tm |:-r My, tm |5
xlmml':' YJITIITIID IIrnmI':I v

Open

Report |

Help |

Figure 5.21
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The following building codes are supported in the module:

Russian Federation

Ukraine

— SP 63.13330.2012 - Concrete and
reinforced concrete structures. General
rules.

— SP 16.13330.2011 - Steel structures.

— DBN V.2.6-160:2010 - Steel-concrete
composite structures. Basic provisions.
— DBN V.2.6-98:2009 - Concrete and
reinforced concrete structures. Basic
provisions.

— DBN V.2.6-135(163):2010 - Steel
structures. Requirements for design,
manufacturing and assembly.

Materials

Concrete - heavyweight concrete of classes:

B15, B20, B25, B30, B35, B40, B45, B50,
B55, B60, B70, B80, B90, B100

For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized (Apendix G. SP
63.13330.2012).

C12/15, C16/20, C20/25, C25/30, C30/35,
C32/40, C35/45, C40/50, C45/55, C50/60
For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized.

Steel reinforcement:

A240, A400, A500, A600, A800, A1000,
B500, Bp500, Bp1200, Bp1300, Bp1400,
Bp1500, Bp1600

A240, A400, A500, B500

Steel pipe:

VSt3kp
VSt3kp VSt3ps
VSt3ps VSt3sp
VSt3sp VSt3ps4
VSt3ps4 VSt3sp4
VSt3sp4 20
20 16G2AF

09G2S

©2011-2020, LIRA SAPR. All rights reserved
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Input data

Concrete: Class of concrete, relative humidity, partial safety factor for concrete Yb2,
diagram of concrete state.

Steel: Steel and dimensions of steel shape h, b, d, t, z, distance between gravity centres
(for channel sections) .

Load:

N — axial force (compression is denoted with sign «-»),

My — bending moment relative to Y-axis («+» if bottom edge of section is in tension, «-» if
top edge of section is in tension),

Mz — bending moment relative to Z-axis («+» if right edge of section is in tension, «-» if left
edge of section is in tension).

To work with binary file of the program data, sue the Save and Open buttons. To start
calculation, click Calculate.

Output data

When calculation is complete, in appropriate section of the dialog box you will see results:
x — height of compression zone of concrete,

% arm — percentage of reinforcement for section,

ksi — relative height of compression zone of concrete,

a_crc — width of crack propagation,

h_crc — depth of crack,

| _crc — distance between cracks.

Report

To present a report document in HTML format, click Report.
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Input data
v
by
——
H ir Building codes
N SP 63.13330.2012
SP 16.13330.2011
B L=
niy
Concrete
Class of concrete Hgb, GPa Rb, MP2 Rbt, MPa ‘ Epsb2 ngsbtz
B30 34.5 17 1.15 0.0048 0.00031
Partial safety factor for 1 Humidity, % 60 Strain diagram Bilinear
concrete
Section
H, mm B, mm Area, mm?
400 300 120000
Steel
Class Es, GPa Ry, MPa Ru, MPa Ryn Run
VSt3kp 206 215 350 225 270
hs, mm bs, mm lds, mm ts, mm
240 115 5.6 9.5
Design forces
I, t l-228 My, tm |E Mz, tm Is ]
Output data
Percentage of reinforcement in section, % 2.98517
Relative height of compression zone of concrete ksi=1
Height of compression zone of concrete, mm x=0.499879
Width of crack propagation, mm acrc=0
Max depth of cracks, mm hcre=0
Distance between cracks, m lcrc=0
- ¥=0.00276343 m
ICoordinates of gravity centre of the section 7--0.0145168 m
EAred=100237 t
Equivalent stiffnesses for the section EIx=1250.61 tm2
Ely=522.601 tm2

Figure 5.22

The report contains physical and mechanical properties of materials as well as the output
data:

Percentage of reinforcement for section, %

Relative height of compression zone of concrete — ksi

Height of compression zone of concrete, mm — x

Width of crack propagation, mm — acrc

Max depth of cracks, mm — hcrc

Distance between cracks, m - Icrc

Coordinates of gravity centre - Y, Z

Equivalent stiffnesses for the section — EAred, Ely, Elz.

Column strengthened with composed materials

This module enables you to check strength of reinforced concrete sections in case the
columns are strengthened with composite materials.

The following regulations are supported in the program:

SP 164.1325800.2014 'Strengthening of reinforced concrete structures with composite
materials';

SP 63.13330.2012 'Concrete and reinforced concrete structures. General rules.'
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Input data

In the dialog box define section dimensions, properties of concrete, reinforcement and
composite material as well as design force.

The following classes of concrete are allowed: B10, B15, B20, B25, B30, B35, B40, B45,
B50, B55, B60.

The following classes of reinforcement are allowed: A240, A400, A500, B600, B80O0.
Max diameter of reinforcement bars - 40 mm.

Location of reinforcement (distance, a) - distance from gravity centre of reinforcement up to
the nearest edge (bottom reinforcement to bottom edge, top reinforcement to top edge).

Physical and mechanical properties of suggested FRP reinforcement types (composite
materials) are taken from Appendix 5 'Manual on strengthening of RC structures with
composite materials'. It is strongly recommended that you should revise properties of
selected materials from the manufacturer. If it is necessary to define properties of
composite material that is not available in the Manufacturers and Reinforcement type
FRP lists, then these properties may be defined manually in appropriate boxes - thickness
of monolayer, its modulus of elasticity and tensile strength.

The dialog box of the program is presented in the figure below.

iiil Column strengthened with composite materials x|
i —C ite material
Strengthening with composite materials I longitudinally j el
Width, mm I 150
Ia h I 400 mm Number of layers I 2
h
b I 400 L Manufacturers I User-defined j
Ia
b Effective length of column, mm I 3000 Reinforcement type FRP I User-defined j
Design force N, kN I 400 Thickness of monolayer, mm I 2
r—Concrete and reinforcement Modulus of elasticity, MPa I 120000

Class of concrete IBEIJ :Iv
Tensile strength, MPa 1400

Class of reinforcement I-"-‘-4UU ‘l

—Output data
Diameter of rebars, mm I 18
Ared I 167307.63 mm ired I 23701007F mm

Number of rebars I + Height of compression zone, I 138.29627
m

Distance (a), mm I 20 Strength of section is adequate.

Help | Caladate Report | Cancel

Figure 5.23

In the dialog box define the type of column strengthening with composite material -
longitudinally or transversely.
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You should also define effective length of column, section parameters and axial force N
applied to the gravity centre.

To define composite material that is not available in the Manufacturers and
Reinforcement type FRP lists, simply define properties in the appropriate boxes:
thickness of monolayer, its modulus of elasticity and tensile strength.

To start calculation, click appropriate button.

Output data

To present a report document in HTML format, click Report.
Notation in output data

Ared - area of equivalent section;

Ired - moment of inertia of equivalent section;
X - height of compression zone of concrete.

Column strengthened with composite materials

Input data
|Strengthening with composite materials:longitudinally |
|Section height, mm ||400 |
Section width, mm 400
Design force N, kN 400
Effective length of column, mm 3000

Concrete and reinforcement

Class of concrete B20
Class of reinforcement A400
Diameter of reinforcement, mm 16
Number of rebars 4
Distance, mm 20

| Composite material |

\Width, mm 150 |
Number of layers 2
Manufacturer User-defined
|Reinforcement type FRP ||U5er—defined |
Thickness of monolayer, mm 2
Modulus of elasticity, MPa 120000
Tensile strength, MPa 1400
Output data
Ared, mm2 167308
Ired, mm3 2.3701e+009
|Height of compression zone, cm ||138.296
Figure 5.24
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Composite steel and concrete slabs

The module is meant for strength analysis of sections in composite steel and concrete
ribbed slabs based on deformation model.

Design of compasite steel and concrete slabs o ]
Load Output data
Calculation is complete.
B M, t 100
T +
+ &+ F O+ F o—]‘ﬂ_l M\_,l',tl'ﬂ 12
LI T T T T T R ) _'t'ﬂ.z I" % of 1.0195456 acrc, mm 0
bs
hs H H, 820 %, mm 0.1500000  lerc, mm 0
L ds
1.t 1000
bs T B ksi 1 here, mm 0
h, 150
Steel Concrete
Class | VSt j Building code Stress-strain diagram ¥h2
e, IT 5P 63.13330,2012 | | Bilinear ~| |1
- IT Class B25 - Hurmidity 60
ds, 1 Reinforcemert
ts, 1 Class Diameter, mm ideubn;tr:: rof Distance, mm
b1, IT 1 [A240 | 10 ] 4 =] | 30
w, [ | | z["® i N s O e B -
Shape | H57-750-0,6 =] 3: | A240 =] [0 -] o A [
Open | Save | Report Help
Figure 5.25

The following building codes are supported in the module:

Russian Federation Ukraine
— SP 63.13330.2012 - Concrete and
reinforced concrete structures. General — DBN V.2.6-160:2010 - Steel-concrete
rules. Updated edition of SNIP 52-01-2003 composite structures. Basic provisions.
(with amendment No.1) — DBN V.2.6-98:2009 - Concrete and
reinforced concrete structures. Basic
— SP 16.13330.2011 - Steel structures. provisions.
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— GOST 24045-94 - Steel roll-formed
trapezoidally corrugated sheets for
construction.

— DBN V.2.6-135(163):2010 - Steel
structures. Requirements for design,
manufacturing and assembly.

— DSTU-N B V.2.6-XXXX:2011 - Manual on
design and manufacturing of concrete
products and structures with non-metallic
composite reinforcement based on basalt
and glass rovings

— DSTU B V.6-9:2008 Steel roll-formed
trapezoidally corrugated sheets for
construction. Technical requirements.

Materials
Concrete - heavyweight concrete of classes:

B15, B20, B25, B30, B35, B40, B45, B50,
B55, B60, B70, B80, B90, B100

For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized (Appendix G. SP
63.13330.2012).

C12/15, C16/20, C20/25, C25/30, C30/35,
C32/40, C35/45, C40/50, C45/55, C50/60
For calculation by deformation model, the
bilinear and trilinear diagrams of concrete
state are realized.

Reinforcement (steel):

A240, A400, A500, A600, A800, A1000,
B500, Bp500, Bp1200, Bp1300, Bp1400,
Bp1500, Bp1600

A240, A400, A500, B500

Reinforcement (other):

fiberglass (ANK-S);
basalt-plastic (ANK-B);
carbon-fibre (ANK-U);
aramid fibre (ANK-A);
hybrid (ANK-H).

Basalt TU U V.2.7-25.2-34323267-001:2009
Basalt TU U V.2.7-25.2-21191464-:20
Glass TU U V.2.7-25.2-21191464-:20

Steel pipe:

VSt3kp

VSt3kp VSt3ps
VSt3ps VSt3sp
VSt3sp VSt3ps4
VSt3ps4 VSt3sp4

VSt3sp4 20

20 16G2AF
09G2S
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Input data

Corrugated sheet:

H57-750-0,6
H57-750-0.7
H57-750-0.8
H60-845-0.7
H57-750-0.6 :
H60-845-0.8
H57-750-0.7
H60-845-0.9
H57-750-0.8
H75-750-0.7
H60-845-0.7
H75-750-0.8
H60-845-0.8
H75-750-0.9
H60-845-0.9
H114-600-0.8
H75-750-0.7
H114-600-0.9
H75-750-0.8
H114-600-1.0
H75-750-0.9
H114-750-0.8
H114-600-0.8
H114-750-0.9
H114-600-0.9
H114-750-1.0
H114-600-1.0
HC35-1000-0.6
H114-750-0.8
HC35-1000-0 7
H114-750-0,9 HC35-1000-0.8
H114-750-1.0

HC35-1000-0,6
HC35-1000-0,7

HC44-1000-0,7
HC44-1000-0,8

C10-899-0,6
HC35-1000-0,8 :

C10-899-0,7
HC44-1000-0,7

C10-1000-0,6
HC44-1000-0,8

C10-1000-0,7

C10-899-0,6
C18-1000-0,6
C10-899-0,7

C18-1000-0,7
C10-1000-0,6

C15-800-0,6
C10-1000-0,7

C15-800-0,7
C18-1000-0,6
C18-1000-0,7 €15-800-0,6

C15-800-0,7

C21-1000-0,6

C21-1000-0,7

C44-1000-0,7

Concrete: Class of concrete, relative humidity, partial safety factor for concrete Yb2,
diagram of concrete state.

Steel: Steel and dimensions of steel shape h, b, d, t, z.

Reinforcement: It is possible to define 2 (in some sections 3) types of reinforcement with
different location. For every type of reinforcement, the following data is defined: class of
reinforcement (steel and composite non-metallic), diameter of rebars di, number of rebars
ni, distance from the bottom edge of pipe ai.
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Shape: Range of corrugated sheets.

Load:

N — axial force (compression is denoted with sign «-»),

My — bending moment relative to Y-axis («+» if bottom edge of section is in tension, «-» if
top edge of section is in tension).

To work with the file of program data, use the Save and Open buttons.
To start calculation, click Calculate.

Output data

The report contains physical and mechanical properties of materials as well as the output
data:

Percentage of reinforcement for section, %

Relative height of compression zone of concrete — ksi

Height of compression zone of concrete, mm — x

Width of crack propagation, mm — acrc

Max depth of cracks, mm — hcrc

Distance between cracks, m - Icrc

Coordinates of gravity centre — Y, Z

Equivalent stiffnesses for the section — EAred, Ely, Elz.

To present a report document in HTML format, click Report.
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Design of composite steel and concrete slabs

Input data
Building codes
SP £3.13330.2012
SP 16.13330.2011
sp___ 2012
Concrete
Concrete class Eb, GPa Rb, Mpa Fbt, MPa Epshb2 Epsbt2
B25 30 14.5 1.05 0.0048 0.00031
::r:t;:t:aﬁ!t"l factor for 1 Humidity, % E0 Stress-strain diagram Eilinear
Section
H, mm B, mm |Area, mm?
150 1000 150000
Steel
Class ||Es, GPa ||R',l, MPa |Eur MPa ||R',ln ||R|.|n
[vStzkp [2oe 215 |EER 225 |
hs, mm |Es, mm ||:|5r mm |Es, mm = "Eir mm / bsZ, mm
[00 200 2 Jr 20 [200 / 0
Reinforcement
Layer Mo. Mumber of rebars Diameter. mm lArea, mm? Distance, mm
1 14 10 0.00031415% 30
Class of reinforcement E=, GPa F.=s. MPa F.sc, MPa Epss |Ep5c
|A240 ] o o ]
Layer Mo. Number of rebars Diameter. mm larea, mm? Distance, mm
2 14 10 0.00031415% 30 1.16254e-307
Class of reinforcement Es, GPa Fs, MPa Fsc, MPa Epss Epsc
|A240 ] o o ] o
Design forces
fIe. ¢ 100 [ty tm 12 [ [ |
Output data
Percentage of reinfercement for section, % [1.01855
Relative height of compression zone of concrete ksi=1
Height of compression zone of concrete, mm x=0.15
Width of crack propagation, mm lzcre=0
Max depth of cracks, mm hcre=0
Distance between cracks, m lcre=0
Cocrdinates of gravity centre of the section ZZ[—)DTDIBDBEZ "
EAred=108452 t
Equivalent stiffresses for the section Elx=2.58265e+007 t*m2
Ely=£4%%.%6 t*m2
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Masonry and masonry reinforcing

Masonry and masonry reinforcing

The chapter contains modules for analysis of elements in masonry and masonry reinforcing
structures as well as reference programs:

Design compression strength in masonry

Brick pier

Masonry in local compression

Brick pier in tension

Brick pier by DBN V.2.6-162:2010

i ESPRI. Engineering Assistance Package. N

ESPRI

Engineering Assistance Package

~ 1) Design Compression Strength in Masonry
s The module provides you with values of design compression strength in all kinds of brickwork (table 2 SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’).

Steel structures
& Brick Pier
& E The module enables you to analyse masonry and masonry reinforcing structures according to SNIP 11-22-81 "Masonry and Masonry Reinforcing Structures’.

Reinforced 8 Masonry in Local Compression
concrete (RC) The module enables you to analyse masonry and masonry ing in local pi ing to SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’.
structures &

Brick Pier in Tension
The module enables you to analyse masonry and masonry ing in tension ding to SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’.

& Brick Pier by DBN V.2.6-162:2010
The module enables you to analyse masonry and masonry reinforcing structures according to DBN V.2.6-162:2010.

reinforcing

Timber structures

X i
Foundations and
beddings

iz
I.oad_s and

~ntinne

;'Russiann Open | Exit

Puc. 6.1

Design compression strength in masonry

The program presents values for design compression strength in all types of brickwork and
stonework from structural clay tile with slit-like vertical cells of width up to 12mm and height
of masonry course 50-150mm on heavy mortars depending on mortar mark. (Table 2 SNIP
[I-22-81 'Rock / reinforced masonry structures’).
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: Design compression strength in masonry o =] 4

Height of course of masonny 50-150 mm |

Design compression strength R of all kinds of brickwork and stonewar from structural clay tile with slitdike
vertical cells of width up to 12 mm on heavy mortars when mark of mortar

Ha of brick 200 150 100 75 50 25 10 4 -
300 319 3B 3.3 30 28 25 22 18
280 36 33 3.0 28 25 22 19 16
200 32 30 27 25 22 18 16 1.4
150 26 24 22 20 18 15 13 1.2
125 nn 22 20 14 1.7 14 12 1.1
100 nn 20 1.8 1.7 15 13 1.0 04
75 nn 0o 15 1.4 1.3 11 09 0.7
50 na n.o 0.0 1.1 1.0 03 07 0.E
] n.a 0.0 0.0 0.4 0.a 07 0E 0.45
4 | LH
Walues displayed in MPa -
—Motes:
1. Design strength of brickwark for mortar marks from 4 up to 50 should be reduced with the following reduction factors:
0,85 —for brickwork on stiff cement mortars (no lime or clay), light and lime mortars at the age up to 3 months;
0.9 —for brickwork on cement mortars {no lime or clay) with organic plasticizers.
2. It is not necessany to reduce design compression strength for brickwore of superior quality - mortar seam should be done with frame and the
mortar should be lined up and tightened with a strip. Mark of mortar for standard brickework and for brickwork of superior quality should be
mentioned in the project.

Bt | Hep |

Figure 6.2

To present design strength values either in MPa or in kg/cm? , define appropriate data in
the Values dislpayed in drop-down list.

Brick pier

The module enables you to analyse masonry and masonry reinforcing structures in
compression according to SNIP 11-22-81* 'Masonry and masonry reinforcing structures'.

Define brick pier of rectangular or T-section shape. Plane eccentric compression of brick
pier is considered. Tensile and shear forces are considered in analysis. After analysis, if
the pier should be reinforced, you will obtain number of courses in brickwork for which it is
necessary to place wire mesh reinforcement with the specified cell and diameter of
reinforcement and (or) area of longitudinal reinforcement.
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4 Analysis of brick pier =1o] x|
Geometry, cm Materials : — Parameters of reinforcement ——————
D | II:::I Brick type ICIE‘Y brick, standardll Reirforcement: stimup spacing (mm) |154]
Brick mark 75 s mesh |BP =| werical IA_| vl
Thl'f Mertar maric 3 2 Reinforcem. type Imeshes + vertical rebarsll
Mortar type Istiﬁ, no admidure "I
hi y’[‘_) _E _ Height of course in masonry {(mm) I?? "I
x;Ih2+ Masonry quality Istandard VI - . _
.1_._. Design dimension of cell in
1 h Properties I air brick up to 2?“3;;' mesh reinforcement {mm) 30 hal
Utimate strain Iﬁﬂe*‘ Design diameter, {mm)
Redraw | In masonry : mesh, |3_ vertical B
Elastic parameter 7 (stimup) reinforcement
b [64 p1 |100 b2 |50 table 15 SNIP 11-22-81° I 50
. — Partial safety factor for masonny and reinforcement -
= Creep |2.2
h I'I Do h1 |5'| h2 |~ coeflicient KPc1 I.I— Fire damages, I.I—
Effective length Storey Coef to design. strength of masonny cracks, etc.
1 - 300 . . KPc2 |1 Partial safety factor for |1 2
factor I height I compression ID-E‘E' tension I-I © masonry t.24 SNIP
™ CHECK specified strengthening  _>3> Building code [SF 15.13330.2012 = | KFr] [ KPr2, spec. load 1
Ear Mumb._of |[Vertical. Analysis by
= um| Transverse
orees ﬁ th et ) masonry  (|reinforcem. || stimup [ serviceability limit
M. [ Mtfm | Qi qu. | Nt M, tF*m Q. i courses  (lcm2 cm2/m state (SLS)
= |50 87 5.2 ¥ |& 0 69646 IB (Geometric properties I
ol | | r[r | 0 0 [
r I I I i I I fi] I: I: Sign convention |
— Strength of masonry & /m2) Madulus of elasticty ————————— Relative strain
nomative, design - I 6000 Creep Ea0GA
bonded, unbonded section Initial i A PULL
sy 0.000423624
compression  [598.825 IZZZBEG |1 10 Average fsecant) [143309 shorttem :

tension IZ'E I'I.'EI- I5 Elastic parameter of |?54]
. — = —~ reinforced masonny
sar I I I Buckling coefficient I1
bending [20 E Safety factor |2.u4443 ep

Figure 6.3

Input data

Click schematic presentation of the section that should be calculated and define its
parameters.

In the appropriate boxes, type or select all data necessary for calculation by SNIP 11-22—
81* 'Masonry and masonry reinforcing structures'.

In the Forces table, define necessary values.

Click Calculate.

In this program you could also check the specified strengthening. It is allowed to strengthen
the pier with steel or RC casing as well as with rebars in reinforced plaster.

To define parameters of strengthening, click LI button. The Types of strengthening
of brick piers dialog box appears on the screen. In this dialog box, select type of
strengthening and define appropriate parameters. Click OK and close the dialog box.
Then in the Analysis of brick pier dialog box, select the CHECK specified
strengthening check box. Defined parameters will be displayed in this dialog box.

When you define loads, it is possible to start calculation.
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Types of strengthening of brick piers

150 5 - spacing of batten, stirrup
H {mm)

I 20 b - batten width {mm)

I 3 d - batten thickness (mm)

B
Y
ifl g —th

Diameter of transverse
stirrup {mm}

5 Diameter of vertical
reinforcement (mm)

I 40 &l - thickness of casing (mm)

Mumber of angles, plates or
vertical rebars

8: 300=8S=H
batten :bhxd (mm)

—Pier strengthening by

{* steel casing

™ RC casing

" reinforced plaster

) wire mesh

=101 x|

|c245 ~| steel

A Class of reinforcement

Design strength of steel

24500 (tfjm?2)

Ii Design strength of

e reinforcement {tfim2)
IAngIE symmetric j Shape type
IZIZIxZIZIx3 j Shape Mo,

Steel table
| UG_R.SRT = @a“l

Casing is supported (type), Coefficient
’]Completely from below and abc"-ﬂ I 1 —‘

ID— Area of one angle, rebar,
etc, {om2)

I 0 Total area of vertical
strengthening (cm2)

IU— Area of transverse stirrups
(cm2yrm)

| sp63.13330.2012 | Building code

Concrete dass of RC casing

|10 =]

Cancel |

Figure 6.4

Output data

When you click Calculate button, you may see the following messages.

unbonded section.

, Analysis of brick pier in Tension for unbonded section.
¥ According to sect.4.19 SNIP, such elements cannot be designed by

Warning according to notes to sect. 4.18 and 4.19 SNIP [|-22—-81* 'Masonry and masonry
reinforcing structures' about provision that flexural and tensile elements of masonry

structures cannot be designed by unbonded section.

Page 182 of 403 www.liraland.com

©2011-2020, LIRA SAPR. All rights reserved.



http://www.liraland.com/

Masonry and masonry reinforcing

Reinforcement in brick pier is selected or brick pier is adequate according to ultimate and
serviceability limit states without reinforcement. If reinforcement with meshes is defined,
then in the Number of masonry courses box, the figure from 1 to 5 will be displayed, That
is, number of masonry courses through which it is necessary to place reinforcing mesh with
the specified cell, diameter and class of reinforcement. When reinforcement with vertical
bars is defined, then in the Vertical reinforcement box you will see the area of selected
vertical rebars in cm.

X|

It is impossible to select reinforcement or non-reinforced brick pier is adequate to strength
and stability conditions. It is necessary to increase properties of masonry, section,
properties of reinforcement or change the type of reinforcement.

In the Strength of masonry area, you will see normative and design values of strength for
non-reinforced and reinforced masonry (depends on whether reinforcement was selected
or not) along bonded and unbonded sections by different types of actions.

When you click Report, you will see protocol of input data and output data for masonry and
masonry reinforcing piers.
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Masonry in local compression

The module enables you to analyse masonry and masonry reinforcing structures in local
compression according to SNIP 11-22—-81* 'Masonry and masonry reinforcing structures'.

FE{ Analysis of masonry in local compression

— Geometry, om

| O

h

h

L ba |
[ b

L
|

AC- Loeal compression area

taterial
of beam
Elastic parameter of
masonry 15 SNIF
Creep coefficient

Coefto des. strength of masanry

IReinfDrced concretell

|1DDD

1.8

=10] x|

—Materials

Shigkips Iclay btick, standard LI Strengthen with mesh, distributing plate

Brick marl |1DD vl Strengthen with Imesh LI

tdortar mark 75 || mesh [BPq Length of distrib. I—

- - plate - Lpl. (cm) ol
Martar type stiff, no admix » )
— Height of course 7 -

tasanny quality standard || inmasanny (mm)

Froperties Iair brick upto 27% = || Design dimension of cellin 30 -

mesh reinfarcement (mm)

—

Fart. safety factor for concrete and reinforc.

=l I‘I KPc? |1
KPr1 |1

Design diameter of mesh (mm)

COMPression IEBD-E?8

|1 70

Max stress in masonry from
local compressian

Awerage stress in masonny from

b I142 - I40 he ID & ID compression |1 tension |1-25 KPr2. spec. load |1
o - Iﬁ Fartial safety factor for masonry
h [5 be [l Lo () Iu Building Code  |3P15.13330.201 = table 24 SNIP |1.2
— Coef. for shape of Numb. of Compression area (cm2)
pressure diagram Total forces reiees (foeal) mesh Total |?242
0 Rgdangular.dlagram 1Lt h.Hm Ot A b m oLt oS Local 2040
" Triangular diagram (& |50 8600000 2.3 -47 73 19 3
¢ Calculate Analysis b
i ysis by
¢ Defne T |1 . serviceability limit
tate (SLS
Initial modulus of elasticity (tHm2) |34UDUD state (5L.5)
— Strength of masonry (Him)
) design: Elastic pararmeter of masonny 833473
MBS honded,  unbonded section

sz~ _Smeowerion |

EE

tension I36 I18 I8 local compression : = ;
chear |130 IBS |18 Design strength_ofmasonryin |23?-93:2 Lml
local compression Help
bending |25 |12 S |1.032?3 L= |
Figure 6.5

Analysis in local compression is available for eleven types of support sections (see table

below).

Types of sections for analysis in local compression:

Section
No.

1,2

Type of section

Type of section

L

h
-

Notes
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a — width of support zone
Ac — area of local
compression

a — width of support zone
Ac — area of local compression

Pinned connection
between beams and

walls.
3 Variant of section is
selected
automatically based
a — depth _of beam setting a — depth of beam setting on dimensions b, h.
be —width of beam b — width of beam
4,5
a, b — dimensions of support
zone a — width of support zone
Ac — area of local Ac — area of local compression
compression
a
b |
a — length for area of local
compression a — depth of setting
b — width of rib (pilaster) b — width of rib (pilaster)
Ac — area of local Ac — area of local compression
compression
b = ap — usable
length of support in
pinned connection
If b>0, b=<a -
8,9 supporting on

a — length of beam
supporting
b , he — width and height of

beam

a — length of beam supporting
b , he — width and height of
beam

distributing plate
as14cm.

Lpl. — width of

distributing plate
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h — thickness of
hanging wall
0=Hp — equivalent
height of spandrel

beam
b =s=1.57Hg
(6, b are computed)
10 Variants: a), b), ¢) —
a— length of beam dlstrlb_utlon of
: _ pressure is selected
supporting a — length of beam supporting automatically
be , he — wncéth and height of | b h.— width and height of (calculation should
eam beam be made when
. ] _ coefficient for shape
Variants: a), b) Variant: c) of pressure diagram
w =1.0)
For the check of
masonry (d) above
the utmost beams
(lintels) and spandrel
beams, define:
11 a — length of support
a — length of beam zone in spandrel
supporting beam;
bc , he — width and height of w=0.5 — coefficient
beam for shape of pressure
diagram.
Variant: d)
Input data
With the mouse button, select schematic presentation for the section and define its
parameters.

In the appropriate lists, either type or select the data necessary for analysis from SNIP |-
22-81 'Masonry and masonry reinforcing structures'.

Define Forces values in the table.

Click Calculate.

Output data

In the Strength of masonry area of the dialog box, you will see normative and design
values of strength for unreinforced and reinforced masonry (it depends on whether
reinforcement was selected or not) along bonded and unbonded sections by different types
of loads.

To present the report file in HTML-format, click Report. The report file contains the input
data with the type of section and the output data as well.
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Brick pier in tension

The module enables you to analyse masonry and masonry reinforcing structures in tension
according to SNIP [I-22-81* 'Masonry and masonry reinforcing structures'. In this program
you could check strength, check and select required reinforcement in tension along bonded
and unbonded sections, in tension with flexure and in local tension (breaking off an anchor)
along bonded section.

E:HAnalvsis of masonry in tension = |EI |i|
- Geometry. cm Materials —Parameters of reinforcement
I@ @_l @ @ Brick type Iclay brick, standard T.2 LI Reinfarcement: stirrup spacing (mm) 160
Brick mark Imn vl mesh I—_,EIP—I < wverical I—_,A—I <
1+ N Martar mark 75 - ; :
i | | 4 Feinforcem. tvpe Imeshes +wvertical rebarsLI
L ] Martar type Istiﬁ, no admixtures VI ; ;
w1 Llh . Height of course in masonry (mm) 77 v
- R | Masonry guality Im
= . — Dimension of cell in mesh (mm) 30 hd
Zed 1>< Properies |a|r brick up to 27% LI
- Ulliiiisie st m w Design diameter. (mm}) |
. w | * - 1
in MEasann e resh, 3 werical I—B
Elastic parameter |1 010 (stirrup) I EliaBIEnT
100 3 T table 15 SM.P.”_ZE_m —Part. safety factor for masonny and reinfarcement
b I h hief I Creep coefficient |2.2 )
: KPcl |1— Fire damages. cracks, |1
Sitzeiliie 1 Stu_rey ISDD Coef. o des. strength of masonry etc. KP3
length factor height

compression |1 tensian |1.25 =T |1 Partial safety factor for |1_2
" masanry Takl24 SHIF

)))lCHECK SpBCif. Anchar 113
strangthening area, cme I Buildig code | SF 15133302012 - 1
|_ KPr1 kPr2, spec. load 1

Earees Wi Ear Forcas (Jong-tatm par) MNurb, of  ||Wertical Transvetse Analysis by
el th MAasohny reinforc., stirrup v serviceability limit
I, tf | b, t*m 0, 1 qu. I, tf b, t*m o, tf courses cm2 cm2frm state (SLS)
@ [50 ]3-? 29 — [ [47-0ooooo|7800000 1500000 [0 0 |a Geometic properiies |
o] | | CIC ! ’ [ [
' I I I r [ I I 0 ID IU Sign conventian |
— Strength of masonry (Hme) Modulus of elasticity——————  —Relative strain———————————————
normative, design _ Initial |544nnu Cresp |—n.nunaaa432
bonded, unbaonded section

Average
cormpression |34D |1?D |1?D Awerage (secant) |331213 short-term I'D-DDDE%Q%

tension I36 I18 I8 Elastic parameter of |1 non Calculate
reinforced masonny
I — |1 30 |55 |1a

Buckling coefficient ID-952353 Repart |
hending |25 |12 Safety factar 127732 Heln |

Figure 6.6

Analysis in tension is available for the following types of sections:
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No.
Option Type of section Notes
button
‘}u" il .
|
E t+——T—h Tension for unbonded
1 Yol o J section
Kc_h
s - - ‘T
Bl o= L= Tension for unbonded
2 TG section
| /XC -h *
T M
Tension and flexure for
3 E‘ bonded section
E Local tension (breaking off
4 Ky an anchor) for bonded
section
Input data
With the mouse button, select schematic presentation for the section and define its
parameters.

In the appropriate lists, either type or select the data necessary for analysis from SNIP 11—
22-81 'Masonry and masonry reinforcing structures'.

Define Forces values in the table.

Click Calculate.

Output data

In the Strength of masonry area of the dialog box, you will see normative and design
values of strength for unreinforced and reinforced masonry (it depends on whether
reinforcement was selected or not) along bonded and unbonded sections by different types
of loads.

To present the report file in HTML-format, click Report. The report file contains the input
data with the type of section and the output data as well.
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Brick pier by DBN V.2.6-162:2010

Analysis of brick pier according to DBN B.2.6-162:2010 (EN 1996-1-1:2005 Eurocode 6).

The module enables you to analyse masonry piers of rectangular section, T-section, I-
section and cruciform section according to DBN B.2.6-162:2010. Strength is checked and
necessary reinforcement is selected in calculation. The specified strengthening of brick
piers may be also checked.

The program window is presented in the Fig. 6.7.

E:EAnalvsis of brick pier by DBN ¥.2.6-162:2010 (EN 1996-1-1:2005 Eurococde 6] - |EI |i|
—Geometry, cm ~Materials —Parameters of reinforcement———————————————
|:| | E:Il Iﬁ E]l Brick type Icellular blocks of autuclavzll Fainforcameant, stirup spacing (mm) 150

Mortartype |mortar mcs Nimm2 || ooy, [r1 =] vetical [p2ac <]
JULLS 5 >
e Strength class. concrete b (MPa) : FEieinforcem. type Imeshes +vertical rebar v |
b1|b y%x b2 Strength class, mortar - fm (MFa) 50w Height of caurse 200 -
L + _l M i Ih. h it - G ﬂ in masonry (mm}
h Sy el igh quality roups Design dimension of cell in
Properties Iair brick more than 50% =] mesh reinfarcement (mm) 30 >
Fedraw Ultimate strain in masonry Demﬁn diameter. (mm) -
mesh, vertical
b |3B |150 |1 50 ID LI ez {stirrup) I3 reinforcement IB
o) h2 :
y e - ggg';f?géﬁﬁ;m - I?ED Part.safetyfal:torfur_masunry and reinforcem. ———
I h1 |25 h2 I kPl |1— Fire damages. |1_
Effactiva length ot Creep coefficient table 5.9 |2-5 cracks. etc.
orey
factor I1 height I35|J Coef to design strength of masonry KpPcZ I1 Safewfa':t by I1 5
) ) responsib. classes
[~ CHECK specified strengthening >>> (wmpress'm [ tension ] ke i kP2 specload |
; . Analysis b -
Forces WA B l(;?]ﬂ\j;rﬁ:]ofr;:s;{:rtﬂ ID_? Mumb. of \u"'erTICEH Transverse 2 sgriig;biﬁwlimit
d |l g masonry | reinforc., stirrup tate [SLS
[ [ | T R " u Scale off courses cimz cmairm state (5L.5)
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Figure 6.7

For piers of T-section, I-section and cruciform section, the lowest length of transverse wall
(b1) is taken into account in calculation.

b1 < 0.4"Hstorey + b;

b1 <h;

b1 <12*h1 + b;
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Types of masonry, mortar and marks stipulated for calculation are presented in the Table

1.

Table 1.

No.

g | h~WIN

10
11

12

13

14

Material of wall

Class of mortar strength f,, (MPa): M20, ...M2.
0

Class of (characteristic) strength for brick, stone
f, (MPa): 50,...M3- MO (for packing of voids with
concrete — class of strength for concrete: fe —
characteristic compressive strength, fcx — shear
strength: C12\15 —C25\30 and more)

clay brick, standard
sand-lime brick
vibrated masonry

rocks and large heavy concrete blocks Hcourse
>50 cm

stones of concrete, gypsum concrete, etc. on
porous aggregate Hcourse =20-30 cm

blocks of cellular concrete, slag concrete, etc.
(hollow) Hcourse =20-30 cm (non-autoclave
hardening)

natural stones (regular shape) low strength
natural stones from rubble

non-vibrated rubble concrete

vibrated rubble concrete

aerated concrete blocks of autoclave hardening
with average density 400kg\m®

concrete blocks of autoclave hardening from
lightweight, cellular, aerated concrete; class is
determined by average density D

Types of reinforcement for the wall:

0 — no reinforcement;

1 — mesh reinforcement,

2 — vertical rebars,

3 — meshes + vertical rebars,

4 — vertical external strengthening (Fig. 5.4)

The following types of mortar are available:
— mortar fm<5 H/mm?;

— mortar fn=5 H/mm?;

— light with density < 800 kg/m?;

— light with density >800 kg/m?;

— thin-layer adhesive, cement paste.
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Masonry quality:

— Poor — group 5;

— Standard — group 4;

— High — group 3, group 2,

— Superior — group 1 (joint pointing or all vertical joint of masonry are filled with mortar).

— Compressive strength of mortar ( fy, ) that is used in horizontal joints of reinforced
masonry should be = 2 H/mm? (~204 tf/m?), for reinforced masonry with filling of vertical
joints f=4 H/mm?.

Class of concrete for packing of vertical voids in masonry should be not less than C12\15.
Loads

The following types of total forces and their long-term part are defined for the pier
N — axial force, minus sign '—' denotes compression (tf);

M — moment, positive moment denotes the rib in tension (tf*m);

Q — shear force (tf).

If the long-term part of forces is defined as equal to zero, then it is assumed that
Nlong-term = N/1.2; I\/Ilong-term= M/1.2; Q_Iong-terszll-2

Strength properties of material for wall are taken according to defined marks for brick,
mortar, type and quality of masonry and after analysis they are displayed on the screen.

If elastic parameter of masonry is defined as a,=0 , its value will be computed
automatically. All design values for strength properties of material are taken automatically
based on defined values for: brick/stone mark, mortar mark and mortar type (see Table 2).

Table 2.

No. Material properties Notation
1 Design compressive strength of masonry fa = filym
2 Design tensile strength for unbonded masonry section fra1

Design tensile strength for bonded masonry section f
3 Conventional design erxura.I strength of reinforced f xd2
masonry along bonded section xd2_app
4 Design flexural strength for bonded masonry section fd
5 |Design flexural strength for unbonded masonry section fra1
6 Design shear strength for bonded masonry section fud
7 Design shear strength for unbonded masonry section fuko /¥Ym
8 |Initial characteristic shear strength for masonry fuko

9

Characteristic shear strength for masonry:
fuc = fukot0.40, or fy =0.5 fo+0.40, if not all vertical
courses of masonry are filled with mortar

10 |Characteristic flexural strength for unbonded masonry

fuc < 0.065 fy
fuc £ 0.045 fy

kal
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section

11 Cha_racteristic flexural strength for bonded masonry frer
section

12 Characteristic strength (Femporary resistance) for ,
unbonded masonry section

13 Normative mean compressive strength for masonry fo

14 |Compressive strength of mortar fm

15 Temporary resistance of reinforced masonry Ry, fxd2 app * Ym

16 Elg_stic parameter of masonry 0o =Eq/ Ry Oo = Eo/fy
Initial modulus of elasticity of masonry E, = 0, * Ry Eo = 0o * fy

17 \Ultimate creep coefficient P

Elastic parameter of reinforced masonry

18
Osk = Eo / Rsku

ok =Eo/ fxd2_app

Strength properties for reinforcement and types of reinforcement (wire mesh or meshes +
vertical rebars) are taken according to user-defined classes of reinforcement by DSTU
3760-07 'Reinforcing bars'.

Characteristic initial strength of masonry in shear for zero compression — f,. IS presented
in the Table 3 H/mm?=MPa (=kg/cm?)

Table 3.
Mortar of general Thin-layer
Elements of .
Masonr purpose by class of mortar Light mortar
y strength * (adhesive)
. M10 —M20 | 0.3 (3.0)
SCt';)]’ dgrr'gk' M25-M9 | 0.2(20) 0.3(3.0) 0.15 (1.5)
M1 - M2 0.1(1.0)
M10 —M20 0.2 (2.0)
Sand-lime brick | M2.5-M9 0.15(1.5) 0.4 (4.0) 0.15 (1.5)
M1 —-M2 |0.1(1.0)
Concrete M10 - M20 | 0.2 (2.0) 0.3 (3.0) 0.15 (1.5)
Aerated
concrete (aeroc, M2.5-M9 | 0.15(1.5) 0.3 (3.0) 0.15 (1.5)
etc.)
Precast
concrete blocks, 1\ 01(1.0) 0.3 (3.0) 0.15 (1.5)

facing natural
stone

DSTU-TBEB.2.7-126 and does not contain additives.
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Design fundamentals

In strength analysis and analysis of wire mesh reinforcement in piers, the following data is
considered: defined height for the course of masonry, dimension for the cell of wire mesh,
design diameter of wire mesh and vertical reinforcement. That's why, if after analysis of
wire mesh reinforcement the program displays the message 'Reinforcement is not
adequate for strength of section’, then it is necessary to increase design diameter or
reduce dimension for the cell in wire mesh reinforcement, or modify the type of
reinforcement to 'Meshes + vertical rebars'. In this case, if mesh reinforcement is not
adequate, the program will automatically select vertical reinforcement.

In calculation of buckling coefficient ®, , the slenderness ratio of an element '&h : AI IS
computed with account of effective length factor (height of pier H) - p,. By default, p,=1 is
assumed for the case of pin joint on rigid (fixed) support.

/1;,1 :Hef/fefQ ’&i:Hef/f
Hé‘f - H

storey * Pn

where

t — wall thickness or

ter — effective thickness of wall;
Her — effective height of wall;

i — the smallest radius of gyration;

’&h — slenderness ratio of masonry should not be greater than 27.

Effective length factor for the pier may be modified.

The calculation procedure includes the following checks.

1. Check of unreinforced masonry structures in compression of pier (by bearing capacity).
Ny -yp-Ja- Lty

where
®,, — coefficient to account slenderness and eccentricity of the section; coefficient is
determined according to DBN as:

®, =4 e

e — base of natural (Napierian) logarithm;
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4=1-2%
ref
A—0.063
U= -
0.73-1.172%
g
2=t | fe
ty VE

ter — effective equivalent thickness of the pier;

e, — eccentricity at the middle of the wall height:

€ =€em* ekt eni ,

where

em = Mdesign / Ndesign ;

einit — initial eccentricity that takes account of initial imperfections eji= her / 450.

H
e, =0.002-®_ -~ . fe ¢

I
ef - eccentricity from the creep may not be

considered if ’&C =15 (recommended value for slenderness ratio for compressed part of
the pier);

Vb1 _ partial safety factor for masonry (influence of damages, strengthening, support
method for the pier, etc.);

fq — design compressive strength of masonry;

L — length of pier section.

If the area of pier section A is less than 0.1m? , then reduction factor (formula 6.3) k = (0.7
+ 0.3 A) is applied in calculation;

2. Check in eccentric compression with flexure:
Ni?‘fbl";gl 'fd"'{c'ref

where

@, — coefficient to account slenderness of compressed part of the section;
L. — length of compressed part of the pier section;
ter — equivalent thickness of the section.

3. Check of unreinforced wall for ultimate moment in horizontal loads:

i’vfifrd-W; fvfﬁfxdl_app-W
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W — elastic section modulus per unit of length or height of the section;
fxa — design flexural strength for unbonded section;

fxdl_app :fxdl + 0y

. o o, <0.2
For the constant compression of wall and taking into account 0 f d.

4. Check of unreinforced masonry structures in shear along horizontal unbonded sections
(by bearing capacity) — the smallest value is applied:

Joko +04-0, |- 4

(il
VM

VRa <Vp1* Jod " Le Loy

Ved <Vra = Vn1

where

.kaﬂ / VM ; ; i
+4 — design shear resistance for unbonded section;
O, — mean value of compressive stress;

. o oy =02
For the constant compression of wall and taking into account 0 f d.

5. For the serviceability limit states (SLS), the check with account of long-term creep
modulus Ejong:

‘Ek
E T —
IGHG ]' l (I)DC

@

=0 — ultimate creep coefficient is taken according to material type of masonry;

fx = fa * ym - characteristic (ultimate) strength of masonry;

fq — design strength of masonry;

ym — coefficient for responsibility of material is assigned according to classes (groups) from:
group — 1 (highest), up to group — 5 (lowest). By default, it is accepted that yy = 1.5 for
structures of the 1st group with high architectural standards. This parameter may be
modified.
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Table 4.

*C

*d

*e

Coefficient for responsibility of

material
Classes of responsibility

Stonework from: blocks of
category |, design building
mortar according to EN998-2,
EN1996-2.

Stonework from: blocks of
category I, specified building
mortar according to EN998-2,
EN1996-2.

Stonework from: blocks of
category ll, arbitrary building
mortar according to EN998-2,
EN1996-2,

*e.

Anchor from reinforced steel

Reinforcing steel and pre-
tensioned steel

Additional components
*
c
*d
Accepted values are mean
ones.

It is accepted that waterproofing
should be covered with building

mortar.
If variability coefficient for

masonry of category Il does not

exceed 25%.

1

15

1.7

2.0

1.7

1.7

ym for classes

2

1.7

2.0

2.2

2.0

2.0

3 4
20 2.2
22 25
25 2.7
22 25
1.15
2.2 25

5

2.5

2.7

3.0

2.7

2.7

6. For masonry reinforced with meshes in horizontal joints, additional check of conditional

design strength in flexure for unbonded section -
not adequate, the program will select vertical reinforcement:

M<f

fxdz_app -

xd2 app W

6-A- frg-Z

5
12

fxdz_app

. If mesh reinforcement is
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where

fya — design strength of reinforcement in horizontal joints;

A — area of cross section of tensile reinforcement of meshes per 1 r.m.;
Z — lever arm of internal pair of forces < 0.95*d;

X — distance to the neutral axis.

E__ .
- w j
7 w =7 . —
/ "LI @/ !“1 E_F::
-I- - ./r}( - -
ol H/r
y
A v /® -
b £,
[ » —

1) 2) 3)

Figure 6.8. Distribution of stresses in reinforced section.
1 — design section; 2 — strain; 3 — internal forces.

Ultimate moment for elements of masonry of group 1 (except masonry with light
aggregates) in flexure could not be greater than:

5
M<04.f;-b-d°
or for elements of groups 2,3,4, and group 1 from lightweight concrete:

M<03-f;-b-d*

7. Wire mesh reinforcement is selected by defined dimension of cell in wire mesh, diameter
and class of reinforcement. The wire mesh reinforcement with the following dimensions are
allowed: 30, 35, 40, 45, 50, 55, 60, 65, 70,75, 80, 85, 90, 95, 100 mm.

8. Check of reinforced masonry structures in shear along bonded sections :

}Is'fvd'Fan"A
V< e foa A+ - -
where

fug — design shear resistance for bonded section ;

fya — design strength of transverse (wire meshes in vertical section or vertical)
reinforcement;

Fa,y, — percentage of reinforcement for the section reinforced with wire meshes along
vertical section.

In this case, f"d (H/mm?) is increased (Supplement I, DBN) in vertical reinforcement
located in voids:
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7 :(135+411?Sf%g i(l?

Ym Vm

9. If conditions by sect.6 and sect.8 are not satisfied, then vertical reinforcement is

selected.
v fd Fa_ - A
N<y- fr A+ Y2 =

where

fya_, — design compressive strength of vertical reinforcement;
Fa, — percentage of vertical reinforcement in the section;

fsk — design strength of masonry reinforced with wire meshes:

2-Fa, - f.
S =Je t fbaﬂd‘xfiz'fl

10. For the check of sect.9, vertical reinforcement is selected and additional check is
carried out by ultimate moment based on double vertical reinforcement:

M < b1 '.ﬁc ' Ac (‘310 _O'SX)-I_:VS 'f}'d_z 'Az (’310 _H)
where
X — height of compressed zone of the section;

a — thickness of concrete cover (assumed asa=2a’) ;
h, — effective height of section.

The following calculations are made:

1. Mean short-term relative strain is calculated as:

l-o
1.1- fi

&
where f — characteristic strength of masonry.

—1.1:In

& =

2. Secant modulus (short-term) of strain in masonry is calculated as (see Fig.6.9):
)

Ek = —
&

where

€ — relative strain of masonry.
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To evaluate complete strain of the structure with account of long-term loads (or with
account of creep in freezing) and check masonry by ultimate strain, the program computes
complete ultimate creep strain in masonry as:

=@

tofal

Ey

E, B =——
g T L
where
@ — creep coefficient:
® =0.5 - 1.5 — for masonry of structural clay tile with vertical slit-like cells;
® =1.0 -2.0 — for masonry of large concrete blocks and artificial stones;
® = 1.0 -2.0 — for masonry of sand-lime brick solid and hollow and of concrete on porous
aggregates (or aerated) and large sand-lime blocks;
®=1.0 -3.0 — for masonry of ultralight precast concrete (small and large blocks);
@ =0.5 - 1.5 — for masonry of aerated autoclave cellular concrete;
€y = -0,0035 - for masonry of group 1;
€y = -0,0020 — for masonry of group 2, 3, 4 (see Fig.6.9).

Strength of brickwork during the bricklaying (for fx <2.5 MPa) is checked according to
obtained creep strain in masonry. If design strain exceeds allowed values, it is necessary
to provide measures for strengthening of masonry up to the moment when it reaches
necessary strength (temporary supports, etc.).

Strength is not checked according to serviceability limit states (SLS).

Check of specified strengthening

Fax

To check the specified strengthening of the brick pier, click button and define the

type of strengthening and appropriate numerical data.

Then in the main window of the program, select the ™ CHECK speciied strengthening.  check box
and defined parameters of strengthening (area of vertical strengthening and area of
transverse stirrups) will be automatically displayed in the main window of the program.

The following patterns for strengthening of brick posts with casings are available:

1. Strengthening with steel casing (strengthening with angles, stirrups of strips or
circular rebars, etc., Fig. 6.10-a) — additional check by axial force by formula 71 Manual [2].
2. Strengthening with reinforced concrete (RC) casing (strengthening with angles,
stirrups of strips or circular rebars, etc., Fig. 6.10-b) — additional check by axial force by
formula 72 Manual [2].

3. Strengthening with rebars in reinforced plaster \mortar casing\ (see Fig. 6.10-c) —
additional check by axial force by formula 73 Manual [2].

Strengthening of masonry with steel, RC and mortar casing is checked based on:
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— vertical reinforcement defined in the main window of the program;

— type of strengthening defined in additional window of the program (Eig. 6.11).
It is also possible to select area of vertical strengthening.
Check of stirrup sections is made in accordance with the following data: specified diameter
and class of wire mesh reinforcement, specified spacing of stirrups and area of stirrups per
1r.m. of the section height.

Calculation of battens in steel casing as elements of trusses (without diagonal elements) in
shear force and bending moment in the plane of battens — this option is not available in
current version of the program.

Recommendations.

1. For analysis of masonry with damages (cracks) — partial safety factor for masonry should
be taken according to method of TSNIISK (see Table 5):

Table 5.

No.

Nature of damage in masonry of Unreinforced Reinforced

walls, posts and piers masonry

Cracks in certain bricks - does
not intersect mortar joints

Hairline cracks that intersect not
more than two courses of 0.9
masonry (length 15-18cm)

Hairline cracks that intersect not

more than four courses of

masonry (length up to 35cm) if

number of cracks is not more 0.75
than four cracks per 1r.m. of

width (thickness) of wall, post,

pier

Cracks with propagation up to

2mm that intersect not more than

eight courses of masonry (length

up to 60-65cm) if number of 0.5
cracks is not more than four

cracks per 1r.m. of width

(thickness) of wall, post, pier

Cracks with propagation up to

2mm that intersect more than

eight courses of masonry (length

up more than 60-65cm) if number 0
of cracks is not more than four

cracks per 1r.m. of width

(thickness) of wall, post, pier

1.0

1.0

1.0

0.9

0.7

0.5

masonry
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2. Based on support conditions for the pier, partial safety factor for strengthened masonry
is taken as equal to:

KPc1=1.0 — when load is transferred to the casing and support is at the bottom of
casing.

KPc1=0.7 — when load is transferred to the casing and there is no support at the bottom
of casing.

KPc1=0.35 — without load transferring to the casing and if there is no support at the
bottom of casing.
If there are two of above-mentioned factors, then factors will be multiplied.

3. To consider reduced design strength of reinforcement applied to the casing (table 10
Manual [2]), reduced partial safety factors for reinforcement are introduced KPr1= 0.8 etc.
in case conditions of age-hardening of reinforcement are taken into account (corrosion, fire
damages, etc.).

4. Check for strength in walls and brick piers at places where beams and other elements
are supported with them is made as check for local bearing strength in analysis on local
compression.

To check strength for both non-damaged elements and elements that have cracks in the
masonry (e.g. fire damages because of temperature, fire or old masonry), itis
recommended to use regulations [2] and [3]. In this case, the program checks bearing
capacity of centrally and eccentrically loaded elements strengthened with steel, RC and
mortar casing. The user could select appropriate elements for strengthening, e.g. angles,
plates or exterior vertical rebars connected with transverse stirrups (see Fig. 2.4) and
define the area of exterior strengthening.

Messages at the time of computation:

1. If selected wire meshes do not satisfy condition of ‘Max allowed reinforcement’, the
following message is displayed:

'Reinforcement - exceeds max allowed value.’

2. If itis not possible to arrange reinforcement, the following message is displayed:
'Reinforcement is not adequate for strength of section.’

3. If reinforcement is selected successfully, the following message is displayed:
'Reinforcement in masonry is selected.’

4. In analysis in tension, the following warning is displayed:
'‘Analysis of brick pier in Tension for unbonded section. According to DBN, such elements
cannot be designed for unbonded section.’

5. If eccentricity of axial force is outside the section (or near the utmost edge of the
section), the following warning is displayed:

'‘Distance from point of load application up to compressed edge of section is less than 2cm.
It is not allowed to design such structures without vertical reinforcement.’

6. If the strength of section is not adequate, the following message is displayed:

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 201 of 403


http://www.liraland.com/

Manual on ESPRI 2020

'Strength of section is not adequate. Increase mark of brick and mortar'.

7. If the slenderness ratio of the brick pier exceeds 27, the following message is displayed:
‘Slenderness of the wall exceeds allowed value'.

o

fo
fx

P — — —

fa

|
|
|
I
|
l

£;

Ek

Figure 6.9. Modulus of elasticity of masonry.

Eo — initial modulus of elasticity (4)
Ei — secant modulus of elasticity (5)
€k — ultimate short-term strain

€y — Ultimate long-term strain

1 — physically nonlinear normalised compressive strength of a masonry unit - fy
2 — idealized characteristic compressive strength of masonry - fi
3 —idealized design compressive strength of masonry - fq.
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Fig. 6.10. Patterns for strengthening of brick piers with casing:

a) steel casing; b) RC casing; c) reinforced plaster.

1 — batten with section 35x5- 60x12mm;
2 — welding;

3 — rebars with diameter 5-12mm;

4 — stirrups with diameter 4-10mm,;

5 — concrete of class B7.5- B15;

6 — plaster (mortar of mark M50 — M100).
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Fig. 6.11. Types of strengthening of brick piers with casing:

a) Strengthening with steel casing

Types of strengthening of brick piers =1k

8: 300=8R=H
batten :bxd (mm)

—Pier strengthening by
' steel casing
" RC casing
" reinforced plaster

= wire mesh, rebar

I 150 S - spadng of batten, stirrup
H

{rm}

20 b - batten width (mm)

3 d - batten thickness {mm})

Diameter of transverse
stirrup (mm)

5 Diameter of vertical
reinforcement {mm)

I 40 a0 - thickness of casing (mm)

MNumber of angles, plates or
I vertical rebars

o Mumber of brick courses in
which strengthening be done

fc24s ~| stesl

I AT40C Class of reinforcement
I— Design strength of steel
24500 (tF/m2)
Ii Design strength of
—— reinforcement (tfim2)
IAngIe symmetric j Shape type

I 20w 20%3 j Shape Ma.

| UG_R.SRT Steel table file €@|

Casing is supported (type), Coeffident
ICu:umpI.Ieaning from below j I 1

&rea of one angle, rebar,
etc. (cmZ)

I a

I 0 Total area of vertical
strengthening {cm2)

IU— Area of transverse stirrups
{cr2yfrm)

[FsnP 2030184 -] E;‘gi‘”g

Concrete dass of RC casing

| B15 TA =]

Cancel |
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b) Strengthening with RC casing

Types of strengthening of brick piers -] x|
O I TT o O -
B . 150 S - spadng of batten, stirrup |C245 j Steel
: H {rmm}
1 I 0 b - batten width (mm) I A40C Class of reinforcement
: — — Design strength of steel
i B A 3 | d-batten thidness fnm] [ 24500 (tF/m2)
' "l vert. Design strength of
j — .'\' T = 3 Diameter of transverse I e reinforcement {tfim2)
[ I [ I [ I stirrup (mm) .
: Angl tri - | Shape type
[ [ [ dstir. 5 Diameter of vertical I MgE SyYmmELic J
I ! I ! I ! reinforcement (mm) | 20x20x3 | Shape No.
g I 0 80 - thickness of casing (mm) | UG_R.SRT Steel table file @@l
Mumber of angles, plates or = .
| I vertical rebars Casing is supported (type), Coeffident
;l =.| an 0 Mumber of brick courses in IC':'m':'l'IEE"-'inEI from below j I 1
| — e which strengthening be done

a0=6-10cm §:85=150mm
dstir. =4-10mm dvert. =5-12mm

&rea of one angle, rebar,
etc. (cmZ)

I a

I 0 Total area of vertical
strengthening {cm2)

I 0

—Pier strengthening by

Area of transverse stirrups

p {cr2yfrm)
steel casing - Building
&R |sishiP 2.03.01-84 =] s
ng:
" reinforced plaster

Concrete dass of RC casing
| B15 TA =]
Cancel |

= wire mesh, rebar
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c) Strengthening with mortar casing

Types of strengthening of brick piers

=k

[ ] >
150 S - spadng of batten, stirrup |C245 j Steel
o H {mm}
I 20 b - batten width (mm) I A740C Class of reinforcement
Design strength of steel
5 B :‘ 3 | dl-batien hidness fam] [24500 (tFm2)
y N 7 \dmrt. IW Design strength of
T T T 3 Diameter of transverse reinforcement (tfjim32)
[ I [ I [ I stirrup (mm) .
; Angl tri - | Shape type
[ [ [ dstir. 5 Diameter of vertical I MgE SyYmmELic J
| | | [ | [ reinforcement {mm) IZD:( 20x3 j Shape N.
S I 0 a0 -thickness of casing (mm) | UG_R.5RT Steel table file @@l
Mumber of angles, plates or = .
1 I 4 artical rebars Casing is supported (type), Coeffident
;l = an 0 Mumber of brick courses in IC':'m':'l'IEE"-'inEI from below j I L
B which strengthening be done

A0=3-4 cm §.8=150mm
d stir. =4-10mm dvert. =5-12 mm

—Pier strengthening by

" steel casing

&rea of one angle, rebar,
etc. (cmZ)

I ]

I 0 Total area of vertical
strengthening {cm2)

IU— Area of transverse stirrups

{cr2yfrm)

[FsnP 2030184 -] Building

code

C te d fRC casi
oncrete dass o casing

= wire mesh, rebar

| B15 TA

ﬂ Cancel |
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Timber structures

Timber structures

The chapter contains 6 modules for analysis of elements in timber structures:
Sections of solid timber by SP 64.13330 2011,

Sections of glued timber by SP 64.13330 2011,

Sections of composite timber by SP 64.13330 2011;

Sections of solid timber by Eurocode 5;

Sections of glued timber by Eurocode 5;

Sections of composite timber by Eurocode 5.

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

ﬁ < Sections of Solid Timber

~ Module is used to analyse rectangular and round bars of timber structures according to SP 64.13330.2011.
l Static and

dynamic i# Sections of Glued Timber
analyses, stability Module is used to analyse glued elements of timber structures according to SP 64.13330.2011.

& Sections of Composite Timber
=], Module is used to analyse composite sections of timber structures according to SP 64.13330.2011.

N
pissisClures Sections of Solid Timber by Eurocode 5

(Jg Module is used to analyse rectangular and round bars of timber structures according to Eurocode 5.

- Sections of Glued Timber by Eurocode 5
Module is used to analyse glued sections of timber structures according to Eurocode 5.

s Reinforced

concrete (RC)
structures i sections of Composite Timber by E des
Module is used to analyse composite sections of timber structures according to Eurocode 5.

Masonry and
masonry
reinforcing

»

Timber structures

iz

‘Annllnh"nn. ~nd |

; Russian ‘ Open Exit

Figure 7.1

Sections of solid timber

These modules enable you to carry out analysis of rectangular and round bars in solid
timber sections according to SP 64.13330.2011 and Eurocode 5.
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i Analysis of timber structures (solid section) by Eurocode 5 - Untitl - 0] x|
Eile View Help

input data | Analysis / Output Data |
— Element type r— Diesign forces

Beam Column | Truss | My kMm | Gz kM | MzkNm | GOwkN |  Flags
1.6 0.5 0.495 033 P
— Section dimensions 1~ Section type 0.9 0.6 P+L

I Rect bar
Round bar |

— Effective length ——

- Loads
Leff= IZDDI} |_ :
mm Longtem Shorttem Instart | Average-term | Coni'g:mn

Additional data Messages

Timber class C3n hd ;I

Service class I2 j‘

¥ Analysis in local compression at supports

Width of support element , . .
1 Positive directions

Figure 7.2

Output data may be presented either in abridged format or in detail with formulas and
utilization ratio for sections according to appropriate check procedures.

Input data

In the Element type area, click appropriate button to select the type of element:

— Beam - flexural element (design forces — My, Mz, Qy, Qz);

— Column — eccentrically-compressed (tensile) element (design forces — N, My, Mz, Qy,
Qz);

— Truss — axially-compressed (tensile) element (design force — N).

Select the Section type: Rectangular bar or Round bar.

Define Section dimensions: height h and width b for rectangular section or diameter d for
round section.

If the Beam type is selected, then define:

- for Eurocode 5 — effective length of element Leff;

- for SP 64.13330.2011 - length between supports Lp (that is, distance between fixities of
compressed fibre of an element from displacement out of plane of bending in intermediate
points).
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If Column or Truss type is selected, then define loy, loz — effective lengths of element
relative to The Y-axis and Z-axis respectively (‘relative axis' means the plane that is
perpendicular to the axis).

For the round section of column or truss element, define greatest effective length /o.

In the Additional data area, define all required parameters for the element according to
SP 64.13330.2011 or Eurocode 5 and coefficient y (design resistance of timber will be
multiplied by this coefficient). Coefficient is defined by the user according to appropriate
building code.

In the Design forces table, define one or several values for design combinations of forces.
In this case, to determine design resistance of materials according to SP, for the specified
rows of design combinations of forces (DCF) it is necessary to select the Stresses from
dead and live loads exceed 80% of all loads check box if it is true for the certain DCF
row.* (* - Only for calculation by SP 64.13330.2011).

To define short-term loads available in the combination, click appropriate buttons in the
Loads area. These loads will be denoted in the Flags column in the Design forces table.

To display schematic presentation with positive directions of forces in element sections,
click Sign convention.

Output data

To carry out analysis and then evaluate results, click Analysis / Output data tab. Analysis
results are presented as utilization percentage by appropriate criteria — ratio of bearing
capacity of the section to actual stress, slenderness, etc. You will also obtain summary info
whether certain criteria (strength, ultimate slenderness, etc.) are adequate or not.

Output data may be printed directly from the program window or you could save it to the
report file (see FILE menu, Save report as command).

To display max values for each check, on the VIEW menu, click Characteristic DCF only.
To display the report in detail with numerical formulas for check procedures, on the VIEW
menu, unselect the Report abridged command.

Sections of glued timber

These modules enable you to carry out analysis of glued sections in timber structures
according to SP 64.13330.2011 and Eurocode 5.
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= Analysis of timber structures (glued section) by Eurocode 5 - Untit! o =]
Eile View Help

input data | Analysis / Output Data |
— Element type r— Diesign forces

Beam | |C°'”f”” Truss | NN | MukNm | QzkN | MzkNm | GwkN | Flags ]

-10.1 1.2 0.53 0 0P |

-12.2 0.81 0.2 0.074 U.UE1IF‘+S !

Parameters of boards in package

Effective length —

Loz= W mm

Loy= 4000 mm

)
g [o]s ]| ]on] ]
©W

Section dimensions

Width, b I‘I15 mm
Long4em | I Shorttem Sign convention |
Height, h IE-ED mm

Additional data Messages

Qz
Timber class IGL 24h 'I

Nz

Service class

=

MI;&E‘

"

|
Cl}-"g.{*fﬂg 2T

1 Positive directions

Figure 7.3

Input data

In the Element type area, click appropriate button to select the type of element:

— Beam - flexural element (design forces — My, Mz, Qy, Qz);

— Column — eccentrically-compressed (tensile) element (design forces — N, My, Mz, Qy,
Qz);

— Truss — axially-compressed (tensile) element (design force — N).

Define the following data:
- for analysis by SP - parameters of boards in package;
- for analysis by Eurocode - section dimensions.

If the Beam type is selected, then define:

- for Eurocode 5 — effective length of element Leff;

- for SP 64.13330.2011 - length between supports Lp (that is, distance between fixities of
compressed fibre of an element from displacement out of plane of bending in intermediate
points).

If Column or Truss type is selected, then define loy, loz — effective lengths of element
relative to The Y-axis and Z-axis respectively (‘relative axis' means the plane that is
perpendicular to the axis).
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In the Additional data area, define all required parameters for the element according to
SP 64.13330.2011 or Eurocode 5 and coefficient y (design resistance of timber will be
multiplied by this coefficient). Coefficient is defined by the user according to appropriate
building code.

In the Design forces table, define one or several values for design combinations of forces.
In this case, to determine design resistance of materials according to SP, for the specified
rows of design combinations of forces (DCF) it is necessary to select the Stresses from
dead and live loads exceed 80% of all loads check box if it is true for the certain DCF
row.* (* - Only for calculation by SP 64.13330.2011).

To define short-term loads available in the combination, click appropriate buttons in the
Loads area. These loads will be denoted in the Flags column in the Design forces table.

To display schematic presentation with positive directions of forces in element sections,
click Sign convention.

Output data

To carry out analysis and then evaluate results, click Analysis / Output data tab. Analysis
results are presented as utilization percentage by appropriate criteria — ratio of bearing
capacity of the section to actual stress, slenderness, etc. You will also obtain summary info
whether certain criteria (strength, ultimate slenderness, strength in bending (chipping), etc.)
are adequate or not.

Output data may be printed directly from the program window or you could save it to the
report file (see FILE menu, Save report as command).

To display max values for each check, on the VIEW menu, click Characteristic DCF only.
To display the report in detail with numerical formulas for check procedures, on the VIEW
menu, unselect the Report abridged command.

Sections of composite timber

These modules enable you to carry out analysis of composite sections in timber structures
according to SP 64.13330.2011 and Eurocode 5.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 211 of 403


http://www.liraland.com/

Manual on ESPRI 2020

= Analysis of timber structures (composite section) by Eurocode 5 - =10] x|
Eile View Help

input data | Analysis / Output Data |
— Element type r— Design forces

[ Beam Column | Toss | My kMm | Gz kN | Mz kNm | GpkM | Flags
213 0 0 ] |

Parameters of boards in package

k i 1 Number |4— t.

g —— ¥ Fange

- i t= |25 mm
|'Thidmess—|_ Different —|

b=|1DD VI'ICC mn h1 =|‘|5' "”'IS mm

Effective length, mm ————————— |

-

&
B

Instart | Sign conwvention

Leff (1000 Shorttem

Messages

Addttional data

2l

Timber class c24 hd

Service class I2 'I
Fasteners INE'“S j Diameter |5 mm

Ezcentricity

- N
ey |1~ i I 1 Positive directions

Figure 7.4

Input data

In the Element type area, click appropriate button to select the type of element:

— Beam - flexural element (design forces — My, Mz, Qy, Qz);

— Column — eccentrically-compressed (tensile) element (design forces — N, My, Mz, Qy,
Qz);

— Truss — axially-compressed (tensile) element (design force — N).

Define section dimensions. To do this, in the Parameters of boards in package area,
define number of boards (not less than 2 items), section dimensions depend on the number
of boards in package. Thickness may be defined as different for every board or the same
for all boards in the package. Width and height of the cross-section of boards in package
may be selected according to the certain building code in the drop-down list or it is possible
to define these values manually. To define these values manually, in the appropriate drop-
down list, select <..> and then input required value.

If height of the section is increased with intermediate pieces (flanges), select the Flanges
check box and define their thickness.

If the Beam type is selected, then define:
- for Eurocode 5 — effective length of element Leff;
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- for SP 64.13330.2011 — length of span L and length between supports Lp (that is,
distance between fixities of compressed fibre of an element from displacement out of plane
of bending in intermediate points).

If Column or Truss type is selected, then define web length I1 and loy, loz — effective
lengths of element relative to The Y-axis and Z-axis respectively (‘relative axis' means the
plane that is perpendicular to the axis).

In the Additional data area, define all required parameters for the element according to
SP 64.13330.2011 or Eurocode 5 and coefficient y (design resistance of timber will be
multiplied by this coefficient). Coefficient is defined by the user according to appropriate
building code.

In the Design forces table, define one or several values for design combinations of forces.
In this case, to determine design resistance of materials according to SP, for the specified
rows of design combinations of forces (DCF) it is necessary to select the Stresses from
dead and live loads exceed 80% of all loads check box if it is true for the certain DCF
row.* (* - Only for calculation by SP 64.13330.2011).

To define short-term loads available in the combination, click appropriate buttons in the
Loads area. These loads will be denoted in the Flags column in the Design forces table.

To display schematic presentation with positive directions of forces in element sections,
click Sign convention.

Output data

To carry out analysis and then evaluate results, click Analysis / Output data tab. Analysis
results are presented as utilization percentage by appropriate criteria — ratio of bearing
capacity of the section to actual stress, slenderness, etc. You will also obtain summary info
whether certain criteria (strength, ultimate slenderness, strength in bending (chipping), etc.)
are adequate or not.

Output data may be printed directly from the program window or you could save it to the
report file (see FILE menu, Save report as command).

To display max values for each check, on the VIEW menu, click Characteristic DCF only.
To display the report in detail with numerical formulas for check procedures, on the VIEW
menu, unselect the Report abridged command.
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Foundations and beddings

The chapter contains modules for analysis of footings and foundations:

Moduli of subgrade reaction C1, C2

Single pile

Pile under combined action of loads
Settlement of equivalent footing

Principal and equivalent stresses in soil
Slope stability

Stability of multi-layer slope

Bearing capacity of piles by field test results
Combined piled-raft foundation

Disregard for soil resistance in earthquake analysis
Properties of rubber metal damper

¥ ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

CE % Moduli of Subgrade Reaction C1, C2
N The module enables you to calculate subgrade moduli of soil under the centre of single footing.
Reinforced
concrete (RC) i Single Pile
structures The module enables you to compute settlement and stiffness of a single pile (with account of interaction in pile group) according to SNIP 2.02.03-85 ‘Pile Foundations’ and MGSN
2.07-01 ‘Beddings, Foundations and Substructures’.

it Pile under Combined Action of Loads
Masonry and The module enables you to compute single pile under combined action of vertical, horizontal loads and moment according to SNIP 2.02.03-85 and SP 24.13330.2011.

masonry

& 2 7. Seftlement of Equivalent Footing
reinforcing

The module enables you to compute the of pile group as ivalent footing.
Principal and Equivalent Str in Soil
- The module enables you to determine principal and equivalent stresses by different criteria of rupture applied to soils.
Timber structures
Slope Stability

The module enables you to check stability of slopes for pits from homogeneous soil.

Y i
Foundations and } Stability of Multi-layer Slope
beddings The module enables you to check stability of multi-layer (up to 10 layers of soil) slopes of arbitrary geometry.

!- Bearing Capacity of Piles by Field Test Results

: The module enables you to check bearing capacity of piles by field test results.
Ay Loads and
actions

Combined Piled-Raft Foundati

The module enables you to calculate settlement for combined piled-raft (CPR) foundation.
== Disregard for soil resist in y

Deflections The module enables you to calculate the effective depth of disregard for soil resistance along the side surface of the pile in earthquake analysis.

= Properties of rubber metal damper
% The module enables you to carry out stifiness analysis of dampers.

Manual ‘Russian  Open

Figure 8.1

The following building codes are supported in the module:

SNIP 2.02.01- 83*. Foundation beds for buildings and structures;
SP 50-101-2004. Foundation beds for buildings and structures;
SNIP 2.02.03-85. Pile foundations;

SP 50-102-2003. Design and installation of pile foundations;
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MGSN 2.07-01. Footings, foundations and underground structures;
DBN V.2.1-10:2009. Footings and foundations of structures;

SP 22.13330.2011. Foundation beds for buildings and structures;
SP 24.13330.2011. Pile foundations.

Moduli of subgrade reaction C1, C2

This module enables you to calculate moduli of subgrade reaction of the soil C1 and C2
under the centre of column foundation or foundation slab. Analysis may be carried out by
different methods based on computation of settlement according to various building codes.
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cz Calculate subgrade moduli C1 and C2

& Parameters |D Geﬂ|0w|

Record of soi model ICaIcuIate Cland C2

Open

X
Vertical load (P) |12I}I} t
- e -
Eccent [ m
centricity (z) . |
Depth of foundation (ho) |1 m
— Shape of foundation
I Rectangular Circular |
Width of I—
foundation () 3 m
I/b ratio of I—
foundation z
Distance to foundation pit wall
b1+b2) |I]I m
Unit weight of soil above I— 1
base of foundation (ga) 18 A
Ratio of stresses for imitation of
[ depth of compressible stratum
[Calzulate | ID.E-
— Algarithm
— Linear elastic half-space
" SNIP 2.02.01-83
" 5P 50-101-2004
" DBN V.2.1-10:2009
+ SP 2213330201
— Linear elastic layer
" SNIP 2.02.01-83
i SP 2213330201
e High-speed analysis of settlement
(DBM V. 2.1-10:2009, appendox 0)
e For dynamic loads with empirical formula of
0.A Savinov
Save | Calculate Report Help

Figure 8.2 a)

Input data

On the Parameters tab, in the Shape of foundation area, click Rectangular or Circular
and define dimensions for foundation.
On this tab, define the following input data:

— vertical load on foundation;
— eccentricity of load application;
— depth of foundation;

— unit weight of soil above foundation base;
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— ratio of stresses for limitation of depth of compressible stratum.

To determine the lower depth of compressible stratum, you should define the ratio of
additional vertical stress to vertical stress from dead weight of soil.

Define appropriate algorithm and building code for calculation:

— analysis by linear elastic half-space (LHS) according to sect. 1-6 Appendix 2 SNIP
2.02.01-83*, according to SP 50-101-2004 or DBN V.2.1-10:2009;

— analysis by linear elastic layer (LEL) according to sect. 7—8 Appendix 2 SNIP 2.02.01—
83%;

— high-speed analysis of settlement according to DBN V.2.1-10:2009;

— for dynamic loads, with empirical formula of O.A.Savinov.
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cz Calculate subgrade moduli C1 and C2

gL Parameters [ Geology |

h=3m

N
$\

N

h=3m

Mumber of layers in soil (n)

E

— Properties of layer
Active layer No. (i)

Colour for layer
Modulus of elasticity of layer (E)
Eei =ki * B. Coefficient {ki)

Poisson’s ratio (mi)

T

=

B

1500 tim2

1

0.35

Depth of layer (hi) [ m
Unit weight of sail (gi) ELE
~ Soil type

{* sand

" sitty-clayed
I Layer

= water-saturated

) water-proof

4 =
- Stiffness coefficient for formula of 9
0.A.Savinov (Coi) [1400 tm
5 -
Open Save | Calculate Report Help
Figure 8.2 b)

On the Geology tab, define the number of soil layers and properties for every soil layer:
E — modulus of elasticity for soil;

u — Poisson's ratio;
h — thickness of layer;
y — unit weight of soil.

For analysis by linear elastic layer (LEL) , define the soil type: either sand or silty-clayed.
In the Layer area, define whether the layer is water-saturated or water-proof.
To apply empirical formula of O.A.Savinov, define the stiffness coefficient appropriate for

soil layer.
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Click Calculate.

Output data
The output data contains the following values:

S — settlement of foundation;

Hc, Hm — depth of compressible stratum for algorithm of linear elastic half-space and
linear elastic layer respectively;

Egr _ mean value of modulus of elasticity of soil;
"¢ _ mean value of Poisson’s ratio;

Eurs _ modified modulus of elasticity of soil. It is calculated on the assumption that
modulus of elasticity of soil increases along the depth and additional stress is distributed
uniformly;

I _ tangent of rotation angle of foundation;
C1, C2 — moduli of subgrade reaction of soil in compression and shear.

Diagram for distribution of vertical stresses is presented according to selected building
code.

To present analysis results as report, click appropriate button. In the Report generation
dialog box, define the path and name for the report file, click Generate and then click
Preview.

Report may be generated for the following data: parameters, geology and analysis results.

Brief description of algorithm.

1) Regardless of selected algorithm, the depth of compressible stratum Hc is determined
according to LHS (linear elastic half-space) with account of requirements of sect.7-8
Appendix 2 SNIP 2.02.01-83*, SP 50-101-2004, SP 22.13330.2011, DBN V.2.1-10:2009
based on formula (1):

G, =ho, ()

where

%2 _ additional vertical stress at depth Z=H,,

922 _ vertical stress from dead weight of soil.
. — coefficient stipulated in the appropriate building codes and depending on type of soll
and type of structure, as a rule #=0.2.
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cz2 Calculate subgrade moduli C1 and C2 x|

dh F'Eu—.:lmetersl [ Geology Results |
B B0 144649 m

4/

1m
iy

%‘
=
e

h
=
W
=
é‘

oo
[5
T
T
T
4
il
L}
:
=
=]
(=]

Lam = [0.478114

" Results by method 1

= IEEE.EEE t/m?

Qﬁ
§ cz-[144187  tim
% | ¢ Results by method 2
\% = c1 = [460287  t/m3
\ * c2-[326764  tim
N NN
™ Resuttz by method 3
c1-[F0s3E vm3

Cd=|3764.3 tim

N
Ry

Digtribution of vertical stresses

Open Save | Calculate Report Help

Figure 8.3

Analysis by linear elastic half-space (LHS) according to SNIP 2.02.01-83*
2) Settlement (S) of foundation according to linear elastic half-space is calculated by layer-
by-layer sum according to the formula:

y = (LB H
S . ()
where
g h
W = s
2

RN
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Iy By _ thickness and modulus of elasticity of the i-th layer of soil (with account of its
division into sublayers) respectively;

=H

n — number of soil layers from the base of foundation up to the depth Z ¢ with account

of division into sublayers (i=1~n).

Analysis by linear elastic half-space (LHS) according to SP 50-101-2004 and DBN
V.2.1-10:2009

3) The following limitations are imposed on the values of A and depth Hc:
a) when b<5 - A=0.2, but Hc not less than b/2;
b)when 5<b <10- A=0.02*b+0.1, but Hc not less than b/2;
c)when 10<b< 20- A=0.02*b+0.1, but Hc not less than (4+0.1*b);
d) when 20<b - A=0.02*b+0.1, but Hc not less than (4+0.1*b).

b - smaller side of foundation.

Coefficient A and ultimate values of Hc.

b,m|]A [Hc, m b,mMA |Hc, m
not less than not less than
1-:-50.2 |2.5 15 (04 |5.5
6 0.22[3.0 16 |0.425.6
7 0.243.5 17 (0.445.7
3 0.26[4.0 18 [0.46/5.8
9 0.28/4.5 19 (0.485.9
10 (0.3 |5.0 20 0.5 [6.0
11 [0.325.1 30 |0.5 7.0
12 [0.345.2 40 0.5 8.0
13 [0.36/5.3 50 0.5 [9.0
14 |0.385.4 100 (0.5 [10.0

4) Settlement is calculated in the following way:

- {\ﬁ:fh-' ~ Oy }‘h."

W =Y - 2y /

" 0—_.1 ) ﬁ.'
Wy =y~
: E
' “ (9
where
E

‘ — modulus of elasticity of the i-th layer of soil along the loading path;
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E{

“t — modulus of elasticity of the i-th layer of soil along the unloading path;
by default £« =E£i;
Oz _ stress at the i-th layer of soil from external load,;

@i _ stress at the i-th layer of soil from dead weight.

If dead weight of soil at the level of foundation base is greater than mean pressure under
the foundation base, then W =W3, otherwise W = W3 + W,. Settlement is calculated
according to formula (2).

5) Mean (within the limits of fixed depth of compressible stratum Hc) values of modulus of

elasticity Egr and Poisson’s ratio """ are used for calculation of subgrade moduli. These
values are calculated according to formulas 11 and 12 Appendix 2 SNIP 2.02.01-83*.

" 0]
Zﬁ:l.".l' ﬁ.l ZVJ’ "1}.'
— i=l m, . = =]

£ H r M H
: )

ar

L L

6) Modulus of subgrade reaction C1 is calculated by three methods.

Method 1. Subgrade modulus C1 is calculated by formula:
£

g =

N*b” _mean pressure under the base of foundation;

b — width of foundation;

"I_ ratio of the longest dimension of foundation to the shortest one;
S — settlement of soil.

Method 3. Just as in method 1, formula (6) is used to determine subgrade modulus C1.
The difference is that in this case correction factor # to modulus of elasticity of the i-th

sublayer is introduced for calculation of mean modulus of elasticity. This factor varies from
ana . = ‘)
t; =1 at the level of foundation base up to ¥» 12 at the level of calculated depth of

compressible stratum. It is accepted that factor # varies according to parabola law:
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. (8)
Moreover, it is also accepted that additional vertical stress is distributed uniformly along the
depth. Then
E HI{'
Fars =
>
o i £ ©)
Method 3 is suggested in order to remove limitations of the first two methods.
Limitation of method 1 — it is impossible to take into account that modulus of elasticity
increases along the depth. It causes too high values of settlements and therefore too low
values of subgrade modulus C1.

7) For all methods, subgrade modulus C2 is calculated according to the formula:
c f]HﬁUmzm;J
T 6liemy,)

(10)

Analysis by linear elastic layer (LEL)

8) Depth of compressible stratum Hm for linear elastic layer is determined with account of
requirements of paragraph 2.40 and paragraphs 7-8 Appendix 2 SNIP 2.02.01-83*.

If these requirements are not satisfied, then the program displays a message and asks
whether you want to continue calculation process. If yes, then it is accepted that Hm=Hc
and calculation procedure is continued. Otherwise, it is terminated.

9) Mean (with account of layers j=1~n within the limits of fixed depth of compressible

stratum Hm) values of modulus of elasticity 'E-“-", Eors and Poisson’s ratio ¢ are used
for calculation of subgrade moduli by three methods. Correction factor * is calculated
according to formula (8).
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J=1 0 (11)
10) Settlement S is calculated according to formula 7 Appendix 2 SNIP 2.02.01-83*.

11) Modulus of subgrade reaction C1 is calculated by three methods. Formula (6) where
Hc is replaced with Hm and formula (7) are used. Subgrade modulus C2 is calculated
according to formula (10) where Hc is replaced with Hm.

Quick calculation of settlement
12) The settlement may be calculated quickly according to formulas D.9 — D.11 and table
D2, Appendix D, DBN V.2.1-1-:2009.

s-144 1P~ %m0)?

n+1 E. 12)

where:

n =I/b — ratio of foundation length to foundation width;

p — mean pressure below foundation base;

09,0 — Vertical pressure from the dead weight of soil at the level of foundation base;
E. — mean modulus of elasticity, computed by formula

M
D E bz,
‘EC‘ — 1 7
0.5H; 4y
where:

Ei — modulus of elasticity of the i—th layer of soil;

z; — distance from the middle of the i—th layer to the lower depth of compressible stratum;
H. — depth of compressible stratum, computed by formula

Hc = k-b, (14)

k — coefficient from the table below.

Page 224 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Foundations and beddings

n=l/p Seuar g 9o 14 18 | 20 | 24 | 32 | 50 260
foundation

Kk 1.8 2.0 2.2 2.4 2.8 3.0 3.4 3.8 4.3 6.0

Analysis by formula of O.A.Savinov

13) Mean value of stiffness coefficient is determined based on stiffness coefficients Co;
specified for every layer of soil and calculated depth of compressible stratum Hc. Mean
value of stiffness coefficient is calculated by formula

> Coi
Coro = - H
c ( 12)

14) Modulus of subgrade reaction C1 is calculated according to the following formulas:
for rectangular foundation with dimensions |I*b

(o2(1+6)) ]
'.__ I /, -h !F.-llh ; (13)
for circular foundation with radius R

(I |] ]+_‘
" .]I,| Po (14)

where C“f' — stiffness coefficient taken from the table;

Po_ pressure determined from laboratory tests and equal to 2 t/m?;
q — mean pressure under the base (t/m?);

A— constant of elasticity of soil taken as equal to 1 (in 1/m).
15) Modulus of subgrade reaction C2 is calculated according to the formula (10).

Table with stiffness coefficients
(N.A. Tsytovich, Soil mechanics, page 358)

No. [Name of soll Co, tf/m3

1 [Sand:
1) silty, greatly saturated; 800 — 1000
2) fine, regardless of density and humidity; 1000 — 1200

3) medium, coarse and gravel, regardless of density |1200 — 1600
and humidity.

2 |Clay, clay loam and sandy clay:

1) soft; 500 - 1000
2) firm, 1000 - 2000
3) stiff. 2000 - 3000
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Single pile

The module enables you to compute bearing capacity of single pile. It is possible to
compute end-bearing piles, friction piles and screw piles according to SNIP 2.02.03-85 'Pile
foundations', MGSN 2.07-01 and requirements of 'Manual for design of pile foundations'.

Input data

End-bearing piles and friction piles

— In the Pile type area, select the type of piles: driven piles, bored and drilled piles, shell
piles.

— Select the type of pile cross-section and define its dimensions.

— Depending on the pile type, in the left part of the dialog box there may be some check
boxes to define additional information.

— To compute settlement (for friction piles), select appropriate check box. In another dialog
box that appear, select the building code, define appropriate parameters and data (if
required) to take account of interaction of piles in the pile group.

— For friction piles, define soil properties along the side surface of the pile.

Screw piles
L — pile length < 10;
D — diameter of pile shatft;
d1 — diameter of pile helix;
h1l — depth of penetration of pile helix;
A —in compressive and sign variable loads - area of projection of pile helix OR
—in pullout loads - difference between projection area of pile helix and projection area
of pile shaft.

C1 - design value for soil resistance within work space (within soil layer with thickness d1
adjacent to the pile helix from above and below);

Angle of internal friction of soil within work space.

Load type — compression, pullout, sign variable.

In the soil type list, select required type of the i-th layer and define its thickness (t;), design
value for unit weight (y;) and design value for soil resistance along side surface of pile shaft
(f)). To add or delete the soil layer, use appropriate buttons in the dialog box.

Click Calculate.
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' Analysis of single pile

Figure 8.4 a)
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Analysis of single pile - O] x|

End-bearing piles  Friction piles | Screw piles I

— File type Penetration of pile toe (H) IS— -
¥ Driven of all types
¢~ Shell piles driven without soil T & L J - | d I-I > m o Eﬂtlﬂl
excavation —r 1 — Soil along side surface of pile
" Bored piles =] .
o o Layer 1| Layer2 Layerd
¢ Driled piles =1 | |
i Soil type sandy silt of medium densit
" Shell piles filled with concrete T I % =
= Layer thickness ). m |2ﬂ
-
=4 - Yo I-I
=2 T ’ Poisson's ratio I-325
— Pile cross-section, m e
= Modulus of elasticity, tf/m2 1100
Ii b Iﬂ.ﬁ 1 1
rdd | Delete last layer |

h Partial safety factor
ID.3
o h h [ 2l - Beag - [12¢2 g

capacity

Report | Settlement 3.7748 cm
Stiffness per 1 I
rm. — t/m

Save... | Open...

Exit Help

Figure 8.4 b)
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Analysis of single pile

End-bearing piles I Friction piles  Screw piles |

Length of pile penetrated into soil (L), m

—Cross-section of pile, m

e

@
-

Layer 1 | Layer2 |

=[5

Load type Iu:u:umpressiu:un

Diameter of pile heli {d1), m
Depth of penetration of pile heloc (h1), m

Area of projection of pile heloe, m2

Design value for unit cohesion of soil within work
space (C1), t/m2

Angle of intemal friction within work space (degrees)

soil type
thickness of soil layer i), m
design value for unit weight i), t/m3

design value for soil resistance along side
surface of pile shaft i), t/m2

Iu:laj,r loam (hard, semi-hard and low plastij

—

1.7

2.26 Open... |

Bearing capacity, tf

Add soil layer

Delete the last soil layer |

Report

I
Save... |

| el

=]

Figure 8.4 c)

Output data

Output data is presented in the Bearing capacity of pile box.
For friction piles and screw piles, the output data may be presented as a report in HTML

file.

For friction piles, the following data is displayed in the report file: bearing capacity of pile,
its settlement, including the one with account of interaction of piles in the pile group,

stiffness of pile per 1 running metre.

For screw piles, the following data is displayed in the report file: bearing capacity of pile

helix, pile shaft and the pile itself.

The output data for the friction pile is saved to the file with extension *.pile .
The output data for the screw pile is saved to the file with extension *.vpl .

©2011-2020, LIRA SAPR. All rights reserved

www.liraland.com

Page 229 of 403


http://www.liraland.com/

Manual on ESPRI 2020

Bearing capacity of friction pile

Input data
Driven pile
i
[ pile cross-section: b=0.5 m, h=0.3 m
Y. Partial safety factor for pile 1
Yer Partial safety factor for soil under pile toe
H Penetration of pile toe, m
dp Height of grillage, m 1.5
Soil along side surface of pile
Layer 1 lgravel sand of medium density
ti Layer thickness, m 3
Yef Partial safety factor for soil 1
v Poisson's ratio 0.4
E Modulus of elasticity, tf/m2 1000
Layer 2 medium sand of medium density
ti Layer thickness, m 5
Yot partial safety factor for soil 1
v Poisson's ratio 0.4
E Modulus of elasticity, tf/m2 800
Layer 3 [sandy silt of medium density
ti Layer thickness, m 20
Yot Partial safety factor for soil 1
v Poisson's ratio 0.325
E Modulus of elasticity, tf/m2 1100
Output data
Fd Bearing capacity of pile, tf 124.19
Perimeter of pile cross-section, m 1.6
A /Area of pile cross-section, m2 0.15
R Design strength of soil under pile toe, tf/m2 390
Design strength of soil along side surface of pile
hi - thickness of the i-th layer of soil, m

Figure 8.5

Pile under combined action of loads

The module enables you to compute single pile in strain and in stability from combined
action of vertical and horizontal loads and moment.

The following building codes are supported:
- appendix 1 SNIP 2.02.03-85%;
- appendix B SP 24.13330.2011 with account of modification No.1.

Analysis by SNIP 2.02.03-85* includes:

- Analysis of bearing capacity of piles in case the 2nd stage of the stress-strain state of soil

is developing H < Fd / yk;

- Check for soil stability according to sect.13 only for the 1st stage of stress-strain state of

soil;

- Analysis of piles according to serviceability limit state with the following check  Up<Uu;
ppsyu;

- Analysis of pile section according to ultimate and serviceability limit states (sect. 8-9

assuming that the 2nd stage of the stress-strain state of soil is developing). In other cases,

according to sect. 14,15.

It is supposed that in loading process there are two stages of stress strain state for the
'pile-soil' system.

At the first stage the soil enveloping the pile behaves as linearly elastic medium.
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Elastic properties of soil are described with modulus of subgrade reaction that is increased
linearly with the depth.

At the second stage, in the upper part of soil enveloping the pile there is an area of limit
equilibrium (plastic zone). Stiffness of soil within the limits of limit equilibrium area is
described with strength factor of proportionality. Below, the soil behaves as in the first
stage (linearly elastic medium).

The ultimate state of the 'pile-soil' system is taken to become at the moment when the
plastic hinge is generated within the limits and on the edge of limit equilibrium area for soll.

Horizontal displacement and angle of rotation of the pile head are determined after
calculation. In case of one-stage calculation, stability analysis of soil is carried out
according to sect. 13 Appendix 1 SNIP 2.02.03-85. If the account of the second stage of
stress strain state of soil is defined, the program computes bearing capacity of pile
according to condition H < Fd / yk , where

H — design value of transverse load applied to pile;

Fd — bearing capacity of pile, determined according to requirements of sect. 10;

vk — partial factor for an action, taken as equal to 1.4 .

Analysis by SP 24.13330.2011 includes:

- Analysis of bearing capacity of piles in case the 2nd stage of the stress-strain state of soil

is developing H < Fd / yk;

- Check for soil stability according to sect. B.7 ;

- Analysis of piles according to serviceability limit state with the following check  Up<Uu;
ypsyu;

- Analysis of pile section according to ultimate and serviceability limit states.

Input data may be saved to *.mnh file. It is also possible to download input data from the
previously saved file. To do this, click Save or Open on the System menu of the program.
To access the System menu, either left-click on the upper-left icon of the dialog box or
press the ALT and SPACE keys. The name of the current file is displayed in the dialog box.
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X
~ Loads applied to pile Code |SNIF' S 020305 j TD dL_Jllus = elgslticity
. _ S 5 e TR ar pile maternal,
% M |2 Il P 2 2 mal
M
L an [ Diiven pile or shell pile IE-E'E’*DDE
4 M I tf P P
o= Type of pile support
T ? o I4 t [ Sprung arch design % pon-ock
-
— “{Zim L IB - ™ Extremely important " rock
L IE— ™ Single-row pile location " fixed to rock
= il Ll:l m
oy .
a4 . I |1 = Account of plastic
Layers: |1 Laer = r gtrain in zoil
e II:I m o Mu I1 0o tf*m gilljeIIS that envelops Ifine sand [0.6 <= & <=0.75) |
Ei?er,t of dead loadz on IED— 3 l{ﬁ?ﬁﬁhegg IB— - "oid ratio IDE—
— Pile crozs section, m — Design zoil properties
Calculate |
I mit weight 1.8 t/m3
Eiepart |
Angle of internal friction |32 -
Exit
Unit cohesion 0.2 H /2 ™
Help |

Figure 8.6

Input data

In the Code list, select the building code: either SNIP 2.02.03-85 or SP 24.13330.2011.

In the Loads applied to pile area, define the moment, vertical and horizontal loads, length
of pile.

Select the type of pile cross-section and define its dimensions.

In the right part of the dialog box, input Modulus of elasticity for pile material, define
Type of pile support, number of soil layers and for every layer define Soils that envelope
pile, Design properties of soil and other parameters.

To take account of design situation, select either Fixed connection of pile and grillage or
Driven pile or shell pile option.

If the Account of plastic strain in soil check box is selected, analysis is carried out with
account of the second stage of stress-strain state of the soil.

If the Account of plastic strain in soil check box is not selected, then analysis of pile
according to serviceability limit state and stability analysis of soil are carried

out. In this case, in analysis procedure, the following message may appear: 'Stability of soll
that envelopes the pile is NOT adequate. Perform iterations by reducing K?'. If you click
Yes, analysis will be continued but with reduced values of proportionality factor K. If you
click No, analysis is complete.

Click Calculate.

Output data
Output data is presented as report file in HTML format. This file appears on the screen
after calculation or when you click Report.
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Output data
1. Calculation of pile by deformations
I |Moment of inertia for pile cross section, m'* 0.005105

be |[Conventional width of pile, m 1.40

K |[Factor of proportionality, (tf/'m4) 1800.00

a ||Strength factor of proportionality, (tf'm3) 7.10

0. |[Strain coefficient, 1/m 0.701778

1 |[Reduced value of pile penetration 5.614226

Qo |Design value of shear force in pile section, tf 4.0000

Mo |Design value of bending moment in pile section, tf*m 10.0000

Up Design value of horizontal displacement of pile head, mm 10.271343

¥p Design value of rotation angle of pile head, rad*1000 3.385170

2. Check for bearing capacity of pile

| ||Pan of dead loads in total horizontal load, % ||50.00 |
| Mu ||Ultimate bending moment with account of normal force. tf*m || 100.000000 |
| e |Load eccentricity. m 0.000000 |
| Qo ||Design value of shear force in pile section, tf ||4.0000 |
| Zz ||Dis‘[ance from soil surface to plastic hinge. m ||3 1135 |
| Fa | Bearing capacity of pile, tf |27.530123 |
| Vi || Partial factor for an action || 1.40 |

Condition H <Fqa/ vy is satisfied (H=Qo).
Figure 8.7

Settlement of equivalent footing

The module enables you to compute the settlement of pile group as equivalent footing
according to SNIP 2.02.03-85 sect.6 and SP 24.13330.2011 with account of SP

22.13330.2011.
The input and output data is presented in Fig. 8.8.

Input data
— Select the shape of pile section.

— Define Section dimensions, Pile penetration to soil, Number of piles, Contour

dimensions of pile group, parameters for grillage.

— Define Vertical load on foundation, Number of layers in soil.

— Define Soil properties.
— Click Calculate.
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izi Settlement of equivalent footing X
Input data |
{* SNIP 2.02.03-85 " SP 2413330.2011 I inclined piles:
- = Shape of pile secton ———  Anagle I: *

I_ |l ' Rectangle " Ring ¥ Sail weight
| | . ) .
¥ L Section dimensions ™ Eridge support
Iy l
i K o3 m [o3 m Epile [3000000 tf/m2

File penetration to soil I'I 0 m Mumber of piles IE Spacing IE m
—Grillage ) )
= I_ I_-, Distance to sides of
Width 18 m  Length 27 m foundation pit (b1+b2)
Height |1 05 m  Density I2.5 t/m3 I,,— m

Cortour dimensions of pile group

Penetration [1.05 m 1.2 m [21 m
Vertical load on foundation 300 t ?L. II}.2

Mumber of layers in I Silty clay soil with liquidity indesx IL >
soil 3 r 0.6 is present below pile toe B

— Soil properties
Mo. of cument layer I'I j Settlement Iﬂ m
4 m

Layer thickness I
Uit weight of soil I'I 8 t/m3
Poisson's ratio for layer 0.35

Angle of intemal friction I'M :
Maodulus of elasticity for layer IdDDD H/m2
Unloading factar I'I Beport

% Standard ) Water zaturated = wiaterresiztant

open | Save | Calcuate | Bt | Heb |

Figure 8.8

Output data

Output data (dimensions of equivalent footing, its dead weight, depth of compressible
stratum and settlement) is presented as report file. To present a report document in HTML
format, click Report.
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Soil properties

L aver Layer Unit weight of || Angle of internal Modulus of Poisson's ratio Coefficient for Notes
Y thickness, m soil, tf/m’ friction, °© elasticity, tfm’ for layer unloading )
No. L1 i L) E; [Tl Ke.1
1 4.00 1.80 14.00 4000.00 0.35 1.00
2 4.50 1.90 24.00 4000.00 0.35 1.00
| 3 | 1500 | 2.00 | 40.00 | 4000.00 | 0.35 | 1.00 | |
Vertical load on foundation, tf
300.00
Output data
Weight of grillage, tf Weight of piles, tf Weight of soil in volume of equivalent footing, tf
360.00 54.00 1478.70
Actual settlement, mm Punching shear settlement, mm Compression settlement, mm
6.09 0.84 0.17
Dead weight of equivalent Dimensions for base of equivalent Depth of compressible stratum, || Settlement,
footing, tf footing, m m mm
414.00 8.20 | 12.20 4.96 7.10

Vertical stresses from dead weight of soil at the base of equivalent footing are not considered in additional vertical pressure at

the level of the base.
Figure 8.9

Principal and equivalent stresses in soil

The module enables you to calculate principal and equivalent stresses 01, 02, 03 in soil by
the specified stress tensor {0y, Oy, Oz, Txy, Txz, Tyz}-
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I Principal stresses

— Design properties of soil
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01 02 Matrix COS | Reserve  [0272685 Strength zane |
|31.669811  [-26.715649 Factor
Figure 8.10
Input data

In the appropriate list, define the soil type: soil of average density, dense soil or rock.

In the Design properties of soil area, define the following values:

— strength in compression: Rc, if Rc=0 — the value is determined automatically;

—angle of internal friction: - Fi (in degrees);

— cohesion — Co (tf/m?) or strength in pure shear (negative value — Rtau for soils where
cohesion is close to zero). For soils where cohesion is close to zero, it is possible to define
strength of soil in compression. Then required strength in pure shear is taken as Rtau =
0.5*Rc / 1.732.

To determine modulus of complete deformations of soil Eg according to SNIP 2.02.01-83
and DBN V.1.1-5-2000, define the following data:

Shape of surface load (rectangular or round);

Area of surface load (m?);

Design value of settlement (m);

Poisson's ratio.

Click Calculate.

Modulus of complete deformations is determined by field test results with surface load
according to the model of linear elastic half-space (LHS) and it is valid only for deformed
zone below the surface load.
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The following limit equilibrium equations are realized for soil: Coulomb-Mohr criterion and
Mises-Schleicher-Botkin criterion (modified Coulomb-Mohr criterion).

Output data

When the Strength analysis check box is selected, after strength analysis, the following
data is displayed:

01, 03 — Ultimate allowed values of principal stresses;

Oo, To — ultimate axial and shear octahedral stresses;

— reserve factor (analysis by serviceability limit state is supposed, that is, normative
strength parameters of material are considered in analysis);

_ (20'2 -0y -03)
He = ( )
— Lode-Nadai parameter is computed as: 01— O3 ;

To generate report file in HTML format, click Report. The report file contains the following
data:

— principal stresses as: 01 > 02 > 03;

— matrix of directional cosines MC(3,3) — orientation of principal stresses in the space
relative to the X,Y,Z axes:

1 ml nl
MC=|12 m2 n2
_33 m3 ?”1‘3_

— slope angles AL1, AL2, AL3 (I1, 12, I3) of principal stress 0; to the X, Y, Z-axes; angles
define orientation of the crack plane in the space;
— slope angle a3 of principal stress 03 to the X-axis; angle defines orientation of the crack
plane relative to the X-axis ;
— Euler angles TETA, PSI, FI ( 8, g, ¢ ) that define location of principal stresses 01, 0,, 03
relative to the X, Y, Z-axes of global coordinate system;
— additional strength parameters:

— strength in biaxial uniform compression — R2c = Rc*P2c,

— strength in biaxial uniform tension — R2p.
— whether cracks are present TB=1, 2, 3 — one, two, three; TB=10 (20) — destruction of
element in compression. TB=0 — no cracks.
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Stress tensor

Sig X = 12.000

Sig_¥ = 5.000

Tan XY= -4.000

Tau_XZ= 21.000

Principal stress

SIG 1= 28.977

SIG 2= §.9%58

Equivalent stress by theory

Max principal deformaticns

S5IG 1E= 31.670

SIG_2E= -26.716

Octahedral stress - Normal

Octahedral stress - Shear

Sig 0 = 6.667
Tau 0 = 18.33

Lode-Nadai coefficient

3

Param Lode =

Slope angle of crack

2lfa crack_2z= £l

es)

Slope angle Sig 1

to ¥, ¥, Z-axes
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Angle of internal friction

(deg.)

Unit cohesion

(tE/m2)
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Safety factor by load

Safety factor by strength
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Design compressicn strength
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Effective settlement

Principal strain, elastic
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Figure 8.11

Slope stability

These modules enable you to check stability of slope by:
- 1st type: Plane slip surface of homogeneous soil (see Fig.8.12 a);
- 2nd type: Cylindrical slip surface of homogeneous soil (see Fig.8.12 b).
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plane slip surface

Lo Lq
Lx Lqr
< @<
ﬂ_ﬁ_gﬂ /\ q'IF ¥ ¥ ¥y ¥ ¥y ¥ ryr¥vyr¥
\\\ S e 7
- L
H S\ 5
4< N ei’f Lr
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A \ Lcrit.
ﬁ- slope angle Lr - length of slip line
Figure 8.12 a.

cylindrical slip surface

Lq
& Lx \R Lo Lqr
0<p<90
B /\ q ¥y ¥y ¥y ¥y Yy ¥ Yy Iy *VF
| o7
L ILr | — I3
H —
o = | I
P
< e ecr'rt. T Lr2
T Tis1 -
Pi—l-_l_ P; Lcrit..
]3 - slope angle R- radius of slip surface
Figure 8.12 b.

For types 1 and 2, simplified integration by the 1st point is realized. Stability factor of slope
for the 1st type (Kstab) is computed taking into account that the length of slip surface (Lr2)
is increased relative to the plane slip surface (Lr).

©2011-2020, LIRA SAPR. All rights reserved

www.liraland.com

Page 239 of 403


http://www.liraland.com/

Manual on ESPRI 2020

- Slope stability -0 %]
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Load perrm. {fm, m) " o
Total ight Im. Weig| Exit
aff wf Wl [15728 | || |ofsoiipig [P32612 ofsol-  [iTi534 Revere gk Low. [370469 _ & |
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Figure 8.13

Input data

In the Slope stability dialog box, define parameters of slope: height, slope angle and load
per running metre.

In the Soil properties area, define angle of internal friction, unit cohesion, unit weight,
ultimate compressive stress, safety factor, number of integration points.

With option button, select the type of slip surface.

Click Calculate.

Output data

When calculation is complete, you will obtain the following values:
— critical height of slope — Hcrit;

— critical angle of slip surface — Ocrit ;

— total weight of soil above slip surface — Psum;

— total shear force from weight of soil along slip surface — Tsum;
— ultimate weight of soil — Nstab;

— length of slip surface (plane) — Lr by Type 1;

— length of cylindrical slip surface — Lr2 by Type 2;

— critical distance from the slope base up to the upper safe (relatively safe) point — Lcrit.
— stability factor for slope — Kstab;

— mean normal (Sig) and shear (Tau) stresses at slip area.
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Date: 1 & Module € 3tability of =lope from homogenecus moi 0a.0
INFUT DATA
Slope height 2 2.000 (=)
Slope angle Emta £0.000 (deg.]
Bading of clip surfmce R 2.000 (=)
Length of plare slip surfmce Lrl 4767 (=)
Lergth of cylirdrical slip surface LrZ 4,882 (=)
Design loads on slope
Distributed load Q
Distance to distributed load Lo
Length of distributed load Lg
Effactive length of distributed load Lar
S0il properties
Angle of irternal frictiom Fi
Unit cokesion Co
Urit weight of soil Eama
Ultimate compressive stress Re
Eafaty factor Hn
Water saturated soil Yes
OUTPUT DATA
Calculation by plare slip surface
Total weight of soil abowve slip surface Fsum_ 5.226 (sf)
Max shear force along slide surface T=um. 2.25 1
Ultimate weight of soil H=tab 11.152 (&)
Length of slope L 2.464 (=)
Length of plare slip surfmce Lx 4767 (m)
Length from foot up to top of slope Lx 4.882 (=)
Critical length from foot of slope Lez. 2.705 (m)
Critical height of slope Her. €. (=}
Critical argle of slip surface Cez. 25.000 {dag)
Stability factor H=tah 2.084

plane slip surface

ﬁ- slope angle Lr - length of slip line

Lo . Lq .
Lx ﬁ Lqr I
osfss0 ] a[TT [T]I1]
ey 1
H | A - o ,/f”ﬂ/\k
N A B . /,,—’”
Iy e Lcrit,
\;e_,‘,,,

Figure 8.14

The following limit equilibrium equations are realized for soil: Coulomb-Mohr criterion and

Mises-Schleicher-Botkin criterion.

To present the output data as a report file in HTML-format, click Report.

Stability of multi-layer slope

These modules enable you to check stability of slope by cylindrical slip surface with multi-
layer slope. Calculation is made by Swedish method (method by Swedish Society for
Geomechanics). This method is experimental. Up to 10 base layers are allowed.
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Figure 8.15

Coordinates of landslide Xi and Yi as well as ordinates of the diagram of landslide pressure
Pi are determined after calculation.

Safety factor — 1.150

Reserve factor for static load — 0.914

Reserve factor for dynamic load — 0.000

Total active normal force (tf) — -49.287

Active component of shear forces (tf) — 5.099
Reactive component from cohesion (tf) — 0.000
Radius of cylindrical sliding surface (m) — 60.675

It is possible to evaluate graphically geometry of multi-layer slope and the slip surface of
multi-layer slope.
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Stability of multi-layer slope
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Figure 8.16

To present the output data as a report file in HTML-format, click Report.

Basic assumptions for calculation

1 r.m. of the slope width is taken into consideration. The weight of the whole soil with
account of additional active load above the damage surface Psyn, is determined:

0.5-H* sin(p-6)

P, = +q-L
e (s'm [+sin 6) -
(B
crit 2

Critical angle of slip surface —
Ultimate weight of soil according to [3] :

_ (g - H crfr)
stab Cﬂ . KH
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where g — design value for unit weight of soil (tf/m°);

KH— safety factor (by default, KH =1.15).

Stability factor Ksian according to [3]:

P -cos@-tef+C -Lr
KSMEJ :KSI::IEJI :( = (P ilie) : )

ST

To find out arbitrary slip surface for arbitrary distributed load at the whole part of multi-layer
slope, the so-called Swedish method (method by Swedish Society for Geomechanics) is
applied in the program in the way presented in Fig. 8.17.

Figure 8.17

Shear force is computed by formula:

Tpow =By -sin(as)=a-Hy 1m-y.. -sin(o, )=a-Hy - 1m- | ‘ sin(er, )

Restraining force is computed by formula:

T, =PB-sinleg)=a-H -1m-y,,,. -sin(ey)=a-H; -1m- ’VT | sin(ey )
_I_

where
a — min area of integration (it is agreed that there are 30 fixed points of integration between
adjacent boreholes);

Vn

— normative value for unit weight of sail;

1

1+ Pl_ safety factor for soil, different for restraining and shear forces.
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Bearing capacity of piles by field test results

The module enables you to check bearing capacity of piles by field test results.
The module supports the following building codes:

— section 7 SP 24.13330.2011,

— section 7 SP 50-102-2003,

— section 5 SNIP 2.02.03-85%,

— sections 5, 6 DSTU B V.2.1-27:2010.

The dialog box contains 6 tabs:

. Driven piles at probe point;

. Screw piles for static probing;

. Drilled piles at probe point;

. Driven piles at test point of model pile;
. Driven piles at test point of probe pile;
. Dynamic pile tests.

OO WNPE
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Driven piles at test point of model pile I
Driven piles at probe point | Screw piles for static probing Driled piles at probe point

r— Dimensions of pile section, m

A
Ia h

+b

Mumber of probe points

— Parameters of probe points

Driven piles at test point of probe pile I Dynamic pile tests

Penetration of pile toe, m

Partial safety factor for piles in sail

IE
Probe pile Il - probe pile with shoe from cone of friction coupling j
I'] vl

o o5
I
e
|‘| vl

Ma. of cument probe point

Mean value of soil resistance under probe pile shoe (gs), kPa

Properties of soil layer

T

[y I I BT I O I

Laver thicknesz,m Soil type M ean reziztance of zoil along zide suface, kPa
3 clay 3241,
B zand 215,

Bearing capacity of piles, kPa |1 141.89

Open... Save . |

Results... | Report |

Cancel Help
_Concdl |

Figure 8.18

Combined piled-raft foundation

The module enables you to calculate settlement for combined piled-raft (CPR) foundation
according to MGSN 2.07-01 Appendix i.

The dialog box of the program is presented in the figure below.
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i1l Combined Piled-Raft Foundation [CPR_01.psf] x|
Load I 11520 t Help |
—Raft —Soil properties
Number of soil layers
Width I 16,000 m
I 3 Define |
Length I 24.000  'm Current layer
- Customi |
I Raft, low [2 =l o No.1 h=2000
Layer thickness
|9.ooo m
~Piles
Modulus of elasticity for layer
Mumber of piles |1?6 items |3°°'°°° tjm32 No.2 h=9.000
Poisson's ratio L 1 LI L1 L |
Spacing between piles I 1.500 m
|0.420 Apply |
Diameter of pile
£ Circular I[].S[JD o
' square
Pile length |15-000 m Output data No.3 h=15.000
Modulus of elasticity for pile
Setlement Sf IS?.941 mm Settlement Sfll 48.000  mm
¥ Incompressible pile I 3000000  tfjm2
Modulus of elasticity for soil under pile toe Load on slab I 1794.484 Partin %I deEn
| 1200.000  tfjm32
i 9725.516 i 34,423
Load on piles Fartin %I Save Open Report

Figure 8.20

Input data
In the appropriate box, defile load on foundation and dimensions
Dimensions for raft are defined in metres. If raft is low, select appropriate check box.

The following data is defined for piles:

— number of piles;

— distance (spacing) between piles, m;

— diameter for circular pile or side for rectangular pile, m; (to define the shape for the pile,
just click appropriate option button);

— length of pile, m;

— modulus of elasticity for pile, t/m2;

If the pile is incompressible, select appropriate check box.

To define parameters for soil layers, indicate the number of soil layers and click Define.
Then you will be able to define the number of current layer and its properties:

— thickness, m;

— modulus of elasticity, t/m2;

— Poisson's ratio.

To modify the colour for the current soil layer, click Customize colour.
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When you define soil properties and click Apply, the program automatically displays the
value for modulus of elasticity for soil under pile toe.

The problem may be saved to the *.psf file.

To start calculation, click Calculate.

Calculation

Intermediate data computed in calculation:

— Coefficient for pile settlement Is;

— Coefficient Lambda;

— Stiffness for single pile, t/m, K1,

— Coefficient Rs;

— Stiffness for pile group, t/m, Kp;

— Mean modulus of elasticity for soil, tf/m?, Es;
— Mean value of Poisson's ratio for soil Vs;

— Ratio of slab length to slab width Lp/B;

— Coefficient for area mo;

— Stiffness for slab, t/m, Kc;

— Total stiffness of foundation, t/m, Kf;

— Mean modulus of elasticity for soil under pile toe, tf/m?, Esb.

Output data

The following data is displayed in the dialog box:

— settlement Sf, m, determined by dividing the load by total stiffness of combined piled-raft
(CPR) foundation, m;

— settlement Sf1, m, determined according to mean modulus of elasticity for soil under pile
toe, m;

—load on slab, t, and its part from the total load in %;

— load on piles, t, and its part from the total load in %;

To present a report document in HTML format, click Report. The report file contains all
intermediate and final results with necessary comments.

Disregard for soil resistance in earthquake analysis

Use this module to determine the effective depth up to which resistance of soil along the
side surface of the pile is not considered in earthquake analysis. The program realizes
clauses 12.4, 12.5 and clause B.4 Appendix B of SP 24.13330.2011 with modification
No.1.

Page 248 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Foundations and beddings

Input data
'.| Disregard for soil resistance in earthquake ana X
—Cross-section of ple, m——— Pile type M?:ulgls of e!:s_ﬁi::ity
* single pile and with high arillage re ?:FTrﬁE =k

I l b [0.4 " fixed with low grillage 36 1006

h
ol Sails, table B.1 | =]

h |06
L b
—Soil properties
Partial safety factor I 2 Layers I 3
Seismicity, units Thickness layer I 1 j |3 m
7 g (g
Lnit weight 1.87 | tfim3
M | 1.6 tFm | 25 H
Q Angle of internal friction I 23 =
Qutput data ——— Unit cohesion 0.2 tfjm2
Hd | 586769 m
Factor K ™ TableE.1 1900 tfjm4
Report Open | Save | Exit

In the dialog box define the following data:

— Dimensions of the cross-section b, h for rectangular pile or internal and external
diameters D, d for circular pile.

— Partial safety factor ye.

— Seismicity (design value) S = 7, 8, 9 units of magnitude.

— Bending moment M (design value) at the soil surface in specific combination of loads,
t*m.

— Shear force Q (design value) at the soil surface in specific combination of loads, tf.

— Pile type: separate pile; with high grillage; fixed with low grillage.

— Modulus of elasticity for pile material, tf/m?.

In the Soil properties area, define the following:
— number of soil layers;
— thickness of the i-th layer of soil h;, m;

— unit weight (design value) of the i-th layer of soil y,.; with account of uplift pressure of
water, tf/m>;

— angle of internal friction (design value) for the i-th layer of soil @, degrees;

— unit cohesion (design value) for the i-th layer of soil ¢, tf/m?;

- factor40f proportionality K; for the i-th layer of soil, it depends on the soil surrounding the
pile, tf/m™.
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Soils, table B.1 [sandy silt (0.6 <= <=0.8) d

Void ratio 0.65

«

Void ratio

0.65

Cancel |

To define Factor Ki, open the Soils, table B1 list box and select appropriate soil type. In
the Parameter dialog box, define additional data — void ratio e or liquidity index IL. Then
tabular value of factor K will be displayed in appropriate box and the Table B1 check box
becomes selected automatically.

To input arbitrary value of factor Ki, clear this check box and define the value in
appropriate box that becomes available.

Calculation
Parameters of pile section.
— rectangular section:
area F=b* h; equivalent diameter D = \(4*F/1r); moment of inertia J =b*h3/12;
— circular section:
diameter of circular pile D = D; area F=m*(D2-d2)/4 m; moment of inertia J = 1*(D4-
d4)/64;

Coefficients al, a2, a3:
— for single pile and with high grillage al=1.5; a2=0.8; a3=0.6;
— for fixed pile with low grillage al=1.2; a2=1.2; a3=0.

Conventional width of pile bp is calculated through diameter of the pile:
If D 2 0.8, then bp = D+1; otherwise bp = 1.5*D + 0.5;

Mean factor of proportionality:
Z Ki * hi
_ 1

L

S ki

1

Ko

Mean unit weight:
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Zﬂ y 1% hi
1

-—-M:
=,

Reduced value for angle in internal friction:
if S=7,then @ =@ - 2;
if S =8, then @, =@, - 4;
ifS=7,then @ =@ -7,

Mean angle of internal friction:
H

Y @ i* hi
@0 = ——

S hi

1

Mean cohesion:
K

Z ¢ i* hi

1

c,0 =

L

S hi

1

Coefficient of strain ag, 1/m:

Ko * bp
az—:‘ = 5
y.*EJ
Effective depth:
E E E
-4 (Q+a€ a, M) <3
‘ c, E E - HE
bp ~*y.0*tgp,0+c,0
£

Output data

In the Output data area, you will see computed value of depth Hd, m.

To obtain the report file in *.html format, click Report. The report file contains results for all
calculations.
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Disregard for soil resistance in earthquake analysis

Input data

Design loads at soil surface in specific combination, seismicity 8 units of magnitude

Bending moment, tf*m Horizontal load, tf
M Q
1.60 25.00

Parameters of pile
single pile. high grillage (al=1.5: a2=08; a3=0.6)
partial safety factor 2

Side of pile out-of-plane of load, m Side of pile mn plane of load. m Modulus of elasticity, tfm’
b h E
0.400 0.600 3000000.000
Soil properties, design values
Laver|| Laver thickness, m Unit weight of soil, tfm’ Angle of internal friction, ® Unit cohesion, tfim® Factor of proportionality, tfm*
No. L: W o1 (@) Cr K1
3.00 1.87 23.00 ( 19.00y 0.20 1900.00
2 7.00 202 41.00 ( 37.00) 0.40 800.00
3 12.00 1.75 37.00 (33.000 0.30 1140.00
Qutput data
ET, tf*m2 bp, m Yo tHm3 0y, © Co, tfim2 Ko, tf'm4 o, 1/'m hg, m 3/, m
21600.003 1.329 1.852 32364 0318 1135455 0.511 13.349 3.868
|| Effective depth of disregard for soil resistance along the side surface of the pile in earthquake analysis (Hd). m ||S.8? ||

Properties of rubber metal damper

. Classification of seismic blocks (hereinafter referred to as SB)

. Structures of SB

. Main parameters of SB

. Stiffness analysis of SB (Moduli of subgrade reaction)

. SB tests

. Dynamic modulus of elasticity E, and factor of enerqy dissipation ¥
. Ultimate state of SB

~No o~ WNERE

Classification of seismic blocks
1. Classification of seismic blocks (hereinafter referred to as SB)
Rubber metal seismic blocks are classified by design concept and ultimate parameters:

— mainly, by vertical and horizontal stiffness;
— by allowed relative strain in compression and shear.
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— Properties of rubber metal damper -|0] x|
—Properties of damper
Design load on damper - M (k) I 400 N ‘
[ ]
Design horizontal load - Q (kM) I 20 T T Q
: 1
[

[
Factor of energy dissipation - Psi 0.7 T
I T

Relative strain of damper (%) in : ] '0 (
{a“ ER e | 202020 20202030, |
Ultimate compressive stress Re (MPa) IlU— h,1 I ;

Load factor IT W

:
1
T 7 {/tia// TITTTTFFFI 7777

™ Type -2 Hollow cylindrical damper with

lead mandrel RUbber—metaI damper

| Type -3 Hollaw cylindtical damper with
hiah damping mandrel

—Geometry of damper (mm)

, r—Design parameters of seismic block (SB)
O;betr d|?meter of rubber element I 400 Stresses (MPa) Subgrade modulus (MM/m) o
-D {mm I 1
Coef.
Inner diameter -d {mm) I 0 os B ] I 0 Cx I L Report I
Thickness of one layer of rubber H1 I 70 Coef. |GZ I o TO IU Cz IU ’—II
Help

Mumber of

rubber layers I2 H (mm) |140 P
mate load on i

Unit weight of rubber, mandrel (kM fm3) damper Nstab. (kM) o Eoo (MPa) IU Goo (MPa) IU Bt

Eam

Figure 1. Dialog box of the module for stiffness analysis of dampers

Structures of SB
2. Structures of SB
There are two main types of seismic blocks (SB):

The first type is sandwich construction that consists of alternating metal and rubber plates
connected during vulcanization process. Such SB are mentioned for large vertical loads
from 1000 kN up to 20000 kN and more. Their disadvantage: prohibitive tangential stresses
arrear during the large load; they cause tensile stresses in the rubber.

The second type (see Fig.2) is sandwich construction where rubber elements are placed
freely in the metal moulds with clearance A obtained in calculation. In large vertical loads,
the rubber fills the free volume and its free surface will be of a convex shape; in this case,
tangential stresses increase slightly.
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Figure 2.a. Rubber seismic block (Ukrainian patent [ 2 ] ) before load application

L. - .
Figure 2.b. General view (from bottom to top) of the support slab of the press, the lower
steel plate with the ring, the lower rubber element (50 mm height) with an opening and the
lead mandrel (diameter 70 mm) after tests of rubber SB on the press by cyclic compressive
loads from 3000 kN to 9000 kN.

2.1. Rubber metal SB should have connecting plates with a thickness at least 20-25mm in
order to fix the block to the lower and upper part of the building.
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2.2. Rubber metal SB may be solid (see Fig.1.a) and with an opening (see Fig.1b) in which
either a lead mandrel or a highly damping rubber shell filled with copper balls or other
material is installed.

Main parameters of SB

3.1. Design documentation should contain the following parameters of SB:
— label and type of the rubber metal block;

— diameter by rubber element;

— total height of the rubber elements;

— static stiffness in compression - Cz and in shear- Cx;

— factor of energy dissipation W.

As an example, in table 1 you will find main parameters of three types of solid (without
mandrel) SB.

Table 1.
Label of SB
(number,  Diameter hTo:]aI ¢ Vertical Hori |
height of | of rubber | "€'9NtOT | gitness jn | Horizonta
rubber : stiffnress *in | W
rubber elements lavers. cOmpression, . anim
elements, SB, mm r>r/1 ’ MN/m ’
mm)
SB 2x120 400 240 5.1 1.08 0.7
SB 2x70 400 140 15.8 1.24 0.7
SB 2x50 500 100 100.0 0.38 0.8

* for vertical load 300 kN

Stiffness analysis of SB (moduli of subgrade reaction)

4.1. Analysis of solid and hollow cylindrical SB should be carried out in compression and in
shear.

Vertical and horizontal moduli of subgrade reaction Cz, Cx are determined. They respond
to the meaning of stiffness per 1r.m. of 1-node FE of elastic spring.

4.2. Analysis of subgrade moduli for the solid cylindrical SB is carried out by the following
formulas (Cz =Cn, Cx=Cr, Uz):

— in compression

TRZEy,

Bn=1+083(%)

, (2)
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—in shear

TR Gy,
C‘I = JBT h '

B, ~1,0

4.3. Analysis of subgrade moduli for the hollow cylindrical SB is carried out by the following
formulas

— in compression
Goom(RT—R3)

—in shear
C‘I = JETGGD {:1 - (IE JPRI (4)

B = [1+(0336+1150;7) ]

h R,
Ep = —; 0, = —;
Notation:

Cn, C; — stiffness of SB in vertical load and shear;

Bn , Br — coefficients of stiffening at butt ends; coefficients are listed in the table;

R — radius of solid SB;

Ri1, Rz —inner and outer radius of hollow SB respectively;

h — height of the rubber element;

E. , G. — static (quasi-equilibrium) modulus of elasticity in compression and static (quasi-
equilibrium) shear modulus respectively.

SB tests

5.1. General requirements to physical and mechanical tests.
The following building codes describe the general requirements: GOST 269-66; GOST
9982-76; GOST 11053-75; GOST 23326-78.

5.2. Static modulus of elasticity E. for SB is determined in 100% design load by formula
(ISO - 2008):
P.h
E, = e . G — Pk
FA = zra  (7)

where P.. — load value;

h — height of the rubber element (mm);
F — compression area;

A — strain of the rubber element (mm);
B — coefficient of stiffening at butt ends;
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Static (quasi-equilibrium) shear modulus G. is determined in a similar formula (where 3 =
1):

Dynamic modulus of elasticity and factor of energy dissipation

6. Dynamic modulus of elasticity Eq and factor of energy dissipation W are determined with
the spin-pit test in harmonic vibrations with amplitude not less than 25% from design load
and frequency 0.5 — 5.0 Hz depending on the spin-pit shape; factor of energy dissipation is
determined by dynamic hysteresis loop.

Ey and W may be determined in cyclic load with frequency 0.1 Hz. In this case, modulus of
elasticity E4 or shear modulus Gg is determined after the third cycle of load.

Factor of energy dissipation ¥ may be determined for natural vibrations. Logarithmic
decrement of damping & (W=20) is also computed.

Ultimate state of SB
7. Ultimate state of SB

7.1. In analysis of ultimate (aIIowed) parameters of SB, the relative strain in rubber element

= Psi

should be used in vertical load ( bE:' Z ) and horizontal displacement (

=Psi X )

7.2. Engineering practice enables us to make the following conclusion: long-term usage of
rubber and rubber metal SB, as well as elastic links of vibrating machines (with frequency
of dynamic load w <15 Hz) is possible if the relative strain:

in compression ‘:'E:I <20% . in shear /7 <35-40%

In this case, during more than 55 years of maintenance, modulus of elasticity is increased
not greater than 50-60% (stiffness in compression is also increased).

7.3. For seismic protection of buildings, the following ultimate values should be accepted fo
SB:

in compression & =10-15% . in shear 7 =30-60%

7.4. Stiffness in torsion for the solid SB relative to its vertical axis is determined as:
U,=G,J, J,=025-7- .D*.

where Jp, — polar moment of inertia of the circular section.
Stiffness in torsion for the hollow SB is determined as the sum of stiffnesses (mandrel Uz1
and circular section): Uz1+Uz2

Uzy =G Jpor I po ﬁﬂl—[]

*%
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Jpo — polar moment of inertia of the circular section.

**  These values of the stiffness in torsion are approximate and require experimental
verification.

The dialog box of the module is presented in Fig.1.

Output data is saved to the Damper.html file.

Soil subsidence

Soil subsidence
The module is meant to calculate subsidence of soil.

The following tabs are available in the dialog box:

Design concept tab - to define input data about foundation.

Geology tab - to define properties for soil layers necessary for calculation.

Subsidence tab - to define input data about subsiding properties of soil.

Results tab - to display the output data of calculation. This tab will be available when the
calculation is complete.

To save and download calculation data, use the Save and Open buttons respectively.
To start calculation, click Calculate.
To generate the report file, click Report.

Special aspects of calculation procedure

Calculation of soil subsidence will be performed up to the soil layers defined as 'subsiding'.
In this case, table of soil tests in subsidence should contain data about relative subsidence
of soil at certain depth. If this data is not available, calculation of soil subsidence will be
limited to max depth defined in the table. If total pressure in soil, exceeds max test
pressure defined in the table, then necessary values of relative subsidence will be obtained
by extrapolation. Values of relative subsidence for intermediate values of pressure and
depth will be obtained by linear interpolation.

For soil layers defined as Subsiding or Water-saturated, unit weight is considered as for
complete water saturation. It is calculated automatically based on unit weight of soil in
natural environment, void ratio and natural moisture of soil.

Subsidence of soil is computed from external load and from dead weight of sail. In
calculation of soil subsidence, the program does not consider additional settlements of soil
below the subsidence stratum arising when: a) stress in soil is increased; b) modulus of
elasticity of soil is reduced when the moisture of soil is increased. Additional loads from
friction along the side surface should be considered in total vertical load on foundation.
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Type of soil properties is determined by the subsidence from dead weight of soil without
account of external load.

Input data

Design concept

iZ Calculation of soil subsidence X
Design concept |Geulogy I Subsidence I Results |
—Parameters of foundation
| F=a0.0t Shape of foundation
i* Rectangular
" Circular

;;;;;;;; i ™ sirip
i E Width of foundation (b) I 3 m
1 il
I & |/b ratio of foundation (n=I/b) I 1
I Depth of foundation {d) I 2 m
l Lnit weight of soil above base I_

of foundation (go) 1.8 S
! Vertical load (P) I 50 t
I
0 ~ Building code
! ¥ SP 22.13330.2016
! E
[}

—--—-—- —-t+-4-—-—1- =
- i
|
I
I
I

b=3.0m
Cpen | Save | Calculate | Report Help

On the Design concept tab define input data about foundation:
« shape of foundation (rectangular, circular, strip);
« width of foundation b;
e |/b ratio of foundation n ;
o depth of foundation d;
e unit weight of soil above base of foundation go;
o vertical load P.
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On this tab it is necessary to define the building code.

Geology
iz Calculation of soil subsidence x|
'Design concept  Geology |Subsidence| Resullts |
| Murmber of soil layers {n) I_ - I

= —Properties of soil layer

L

- Active layer No. (i) I i ﬁ
soil layer [
Thickness of layer (hi) I 1.5 m
IUnit weight of soil in natural
environment {gi) I 18 tjm2

- [~ Subsiding

~

L = ¥ watersaturated

=]
=2 Void ratio (i) IUE»—

Matural moisture (wi) I 0.6

=

o

(o]

Open | Save | Calculate | Report | Help |

On the Geology tab, define input data about geological elements of sail:

number of soil layers n;

thickness of soil layer h;;

unit weight of soil layer in natural environment g;;
subsidence of soil layer;

water-saturation of soil layer;

void ratio of soil layer e;;

natural moisture of soil layer w;.

Engineering geological elements are assigned from the foundation base.
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Subsidence

i Calculation of soil subsidence ﬂ

Design mnceptl Geology Subsidence | Results I
[~ Soaking of small area from the top
Width of soaking I ] m

Soil tests for subsidence

ﬁgr?'lmdl::;;, Relative subsidence of soil £ =
m at pressures P, tfm?
5,000 10,000 15,000 20,000 25,000 30,
i [ 1,000 0,014 0,015 0,019 0,023 0,022 0,0
F 3,000 0,011 0,015 0,014 0,015 0,017 0,0
3 5,000 0,025 0,031 0,035 0,034 0,035 0,0
4 7,000 0,019 0,024 0,027 0,029 0,030 0,0
5 9,000 0,003 0,010 0,011 0,014 0,013 0,0
g 11,000 0,005 0,007 0,010 0,013 0,012 0,0
7 13,000 0,007 0,003 0,003 0,012 0,014 0,0
8
9
10
11 (I
12
«| | _’|_I

Mote: The depth and pressure values should be arranged in ascending order, starting from the first non-zero
value, Breaks or zero values are not allowed for the table, Depth are measured from the foundation base,

Open | Save | Calculate | Repaort | Help |

On the Subsidence tab, define input data about subsiding properties of soll.

If a small area of soil is soaked from the top, then width of soaking area B,, is defined.
Define data for soil tests in subsidence in tabular format:
e samples from depth h;
e pressures at which tests of soil samples were carried out, P;;
« relative subsidence of soil samples ¢, taken from defined depth at specified
pressures.

The depth and pressure values should be arranged in ascending order, starting from the
first non-zero value. Otherwise, data will be organized automatically. Matrix of values
should be of rectangular shape, breaks or zero values are not allowed. Zero elements in
row of pressure and in column of depth and corresponding columns and rows will be
deleted automatically. Depth for making samples should be measured from the foundation
base.
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Results (Output data)

iz Calculation of soil subsidence x|

.DESimcorteptIGeolongSLbsidate RESIJtSl

1 | Type of sail B
properties

\ i

| E sd= [0.1732933 m

\ rd

| hslp = IU.EE‘IB‘B‘B‘B m

|n-;m! 1.5m
"
E‘ _
3

10.0m

7.6m

 Motation:
Initial subsidence
pressure

Matural pressure
Total pressure
Zones of subsidence:

W\ - upper
M -lower

Open | Save | Calculate | Report | Help

On the Results tab, you will see the output data of calculation:
e type of soil properties;
e soil subsidence Sg;;
« total height of upper subsidence zone hgp;
 total height of lower subsidence zone hgg;
« total height of subsidence stratum Hg.

Output data is illustrated on schematic presentation. There are graphs of initial subsiding
pressure, natural pressure and total pressure of soil. The upper and lower subsidence
zones are indicated with hatching. To find out detailed information about calculation, look at
the Tracing routine section in the Report.
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Settlement of a single pile by DBN

Use this module to determine the settlement of a single pile according to DBN B.2.1-
10:2009 Modification No.1.

Soil properties

3. Penetration with jetting in sandy soils; at the last -
stage of deepening, the piles are hammered for 1 m Layers |5 layer | 4 j
or mare without jetting

|day (0 <=1 <=0.6) |
Liquidity index 0.4
Thickness, m | 1 MNu |0.42
v Tables {* Table I1.1.5 " Table II.1.6 '
[ |

Eolm kPa L |a m E, kPa |50000

Pile cross-section, m

rP::lr?.—:mf:ter Iﬁ‘

’i b [0.4 p[2200 W pu[2500 iy
L hI Liquidity index

g b Settlement |0 mm ’T
[

Help | Open | Save Calculate | | Exit | oK | Cancel ‘

Figure 1
Input data

When you select the Tables check box (see Fig.1), the upper left area of the dialog box
becomes available. There you will see tabs with numbers of paragraphs in tables from
DBN (paragraph 1.5 or paragraph 1.6) and you could select the pile type and method for its
penetration. Text of selected paragraph from the table is displayed as a comment (see
Fig.1). The tables p.1.5 and p.1.6 are presented below in this text.

In the Soil properties area, define the number of soil layers and the No. of layer for which
you will select the name from the drop-down list, thickness, Poisson's ratio and modulus of
elasticity.

Factors kfl or kf2 are determined automatically from these tables according to selected
paragraph for the specified pile type and name of soil layer. Factors kpl and kp2 below the
pile toe will be also determined from tables DBN - p.1.7 and p.1.8.

For the clay soil it is necessary to define liquidity index I,.
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Table p.1.5. Partial safety factor for soil along side surface of pile kf1

Method for penetration of driven pile and shell-type pile without | Partial safety factor for
soil excavation soil along side surface of
pile kfl

1. Penetration of solid and hollow piles with a closed pile toe 1.4
by mechanical (suspended) method with steam-wind and
diesel hammers.

2. Penetration by driving and forcing into previously drilled
leader boreholes; the pile toe is buried at least 1 m below the
bottom of the borehole when its diameter

a) equal to the side of square pile 0.7
b) 0.05 m less than the side of square pile 0.9
c¢) 0.15 m less than the side of square pile or diameter of pile 1.4
with circular section (for power transmission lines).

3. Penetration with jetting in sandy soils; at the last stage of 1.3
deepening, the piles are hammered for 1 m or more without
jetting.

4. Vibro-penetration of shell-type piles, vibro-penetration and
vibro-driving of pile into the soil:

a) sand with average density: 1.4
coarse, medium, 1.4
fine sand, sandy silt; 1.4

b) clay soil with liquidity index I, = 0.5:
sand loam, 1.3
clay loam, 1.3
clay; 15

B) clay soil with liquidity index I, < 0. 1.4

5. Penetration (by hammers of any type) of hollow RC piles
with an open pile toe:

a) when a pile cavity diameter is equal to 0.4m or less; 1.4
b) the same, from 0.4m up to 0.8m. 1.4

6. Penetration (by any method) of hollow circular piles with a
closed pile toe to a depth of 10 m or more, then making a
springing at the pile toe into medium-density sandy soils and
in clay soils with liquidity index I. < 0.5 when diameter of

springing is equal to: 1.4
a) 1.0 m regardless of the soil type; 1.4
b) 1.5 min sand and sand loam; 1.4

c) 1.5 min clay loam and clay.

7. Penetration of pile by forcing it into:
a) sand with average density, coarse, medium and find sand; | 1.4

b) sandy silt; 1.1
c) clay soil with liquidity index 1. < 0.5; 1.4
d) the same, 1. 20.5 1.4
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Table p.1.6. Partial safety factor for soil along side surface of pile kf2

Type of pile and method of pile installation

Partial safety factor for

soil kf2
sand | sand [clay [clay
loam Joam

1. Bored pile when staffing a standard pipe with drive point 11 1.1 1.1 1.2
2. Bored pile, vibration stamped 1.3 [1.3 1.3 |15
3. Drilled pile, especially with concreted widening:
a) if there is no water in the borehole (dry method), as well as 1 1 1 1
when using casing standard pipes or drilled injection pile of
large diameter in stable soil; 09 0.9 09 Q1
b) under water or under mud, and drilled injection pile of large | 1.1 [1.1 1.1 1.1
diameter in unstable soil;
c) hard concrete mix with deep vibration (dry method).
4. Bored cast in situ, hollow circular pile if there is no water in
the borehole with the help of mandrel. 11 1.1 1.1 [1.2
5. Shell-type pile driven with vibration and soil excavation 1.4 |1.3 1 1
6. End-bearing pile 1 1 1 1
7. Drilled injection pile made under protection of casing pipes or
bentonite mortar with pressure testing of 200-400 kPa 13 1.1 1.1 [1.3

When the Tables check box (see Fig.2) is selected, then the name for the soil layer is not
assigned. In this case it is possible to define arbitrary properties for the soil layers including
factors kf (kf = kfl or kf = kf2) and kp (kp = kp1 or kp = kp2) in appropriate boxes.

= Settlement of single pile by DBM &

ﬁ» Soil properties
Pile with defined partial safety factors Kf and Kp -
Layers IS_ layer| 2 :ll

[ Tables (v i R IZ— b lﬁ
Eo|3e+007 kPa L |8 m E, kPa |IDDDD Kf |1.4

Pile cross-section, m

kp |24
o b |04 Pl2200 kM Pu|2500 ki
hI
o b Settlement |0 mm
Help | Cpen | Save Calculate | | Exit |

i:igure 2

Define modulus of elasticity for the pile Eo (kPa) and the pile length L (m).
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In the Pile cross-section area of the dialog box, select the type of pile section — square or
ring (circle) — and define appropriate parameters.

In appropriate boxes, define the load on pile P (kN) and Pu — ultimate strength of pile from
Pe (kN).

To start calculation, click Calculate.
Input data may be saved to the *.dbn file.
To download the input, click Open.

Calculation

The following parameters are calculated:

do — diameter of pile, m; for the square pile diameter is equal to the side of the square;
ro = do/2 — radius of pile, m.

Ef — mean modulus of elasticity for soil along the side surface of the pile, kPa;

V — mean Poisson's ratio for soil along the side surface of the pile;

Kf — mean partial safety factor along the side surface; the factor is calculated through
factors kfl and kf2;

Ep — mean modulus of elasticity for soil below pile toe, kPa;

S Ei*hi S vithi S Kf12i%hi S Eithi
Ef =1— D ov=— D b=t Ep=—__ :
> hi > hi > hi > hi

1 1 1 1

where n — number of soil layers along the pile length;

m — number of soil layers within the limits from do above and 4*do below the pile toe;
KE = Ef / Ep — ratio of mean modulus of elasticity along the side surface to modulus of
elasticity below the pile toe; if KE < 1, then it is accepted that KE = 1;

C — coefficient of settlement according to the table p.1.1 depending on ro/L and KE;

B — coefficient that determines the part of load transmitted with the pile toe, table p .1.2;
E — reduced modulus of elasticity for soil, kPa;

E=(1-B)*kf * Ef + kp* B* Ep:

ro / L —ratio of pile radius to pile length;

Pu — ultimate strength of pile - load in which bearing capacity of soil Fd is reduced, it is
allowed to take Pu = 1.25*Fd;

Pe — load that sets the limit for linear part of settlement of the pile head; this settlement is
caused by the settlement of pile shaft together with the settlement of soil around the pile
shatft; it is accepted as Pe = Pu / 2;

Se — elastic part of pile settlement from load Pe, m

Pe*C , Pe*L*(1+B)

Se=2%(1+v)
E*L 2% Eo* F

S1 - settlement of single pile under load Pe, m.
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Se*P

Sl=——;
Pu—-P

Output data

The settlement of single pile S1 is determined in calculation.
The value of the settlement will be displayed in the Settlement box in the dialog box (see

Fig.3).

I
— Soil properties
3. Penetration with jetting in sandy soils; at the last = I
stage of deepening, the piles are hammered for 1 m Layers I 5 |3YE|'| 5 =
or mare without jetting I
coarse sand ;I |

I Thickness, |s M |0.4
¥ Tables @ TableIL1.5 ¢ TableIL1l6 eSS, m .

Eolw kPa I— E, kPa |9000 Kf | 1.3
l—

Pile cross-section, m ————————— Kp | 2.188

N Ii b JEETY Pu| 2500 kN
f g SetﬂementlEﬂU.ESA} mm

Repaort | Exit |

Help | Open Save

i:igure 3

To present a report document in HTML format, click Report (see Fig.4).
The report file contains all intermediate values for parameters as well as settlement value

and the input data.
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Design loads
Current load, kN Ultimate strength of pile, kN
P Pu
2200.00 2500.00
Parameters of pile
Pile side.m Real penetration (depth) of the pile into soil. m Modulus of elasticity for pile shaft. kPa
b L Eo
0.400 8.00 30000000.00
Soil properties (design values)
. . Partial safety factor
Layer Layer thockness, m Modulus of elasticity, kPa Poisson’s ratio - -
i B - along side surface of pile below pile toe
No. L E M Kf Kp
sand of medium density
1 4.00 I 8000.00 I 030 I 130 I
clay (IL=0)
2 2.00 I 10000.00 I 035 I 130 I
sandy silt
3 2.00 I 500000 I 042 I 130 I
clay (0==IL==06). ;=040
4 1.00 I 5000.00 I 0.42 I 130 I 2.16667
coarse sand
5 8.00 I 9000.00 I 0.40 I 130 I
Output data
B (E ke kp Ep. kPa Ef kPa k. v /L E.kPa P kN Se. M F, m2
0.072 0.645 13 217 6.2e+003 7.75e+003 038 0.343 0.025 1.03e+004 1.25¢+003 0.0273 0.16
[ Settlement (S;), mm | 201 |

Figure 4
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Loads and actions

Loads and actions

The chapter contains modules that enable you to compute loads according to SNIP
2.01.07- 85 and DBN V.1.2-2:2006:

Load factors

Dead weight of multi-layer coating

Snow loads
Wind loads
Ice loads

Climatic thermal loads

Hazardous energy combinations of forces (EnergyCF)

Resonance check for wind turbulence.

+ ESPRI. Engineeri

-
[ ]
LT 1]
Masonry and
masonry
reinforcing

Timber structures

7

X
l Foundations and
beddings

iz
Loads and
actions

»

f mn
Deflections

[

Ellipsoid

Figure 9.1

Load factors

&

=

Assistance Package.

ESPRI

Engineering Assistance Package

Load Factors
The module contains reference tables from SNIP 2.01.07-85%.

Dead Weight of Multi-layer Coating
The module for computation of normative and design loads from dead weight of the coat consisting of several layers. Resistance to heat transfer in
multi-layer coat may be computed, if required.

% Snow Loads

[

The module for computation of snow loads on buildings and structures according to SNIP 2.01.07-85* "Loads and Actions’ (with account of modifications
made in 2003), DBN V.1.2-2:2006.

Wind Loads
The module for computation of wind loads on buildings and structures according to SNIP 2.01.07-85*, DBN V.1.2-2:2006.

Ice Loads
The module for computation of ice loads according to SNIP 2.01.07-85%, DBN V.1.2-2:2006.

Climatic Thermal Loads
The module for computation of climatic thermal loads on building structures according to SNIP 2.01.07-85*, DBN V.1.2-2:2006.

Hazardous Energy Combinations of Forces (EnergyCF)
The module enables you to determine hazardous combinations of forces in bar sections according to criterion of extreme energy in the section.

Resonance Check for Wind Turbulence
The module enables you to check buildings and structures for resonance wind turbulence according to SP 20.13330.2011 and DBN V.1.2-2:201X.

Russian | Open Exit

The module contains reference tables for load factors:
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— for weight of building structures and soils (table 1, SNIP 2.01.07-85* 'Loads and
actions’);
— for weight of equipment (table 2, SNIP 2.01.07-85* 'Loads and actions').

E! Load factors (SNIP 2.01.07-85%)

=10 x|
For weight of building structures and soils | For weight of equipment |
i
Building ztructurez and tppes of zail féz?;lr |
Structures:
steel 1.05
concrete [with average denzity greater than 1600 ka/m3).
reinforced concrete, masony and BC masonny, timber

1.1
concrete [with average denzity 1600 ka/m2 and less],

inzulation, leveling and finighing lavers [zlabs, matenalz in rollz, filing-up,
strainers, etc.] constructed as

prefabricated
cazt-in-place

1.2
1.3
Soils:
i natural bedding 1.1
rnar-made 1.15 =
| LlJ
— Motes:

1. When you check the structure by stability of exterior equilibrium, it is necessany to define load factor for weight of structure or its part) as equal
to 0.9. The same calculation should be made when minimizing weight of structure and soils may impair service conditions for the structure.

2. When determining loads from soil it is necessany to consider loads from stored materials. equipment and vehicles) transfemed to soil.

3. For steel structures where forces from dead weight exceed 50 % from total forces, load factor should be taken as equalto 1,1.

Help
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=101 ]

E! Load factors (SNIP 2.01.07-85%)

For weight of building structures and soils  For weight of equipment |

i

e bt [
Fixed egquipment 1.05
|zalation of fixed equipment 1.2
Fillers for equipment [including reservoirs and pipelines):

liquid 1.0

zuzpended load, sludge, granular zolid

truck. and power tiuck [with carga)

1.2
-
4 | L1
— Motes:
1. Load from weight of equipment should contain dead weight of equipment or vehicle (including gear system. pemanent devices, support
devices, materials for suface levelling), weight of isolation, fillers for equipment possible during maintenance, etc.

2. Number of trucks considered simultaneously and their location on floor slab for analysis of different elements should be taken according to draft
proposal for the structure based on technology solutions.

It iz allowed to consider dynamic influence of vertical loads from trucks by multiphying nomative values of static loads by dynamic factor equal to
1A

3. I actual loads on floor slabs are replaced with equivalent uniformly distributed loads, the latter ones should be determined in analysis and
assigned according to the type of structural element (slab, secondary beam, beam, column, foundation). Assigned values of equivalent loads
should provide bearing capacity and stiffness of elements in structure that are required by specifications of actual load application to these

elements. Total nomative values of equivalent unifarmby distributed loads for industrial premises and warehouses should be taken as equal to:
for slabs and secondary beams - not less than 3,0 kPa (300 kaf/m2),

for beams, columns and foundations —not less than 2,0 kPa (200 kaf/m2).
Increase in loads from equipment and stored materials at a later time is allowed for feasibility study of the project.

Bt Help

Dead weight of multi-layer coating

The module is mentioned for computation of normative and design loads from dead weight
of the coat consisting of several layers. Resistance to heat transfer in multi-layer coat may

be computed, if required. Calculation is made according to SNIP 2.01.07-85 'Loads and
Actions' and SNIP 11-3-79 'Building Heat Engineering'.

When you define input data, the coating of user-defined materials is generated.
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= Dead weight and resistance to heat transfer for multi-layer coating - O] x|
Meazurement units Ikg.n"m"2 j  Input data for thermal analysis
Structural elements Iroof o floor <lah j Service conditions [zuppl.1.2 SMIP) |,€.\ j
= Inner surface I1.W’alls, ceilings, smootlj
Material name | Material | Load factor| D ot cutface [2Fioo s 5 =]
densitv‘ B | JFloor slabs above col
kg/m~3 | Ait space [suppl 4 SNIP] 014 | meeenaw
¢ [ Consider uliimate resistance I m" 2 T
n[f |Jzer-defined coating
. Add item Defete term Save coating
Perlite cement 1000.0 1.3 | | |
mortar v N| Material name | Material |rhickness Load +!
l | 4 il density, [m]
kg/m~3
tanufactured and user-defined coatings ° )
N | Name of coating | Added on Addec 2
1 |rsts 13/09/2016 LIRA 3 Perlite cement 1000.0 EOsTE 1.5
4| | k]
— Dutput data
Mormative load |1 n4, ka/m”2
Design load I2EIU.2 ka/m™2
Resistance to heat tranzfer ID.?3?8551 28 mT2eCAw
[elete caating I [Calculate I Repart I Exit I Help
Figure 9.2
Input data

Select the Measurement units for the output data in the appropriate box.

In the Structural elements box, select tables of structural elements for materials: roofs
and floor slabs, walls, thermal insulation or other.

Then, select with the pointer necessary material in the table.

To add selected material to user-defined coating, click -Add.

You could select materials simply by changing the tables by turns. The next layer is added
at the end of user-defined coating.

To add manufactured or previously defined coating into the current user-defined coating,
select appropriate coating and add it with the Add button ">>". This button becomes
available when you select name of coating in the table.

You could add several manufacture or previously defined coatings into the current user-
defined coating. The next coating will be added at the end of user-defined coating.

To add material that is not available in any of structural element tables, it is necessary to
add empty row to the user-defined coating. To do this, click the row above which you
should add empty row. The Add item button becomes available. Click this button to add
the empty row above the selected one.
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To edit cells of the added row (just as any other cell), double-click appropriate cell. In this
case, the background of the cell in the edit mode will be of system colour Window text (for
standard Windows, it is white).

To delete item from the user-defined coating, click the row that should be deleted. Then
Delete item button becomes available. Click this button to delete the row.

Define input data for thermal analysis.

To take account of (or to ignore) coefficients for heat transfer of inner and outer surfaces of
enclosing structures, in the Input data for thermal analysis area, select (or remain clear)
appropriate items from the lists.

These are values of heat transfer coefficients for inner and outer surfaces of enclosing
structures. These values are taken from tables 4 and 6 SNIP 11-3—79* respectively.

To consider the air space in the user-defined coating, define the value of resistance to
heat transfer of the air space in the appropriate box.

To save the user-defined coating, click Save coating. In another dialog box that appear,
define Name of coating and Additional data about coating. Name of coating - short
name for the coating (up to 40 characters) that has certain meaning and allows you to
identify the coating in future. Additional data about coating - it may be the surname of the
customer who created the coating, company name, etc. (up to 50 characters).

When you click Calculate, if the coating is not saved, the program automatically suggests
that you save it.

Output data
Output data contains normative load, design load and resistance to heat transfer.
To present a report document in HTML format, click Report.

Dead weight of multi-layer coating "rsts"

Material name Normative load, [Kg/m*2] Load factor Design load, [kg/m»2]
T200 000gm 10 0100 18.000 1300 23400
Cepas s
ngg.eugg[mk;?n%%ﬁm[m] 100.000 1.300 130.000
TOTAL 154.000 B 200.200

Resistance to heat transfer for multi-layer coating "'rsts"

Service conditions (suppl.1,2 SNIP): A

Material name Resistance to heat transfer for layer, [m~2*°C/W]
Cement and sand mortar 0.013
0.010[m}0.7600W/m*>C] -
Cement and sand mortar 0.026
0.020[m}0.760[W/m*>C] -
Perlite cement mortar 0.385
0.100[m}0-2500W/m*>C] :
Inner surface
8.700[W/m™C] 0.115
Quter surface
17.000[W/m*C] 0.053
Al space (suppl.4 SNIF) 0.140
TOTAL 0738
Figure 9.3
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Snow loads

This module is meant to compute snow loads on buildings and structures according to
SNIP 2.01.07-85* (1987, 2003) and DBN V.1.2-2:2006. The program enables you to
compute normative and design values of snow load on horizontal projection of roof
according to schematic presentations mentioned in the table of mandatory Application 3
SNIP. For calculation by DBN V.1.2-2:2006 it is possible to compute design values of
ultimate, service and quasi-permanent snow load.

The following types of load are realized: 1, 2, 2', 3, 4, 5, 6, 7, 10, 11, 12.

~~Snow loads x|
Calculate Report  Measurement units
— Building code Reqion of the site
ISNlF' 2.01.07-85* ’75an region II j SD ISD ka/me Y |2 mis 3 |
SHIP 2.01.07-85¢
SNIP 2.01,07-85 Madified in 2003 sl
[EBN V1. 222006 lited rans andj
L I ‘ { l
I, = |1 5 m 5 |2 m
Shucture I j
Y= I'I 4 [+ Reduce loads according bo sect. 5.5 SHIF
— General parameters of structure —Additional parameters
. infarced concrete roof zlab
Width [b) [60 m m
Height [h] |1 i m
Calculate | Report Cloze
Figure 9.4
Input data

Select necessary building code in the appropriate list.

In the Region of the site area, select the Snow region in the list, the values for Sp and V
will be displayed automatically according to selected building code.
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To calculate the Sp and V values manually, in the Snow region list, select User (which
means User-defined).

Define Type of structure in the appropriate list.

According to the type of structure, define (or edit) parameters of the structure.

For certain structures, in the Structure box it is necessary to select zone where the load is
applied and select Additional data.

Input load factor ys or leave the default value (for calculation by SNIP).

Define appropriate data in the edit boxes.

To start calculation, click Calculate.

Output data

Output data is presented graphically on the screen at the right part of the dialog box. When
you move the pointer along schematic presentation (graph), you could see values of snow
load along the width of structure.

Output data may be presented as report that contains model of the structure and table of
snow loads along the width of structure.

To generate and preview report file in HTML format, click Report.
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€ Snow loads - Windows Internet Explorer —|o] %]
I@ C:\snow.htm ol &
= Snow loads x | |
File Edit View Favorites Tools Help
Input data ~
Region of Type of structure Model Parameters
the site
Snow region - 1| B-Double- and multispan structures with L=15m
g vaulted roofs and roofs similar in shape f=2m
S0 = 50 kg/m2 = m,}.f
Yr=1.40
_ /N
Type of the Width (b) - 60 m k +
site - C
V=2mis Height (h)- 10 m
Reduce snow loads according to sect 5.5 SNIP |]
Output data
Wariant No.1
kg'm
0 50 70
70
- 30 50 70
o 30
Wariant No.2
ez/m?2 0 100 140
.14-0 7.8 0 0
’ 15 | 100 | 140
i 225 0 0
B 30 100 | 140 v
" 100% = v
Figure 9.5
Wind loads

This module is meant to compute wind loads on buildings and structures according to SNIP
2.01.07-85* and DBN V.1.2-2:2006.

The program enables you to compute normative and design values of average component
of wind load with account of aerodynamic coefficient by schematic presentations
mentioned in corresponding Appendix to building code.

The following types of load are realized:
for SNIP -1, 2, 3, 4,9, 10, 11, 12-a, 12-b, 13-17.
for DBN -1, 2, 3, 4,9, 10, 11, 12-a, 12-b, 13, 14, 16-18.
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IS Wind loads x|
Calculate Report Measurement units Help

— Building code Region of the zite
{DBN V.1.2:2:2006 Typeoftheste || =] ‘Windregion [ =] % o ka/m2
SHIP 2.01.07-85% | - open coastline of sea, lake, plaing without obstacles, expozed to wind on the part of length not less

DBM W1.2-2: 2006 than 3km
— Type of gtructure ~ Results
|14.5tructures and their elements with circular cplindrical j “E&EHC} Raynolds aumbers: Re 2=22.3123 Re m=51.57s5.
Ha, km
D ||:|.5
H
E} Crel
> [

10.00

i

H = IEU.UU i = 200 i 0.00 C
d ke'm2
b = ID-D'I m o= IE"J-DD':| * Stucture Ihuildings of masonry and R skeleton j

Surface IEDncrete and RC j
Calculation step I_l— - T year I'IDU = ID.D2
LCalculate | Beport | Exit |
Figure 9.6
Input data

— In the Region of the site area, select Type of the site and Wind region in the
appropriate lists and define normative value of wind force W.
— Define Type of structure in the appropriate list.

button, define parameters of the structure.

— In the Surface list box, select the surface of wind load: left wall of the structure, right wall,
etc.

— Define Calculation step and load factor y; .

— Define appropriate data in the edit boxes.

— To start calculation, click Calculate.

Output data

Output data is presented graphically on the screen at the right part of the dialog box. When
you move the pointer along schematic presentation (graph), you could see values of wind
load along the height of structure.

Output data may be presented as report that contains model of the structure and table of
wind loads and their location relative to the ground surface.
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To generate and preview report file in HTML format, click Report.

£ Wind loads - Windows Internet Explorer -|O] x|
7=y~ |E1 C:\wind.htm o] & o 3
2 Wind loads x | |
File Edit View Favorites Tools Help
Input data ~
Regio['l B Type of structure Model Parameters
the site
14_Strqclure5 and their e!ements with circular H=2000m
Type of the cylindrical surface, wires, ropes, guys ‘T T
site - | (RC pipes) _
Principal period greater than 0 25sec. [ ) o d=200m
wind region - | Side - Concrete and RC D a=90.000°
wy = 40.00 Calculation step=1.00 m P> o
kg/m2 D
Ho=0.50 KM; T= 1000 years: Y =1.14: {:}—& 4=0.005m
Cat=1.0 _ . -
- nN=0.020; Ys=021 L —k |
C=1.0
Output data
[ (m) Revnolds numbers: Re_==22 3125 Rz m=319725
Lke'm2
Distance to, Service load, Ultimate load, | Distance to, Service load, Ultimate load,
(m) (kg/m2) (kg/m2) (m) (kg/m2) (kg/m2)
0.00 7.06 38.30 1.00 7.06 38.30 o
2.00 7.06 38.30 3.00 7.06 38.30
" 100% = v
Figure 9.7
Ice loads

The module is meant to compute ice loads according to SNIP 2.01.07-85* and DBN V.1.2-
2:2006.

The program enables you to compute normative and design values of linear and surface

ice load.

Input data
Select the Measurement units in the appropriate box.

Page 278 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Loads and actions

Select the building code in the appropriate box.

— In the Element type area of the dialog box, select Circular section option and define
diameter.

— Select the Ice region in the list; in this case the values b (thickness of ice layer) will be
displayed automatically. If you define b manually and leave this edit box, the ice region will
be modified to User (user-defined).

— For calculation by DBN, in the same way select the Ice region according to values of
wind pressure. In this case the value W, (characteristic value of wind pressure for ice
load) will be displayed automatically. In the appropriate box define T - average repetition
period for ultimate design value.

— Define h — height above ground level where the ice load should be calculated.

— To start calculation, click Calculate.

x|

Calculate Report Measurement units
— Element upe
& Circular section with d <= 70mm € Other element

d= |5 i
— loe region

[ =] b= |3— mm

[ b -ice layer thickness |

h= |1EI m

[ b - height above ground level |

— Building code
SNIP 2.01.07-85° =]

SMIP 2.01.07-85"
DEM *.1.2-2:2006

.

AP ROIRET o

A

TGN SR T
AL,

e
o

Cutput data

vi= [t2 | hom= [0077 ka/m
- Ides. = kg
Calzulate: I Repart | Cloze | [ IEI.1 asm

Figure 9.8

Output data

Output data is presented graphically on the screen. It also may be presented as report that
contains input data and table with loads values.

To generate and preview report file in HTML format, click Report.
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£ Ice loads - Windows Internet Explorer =[O x|
I@ D:\gololed_Eng.htm or|l4] o 7% =
2 Ice loads x| |
File Edit View Favorites Tools Help
Ice loads
( SNIP 2.01.07-85%)
| Input data |
[Element type I Circular section with d == 70 mm |
[Diameter of wire, rope (d) I 5mm |
[ice region I | |
[ice layer thickness (b) I 3 mm |
[Height above ground level (h) I 10m |
[Load factor (Y1) I 13 |
Output data
Normative value of ice load, i I 0.077 kg/m
[Design value of ice load, is I 0.1 kg/m

%100% v ,

Climatic thermal loads

The module is meant for computation of climatic thermal loads on building structures
according to SNIP 2.01.07-85* and DBN V.1.2-2:2006 'Loads and Actions'.

The data from the following documents is also considered in calculation:

— appendix 7 SNIP [I-3-79* that contains coefficients for absorption of solar radiation by
material of external surface of enclosing structure;

— appendix 5, 6, 7 SNIP 2.01.01-82 that contains maximum values of total (direct and
diffuse) solar radiation.

Normative and design values of changes in mean temperatures are computed. It is also
possible to compute mean daily temperatures of external air and initial temperature when
the structure is closed to complete system.
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@ Climatic thermal actions - 0| x|

File View Help
Szt 6. % ¥ O H| ®

| »

Building code: [ENEEIIIES

DBN V.1.2-2:2006

Define formulas for calculation

| Buildings and structures during maintenance
Unheated buildings _— . e .
Building structures | (no technological heat | Heated Buildings with al"tlfll:la! climate or
- constant technological heat
source) and open buildings
sources
structures
| by lw T8 78, |ty Ty 08, t,) + 8, + 8,
Mot protected from —
solar radiation ‘ &w =85 | Ey = 0.8(tgy, - tiy) + 83+ 85 e
(including external ‘ t.=t, - 058, ‘ t. =t +08(t, -t.)-056,
enclosing)
‘ &= ‘ & = 0.8(ty - fic) - 0.5,
‘ tw = tew | Y = G
Protected from ‘ £,=0
solar radiation - -
(including internal) ‘ =l ‘ =t
=0
| [
Done . INUM | Y
Figure 9.9
Input data

In the Define formulas for calculation table, click appropriate rows (columns) and select
formulas for calculation of thermal loads by type of buildings during maintenance
(Unheated buildings (no technological heat source) and open structures, Buildings
with artificial climate or constant technological heat sources) and building structures
(Not protected from solar radiation (including external enclosing); Protected from
solar radiation (including internal)).

Define input data for calculation of parameters: tew,tec,tow,toc.

g

Click the Increments of Mean Temperatures and Temperature Drop button on the
toolbar.

Select with the pointer increment of temperature for building structures (steel or
reinforced concrete, concrete, masonry and masonry reinforcing with specific
thickness).

Click the Absorption coefficient for solar radiation button on the toolbar and select
with the pointer appropriate Material for external surface of enclosing structure in the
table.
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Click the Total daily radiation, Smax button on the toolbar.
In the appropriate list box, define the type and orientation of surface, select with the pointer
necessary value of latitude.

Click the Coefficients K and K1 button on the toolbar.

Select with the pointer the row with type and orientation of surface and in another table, the
row with building structures.

To show or hide the input data on the screen (current state of the problem), use the

Show/hide input data I@ button on the toolbar.
Click the Calculate button on the toolbar.

Output data
After calculation, the program generates report that contains input and output data.
It is possible to save or print the report file (FILE/Save report, FILE/Print).

B Climatic thermal actions i (=13

File View Help
G|#|fi% »I k| @] 2|

Climatic thermal actions
(SNIP 2.01.07-85%)

| Input data
[ Structures
Unheated buildings (no technological heat source) and open structures
Buildings and structures during maintenance or
Heated buildings
Not protected from solar radiation (including external enclosing)
Building structures Reinforced concrete, concrete, masonry and reinforced masonry with thickness, em: from 15 to 39
(k,=04)
|Temperature of internal air in premises
|Materia| for external surface of enclosing structure ‘Facing tile, glass blue (0 = 0.6)
|Type and orientation of surface ‘Ven‘icaﬁj oriented to: west (K = 0.9)
|Lna:| factor ‘YF= 1.1
[ Location and climatic conditions for construction area
|Geographic latitude ‘52 “n.l. (Smex =880 [l."WmEj)
|Mean temperature in January ‘fl =5°C
|Deviatir.m of mean daily temperatures in January ‘A, =15°C
|Mean temperature in July ‘fVH =20°C
|Deviation of mean daily temperatures in July ‘AVH =6°C
| Output data
I Normative load [ Design load
RS -110°C
January
S -100°C -i10°C
| at, ‘41 5°C ‘45 65°C
July
| % Mz 1568 °C
=
Done NUM 4
Figure 9.10
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Hazardous energy combinations of forces (EnergyCF)

The module enables you to determine hazardous combinations of forces in bar section
(plane eccentric tension-compression) according to criterion of extreme energy in the
section.

Energy of section in the i-th load case is described by formula:

2 2
o= | M M
2E\F 0 J

where i=1+n; n — number of independent load cases; Ni — axial force; Mi — bending
moment; E — modulus of elasticity; F — area of section; J — moment of inertia for section. It
is considered that forces in the section are computed in liner elastic analysis.

Energy of section in the i-th load case may be presented as
1
L= —(Xf + }’f)
2F 1

M

A
A= = _
where F AT components of vector [P'f ]_ [X’F]i. This makes it possible to
manage the process of determining hazardous combinations of forces as the search for

vectors with max length among all possible vector sums [R?]

Section energy from combinations of load cases reaches extreme values at the vertices of
polygon (convex closed shell with discrete set of all vector sums [R?] ). Number of vertices

n n
in polygon-shell is equal to 2n, while total number of vector sums equals to Z (2?1‘ << )

The program generates polygon-shell with 2n vertices. For every vertex, the program
generates the sum of components X, Y and the list (combination) with numbers of load
cases mentioned in this sum. For vertices, the following values are also computed: energy

T=—+4+ —
of section U, axial force N, moment M and stress Fow,
Theoretical base and algorithm for calculation are described in detail in [6, 7].

Input data
The program window is presented in the figure below.
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FI\E Edit View Help
DEH ©;
£ &

+ = R

. (R M (t*m)
10 10
55 15 1
40 40
3 50
42 30

47 -17 #12
25 35
14 44

[l 49 14 #13

Section x

I
».| value Mea... e

E.. 30000000 tim2
F... 2400.0 cm2
J=720000.0 cméd

I SIS

#16

v, # [combinations | x (trm) v e/m[u( [ [m(ee.. | sigma .|
I 2 6.7.8.1P 21025 -80139 0.1 103.00 -68.00 -2404.17
4 6.7.8.1.2.P 29180 329.98 (003 143.00 -28.00 57083
1 7.8.1.2.P 34293 8250 (002 16800 700 99167
7.8.123P 34905 67175 0.10 171.00 57.00 3087.50
5 8 X
[
7

8.1.2 3P 32047 119030 025 157.00 10100 4862 50
8.1.2.3.4.P 234.74 154385 0.41 115.00  131.00  5937.50
1234FPF 13472 170884 049 66.00 14500  6316.67
0 /234P 2245 1532.06 |0.39 11.00 13000 5462 50 =

CAP. NUM | SCRL

[y PR PRy PN

Figure 9.11

Forces
In the first row of the Forces table, define forces N and M from dead load case. All
components of the dead load case are denoted with index P. To define forces from dead

load case, click the Account of dead load case button on the toolbar of this table. If
this button is not active, then the row of forces from the dead load case remains
unavailable and calculation will be made without account of dead load case.

From the second row, define forces from other load cases in ascending order of their
numbers beginning from the first one. To add or delete rows in the table, use the Add

+ and Delete . buttons on the standard toolbar.

+ = ¥ + = P

L.N@E® | MEm) | LN M |

P 10 10

3 13 50 3 |3 0

4 42 30 1 |42 10

5 47 A7 e |47 47

6 25 35 5 |25 e

El 49 14 M 49 14

| .
a) b)

Figure 9.12
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Section properties
In the Section table, define modulus of elasticity for material E, area of section F and

moment of inertia for the section J. When you click the Section button I , the
Parametric sections, program appears on the screen. There you could compute values F
and J. Computed values will be automatically displayed in the appropriate boxes. Section
FET

3

W=
modulus is computed by formula

Section X
I
P..| Value Mea...
E.. 3000000.0 t/m2
F... 24000 cm2
J = 7200000 cmd
Figure 9.13

P &

To start calculation, click the Calculate button __‘_._ on the standard toolbar.

Output data
After calculation you will see convex shell with hazardous combinations of forces computed

at vertices of the shell. Shell and axes X, Y are coloured blue.
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#12

#11

-

#15

Figure 9.14

If the dead load case is taken into account, then centre of the shell
axes X, Y) is moved in parallel direction against direction of vector

#16

.51

fintersection of blue
2| by the value of its

length. It is displayed with the second pair of axes X, Y coloured red.

The table of results contains: numbers of load cases included into appropriate combination,
sums of components X and Y at the vertices of shell, appropriate forces N and M, stresses

Sigma and energy U.

# | Combinations X(tfm) | ¥ (t/m) U (k) N (t) M (t*... | Sigma (...
1. 15.6.7.8.P 2.04 -1178.51 1 0.23 1.00 -100.00  -4162.50
2. |5.6.7.8.1, 114.31 -1001.73 017 £6.00 -35.00  -3308.33
3 6 T7.8 1P 21025 -8013% 0N 103.00 -68.00 | -2404.17
4. B.7.8.1.2 291.90 -32998 0.03 143.00 -28.00  -570.83
5 7.8 1.2.F 342893 82.80 0.02 168.00 | 7.00 991.67
6. 7.8.1.2. 3. 34905  671.75 010 171.00 57.00 3087.50
7. 812 3.F 32047 119030 0.25 167.00 | 101.00  4862.50
8. 6.1.2 3.4 23474 154385 0.4 115.00 131.00  5937.50
9. 1.2.3.4.F 134.72 170884 049 66.00 145.00 | B6316.67
10. 12, 3.4 P 2245 1532.06  0.39 11.00 130.00  5462.50
1. 12.3.4.5 P 7348 1331.72 1 0.30 -36.00  113.00 | 4558.33
12. /3. 4.6 P -15513 86031 013 -76.00  73.00 2725.00
13. 13.4. 5. 6.P -206.17 44783 0.04 -101.00  38.00 1162.50
14. 14,56 P -2122% 14142 0.1 -104.00 1200 1 -933.33
15. 4.5 6.7.P -183.71  -659.97 | 0.08 -90.00  -56.00  -2708.33
16. |5.6.7. P 9798 101352 017 -48.00 -86.00  -3783.33
Figure 9.15
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When you click any vertex on the shell, the vertex will be coloured red and the
correspondent row in the table will be coloured blue.
When you click any row in the table, appropriate vertex of a shell will be coloured red.

Input vectors [R,] are displayed next to the table.

Y13

Figure 9.16

To generate report file in HTML format, click Report button % on the toolbar.

Resonance check for wind turbulence

The module enables you to check buildings and structures for resonance wind turbulence
according to SP 20.13330.2011 and DBN V.1.2-2:201X.
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i Resonance check for wind turbulence - 0| x|
Building code fsp20.13330.2011 7| Wind region WII -
IT Type of site I-"-‘- 'I
Height of structure (H), m
Type of structure | pipes and masts with no guy cablej

Characteristic lateral dimension of structure in direction

Logarithmic decrement of ID.I:IS (steel structures) j

perpendicular to wind direction (d), m TIETE

I 25
Mumber of mode sh
parallel to wind direction (b), m I 22 e
I 0.11

T

Frequendes for mode shapes 0.12 0.145 0.17 0.22

[ dreular structure (defined in ascending order), Hz

Strouhal number

Cutput data
Frequencies Hz Critical wind gpeed.m/c Coefficient for wind zpeed |ntenzity of wind load kM fm
1 01z 2T ATETEY 0444108 963715926
2 0.145 32954546 0536631 1407.092177
3 017 38636364 0629154 1934.124324
4 02z A0, 0814199 1766812563
5
R
<« | 3

Max wind speed, m/s I 61,4101
Report |
Coeffident for type of site I 2.62527

Help | Exit |

Figure 9.17

Input data
Select necessary building code from the list.

Define the following data:
— H - height of structure;
— d — characteristic lateral dimension of structure in direction perpendicular to wind
direction;
— b — characteristic lateral dimension of structure in direction parallel to wind direction;
— shape of structure — circular or not;
—wind region: la, I, 11, I, 1V, V, VI, VII (for SP) or 1, 2, 3, 4, 5 (for DBN);
— Strouhal number St:
— for circular cross-sections St = 0.2;
— for sections with sharp edges St = 0.11;
— itis allowed to define arbitrary value.
— number of mode shapes (by default 1);
— frequencies fj in Hz for 1 £ i £ KF mode shapes (defined in ascending order);
— type of structure; equivalent height Z, is determined according to this type:
— pipes and masts with no guy cables — Z, = 0.8*H;
— buildings and structures with smoothly varying shape of cross section — Ze = 0.8*H;
— other buildings and structures — Z = H.
— type of site: A, B, C (for SP) or I, I, lll, IV (for DBN);
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— logarithmic decrement of vibrations:
— for steel structures 6 = 0.05;
— for reinforced concrete structures & = 0.10.

Output data
The following data is computed and displayed on the screen:

— Vmax(Ze) — max wind speed, m/s;

— Vcr,i — critical wind speed for every mode shape, m/s;

— kvi = Vcr,i / Vmax(Ze) — coefficient for wind speed for every mode shape;

— Fi(z) — intensity of wind load for resonance wind turbulence for every mode shape in
direction perpendicular to average wind speed, kN/m;

— Cy,cr — aerodynamic coefficient (in the report file);

— k(Ze) — coefficient for type of site;

— Ratio H/d,;

— Ratio b/d.

Important. Speed coefficient kvi is required to determine average (Wm,cr) and pulsation
(Wp,cr) components of resonance in direction parallel to wind speed: Wm,cr = kvi® * Wm;

Wp,cr = kvi* Wp.

To present a report document in HTML format, click Report.
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Deflections

This chapter contains module that enables you to calculate inelastic deflections in
multispan continuous beam for arbitrary live and short-term loads.

Analysis of inelastic deflections

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

!-’ *= Deflections. Analysis of Inelastic Deflections

The module enables you to calculate inelastic deflections in multispan continuous beam (up to five spans with two
Loads and cantilevers) by different building codes.
actions

‘oan
=2

Deflections

i

Ellipsoid

i

Sheet Piling

6%

Diaphragm

W

Punching shear

=

Figure 10.1

Analysis of inelastic deflections

The module enables you to calculate inelastic deflections in multispan continuous beam
(up to five spans with two cantilevers) for arbitrary live and short-term loads.

The following building codes are supported: SNIP 2.03.01-84*, SNIP 52-01-2003,
Eurocode 2, DSTU 3760-98, TSN-102-00*.
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& Analysis of inelastic deflections -0 x|
¥ Input data | 5 Outpus data |
— Parameters
Flexural Mass
MNumber of spans: Iw "l stiffness per Trm.
W Left cantilever |3 m [142633 m2 [0927125 vm 3|
1t span |6 m [142633 m2 [0.127125 vm | o 5
2nd span J4 m [142633 m2 [0127125 vm | P
3rd span |Z ml tm2 |Z t/m ﬂ
4th span I: rnl tm2 I: t/m ﬂ Q
bith span I: m IC tm2 I: t/m ﬂ L(0}= L(1)= L(2)= L(B)=
¥ Fightcartiever [18  m [142633 tm2 [0127125 tm 3| >om .oom oom - Teom
1 2 3
— Options — Loads
Units of measurement: It -] Cumertspan: [0 <] Load case MNo. |1_j
, _L Calculate
I™| Uriform beam — | loadtype P l l ,l, Name IDead
~ Supports o [ﬁ T e "[ ‘[ Delete load
Type SC.'JJ;:;E‘; m b - |2.2—h‘m I L i of load casel from span | cUErt |
Stiffness ﬁl P1= IC.: L/m [ Account of dead weight in load case
far translation 5 = I:_: - Table of defined loads for the cument load case
al_ [10000 t/m dh R Load type | Span | P | P1 | a | b |[=
_ . ' ) concertr.load 1 10 0 3 0
— Edit load I distib. load 1 22 0 0 0
|| - ( add | Ed ||| midb.load 2 22 0 0 (e
Cpen Save Bxit | Help
Figure 10.2
Input data

— In the Parameters area, in the Number of spans box, select number of spans and, if
required, select appropriate check boxes to define the presence of the left or right
cantilever.

— In the Options area, define units of measurement for loads and stiffness —t or kN.

— In the appropriate boxes, define span (cantilever) values in m.

— In the Parameters area, when you click the L2 button, the Stiffness types dialog box
appears on the screen. In this dialog box, define type of section and its parameters, class
of concrete and class of reinforcement, arrange reinforcement in sections (areas of upper
and lower reinforcement with distances to them) for zones; length of zones may be defined
either in absolute (m) or in relative (%) coordinates (e.g. length of the current zone 0,25
means that the section will be defined for the first quarter of the current span; for the
second defined section, length of the current zone is equal to 0,5 — this section is assigned
to the second quarter of the span, etc.)

Important. Option to select building code is available only for the first span. Selected
building code is automatically assigned to all spans of the beam. Building code should be
selected before defining the data about reinforcement zones (for the new problem) or when
all data about reinforcement zones is deleted (for analysed problem) as building code and
section are defined there.
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Click Parameters >> to define specific parameters according to selected building code.
When necessary parameters are defined, click Close.

4 Stiffness types (1st span of length - 6m) x|

—Define section —Defined zones
—Section type
Section... | Length | Conc... | Reinf... |
1
. I I ':5| A1 O Tsec.. 6  B25... A300...
— = h'f
I I | | Aso)
h
= I 300 mm o =0
= e

hf = I”— mm = E :

=30 mim 5| b Lb' | Ais

b= I 85 mim i I 7

bf = [35 ™M | Elo= [1426.38950318569  tm2

b'f = I 720

mm Code: SNIP 52-01-20073 j Add Edit: Delete
—Concrete and reinforcement ————|SMIP 2.03.01-34 - —Lengths of zones
Reinforcement dass: I,a.3|:||:| TSN Egz{":' | 55; f* Absolute
DEM (DSTU 3760-98

al= I 31 mm, Asl =| 380 'SMIP 52-01-2003 = 1386.47thn * " Relative
az = I 0 mm, AsZ2 = Eurocode 2192 =l5ity: Length of current zone:
al= I 0 mm, As'l =| ] mm2 I 2700 kagfm3 I 0.0 m
2= I 0 mm, As'2 =| ] mm2 Parameters == | | Close I

Figure 10.3

— In the Supports area, in the Current support box or by direct click on schematic
presentation, select supports that boundary conditions should be applied to, define the type
of boundary condition (it will be displayed on schematic presentation) and stiffness for
translation or rotation, if required.

— Select number of current load case (up to 3 load cases). Dead and Live load cases will
be treated as long-term load cases while short-term — as short-term ones. In this case Live
and Short-term load cases will be applied span-by-span to beam to find out extreme values
of deflections.

—In the Loads area, in the Current span box or by direct click on schematic presentation,
select spans that the load should be applied to (it will be displayed on schematic
presentation).

—In the Loads area, select the load type by clicking appropriate button, define necessary
parameters and click Add under the Edit load.

— To modify parameters of load, select the load in the table of loads, input new parameters
in the Loads area and click Edit under the Edit load.

— To delete load from the current span, select appropriate load in the table of loads. Then
in the Delete loads area, click current. To delete all loads from the current span, in the
Delete loads area, click from span.

— To add dead weight in the current load case, select appropriate check box.
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— When the input data is defined, to start calculation, click Calculate.

Output data

= Analysis of inelastic deflections — |0 x|

27 Input data S Output data |

 Values

Cumrent coordinate:

X = m

i

Deflection {142+ 3

LiD)= Li1)= Li2)= Lig)=
A 00m | A 00m | 400m | _130m Mzx |144.706

1 2 3 Min [0.983118  mm

g

Deflection f1:
Max [115.218

y Min [33.6136 mm

12,5859 Pty Max [113.12

Min [48.4181 mm

J91 98

Deflection £3:

-103.455 + s AREL Max |142.609

|

Min |15.7876 mm

|
187882 L1 Ll Report |

Cpen Save | Bxit | Help |

Figure 10.4

On the Output data tab you will see the diagram of deflections with extreme values.

To find out ordinates of diagrams at any point of beam, drag the pointer across the diagram
and view the ordinate for the diagrams of: complete deflections (f1-f2+f3), deflections from
short-term action of the whole load (f1), deflections from short-term action of dead and live
loads (f2) and deflections from long-term action of dead and live loads (f3).

To present a report document in HTML format, click Report.
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Ellipsoid

The chapter contains module that enables you to estimate strength of reinforced concrete
(RC) sections in axial force and bending moments.

Ellipsoid. Bearing capacity of RC elements

¥ ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

P Ellipsoid. Bearing Capacity of RC Elements
s The module enables you to estimate strength of reinforced concrete (RC) sections in axial force and bending moments. Analysis results are
&Y Foundations and presented in user-friendly interactive graphical environment.
beddings

1
Loads and
actions

‘om
—

Deflections

i

Ellipsoid

dr

Sheet Piling

%

Diaphragm

‘Russian  Op

Figure 11.1

Ellipsoid. Bearing capacity of RC elements

The module enables you to estimate strength of reinforced concrete (RC) sections in axial
force and bending moments according to SNIP 2.03.01-84* 'Concrete and Reinforced
Concrete Structures'. The surface of bearing capacity is generated for the section with
defined parameters.

In addition, for the loads specified in the table it is possible to calculate reserve factors by
bearing capacity. Reserve factor is the ratio of bearing capacity of the section to defined
forces. This factor indicates how many times the real forces may be increased until they
exceed the bearing capacity of the section.
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Input data
— In the Column section area, define the section for element of RC structure and define its
geometric properties.

i Bearing capacity of reinforced concrete sections =2

Input data |

Longitudinal reinforcement —Materials
Code

ISNIF' 2.03.01-84 VI
Concrete type

Iheawl.weight A I

G te

Reinf.
class IAIII I

g-ty I 2 diameter IEB l

a3 I 40 Process of hardening
Inab.lral hardening 'I
— [ 60,60 :
spacing Grade by density
Iﬁ:_ .
Delete all | S -
[~ Column section, mm ™ Account of short-term loads Accidental eccentricities, om ———
! | ll El El Ql el El il I& [~ Account of earthguake loads slong section height I i}
¥ Account of design eccentricities
along section width I 0
h2++h'| h3 b |55':| h I 350 ¥ Account of Mer

b1 | 200 hi I 250 Partial safety factor Effective lengths, m
[l_lzlhih-l b0 IZl:":I ho |25|:| Yb2a Ybe*¥b7 I I— LY |1—
" Yh2h I ¥b3*Yb5 I— Lz Il—
Apply |

Element length, m I 1
Calculate |
Save... | Open... | M I 1

Close | Report | Help

Figure 11.2

— To arrange reinforcement, select (with the pointer) the element on schematic
presentation and then define diameter (diameters), location and spacing in the appropriate
boxes. When you select certain elements, the Arrange uniformly check box becomes
available. If this check box is selected, then defined number of rebars will be automatically
arranged uniformly according to reinforcement pattern and defined location.

— In the appropriate boxes define additional data according to SNIP 2.03.01-84* : class of
concrete and hardening process for concrete; if necessary, select appropriate check boxes
to take account of short-term and/or earthquake loads; define partial safety factors, etc.

— When the input data is defined, click Calculate.

Output data
The output data is presented as the surface of bearing capacity for the specified section.
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According to results of calculation it is possible to check bearing capacity of the section for
the loads specified in the table.

To preview projections MyM,, MyN, M;N, dimetric projection of the surface or all views
simultaneously, click appropriate button. You could define certain point that should be
checked (necessary values of forces) in the appropriate boxes. When the certain point
(forces) is defined, to display projections, click Redraw. In this case the program generates
three orthogonal projections that pass through the specified point. The point is presented
on the ellipsoid and on its projections. If the specified point is located inside the ellipsoid
surface, then the section is adequate for the specified forces.

¥ Bearing capacity of reinforced concrete sections - [ellips X
"Input data DUUJUtdaEI
~ Projection I | | Fotation | W Include table in report MI
MyMz My MzM Dimetric | | All project. Tk e ;
I_ . g capacity I
Step |15 (Fr - reserve factor) Caleul. Fr
N M.t [ My tm [ Mz bm | Fr
Mz=52.1 tm My=18.2 tm 1(-289 18.2 521
121 o N 2|28 213 21
"y . 22 3|26 278 401
Nz 14 ]-256 278 -40.1
2 (-309 278 42
o T4 | 24
-3?2@\’_«)3‘5-3 Tee ° ~ | B |-309 3730
& 2 2a3 & - 7|18z 223 0
489 0
E
10]
Mz 1
N=-253 t 12
13
- 14
15]
-41 L
- 7]
18]
13|
20
N |0 t My 0 tm Mz [o tm
Clear I Insert | Redraw I
Close | Report | Help |

Figure 11.3

To add the specified forces to the table, click Insert.

To calculate reserve factors for loads specified in the table, click Calculate Fr.

If several rows of the table are filled in, then to display the point with certain forces and
contours of planes that pass through it, select appropriate row in the table and click
Redraw.

In the mode for preview of Dimetric projection, it is possible to rotate the image. To do this,
click Rotation or click [F11]. To cancel this mode, just click Rotation once again (to make
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it not active) or click [Esc]. Step of rotation angle may be defined in appropriate box. The
rotation is made in the following way:
« about vertical axis - click to the left (right) from the image (keys [«], [—]);
o about horizontal axis - click above (below) the image (keys [1], [1]);
o about axis that is orthogonal to the screen - [CTRL] key + click above (below) the
image (keys [HOME], [END]).

i Bearing capacity of reinforced concrete sections - [ellips x|

‘Inputdata Outputdata |

~ Projection | Rotation ¥ Include table in report
I Mt | Mt | [ Dimetic | Allpraject | I_ - Check bearing capacity
Step |15 {Fr - reserve factor) -

M.t | My, tm | Mz, tm | Fr

1] 1100 109 -1.221.30

N 12 ] 123 137 020

13| 33 4] 43235

14| 12 K] 4,200

15| 43 7 6.4 090

|6 | -100 -4 28170
My %
H
10}
1)
12}
1]
14]
15}
16}
7]
18]
13}
20

N0t My [0S tm Mz [T m
Clear I Insert | Hedraw |
Close | Report | Help |

Figure 11.4

When you move the pointer across the projection image, the force values are displayed at
the bottom of the dialog box. When you click certain point, the program redraws projections
for this point and the values are displayed in the appropriate boxes below the table. To
copy these values to the table, click Insert. The data will be inserted above the current row.

To delete certain rows or cells, select them with the pointer and click Clear. If there is no
selected area, then the current cell is cleared. Then all rows that are not empty will be
raised and reserve factors are recalculated.

When you change the row of the table (select another row), the values from all rows that
are not empty will be displayed in the edit boxes below the table. To redraw projections for
these values, click Redraw.
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Report
To present a report document in HTML format, click Report.

To paste the current images of projections to the report file, click To report. In this case, if
the Include table in report option is selected, then the table will be also included into
report file. If parameters or type of section are modified, the report will be generated once
again. You could save or print the report file.
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Sheet piling

Sheet piling (chapter)

The module is meant to analysis of substructure erected according to the 'wall in

soil' method. Design model is plane and contains soil, elements of sheet piling, H-braces
and anchorage. It is necessary to define dimensions and properties of soil, dimensions of
pit and elevations of pit excavation, loads on soil, dimensions and material properties,
sections of sheet piling and anchors as well as pretension forces in anchorage.

In the current version of the program it is allowed to define not more than 5 elevations for
pit excavation, 4 H-braces and 4 anchors from every side of sheet piling.

When the input data is defined, the soil is automatically triangulated with appropriate
dividing of sheet piling elements and taking account of locations for H-braces and anchors.
The soil is simulated with triangular FE of soil, sheet piling — with bar elements, H-braces
and anchors — with bar elements that take pretension.

¢ ESPRI 2018. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

44 Sheet Piling

The module is meant to design sheet piling for foundation pit.
Ellipsoid

N L

Sheet Piling

B4

Diaphragm

=0

Punching shear

i

Russian
| \

Figure 12.1
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Calculation is made sequentially by stages. At the first stage, the whole model (no anchors
and no pit excavation) is analysed on dead weight and defined load. Analysis results for
the first stage correspond to initial stress state of design model (stresses in soil prior to
commencement of the work).

Then number of stages is determined automatically and depends on defined elevations for
pit excavation and elevations for H-braces and anchors. That is, until the soil is not
excavated (disassemblage of soil elements), the H-braces and anchors could not be
installed (assemblage of anchors and/or H-braces). The H-braces should be installed
before anchors.

During calculation the stresses are accumulated (by stages) on elements of soil and forces
— in elements of sheet piling, H-braces and anchors. By default, displacements of nodes
are not accumulated. To do this, select appropriate check box in the Settings dialog box.

For example, the following order of stages may be defined:

stage 1 — soil;

stage 2 — sheet piling (assemblage) and the 1st excavation of soil (disassemblage);
stage 3 — installing of the 1st H-brace (assemblage);

stage 4 — installing of the 1st pair of anchors — left and right (assemblage); etc.

the last stage — the last excavation os soil (disassemblage).

Unequal number of anchors to the left and to the right is allowed. Location of the left and
right anchors relative to the sheet piling may not coincide.

Sheet piling (module)

When input data is defined, the dialog box contains two tabs: General model and Pit
excavation.

General model (Fig. 12.2)
On this tab you define parameters of soil. Schematic presentation is modified automatically
according to defined data.

In the Dimensions area of the dialog box, define dimensions of the pit and neighbouring
soil that is considered in analysis:

— pit width;

— depth of pit (pit bottom) measured from ground elevation;

— horizontal dimension of soil to the left from pit;

— horizontal dimension of soil to the right from pit;

— bottom elevation of soil.

Important. Ground elevation is determined automatically when you input elevations for
soil layers under Soil properties for layer.
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Figure 12.2

In the Soil properties for layer area, define total number of soil layers. Soil numbers are
defined in the Layer box.

For every layer the following data should be defined:

— extreme left and extreme right upper elevations of soil layer;

— modulus of elasticity;

— Poisson's ratio;

— unit weight;

— angle of internal friction;

— unloading factor (correction factor to modulus of elasticity for soil along unloading path);
— unit cohesion;

— ultimate tension (ultimate strength of soil in tension).

In the Sheet piles area of the dialog box, define the following values:
— Z — depth of penetration;

— EF — axial stiffness of one running metre;

— El — flexural stiffness of one running metre.

Density of model subdivision (at places where finite elements of soil join the sheet piling)
depends on the number of subdivisions in appropriate boxes for the left and right sheet
piling (by default, 10).
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When you click Loads button, in another dialog box (see Fig. 12.3) you could define
parameters for zones of vertical and horizontal loads.

Vertical uniformly distributed loads are applied to the soil surface — to the left of the left
sheet piling and to the right of the right sheet piling.

In the corresponding boxes, define these values:

— A — the nearest distance from pit edge to the load;

— B — load application zone,;

— g — uniformly distributed load.

Horizontal trapezoidal loads (for example, pressure of water) are defined in tabular
format to the left and right (see notation in Fig. 2) sheet piling. The following data should be
defined in the table:

— Attribute of pile sheeting: 1- left, 2 - right;

— Q1, Z1 —initial value of trapezoidal load and distance from this load up to zero level of
soil surface;

— Q2, Z2 — final value of trapezoidal load and distance from this load up to zero level of
soil surface.

Horizontal load is considered positive if it acts from right to left.

«

o]

Cancel |

—Loads applied to surface — Horizontal loads on sheet piling {1-4eft, 2-right)
Left . Sheetpiing 31 | 1 | nz | =z N
1 1 -1 -3 -3 13 =
A I2 I2 m 2 |2 1 -3 3 13
3N -3 1B - -27
B |10 5
! ! " 4 |z 3 65 27
q |1 |n.5 tjm2 5
E
7
8

Figure 12.3

Important.
check box.

Pit excavation (Fig. 12.4)

On this tab it is possible to define number of elevations (not more than 4) for pit excavation.
When you define number of elevations, you could input values for the elevations in the

appropriate boxes.

To visualize FE design model (before calculation), select the Triangulation
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Figure 12.4

In the Anchors to the left and Anchors to the right tables, define these parameters:
— Z-coordinate — elevation at which anchor connects the sheet piling;

— slope angle of anchor to horizontal line;

— length of anchor;

— EF — axial stiffness;

— pretension;

— Nmax — max allowed value for pretension.

In the Anchorage left and Anchorage right tables, define length and stiffness for
anchorage. In this case, if the Anchorage along anchors check box is NOT selected, then
anchorage is perpendicular to the anchors (see Fig.12.4). Otherwise, along anchors.

In the H-braces table, define the following parameters:
— Z-coordinate — coordinate for location of H-brace;

— EF — axial stiffness;

— g — longitudinal load (per 1r.m.) in H-brace.

Click the Settings button in order to define parameters for automatic triangulation — area
and min allowed angle between triangle sides. By default, the area is taken as equal to
2.5m?, and angle — 27°. Here you could also define parameter for Iteration — max number
of iterations per step, by default it is equal to 500 and not greater than 32000. If the
Accumulate displacements check box is selected, then nodal displacements will be
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summed up by stages of analysis. By default, this check box is not selected and
displacements are not summed up.

To save or open the existing problem, use appropriate buttons in the dialog box.
To start calculation, click Calculate.

To determine number of calculation stages

To illustrate the process, the algorithm for determining number of stages automatically is
described for design model presented in Fig. 12.4.

Sheet piling of the soil is fixed with 4 anchors at the left and with 4 anchors at the right. Pit
excavation is made with 4 excavations of soil.

For the specified problem, 14 stages of calculation will be determined automatically:

1 - soil, analysis on dead weight and load;

2 — sheet piling (assemblage) and the 1st excavation of soil (disassemblage);

3 —installing of the 1st H-brace (assemblage);

4 — installing of the 1st pair of anchors — left and right (assemblage); etc.;

and so on

14 — the last excavation of soil.

When calculation is complete, the Output data tab becomes available in the dialog box
(see Fig. 12.5). Output data is presented graphically for every stage. When you click
appropriate buttons in the Soil area, the following data is displayed on the screen:

— deformed shape of sail;

— contour plots of horizontal (X), vertical (Z) and combined (L) displacements;

— contour plots of normal (Nx, Nz) and shear (Txz) stresses;

— state of soil at the final stage.
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¥ Sheet piling - Shpunt_2019_B
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To report |

| x = 59930, y = -10030

Open | Save |

Beport | §eﬂings| Lalculate |

Figure 12.5 Contour plot of vertical stress Nz at stage 7

To display diagrams with moments, axial and shear forces in sheet piles, click appropriate
buttons under the Sheet piles. When you click certain sheet pile, you will see separate

window where all these diagrams are displayed together.
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' Sheet piling - Shpunt_2019_B x|

" General model I Pit excavation Output data |

— Sail
Def. shape

Stage 7. Moment diagrams (My)

s

State

— Sheet piles

— Stage
l?_ji

214 rFind node

I7|314

To report |

x=77604 y=-27369

Open | Save | Report | geﬂingsl Ealzulate | Bt | Help

Figure 12.6

Forces in H-braces and anchors are displayed in the box below schematic presentation
when you locate the pointer over certain H-brace or anchor in the mode for axial force
diagrams (button N is active).
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Figure 12.7

During calculation procedure, the protocol is displayed on the screen. In the iteration
process, the warning about residual may appear in the protocol at any stage of calculation.
For example, 'Max residual at node A. Type of restraint B. Number of executed iterations
C. Residual D%'. Node with number A may be selected on the model. To do this, in the
Find node area, input the node No. and select appropriate check box. The node will be
coloured red on the model.

To add certain data to the Report file, click To report.
To present a report document in HTML format, click Report.

After calculation, three files for the problem are generated:

- NAME.wlg — design model in directory ...\ESPRI_2018\Walling\;

- NAME.txt — text file in format for LIRA-SAPR input data;

- NAME.mnt — assemblage tables in format required for analysis in LIRA-SAPR.

The last two files may be copied from directory .. \ESPRI_2018\Walling\DATA to directory
with text files in order to import and carry out analysis in LIRA-SAPR later on.
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Diaphragm

This chapter contains module that enables you to compute ultimate shear strength of RC
diaphragms in static, earthquake and cyclic loads. The program is experimental one.

Strength of RC diaphragm in earthquake loads

7 ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

& Diaphragm. Strength of RC Diaphragm in Earthquake Loads

2 The module enables you to estimate strength of reinforced concrete (RC) diaphragms in earthquake
Deflections and cyclic loads. Analysis results are presented in user-friendly interactive graphical enviranment.

g

Ellipsoid

i

Sheet Piling

B »

Diaphragm

W

Punching shear

=

'l Russian

Figure 13.1

Strength of RC diaphragm in earthquake loads

The module enables you to compute ultimate shear strength of RC diaphragms in static,
earthquake and cyclic loads. The program is experimental one.

In the output data you will obtain the bearing capacity curve (strength diagram) for the
diaphragm. Reserve factor is computed for the specified forces N, Q, M and number of
load cycles.
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Input data (geometry, reinforcement parameters, partial safety factors, loads) is defined in
the dialog box (see Figure 13.2).

¥ Strength of diaphragm in earthquake and cyclic loads =101 x|
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Figure 13.2
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Assumptions and methods for calculation

Method of limit equilibrium is implemented in the program together with empirical methods
for determining ultimate strength of RC diaphragms with cracks, such as:

— by dependencies of Uniform Building Code (UBC), USA;

— by dependencies of O. Hernandez, F. Barda, T. Tassios,M. Hirosawa, ATC-3, etc.;

— TsNIIEPzhilischa Goskomarhitectura;

— modified method RSN-13-87 (not realized in current version);

— certain provisions of Eurocode 8;

— certain provisions of SNIP 2.03.01-84* and building code CEB-FIP (Euro-International
Concrete Committee — International Federation for Prestressing).

Database with bearing capacities for diaphragm in arbitrary combination of loads Ni, Qi, Mi
is generated as an open system, so you could easily modify it and add new methods. It is
also possible to ignore certain methods in calculation with the help of weight factors (not
realized in current version).
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Input data

Geometry for diaphragm

— L, H, Dt — length, height, thickness in m;

— bopn., hopn. — Width and height of an opening (not realized in current version);

— b1, hl; b2,h2 — thickness and length of adjacent columns, walls (when there are
adjacent walls, it is recommended to include in calculation no more than h1, h2 = 3 =+
6*Dt.).

Materials

Concrete — normative values of material strength corresponding to concrete classes B3.5 -
B60 by SNIP 2.03.01-84%;

Heavyweight concrete of classes: B3.5 — B1000 by SP 52.03.01-2004 (Russian
Federation) ;

Heavyweight concrete of classes: C8\10 — C50\60 by SNB 5.03.01-2004 (Republic of
Belarus) ;

Heavyweight concrete of classes: C8\10 — C50\60 by DBN V.2.6.98-2009 (Ukraine) ;
Reinforcement — class A-l = AV, B-I, B-Il by SNIP 2.03.01-84* and A240, A400 by DSTU
3760-98 (A500 is not included in the database as this class of reinforcement is not allowed
for structures subjected to earthquake loads).

Loads

Loads - Ni, Qi, Mi and N long-term, Q long-term, M long-term — total values of loads and
their long-term part for the i-th storey (in this version analysis of one storey is allowed).
Loads — static Kw=1; earthquake (Kw=10 - by default for earthquake); low-cycle Kw <= 50.
If Ni=0, analysis is carried out for the dead weight of the wall.

Notation for loads in output data file:

— Nz - axial compression force for diaphragm («-» compression); (tf)

— Qx — shear force (sign variable); (tf)

— Mxz - bending moment in the plane of diaphragm; (tf*m).

(If Mxz=0, then Mxz is taken as equal to Mxz= Qx* H)

— Sei — design value for seismicity of the site 0, 7, 8, 9 units of magnitude;

— Kw — number of cyclic loads (Kw = 1 - 50);

— KPcl12 — partial safety factor for concrete according to serviceability limit state (SLS);
— KPrl12 — partial safety factor for reinforcement according to serviceability limit state
(SLS);

— KUS - partial safety factor for diaphragm, concrete joint, etc.

Recommendations: how to assign values
to take account of cyclicity of loads, reduce shear strength along construction joint
according to [1] we recommend:
a) KUS_a=0.9 for special processing of joint, otherwise KUS_a=0.7;
b) for design seismicity: 7, 8, 9 units of magnitude - respectively:
KUS_b=0.9, 0.75, 0.6; without KUS_b=1.0;
c) in the presence of construction joint in the section - in seismicity 7, 8, 9
KUS ¢=0.7,0.6,0.5.
d) for hollow and ribbed elements: Kus_d=0.9;
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In the presence of several above-mentioned factors in groups a), b), c), d),... the total
coefficient KUS is computed as:
KUS = KUS_a *KUS_b *KUS_c* KUS _d *...*KUS _i.

Output data (repeated for number of storeys):

Ni — axial force varied from O to Nlim (ultimate);

eo - eccentricity of longitudinal force Ni (m);

TUi — actual shear stress (tf/m2);

TUr — design value for strength of diaphragm in shear;

TU1 - strength by Uniform Building Code of USA (UBC) 1973.

TU2 — --/-- by method of F. Barda, J. Hanson, W. Corley, 1977.
TU3 — --/-- by method of O. Hernandez, M. Zermeno, 1980.

TU4 — --/-- by method of T. Tassios, J. Lefas, S. Lulurgas, 1982.
TUS5 — --/-- by method of M. Hirosawa (ver. 1.05.0 and later), 1980.
TU6 — --/-- by method of ATC-3 (Seismic Evaluation and Retrofit of Concrete Buildings),
1978.

TU7 — --/-- by method of NIISP, NIISK (ver.4.0 or later), 2010.
TU10 — --/-- by method of Eurocode 8 (ver.4.0 or later), 2002.

Dtau — reduction of reaction in cyclic load &rﬂ

TUC — mean value of diaphragm strength: TUc=(TU1+..+Tui8)/i;

TUR — design min strength of diaphragm in shear with account of cyclicity (reduction of
reaction);

TUR = ( TUc+TU1+..+TUi -Tmax-Twmin)/ (i-1)- Dtau;

ALFA — coefficient for shear influence As - Mi/( Qi*L) ;
Nmax — max axial force in uniaxial compression;

. . . . o.

Nlim — ultimate axial compression force when ~5 ;

Qlim — ultimate shear force with account of cyclicity, completeness of stress diagram in
concrete and service conditions for diaphragm, construction joint, etc.;

Mlim — ultimate bending moment Mxz, tf*m;

Qcr — shear force at crack origin, t;

Acr — approximate width of crack propagation for the main crack, mm;

TETA — max skew angle of diaphragm, rad;

Ux — max displacement of diaphragm top along the X-axis, mm;

SO - actual average axial stress (NZ)

SGstr. — max compressive stress in concrete strip;

Psi_c — relative length of compressed section;

SG1 - principal tensile stress (1st principal plane);

SG2 — principal compressive stress (2nd principal plane);

ALFAT - slope angle of the main crack in degrees (positive value if clockwise);
SG_max,min — max and min fibre stress;

Kreserve. — reserve factor for strength of diaphragm;

Output data is presented in the text file Stena_Sei.htm.

Design strength of diaphragm in shear with account of cyclicity is determined according to
dependencies below.
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Main dependencies for strength of wall

Designation

in output
data

TUl

TU2

TU3

TU4

TUS

TUG

Dependence

1. by Uniform Building Code of USA (UBC) [2]:
=TT Tsys

N 025/, +on)
=005 7 +(010/7, +026)/(, ~0.5)

2. by dependences of Barda F., Hanson J., Corley W. [2,9]:
7.=0.2f.32-a)+1/4)co+p, [

where

3. by dependences of Hernandez O.B., Zermeno M.E. [2, 10]:
Tu=Tc T Ts;

Te = AT (Toc+ 60); 60< 570

Ts— pn f:j UF as = ]"25’ Tx:(_ﬂ:-ﬁ_ﬂrlﬂ::)'y{z}ﬂrlﬁwf{z?

5
T.= p&[as - —Jfﬂﬁ— ,GL.[— - ag}j‘r:}. if 0,25<a.<125;

4. by dependences of Tassios T., Lefas J., Lulurgas S. [2, 11] :

r.=05(1-014% )[ [f + o0+ p&fﬂ_] Foq.>1.25
1
~ :0,6\/f_ﬂ+phfﬂ_+1m. Fooa,<1.25
5. by dependences of Hirosawa M.

0.0679 (100 pI) % (£, +180)
.= 0.08

+2. 7 0p, f_ +01gy |
Ja: +0.12 e E}

6. by dependences ATC-3 (Seismic Evaluation and Retrofit of Concrete
Buildings) (USA)
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r,= 0165 [f, + 0250y + p, [, < 0.83,/f;

TU7 7. by dependences of NIISK, NIISP (Ukraine) [12, 13]

n
s < s

LN}} +L& —-1=0: Tu:Tc-l_T,s;
N Qpr

or

re=l1-0242 MJr%cm)} >0.2,/7.:

75=0.195p, [ +08p, f,+005p,f i if pp.py<0.005(0.5%); p, < 0.035(3.5%).

otherwise if ;< N5
r.=0250f et — Crﬂ}qu,,l' ;f.:rg<O§f
phLﬂs ]fsﬁﬁp( )f +0.05p, 1 if 0.333 > a5 <2
1 . - .
rs=5phfsx+§pv [t if as<0.333;

Qpr =7b T o* Ay

TUS8 8. by modified dependencies RSN-13-87 for Moldova [12, 19]
C) - ()Enr: + ZR 4:11?3 = Vkus ..;r'

TU10 10. by dependences of Eurocode 8
fL —-X
min( N,0.55.4, 1)+ (1—0.05 min( 5, ?")) *
VR = 2(15

"IIF"EF-'I'
[0.16 max(0.5,100 p, )(1 —0.16 min( 5, & / L))/ /2 4. + V)]
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A1

(1+0.25max(1.75.100 p,)[1- 0.2 min( 2. &, / L){ f.d Z]

VRmax =

(1- ﬂ.ﬂﬁnﬁn(shup“’)Ll +1 .smtm.ls,lﬂ
’fl:}"ef:

if as/L=2.0

A.f.

(1+0.45(1.75.100 p,))./min( 40, 1.)& Zsin 2«

. ’ ( N
(1-0.02 nun(S,,upE)LIjL].BSHUHLD.IS:—H
VRmax = 4/7 "f?'eﬁ

Qpr = VRmax :

& - angle between diagonal of diaphragm and axis of column:

tan( & = 0.5L(MiQi)

where

Tc _ strength of concrete strip between cracks, flexural and shear strength
and dowel effect of concrete with cracks;

Ts_ strength of reinforcement in diaphragm with cracks;

ALFA o - : a. _ :
5 — coefficient for influence of shear —§ =M\ (Q *L) ;

RBC
fﬂ? — concrete strength in compression according to serviceability limit state,
(MPa) ;

RBR
f?‘ — concrete strength in tension according to serviceability limit state, (MPa);

RAX | fi f.sy

— normative yield strength for horizontal / vertical reinforcement;

RAZ

ffx ’ f@*’— normative fracture limit for horizontal / vertical reinforcement;
FAX ]

pf’? — coefficient for horizontal reinforcement ( %Fx/100);
FAZ

P v — coefficient for vertical reinforcement (%Fz/100);
FOK

/O — coefficient for envelope reinforcement (%Fok/100);
SO

Oo_ average stress;
TUR T

It _ strength of wall in shear, (MPa);
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Viamax _ max strength of wall in shear in cyclic loads according to Eurocode 8;

Viw — portion of transverse reinforcement in strength in shear: Vw= ph 8Z fsx;

¥
" % _ partial safety factor of concrete joint;
Z — lever arm for rectangular section: Z =0.8L

According to dependences of Tassios T., Lefas J., Lulurgas S. [9, 18], stress at crack
origin in (MPa) when %s >1 will be:

Ter=0.3(2.6- as2) [0.1 +2Dpv}\{f_’? +2pv2 10%] , otherwise

Ter =0.5(1.5- as?) [o.3+2opu}x/f_e + 3pv2 104

Cyclicity of earthquake loads is taken into account by idealized model of hysteresis of
reinforced concrete walls (see Figure 13.4).

! Qﬁ\/j/yN,M — +QA(+V)
H Fen : _ T
) F{\ 7| o ,
é Fdiog 8- é H *Qj V *
£ 2 r
bDP{EL\ ¥ i n NG 741 V
e - l : v ’l, !
T - , wWn
i
~ —8I 8 N *
.0
9“

- + -Q(=V)

Y

Fig. 13.3 Parameters of deformation in wall:

0 _ angular deformation; Tur _ design min strength of diaphragm in shear with account
of cyclicity;
Tn ;rl — reduction of reaction after n—cycles with amplitude t+6 ;
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,ﬁrn)_

AV — degradation of reaction (

b |

Fig. 13.4 ldealized model of hysteresis.
1 — skeleton curve of cyclic load in bending;
2 — skeleton curve of cyclic load in shear;

T cr— average shear stress at crack origin;

&rﬂ — degradation of shear stress [DTAU] for n-cycles of loading:

A, = By -An-r,

I where ﬁd — coefficient of reaction degradation according to [9].

Strength diagram for the diaphragm along N~Q and N~M according to above-mentioned
criteria is presented graphically (see Fig.13.5).

Page 316 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Diaphragm

N N
-4200 -4200
-4082¢

1800

=10]x]

Strength diagram: N~Q, N~ M )

M

o Dcpendence of N~ Q when M= 0.3tf*m; N= -10.9tf Dependence N ~ M when Q= 0.1 tf Alfa=
"Tu1 - by Uniform Building Code of USA (UBC)"
"Tu2 - by d di of Barda F., Hanson J., Corley G. (American Concr. Ins., Detroit)”
"Tu3 - by of Hernandez O0.B., Zermeno M.E. (WCCEE, Istanbul)”
"Tu4 - by depend of Tassios T., Lefas J., Lulurgas S. (NTU Atens, Greek)"
"TuS - by d di of Hirosawa M. (Building Reserch Inst. Japan)”
“Tu10- by e Eurocod-8 (EN 1998-1:2004 in ver.2013 or later)”

"Tu7 - by dependences of NISK, NISP (Ukraine, in ver.2013 or later)”

0.850

1747

[v  Presentin colour To report |

Fig. 13.5 Strength diagram for the diaphragm along N~Q and N~M.
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Punching shear

This chapter contains modules for punching shear analysis of reinforced concrete slabs
along arbitrary and rectangular contour.

The following building codes are supported:

— SNIP 2.01.03-84%,

— SNIP 52-01-03;

— provisions of scientific and technical report made by GUP NIIZHB (contract No. 709 of
October 01, 2002);

— Eurocode 2.

The chapter contains the following modules:
Punching shear for arbitrary contour

Punching shear for rectangular contour
Punching shear analysis (Eurocode)

Punching shear analysis (Belarus)

Punching shear for circular contour (Eurocode)

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

W Punching Shear for Arbitrary Contour
5 The module enables you to carry out punching shear analysis of reinforced concrete (RC) slabs of arbitrary
b Foundations and contour according to SNIP 2.03.01-84*, SNIP 52-01-2003.
beddings
e Punching Shear for Rectangular Contour
!-’ The module enables you to carry out punching shear analysis of reinforced concrete (RC) slabs of rectangular
8 contour according to SNIP 52.01.03 ‘Reinforced Concrete Structures’.

Loads and 3 5
Setions A Punching Shear Analysis (Eurocode)

The module enables you to carry out punching shear analysis of reinforced concrete (RC) slabs of rectangular
\ contour according to Eurocode 2, DBN V.2.6-98:2009, DSTU B V.2.6-156:2010 (Ukraine) and CH PK EN
— 1992-1-1:2004/2011 (Kazakhstan).

Deflections Punching Shear Analysis (Belarus)

2 The module enables you to carry out punching shear analysis of reinforced concrete (RC) slabs of rectangular
% contour according to SNB 5.03.01-02 (Belarus).

Ellipsoid : Punching Shear for Circular Contour (Eurocode)

The module enables you to carry out punching shear analysis of RC slabs with circular column. The following
u building codes are supported: EN 1992-1-1 (Eurocode 2), DBN V.2.6-98:2009, DSTU B V.2.6-156:2010 (Ukraine)
and CH PK EN 1992-1-1:2004/2011 (Kazakhstan).

Sheet Piling

6%

Diaphragm

Russian [ Open Exit

Figure 14.1
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Punching shear for arbitrary contour

This module enables you to carry out punching shear analysis of floor slabs and foundation
slabs.

Shape of the punching shear contour is determined automatically depending on the type of
column section. The following sections of columns are available: circular, rectangular, T-
section, angle section and cross section. Dimensions of punching shear contour are
computed depending on specified slope angle of punching shear pyramid (by default, this
angle is equal to 45 degrees).

Open contour (there is an opening in the slab or the column is located at the slab edge) is
generated by cutting off certain part from the contour. Cut-off part is simulated with straight
line that passes through the point with specified coordinates and at specified slope angle to
the horizontal X-axis.

T Punching shear for arbitrary contour - |EI |i|
[eea me;"’ e - L L & . [snPse-0102 v
Reinforcament I A400 - I

Redraw |

class
b2++b14—+b3
i ﬁ_f ot ISD n |24 Distance ta reinf.,

h3 — - o

im . I = I Spacing of 1

h? b3 |54 W |57 rebars, cm
C te Cl B30

Slab thickness (H) |33 oncrete class

EE KK

Rbt, t/m2 122
rParameters of cut off Forces ~Output data
M2 | % LM | iy CM | angledeg | srea of reinforcement with specified 171755
1 75 0 90 F,t |'172 spacing, cmz
Total area of reinforcement, cm2 60,0883
4| [v] || #ottm | 123
H |75 i ID angle IQD
MMy, t* -2.12
add | Edit | Delete | b I More. .. |
Slope angle betwaen sidg faces = @ Calculate by code
of punching shear pyramid and
¥Ov-plane, deg ( Calculate by gsw
i Calculate | Exit | Help | Repart |
Figure 14.2

Punching shear contour is computed for concentrated load F and concentrated moments
Mx and My applied at the gravity centre of column. The following sign convention is
accepted:

— positive load F is directed upwards (along the Z-axis),

— positive moments Mx and My are located in the XoZ and YoZ-planes respectively and
are directed anti-clockwise if you look from the end of the Y and X-axes.
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Section moduli of contour that should be considered in calculation are determined
depending on direction of specified moments Mx and My.

The following provisions are considered in calculation:

1) all calculations are made relative to central (but in general case, not principal) axes of
contour X and Y; these axes pass through its gravity centre and are parallel to faces of
section for (non-circular) column;

2) specified concentrated load F is applied at the gravity centre of the column;

3) moment Mx acts along the X-axis (about the Y-axis) while moment My — along the Y-
axis (about the X-axis);

4) concentrated load cannot be equal to zero;

5) both moments may be equal to zero;

6) positive eccentricities are located at positive values of appropriate coordinates;

7) if gravity centres of column and punching shear contour do not coincide, design
momenta with account of sign convention are computed,;

8) bearing capacity of concrete and reinforcement in punching shear zone is checked by
absolute values of the specified load and design moments.

Reinforcement is computed if the following conditions are not satisfied:

) F<F g
1 I
2) FF R Yaanay =1
boult  hmult o byult
T i1
3) H + v < F
| | E

broult  obyult bt

The check below is made in calculation:

T i
F FF +M Il:[ +M Ii[ =1
b, ult + sw, ult bz, ult + swr, =, ult by, ult + sw, v, ult

, where

Fput — ultimate axial force that concrete of design cross-section of slab may take;

Mox uit — Ultimate moment in concrete about the Y-axis (in plane that passes through the X-
axis);

Mby,ut — Ultimate moment in concrete about the X-axis (in plane that passes through the Y-
axis);

Fsw.ut — Ultimate axial force in reinforcement;

Msw.uit — Ultimate moment in reinforcement about the Y-axis (in plane that passes through
the X-axis);

Msw uit — Ultimate moment in reinforcement about the X-axis (in plane that passes through
the Y-axis).

Slab thickness is not limited.
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Check for moments that act on open contour is made with min values of Wx and Wy
(section moduli for contour).

Area of transverse reinforcement with specified spacing is computed if the following
condition is satisfied:

0= o = four

= F
I sw, ult b,ult , then the message 'Ultimate force in reinforcement exceeds ultimate
force in concrete' is displayed and reinforcement is not computed.

To display all temporary and final data for the calculation, in the Output data area of the
dialog box, click More.

To present a report document in HTML format, click Report.

Input data
To determine punching shear contour, in the Geometry area of the dialog box, define the
type of column section, its dimensions and thickness of floor slab.

To convert closed contour into an open one, in the Parameters of cut off area, define
coordinates X, Y and rotation angle for cut off line that passes through the contour and
click Add. Specified parameters will be displayed in the table. Coordinates for the point are
defined in the accepted coordinate system presented on schematic presentation of column
section.

To edit parameters of cut off: select appropriate row in the Parameters of cut off table,
then specify new parameters and click Edit.

To delete specified parameters of cut off: select appropriate row in the Parameters of cut
off table and click Delete. In this case, if the row in the table is not selected, the last-
defined row will be deleted.

In the upper right corner of the dialog box, specify materials: define class of concrete for
the slab or Rbt design tensile strength of material of a slab. Define class of reinforcement
or Rsw design tensile strength of transverse reinforcement.

In the appropriate boxes define concrete cover (distance to reinforcement) and spacing for
tensile reinforcement in a slab.

In the Forces area, define loads on column - concentrated load F, moments Mx and My.
When input data is defined, click Calculate.
Output data

In the Output data area of the dialog box you will see values for area of transverse
reinforcement with specified spacing and total area of reinforcement
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Output data (in detail) x|
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Figure 14.3

|f Sw,ult W then the message 'Ultimate force in reinforcement exceeds ultimate

force in concrete’ is displayed.

To display all temporary and final data for the calculation, in the Output data area of the
dialog box, click More.

To present a report document in HTML format, click Report.

Punching shear for rectangular contour

This module enables you to carry out punching shear analysis of floor slabs and foundation
slabs with concentrated load and concentrated moments.
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T- Punching shear for rectangular contour il
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Figure 14.4
The following design cases are considered:

1. Interaction of slab with rectangular column:

- column inside slab (closed contour);

- column at slab edge that is parallel to the Y-axis (open contour);
- column at slab edge that is parallel to the X-axis (open contour);
- column at corner of rectangular slab (open contour);
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- column inside slab near opening (open contour).

2. Interaction of slab with wall:

- wall end inside slab (open contour of three parts);
- wall end at slab edge (open contour of two parts);
- slab at corner of wall (open contour of three parts).

Parameters of punching shear contour are computed depending on specified slope angle
of punching shear pyramid (by default, this angle is equal to 45 degrees).

Concentrated load cannot be equal to zero.
Both moments may be equal to zero.

Values of the specified moments are modified automatically depending on displacement of
contour centre relative to the gravity centre of the column.

The following sign convention is accepted for loads:

— positive load F is directed upwards (along the Z-axis),

— positive moments Mx and My are located in the XoZ and YoZ-planes respectively and
are directed anti-clockwise if you look from the end of the Y and X-axes.

Positive eccentricities are located at positive values of appropriate coordinates.

Section moduli of contour (Wx and Wy) that should be considered in calculation are
determined depending on the sign of specified moments Mx and My.

In calculation of open contour, slab edges are located opposite to direction of the X and Y-
axes.

Important. If column is located inside the slab near the opening, it is considered that the
opening generates gaps ap and bp in punching shear contour. Gaps are always located on
the right and upper sides of contour. Lengths of gaps and distances from gaps to column
axes are defined by the user manually.

ao — gap length on right side of contour;

a, — distance (with appropriate sign) from the lower end of gap ao to the Y-axis;

bo — gap length on upper side of contour;

b, — distance (with appropriate sign) from the left end of gap by to the X-axis.

For calculation by SNIP 2.03.01-84*, moments Mx and My are ignored.

Bearing capacity of concrete and reinforcement in punching shear zone is checked by
absolute values of the specified load and moments.

There are two modes for calculation.

Mode 1. Calculation strictly by building code

If the Calculation by code option is selected, calculation will be made according to
requirements of selected building code.
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SNIP 52-01-2003

Reinforcement is computed if the following conditions are not satisfied:
I) §F =F

b~ b’
i3 M M,
) V=z 5 t At sk
bout "~ bxult T by,ult
M M F
) —2 4 b
be= ult }"[bj_.:ult Pb=u1t
.. M
M P N Y
M F

j M
In this case, if Pxut by, ult b, ult
M M v Pb

X
bt byl boul

, then it is considered that

M

The check below is made in calculation:

F, M_ M
D V=g F M 3:{ M M =1
b, ult T 5w, ult - b, ult T sw, x, ult - by, ult T sw, v ult

Notations accepted in the formulas:

Fput — ultimate axial force that concrete of design cross-section of slab may take;

Mox uit — Ultimate moment in concrete about the Y-axis (in plane that passes through the X-
axis);

Mpy,uit — Ultimate moment in concrete about the X-axis (in plane that passes through the Y-
axis);

Fsw.ut — Ultimate axial force in reinforcement;

Msw.uit — Ultimate moment in reinforcement about the Y-axis (in plane that passes through
the X-axis);

Msw.uit — Ultimate moment in reinforcement about the X-axis (in plane that passes through
the Y-axis).

v — check parameter.

SP 63.13330.2012

Reinforcement is computed if the following conditions are not satisfied:
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D F = 4
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then it is considered that

The check below is made in calculation:

F M M
V= b x y 1

+ +
3) P1::=ult +Psw= ult Mb}; ult +Msw= x, ult Hb}: ult +M5'ﬁ.'= v, ult

In this case, if

M M F

X ¥
. . Ly . =0.5
Mb:!; ult +M51ﬁ.'= X, ult Hb}: ult +st= v, ult b, ult * s, ult

=]

then it is considered that

M M F
X y b
+ =

b, ult M s, %, ult by, ult M sw, v, ult b, ult * PE“': ult

M

If V=1, then strength of slab in punching shear is provided with concrete.

Mode 2. Calculation by gsw

If the Calculation by qsw option is selected, calculation will be made by obtained value of
force per r.m. in transverse reinforcement qsw with no limitations upwards.

In any mode of calculation, area of transverse reinforcement with specified spacing is
computed if the following condition is satisfied:

25 = =
023w = Fs e = Foue
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|f SW.ult Wt then the message 'Ultimate force in reinforcement exceeds ultimate
force in concrete' is displayed and reinforcement is not computed.

0.25F

al F"{ _
If Pﬁ'ﬁ; ult I:]'":Fbuult 1:511; ult b, ult _

, then it is considered that

Output data:
Asw — area of transverse reinforcement with specified spacing.
Asw_sum - total area of reinforcement.

output data (in detail) x|
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Figure 14.5

To display all temporary and final data for the calculation, in the Output data area of the
dialog box, click More. If reinforcement is not required, then value for parameter v is
displayed according to condition 2). Otherwise, value for parameter v is displayed
according to condition 4).

To present a report document in HTML format, click Report.

Punching shear analysis (Eurocode)

The module enables you to carry out punching shear analysis of rectangular slabs and
rectangular foundation slabs according to EN 1992-1-1 (Eurocode 2), DBN V.2.6-98:2009,
DSTU B V.2.6-156:2010 (Ukraine) and CH PK EN 1992-1-1:2004/2011 (Kazakhstan).

The following cases (schematic presentations) may be defined:
1. Column inside slab.
2. Column inside slab: opening to the right of the column.
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3. Column inside slab: opening above the column.

4. Column at the left edge (of slab) that is parallel to Y-axis.

5. Column at the left edge (of slab) that is parallel to Y-axis: opening to the right of the
column.

6. Column at the bottom edge (of slab) that is parallel to X-axis

7. Column at the bottom edge (of slab) that is parallel to X-axis: opening above the column.
8. Column at corner of slab.

For every case, the following variants may be considered:

1. No capital.

2. Capital short — check only along control section outside the capital.
3. Capital long — check along control section within the capital limits.

4. Capital long — check along control section of slab outside the capital.

The dialog box contains two tabs (see the figure below): Input data and Output data.

T Punching shear analysis (Eurocode) x|

Input data | Output data |

Schematic presentation
ICDIumn ingide slab j [ No capital
Geometry, mm—————————
LHY & T o 500
o Ir Coefficient for eccentricity 115
H o0 Applied force (Ved), kN [eo0

LHx IEUD
LHY |22D

Slab

thickness 180
— Materials
Characteristic compressive cylinder strength of 30 - mamﬁgﬁsﬁc yield strength of reinforcement 500
concrete fck), MPa i), MPa

Partial safety factor for properties of
reinforcement fys)

|1 15
Equivalent longitudinal reinforcement ratio (pl) IE'-E'E'E'
|2 ]

Radial spacing of permeters of shear 0
Partial safety factor for concrete material properties  |1.5 reinforcement (sr). mm
fyc)

Coefficient taking accourt of long term effects on |1
the compressive strength (acc)

Tangential spacing of perimeters of shear 200
reinforcement (st). mm

Compressive stress in the concrete from axdal Angle between shear reinfforcement and plane

load or prestressing (Gep), MPa of slab (a), deg IE"[:l

1

Cpen... Save... Calculate | Report |

Cancel | Help

Figure 14.6
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T Punching shear analysis (Eurocode)

Input data  Output data |

Design compressive strength of concrete fcd), MPa Izﬂ'
Strength reduction factor for concrete cracked in shear {nu) ID-E'EE‘

X|

Design value of punching shear resistance along the control section (vRd max), MPa 528
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uk, M 2200 3880

| | +]
Motes
Cancel | Help
Figure 14.7
Input data
1. Geometry

If there is no capital, select the No capital check box.
cx — column dimension along the X-axis, mm;
cy — column dimension along the Y-axis, mm;

ax — distance between slab edge and left face of column along the X-axis, mm;

ay — distance between slab edge and bottom face of column along the Y-axis, mm;

d — effective thickness of slab, mm;

If there is a capital (the No capital check box should be clear)
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H — height of capital;

LHX — distance from the column face to the edge of the column head along the X-axis,
mm;

LHY — distance from the column face to the edge of the column head along the Y-axis,
mm;

If there is an opening

Lx — dimension of opening along the X-axis, mm;

Ly — dimension of opening along the Y-axis, mm;

Sx — distance along the X-axis between right face of column and the nearest side of
opening, mm; cx/2 < Sx < 6*d;

Sy — distance along the Y-axis between upper face of column and the nearest side of
opening, mm; cy/2 < Sy < 6*d.

2. Load and materials

B — coefficient for eccentricity (at slab edge 1.4); may be defined manually;
Veq — applied force, kN.

Concrete

foek — characteristic compressive cylinder strength of concrete, MPa;

Yc — partial safety factor for concrete material properties (table 2.1N); by default it is equal
to 1.5;

acc — coefficient taking account of long term effects on the compressive strength;
recommended value 1.0 (may be 0.8 — 1.0);

Ocp — compressive stress in the concrete from axial load or prestressing; by default it is
equal to 0.

Reinforcement

fy« — characteristic yield strength of reinforcement, MPa;

ys — partial safety factor for properties of reinforcement ; by default it is equal to 1.15; may
be = 1.0;

pl — equivalent longitudinal reinforcement ratio ;

s, — radial spacing of perimeters of shear reinforcement, mm;

st — tangential spacing of perimeters of shear reinforcement, mm;

a — angle between shear reinforcement and plane of slab, deg.

To start calculation, click Calculate.

If LHX > ax and/or LHY > ay, then calculation is terminated and the program displays the
message: 'Capital edge is located outside the slab'.

If Sx < LHx and/or Sy < LHy, then calculation is terminated and the program displays the
message: 'Distance from the column face to the edge of the column head exceeds the
distance from column face to opening'.

Page 330 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Punching shear

Output data
On this tab you will see results of calculation.

In the appropriate boxes, the following data is displayed:

fca — design compressive strength of concrete, MPa;

nu — strength reduction factor for concrete cracked in shear;

Vrdmax — design value of punching shear resistance along the control section, MPa.

The table displays the following data:

A, — design area of reinforcement for basic control perimeter (ul), mm?;
Ved,c — Stress along column face, MPa;

ul — length of the basic control perimeter, mm;

R — curvature radius for basic control perimeter, mm;

uk — perimeter of column section, mm.

! Punching shear analysis (Eurocode) x|
Input data  Output data |
Design compressive strength of concrete fod), MPa IED
Strength reduction factor for concrete cracked in shear (nu) ID-BEE‘
Design value of punching shear resistance along the contral section (vRd max), MPa 5.28
| KaNUTENE | nnuTa
Asw, rara2 224555 3565.41
vEd.c, MMa 3.48485 256352
ul, M hh92 .52 6141.95
R, mma 540 360
ukc. rana 2200 3880
Figure 14.8

To present a report document in HTML format, click Report. The report file contains all
intermediate and final results with necessary comments.
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Geometry, mm
cx Column dimension along X 500
cy Column dimension along Y 600
d Effective thickness of slab 180
LHX Distance from the column face to the edge of the column head along X 200
LHY Distance from the column face to the edge of the column head along Y 220
H Height of capital 90
Materials
ek Characteristic compressive cylinder strength of concrete, MPa 30
acc Coefficient taking account of long term effects on the compressive strength 1
lyc Partial safety factor for concrete material properties 1.5
Gep Compressive stress in the concrete from axial load or prestressing, Mpa 1]
[Fyk Characteristic yield strength of reinforcement, MPa 500
lys Partial safety factor for properties of reinforcement 1.15
pl Equivalent longitudinal reinforcement ratio 0.005
sr Radial spacing of perimeters of shear reinforcement, mm 200
st [Tangential spacing of perimeters of shear reinforcement, mm 300
a Angle between shear reinforcement and plane of slab, deg 20
Load
B Coefficient for eccentricity 1.15
[\VEd Applied force, kN 1800
QOutput data
fed Design compressive strength of concrete, MPa 20
nu Strength reduction factor for concrete cracked in shear 0.528
[VRd, max Design value of punching shear resistance along the control section, MPa 5.28
capital slab
ul Length of the basic control perimeter, mm 5592.92 65141.95
IVEd,C Stress along column face, MPa 3.48485 2.96392
IvRd,c Design value of punching shear resistance without reinforcement, MPa 0.550655 0.591891
vm Min allowed resistance of concrete, MPa 0.486553 0.542218
IVEd Stress in basic contour, MPa 1.37078 1.87237
uo Ultimate perimeter of contour in reinfercement zone, mm 13922.8 19429.3
Rp Curvarure radius of ultimate perimeter, mm 1460.74 2204.74
[Fywd,ef Effective design strength of punching shear reinforcement, MPa 317.5 295
\Asw Design area of reinforcement, mm2 2249.59 3965.41
\Asw/ul \Area of reinforcement per 1r.m. of basic perimeter, mm2 0.402221 0.645628

Figure 14.9

Punching shear analysis (Belarus)

The module enables you to carry out punching shear analysis for rectangular floor slabs
and rectangular mat foundations according to building code SNB 5.03.01-02 (Belarus).

The following cases (schematic presentations) may be defined:

1. Column inside slab.

2. Column inside slab: opening to the right of the column.

3. Column inside slab: opening above the column.

4. Column at the left edge (of slab) that is parallel to Y-axis.

5. Column at the left edge (of slab) that is parallel to Y-axis: opening to the right of the
column.

6. Column at the bottom edge (of slab) that is parallel to X-axis

7. Column at the bottom edge (of slab) that is parallel to X-axis: opening above the column.
8. Column at corner of slab.

For every case, the following variants may be considered:
1. No capital.

2. Capital short — LH < 1.5*H.

3. Capital medium — 1.5*H < LH < 1.5*(d+H).
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4. Capital long — LH >1.5*(d+H). In this case, the program carries out a check of two
control perimeters: within the capital limits and outside the capital.
Here d — effective height of slab; H — height of capital.

With a capital, the variant for computation is determined automatically.

The dialog box contains two tabs (see the figure below): Input data and Output data.

T" Punching shear analysis (Belarus)

Input data |O|_rtp|_rt data |

Schematic presentation
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" : "I x [50
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x|
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Partial safety factor for concrete material properties |1 5

Class of reinforcement |524|} "I

Type of reinforcing cage Tied

Partial safety factor for properties of
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Compressive stress in the concrete from adal I— Radial spacing of permeters of shear
load or prestressing (Gep), MPa 0 reinforcement (sw), mm 1oa
Open._.. Save... Calculate | Report |
Cancel | Help

Figure 14.10
Input data

1. Geometry

Select the necessary schematic presentation from the list. If there is no capital, select the

No capital check box.
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cx — column dimension along the X-axis, mm;

cy — column dimension along the Y-axis, mm;

ax — distance between slab edge and left face of column along the X-axis, mm;

ay — distance between slab edge and bottom face of column along the Y-axis, mm;
d — effective thickness of slab, mm;

If there is a capital (the No capital check box should be clear)

H — height of capital,

LHX — distance from the column face to the edge of the column head along the X-axis,
mm;

LHY — distance from the column face to the edge of the column head along the Y-axis,
mm;

If there is an opening

Lx — dimension of opening along the X-axis, mm;

Ly — dimension of opening along the Y-axis, mm;

Sx — distance along the X-axis between right face of column and the nearest side of
opening, mm; cx/2 < Sx < 6*d;

Sy — distance along the Y-axis between upper face of column and the nearest side of
opening, mm; cy/2 < Sy < 6*d.

2. Load and material properties

B — coefficient for eccentricity: for the column inside the slab — 1.15; for the column at slab
edge — 1.4; for the column at corner of slab — 1.5; may be defined manually;
Veq — applied force, kN.

Concrete

Select class of concrete from the list. For example, C30/37.

Yc — partial safety factor for concrete material properties; by default it is equal to 1.5;
Ocp — compressive stress in the concrete from axial load or prestressing; by default it is
equal to 0.

Reinforcement

Select class of reinforcement from the list. For example, S400.

Select the type of reinforcing cage: either welded or tied.

ys — partial safety factor for properties of reinforcement; by default it is equal to 1.15; may
be = 1.0;

pl — equivalent longitudinal reinforcement ratio;

sw — radial spacing of perimeters of shear reinforcement, mm.

To start calculation, click Calculate.

If LHX > ax and/or LHY > ay, then calculation is terminated and the program displays the
message: 'Capital edge is located outside the slab'.

If Sx < LHx and/or Sy < LHy, then calculation is terminated and the program displays the
message: 'Distance from the column face to the edge of the column head exceeds the
distance from column face to opening'.
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Output data

On this tab you will see results of calculation.

In the appropriate boxes, the following data is displayed:
A, — design area of reinforcement for basic control perimeter (U), mm?;
vSd — force (per 1r.mm.) along control perimeter, N/mm;

VRd_c — design value of punching shear resistance (per 1r.mm.) without reinforcement,

N/mm;
U — length of the basic control perimeter, mm;

R — curvature radius for basic control perimeter, mm.

. Punching shear analysis (Belarus)

Input data Output data |

Asw, mm2 47061 1398 74
vSd, N/mm 396.028 312.962
vRd_c. N/mm 352,789 211.403
U, mm 1893 81 2396 46
R, mm 155.211 475.211
1

MNotes
Figure 14.11

To present a report document in HTML format, click Report. The report file contains all

intermediate and final results with necessary comments.
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Input data

Column at corner of slab
Long capital
Geometry, mm
=3 Column dimension along X 450
cy Column dimension along Y 500
d Effective thickness of slab 180
LHX Distance from the column face to the edge of the column head along X 520
LHY Distance from the column face to the edge of the column head along Y 560
H Height of capital 160
ax Distance between slab edge and left face of column along X 400
ay Distance between slab edge and bottom face of column along Y 300
Materials
Class of concrete C30/37
Class of reinforcement 5240
Type of reinforcing cage Tied
fck Normative compressive strength of concrete, MPa 30
fctk Normative tensile strength of concrete, MPa 2
fctm Tensile strength of concrete (accepted for design procedure), MPa 2.9
fywd Design strength of transverse reinforcement, N/mm2 174
yc Partial safety factor for concrete material properties 1.5
Gep Compressive stress in the concrete from axial load or prestressing, MPa 0
ys Partial safety factor for properties of reinforcement 1.15
pl Equivalent longitudinal reinforcement ratio 0.02
sw Radial spacing of perimeters of shear reinforcement, mm 100
Load
B Coefficient for eccentricity 1.5
Vvsd Applied force, kN 500
Output data
vSd, k Force along column contour, N/mm 925.926
fed Design compressive strength of concrete, MPa 20
nu Strength reduction factor for concrete cracked in shear 0.528
vmax Design value of max force along the control section, N/mm 1795.2
U Length of the basic control perimeter, mm 1893.81 2396.46
vSd Force (per ir.mm.) along control perimeter, N/mm 396.028 312.962
'VRd,c Design value of punching shear resistance (per 1r.mm.) without reinforcement, N/mm 352.789 211.403
vmin Min allowed value of punching shear resistance (per ir.mm.) without reinforcement, N/mm 295.652 156.522
pw,min_ |Min reinforcement ratio 0.00193333 0.00193333
psw Reinforcement ratio 0.002485 0.00583671
Aswi Min design area of reinforcement, mm2 0 0
Asw Design area of reinforcement, mm2 470.61 1398.74
Asw/U Area of reinforcement per ir.mm. of basic perimeter, mm2/r.mm 0.2485 0.583671

Figure 14.12

Punching shear for circular contour (Eurocode)

The module enables you to carry out punching shear analysis of RC floor slabs and RC
foundation slabs with circular column. The following building codes are supported: EN
1992-1-1 (Eurocode 2), DBN V.2.6-98:2009, DSTU B V.2.6-156:2010 (Ukraine) and CH PK
EN 1992-1-1:2004/2011 (Kazakhstan).

The following cases (schematic presentations) may be defined:
1. Column inside slab.

2. Column inside slab: opening to the right of the column.

3. Column at the edge of slab.

4. Column at the edge of slab: opening to the right of the column.
5. Column at corner of slab.
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For every case, the following variants may be considered:

1. No capital.

2. Capital short — check only along control section outside the capital.
3. Capital long — check along control section within the capital limits.
4. Capital long — check along control section of slab outside the capital.

The dialog box contains two tabs (see the figure below): Input data and Output data.

T Punching shear analysis by Eurocode. Circular column X|

Input data |O|_rtp|_rt data |

Schematic
ICu:ulumn inside slab j [~ No capital
Geometry, mm
PRy
C I4DD
Coefficient for eccertricty (beta) 118
T = | LH
_\\._\\_ i NED
)
¥ > I— Applied force (VEd), kN I‘l LY
_/ ; % ahi
- -
] d 180
— Materials
Characteristic compressive cylinder strength of 20 - Characteristic yield strength of reinforcement 500
concrete fck), MPa i), MPa
Partial safety factor for properties of 1.15

Coefficient taking account of long term effects on
the compressive strength {acc)

Partial safety factor for concrete materal properties
firc)

Compressive stress in the concrete from axial load
or prestressing (Gep), MPa

I_I— reinforcement s)

Equivalent longitudinal reinforcement ratio {pl) ID- 005

Radial spacing of permeters of shear 200
I1 5 reinforcement (sr), mm
Tangential spacing of permeters of shear 200

reinforcement (st), mm

Angle between shear reinforcement and plane of
o dlab {a), deg [s0

Cpen...

Calculate | Report

Cancel | Help |
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T Punching shear analysis by Eurocode. Circular column X|

Input data  Output data |

Design compressive strength of concrete fcd), MPa IEEl
Strength reduction factor for concrete cracked in shear inu) ID-E'EE‘

Design value of punching shear resistance along the control section (vRd max), MPa 528
| capital | slab
Asw, mm2 982 271 19504 32
vEd.c, MPa 3.38541 2421
ul, mm 4645 56 4500.88
R, mm 740 780
uk, mm 1256.64 2638.54
1] |+
Motes

Cancel | Help

Input data

1. Geometry

If there is no capital, select the No capital check box.

C — diameter of column, mm;

a — distance between slab edge and column centre, mm;
d — effective thickness of slab, mm.

If there is a capital (the No capital check box should be clear)
H — height of capital,
LH — distance from the column body to the edge of the column head, mm.

If there is an opening
Lx — dimension of opening along the X-axis, mm;
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Ly — dimension of opening along the Y-axis, mm;
S — distance between the column centre and the nearest side of opening along the line that
connects column centre and centre of the opening, mm; C/2 <S < (6*d+C/2).

2. Load and materials

B — coefficient for eccentricity (at slab edge 1.4); may be defined manually;
Veq — applied force, kN.

Concrete

foek — characteristic compressive cylinder strength of concrete, MPa;

Yc — partial safety factor for concrete material properties (table 2.1N); by default it is equal
to 1.5;

Occ — coefficient taking account of long term effects on the compressive strength;
recommended value 1.0 (may be 0.8 — 1.0);

Ocp — compressive stress in the concrete from axial load or prestressing; by default it is
equal to 0.

Reinforcement

fy« — characteristic yield strength of reinforcement, MPa;

ys — partial safety factor for properties of reinforcement ; by default it is equal to 1.15; may
be =1.0;

pl — equivalent longitudinal reinforcement ratio ;

s, — radial spacing of perimeters of shear reinforcement, mm;

st — tangential spacing of perimeters of shear reinforcement, mm;

a — angle between shear reinforcement and plane of slab, deg.

To start calculation, click Calculate.

If LH > a, then calculation is terminated and the program displays the message: 'Capital
edge is located outside the slab'.

If (S-C/2) < LH, then calculation is terminated and the program displays the message:
'‘Distance from the column body to the edge of the column head exceeds the distance from
column face to opening'.

If computed radius of punching shear contour exceeds the slab limits, then analysis is
terminated and appropriate warning is displayed on the screen.

Output data

On this tab you will see results of calculation.

In the appropriate boxes, the following data is displayed:

fca — design compressive strength of concrete, MPa;

nu — strength reduction factor for concrete cracked in shear;
VRd max — design value of punching shear resistance along the control section, MPa.
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The table displays the following data:

A sw — design area of reinforcement for basic control perimeter (u1), mm?

Ved,c — Stress along column face, MPa;

ul — length of the basic control perimeter, mm;

R — curvature radius for basic control perimeter, mm;
uk — perimeter of column section, mm.

T Punching shear analysis by Eurocode. Circular column

| Input data  Output data I

Design compressive strength of concrete fcd), MPa I2D
Strength reduction factor for concrete cracked in shear {nu) ID-E'EE‘

Design value of punching shear resistance along the control section (vRd max), MPa 528

I capital I slab
Asw, mm2 582271 1504.32
vEd.c. MPa 3.38541 2421
ul, mm 4649 56 4500.58
R, mm 740 780
uk, mm 1256.64 263854

To present a report document in HTML format, click Report.
intermediate and final results with necessary comments.

The report file contains all

Page 340 of 403 www.liraland.com

©2011-2020, LIRA SAPR. All rights reserved.



http://www.liraland.com/

Punching shear

Input data
Column inside slab
Long capital
Geometry, mm
C Diameter of column 400
d Effective thickness of slab 180
LH Distance froem the column face to the edge of the column head along X 220
H Height of capital 90
Materials
fck (Characteristic compressive cylinder strength of concrete, MPa 30
lacc (Coefficient taking account of long term effects on the compressive strength 1
vc Partial safety factor for concrete material properties 1.5
GCp /Compressive stress in the concrete from axial load or prestressing, Mpa "]
Frk (Characteristic yield strength of reinforcement, MPa 500
ys Partial safety factor for properties of reinforcement 1.15
pl Equivalent longitudinal reinforcement ratio 0.005
s Radial spacing of perimeters of shear reinforcement, mm 200
st Tangential spacing of perimeters of shear reinforcement, mm 300
a Angle between shear reinforcement and plane of slab, deg 90
Load
B (Coefficient for eccentricity 1.15
'VEd Applied force, kN 1000
Output data
fcd Design compressive strength of concrete, MPa 20
nu Strength reduction factor for concrete cracked in shear 0.528
vRd,max Design value of punching shear resistance along the control section, MPa 5.28
capital slab
ul Length of the basic control perimeter, mm 46549.56 4900.88
vEd,c Stress along column face, MPa 3.38941 2.42101
vRd,c Design value of punching shear resistance without reinforcement, MPa 0.550655 0.551391
vm Min allowed resistance of concrete, MPa 0.486553 0.542218
vEd Stress in basic contour, MPa 0.916057 1.30362
uo Ultimate perimeter of contour in reinforcement zone, mm 7734.9 10794
Rp Curvature radius of ultimate perimeter, mm 826.048 1447.92
Fywd, ef Effective design strength of punching shear reinforcement, MPa ||31?.5 295
Asw Design area of reinforcement, mm2 ||982.271 1904.32
Aswiul Area of reinforcement per 1r.m. of basic perimeter, mm2 ||0.21.1261. 0.388566
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TOSTER (Chapter)

This chapter contains module that enables you to carry out static analysis of 2D and 3D bar
systems in bending torsion.

TOSTER. Thin-walled bar systems

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

I7 TOSTER. Thin-walled Bar Systems

The module enables you to carry out static analysis of thin-walled bar systems in
combined bending and torsion.

‘Russian ' Open i Exit

Figure 15.1

TOSTER - General notes

Thin-walled bar systems (2D and 3D) have seven degrees of freedom per node: three
translations (X, Y, Z), three rotations (UX, UY, UZ) and warping (Ud).
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Model of the frame is located in the XOZ-plane. X-axis is horizontal while Z-axis is vertical.
Y-axis is directed out of the plane and generates the right Cartesian coordinate system with
the X and Z-axes. Let us refer this coordinate system as global or principal one.

Nodal loads — forces and moments are directed relative to the global coordinate system.
Force is considered to be positive if it is directed against appropriate axis. Moment is
considered to be positive if it is directed clockwise when you look from the end of
appropriate axis.

Initial translation is considered to be positive if it acts along direction of appropriate axes.

Initial rotation is considered to be positive if it is directed anti-clockwise when you look from
the end of appropriate axis.

Restraints imposed at support nodes are directed relative to the global coordinate system.
Full restraint of a node is defined with seven restraints — X, Y, Z, UX, UY, UZ, Ud.

Local coordinate system of every bar is also right Cartesian coordinate system. X1-axis is
longitudinal axis of the bar; it passes from the beginning of the bar up to its end through the
gravity centre of the section. As a rule, node of the model with the smaller number is
considered as beginning of the bar while node of the model with the greater number is
considered as the end of the bar.

Y1-axis and Z1-axis — principal central axes that also pass through the gravity centre.
Local axes are generated according to the rules below.

For vertical bars:

— if the X1-axis is directed upward, then the Y1-axis is horizontal and directed out of the
plane at us and the Z1-axis is directed left-to-right;

— if the X1-axis is directed downward, then the Y1-axis is horizontal and directed out of the
plane at us and Z1-axis is directed right-to-left.

For arbitrary oriented bars:

— the Z1-axis is always directed to the upper half-space;

— if the X1-axis is directed left-to-right, then the Y1-axis is horizontal and directed out of
the plane from us;

— if the X1-axis is directed right-to-left, then the Y1-axis is horizontal and directed out of
the plane at us.

Local load is oriented relative to local coordinate axes. Sign convention for the local load is
similar to the sign convention for the nodal load.

If gravity centre and rigidity centre of the section do not coincide, then local load
(that passes through gravity centre of the section rather than through rigidity centre) will
cause local torsion moment. It causes warping of the section and bimoment appears in
the section.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 343 of 403


http://www.liraland.com/

Manual on ESPRI 2020

Since longitudinal axes of bars (X1) considered at nodes of the model pass through gravity
centres of their sections, then nodal force will also pass through their common gravity
centre. That's why, nodal force in the plane of frame will not cause warping and bimoment.

To define more precisely parameters of bending torsion, it is advisable to provide
intermediate division for bars between nodes of the frame. For example, if the model
represents one bar fixed at both ends, then it is advisable to divide this bar into two or more
bars.

Hinges are not supported in this version of the program.
Angle of pure rotation (rotation angle of principal central axes relative to location accepted

by default) is not supported in this version of the program. That's why, assigned sections of
bars should be symmetric relative to the local Y1-axis.

Input data

Let's consider the order in which the input data is generated on the example of the frame
presented in the Figure below.

3.000

4.000

G.000 2.000

Figure 15.2

Step 1. Generate model geometry

To start the work, on the MODEL menu, click Grid (button H on the toolbar). In the Grid
generation dialog box, define steps along axis 1 (horizontal axis X) and steps along axis 2
(vertical axis Z) with account of intermediate division of bars between nodes — the first span
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is divided into 6 elements by 1m and the second span is divided into 4 elements by 0.75m;
the first storey is divided into 4 elements by 1m and the second storey is divided into 4
elements by 0.75m. Click Apply. Nodes of the grid will be displayed on the screen. They
are denoted with grey cross symbols. To present defined dimensions of the grid on the

screen, click Display dimensions button ## |

Grid generation x|

Step along -ty Step along -k Step along -y
axiz 1 axiz 2 axiz 3'_
I — -
tdd | Delete | Add | Delete | sdd | Delete |

|1.nnnnnn |5 loooooon 1 | |1.nnnnnn |4

4 Y hid R |

Figure 15.3
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0.750, 0.750, 0.750, 0.750

1.000 1.000 1.000

1.000

1.000 ‘ 1.000

1.000 1.000 1.000 1.000 0ya0 | 0Fs0 [ 0750 | 075D

Figure 15.4

To define bars, on the MODEL menu, click Bars (button P on the toolbar) and connect
nodes of the grid.

When you define bars, the mouse buttons work in the following way.

Left mouse button: the first click — to select the first node, the second click — to select the
second node. Right mouse button: to unselect the first node.
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Figure 15.5 b)

Before you define bars it is recommended to present node numbers on the model (click

Display nodes button = on the toolbar). Node numbers will be displayed in green colour
when you define bars.

Since the less number is assigned to the first node, it is recommended to define bars from
bottom to top and from left to right in order to unify direction of the X1-axis.

When model geometry is generated, click the Bars button M once again in order to make
this command (mode) not active.

Click Display nodes button =~ once again in order to make this command (mode) not

active and then click Display bars button ™ in order to display numbers for bars.
Numbers of bars will be displayed in red.

4+ 44

To hide presentation of grid, click the Grid button *** once more to make this command
(mode) not active.
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Figure 15.6 b)

Step 2. Define boundary conditions (restraints)

To define the type of restraint, on the MODEL menu, point to Add restraint and click
appropriate command from the list or click necessary button on the toolbar.

x|
Lo B ALK

Notation for restraints on the toolbar (except Restrain all command) correspond to
restraints in the plane frame. The Restrain all option means restraints at all seven degrees
of freedom. To define nonstandard restraints, on the MODEL menu, point to Add restraint
and click Arbitrary. In the Assign restraints dialog box, select appropriate check boxes
and click Apply.

Define the nodes where the restraint should be imposed on.
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In this example, select Restrain all option (button on the toolbar) and define two

extreme bottom nodes. Then on the EDIT menu, click Select nodes (button <*~ on the
toolbar) and select the middle node. On the MODEL menu, point to Add restraint and click
Arbitrary. In the Assign restraints dialog box, select X, Y, Z, Ud check boxes and click
Apply.

| Model Visualize Tools Window Help
P @ Lo A=

R

Il Bars b [ e re | % ]|
‘| AddRestraint . =
» | Restrain All
Section » .« Restrain dFi
Load Case  » A Restrain dZ
Calculation »

=} Restrain dx

Arch == Restrain dFi+dZ
i Restrain dFi+dX
A Restrain dX+dZ
[ Arbitrary |
# Remove Restraint

Figure 15.7 a)

Assign restra x|

Fx [Cux ¥ id
WMy [ uy
Wz I uz

Apply I Cancel

Figure 15.7 b)

Step 3. Define sections for thin-walled bars
To define section of bars, on the MODEL menu, point to Section and click Select section.

(button B on the toolbar). In the Cross-section dialog box, click Add.
In this case, the window of Parametric thin-walled sections module will be displayed on the

screen. The work with this program is described in this manual.) Select the C-shape,
define its properties and click OK.
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" Thin-walled sections x|
Input data |
Awailable templates
E‘ C-shape Walue, cm Thickness, mm
Z-shape b1 15 10
h1 a0 10
T lsection _ha | 30 10
T 1 lleection &l ] 10
HH Cruciform _ o2 | ] 10
il 3 10
12 3 10
i3 3 10
r4 3 10
Modulus of elasticity |21]-|;.|]-|]-[|. MPa
Prisson's ratio Iﬂ,,?, L i
Density IT-".EE t/m3
Subdivision step 01 o
0K I Cancel
Figure 15.8

After calculation, the Cross-section dialog box appears on the screen. In the list of
sections, select the C-shape and click Set as current. Then click Apply.
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x|

Current type of zection

I.D, 1. C-shape Apply |
[, 1. C-shape Cancel |

[ 2 Omega-shape

| ['3. Z-shape Add |

Edit |

Set az curent |

Figure 15.9

To assign current section to the bars of the model, you could follow one of the sequence
presented below.
1) the first sequence of commands:

— On the EDIT menu, click Select bars (button
— Select with the pointer appropriate bars.

— On the MODEL menu, point to Section and click Assign section (button
toolbar).

— On the MODEL menu, point to Section and click Apply to selected bars (button ™ on
the toolbar).

on the toolbar).

£ on the

2) the second sequence of commands:

— On the MODEL menu, point to Section and click Assign section (button
toolbar).

— Select appropriate bars in order to assign the section to them.

— Click Assign section once again to make this command not active.

= on the

The first method is useful when you define section for many bars.
The second sequence - when you define the section for certain selected bars.

To define numerical stiffness properties, in the Cross-section dialog box, hold down the
SHIFT key and click Add. In the Numerical dialog box, define appropriate values.
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Figure 15.10

EF — axial stiffness;

Ely — flexural stiffness in plane;

Elz — flexural stiffness out of plane;

Elw — warping stiffness;

Glk — torsional stiffness;

Yk, Zk — coordinates of rigidity centre in the Y1, Z1 axes;
g — unit weight.

To display (Numerical dialog box) and edit stiffness values (computed in the Parametric
thin-walled sections module), in the Cross-section dialog box, hold down the SHIFT key
and click Add.

Step 4. Define loads

Let's define two load cases:

1) dead weight;

2) loads at nodes and bars of design model.

To define dead weight, on the MODEL menu, point to Load case and click Add dead
weight. If material density (or unit weight) is not defined, then you will see appropriate
warning and the dead weight will not be added.
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Model Visualize Tools Window Help
P ®| )L A=

[*] Bars 0 -
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4

{1 |

Section ’

| Load Case . Define at Node...
Calculation *» .. Define on Bar...
Arch | Add Dead Weight ||

5
' Delete Load

ne Current Load Case...

Figure 15.11

Load for the first load case in presented in the figure below.
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Figure 15.12

To define the second (the third, the fourth, ...) load case, on the MODEL menu, point to

Load case and click Current load case (button ™ on the toolbar).
Load for the second load case is presented in figure below.
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Figure 15.13

In the dialog box, define the number of the current load case.
To define nodal loads and initial displacements, on the MODEL menu, point to Load case

and click Define at node (button .- on the toolbar).

x|

e =
ol | S| | =S
—| =t — | =

P= -1 £ Apply I Cancel

Z‘

Figure 15.14
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In the Load at nodes dialog box, define horizontal load P = — 10 tf. Click Apply.

Then on the MODEL menu, point to Load case and click Assign load (button %' on the
toolbar) and define the node where load should be applied to (in this example it is the
upper left node).

In the Load at nodes dialog box, buttons with green arrows corresponds to loads relative
to approximate axis in global coordinate system while buttons with yellow arrows - to
cinematic load (initial displacements of nodes). One important point to remember is that
initial displacements of nodes may be assigned only to nodes in which there are no
restraints.

To define loads on bars (or span loads), on the MODEL menu, point to Load case and
click Define on bar (button = on the toolbar).

In the Load on bars dialog box, define uniformly distributed load on inclined bars along the
whole length in local coordinate system along the Z1-axis. The load value should be 5 tf/m.
Click Apply.

x|

— Coordinate sypztem—— B\ -'Hﬂ P= IE R
" Global
i+ |ocal 4 Al= Il:I ]
— Anes T’-i'l -F- hes i
Cox Cove 02| | e ..‘t=§.. sa- [198 m
1

Z1
p
A1 | b
i M hz "

Apply I Cancel

Figure 15.15

When all loads are defined, click Assign load button %' once again in order to make this
command not active.

In the Load on bars dialog box it is possible to define the following types of loads relative
to global or local axes X(X1), Y(Y1), Z(Z1) at certain distance from beginning of the bar:
— concentrated load;

— concentrated moment;

— uniformly distributed load,;

— trapezoidally distributed load;

— uniform heating along the local X1-axis;
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— nonuniform heating of upper and lower (relative the Z1-axis) fibres of the section.
To ensure the right distance for load, on the TOOLS menu, use the Length command

(button = on the toolbar) in order to measure the length of inclined bar.

n Distance between nodes 18 and 16
veal 5.024101909?9443| .
* | 4
a | 0 m
@ |
Figure 15.16

To start calculation, on the MODEL menu, point to Calculation and click Analyse problem

(button on the toolbar).
When you obtain message that calculation is complete, it is possible to evaluate analysis
results.

Options to edit the model

Principal commands (modes) to edit the model are presented on the EDIT menu.
Undo
Select nodes

Select bars
[ Delete nodes

= Delete bars
Remove restraint
DeIete hinge

% Delete load (MODEL menu / Load case)

Options to visualize the model

All commands to visualize the model are presented on the VISUALIZE menu. With the help
of these commends you could show or hide the following data:

Numbers of nodes

Numbers of bars
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@Dimensions of the specified grid

Restraints
Hinges
Loads
Load values

Tools

ElLength between two nodes
Angle by three nodes .
Information about bar
Information about node

@Zoom - to enlarge the model fragment

Fit in window - to display all objects on the screen

The EDIT menu contains the Pack model command. Use this command to delete nodes
and elements that were eliminated from design model by the user.

Important. After the pack procedure all previous Undo and Redo actions will be
unavailable. The Undo/Redo history will start once again from this procedure.

Circular arc

On the MODEL menu, click Arch. In the dialog box (see Fig. 15.18), define coordinate of
the centre of circle (Xo, Yo0), radius of arch (R), number of bars (N), initial and final angles
(AL, A2) in degrees (measured anti-clockwise from the X-axis of the global coordinate
system when you look at the screen). Click Apply.

Model Visualize Tools

B &
[*] Bars

g = o

- Add Restraint * |

3

[l =2

Section g
Load Case 4
Calculation »

Arch |

Figure 15.17

Page 360 of 403 www.liraland.com ©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Toster

When you define parameters of arc (as presented in Figure 15.18a), the arc will be
presented on the screen. Nodes and elements of the arc will be numbered from right to left.

To obtain automatic numbering of nodes and elements from left to right, specify A1 = -180°
and A2 = -360°.

x|

xu,m|1z ‘r'u,mIIII zu,m|n

R, |3 a1, [ -180 a2,° | -360)

Flane

N|24 [f‘“xm i+ xo0z  YOZ
Apply I Cancel |

Figure 15.18 a)

Figure 15.18 b)

Stiffness properties, restraints and loads are defined as described earlier.
In the picture below you will see combination model with dead weight applied to it.
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Figure 15.19

Output data

Define the number of the load case that you would like to evaluate (button ™ on the
toolbar).

To display the output data, on the MODEL menu, point to Calculation and click one of the
following commands to display appropriate data on the screen:

- Deformed shape;

- @ Axial force diagram N;

- Shear force diagram Qz, Qy ;

—@ IEI @ Moment diagram Mx, My, Mz ;

- Warping moment diagram B.
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Analyse Problem

Initial Model

Deformed Shape

Axial Force Diagram N
Moment Diagram Mx
Moment Diagram My
Moment Diagram Mz
Shear Force Diagram Qy
0. Shear Force Diagram Qz

o === =¥ [@E

|E Warping Moment Diagram B |

Tables

4

Figure 15.20

To display numerical values of nodal displacements and forces in bars, on the MODEL
menu, point to Calculation / Tables and click Nodal displacements or Internal

forces at bar ends )
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Figure 15.21 a) Deformed shape from load case 1

Page 364 of 403

www.liraland.com

©2011-2020, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Toster

‘;.3
]
3
=
|
=
=
Lo
™~
=
=
=
= J
=
=
=
=
=
=
=
=
=
b e by
1.000 1.000 1.000 1.000 1.000 1.000 0.750 0,750 0,750 0750

Figure 15.21 b) Deformed shape from load case 2
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Figure 15.22 a) Diagram of warping moments B from load case 1
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Figure 15.22 b) Moment diagram My from load case 2

To present numerical values of nodal displacements or forces in bars, on the MODEL
menu, point to Calculation. Then point to Tables and click either Nodal displacements

(button I on the toolbar) or Internal forces at bar ends (button i on the toolbar).

Displacement/Load case 1 %]
Eile

N | wpom) | vimm) | Zimm) | Usiad. | Upja.. | Uzirad.. | Udira «
1 0 0 0 0 0 0 0

2 226212 629733 0125 07173 10736 07597 0.0
3 0 0 0 0 0 0 0
4 219589 122416 0129 0045 00575 06082 003
5 0 0 0 0 0 0 0

E 196547 -0175. -01E5.. 0758 05E3I5.. 037035 0007
7 0 0 0 0 0 0 0

8 100751 620984 0055 171536 079128 069958 0.0
g 0 0 0 0 0 0 0
10 09472 121499 0111 0FESES  -0107.. 07544 004
11 0 0 0 0 0 0 0w
1| | E

Figure 15.23 a)
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Forces/Load case 1

X|

Ele.. | Sec. | M | o | 0zpn | sugtem | ey

| Mzt | B2 | -

Eile

1 1 AE7.
1 2 8ET.
2 1 899
2 2 899
3 1 427
3 2 427
4 1 431
4 2 431
5 1 8.
5 2 B
5 1 0.
5 2 106
7 1 a2
7 2 A
8 1 347
8 2 47
g 1 B054.
g 2 G054
10 1 NnAR9

584
.04
144,
-1.44..
0.62...
0.62...
-A4.06...
-A.06...
041
041
0.396...
0.396...
-1.1041
-1.1041
-0.95...
-0.95...
0.734...

0.784...
M Fa7

095 -050..
095, -0.50..
0., -040..
0., -040..
164 024
164 024
0.263.. -047..
0.263.. -047..
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.62, -050..
092, -0.08..
092, -0.08..
2700...  0.365..
-329.. 0368
3.286...  0.553.
271, 0553
63753  0126..
10242 0126..
4 R34 NnnR7
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-0.25...
4717
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3032
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1.2687
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011
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0.10...
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0.15...

0.034...
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M nF

[

Figure 15.23 b)

Use the Information about bar button ( 5 ) to preview force values selectively, generate
diagrams of longitudinal and transverse forces, moments and displacements.

Use the Information about node button ( 't ) to preview nodal displacements selectively.

The figures below illustrate design model and analysis results.

Figure 15.24. Nodes
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Figure 15.25. Elements

Figure 15.26. Loads
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' Thin-walled sections X|
Input data |
Awailable templates
[', Cshape alue, cm Thicknesz, mm
._r' Z-shape ki an 10
_|-L Omega-shape b1 25 10
I |-section bz 25 10
T 1 lleection ] 15 10
"I" Cruciform 2 15 10
il 1] 1]
r2 1] 1]
i3 1] 1]
r4 0 lo |
by

by

Cz

Modulus of elasticity IE'I]'E'I]-I}I]' MPa

Poisson’s ratio Iﬂ'.3
Densiy [7.25 /m3 ’ -

Subdivision step 01 o

oK I Cancel

Figure 15.27. Section
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Figure 15.28. Deformed shape

Figure 15.29. Diagram N
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Figure 15.30. Diagram B

Figure 15.31. Diagram My
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Sign convention

Sign convention for displacements

Linear translations (X, Y, Z) are considered positive if they are directed along appropriate
axes.

Rotations (UX, UY, UZ) are considered positive if it rotates anti-clockwise when you look
from the end of appropriate axis. Warping (Ud) is considered positive if positive rotation UX
increases from beginning of the bar up to its end.

Sign convention for forces

Axial forces (N) is considered positive if the bar is in tension.

Sign convention for other forces relates to the bar section that belongs to its end:

— positive bending moment (Mx) rotates anti-clockwise when you look from the end of the
X1-axis;

— positive bending moment (My) rotates anti-clockwise when you look from the end of the
Y1-axis;

— positive bending moment (Mz) rotates anti-clockwise when you look from the end of the
Z1-axis;

— positive shear force (Qy) acts along the Y1-axis;

— positive shear force (Qz) acts along the Z1-axis;

— positive warping moment (B) is presented with pair of moments MB(top) and MB(bot)
that rotate about the Z1-axis; MB(top) is applied to the top (positive direction of the Z1-axis)
edge of the section while MB(bot) is applied to the bottom (negative direction of the Z1-
axis) edge; in this case MB(top) is directed anti-clockwise while MB(bot) - clockwise when
you look from the end of the Z1-axis.
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Prestressing (Chapter)

The chapter contains modules that enable you to analyse and check bearing capacity of
sections of reinforced concrete bars with prestressed reinforcement.

Prestressing
Analysis of RC support sections (posts)

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

£ Prestressing
The module enables you to check reinforced concrete sections of bars with prestressed reinforcement.

o | Analysis of RC Support Sections (Posts)

u The module enables you to analyse strength in reinforced concrete (RC) supports of ring sections with prestressed reinforcement
by deformation model.

Ellipsoid
Sheet Piling

Diaphragm

Punching shear

Prestressing

@

;Russian 1 Open 1 Exit

Figure 16.1

Prestressing

This module enables you to analyse and check bearing capacity of reinforced concrete
sections of bars with prestressed reinforcement. In the check mode of the program it is
possible to compute reserve factor for the section. In the selection mode of the program it
is possible to determine area of lower and upper reinforcement and appropriate
prestressing.

The following building codes are supported:
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— SNIP 2.03.01-84* Concrete and reinforced concrete structures;
— SP 52-102-2004 Prestressed reinforced concrete structures;

— Eurocode 2 Design of concrete structures;

— SP 52-104-2006 Steel fiber reinforced concrete structures.

Available classes of concrete: B12,5 B15 B20 B25 B30 B35 B40 B45 B50 B55 B60.
For Eurocode: C12 C16 C20 C25 C30 C35 C40 C45 C50 C55 C60 C70 C80 C90.

Process of hardening - natural hardening or thermal treatment (steaming, autoclave
hardening).

Service conditions - natural humidity, water saturation, alternately water saturation and
drying.

Strength of concrete in transfer Rbp is assigned as equal not less than 11 MPa. For rebars
of class AVI, reinforcing cables of classes K-7 and K-19 and wire reinforcement without
buttenheads - not less than 15,5 MPa. Moreover, strength of concrete in transfer should be
not less than 50% of the strength for defined concrete class.

The following classes of reinforcement are available:

— A-l, A-11, A-lll, A-llIb (with monitoring elongation and stress) A-llib (with monitoring only
elongation), A-1V, A-V, A-VI, Bp-I, B-II, Bp-Il, K-7, K-19;

— A240, A300, A400, A500, A600, A800, A1000, B500, Bp1200, Bp1300, Bp1400,
Bp1500, K1400, K1500.

Max diameter of reinforcement - 40 mm (for Eurocode - 50).

Distance to reinforcement - distance from gravity centre of reinforcement group up to the
nearest side of section (lower reinforcement to the lower side, upper reinforcement - to the
upper side).

Methods of prestress - mechanical, electrothermal, electrothermomechanical.

Only pretension of reinforcement onto stressing abutments is considered in the current
version of the program.

Temperature drop is accepted as 65 degrees, if there is no accurate data.
Parameter dl - buckling of an anchor, is taken as equal to 2 mm.

To take account of friction between the tendons and their sheathing, define parameters y,
K, 8 and x (in SNIP u corresponds to é and k corresponds to w.

For calculation according to Eurocode, for prestressed reinforcement it is necessary to
define shape, area of one rebar, characteristic tensile strength of prestressing steel fpk,
characteristic 0.1% proof-stress of prestressing steel fp0,1k and class, indicating the
relaxation behaviour - ordinary or low relaxation.

The following classes of fiber are available:
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— steel fiber, milled from slabs, according TU 0882-193-46854090.
— steel fiber, cut from sheet steel, according to TU 0991-123-53832025.
— steel fiber, chopped from wire, according to TU 1211-205-46854090.

Input data

The dialog box is presented in the figure below.

= pPrestressing - ol x|
—Section types and geometry Desian forces
| l T | l | I | N.kMN | LM *m | Mo kM™m | Reserve factor
1 1287 283, 277, 1.74
2 1124 241, 194, 216
El 1400. 241, 445, 393
h 4 1347 244, 275, 362
5 1034 354, 143, 1.08
5
b 7
" IBDD - I = - I = Partial safety factor for concrete I 1
y y mm
- Prestressing force for lower reinforcement, kM I 202
b | 400 b1 | - b2 | 0 mm
Force of prestress for upper reinforcement, kM I 202
Effective length at
Beam length, mm I 6000 fabrication stage, mm 6400 Load factor 1.15
ng:nt_rlij\':n:mgm of I 5000 d I 2 T | Ultimate width of crack propagation, mm I 0.2
Speed of increase in load, % I 1
Code [sp52-102-2004 v| Mode [check =l
Concrete Reinforcement
oo Class Diameter Mumber Distance,mm L [*] K 1
Prestressed upper reinforcement IASUD d VI I vI 2 760 o 0 0 o
Concrete B40 - 22 I I I I I I
i = = ) 30 0 0 3 ol
Process of hardening thermal reatment | Prestressed lower reinforcement IASDD dJ IZZ J I I I I I I
Service conditions [ratwraitumiaty ]| | | Nomeresiressed upper [p2s0dr| [14 =] |6 [
pr— Monprestressed lower A240d > | |14 | |6 40
Grade by average density: e H I J I J I I
Transfer strength (MPa), Rbp I 25 Method of Imechanic VI Temperature I 83 o
Humidity, % I &0 Prestress Ipre -tensioning = l
Save... | Open... I Results. .. I Report Help Exit
Figure 16.2

In the dialog box define dimensions for section and structure, parameters of concrete and
reinforcement, design forces, prestress for the reinforcement.

Define type of section — rectangle, T-section with flange at the top, T-section with flange at
the bottom, I-section. Select appropriate building code. Then define dimensions for the
section, length of beam, class of concrete, classes of prestressed and nonprestressed
reinforcement, number of rebars, their diameters and distances to them.

To check T-section or I-section with trapezoidal flanges, define average heights of flange
overhangs.
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To display schematic presentation pf the section according to specified dimensions, click
Redraw.

Define design forces in the appropriate table. To convert to normative values, the load
factor ys is applied in the program.

N - axial force applied at the gravity centre, kN;

M - moment from external forces, KN*m;

Mg - moment from dead weight of the structure in the section, KN*m.

Sign convention: positive moment corresponds to tension in lower fiber (according to
schematic presentation of section), positive axial force corresponds to compression.

Partial safety factor for concrete yy. is defined depending on load type (by default 1).
Prestressing force if defined within the limits that depend on the class and area of
reinforcement. In the mode of selecting prestressed reinforcement, recommended value of
prestressing force for the certain reinforcement is determined by the program.

Speed of increase in load is required to determine reserve factor for the section. The speed
shows which part of load should be added per one step. It is recommended to define the
speed value within the limits 1-5%. If speed of increase in load is rather high, calculation
accuracy of reserve factor for the section is reduced.

When the input data is defined, click Calculate.

Output data

Reserve factor for the section is displayed in the appropriate column in the Design forces
table.

To display Output data for the calculation, click Results.
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Output data x|

—Properties of concrete and reinforcement
Concret IF Prestressed reinforcement dass Es,MPa Re,MPa Rsc,MPa  Rsser MPa  As,mm2
d
ass upper | AS00 d=56-40 | 130000 | 435 | 400 | 500 | 760.26542
Eb,Mpa I 37000 lower IASDD d=6-40 | 180000 |435 |4DD | 500 | 760.26542
Rb,MPa I 22 Monprestressed reinforcement
|A24|:| d=6-40 | 180000 | 215 | 215 | 240 |923.62823
Rb,ser MPa I 29 upper
AZ240 d=6-40 130000 215 215 240 923.62823
Rbt,ser MPa |2-1 lower I I I I I I
ared | 336383.830205 pm2  Ired | 19042366427.S mm4 Vired |49320121.3801 mm3 Y0 | 382.22239 mm

569668 Mpa —Analysis at compression stage

kei_rp | 0.3543997253
—Losses of prestress Ebp,MPa I 32500
keip | 0.0461689431

Sigma_spnl IB?.B?}‘DB Sigma_spvl |B87.877013 MPa Rbp,MPa |15.95
Mulp) | 319.54685774 kN*m

Sigma_spn2 |34'3?533? Sigma_spv2 42877013 wpga Rb,serp MPa 18.5 I?ss—
mm

Sigma_spn 265.69668  Sigma_spv 26

EEN

ep

—Strength analysis Rbt,serp MPa | 1.55 Np*ep I -79.4880195%¢ kh*m
kd r ID.3522939 X 107,338773487 mm
- —Buckling analysis

ke |u.1394uz3 Mu | 679.35338403¢ Ner |43851.851 ki Nerfp) |38541.666 kN

|'Analysis by serviceability limit states

il

Mgc|161.2?831 KN*m Mr | 20085944 kn*m acrc |u.15?mz o m |4.??5233 .

:

Figure 16.3

To save the model in *.pna format, click Save.

To open the input data of the saved model, click Open. The calculation should be made
once again.

To present a report document in HTML format, click Report.

Notation in output data:

Ared - area of equivalent section;

Ired - moment of inertia of equivalent section;

Wred - section modulus of equivalent section;

yO - distance from lower fiber up to gravity centre of the section;

ospn - stress in lower prestressing reinforcement without account of losses;

ospvV - stress in upper prestressing reinforcement without account of losses;

ospn1 - stress in lower prestressing reinforcement with account of immediate losses;
ospv1 - stress in upper prestressing reinforcement with account of immediate losses;
ospn2 - stress in lower prestressing reinforcement with account of all losses;

ospv2 - stress in upper prestressing reinforcement with account of all losses;

&r - ultimate relative height of compression zone of concrete;

¢ - relative height of compression zone of concrete;

X - height of compression zone of concrete;

Mu - ultimate moment for the section;
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Ncr - axial force in buckling;

Mcrc - moment in crack formation;

Mr - moment of external forces relative to the axis that is parallel to zero line and passes
through the core;

acrc - max width of crack propagation;

¢rp - ultimate relative height of compression zone at fabrication stage;
¢p - relative height of compression zone at fabrication stage;

Mu(p) - bending moment that the section could take from prestressing;
Np*ep - max moment generated in the section during prestress;

ep - eccentricity of prestressing force;

Ncr(p) - critical prestressing force for reinforcement in buckling.

Analysis of RC support sections (posts)

The module enables you to analyse strength in reinforced concrete (RC) supports of ring
sections with prestressed reinforcement.

The following building codes are supported:

— DBN V.2.6-98:2009 'Concrete and reinforced concrete structures. Basic provisions'.

— DSTU B V.2.6-156:2010 'Concrete and reinforced concrete structures from heavyweight
three-component concrete'.

Materials

Concrete — heavyweight concrete of classes: C12/15, C16/20, C20/25, C25/30, C30/35,
C32/40, C35/45, C40/50, C45/55, C50/60.

Prestressed reinforcement: A600, A600C, A600K, A800, A800K, A800CK, A1000,
Bp1200, Bp1300, Bp1400, Bp1500, K1400 (K-7), K1500 (K-7), K1500 (K-19).
Nonprestressed reinforcement: A240, A400, A500, B500.

According to DSTU B.V.2.6-156:2010 sect.3.2.2.2 and sect.3.2.2.4, prestressed rebars
may be applied as nonprestressed reinforcement.

Input data

Concrete: Class of concrete, strength of concrete at transfer Rbp, hardening process
(natural hardening, thermal treatment) and stress-strain diagram for concrete.

Reinforcement: it is possible to define 2 reinforcement layers with different location for
nonprestressed reinforcement and one reinforcement layer for prestressed reinforcement.
For every layer, you define class of reinforcement, diameter of rebars, number of rebars,
distance from rebar to external border of a pipe a and angle for distance relative to the Y-
axis. For prestressed reinforcement it is necessary to define prestressing force.

Load: N — axial force (compression with sign '-'), My — bending moment relative to the Y-
axis ('+'if the lower edge of section is in tension, '-' if the upper edge of section is in
tension), Mz — bending moment relative to the Z-axis ('+' if the right edge of section is in
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tension, '-' if the left edge of section is in tension). It is possible to save the input data to the
file or open previously saved problem. To do this, use appropriate buttons.

To start calculation, click Calculate.

Output data

When calculation is complete, you will obtain the following results:
— height of compression zone of concrete x,

— areas of nonprestressed As and prestressed Ap reinforcement,
— stress in reinforcement with account of all losses Sigp,

— short term and long term losses,

— width of crack propagation a_crc,

— distance between cracks |_crc.

® Post =
—Load —Output data
T xmm  [840 sigp,wpa [663.19553
My, khm IBS As, mm2 Im Losses1 |47-5
- IB— Ap, mm2 m Losses? |9?.32?54u

a_crc, mm IU |_cre, mm I 0

—Concrete —Reinforcement

Number of ) Angular
Monprestressed Diameter, rebars Distance, mm distance
Cass  [c321%0 7] F“b':'!""PE‘IHSD [ as00 = s =l [B =] |3 [o
Strain di T
s e [Bine i [ As00 2 I R [2 =] [eo [15
— 0 Prestressed
D, | d, mm | [5p1z00 = [ = [5 =] [ f22.5
L,mmISUUU INabJrthardening j Np. kN 200
P
Save | Open | Repart | Help |

Figure 16.4
To present a report document in HTML format, click Report.

The report contains physical and mechanical properties of materials as well as the output
data:

Prestressing force, KN — Np

Short term losses, MPa

Long term losses, MPa

Stress in prestressed reinforcement with account of all losses, MPa — Sigp

Percentage of reinforcement for section, %
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Relative height of compression zone of concrete — ksi

Height of compression zone of concrete, mm — X

Width of crack propagation, mm — acrc

Max depth of cracks, mm — hcrc

Distance between cracks, m —lcrc

Stress in extreme tensile reinforcement, MPa — Sigma_kr

Relative strain in extreme compressed fibre of concrete — EpsBMax
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Soil (Chapter)

The module enables you to calculate settlements of slab and/or pile foundations and
subgrade moduli C1, C2 of soil under arbitrary contour of foundation slab or pile foundation
grillage.

Moduli C1 and C2 according to soil model

Soll

Foundation slab or pile foundation grillage are presented as uniformly distributed load that
correspond to the slab shape and is applied to the specified contour of soil model. Load
may be applied to the whole contour of the model and to its separate zones (zones may
have arbitrary shape in plan).

Every applied load may be defined as the load from existing building. In this case, the
program computes influence that the settlement of buildings under construction has on the
settlement of existing buildings. It is also possible to compute skews of existing buildings.

Computation is made according to automatically generated soil model. To generate soll
model, define data about location of boreholes and properties of soil layers (GE) in them.

Contour of soil model in plan is determined by location of boreholes, overall dimensions of
load contours as well as specified grids of axes for existing buildings and buildings under
construction. Grids of axes are the supplementary element for model generation and, as a
rule, this element determines overall dimensions of the construction site.

If when you generate the soil model, point (where subgrade moduli and other parameters
should be calculated) is located between the specified boreholes, then soil model is
generated by interpolation. In this case, interpolation zone is determined with the polygon
of the specified boreholes. If the point is located outside the polygon of specified boreholes,
then soil model is generated by extrapolation. Extrapolation zone is determined with overall
dimensions of grids and loads outside the polygon of specified boreholes. If grids or loads
are partially or completely defined outside the polygon of specified boreholes, then when
extrapolation zone is determined on plan, additional boreholes will appear automatically.

The following building codes are supported:
SNIP 2.02.01-83%,

SP 50-101-2004,

DBN V.2.1-10:20009,

SP 22.13330.2011,

SP 24.13330.2011.
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Analysis of settlements is carried out by the model of linear elastic half-space.

Input data

Soil properties
On the MODEL menu, click Soil properties (button @ on the toolbar).

=10l x|
[« File View |Model Calculate Options Window Help _| 5 Xj
Bl I=d ool Properties... | BN SNREE EICREIEE R e b EErs i P N L
| Coordinate System  »
H Grids...
" Boreholes...
Borehole Table...
§* Loads...
| Element Selection L4
Delete Elements 4
& Extrapolation
Move and rotate coordinate svsten l
Xl i 9] :
Edits soil properties X=-6.12 ly=5270  |[z= ((m) y
Figure 17.1

The Soil properties dialog box appears on the screen.
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Soil properties X

B Soil properties ::':1 | | ﬁ | X | r"t | Ih‘ | i | J ?
Al B C D E F G H | J K L N T
1 Conversion Angle
2 | GE |Legend| Name of Coloun Modulug | Pois- Soil |factor to 2nd| Matural |Yielding|Water] “oid of
3 | Mo =oil of son's ( wunit | modulus of moisture,| L |Loess ratio internal
4 elasticity | ratio | weight, [ elasticity e friction
] tm*=2 tm*==3 parts Fi, =
[ 1 Man-made 1000 0.3 1.8 5 0.05 0.2 0.7 16
T 2 Sandy sitt 1800 0.3 1.75 5 0.25 W 0.54 3
8 3 Sand loam 2000 0.3 1.82 5 0.25 1.1W 0.72 s
9 4 Clay loam, low pls 1800 0.35 1.87 5 017, 028 0.68 12
10 5 Clay, =emi-hard 22000 0.42 1.52 5 002 015 0.8 16
11
Mote: vielding values IL are not uzed in SOIL module

Figure 17.2

To edit the table with soil properties, use appropriate buttons above the table — cut, copy,
paste, delete, select default value for constructed soil, select colour of soil, define presence
of groundwater.

Grids
To generate polygonal contour, define the grid in appropriate dialog box — on the MODEL

menu, click Grids (button El on the toolbar). When you start the program, the grid No.1 is
already displayed in the working area of the screen. If required, it may be deleted.

In the Grids dialog box, do the following:

—in the Grid No. box, define the grid number (by default, grid No. 1 is already defined);

— define number of steps and their values along the X and Y-axes;

— if required, define grids relative to the vertical axis;

— click Apply M .

Grids . |
?

Hoeid 2 = T upper (M

v First point

¥ [1z00 X |
v [1200

Fiatation o
angle ID'I:I

|1
Along ¥-axiz Along v-amiz
Step value Steps Step value Steps
1.00 10 1.00 10
Figure 17.3
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Boreholes

To define boreholes, on the MODEL menu, click Boreholes (button El on the toolbar).
Define number for the borehole in the appropriate box and coordinates of the borehole as
well as mouth elevation. In the GE list, select certain number of soil from the table of soil
properties and in the first row of the table define (if appropriate check box is selected)
either depth of layer or bottom elevation, etc. Boreholes appear on the screen as you

define them.

x|

| @" Baoreholz 1

(m] P

fd auith
elesation

IME.EEI

Depth IEE.DEI
 rdAEIRd

GE|2 i’ ¥ | e | - aﬂzrcify depth of

N Mame Bu:utt-:u_m Thicknesz| Depth
elevation | af layer af layer

1 kan-made... 14E.50 2.30 2.30

4 Clay... 14410 240 470

3 Sand... 133,70 4.40 910

5 Clay,... 12830 11.40 2050

2 Sandy... 123.80 4.50 25.00

Figure 17.4

To display numbers of boreholes, on the VIEW menu, point to Show objects and click
—3
Borehole numbers (button E] on the toolbar).

Loads

To define loads, on the MODEL menu, click Loads. Appropriate dialog box appears on the

screen.

Two types of load may be defined: rectangular load or arbitrary load.
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e ¥ Elevation | 7 Pile footing
Hulaliunl o I =2
angle di |7.00 I Natural
N 0il
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Figure 17.5

To define arbitrary contour of load, in the Loads dialog box, click the Specify load on plan

button il and define (in sequence) grid nodes that generate required polygon. To close
the contour, click its first node. It is possible to specify load by coordinates for vertices in

the load contour.

To display the sketch in the dialog box, click the Preview load and edit base point button

¥ 1. In the extended area of the dialog box, click (if required) the base point of rectangular
load as it is shown in the figure below.

To define rectangular load, click the El tab in the dialog box.
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Loads x|
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A |A’ I v Elevatian [~ Pile footing

IEI?.EIEI

R atation
angle da |3-3':I i~ I atuiral

I . I— zoil

! 4 460 Sail Thickness
v Basepoint ————— I j I

4 |14.EIEI

by |1?.EIEI I? " alue I'IE_?EI

7
7.

2|

Figure 17.6

If the load is applied to the pile footing, then in the Loads dialog box, select appropriate
check box and define required parameters.

Loads x|
|5@> Laad INew E. ¥ Applied [~ Existing load [ m.tm2] | ?
A |A’ I v Elevatian ¥ Pile footing

I'IEIEI.EIEI _ﬂjl1

R atation
angle da IE-':":I ™ I atuiral

|45_¢ e - soil L|12 Ec|3e+DI]6 Kg|u
I ) (0|

Thickness ﬂI &0 @I 1

fvBasepont —— || | | @ bfos
7 R

v IW I? Walue IEEI.EIEI

acp| 2 k1|0

]l PRI frig
// L wwwww#w%m:q
/- ReAdh dhuh

% Ki+kz+Ka=1
= | %

Figure 17.7

For analysis of pile footing, the following parameters should be defined:
Tp — thickness of foundation slab.
L — pile length.

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 387 of 403


http://www.liraland.com/

Manual on ESPRI 2020

D — diameter of piles with circular cross-section.

B, H — dimensions for square or rectangular cross-section of pile.

Acp — mean step of piles.

Ec — modulus of elasticity for pile material.

n — number of piles.

K1 — fraction of load transmitted to soil at base of foundation slab.

K2 — fraction of load transmitted to soil by friction along side surfaces of piles.

K3 — fraction of load transmitted to soil below the pile toe (at level L).

Lv — number of levels through which the load from friction along side surface of piles is
transmitted. If K2=0, this value is not considered in analysis.

Analysis of pile footing as equivalent one in strict compliance with building code is carried
out for K1 and K2 = 0 and K3 = 1. Another distribution of load is permitted, e.g. K1=0.05,
K2=0.9, K3 = 0.05 (or other), that provides smooth accumulation of settlement from piles.
In this case, K2 may be divided into Lv levels (e.g. Lv = 10). Then stress diagrams in soil
will be of step-type and present elevations of application of appropriate load fractions.

In analysis according to SP 24.13330.2011, weight of soil is not considered in the volume
of equivalent footing.

In analysis according to DBN V.2.1-10:2009, weight of soil is considered in the volume of
equivalent footing.

Depth of compressible stratum Hc for pile footing is computed from the elevation of load
application.

Visualization of soil model

When boreholes, GE, loads and grids are defined, on the MODEL menu, click
Extrapolation. The soil model will be generated automatically. To visualize 3D model, on
the VIEW menu, click 3D view.

To present arbitrary soil profile, on the VIEW menu, click Arbitrary soil profile (button t]
on the toolbar). The soil profile will be presented in the floating box that is located (by
default) in the lower part of the screen. To generate arbitrary soil profile, click the Specify
points on plan button and then specify (in sequence) on model the beginning and the end
of the soil profile line. Current soil profile and coordinates of the specified points will be
displayed in the Arbitrary soil profile floating box.

You could also specify coordinates of the soil profile line. To do this, select appropriate
check box and specify coordinates of two points in the current coordinate system.

When you right-click the sketch of the soil profile, you will see the ToolTip with the name of
GE and its parameters — modulus of elasticity E, Poisson’s ratio and soil density. When you
move the pointer over the sketch in the Arbitrary soil profile floating box, coordinates of
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the pointer location in the current coordinate system as well as elevation will be displayed
in the right bottom corner of the box.

When you click Vertical mark button , you could specify arbitrary point on the soil
profile. To do this, move the vertical line of the mark with the pointer and click it. Location of
the point will be specified and indicated on the image with vertical dashed line of red

colour. Click the Display parameters of virtual borehole button to present the
Boreholes floating box with parameters of virtual borehole, that is, borehole in the
specified point of the soil profile. A new number will be assigned to this borehole.

® SOIL - [Soil_2016.sld] =lolx
[ File View Model Calculate Options Window Help =l xj

[DoH@srPPax | tns/eeiu|sessaalvas o7 @aaas/s s, %% 4 009
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B2 xFo o | | i3 B <fw |
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Move and rotate coordinate svsten X
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Specify the first point of the soil profile X=-5.67 lY=-7.84 lz= [(m) Y
Figure 17.8

Analysis parameters

On the CALCULATE menu, click Options. In the Calculation options dialog box, select
the building code for the calculation procedure.

In the appropriate boxes define the following values:

— coefficient for depth of compressible stratum (default value - 0.5);

— min depth of compressible stratum (default value - 5 m);
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— additional stress invariable within compressible stratum along the whole depth (default
value 0.0).

If it is necessary to consider weight of soil above elevation of load application, select
appropriate check box. Difference between elevation of the soil surface and elevation of
load application is the depth of foundation.

Define triangulation step of loads for generation of contour plots (by default, the step is
equal to 20.). Calculation speed as well as accuracy in generation of contour plots for
analysis results depend on the value of triangulation step.

Calculation Options x|

Coeffizient for depth of

! ~ Bulding code
compressible stratum

 SMiF 20201 - 83
 SP 50101 - 2004
 DEMV.21-10:2009
& SF 22133302011

tin depth of comprezsible 500
shraturm

Additianal stress invanable
within compreszible stratum
along whole depth

117

tim2

¥ Account of zoil weight above elevation of
load application

Triangulation step of loads for generation of
contour plots

:

m v x[?]

¥ Analyzis of setflement for existing buildings
from buildings under construction

Figure 17.9

To compute subgrade moduli by one of three methods (or by all methods), on the
CALCULATE menu, click By method 1, 2, 3 (buttons 1_§| , 2_§| , on the toolbar).

Output data

Output data contains settlement, subgrade moduli C1 and C2, depth of compressible
stratum Hc (according to allowed ratio of additional vertical stress to vertical stress from
dead weight of soil), mean modulus of elasticity and Poisson's ratio.

Output data may be presented as contour plots when you click appropriate buttons at the
bottom of the screen.
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Figure 17.10

In the right part of the Results floating box you will see vertical elevation with applied loads
and stress diagrams in soil along the vertical at the certain point on plan; values of
computed parameters are displayed in appropriate boxes. Certain point on plan may be
either defined with coordinates or specified on plan when you click the Specify on plan
button.

It is also possible to display the plan with specified grids and loads (Plan tab) and plan
view of the soil surface in colour (Upper soil tab). When you click the Cut tab, you will see
the slider with depth levels. Use this slider to display colour palette of soil at the specified
depth.

Click Relief tab to display relief of the soil surface (if boreholes with different mouth
elevation are defined); in this case loads are not displayed.
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Table of settlements
To generate table of settlements, on the CALCULATE menu, click Table of settlements.

In the table define numbers or names of required points and their X, Y-coordinates. To add
the specified data to the table, click Add. When complete data is defined, click Apply. The
points mentioned in the table will be displayed on the screen. Click Generate. You will see
the dialog box with the file name NAME_Table of settlements.rpt. When you click Save,
the table will appear on the screen.

Notation in the table of settlements:

S1 - settlements in points in existing structures;

S2 — settlements in points in structures under construction;
Sr = S1 - S2 — difference of settlements.
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Figure 17.12

ESPRI 2016 SOIL. C:\PROGRAM FILES (X86)\LIRA SAPR\ESPRI 2016\WY_TESTS\SOIL_2016 TABLE OF SETTLEMENTS.RPT. 25 oktAbps 2016

Table of settlements

Point S1,cm S$2,cm Sr,cm

1 1.66478 1.71682 0.0520419

2 1.325 1.46989 0.144896

3 8.12526e-006 8.47659 8.47659

4 5.17899e-005 9.46533 9.46528

5 0.0094309 4.12172 411229

6 0.000776228 4.60474 4.60397

8 1.0867e-005 9.35066 9.35065

Figure 17.13

Table of skews

To generate table of settlements, on the CALCULATE menu, click Table of skews. In the
table define numbers or names for pairs of required points. To add the specified data to the
table, click Add. When complete data is defined, click Apply. The points mentioned in the
table will be connected on the screen with the line. Click Generate. You will see the dialog
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box with the file name NAME_Table_of_skews.rpt. When you click Save, the table will
appear on the screen.

Notation in table of skews:

I, ] — numbers of the first and the second points between which different of settlements will
be calculated,

Sr,i — settlement at the i-th point;

Sr,j — settlement at the j-th point;

Sr,j — Sr,i — difference of these settlements;

Lj — Li — distance between points;

Skew is equal to (Sr,j — Sr,i) / (Lj — Li)*100%.
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Figure 17.14

©2011-2020, LIRA SAPR. All rights reserved www.liraland.com Page 395 of 403


http://www.liraland.com/

Manual on ESPRI 2020

ESPRI 2016 SOIL. C:\PROGRAM FILES (X86)\LIRA SAPRIESPRI 2016\MY_TESTS\SOIL_2016 TABLE OF SKEWS.RPT. 25 oira6ps 2016
Table of skews

Point i Sr,i, cm Point j Sr,j, cm Sr,j - Sr,i,cm Lij, cm Skew
1 0.0520419 2 0.144896 0.0928536 800 0.0116067 %
1 0.0520419 3 8.47659 8.42454 2400.12 0.351005 %
2 0.144896 3 8.47659 8.33169 1600.18 0.520671 %
2 0.144896 6 4.60397 4.45907 1698.53 0.262526 %
4 9.46528 5 4.11229 -5.35299 1117.65 -0.47895 %
6 4.60397 8 9.35065 4.74668 619.452 0.766271 %

Figure 17.15

Calculation of subgrade moduli C1, C2 (summary)

Settlement (S) of foundation according to linear elastic half-space is calculated by layer-by-
layer sum according to the formula:

oo h
W = Z_‘*” i
i P
where =l N ()
hE

f— thickness and modulus of elasticity of the i-th layer of soil (with account of its
division into sublayers) respectively;

=H

n — number of soil layers from the base of foundation up to the depth Z ¢ with account

of division into sublayers (i=1~n).

H

Depth Z=H, is reached with the help of defined modulus of subgrade reaction.

The following components of settlement are calculated:
2 {\f‘i___Pﬂ. ~0, LI'J

W =Y F‘ :

o h

I e

[}

| E

where

where
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Ei_ modulus of elasticity of the i-th layer of soil along the loading path;

Eei _ modulus of elasticity of the i-th layer of soil along the unloading path;

by default £« =i
Oz _ stress at the i-th layer of soil from external load;

@i _ stress at the i-th layer of soil from dead weight.

If dead weight of soil at the level of foundation base is greater than mean pressure under
the foundation base, then W =W3, otherwise W = W3 + Wo.

Mean (within the limits of fixed depth of compressible stratum Hc) values of modulus of

T A . , . . .
elasticity ~*" and Poisson’s ratio = & are used for calculation of subgrade moduli. These
values are calculated according to formulas:

" L]
Zﬁ:l.".l' P'I.l ZV." "rf.'
— i=l m, . = =]

H, ¥ H .

L L

E

ar

Modulus of subgrade reaction C1 is calculated by three methods.

Method 1. Subgrade modulus C1 is calculated according to formula:

where
g — mean pressure under the base of foundation;
S — settlement of soil.

Method 3. Just as in method 1, formula (6) is used to determine subgrade modulus C1.
The difference is that in this case correction factor # to modulus of elasticity of the i-th

sublayer is introduced for calculation of mean modulus of elasticity. This factor varies from
- . =12
t; =1 gt the level of foundation base up to = 12 at the level of calculated depth of

compressible stratum. It is accepted that factor ¥ varies according to parabola law:
1127

5

H2

H= +1
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Moreover, it is also accepted that additional vertical stress is distributed uniformly along the
depth. Then

H -
i

5 7

o i £

E

Method 3 is experimental and suggested in order to more precisely simulate changes in
soil strength along the depth. In method 1, it is impossible to take into account that
modulus of elasticity increases along the depth. It causes too high values of settlements
and therefore too low values of subgrade modulus C1.

For methods 1 and 3, subgrade modulus C2 is calculated according to the formula:
o H2I-2 my, )
SR (e

For method 2, subgrade modulus C2 is not calculated.

Design resistance of soil

To compute values of design resistance of soil R and total vertical stress Sz along the
depth, in the Loads dialog box, select the Compute R check box.
In the appropriate boxes, define the following parameters:

b — width of load (dimension along horizontal), m;

L — length of load (dimension along vertical), m;
To compute b and L values automatically, select appropriate check boxes. In this case,
defined load will be automatically inscribed into rectangle; dimensions of this rectangle will
depend on b and L values.

For structures with rigid structural model and the ratio of structure (bay) length to its height
L/H from 1.5 and greater, select the L/H check box and define the ratio. By default, the
structure is considered to have flexible structural model.

If there is a basement in the structure, select the Basement check box and define the
following parameters for the basement:

db — depth of basement (distance from the soil level up to the basement floor), m;

hs — thickness of the soil layer above the foundation base from the side of basement,
m;

hcf — thickness of the floor structures of the basement, m;

ycf — unit weight (design value) for the floor structures of the basement, t/m3.
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Total vertical pressure Sz for SNIP 2.02.01-83 and SP 50-101-2004:

Sz =0z = ozp + 0zg.
Total vertical pressure Sz for DBN B.2.1-10:2009 and SP 22.13330.2011:
Sz =0z = (0zp - 0zy) + 0zg.

When analysis of elastic foundation is carried out for the specified soil model and the
Compute R check box is selected, apart from the Settlement, Modulus of subgrade
reaction C1, Modulus of subgrade reaction C2, Depth of compressible stratum Hc,
Mean modulus of elasticity E, Mean value of Poisson's ratio v tabs, three more tabs
will be displayed on the screen: Total vertical pressure Sz, Design resistance of soil R,
Ratio Sz/R. On these tabs you will see the output data after computing design resistance
of soil.

When you open the Total vertical pressure Sz, Design resistance of soil R, Ratio Sz/R
tabs, in the Results floating box the diagram Sz (in red colour, to the left) and diagram R
(in green colour, to the right) are generated from the level of foundation base (from the
level where load is applied to) up to the border of compressible stratum. In the document
window, contour plots Sz, R, Sz/R are displayed at zones of load application (depending on
the tab that is active at the moment), values of parameters are presented on the colour
palette.

Elevation may be defined in the Horizontal cut floating box that is presented when you
activate above-mentioned tabs. In this box, with the Cut slider it is possible to trace the
changes in Sz, R, Sz/R values along the depth. These changes will be also available in the
document window on contour plots at zones of load application. When you activate the
Ratio Sz/R tab, in the Cut slider area there is additional button Sz/R = max. Use this
button to generate contour plots of max values for the Sz/R ratio. Max value Sz/R for the
point is selected from all pairs of values along the height of diagram generation and does
not depend on the depth defined with the slider.
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