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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.

# ESPRI. Engineering Assistance Package. N

ESPRI

Engineering Assistance Package

;@ =| 8 Areasand 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.
Y Mathematics for
engineer &8 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.
N

Sections

' 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.
Soficond 42 Polynomial Roots
dynamic ] The module is intended to complex root of ial that consists of real and imaginary components. Polynomial order is limited up to 36.
analyses, stability & Function Interpolation

The module is intended to interpolate on nonuniform mesh the function defined in tabular form.

s e E Advanced Calculator ESPRI
Steel structures The module presents advanced set of mathematical functions and options, converter for measurement units, etc

a

Reinforced
concrete (RC)
structures

N

Masonry and

rmaeann,

;Russia,n | 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

=--dgg! Plane figures
<= (ircular segment
.

------ M Circular sector
Rectangle and paralle

I\ Trapezoid

63 Right prism — Formulas
@ Rectangular parallelep

D Trangular truncated p
...... B Truncated pyramid I 40.71503:

& Tuncated cone

() Sphere

Loome | [_sepon | (oo (e [

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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 9 of 379
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Diagram multiplication -] x|
—Diagram Mo. 1 —General data
HIHIHIHl m]]]]]]:” = Bending moments
" Axial forces
o " Shear forces
= E Iu:mmﬂ] il
— o Section properties
oy IT““ | Varient1 E= 21000000 tjm2
= — I'SU—trn J=|n.um m4
Lo
' F3= I.;. tm ml E1 =| 2100000 {mz
419.62cm
L=10.00m, W=-83.33, Fc=-3471. Fa= |'j tm [t Fli=|w m
—Diagram Mo.2 ~Result
[0 gl —(@V.F®
| R, =(Q".F)/ET
I]IIII]]ﬂ]l ﬂ:ﬂ]ﬂlﬂj _ L pilig®, aptlpidl, piligla
RQ—E(FI Fi+ap M E FVERY)
Fl= I-ZSEI tm
o I:'— Ri= I___ Calzulate Il
e F2=|! tm
5 Repart |
F3= ||:| tm R2 = IUQQZUGS
Help |
500.00cm
L =10.00m, W=-2500.00, Fc=-250.00. F4= |'3 tm Rch =|U.992068 B3t

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 Fi, Fo, 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, |, 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 |
— Click Calculate.

ine L (M);

nl
L=

il

47
T

141.28cm

L=3.00m, W=

11.50, Fo=11.66.

I

oo
1
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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 i P P
MXMy  MyMx MEM: N N'

Api =
Pi=211%6s, "6, "oy, "EA K oR

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

+Ke—7—

QI 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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com
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Linear algebra =10 x|

Select the problem to be solved:

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

wector]
det [A]l= A Calculate determinart of a matrix
[A]-i =[B] Irvert & matri

[A_ ?I;E] {E} =0 Determine eigenvalues and

eigenvectors of a matrix

[A] {X} = {h} Solve a system of equations

E it |

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) |
HEEEEN | ][] Dimensions of a makrx 0 0

ENEEEEEN |
ENEEEEEN |
ENEEEEEN |

[l
L1
|
n
|
u
|
|
u
|

IREEEENENN

% Arhitrary matrix

4x5

" Tridiagonal matrix

" Symmetric matric
" Tridiagonal matrix

¥ Fixrows and columns

Calculate

Figure 1.5 a)
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Multiply matrix by matrix (or by vector) =10 x|
Input data |
Generate a matrix (Generate a matrix (vector) |
Dimensions of a matrix 4 x5 Dimensions of a matrix 5x 3
1 2 3 1 2

el = = =
LN

3
1
1
0
1
4

% Arbitrary matrix
" Symmetric matrix
™ Tridiagonal matri

¥ Arhitrary matric
™ Symmetric matrix
" Tridiagonal matri

W Ficrows and columns

Calculate I Eit Repaort Help

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 | Bd¢ | 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 =1 no__
avtaiXtax teo-tamx Fa.x =0.

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

Polynomial roots _ o] x|

Coefficients of polynomial |

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

EEA S I 2 CHN - (A =
[o x4 X'+ I8 x4 I x4+
O i e 1 2t
I TE T s ) R Nt
[ x5 [f x4 o [ x4
T T N S R
=5 T (e (R
[ xEp [ xZ4 x4 gt
=T T S R
F x* =0
" Al roots “Criterion for selection [tevos

£ 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 |
BN 0 5.23 7.8
F [15.3 0 -20.86 248
Interpolation method:

® Lagrange mterpolating polynomial
O Linear interpolation

Calculated function values:

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

f

]

15.3

o

L2026 |

-5 Bl ] —— 75

»

Figure 1.7

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 17 of 379


http://www.liraland.com/

Manual on ESPRI 2016

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

)= ? (x—xn)...(x—-E_IXx—x{._l)...(x—xn)
LH(" - ZU:F{ (J:'{. — % )(T; RS Xxs ~ Xy )(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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Calculatar |meatui;s:fmeaa.mi | Ddiieiteqdl

Input expression that should be calculated:

[factorial(5}+{15°24 514

|483.5

{* Deg " Rad

sin) | sectd |

i |~ |

o |[ o |

tgh) | floort) | log,lx) | factonalic)

cgi) | abstg | sae | integral.. |

. II'H'Iessage:
@

Figure 1.8 a)

Calculator  Convert units of measurement |[Hiieiteqd|

Select necessany units of measurement

[0i01572  ko/samm
[o1s72  ka/saem
[oig72  ka/sadm
[oie72  ka/sam

A Pressure

[ooo kpe
[ W

D0s573g  fenned

[0.47347 torne

|ﬂ.mum13?2 torine./sg.mm |85.2612 tonne

[0.0101972  [tonne/sq.cm

LI Length

£F Area

A Volume

P g Do e

# Force and mass
le Moment of force

ﬁ Angle
ﬁt Temperaturs
1“.19 Mumbers

064516 kN

JTTSTT

[0tz lemne/sadm [5r503  kN/safoot

[101972 torine/sq.m

[1e+006 Fa

Figure 1.8 b)

[226.127 kN/sq

yard

[i#505  pound/sainch
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o]

TiTL

Angles are measured only in radians

S —

+"+"+"
e
3
++
3
2
e
L

[

[
If(x)dx = | |5sinf/2)+0 2 cosfe/2p 1472
a

a=l2—

T
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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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 21 of 379


http://www.liraland.com/

Manual on ESPRI 2016

Sections

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. B

ESPRI

Engineering Assistance Package

\{ix; @ Parametric Sections

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

engineer @ e tric Thin-walled S

The module enables you to calculate geometric properties of the most widely used types of thin-walled sections

l > . 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.

+

{3 Moment of Inertia in Torsion
E j The module enables you to calculate moments of inertia in free torsion for the most widely used section types.
Static and

dynamic =
analyses, stability

&

Steel structures

Tk
Reinforced

concrete (RC)
structures

-
any
Masonry and

=

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

E Parametric sections

— Input data

— Select zection

L

Units of meagsurement

Output [Calculate R epart |

45 om

cm

1] I

crm

crm

I I

1L

=10 x|
— Section properties

Yo= I'IE— M
o= IW cm
Fi= foooo ¢

F = IW cmz2
Ip = IW cm4d
Iz = IW crd
= IW cm
iz = IW cim
Wiy = W cm3
iz = IW 3

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 x|

Input data |
Available templates
[, C-shaped section WYalue, crm | Thickness, mm
| [ Z-shaped section b1 15 1
|| Omega-shaped section h1 Ell 1
I |section hz 30 1
T T Built-up open |l section cl a 1
HH Cruciform section c2 5 1
i 3 1
12 3 1
13 3 1
T [ I
4 ™
Modulus of elasticty  Shear modulus
IEI}EDI}D MPa I?Erd[}'l} MFPa
Mesh step — A
II}.'I cm Calculate |
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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Computation
stages
Initializing and preparing the model data for computation
Computing secondary geometric properties
Chedking continuity of the model
Creating stiffness matrix
Determining unknown parameters

Mumber of computation elementary primitives

e EEEEEEEEFEFE}E}E}E}E}E}E}E}Y}Y}Y}Y}Y}EYEYEEE

x|

1033 1038

Computation status

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

arcs: 4;

computation elementary primitives: 1038;

Following geometric properties were computed successfully:

Area: 0,001035437 m2;

Slope anale of main axes: 0 rad;

Centre of gravity location: xc = 0,185 m; yc = 0, 18386665 m;

Principal moments of inertia: I 1= 1.792754e-005 m4; IZ1= 1.159358e-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 gie 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

& & 3| B 21 (2] (=] | |3 e | i H

|N|:|rmal shess | |I:age'| | Step: 0.07 U_J-R_ﬂ | bd: 1 . 1

Normal stress (MPa)

Extremums: Max = 514 76MFa; Min =-408 29MFa;
Frimary properties: A = 10.38cm2; Iyl = 1782 76cm4; 1z1 = 1159.37cmd; = 0.03cmd; Jw=108430.67cmi;
Considered forces components: B =-10kRM; My1 = 15kM m; Mz1 = 0kM m; B = 2kiN m2;

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

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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| Gravity centre of section - O] x|
Parameters for section elements, m
Yo Element Mo, I 9 j Delete all |
moe °° ol
4 0
o b h I h1|
i — e[z s
. ¥c h 0
Vo @ 4 Yo I':'-5 Ycll o
2 i 0 E [3e+008 2
) HC Ho hd I : I t,,"m
8 ﬁ% Redraw |
U rExternal loads, t————— | Results, m
. Q%f Pxo |-200 Pya | 100 Xom |9.6309? Xor | 10.443
applied along axes:
i © XandY % XoandYo Yom |6.57021 yor [4.44562
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" arbitrary point at axes X and ¥
¥ Display axes ¥ arbitrary point at axes Xo and Yo Calculate |
Open Save | Xok I 12.5 Yok | 5.2 m Help |

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 b1 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 ]0.0180413 5.75392 |5.75392 |-0.0180413 |
2 |jo.0818408 -3.70471 lo.081841 |I-3.70471 |
3 |lo.0801473 |-1.89681 l0.0801474 |-1.89681 \
4 ]lo.0021634 11.48421 |1.48421 |-0.0021634 \
5  |l0.0560477 |-0.463089 l0.0560477 |-0.463089 |
6 ]0.0275237 125.3616 25.3616 |-0.0275237 |
7  ]lo.0981373 109.111 |109.111 |-0.0981373 \
8 ]0.0261699 |43.5522 |43.5522 |-0.0261699 \
9 ]o.0728911 113.7872 113.7872 |-0.0728911 |
110 ]/0.333969 -93.503 l0.333973 |l-93.503 |
11 ||0.198507 10.0692695 l0.189347 |-0.091385 \
12 |j0.16148 l0.162715 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, Yo0;
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*ui®);

Jv = I(vi+ Fi*vid);

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

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

K1 = (Ju + Jv)/2;

Kz = (Ju - Jv)/2;

Ks =V( K2 + Juv?).
Jx =Jmax = K; + Kg;
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=3Di

Ay = Y(Ai *Yi); Bx= Y (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 = — (Ex*A+E2*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 * Cj;

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 * bu MZy= —Py * a.

More notations:

Xi=Xi—a;, y=Yi—-h.

Ag=Z(Ai*vi%); Bg=2(Bi*x?; Dp=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 + vi * 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(M2):
QZi = QZi(P) + QZi(M2).

Forces in the i—th element in initial axes Xo, Yo:
QXoi = QYi * sin(Wi) + QZi * cos(WVi);
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.
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Realized types of sections are presented in the table below.

No.| Shape of section No. | Shape of section No. | Shape of section
1 [ircle B Sector 15 Box
b
¥
2 > St Slelen
r ¥ L1 4
‘/ L_1l a _.J
2 [Ellipse ¢ Rectangular bar 16 Thin-walled open ring of
- uniform thickness
2b v r ¢
\\ ’/
iy il
ith 2 or 4 parallel cuts
3 [Square 10 Ring 17 Arbitrary convex open
I'g section of uniform
1 thick;ess
2a ) s
/
‘ (s &
4 |Rectangle 11 Off-centre ring 18 Trapezium
- == . 7
2b aD b2 b1
oy +
12 4
l— 22 - b —o
5 |[Equilateral triangle 12 Hollow ellipse 19 T-section
f—a—+
5 b
¥ 1
! R,
—{ d b—
6 [sosceles triangle 13 Thin-walled hollow ellipse o Angle section
c/>\ T T t ~{bp-
P ik b 7 N 2.3 C —f
Ra | )i 2b a r 1 4
— a — | NS 1 —.d
2a —*
b>d
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7 Segment

>

/=N

14 Arbitrary convex hollow section | 21 l-section

of uniform thickness ¥
o b

»D
t -r £
= L.
b
At

Input data.

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

#1 Moment of inertia in torsion

-10] x|
< —— |
- a-4.07+0.076 L) i
b3d D=2[d+b+3r-v2(2r+h)2r+d)]
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::gecm( g:g Kl_abii[l 0 21b(1 b N
t1=becm: b)‘d; 3 . ? 12a4
t1=d econ d>b; K2=1cd
" 3
L =L 0.15+0.10%
m *=¢1(0-15+0.10y)
+ po b rd+d4
h—a—]t (2r+h) :
‘I | o
s | cm « IW ' IW -
L ) e EEmo
c [0 em
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.
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%] Moment of inertia in torsion -10] x|
=]
9 Wi=r13/B
. For two flat sides where Fortwo flat sides where J
0= hr=0.6
2
C=0-7854-0-4053(hfr)-3-5Sloﬂlfr)+ B =0.6366+2.5303(/1)-11.157(/r)+49.568 (/1)
5.2708(W1)-2.0772(wr)* 85.886 (/1) +69.849 (1)
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0= hTr=0.2903 0=h/r=0.293
b=r-w C =0.7854-0.7(/r)-7.7982(Wr) +14.578(hr)  B=0.6366+2.6298(Ir)-5.6147(Wr}+30.856(Wr)
10 |
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W 12 cm
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Figure 2.9
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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 rectangular 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

¢ ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

~ Continuous Beam

L 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)

X l = Truss
l Sections 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
E j Module for static analysis of plane frames of various shapes that are most widely used in practice.
x i
Siaicand > i Arbitrary Plane Frame

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

s . Rectangular Slab on Elastic Foundation
N E—i Module for static analysis of rectangular slabs with an opening on elastic foundation.

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

— (‘(E 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
Masonry and 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|
& Inputdats | 50 Output data |
— Parameters
. Flexeural Weight
MNumber of spans: IE "I stiffness per Trm.
[ Leftcantiever 00 m 00 m2 [00 tm ]
Tst span 6.5 m [1e3 m2  [0.3 t/m \|/
2nd span 7.2 m [1000 m2 |03 t/m ¥
3rd span Jo.o m [0.0 m2  [0.0 t/m
4th span Jo.o m [0.0 m2 0.0 t/m Q Q
hth span IC 0 m IC D tm2 IC.C t/m Li1)= L(2)= L(5)=
M Rirtcantiever [18  m [1000 2 [73 tm =5 r2om eom
1 2 3
— Options — Loads
Units of measurement: It -] Cumertspan:  [2 <] Load case No. |1_j
; _L L alzulate
¥ Urniform beam Load type P l l ,l, Name ILoad case 1
— Supports I on ’}: Force (" Moment | |i i - Delete load
Type Eﬁprr:;ﬁ; m - I4— Vi I L of load case | from span | cUErt |
Ctiffness ———— ﬂl P1= IC.C t/m ¥ Account of dead weight in load case
: for translation z = I:_: - Table of specified loads for the cument load case
- [1000 t/m dh b= T m Load type | Span | P | P1 | a | b |
S —— (Tltrapez. load 1 0 4 65
e : } concentr.load 6 1 0 18 0
}| o = pd | et || | midsbesd 2 4 0 0 0
Cpen Save | Exit | 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.

IX Static analysis of continuous beam o ]

27 Input data 5 Output dEI'EEll
 Walues

- —— ]
1
Cumrent coordinate:
L(1)= -@- L(2)= -?- L(8)=
1 6.50m '2 T.20m :3 1.80m X = II} m

452193 1+ Deflection:
\m—— ID— mm

] il —
el 0 1000 rad

-20.272 + Bending moment:
left Iﬂ
[P
17.2818 +

Shear force:

M r—— right |2.39059 t
asate | ] L] epot___|
Open I

Save | Exit | Help |

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.
B Analysis of truss o ] 13
Input data |
Define truss || —S.eled Display —Load.s
objects numbers Specified loads at nodes
| Node ..| LoadMo. | Load.t | Angle.® |
o3 5
o
— Supports
Type Stiffness — | E
% RX = I t/m
— Edit load
ﬁ_ RZ= | t/m «of
T + - - =
§D3 Calculate || ./PN F= I oo I
. Delete | add | Edt | Delte |
Ba | Hep |
Figure 3.4
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x|

A ||
i,

A% || TR
a Cancel |

Help |

Figure 3.5

Parameters of truss X|

L3,

o

K. - number of bayz [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 AI 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

5 13 |
. D ——
numbers area, click Nodes AI 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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B Analysis of truss o ] 13
Output data |
109 18
\ 11104}%2 1312 1417\‘4,_7%
17 26 13 25
13 21 19 28 |20 29 21 3u 22 /3 23/32 o4 l
1 1 3
— Intemal forces in elements — Select Display — Displacement of nodes
Element No. | Awial force, t - objects numbers Node No. | dX, mm | dZ, mm e
18 983853882  -58.782612
| O o 17 55375622 -729.343816
16 19.158541 -1267.335938
15 112326241  -1613.589722
—_ 13 14 211705124  -1739.465820
- 13 311084015 -1612.589844
12 404751709 -1265.335938
. 11 478795828  -726.348816
Lo oan TR 10 522764099 54782612
D0.000517 9 422360229  -4.000000
8 422360229 681414001 -
7 378881389  -1233.096802
6 304347809  -1593.046265
- ot |15 FENs  mTs 5
Ba | Hep |
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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i2 Analysis of parametric frame - 10| x|
Input data |

— Information about supports
Support type Stiffness

;’ A Io| P - T tm 5 7 T3
2l |y . vm
1= glE RUY= | im

ﬂ Delete support |

— Information about loads

Mode Mo. | Load .. | Load.t | Angle” | Momert.tm |
1 2 10 -8 0
[~ Moment Load — Display numbers —————— —Select objects ——————————
o
D/\f P= | t a= | : = |H |l —[
P
Edit | Delete |
Define frame " Calculate Il
Ba | Hep |

Figure 3.8
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— Schematic presentation

=1 Portal frame
------ L1 with pinned supports F a |
------ 11 with fired-end supparts

------ 11 with colurmng of different cross
------ [7], with pirned beam

------ 1L with columns of different cross t:'1
------ I™1 from bwao L-frames connected ¢
------ [71, from twa L-frames with pinned
------ I from two L-frames with tie bear
BT L-frame

------ I* with pinned supports

------ [ with fiwed-end suppart at the b
= A-frame

— %
1
L with tie beam b = |5— o
E

E-H Two-starey frame

b H with fixed-end supports bz =
=TTl Two-zpan frame

------ [T from L-frames with pinhied coni
LT fram Leframes with pinned supf
=Tl Three-span frame

(- (Il portal frame and twa L-frames

Canicel

4 | | ﬂ Help
Figure 3.9

dl;

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

5 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 AI
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.

— If it is required to define additional hinges in bars of frames, select appropriate element
and click Define hinges button £&=——==21. 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.
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i2 Analysis of parametric frame - 10| x|
Output data |
— Displacement of nodes

Node No. | dXmm | dZmm | dUY,10007=d |

1 0 0 17.4282 -

2 75.812 20 10,6308 B 3

3 56.688 20 5.53589

4 0 0 15.2384

L 3
r Intemal forces in elements

Element No | Mode Mt Q M tm ||
|
|
4. | 1 .
EN |
: o 1]
ERNE : || , .
I NN = | Displaynumbers ————— - Select objects
I L T
I L T 0 | 13 = —
] ]

l I ¥ | M"I | | Displacement scale ||]'-|-1:"|'”3T|5 Input data Il

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

+EE

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 axiz 1 [ty Step along axis 2 [ty

| 3| | 3| ‘

sdd | Delete | Add Delete |

| £.000000 | 1 | 4.000000 | 1

1 3 % Y

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 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.

When model geometry is generated, click the Bars button P 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 =
oAk AR5
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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 % Charnel
~| bar
T-zection ?ﬁ? Biox
% [Bottorn) oz
W T-section Ring
—— | [tap) @
% [-zection % Beam
EF=| Mumerical

a)
Figure 3.13

Rectangular bar x|

E I 3000000 I

B I 40 CIm
H I 40 cm
| 27 e

Apply |

Cancel

Z1

Y1

40.00

40.00

EF [480000.00C
T L

b)
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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 ™
Select necessary bars with the pointer.

on the toolbar).

A=

Then on the MODEL menu, point to Section and click Assign section (button on the

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 4 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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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|

=~

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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Load on bars X
— Coordinate system—— m - =
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A

H

e Local
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1
p
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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
=700 A *
=
=
=
o
5.000
i
=
=
=
=t
T Tr e
5.000 2000
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.

U ndo
Select nodes

ElSelect bars
] Delete nodes

|EDeIete 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
ngle 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 2 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 E3|Wl Forces/Load case 2 x|
File File
Node... | 5 [mm) | Z [mm) | Uypadsioon | ElementNo. | Section | N [t) [ Mypeml | ozl |
] -3.31636 0.00755124 0.090772 5 1 505329 1.51205 1651639
10 341715 -0.11866 0.590335 5 2 -5.05329 257778 0631639
1 -3.37513 -0.0604073 120252 10 1 129323 741465 11,6413
12 0 0 0 10 2 1.29323 21763 9,357
13 0 0 0 1 1 724887 0404172 1.1641
14 -3.29009 0.00329099 0562206 1 2 724887 4.75224 1.1641
15 i 0 0 12 1 813671 493687 1.22775
12 2 813671 3.7574 1.22775
13 1 0.681639 1.51205 1.93671
13 2 0.681639 -4.29309 193671
14 1 0.394919 -4.23309 255831
14 2 0.394919 B.09715 2.55251
15 1 453552 256048 -0.28672
15 2 -453552 -0.28672
a)
b)
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.
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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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& Static analysis of rectangular slab on elastic foundation x|
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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 1 Mxy;

— 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
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 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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= Static analysis of rectangular slab x|
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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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= Static analysis of rectangular slab B
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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 1 Mxy.

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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= Static analysis of rectangular wall-beam x|
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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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= Static analysis of rectangular wall-beam x|

‘Input data  Output data |

[N
I

Displacements {mm) Delete | Clear | Stresses It,-‘rnZ vI Delete | Clear |
No. | x | y | X | ¥ Lol Ive | x| oy | s | sy | Ty |«
1 0 0 0 0 =i 0 0 712 597 745
2 0143 0 0 0 2 0143 0 75 471 &0
3 0286 O 0 0 3 0286 O £83 412 452
4 0429 0 0 0 4 0429 0 592 363 317
5 0.571 0 0 0 5 0571 0 493 316 174
[ 0714 0 0 0 [ 0714 0 412 264 0353
7 0857 0 0 0 7 0857 0 334 208 0746
8 1 0 0 0 ~| |8 1 0 262 -15 136 ~|
| Report I
B¢ | Hep |

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 x|
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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 x|
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Figure 3.26 a)
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« Static analysis of shell on rectangular plan x|
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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.
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& Static analysis of shell on circular plan x|
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Figure 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;
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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
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.

— 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 circular plan
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Figure 3.28 a)
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& Static analysis of shell on circular plan x|

Input data  Qutput data |
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Figure 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 Mr, Mt and torsion moment Mrt;

— normal stresses Nr, Nt and shear stresses Trt;

—forces N, M, Q in support contour.

This data is presented as contour plots (W, Mr, Mt, Mrt, Nr, Nt, Trt) 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.

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 canfileve — |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
N Mass | 100 ; Flexural stiffness | 2000 tm2
Add | Edit | Delete |
e
Tier No. | Height | Mass | Axial stiffness | Flexural stiffness |
1 B2 100 1000 2000
B 2 3.2 200 1000 2000
: 3 3.2 300 1000 2000
1
—~Mode shape normalization
* 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|

7 Inputdats =’ Outputdats |

N Modal mass, % | Total modal m...
. 1 14.5541

2 1.57046 0.2499947 4.00085 46.69 87.91

3 3.47734 0.553436 1.80689 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 203 100.00

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 Define tiers
Mo. of current tier I 1
Height |3.2 m Axial stiffness I 1000 t
f Force II-" t Flexural stiffmess I 2000 tm2
Add | Edit | Delete |
Tier No. | Height | Faorce | Axial stiffness | Flexural stiffness |
1 B2 7 1000 2000
2 3.2 14 1000 2000
E 3 3.2 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|

7 Inputdats =’ Outputdats |

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

buckling mode

P P Errrrrrr Report ||
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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.
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&= Mode shapes and frequencies of natural vibrations in conti — |0 x|
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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.

&= Mode shapes and frequencies of natural vibrations in continuc =10 x|
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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.
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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 f, 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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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 fy 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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 87 of 379


http://www.liraland.com/

Manual on ESPRI 2016

String. Length of blank is equal to length of chord Sp= 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

it +

krreereereeeeeeeerei

1.Uniformly distributed load with  EREGELLGERGERRENd =0l 3. Additional load p at two parts

intensity g R gl gl N0l of span to uniformly distribut. ..
F
l q
— —
e |
4, Concentrated load F 5, Additional load F to uniformly 6. Linear ascending load with
distributed load g max intensity g for the wh...

7. Linear descending load with 8. Two linear loads, descending 9. Two linear loads, ascending

max intensity g up to middle span, with maxi... up to middle span, with ma...
Pl p2
p2 .
ey
Pl Pl
cl cl

] cd ] cd
10, Trapezoidal load with 11, Additional trapezoidal load

intensity g1 - g2 at part of span  pl - p2 at part of span to u...

Apply

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 g.

10 — trapezoidal load with intensity q1-q2 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 Sy. Available load patterns: 1, 2, 3, 5,11.

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

Calculation type 3 — dip fx at arbitrary point K and distance Xk 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.

-10| x|

Inputdatas Outputdata |

oA WONE

—Values
i : | Current coordinate
cl T ¥ = ID— m
0 Dip {cable)
7.04143 | [0 m
" Form of equilibrium {cable)
e | T fo "
0.970717 T tg of slope angle (cable)
o LTI v [osmr
| h right IU.Q?CI?l?
Bending moment
0 - o
324 878
18145 | Shear force
24 45 wmmmm right IlB.lE
64.3008 T Axial force
461899 ULLTEACATATAAATITIIL | (g [eaao0s :
right |E4.3009
Redraty Zalculate Mare. . | Report | Help | Exit |
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:

fqy — 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 =1olx]
Input data |
— Parameters
Flesaural Dead
Mumber of spans: |2 = I otiffriess load
[~ Left cantilever |:_: m |:_E tm2 IE_E B
Tstspan .. .. f30. o [10000. 42 [OO um
2ndspan..... 7 m 12000 s f0D
SR IC-: m IC-: tm2 IC-: L/ il
dhspan ... .. oo n oo m2 [00 i il
Sthspan ... 0.0 0.0 0.0
I m I tm2 I t/m Lil)= Lizi= T
™ Right cantiever [00  _ [00 o [0 30.00 | 7.00 |
1 i 3
—Options
Units of measuremert: It vl Assigned section: I'ID.D m Calculate ||
[ Uniform beam Class of load: IP«'I'I -for all bridges aj I Report in detail
— Supports —Class of load A11 —Class of load AB
Type Cumert support: IE j P P P P P P |P | v |
o Stifness = e "12 = JALPLLLLLLLLLLL L
) LML LAMLL M
| | fortranslation HERE TR Ay 20m
m I
;I— ID' t/m : P= |20 t
= | for rotation p= 11 ¢ P boov= e =
— ¥ Edit load values
2_ I : tm v= |1,‘I bm [~ Editload|values
Exit Help
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.
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== Influence Lines in Continuous Beams - 10| x|

' Input data  Output data |

—Values
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-1.000 Report |
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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

# ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

@ steelTable
N Sechi 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.

ections
@ Analysis of Steel Elements

ﬁ The module enables you to select and check sections (33 types) of steel structures according to different building codes.
static and & Principal and Equi t in Steel
dynamic The module enables you to calculate principal and equivalent stresses by different criteria of rupture applied to analysis of steel and from materials.

nlyaes. Sabiny, It Effective Lengths of Steel Structure Elements

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

~ =L >
. e
I - el it 7= 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.

4 E ' Cold-formed Shapes
N ~ The module enables you to check and select sections of structures made of cold-formed steel shapes.
! Reinforced

concrete (RC)
structures

-
-
=
Masonry and
masonry
reinforcing

i

:.\....A.-;.:A... ~nd =

' 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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 95 of 379


http://www.liraland.com/

Manual on ESPRI 2016

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.

=1l
i File Edit View Window Help
PNEH| B S| BEEBg
Lproﬁles.sr/r/ DV-B.profiles.srt x \ -
L Ugolki neravnopolochnye. Importirovany iz T=| Y Bt s — H, B, Tw, | T R, v | 2 wt, Ix, y, Joems |5 Sy, S,
L Ugolki neravnopolochnye. Importirovany iz T o | v oo e e s X ey v S| e T e e
- L Ugolki neravnopolochnye. Importirovany iz T - 0 » 1081 00 |55 41 |57 |7 0 10,32 (8,098 [171 (159 [1,209 (15,7 |4573 [16,85
-L Ugolki neravnopolachnye. Importirovany iz T e 1281 17,6 |64 38 |51 |7 0 11,03 |8,655 |257 (22,4 |1,047 (249 |59 [20,76
L Ugolki neravnopolochnye. Importirovany iz T Hix ] x 1282 120 |64 44 |83 |7 0 13,21 (10,37 |318 (27,7 [L,7% (304 |67 (256
L Ugolki stal’ nye gnutye neravnopolochnye. (T ' 1481 137,4 |73 38 |56 |7 0 13,38 10,51 |435 (36,4 |1,367 (358 |7,781 (29,82
L Ugolki stal’ nye gnutye neravnopolochnye. (T 4 1681 157 |82 4 59 |9 0 16,18 [12,7 |68 (544 [1974 [49,5 [10,35 [4141
L Ugolok neravnopolochnyj (UG-NRP.profiles— wl T 1482 1“0 |73 47 89 |7 0 16,43 (12,89 |54 (449 (2,458 (442 (9,623 (363
I Dvutavr s neparallel’ nymi granyami polok 1881 177 |91 43 |85 |9 0 19,58 (1535 |1063 (81,9 |2,711 (67,7 [13,98 (56,24
I Dvutavr s neparallel’ nymi granyami polok 1682 160 |82 5 74 |3 0 0,08 |1576 (869  [68,3 [3622 [61,9 1305 (51,79
I Dvutavr s parallel" nymi granyami polok d 1882 1|0 |s1 53 |8 E] 0 2395 (18,79 (1317 [1008 |4811 (832 (173 |e9.08
I Dvutavr s parallel” nymi granyami polok ti 2081 200 |00 |56 |85 12 0 8,4 |23 (1943 (1423 |7.007 (1103 [2231 [s26
BDvuvr s parallel' nymi granyami polok t 2361 230 |10 |58 |9 *] 0 32,91 (2582 (2096 (200,3 [8,421 [147,2 (2839 (1225
I Dvutavr s parallel nymi granyami polok ti %61 %8 (120 (58 8,5 *] 0 3562 (27,95 (%024 (2456 (8,522 (1765 |32 139,2
T Dvutavr s parallel* nymi granyami polok ti 2662 %1 120 |6 10 1 0 39,7 (31,15 |%654 (2888 [11,79 (2015 (3744 |166,2
I Dvutavr s parallel" nymi granyami polok ti 3081 26 (140 (58 |85 15 0 41,92 |32,89 |63 (390 (10,8 (290 |43,43 [195
I Dvutavr s parallel” nymi granyami polok ti 3082 29 |40 s 10 15 0 46,67 |36,62 (7293 (48,6 |1479 (2738|5087 (2273
I Dvutavr s parallel’ nymi granyami polok ti 3561 346|155 (62 |85 13 0 49,53 |38,87 (10060 (529,86 |14,93 (3286 |53,62 [262,1
- I Dvutavry po R 40-93 (s razmerami po ASTM 3582 349|155 55 |1 13 0 55,17 (43,29 [11550 [622,9 [19,54 (373 (62,81 (3032
- T Dvutavry. Importirovany iz Tekla. (HD.profile 4081 ;2 |15 |7 35 |21 0 61,25 |4,06 (15750 |7149 |24,31 [456  |68,48 [360,1
I Dvutavry. Importirovany iz Tekla. (HEAA.pro <082 3 (185 |75 (1,5 |21 0 69,72 |54,71 |18530 (865 (33,28 [529,7 (82,48 |47
T Dvutavry. Importirovany iz Tekla. (HEC.profil 4561 443 |10 (78 |11 21 0 76,23 (59,82 |24940 [1074 |3485 6395 (9393 4994
I Dvutavry. Importirovany iz Tekla. (INP.profils 4582 47 180 (84 |13 21 0 85,96 (67,45 (28870 (1268 |48,1 (7329 |110,7 |[s821
- I Dvutavry. Importirovany iz Tekla. (IsecASTO S0B1 492 |20 (88 |12 21 0 92,98 |72,96 (37150 |1605 |45,48 (860,24 |126,3 |[s60,8
- T Dvutavry. Importirovany iz Tekla. (IsecBGhos 5082 46 (200 (9,2 |14 21 0 02,8 [80,67 |42390 (1873 |64,34 (97,2 |146,7 |76LS
I Dvutavry. Importirovany iz Tekla. (IsecBSTO, 5561 543|220 9,5 (135 |24 0 113,4 (88,96 |55680 (2404 |73,74 [1165 |171,7 [9049
T Dvutavry. Importirovany iz Tekla. (IsecCAGhi~ 5562 547 |20 |10 155 |24 0 1248 [97,89 |62790 (2760 [96,25 [1302 |196,6 [1028
0l | _.|—| < |
Sort profiles before save. Selection of profiles in STC-SAPR program goes from the top of the table downwards ‘[.iGHNUMHS({‘ |

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,
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.
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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, Run1l 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:
1. To customize units of measurement, on the VIEW menu, click Units.
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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 [1-23-81* '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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7 STC-SAPR module [Steel element sec _ O] x|
¥ File ‘iew Edit Results Options Window Help _ =] x|

|IBRmE o 2@mB|sTa 2 @ — 0o o EE ek

Units of measurement x|
Input |0Lrtput |
Geometry Iw vl
Sections cm =
Loads It 'l Im 'l
Material properti
{E.GEE C2.sigma ..) I Zl m =l
Temperature I’C 'l
ok | Cancd | Heb |

Zy

Aux

Figure 4.3 a)

L INoml

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).

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 99 of 379


http://www.liraland.com/

Manual on ESPRI 2016

7 STC-SAPR module [Steel element sections des o [=] 53]
¥ File View Edit Results Options Window Help _ = x|
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Problem Info x|
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¥ z1 [ uz1 W z1 I~ uzi

¢ Back Mext = Cancel Help

Zy
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Figure 4.3 b)

[ INoml

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 | Addtional characteristics | Selection limitations |

Secti ents:
on coMponers Profile Ini graryami polok {D'I.-'LI'I'.-!'.'I.-'R.prDﬁles.srt:bj Wl

------- 1. I-section 45
I 45 |
Steel SMiP 11-23-81%, fason ::SnipF'er.steels.srt:bj 6%:”"
|s245 =
= Specification
Bf H=45 Information about shapes in the file
Tf L\(‘] Tw=09 Annotation: Dvutavr = neparallel” nymi gramyami
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 B =16 parameter: A, ploshhad®
T=142 Number of shapes in the file: 27
Ti =Tt R1 Steels info
F1=16 Annotation: Stali po SHiP [I-23-81%, fason
RZ2=07  The steels comply with building codes: GOST 27772 -
83
Bf' = Bf {all in crm)
ﬂ ™| Wse forhidder combinations prafilz-stee]

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

Comaosion: not specified Comasion. .. |
ok | caced | 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 11-23—-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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QK I Cancel Help

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 2,
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 S on the 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

< i
(button 1) or Element as a whole commands (button =),

# STC-SAPR module [Steel element sections design] - [C:\Program Files (x86)\Lira
T FEle View Edit Results Options Window Help

=|ol x|
=1= x|

NI EEEE LR a:.:.@%—ﬁmﬁmﬁmﬁam\

Diagram M, tonfimetric) Diagram My , tonf(metric) * m Diagram Qz , tonf(metric) Diagram Mz , tonf{metric) * m

.

Diagram Qy tonf(metric)

Max=0 Max=4.5 Max=4.5 Max=0 Max=0.93
Min=0 Min=-9 Min=-7.5 Min=-1.395 Min=-0.93
Results of the check
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46.2

For Help, press F1

[ NoMm[

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 H| on the toolbar).

To print the output data directly from the program window, on the FILE menu, click Print

(button =1 ). It is 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, 0, 03 are determined by the certain stress tensor {Ox, Oy, 0z, Tyy, Txz,
Tyz}.

1 Principal and equivalent stresses = o]

—Maormative, design walues Criteria of rupture
Compres. - Rs_c |335|:| IMiSES j ¥ Shength analpsis fsaacfteut;'"
A000 Tension - Bz 3350 b aterial ™ Triawial strength |1.2
|] Stecl J Puoizzon's ratio =i Teta P2C
(== o
Il:l Shear Rtau, Eo |2|3+|:||:|? IEI.25 I-I ID |-|
— Ultimate strain:
elasticity, rupture T Oy = Txy Tz Tyz
|0.002 {018
|0 [ [0 [0 i [
— Principal streszes———— —Anales Sigl o #vE [deqg.] Elasto-plastic deform. — Ultimate strezses
| & I':' —
01 | A a 0o |n
5 |n ok |'j —
02 I [0 ||:|
£ IEI — —
03 | o0 |
Slope angle 01 03
of crack in IIJ T
Equivalent streszes——— | 20 stress Lo I II:I IEI
o1 T2 M atriz COS | Mo Ii Strenath zone |
||:| ||:| Reserve factor  LLS IEI
Reserve factor  SLS ID | Lalculate I | Fieport I | Help I
Figure 4.9

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

g, I'_,@. T\,
[D' ] = Ty O, T,
_rxz r}'z' O, |
Input data

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

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 105 of 379


http://www.liraland.com/

Manual on ESPRI 2016

— 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*R¢(1+c)/ V3 |

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 — 01703 )
He =
— Lode-Nadai parameter is computed as: (C'-l — 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
_f3 m3 H3_

— slope angles AL1, AL2, AL3 (I1, 12, 13) of principal stress o; 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, y, ¢ ) that define location of principal stresses 01, 02, O3
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 ¥ =-2500.000

Sig_Z = 0.000

Tau XY= 450.000

Tau HZ= 0.000

Tau ¥Z= 0.000

Principal atress

SIG 1=1550.000 SIG 2= 0.000 S5IG_3=-2550.000
Equivalent stress by theory Misas
SIG 1E=1550.000 SIG_2E=-2550.000
Octahedral streas - Hormal Sig O =-333.333
Octahedral stress - Shear Tau O =1850.332
Lode-Nadai coefficient Daram Lode = 0.2435
Slope angle of crack Rlfa crack Zx= -B3.€60 {degrees)

Slope angle Sig 1

to X, ¥, Z-axes

of principal ccordinate system

All= 3.031 (Radians) LLZ= 1.8l EL3= 1.571
ALl= 167.320 (Degrees) LLZ= 1Z_ &80 AL3= 50.000
Matrix of direction cosines Orientation SIG 1,2,3 im triaxisl stress strain state |MC(3,3)
L1=-0.93388 ml= 0.00000 nl= 0.00000
L2=-0.11043 mZ= 0.00000 nz= 0.00000
L3=-0.00000 m3=-1.00000 n3= 1_00000
Material properties: Steel
Initial Poisson's ratio Nu o =0.250
Mormative strength in compression Re_n=4000.000 tf/mZ)
Normative strength in tension Rp_n=4000._000 tf/mZ)
Strength in pure shear R tau=2305.401 ti/m2)
Strength in biaxial compression R Zc=4000.000 t£/m2)
Strength in biaxial tensicn R_Zp=4000.000 tf/mZ)
Safety factor by stress kRs =1_200
Design compressiocn strength Rs_eo =3350.000 (tf/mZ)
Design tensile strength Rs_r =3350.000 (tf/m2)
Initial modulus of elasticity Es_o =2.0000e+007 (tf/mZ)
Secant modulus, elastic-plastic Es_cut =4.52T6et003 (tf/m2)

Ultimate strain elastic, rupture

Def u =2.000000e-003

Def pl =1.800000e-001

Principal strain, elastic

Def 1 =1.151316e-004

Def 3 =-1.34Z105e-004

Principal strain, elastic-plastic

Def_ln=3.423454e-001

Def_3n=-3.5507&5e-001

Ultimate principal stress

S5G_1L =4000.000

5G_ZL = 0.000

S5G_OL =-371.844

TAU L = 2305.401

Presence of cracks:

I8=1,2,3 - cracks;

TB=10 - crack and yield in compression;

TB=20 - yielding of steel in biaxial compression;

TB=5 - yielding of steel by ULS;

TB=50 - rupture by ultimste strain

State of steel in biaxial stress strain state TB=50

Reserve factor by SLS 1.11&

Reserve factor by ULS 0.330
Utilization factor by SLS 0.85843

Figure 4.10

Effective lengths of steel structure elements

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«. Idealized condttions (columns)
;:1" Continuous beams and columns

"I Semi+igid joints

@ Frames

# Laced structures

f Interzecting elements
H Crane columns

— Schematic presentation —Input data
1= |1‘|.3 M
LZ2= |4? m
= [951000 | cme Eﬂl
i2- [280000  cma m
F1= (1979 i
F2 = IED.? i
rigid disk rigid disk
A A
= 0 I e | e
—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 E:E] - 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.

©2011-2017, LIRA SAPR. All rights reserved.
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Effective lengths of steel structure elements

- Calculate Report Measurement units Help

H )
;1 Continuous beams and columns

# Laced structures

FI Crane columns

x|

b Idealized conditions (columns) Semiigid joirts @ Frames * Intersecting elements
I | J
— Parameters of structurs
 Storeys  Spans r—Column focation
= hinge
[3o0  m [op m 2
1+ rigid M N N N
27 5
I " I m r— Frame fiation h - - - —.IL
32 m [45 m (% free o
" not free «©
4.8 m [5 m <
r— Beam feation *JL
" hinge g
Apply - :
* rigid _cE
~ Input data E
= |101476 H
Ic emd ] I51 52 o
Isl = [21826 cmd Eﬂl c S
o
Is2 = [52439 cméd EE' S 2
+—6.00—+—5.00—+4.50—+5.00—
QOutput data
( u= [132 | Calolate |
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 L&

To start calculation, click Calculate.

©2011-2017, LIRA SAPR. All rights reserved

www.liraland.com

Page 109 of 379


http://www.liraland.com/

Manual on ESPRI 2016

Calculate Cm x| Calculate Cm x|
— Schematic present. [variants] rInput data — Schematic present. [variants) ~ Input data
Tec 1 >34 £l =| i * o2 ‘Eﬂl 14¢ 2 | - =| - ﬂll
Li_‘r_ LQ L= Nlr -
] | : r all "
El/l El, L2= | m L [ El L2= | i
L
El El,
J L
" T Cancel i oK | Cancel
a) b)
Calculate Cm x| Calculate Cm x|
— Schematic present, [variants] r Input data r— Schematic present. [variants]  Input data
1w |3 BB | ey - d-em2 ]| 1 4 i Er | weem2  ET|
L, L1= L+ L, L1=
R | ra
El L2- | m EL/ B L2- | m
L El L El
ok | Cancel oK | Cancel
©) 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].

©2011-2017, 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 b kM Lz kM bz kM Cly kM

1 Beamnl -1 -1 -100.000 12.000 3.000 9.000 4.000
¢ |Beamz -1 -1 78.000 10.000 5.000 12.000 1.000
3 |Beam -1 -1 -22.000 3.000 3.000 4.000 0.970
4 |Beam? -1 -1 £7.000 8.300 £.000 7.000 8.000

LZ% . Soar Add row |
R
\Z y Bearn? Delete rows |

# k. 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
25 25 space without weld
. - : |1 | Leg: weld w1 4,000
[ 7R | |2 |Leg: weldw?2 10,000
1 ' pPated | 3 |Thickness t1 : Plate 1 £.000
ir F= 4 ~F ﬁh
T :: z W2 Al | #* |Dimension B : Plate 1 110.000
: - iz \_ | 3 |Dimension H : Plate 1 305.000
1 i 5- i Thicknesz 12 : Plate 2 10.000
rmr—rr———rrrmrry_F1EE 2 | 7 |Dimension B : Plate 2 195,000
I / 8 | Dimension H : Plate 2 350.000
=== Il F==
il D IS
—Joint elements
BeamZ
feld Wi i f
wWeld W2 Edit properties. ..
Plate 1
Plate 2
Ok 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 -|0O| x|
File Edit Analysis Options Window Help - = x|
B G zag@E| 2 a |
25 25 space without weeld
[ 1 1 1 1 | —— |
g E_Flate 1
= TrE E n r')é' z %M Wy
1 v F
T
I /
=== 11 F==
P
Joint : Input Data
Joint Element Property Value Units
Beaml Shape 135B1;GOST 26020 - 83
Steel 09G2;
Beam? Shape [35B1:GOST 26020 - 83
Steel 09G2;
Weld W1 Material Wire mark: Ce-038
Weld W2 Material Wire mark: Ce-08
Steel BCT3xm2
Plate 1 Width 110.00 mm
Length 305.00 mm
Thickness 6.00 mm
Steel BCT3xm2
Plate 3 Width 195.00 mm
- Length 350.00 mm
Thickness 10.00 mm
Joint : Check Results ( SNIP 11-23-81% )
e . Internal forces
Parameter Property Value L:::iz:tufzn
’ N.KN | My. kNm | Qz kN | Mz, KNm | Qy, KN
Weld W1 Leg 4.0 mm 10.4 -100.000* 12.000 3.000* 8.000 4.000
Weld W2 Leg 10.0 mm 105.8 78.000* 10.000* 5.000 12.000* 1.000*
Thickness tl 6.0 mm
Plate 1 Dimension B 110.0 mm 54 67.000* §.300 6.000* 7.000 8.000
Dimension H | 305.0 mm
Thiclkness 12 10.0 mm
Plate 2 Dimension B 195.0 mm 14.4 -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 | |
=
Done | INUM | 4
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 [I-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 11-23-81*) / 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 11-23-81*.

Welding techniques are provided according to table 34* SNIP [1-23-81*.

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 [I-23-81*

Materials for welding sect. 2.2*, 3.4 SNIP 11-23-81*
Table 55* SNIP 11-23-81*
Table 56 SNIP 11-23-81*

Parameters of weld joints | sect. 11.2*-11.3*, 11.5, 12.8 SNIP [1-23-81*

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 11-23-81* 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 [1-23-81*. 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:

‘S - 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 % jcon.

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 f
and g, 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 [I-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 1I-23-81*. Defined values of element thickness are
checked for:
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- whether it is allowed to weld (table 38* SNIP 11-23-81%);
- 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 [I-23-81*:

Joint Check of parameters

bl K min < Ky £ 1.2*min{1.2*, ts }, K min = Table 38* SNIP
[1-23-81* { max(t, ts)}

Kt min < K £1.2"'min{0.9%, ts }, K¢ min = Table 38* SNIP
[1-23-81*{min(0.9%, ts)}

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

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

Ki min < Ky £1.2"min{t, ts }, Ki min = Table 38* SNIP II-
23-81* { max(t, t5)}

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

h = 5*min{t, ts }

Kimin < Ky £ 1.2"min{t, ts }, K¢ min = Table 38* SNIP II-
23-81* { max(t, t5)}

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

h =2 max{ 40 mm, 4* K, 5*min{t, ts } }

Kt min < Ky £1.2"min{t, ts}, K; min = Table 38* SNIP [1-23-
81* { max(t, ts)}

b1 = 5*min{t, ts }

h = max{ 40 mm, 4* Ky, }
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Ki min < Ky £ 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, t5)}

b1 = max{ 40 mm, 4* Ks;, 5*min{t, ts }

h = max{ 40 mm, 4* K1, 5*min{t, ts }

b1
‘ M Qz . . .
A Kimin < Ky £ 1.2"min{t, ts }, K¢ min = Table 38* SNIP II-
[T '@* 23-81* { max(t, t)}
| ‘ N | b1 = max{ 40 mm, 4* Ky, }
S

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

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

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

Kimin < Ky < 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* Ks;, 5*min{t, ts }

Ki min < Kp £ 1.2"min{t, ts }, K min = Table 38* SNIP II-
23-81* { max(t, t5)}
b1 = 5*min{t, ts}

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

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

Ki min < Ky £ 1.2"min{t, ts}, Ky min = Table 38* SNIP 11-23-
81* { max(t, ts)}
h =2 max{ 40 mm, 4* K; }

Kimin < Ky < 1.2"min{t, ts }, K¢ min = Table 38* SNIP 11-23-
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 11-23-81*. 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:

bt 2 by,
where b — flange width of built-up I-section in section 1-

1,

by, — flange width in section 2-2
hy 2 by,
hy > 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:=0 and Q,=0 and F=0 or
Q170 and Q,#0 and F=0 or
Q170 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:

1
— k= . . .
oy Flanged joint of built-up I-section
: ' when there is no local stress
by (Gloc = 0)
Tq, o=t
Y
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Flanged joint of built-up I-

section
with local stress
(G|OC # 0)

| —

Flanged joint of built-up I-section
with local stress
(G|OC # 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/lef,
where
lef = 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.

Page 124 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

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.

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

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 [I-23-81*

Requirements to bolts sect. 2.4*, 2.7*, 3.5, 3.7 SNIP 11-23-81*
Table 57*, 58* and 59* SNIP 11-23-81*
(bolts without controlled tension)

Table 36* SNIP 11-23-81* (friction-grip

bolts)
Partial safety factor Table 6* SNIP [1-23-81*
Partial safety factor for connection Table 35* SNIP [I1-23-81*

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 11-23-81*, 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 [I-23-81* or, for connections of angles,
recommended ones (matchmarks stipulated in GOST 24839-81). In connections with
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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 Rys 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 p and load factor yy.

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:

‘S - 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 11-23-81%)

m — defined according to GOST 24839-81
amin < @ < min(4d,8T),
: T=min(t, ts) — for connection of single angle to gusset
'“I N =y T=t — for connection of double angles to gusset
i ;} N | amin = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa)
L, Il amin = 1.3d — for high strength bolts with controlled tension
ts/ Aals, 3_!,] (friction-grip bolts)
Smin £ S <min(8d,12T)
smin = 2d (Ryns 375MPa) or 3d (Ryn>375MPa)
n=0

. NXS |

—

. nxs m, u — defined according to GOST 24839-81
i = amin < @ < min(4d,8T),
T T=min(t, ts) — for connection of single angle to gusset
-4 1= | T=t—for connection of double angles to gusset
amin = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa)
. amin = 1.3d — for high strength bolts with controlled tension
ts/ “Tals] 'EJ (friction-grip bolts)
MG Smin < S < min(8d,12T)
Smin = 2d (Ryn< 375MPa) or 3d (Ryn>375MPa)

n=0
fiss m, u — defined according to GOST 24839-81
el (- amin < @ < min(4d,8T),
jm" T=min(t, ts) — for connection of single angle to gusset
I R ;\—-;l T=t — for connection of double angles to gusset
S -4 | amin = 1.5d (Ryn< 375MPa) or 2.5d (Ryn>375MPa)
L_ o o e e | amin = 1.3d — for high strength bolts with controlled tension
ts/ als| 2] (friction-grip bolts)
Smin < $ < min(8d,12T)
Smin = 2(u +1.5d)
n=1
L5 KLl amin (Cmin) < @ (c) < min(4d,8T),
. NxS T=min(t, ts) — for connection of single splice or
- — o5 T=ts — for similar connection with double splices
B o & u q, | @8min= 1.5d (Ryn< 375MPa) or 2.5d
" S, :b_. (Ryn>375MPa) |
< iy N | Cmin = 1.5d —for sheared edges
+'+' L cmin = 1.2d — for rolled edges S ifN#0;Q,, My =0
i lals]” St Crmin = 1.5d (Ryn< 375MPa) or 2.5d
P gk (Ryn>375MPa)
amin = 1.5d — for sheared edges
Amin = 1.2d — for rolled edges Jif Qz#O; N, My =0

Cmin = @min = 1.5d (RynS 375MP8) 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 (Ry,>375MPa)
n=0
k=0
Loy e ok amin (Cmin) < @ (€) < min(4d,8T),
-f»‘r.f_ T 4 T=min(t, ts) — for connection of single splice or
AR EE LI C | T= ts — for similar connection with double splices
Ay 4 L) 20 | g, = 1.5d (Ryns 375MPa) or 2.5d
ket [ 4—4---4—7 h (Ryn>375MPa)
> Kt 5 MgN Cmin = 1.5d — for sheared edges
T Cmin = 1.2d — for rolled edges JifN#0; Q,; My =0
o Blslp Nt Cmin = 1.5d (Ryn< 375MPa) or 2.5d
%.. 7 "T (Ryn>375MPa) i
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges 7 ifQ#0; N, M, =0
Cmin = amin = 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 (uU) <min(8d,12T)
Smin (Umin) = 2d (Ryn< 375MPa) or 3d (Ryn>375MPa)
n=1
k=2
Lk Tawd amin (Cminy < @ (€) < Min(4d,8T),
ZaJt T=min(t, ts) — for connection of single splice or
LV, Cur O T=ts — for similar connection with double splices
LT .o, | anin = 1.5d (Ryns 375MPa) or 2.5d
el T35 5 B | (Ry>375MPa) >
| EEESmmuny N | Cmin = 1.5d — for sheared edges
N\ e M Cmin = 1.2d — for rolled edges JifN#0; Q;, My=0
& ALE b M Cmin = 1.5d (Ryns 375MPa) or 2.5d
e (Ryr>375MPa)
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges 1 if Q#£0; N, My =0
Crmin = @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 (Ryn>375MPa)
Smin < 8 < min(8d,12T)
Smin = U +1.5d
n=2, always even
k=2, always even

Page 132 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

i, ..lnxs ,.la amin (Cmin) < @ (C) < min(4d,8T), _
e ki f T=min(t, ts) — for connection of single splice or
A T T= ts — for similar connection with double splices
$t [ F| 4o, | @min = 1.5d (Ryes 375MPa) or 2.5d
ol [ 2 0 D | (Rie37EMPE)
_ ¢A++| N | Cmin = 1.5d — for sheared edges
N e : Cmin = 1.2d — for rolled edges JIifN#0; Q,, My =0
e N Cmin = 1.5d (Ryn< 375MPa) or 2.5d
Py kf (Ryn>375MPa)
amin = 1.5d — for sheared edges
amin = 1.2d — for rolled edges 1 if Q#0; N, My =0

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)

-+ | My | spn=u+15d
B, 2. alwaye oven
T T ’
Amin (Cmin) <a (C) < min(4d,8T),

1 +
| Q,
e =

nxs
Tl | b
:
[

T=min(t, ts) — for connection of beam web with single
splice or
T=ts — for similar connection with double splices

j Q
T nxs| | [y Ib- amin = 1.5d (Ryn< 375MPa) or
ey [ M N 2.5d (Ryn>375MPa) |
fa 1. | Cmin = 1.5d — for sheared edges
| \\ts F,Ijh Cmin = 1.2d — for rolled edges 1 if Q#0; N, My =0
P Cmin = 1.5d (Ryn< 375MPa) or
2.5d (Ryn>375MPa) |
amin = 1.5d — for sheared edges
AP amin = 1.2d — for rolled edges 4 if N#0; Qz, My =0

amin = Cmin = 1.5d (Ry,<=375MPa) or 2.5d (R,,>375MPa),
for all other combinations of forces

amin = Cmin = 1.3d — for friction-grip bolts

Smin £ S <min(8d,12T)

Smin = 2d (Ryn< 375MPa) or 3d (Ry,>375MPa)
z—a>=t+ R +2 - forrolled 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.

Page 134 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Steel Structures

Additional parameters and selection limitations x|
Section outline
Element type
’V " Truss ™ Column ¥ Beam
[~ use factors for
length of element
F:ra;z:i:;ew mctorsilum Safety factor " cantilever [ Beam with one axis of symmetry
—End conditions of compression flange of beam
for strength I 1.000 I 1.000 ¥ no fixations ™ lower flange
[T one at middle Lef | 3000000
[ more, span divided into equal parts
—Load
I« applied 1 [ applied 2
¥ cause pure bending [~ applied to two flianges
[ applied to middle support
[T concentrated at 1/2 span
Place stiffeners in | 200.000 ™ uniformly distributed
[~ Analysiz with account of plasticty ~ Selection limitations
—Cabadation by deflection Overall dimensions along Z1
Span |Eﬁgﬂ"‘| Iﬁ |:min I 1,000 max I 1,000
Max allowed deflection v, Im— Overall dimensions along Y1
’7min I 1,000 max I 1,000
—Select steel for the element Min thickness
¥ sSelact section from defined steel anly [ Place stiffeners 1.000
" Move downwards the steel list
™ Move upwards the steel list Cancel |

Figure 4.24
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Section outline

Steel table | C-OBR.profiles.srt

hepe | Gn.C550 % 65 30 x 4

Steel |5235

Select shape
[ " Channel {+ C-shaped

i £ Shape I shape 1 j Section type I C-shaped j
—Parameters of shape
Ry 230.000 Ru | 350,000
Total area 38.550 Reduced area 28,550 Parameters of section as a whole
Ix | 10258.700 Iy | 110,320 It I 1.544533
W | 373.044 Wy | 20.659 Cw I 71143.273 d | 1000000

—Data for caloulation of beam web not strengthened with stiffeners

Bend radius I 2,500
Support width I 20,000 Force at support I 0.001 Ok Cancel
Figure 4.25
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Steel cross-section

Companents |

Section components:

C 1. C-shaped section 550 x 65 x 30:

| B
Z
T

x|

Comaosion: not specified

Profile qunye ravnopolochnye {C—DER.prDﬁles.srt}j Wl
550 x 65 % 30 X 4 |
Steel Stal, list <DbriList.stesls.srt> | a‘ﬁ“|
5235 =l
Specification
H=55 Information about shapes in the file
Tw=04 Annotation: Profii stal’nye gnutye S-obraznye
ravnopolochnye
Bf =6.5 The shapes comply with building codes: GOST 8232-75
TT=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: 5tal”, list
F1=06  The steels comply with building codes: DBN V. 2.6-
RZ=0 198:2014
{all in crm)
ﬂ ™| Wse forhidder combinations prafilz-stee]
Comment: I Color: . |
Comosion. .. |

o< |

Cancel |  Hep |

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
4| | |
M FE sect, M, t My, t5m Qz,t Mz, t*m Qy,t Load case
1 1 |1 [-0.8000 fo0.9000 [0.1140 [0.1300  [0.0900 | |Dead |
Mumber umebinaﬁunsl I COK | Apply | Add | Delete |
—Deflections of element
Direction 5= sect, deflect.,mn load case DCF Mo,
vl |u | 1 | 10,00 IDead | 1
7
[T calalate deflection by enveloping diagrams of DCF
& Y1471 Boundary conditions
My1 [ urt Tyr [ ura
Mzi M uzL [Mz1 Moz
(04 I Cancel |
Figure 4.27
I~ Cold-formed shapes - [COOL_2016.clf] _ 0] x|
7] File View Edit Results Window Help _|=] x|
EEHES s Eg BHE a7
Section C-shaped h]
Shape C-0BR .profiles.srt
Steel Gn.C550xB5x30x4 )
Steel table 5235
Utilization percentage for section
‘Streng.centr. tens. elem. Buckl.centr.compr. ‘Streng.bent single shapes Buckl. beams Uttimate slendemess ‘Streng.bent. inZprinc.pl.
0.00 0.00 0.00 19.99 76.31 4834
Check for beam webs Streng ecoent comp.and bent | Bucklecoent comp.and bent | Bucklwebs strangth stiffen. | Bucklwebs not strang stiffen Stiffenarbatten spacing
3516 66.71 366.98 0.00 19.88 MNo
Ready NUM 4
Figure 4.28
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Cold-formed shapes
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: 235

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':zat'°“ 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).
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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 El Properties of Concrete
The module provides reference materials about normative and design strength of concrete for ultimate and serviceability limit states.

Stafic and
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.

& Anchorage of Reinf t by DSTU 3760-07
X 7 The module enables you to of rebars to DSTU 3760-07.
Steel structures Z
& Ssections 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.

5 i
Reinfoiced > %% 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.
— =es i Reinforced Concrete (RC) Slab
l Masonry and The module enables you to analyse reinforcement in slabs according to different building codes.
masonry
reinforcing & Principal and Equivalent Str

The module enables you to calculate principal and equivalent stresses by different strength criteria applied to analysis of concrete and reinforced concrete (RC) structures.

% B strengthening with C

x i
l Foundations and The module enables you to check strength of reinforced concrete (RC) sections in case the are with ite materials.

Escdings & Strength of RC Butt Joint in Shear

The module enables you to check strength of reinforced concrete (RC) butt joint in shear.

b=

Figure 5.1

The programs of this chapter are based on the following regulations:
SNIP 2.03.01-84* 'Concrete and reinforced concrete structures’;

=
‘Russian  Open  Exit
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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'.

8! Properties of concrete - 0] x|

Ultimate limit states (LILS) | Serviceabilty limit states (SLS) | Modulus of elasticty |

Design strength of concrete for ultimate limit states Bb and Rhbt
for class of concrete according to strength in compression

e Cancrete B1 B1.5 B2 B25 B35 BS | —
Hpe L
f—'«:-:ial COmpression Heavyweight and 21 23
[prizm strength) fine-aggregate
Rb Lightweight 15 2.1 2.8
Cellular 063 0.95 1.3 1.6 2.2 31
Axial tenzion Heawpweight 026 037
Fibt Fine-aggregate of groups:
B 0.26 0.37
B 017 0.27
C
Lightweight with fine
aggregate: -
o | g

Values in I MPa - |

.
1. Values of design strenglkaf/cm2  br cellular concrete with average humidity 10%.

2. For ceramsite-perdit concrete on expanded perit sand, values Rbt are taken as for lightweight concrete on porous
sand, multiphying by coefficient 0.85.

3. For porous concrete, values Rb are taken as for lightweight concrete while value Bbt 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.

122 Tables of reinforcement - O] x|
M armi- Area of crosg-zection for number of rebars: Theore- Diameters for -

nal tical al

diameter, mass, Adll Adl
Tiirn 1 2 K] 4 ] E 7 a 9 13 kg

GOS

B .28 LT .85 113 1.41 1.7 1.98 226 254 4 0222
7 .38 N 1.15 1.54 1.92 2.3 269 3.08 346 ] 0302
a b 1.0 1.5 20 2.5 302 152 402 452 v 0335
9 B4 1.27 1.9 254 118 182 4.45 5,09 A.73 a 0.433
10 i) 1.57 236 314 393 47 ] B.28 FA L] 0E17

12 113 226 339 452 5.65 .79 7.92 9.05 1018 15 0.882
14 1.54 2.08 462 616 7 3.24 1078 | 1232 0 1385 20 1.208
16 2m 4.02 6.03 5.04 1005 | 1206 @ 1407 | 1605 18.1 26 1.578
18 254 5.09 7.E3 1008 | 1272 0 1627 | 1781 | 2036 229 33 1.998
20 314 E.28 9.42 1257 | 1571 | 1885 | 2193 @ 2813 | 2827 4 2466
22 38 ‘.6 11.4 1521 | 19.00 | 2281 | 2661 | 3041 | 34 45 2.954
25 49 8.52 1473 | 1363 | 2454 | 2345 | 34356 | 3327 @ 4418 64 3.853
28 E16 1232 | 1847 | 2463 | 3073 | 3695 431 4326 5542 80 4.834
32 8.04 1608 | 2413 | 3217 | 4021 | 4825 BE.3 E4.34 | 7238 105 B3
36 1018 2036 | 3054 | 4072 | B0BS | R1.OF 0 125 | 91430 9161 132 99
40 1257 2513 377 o0.27 | 6283 5.4 8796 10053 1131 | 16336 39.865

P NN N R e N N e N e

+ 4+ o+

l

"k

Mumber of rebars I1 3 Irits. g = Exit | Help
Apply |
Birea |3D

Figure 5.3

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 (length 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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 143 of 379


http://www.liraland.com/

Manual on ESPRI 2016

Anchorage of reinforcement (DSTU 376( =10 x|

Class of reinforc. IP-EDDC d=3-2. 'I Rebar diameter, mm 18 hd [ Double rebars

Concrete B25 - Clear spacing between double relars (2, mm I o
Area of reinforcement required by Concrete cover, mm I 30

calculation (As,reqg), mmz2
Clear spacing between 100

5 Area of reinforcement, actually placed rebars (b), mm

(As,prov), mm2 Type of stress state:

v tensile reinforcement for
v ) ,
concrete in tension

Py ||:|.;r vI

—Anchorage type T

11

Value of compressive stress that acts perpendicularly to
anchored rebar, MPa

~Secondary (distribution) reinforcement

Element type:
v beam

4

spacing, | 100 diameter, 10

~Location of anchored rebar relative to secondary (distribution) reinforcement

i

|| I . — # — anchored rebar C

—Output data

Lan IST?.SE'E! mm
.| :# d

d |1s
Lan e

Figure 5.4

Area of distribution reinforcement (3 As;) located along the length |4, 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

[l Code |bsTu 3760-07 |
Materials

Diameter of anchoring rebar, mm 18
Grade of concrete B25
|Class of reinforcement ||A5{JOC 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, mm2 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 e

Output data

||Ib ||Basic length of anchorage, mm ||125?.?6
Ilan,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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[ arm1 - Sections of RC elements =10 x|

File ‘Wiew Input Oufput Help
EEAEIEIE R

Section type x|
~BAR————————— —COLUMN BEAM F/LOM
— Types of forces — Types of forces Types of forces Types of forces
i (e Dk N: by Mz; ty: Mx; Oz M by bz
Qy: Gz N
— Section type —Section type [~ Section lype—— [~ Section type—
. u . u BAR . X
Section dimenzion:
I 1 I L Yb+ Dezign forces
’_52 Reinforcement | H.t | My.tim | Mz.tm | Mkp.tm | o
hl 2 o 1 |asymmetic 25215 241 4.55 8|}
J w
Ll III- Ll I-l Ey_rhz nt 2 ti 244,08 P 3
"B e 3 i -256.4 1.58 6.16 1
o . o . I I I 4 |asymmetric -256.83 2.09 4.86 g
| | | | h |60 k1|20 h2 |35 cm 5 i 27915 178 (] 7
] b1[50 b2 |30 cm 6 i 152,36 ame 113 g
T _ : _ _ 7 |asymmetic x|l 2m7 3.86 ERER
— Geometric properties —— [ Distance to reinf., cm 8 |symmetric
F [0 i ’731 |4 a2 |4 q . . -
Iy |0 cmd | Mateials——————— g L
2 |0 oma | | Code ISN\F‘ 52-01-02 ‘l
Reinforcement:
Wy I cm3 longitudinal  [AR00 =
wiz |° cm3 lﬁ
v 7 transverse A0 - “width of crack propagation, mm
° 7 cm construction 1= Lang-term cracks IU-3
Ze M| Concrete B20 'l i finalysis accaording to serviceability e Sk IM—
i~ Paitial safety factor r Effective lengths, m—— limit states -
|1— . 72 Relative humiiy, (2] % Spacing of rebars, mm
rhe 0.85 L - elative humidity, [
Loy 304 ISU " Diameter, rm IZDD jv
b |1 Loz 2.24
Loy ]
Sign '—I
Lozfiz IU Rediaw | convention Ok 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.

) arm1 - Sections of RC elements

File View Input

Qutput  Help

=lol x|

EEEIEIE TR

— Code:SNIP 52-01-03 Waterials Effective Partial safety
JASZI a5z Geomefric properties, cm  Concrete B20 lengths, m  factors
b =50 Wy =12315.8 Long.reinf  A500 L =32 Yb2 =1
llasx [asd| v no=s0 Wz=9040.82 Transv.reinf A240 Loy =224 Yb4 =0.85
F =1800 Yc =227778 Loz =2.24 Yb3 =1
_IEI:QSWJ Iy =300000 Zc =31 6667 E_‘Isfznce;;_ri'm' M Loyiiy=15.2
b 1z=246111 - g Loziiz=19.2
Relative humidity, (%) =80
‘Width of crack propagation, mm
long-term =0.shortterm =0.4
E = Transverse Transverse reinforcement, cm2
E 2 Longitudinal reinf., cm2/r.m. for stirrup spacing, mm
- @ Forces (t, tm) s 5
= 5 2 £ reinforcement, cmz2 fotal Fsty
E 2 including shear Fstz
2 \l Wy Mz Mkp Qy Qz 2 AS1 AS2 AS3 AS4 ASV1
1 asymm. 25215 | 241 4.55 0.8 0 0 1.2 3.924 3924 5.168 8.628
11 asymm. 25215 | 341 4.55 08 0 0 1.2 3.924 3.924 5.168 5.628
20 asymm -244.08 492 -1.35 09 0 0 12 2248 3595 7.842 7.842
21 asymm -244.08 492 -1.35 09 0 0 12 2248 35695 7.842 7.842
an asymm -256.4 158 616 01 0 0 12 3242 3242 5093 9.962
3l asymm -256.4 158 616 01 0 0 12 3242 3242 5093 9.962
4l asymm -255.83 3.09 486 os 0 0 125 3838 3838 5.605 9.239
41 asymm -255.83 3.09 486 os 0 0 125 3838 3838 5.605 9.239
5l asymm. -22915 | 178 558 07 0 0 0.895 20 2. 2773 7.524
51 asymm. -22915 | 178 558 07 0 0 0.895 20 2. 2773 7.524
6. asymm. -152.36 | 3.88 -1.13 0.9 0 0 0.0699 | 0.2097 | 0.2097 ( 0.4194 | 0.4194 X
6l asymm. -15236 | 288 -1.13 0.9 0 0 0.0699 | 0.2097 | 0.2097 ( 0.4194 | 0.4194 _5. B T 3005
7.1 asymm. | -2537 | 386 | -112 0 0 0 132 | 3750 | 3759 | 8.138 | 8.138 2 2 2 : H 2 H
71| asymm._ | 2537 | 386 | -112 0 0 0 132 | 3750 | 3759 | 8138 | 8.138 g 3 g 3 3 g 3

For Help, press F1

[ M|

Figure 5.

6

To print the output data directly from the program, on the FILE menu, click Print.

Reinforced concrete shell

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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1 Shell. Analysis of reinforcement + Shell. Analysis of reinforcement x|
Input data |UuIDut data | Inputdata Output data |
Building code Reinforcement pattern Properties of concrete and reinforcement
SIP 2'03‘01‘9"‘3 z Al Concrete [ [ Reinfo... | Longitx | Longit.y | Transv «
- Materials: AL Class 825 Class Al Al AL
Longitudinal reinforcement : D‘S‘B:‘;f‘:’riam"a‘ﬁ‘t“z’r““ of X Y Rb,2tfm2 1480  Rstm2 | 37500 | 37500 23000
L Y | songXaxis [am a2 ’ x £ 2 RbLYm2 107 Rsw,th. 30000 30000 | 1800C
| 4 / PV P e ;| Rbmtfmz 1830  Rsn,tim2 | 40000 40000 24001
dong¥ais [am ¥ ; A P PP RE PG Ay Rbtn,tfm2 163  Rsctfm2 | 37500 | 37500 | 2300C
4 = XA W2 163 |ReqUm2 | 30 | SA00 | ZHOng
Transverse = = i e _’I—I
reinforcement Al Al = Ax 1 I
Ermsees | oot | Qut [Adan2] A, [ adanz| ay,... | apx,... [ apy,... [ axz,... [ axuz.. T ayi2,... T apez... |
0 0 100 100 100 100 000 000 100 100 100 100
0 0 100 100 100 100 000 000 100 100 100 100
- 0 0 100 100 100 100 000 000 100 100 100 100
e T e e ety 0 0 100 100 100 100 000 000 100 100 100 100
th2a [09 w1
Mat | Myt | Hwd | Metm | MypFis
1 021 2413 I 8% e o Bl B Kl |
2 26 150 112 o Axd, Axu, AYl, Ayu - longitudinal reinforcement by strength APx, APy - transverse reinforcement
3 2498 28] 2 o Vb7 | 1 ¥ba | 1 Yb10 |1 a2, Axu2, Ayl2, Ayu2 - longitudinal reinforcement, total (with account of cracks)
4 3008 24.32 7 | Ybi2 |1 kel ! [Fot=s
- =
‘ o s |
| [~ Width of crack propagation, mm
Long-term cracks 0.3
[¥ Analysis according to serviceability limit states Short-term cracks 04
™ Determine transverse reinforcement per 1sq.m. T
Calalate " Diameter, mm 00 x

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
IEurncndE j ICi'u'iI j

—Materials:
Longitudinal reinforcement

Distance to gravity centre of
reinforcement, cm

Vv al
[
|3
al

glong X-axis |agq00 |+

glong Y-axis |A400 ¥

Transverse
reinforcement

Concrete dass  |C25 -

.

Design combinations of forces Stress-strain diagram O E;
M.t Nyt Napt | e | & | w o] to, Iﬁc
1 5.45. H7.3 358 ] ] 1
2 FR| -130.1 565 ] 1 1]
3 255 797 77 1 0 0 & . & .
4 12, 227 79 1 1] 1]
= hd ) i
| | 3

Ae, A, W - presence of earthquake, accdental and
wind loads: 0-no, 1-vyes

[~ Determine reinforcement separately for every combination

Calculate

Cancel | Help |

Figure 5.8 a)

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 149 of 379


http://www.liraland.com/

Manual on ESPRI 2016

i wall-beam. Analysis of reinforcement X|

Inputdats Outputdata |

Reinforcement pattern

Properties of concrete and reinforcement

Concrete |

|F‘.Einﬁar... | Longit. X | Longit.f |Tran5'u' =

Class C25 Class

Rb, tfm2 7543.79  Rs,t/m2
Rbt, tfm2 275.32  Rsw,tm2
Rbn,tfm2 Ren,tfm2
Rbtn,tjm2 Rac, tim2
Eb,tfm2 3.21e+... Estjm2
4

A400 A400 AZ220
407588.6 40788.6 22433

407588.6 40788.6 22433
2.04e+...  2.042+.. 2.04e+7

3

Ax, Ay - longitudinal reinforcement, cm?2

Mo | M, t | My, t My, t | Aac,cm2 | Ay,cm2 | APx,un2| 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

Tsh, Tlg - width of crack propagation for short-term {long-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.

Input data | Output data |

"/ Slab. Analysis of reinforcement X|
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 o+

a2 = ais
glong Y-axis |A400 T 1
Tr_ansverse AZ70 ! — I—
reinforcement al

J

Concrete C25 i
Design combinations of forces
M. t'm My.tm Mag £ | Ot | Qyt | Stress-strain diagram Oy €¢
1 -5.3§. -3.54 1.1 15877 107
2 5.4 7.5 589 2475 145 O, Iﬁc
3 35 -15.4 alal 124 -3.8f
4 7.3 128 2.7 -10.2 -8.f El: El:
5 - » »
< | 3 = r

Ae, A, W - presence of earthguake, acddental and wind
loads: 0-no, 1-vyes

¥ Determine reinforcement separately for every combination

¥ Determine transverse reinforcement per 1sg.m.

Calculate

Cancel | Help |

Figure 5.9 a)
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"/ Slab. Analysis of reinforcement X|

‘Inputdata Outputdata |

Reinforcement pattern Properties of concrete and reinforcement

rd A” Cuncretel |F‘.einﬁa... | Longit. X | Longit.f | Trans... |
AU Class C25 Class A400 A400 AZZ0
x Y Rb,tfm2 2549.29 Rs,tm2 40733.6  40733.6 224338
A\x i _ Rbt,t/m2 = 275.32  Rsw,tf...
P PRSP ".:__,_o-'-" = A ;r Rbn,tfm2 Ren, tfm2

- k{}ﬁ; ’ Rbtn,t/... Rec,tfm2  40788.6 40738.6 22433.8
Eb,tfm2 | 3.21e...  Es,tfm2 | 2.04e... | 2.04e...  Z.04e...

I
Ax

Mo | Mx,t5m | My, t5m | Mxy,...| Qxt | Qyt | Awlemz| Axu,... | Aylam2 | Ayu,... | APx,... | APy,... | A
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 -7.56 -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 8.9 0.85 16.20 0.85 27.20 1.30 1.30

* | i
Axd, Axu, Ayl, Ayu - longitudinal reinforcement by strength APx, APy - fransverse

Axl2, AxuZ, Avl2, Ayu2 - longitudingl 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 {Ox, Oy, Oz, Tyy, Txz, Tyz}-

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

Oy Ty Ty
[o'] =7y O, Ty
i Txz r}'z O, 1

N [ai F

—Mormative, design values ————  Strength criterion Building code

[ 250000 Compres. - Re [ 166667. | Geniev G.A. | |eurocode 1] IV strength analysis

[ Triaxial strength

I 33000, Tension - | 13000.0 Concrete dass ————
* Yi  Teta P
- S
[-8837¢ Shear -Rtau, E0 [ 34500000( €25-30 ~| | Poisson's

ratio

[0.13  [o.132c [o0.000 | 17321

. . . Thermal creep
Stress tensor: X Oy Oz [y [.xz Lyz t
(m2) |12 [0 [ 160 [-s0 [0 [220 [
— Qutput data
—Main stresses ——— — Angles Sig1 to XYZ (deg.) - Main strain———— — Ultimate stresses
o [3713712 . — & [1103296e-00¢ G0 | 8436.2018
E3 [5 115942000 =
1 .o |2?281.6192

02 78.627188 ¥ 55.02244

0 | 106.6666¢ el &3

1

- Z 43.628994
03 130.00000 | T e
Slope angle I 38939.495: I -13530.85
—Equivalent stresses of crack in I 72.255325 )ufo' I 0.167778
2D stress
o 2 Reserve I 79.089394 SR A |

. factor
Matrix COS

|380.619¢  [-211.000 Report | Help |

Pwuc. 5.10

In this program you could also check strength by the certain stress tensor.
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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/m3;

— 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, O3 — 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);

(205 -0y -03)
:ucr T ( )
— 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
_f3 m3 H3_

— slope angles AL1, AL2, AL3 (I1, 12, 13) of principal stress o; 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, y, ¢ ) that define location of principal stresses 01, 02, O3
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 | 085 | 0.8
Outer ‘Carbon| 085 | 0.8
structures ' Glass | 065 | 0.6
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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.

I [
Ii Il il ;l ~Composite material
Width, mm IT
— ta h W b Igon— - Mumber of layers |2—
h e o b[o Manufacturers |FibarME =]
lll - I— s I— - Reinforcement type FRP [FDARM® Tape 350/300 =]

Thickness of monalayer, mm

Modulus of elasticity, MPa
Reinforcement Class ‘ Diameter.mm ‘ Number ‘ Dimension [a).mm
Upper ABODD |~ 16 4 50 Strength in tension, MPa "‘""
Lower Ad00 ~ 14 2| 50 ) . _
— Ultimate tensile strain, %%
Partial safety factor for FRP I 1
Concrete dass B35 A
Design forces
Partial safety factor for concrete I 1 L | L H ‘MI],kN’m Q.kN
1 100, 200, 5.
Load factor I 1
Save... | Cpen... 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 | 126550.29883¢ mm2  Ired |4521|:|123??.6 mm4  Wred |14B44131.4652 mm3

¥0 304, 56563343 mm

120000 304.24771

Concrete area, mm2 Area of upper reinforcement, mm2

Composite area, mm2 I =8.200001 &rea of lower reinforcement, mm2 307.87607

il

Ultimate moment, kM*m 145.0222296: Mcre, kM*m I 40.67588362 crc, mm 1.073760145

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 ||I(nacc ||Diameter,mm ||N|_|mber ||Dimen5ion,mm |
(lupper A400 18 4 50

[Lower £400 22 2 50

Concrete class Eb, MPa Rb, MPa Rb,ser, MPa Rbt,ser, MPa

B30 34500 17 22 1.75

|Partia| safety factor for concrete ||1

| Composite material

|thickness, mm ||0.111

[width, mm |[400

|number of layers 2

||type of reinforcement FibARM® Tape 200/300

|modu|us of elasticity, MPa ||230000 |
|strength in tension,MPa ||4300 |
|max tensile strain,% ||U.018 |
lpartial safety factor for FRP ||1 |

| Design combinations

|
N, kN M, kn=m Mo, kn*m lo.kn |
[500 220 |50 lo |
|Loac| factor ||1 |
Output data
|Area of effective section,mm2 Ared=250900
|Moment of inertia of effective section,mm4 Ired=8.85101e+009
|Section modulus of effective section,mm3 ||Wred:2.94269e+00? |
|Centre of mass of section before strengthening, mm ||Y0=300.?8 |
|Area of concrete,mm2 ||24ODGD |
Area of lower reinforcement,mma2 760.265
Area of upper reinforcement,mma2 1017.88
|Area of composite,mm2 ||88.8 |
[Ultimate moment, kN*m [Mult=295.308 |
||Moment while crack formation, kN*m Mcrc=110.14
||Width of crack propagation,mm acrc=0.483375
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

=5

g |2

hSI

(i

=101 x|

Report | Help |

— Concrete class

|E25 TA "I

— Reinforcement param. —

Class I,-’.\-III vl
|12 Diameter [mm]

|3DD Spacing-5[mm)

Diarneter of
anchor head [mm)

v Check
[T Select

— Partial zafety factar

o

KPcl, kPc2
kP, kP2 ID.EIE
Coefficient of

—

friction for seam

[ | Earthguake, cyclicity

— Loads on connection [, tm]

|-3|:||:|.|:I[ M. Mlive |-21 oo
|2 0. Qlive |'|.4DU
I'IU i, Mlive I?.UUDI

Geametry of connection [m)

v 83 mps 4 [ow

[~ Self-shessed concrete

Additional stregs from

by [z b1 [28° ha o2 of [0 [lgp 015 h3 [ozem

Dezign param. af material LS, SLS [H/m2]
Eao, Rtau

[ata about double layer connection of slab

Re_l. el [14800 1830 3060000,
Rrl. Rl [107.00 [1B3.00 [146632

Rax, Raz IdDDDD.DDE ISESDD.DDE

Compres, stress at

contact zone [tAm]

Area of reinfore.,

dezign value [cme]

Ares of reinfore.,
actual value [cm?]

zelf-gtrezzing [t/ ma)
ﬂ:! 0,000 o [ogoc [~ Mon-uniformn distribution G 0
Building code Contact surface
[snP20301-84 x| ["Rough” |
Percent. of = o= | Ultimate forces
0 e ™ ot [t e [2Erer N [resio:
actual [&] = — _
[2687 [omars  Lhet FEEER Izg'ngg? Q  [1.750904
Max tensile stress Reserve 1 VT
FERCIC [4573 (oo |0BI0¥ | 7T |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

_Iz :bj .L ;?jzzhz

Vsa =091
Jor =Rc_II;
fvd = Raz

w

fvfsd :M’; Nﬂd =N
j;d :RC_I

©2011-2017, LIRA SAPR. All rights reserved

www.liraland.com

Page 159 of 379


http://www.liraland.com/

Manual on ESPRI 2016

T _ ultimate shear stress taken by the section;

QE‘E‘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 pa x|
Criterion for check procedure
~Lload——— ~Output data
IDeformatic-n madel j
Calculation is complete.
Section M -150 t
ITﬁECﬁDn (bottom) j ” - Height of compression zone of concrete, mm I 533.27094
My I
b Relative height of compression zone I 0.8332358
+—F
h Width of crack propagation, mm I 0.0930738
(15
|12I Distance between cracks, mm I 219,16420
b2
Mare... |
—Concrete rReinforcement
b | 350 mm b1 [0 = b2|4au mm a1 jas00 | d1 |18 x| mm ni [e al [40 mm
h IS“U mm hi I':' mm h?_lIBD mm A2 |A4|JU j d2 IIB j mm n2 |4 a2 |4C| mm
Concrete dassIst 'I Humidity, % IEU A3 I,a,4ng j d3 |12 j mm n3 |4 a3 |4u mm
Diagram for Iﬁ Ad | dg |12 - 4 |4 a4 |40 mm
Bil G b2 |1 ag00 | x| mm ona | |
I ilinear | Gamma I I

Save | Open |

Repart 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;

— |-section.

Input data

Concrete: section dimensions (b, h, b1, h1, 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 533.27094 m Rzl 5 MPa Al 0.0015268 m2

ks 0.8332353 Rs2 5 MPa A7 |0.0010178 m2

Abet |0.252 m2 Rs3 5 MPa A3 |0.0004523 m2

=
=
=
=
R

o arm | 1.3688367 Rs4 5 MPa A4 |0.0004523 m2

hac |0.0677610 m Lac |0.2191642 aac |9.3073851 m

e
e
e
=
e

[ R

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.

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 163 of 379


http://www.liraland.com/

Manual on ESPRI 2016

& Concrete pipe - Analysis of concrete pipe sections x|
—Concrete —Load
Code |sp 63.13330.2012 | o I?
Class B15 - ¥h2 I 1
My, tmn |45
Diagram ITri|i|‘|EE|r j
D Humidity, % |6'3' Mz, tm I23
—Steel
Fipe |vst3kp =] D, mm | G80 Thickness, mm | 12
Reinforcement Diameter h:zrggfsr of Distance Angular distance
a1 I-ﬁ-"H:lD j d1, mm I 16 vI ni I 18 "’I al, mml"":' fil I':'
A2 I-‘5-5':":' j d2, mm I 12 'I n2 I 12 'I a2, mml 30 fiz I':'
elp

Caloulate |

Results | Report | Hi

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
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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 VSt3ps4d
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 I 57716379 A, mm2 25183.006

Al mm2 |3619.1147

A_bet, mm2

Rb*Rb 1.6673059 A2, mm2 | 1357.1680

a_cre, mm | 0.0019652 T 8.9592229

[

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.

™\ Design of composite steel and concrete columns x|
I . . | l | I | —Output data
Calculation is complete,
% of reinforcement I 29851686 acre, mm I 0
H, mm | <00
H %, mm I 0.4998793 lere, mm I 0
B, mm | 300
B ksi I i here, mm I 0
—Steel r—Conete
Class | vstakp =] Building code | 5P 63.13330.2012 |
t, mm |9-5 Class B30 R Yh2 I 1
d, mm I 5.6 Diagram IBiIinear j
h, mm I 240 Humidity, % ISU
b, mm I 115
z, mm I 0 —Load
N, t I -228 Mx, tm 7 My, tm 5
)(,mmlD y,mrnIU [, mm |'3 ! ! I ! I
open | save | { Calcuiate Report | veb |

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
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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) I.

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
[—— | s
——t—
H it Building codes
NN SP 63.13330.2012
5P 16.13330.2011
'
B L=
iy
Concrete
IClass of concrete |Eb, GPa Rb, MPa Rbt, MPa | Epsb2 ngsbtz
B30 34.5 17 1.15 0.0048 0.00031
Partial safety factor for 1 Humidity, % 50 Strain diagram Bilinear
[concrete
Section
H, mm B, mm Area, mm?
400 300 120000
Steel
IClass Es, GPa Ry, MPa Ru, MPa Ryn Run
VSt3kp 206 215 350 225 270
hs, mm bs, mm ds, mm ts, mm ---
240 115 5.6 9.5
Design forces
.t l-228 My, tm 7 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

¥=0.00276342 m
Z=-0.0145168 m

EAred=100237 t
Equivalent stiffnesses for the section EIx=1250.61 tm2

Ely=522.601 tm2
Figure 5.22

|Coordinates of gravity centre of the section

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.

#l Column strengthened with composite materials x|
Strengthening with composite materials I longitudinally j [ErTRTHE R
Width, mm I 150
Ia h I 400 mm Number of layers I 2
h
b I 400 mm Manufacturers | User-defined j
Ta
b Effective length of column, mm I 3000 Reinforcement type FRP I User-defined j
Design force M, kN I 400 Thickness of monolayer, mm I 2
—Concrete and reinforcement Modulus of elasticity, MPa I 120000

Class of concrete IBZ':I ]v
Tensile strength, MPa 1400

Class of reinforcement |A4UU 'I

—Output data
Diameter of rebars, mm I 16
Ared I 167307.63 mm Ired I 23701007 mm

Number of rebars I 4 Height of compression zone, I 138.29627
n

Distance (&), mm I 20 Strength of section is adequate.

Help | {Caloulate” 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

|Eﬁ’ective length of column, mm ||3000 |
| Concrete and reinforcement

|CI355 of concrete ||B2O

||CI355 of reinforcement ||A4OU |
||D|'ameter of reinforcement, mm 16

||N umber of rebars 4

|Di5tance, mm ||2O |

Composite material

width, mm

150

Number of layers

2

||Manufacturer

||User—defined |

|Reinforcement type FRP

||User—defined

|Thickness of monolayer, mm ||2

|Modu|u5 of elasticity, MPa ||12C|DC|O |

||Tensi|e strength, MPa ||14OD |
Output data

[ared, mm2z 167208

[tred, 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 |
Load Qutput data
Calculation is complete.
N, t -100
N B X
1 1
O+ + F O+ ¥ -l-—]ﬁl]_i My,t‘n 12
L T T T T R T —:tu_z I" %h of 1.0195456 acrc, mm 0
b1
hs H H 620 %, mm 0.1500000  lere, mm 0
. ds
1.t 1000
bs 7 B, ksi 1 here, mm ]
h, 150
Steel Concrete
Class | VStam ﬂ Building code Stress-strain diagram Yh2
e, ’T 5P 63,13330,2012 ~| | Biinear ~| |1
I E25 idi
bs, ’2!307 Class hd Humidity 50
ds, 1 Reinforcement
ber of
ts 1 Class Diameter, mm Ir_\leubrgrser ? Distance, mm
b1, ’2007 1: | A240 | R e R | 30
bs2, 0 2 | a240 =l 10 | ERE |30
Shape [H57-750-0,6 ] 3: | A240 | [0 -] [0 -] 0
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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— DBN V.2.6-135(163):2010 - Steel

— GOST 24045-94 - Steel roll-formed structures. Requirements for design,
trapezoidally corrugated sheets for manufacturing and assembly.
construction. — 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:

gég 328 Egg Egg ggg 21'8’0845’ B30, C12/15, C16/20, C20/25, C25/30, C30/35,
’ T ’ ' C32/40, C35/45, C40/50, C45/55, C50/60

For calculation by deformation model, the ) .
For calculation by deformation model, the

bilinear and trilinear diagrams of concrete hy - .
. . bilinear and trilinear diagrams of concrete
state are realized (Appendix G. SP .
state are realized.

63.13330.2012).
\ Reinforcement (steel):

A240, A400, A500, A600, A800, A1000,
B500, Bp500, Bp1200, Bp1300, Bp1400,  |A240, A400, A500, B500
Bp1500, Bp1600

Reinforcement (other):

fiberglass (ANK-S);

basalt-plastic (ANK-B); Basalt TU U V.2.7-25.2-34323267-001:2009
aramid fibre (ANK-A); Glass TU U V.2.7-25.2-21191464-:20

hybrid (ANK-H).

carbon-fibre (ANK-U); Basalt 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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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 C15-800-0,6

C15-800-0 7

C21-1000-0.6

C21-1000-0.7

C44-1000-0.7

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.

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 Rk, Mpa Rbt, MPa Epsk2 Epskt2
E25 20 14.5 1.05 0.0048 0. 00031
E:::I:;tzafetv factor for 1 Humidity, % 50 Stress-strain diagram Eilinear
Section
H, mm ||EIr mim "Area, mm’
[150 1000 [l150000
Steel
Class E=, GFa Ry, MPa Fu, MPa Fyn F.un
VSt2kp 206 215 350 225 370
b=, mm b=, mm d=, mm lts, mim H k=1, mm / bs2, mm
S00 200 1 1 620 200/ O
Reinforcement
Layer No. Mumber of rebars Diameter, mm larea, mm? Distance, mm
1 4 10 0.000314155% 30
Class of reinfercement Es, GPa Fs, MPa Fsc, MPa Epss [Epsc
|A240 o ] ] o
Layer No. Mumber of rebars Diameter, mm larea, mm? Distance, mm
2 4 10 0.000314159 20 1.16254e-207
Class of reinfercement Es, GPa Rs, MPa Rsc, MPa Epss Epsc
|a240 o o o | o
Design forces
[ ¢ 100 [[+y. tm 12 [ | |
Output data
Fercentage of reinforcement for section, %% 1.01955
Relative height of compreszion zone of concrete ksi=1
Height of compression zone of concrete, mm w=0.15
Width of crack propagation, mm acre=0
Max depth of cracks, mm here=0
Distance between cracks, m |lcre=0
Coordinates of gravity centre of the section ZZ?DTDISDBEZ m
EAred=108452 t
Equivalent stiffnesses for the section Elx=2.58365e+007 t¥m2
Ely=£4599.96 t*m2
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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

# ESPRI. Engineering Assistance Package. B

ESPRI

Engineering Assistance Package

=] Design Compression Strength in Masonry
The module provides you with values of design compression strength in all kinds of brickwork (table 2 SNIP 1I-22-81 'Masonry and Masonry Reinforcing Structures').

Steel structures

& Brick Pier
(3 The module enables you to analyse masonry and masonry reinforcing structures according to SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’.
s Reinforced & Masonry in Local Compression
concrete (RC) The module enables you to analyse masonry and masonry i in local p ing to SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’
structures : s :
B Brick Pier in Tension

The module enables you to analyse masonry and masonry i in tension ing to SNIP 11-22-81 'Masonry and Masonry Reinforcing Structures’.

Mesonor and > Brick Pier by DBN V.2.4-162:2010
ry The module enables you to analyse masonry and masonry reinforcing structures according to DBN V.2.6-162:2010

reinforcing

X, &
Timber structures

7

X i
l Foundations and
beddings

iz
Loads and
oads an
~otinne ;I

;Ru_ssian-” Open '7 - 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
[1-22-81 'Rock / reinforced masonry structures’).
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: Design compression strength in masonry

Height of course of masonny 50-150 mm |

Design compression strength R of all kinds of brickwork and stoneworl from structural clay tile with slitHike

vertical cells of width up to 12 mm on heavy mortars when mark of mortar

=101 ]

M aD'FS?LEQCk 200 150 100 75 i 5 10 4 =
200 19 36 33 30 28 25 22 18
250 16 33 30 28 25 2.2 1.9 16
200 12 a0 27 25 2.2 1.8 1.6 1.4
150 26 24 22 20 1.8 1.5 1.3 1.2
125 0o 22 20 19 1.7 1.4 1.2 1.1
100 0o 20 18 1.7 1.5 1.3 1.0 nsg
75 0o 0o 15 1.4 1.3 1.1 ng ny
50 0o 0o no 1.1 1.0 ng ny e
35 0.0 0o 0.0 09 0e 07 0E 0.45
o | LH
Values displayed in MFa -
— Motes:
1. Design strength of brickwork 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 mertars {no lime or clay) with organic plasticizers.
2. It is not necessary to reduce design compression strength for brickwork of superior quality —mortar seam should be done with frame and the
maortar should be lined up and tightened with a strip. Mark of mortar for standard brickwork and for brickwork of superior quality should be
mentioned in the project.

| hHep |

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 =
Geometry, cm Materals : — Parameters of reinforcement —
D | II:::I Brick type ICIW brick, standardll Reinforcement: stimup spacing {mm) I'IE'D
Brick mark I?5 j‘ mesh |EP-| =| wedical I;.\_| vl
Thl_f Wertar mari 2 hd Reinforcem. type Imeshes + vertical rebarsj
Mortar type Ist'rH, no admbdure "I
bi ‘y"% _E _ Height of course in masonny {mm) I?"?" "I
x;IhZ-q— Masonry quality Istandard - I - i .
| R Design dimension of cell in
] h Properties I air brick up to 2?3":;' mesh reinforcement {mm) 30 il
_Urtimate strain Iﬁﬂe*‘ Design diameter, {mm)
Redraw | in masaonny : mesh, |—3 vertical 5
Elastic parameter 7 (stimup) reinforcement
b [64 p1 |100 b2 |50 table 15 SNIP 1-22-81* I >0
) — Partial safety factor for masonry and reinforcement -
Creep I2.2
h 1100 h1 |51 hz |C cosfficient Fire damages
: KPe1 |1 ges. |1
Effective length Starey Coef to design. strength of masonny cracks, etc.
1 - 300 . . KPe2 1 Partial safety factorfor |1 7
factor I height I compression IE'.EE- tension |1 = masorry £.24 SNIP I
[T CHECK specified strengthening 22> Building code [SP 15133302012 =] [ KF [1 KPr2, spec. load 1
Ear Numb . of ||Vertical. Analysis by
F um| Transverse
oress ﬁ th TrEel I ] masonry (| reinforcem. || stimup [~ serviceability limit
M.t M.tfm | Q. qu. M, tf M, t*m a.tf COUrses cm2 cm2/m state (SLS)
@ |50 87 5.2 ¥ | F 0 1.69646 I8 Geometric properties |
o | | = | 0 1 I
' I I I r [ I I 0 I: I: Sign convention |
— Strength of masanny #./m2) Modulus of elasticity —————————— Relative strain —————————————
nomative, design - I 6000 Creep [
bonded, unbonded section Intial 7 G [l
compression  [598.825 [222 586 [110 Average (secant) [143309 shotterm  [-0.000423624
tension IZ'E I'I.'EI- |5 Elastic parameter of I—,.-'5,D
. — = — reinforced masonny =
=3t I I I Buckling coefficient I-I Report |
fe [20 e Safety factor [204443 Help |
Figure 6.3
Input data
Click schematic presentation of the section that should be calculated and define its
param eters.

In the appropriate boxes, type or select all data necessary for calculation by SNIP [[-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 > | putton. 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 =10] %]

150 S -spadng of batten, stirrup |C245 j Steel
{mm}
H I f reinfor
E Class of reinforcement
| 20 b -batten width (mm) ‘”
54500 Design strength of steel

B - _ (tf/m2)
™ I d - batten thickness {mm) IW Desion sirength of
0 ) reinforcement (tffm2)
Diameter of transverse
stirrup {mm)

I.ﬂ.ngle symmetric j Shape type

5 Diameter of vertical

reinforcement (mm) Izgx 03%3 j Shape Mo,

. ) Steel table
|4D a0 - thickness of casing (mm) IUG_R-SRT file EI

Mumber of angles, plates or "Casing iz supported (type), Cnefﬁdent—‘

vertical rebars

ICu:umpleter' from below and al:u:nj I 1

8: S00=8=H
batten :bhxd (mm)

r Area of one angle, rebar,
etc, (om2)

I 0 Total area of vertical
strengthening (cm2)
—Pier strengthening by 0 &rea of transverse stirrups
(cm2frm)
' steel casing
| spe3.13330.2012  ~| Buiding code
™ RC casing
. Concrete dass of RC casing
™ reinforced plaster I
B10 =]
) wire mesh

Figure 6.4

Output data
When you click Calculate button, you may see the following messages.

, Analysis of brick pier in Tension for unbonded section.
=" According to sect.4.19 SNIP, such elements cannot be designed by
unbonded section.

Warning according to notes to sect. 4.18 and 4.19 SNIP 11-22—-81* 'Masonry and masonry
reinforcing structures' about provision that flexural and tensile elements of masonry
structures cannot be designed by unbonded section.
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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'.

E:EAnalvsis of masonry in local compression

—Geometry, om

1

L h

. h 1a
[ "

)
1

AC- Local compression area

— haterials
Brick type Iclay brick, standard LI

Brick. rmark |1UU Vl
hartar rmark 75 hd
hartar type stiff, no admixd ¥ |

Masaonny quality  |standard hd

Froperties Iairbrick upto 272 LI
haterial -
IRemforced concretell

of beam
|1 [ifuu}

Elastic parameter of
1.8

masonry 15 SHIF
Creep coefficient

=10 ]

Strengthen with mesh, distributing plate

Strengthen with Imesh ﬂ
besh  |BP4 Length of distrib. I—
ad plate - Lpl. (o) o0

Height of course

h 77 v
inmasanry (mm)

Design dimension of cellin

resh reinforcement () 30 ~

—

Fan. safety factor for concrete and reinfarc.

Design diameter of mesh (mm)

Coetto des. strength of masonry KPet |1 KPe2 I1
5 |142 2 |4D he ID 8 ID compression |1 tension |1.25 KPrl |1 KPrz, spec. load |1
q P lﬁ Fartial safety factar for masanry
h |51 bo |D L ID (trm ID Building Code  |5P15.13330.201 = tahla 24 SHIP |1.2
— Coet. for shape of Numb. of Compression area (cmz)
pressure diagrarm Total forces Forces (local) s ot l_.'-"242
(@ Rectangular diagram 1Nt hLtm Ot 1Nt rLFm o] rowS Local 040
. . ocal
" Triangular diagrarm (& |50 8600000 2.3 -47 73 13 5
( Calculate Arlsis
0 ysis by
(" Define ¥ |1 L serviceahility limit
tate (SLE
Initial modulus of elasticity (tfm?2) |34DDDD state (5L.5)
— Strength of masonny (fima)
; design: Elastic parameter of masonny |333 473
B bonded.  unbonded section :
I I ha stress in masonry fram I_ Sign conwventian |
compression 260578 e local compression Y 230,392
) Anerage stress in masonny fram I-230_392
EREE I36 I18 I8 local comprassion
shisar |1 3 IBE |18 Design strength of masonny in |237"-93:2 ﬂl
local comprassion Help
bending [es [12 S — |1_032?3 4|—
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.

Type of section

Type of section

Notes

1,2

v

h L a
| S : E—
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a — width of support zone
Ac — area of local
compression

a — width of support zone
Ac — area of local compression

a — length of beam
supporting
bc , hc — width and height of
beam

a — length of beam supporting
b , he — width and height of
beam

h bc h
LI A Pinned connection
between beams and
walls.
3 be Variant of section is
b b=2h selected
automatically based
a — depth of beam setting a — depth of beam setting on dimensions b, h.
bc — width of beam bc — width of beam
a
~
4,5 tbra |
a, b — dimensions of support
zone a — width of support zone
Ac — area of local Ac — area of local compression
compression
a
by
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

distributing plate
as14cm.

Lpl. — width of

distributing plate
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h — thickness of
hanging wall
_ d=H, — equivalent
ZZJIE Al height of spandrel
beam
a<=o5ih| b b =s=1.57Hg
. (8, b are computed)
10 = Variants: a), b), c) -
a— length of beam dlstrlbytlon of
: _ pressure is selected
supporting a — length of beam supporting automatically
be , he — width and height of | b h, — width and height of (calculation should
beam beam be made when
. ) , coefficient for shape
Variants: a) , b) Variant: c) of pressure diagram
p =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;
b , 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.

EﬂAnalvsis of masonry in tension =10 x|
- Geometry, crm - Materials —Parameters of reinfarcement
IE B @ @ Brick type Ic:lay brick, standard T.2 LI Reinfarcement: stirrup spacing (mm) 150
_| Erick mark Ih mesh m vertical m
4+ M hortar mark 75 v : -
e I I 4 Feinforcerm. type Imeshes +werical rebarsLI

] Martar type Istiﬁ, no admixtures VI
i h . Height of course in masonry (mm}) 77
! | tMasonry guality Im

|
I
T
Zd b 1>< Properies Iairbrick upto 27%

-

L LI Dimension of cell in mesh (mm}) 30 v
"' Ultimate strain m o Design diameter. (mm) |
i ¥ | *le- h werical
in mesanny mesh, I—3 4 I—B
Elastic parameter Imng Wil ) reinforcement
100 Bl 100 able 15 SNI_P.II—22—81 —Fan. safety factar for masonry and reinfarcement
] I h hef I Creep coefiicient |2.2 Fire d "
Eftactive Store KPcl I.I— Ire damages, Cracks, |1
1 e ISDD Coef to des. strength of masanry etc. KP3
length factar height

compression |1 tensian |1.25 KPc? |1 Fartial safety factar far |1_2
i maganry Takl24 SHIF

333 | CHECK specif. Anchor |1_131
- strengthening ares, cm? Buildig code I SP1613330.2M2 LI KPrl |‘| KPre, spec. load |1

B Wi Ear Forcas (long-term par) MNumb, of  ||Wertical Transverse Analysis by
il th masonry reinfarc., stirrup |7 serviceahility limit
M, 1 | b, t*m Q. 1f Ou- | M, A b, t*m 0, i COUrses cmz cmefrm state (SLS)
@ |50 ]3-? 24 | -47.000000 |7.900000  |1.900000 i 0 ID Geometic properties |
cf | ! C[C ! 0 [ I
s I I I r [ I I 0 ID ID Sign conventian |
— Strength of masonry (tm2) hModulus of elasticty ————  —Relative strain——————————————
narmative, design : Initiial 544000 Creep -0.000396452
bonded, unbonded section

Awverage
Compression |34U |1?U |1?U Average (secant) |331213 shaortterm I-D.DDDEQEQ%

Calculate

tension I36 I18 I8 Elastic parameter of Imng
reinfarced masonny
e |13n |55 |1 B

Buckling coefficient ID-952353 Repart |
hending |25 |12 Safety factar 127732 Help |

Figure 6.6

Analysis in tension is available for the following types of sections:

Page 186 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Masonry and masonry reinforcing

No.
Option Type of section Notes
button
‘_E-"I el .
g . |
E t+——T—h Tension for unbonded
1 i — — J section
s - - ‘T
B} 41‘.‘, 17 Tension for unbonded
2 TG section
i K
o I
By
Tension and flexure for
3 & 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 |-
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:ﬂAnalvsis of brick pier by DBN ¥.2.6-162:2010 (EN 1996-1-1:2005 Eurocode 6] - |EI |i|
—Geometry, cm Materials — Parameters of reinforcement
|:| | E:Il ﬁ E]l Brick type Icellular blocks of autDcIav:LI Eeinforcameant, stirrup spacing (mm) 150
Morartype  |mortar fim< Njmm2 ]|} ooy [Pt <] vertical [p2a0c <]
hl h2
T-T H_T Strength class, concrete b (MPa) | 35 1| | poiniorcem. type Imeshes +vertical rebar v |
b1|b y%x b2 Strength class, martar - fm (MPa) 50 - Height of course 200 -
L + _l Y i Ih. h ity - ﬂ in masonry (mm}
h EE Gy igh quality roups Design dimension of cell in
Properties Iairbrick maore than 50% | mesh reinforcement (mm) 30 hd
= Ultimate strain in masonry Design diameter. (mm) .
EeliEy mesh, |3— wettical IE—
b |33 |1 50 |150 ID LI “le2 (stirrup) reinfarcement
k1 bz -
o 6 — gk?lil;??génr\?t\?_rzﬁ—‘l - I?SD Part safety fal:torfor. masonry and reinforcem. ———
I h1 |25 h2 I KPCl |1— Fire damages. |1—
Effective langth Storey Creep coefficienttable 8.9 25 cracks, etc.
factor I1 height I350 Coef to design strength of masonry KPc2 I1 Safe{yff@' by |1-5
9 . . responsib. classes
[~ CHECK specified strengthening >33 Fompression I1 tension 1 KPr1 I1 KPr2. spec. load I1
" - Analysis b -
E— Wi Ecp lCDnversmnfactDrtD ID_? MNumb. of \r’gmcal Transuerse ~ sewieabiﬁtylimit
th ong-term forces masonry || reinforc., stirrup
MM M. M L MN nd 2 state (SLS)
X 2 m . qu. Scale of forces, ourses e emafm Account of creep
& [0 [a00 400 | Vv ” — | stresses 1 113087 |0 during erection
Imega Mewtan, MNm. MPELI i i i Geometric properties
C |- I e
0 0 0 i i
‘s I I I r r | | Sign conventian
— Strength of masonny (MPa) Modulus of elasticity (MPa) —Relative strain———————————
normative, design nitial |1 200 Creep |—3.19829
honded, unbonded section I Average ERE
hort- -
comprassion Tk |2_41499 fol_ef I'I.EESZ? id |1 Average (secant) I%D shor-term I
e .
tension feke 0.2 tkd_ef |n.1 k1 |n.us Elastic parameter of |7455_34
. reinfarced masonny 2
shear fik ID-?B?5 fed 035 o ID'18 Biuckling coefficient ID-?Q%“1 Repart
hending fxd_ef |0.16 fed |n.12 Safety factor |n.000329031 Help |
Figure 6.7

For piers of T-section, I-section and cruciform section, the lowest length of transverse wall
(bl) 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. \ Material of wall
Class of mortar strength f,, (MPa): M20, ...M2.
0

Class of (characteristic) strength for brick, stone
1 f, (MPa): 50,...M3- MO (for packing of voids with
concrete — class of strength for concrete: e —
characteristic compressive strength, f.«x — shear
strength: C12\15 —C25\30 and more)

clay brick, standard
' 3 |sand-lime brick
' 4 \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.
7 |(hollow) Hcourse =20-30 cm (non-autoclave
hardening)

' 8 |natural stones (regular shape) low strength
' 9 |natural stones from rubble

10 non-vibrated rubble concrete

11 vibrated rubble concrete

aerated concrete blocks of autoclave hardening
with average density 400kg\m?

concrete blocks of autoclave hardening from
13 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)

N

5

6

12

14

The following types of mortar are available:
— mortar f,<5 H/mm?;

— mortar f,=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 ( f, ) that is used in horizontal joints of reinforced
masonry should be f,= 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
I\Ilong-term = N/1.2; IVllong-term: M/1.2; Qlong-term:Q/]--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 = fi/¥m
2 |Design tensile strength for unbonded masonry section frd1

Design tensile strength for bonded masonry section

9 fk = fkot0.40, or f, =0.5 fko+0.40, If Not all vertical
courses of masonry are filled with mortar

10 Characteristic flexural strength for unbonded masonry

fuc < 0.045 fy

3 |Conventional design flexural strength of reinforced ; a2
masonry along bonded section xd2_app

4 Design flexural strength for bonded masonry section fxd

5 |Design flexural strength for unbonded masonry section frd1
' 6 |Design shear strength for bonded masonry section | fug
' 7 |Design shear strength for unbonded masonry section | fuko /Ym
' 8 |Initial characteristic shear strength for masonry | fuko
Characteristic shear strength for masonry: £,< 0.065 f,
| |

kal
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section

11 Cha_racteristic flexural strength for bonded masonry fro
section

12 Characteristic strength (t'emporary resistance) for f
unbonded masonry section

13 [Normative mean compressive strength for masonry fo

14 |Compressive strength of mortar fm

15 [Temporary resistance of reinforced masonry Rsyy fxd2 app * Ym

16 El_a_stic parameter of masonry 0o =Eo/Ry 0o = Eo /14
Initial modulus of elasticity of masonry E, = 0, * Ry Eo=a, *fy

|17 |Ultimate creep coefficient | Peo
18 Eslfs:tléopﬂgirk:eter of reinforced masonry Qi = Eo / a2 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 — fy, iS presented
in the Table 3 H/mm?=MPa (=kg/cm?)

Table 3.
Mortar of general Thin-layer
Elements of .
masonry purpose by class of mortar Light mortar
strength * (adhesive)
. M10 —M20 | 0.3 (3.0)
gt':%’ dk;rr'gk’ M2.5-M9 |0.2(2.0)| 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 _m2 |01(1.0)| 0.3(3.0) 0.15 (1.5)
acing natural
stone

DSTU-NBB.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 , /‘I‘l 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.

,&h :Hef/ref; ﬂf:HEf/f
Hef :H

storey ~ Pn

where

t — wall thickness or

tet — effective thickness of wall;
Her — effective height of wall;

I — the smallest radius of gyration;

An_

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).
N<OQu yp-Ja Lty

where
®,, — coefficient to account slenderness and eccentricity of the section; coefficient is
determined according to DBN as:

®, =4 - "

e — base of natural (Napierian) logarithm;
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4=1-2%
fr
A—0.063
M= o
0.73-1.172
!
A= Hy |Jk
ty VE

ter — effective equivalent thickness of the pier;

e, — eccentricity at the middle of the wall height:

€0 =€em t ekt €t ,

where

em = Maesign / Ndesign ;

einit — initial eccentricity that takes account of initial imperfections ejii= hes / 450.

H
e, =0.002-®_-—ZL . fe ;

4
ef - eccentricity from the creep may not be

A

considered if “"¢ =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.);

fg — 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}"bl";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:

M < fxd W M ifxdl_ﬂpp 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 T 0y

<
For the constant compression of wall and taking into account Gp = 0.2 fd .

4. Check of unreinforced masonry structures in shear along horizontal unbonded sections
(by bearing capacity) — the smallest value is applied:

Jyko +04.-0,| 4

C
VM

VRd < Vb1 Joa " L lgf

Ved <VRa = Vb1

where

th-‘kﬂ /:""-H i i i
<4 — design shear resistance for unbonded section;
O, — mean value of compressive stress;

<
For the constant compression of wall and taking into account Gp = 0.2 fd .

5. For the serviceability limit states (SLS), the check with account of long-term creep
modulus Ejong:

Ey
E, _=_tk
ong T L @

@

== — ultimate creep coefficient is taken according to material type of masonry;

f« = fg * 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.

Coefficient for responsibility of
material

Classes of responsibility 1 2 3 4 5
Stonework from: blocks of
category |, design building
mortar according to EN998-2,
EN1996-2.

ym for classes

15 1712022 | 25

Stonework from: blocks of
category I, specified building
mortar according to EN998-2,
EN1996-2.

17 12022 25| 2.7

Stonework from: blocks of
category I, arbitrary building
C |mortar according to EN998-2, 20 (222527 | 3.0
EN1996-2,
*e.

D /Anchor from reinforced steel 1.7 120,22 |25 | 2.7

Reinforcing steel and pre-
tensioned steel

Additional components
F|*c 1.7 (20|22 |25 | 2.7
*d

Accepted values are mean
ones.

It is accepted that waterproofing
*d should be covered with building
mortar.

If variability coefficient for
*e Imasonry of category Il does not
exceed 25%.

1.15

*C

6. For masonry reinforced with meshes in horizontal joints, additional check of conditional

. . . 2
design strength in flexure for unbonded section - fxd"—app
not adequate, the program will select vertical reinforcement:

M ifxdz_app W
6-4- fvd 4
3
£2

. If mesh reinforcement is

fxdi_app -
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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.

€ _
> I
X =7 —
% 11 Q/z }‘1' I _FF::
+4 — //' I
o /,/-
y
i I— . /© » F.
b E
L s

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 :

}'J'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, ﬁ’d (H/mm?) is increased (Supplement T, DBN) in vertical reinforcement
located in voids:
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fo= 0.35+0.175 Fa, < 0.7
Ym Ym

9. If conditions by sect.6 and sect.8 are not satisfied, then vertical reinforcement is

selected.
- f. -Fa_ - A4
Ni}’bl'ﬁc'ﬂ‘l‘ys f»digo z

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_ -1,
S = Jr + fooj“;d‘x <2 fi

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:

iwi:"”bl 'fk'Ac'(hﬂ_O'jx)-l_}’J 'f}'d_z A; '(’310_&')

where

X — height of compressed zone of the section;

a — thickness of concrete cover (assumed asa = a’) ;
h, — effective height of section.

The following calculations are made:

1. Mean short-term relative strain is calculated as:

l-o
1.1- f;

&
where fy — characteristic strength of masonry.

—1.1-In

£ =

2. Secant modulus (short-term) of strain in masonry is calculated as (see Fig.6.9):
g

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:

=g- @

tofal

_ E;

long =
TE 1+ @

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 fy <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

2

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 ™ CHEEK specfied strengthening  check hox
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.

Nature of damage in masonry of |Unreinforced|Reinforced
walls, posts and piers masonry | masonry

Cracks in certain bricks - does
not intersect mortar joints

Hairline cracks that intersect not
2 |more than two courses of 0.9 1.0
masonry (length 15-18cm)

Hairline cracks that intersect not
more than four courses of
masonry (length up to 35cm) if
3 number of cracks is not more 0.75 0.9
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
4 |up to 60-65cm) if number of 0.5 0.7
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
5 up more than 60-65cm) if number 0 0.5
of cracks is not more than four
cracks per 1r.m. of width
(thickness) of wall, post, pier

No.

1.0 1.0
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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), it is
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 it is 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:
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'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 1 4

fo
Tk

|
|
|
E; |
|
|

éi Ek Eu

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 - f,

3 — idealized design compressive strength of masonry - fg.
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Fig. 6.10. Patterns for strengthening of brick piers with casing:
a) steel casing; b) RC casing; c) reinforced plaster.

As

)

- s -

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 10| x|
i 5 - spacing of batten, stirrup |C245 ﬂ Steel
H {mm?
b - batten width (mm) I AZ40C Class of reinforcement
W Design strength of steel
d - batten thickness {mm) (tfim2)
I— Design strength of
Diameter of transverse e — reinforcement (tHimz2)
stirrup (mm}) h
Angl tri | Shape type
Diameter of vertical I e SYMmERIe J
reinforcement (mm) II,X 20%3 j Shape Mo.

a0 - thickness of casing (mm) I—UG_R.SRT Steel table file @@&'l

T::?j?;lrg;:‘sglesf plates or Casing is supported (type), Coeffident

Mumber of brick courses in ICD'T":'I'lEE'n"-'EI from below 'j I L
which strengthening be done

(=]

3 s ckeEEEE

8: S00=8=H
batten :bhxd (mm)

Area of one angle, rebar,
etc. (cm2)

I 0

I 0 Total area of vertical
strengthening (cm2)

I 0

—Pier strengthening by h Area of transverse stirrups
P b (cm2frm)
* cteel casing T Buildi
i ng
 RC casing |5|5N|P 2.03.01-34 j code
" reinforced plaster U Concrete dass of RC casing
= wite mesh, rebar I B15 TA j
Cancel |
©2011-2017, LIRA SAPR. All rights reserved www.liraland.com

Page 203 of 379


http://www.liraland.com/

Manual on ESPRI 2016

b) Strengthening with RC casing

Types of strengthening of brick piers - 1o x|
v T = 2
i . 150 5 - spacing of batten, stirrup |C245 ﬂ Steel
. {ram’
o H i
. I a0 b - batten width {mm) I A240C Class of reinforcement
— —— Design strength of steel
j B : | 3 | ] [24500 (tm2)
' dvert. Design strength of
g — —— = I 3 Diameter of transverse I‘ZE"’:'EJ':I reinforcement (tHimz)
[ | [ | | | stirrup {mm) o
[ [ [ dstir. I & Diameter of vertical I.ﬁ.ngle symmetric ﬂ ape type
| [ : [ : [ reinforcement (mm) IZUX — j Shape No.
g I 40 30 - thickness of casing (mm) | UG_R.5RT Steel table file @e“l
I 4 T::;?;lrr?;g?sglesf plates or Casing is supported (type), Coeffident
- al ID_ Mumber of brick courses in ICD'T":'I'lEE'n"-'EI from below 'j I L
| [ — which strengthening be done
"
40=6-10cm 8!8=150mm Area of one angle, rebar,
d stir. =4-10mm dvert. =5-12 mm W etc, (cm32)

I 0

I 0 Total area of vertical
strengthening (cm2)

I 0

—Pier strengthening by h Area of transverse stirrups
~ . (em2frm)
steel casi - L
e [fsNP 2030184 - Buidng
= b ng; code
" reinforced plaster 1

. Concrete dass of RC casing
£ witemesh, rebar I B15 TA j
=1
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c) Strengthening with mortar casing

Types of strengthening of brick piers - 1o x|
[ ] -3
150 5 - spacing of batten, stirrup |C245 ﬂ Steel
{ram’
- - H :
I a0 b - batten width {mm) I AZ40C Class of reinforcement
Design strength of steel
i B L\ | 3 | ] [24500 (tm2)
' dvert. I— Design strength of
T .'\' T I 3 Diameter of transverse e — reinforcement (tfim2)
[ | [ | | | stirrup {mm) :
. Angl tri «| Shape type
| [ | d stir. I & Diameter of vertical I Ngie symmetric J
| [ : [ : [ reinforcement (mm) IZUX — j Shape No.
g I 40 30 - thickness of casing (mm) | UG_R.5RT Steel table file @e“l
Mumber of angles, plates or == :
1 I 4 ertical rebars Casing is supported (type), Coeffident
- al ID_ Mumber of brick courses in ICD'T":'I'lEE'n"-'EI from below 'j I L
which strengthening be done
M
A0=3-4 cm S8:8=150mm Area of one angle, rebar,
d stir. =4-10mm dvert. =5-12 mm W ete, (cm2)

I 0

I 0 Total area of vertical
strengthening (cm2)

I 0

—Pier strengthening by v h Area of transverse stirrups
{cm2frm)
" steel casing — a
- Building
|5|5N|P 2.03.01-34 =] code

Concrete dass of RC casing
| B15 TA =]
Cancel |

= wite mesh, rebar
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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.

7 ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

<. Sections of Solid Timber
N Module is used to analyse rectangular and round bars of timber structures according to SP 64.13330.2011.
Static and i

dynamic iz Sections of Glued Timber
analyses, stability Module is used to analyse glued elements of timber structures according to SP 64.13330.2011.
7 & Sections of Composite Timber
X €% Module is used to analyse composite sections of timber structures according to SP 64.13330.2011.
St tu
se srclres £ Ssections of Solid Timber by Eurocode 5
CJE Module is used to analyse rectangular and round bars of timber structures according to Eurocode 5.
~ < 7 Sections of Glued Timber by Eurocode 5
Relnforced Module is used to analyse glued sections of timber struct ding to Eurocode 5
concrete (RC) ule is used to analyse glued sections of timber structures according to Eurocode 5.
structures 5 Sections of Composite Timber by E de5
— Module is used to analyse composite sections of timber structures according to Eurocode 5.
=en
Masonry and
masonry
reinforcing
S b
Timber structures

iz

=.......c..u‘..... ~nd =

Figure 7.1

Sections of solid timber

;Russian-.‘ Open | Exit

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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# Analysis of timber structures (solid section) by Eurocode 5 - Untitle - O] x|
Eile View Help

input data | Analysis / Output Data |
— Element type r— Design forces
I Beam Column | Truss | by, kN m | dz kN | Mz, kN m | Gy, kW | Flags

1.5 0.5 0.435 033 P
0.9 0.6 P+l

 Section dimensions | [~ Section type
z

3 Rect bar
TER ||
Round bar |

b

— Effective length ——

Leff= IEDDD | )
mm Long4em Short4erm Instant | Averagetem | Sign )
convention

Additional data Messages

T
&
[+1]
(w8
&

h

= |200 mm
= mm

b =100

Timber class C30 -

Service class I2 j'

[ Analysis in local compression at supports

Width of support element |35 mm

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] x|
Eile View Help

input data | Analysis / Output Data |
— Element type r— Design forces

Beam | |C°'“F"“ Tuss_| NN | MykNm | GzkN | MzkNm | GukN |  Flags =]

-10.1 1.2 0.53 0 0F |

122 0.81 0.2 0.074 0.021|F'+S |

Parameters of boards in package

Effective length —|

Loz= IW mm

Loy= 4000 mm

)
§ ]| [eo]]~
P

Section dimensions

Width, b |1'|5 mm I
Longtem | Short-term Sign convention |

Height, b |560 mm

Additional data Messages

Qz
Timber class IGL24h 'I

hz

Service class

|
& ——
w_z S

&
Mk AW
— g -

T 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.
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= Analysis of timber structures (composite section) by Eurocode 5 - =[0] x|
Eile View Help

input data | Analysis / Output Data |
— Element type r— Design forces

[ Beam Column | Tuss | My kNm | Oz.kN | MzkNm | Gy kN

-2.13 0 0 0

Parameters of boards in package

Number |4 it.
¥ Flange
t= |25 mm

|"|T1ickness—|_ Different —

b=|DD "I'ICC mn h1 =|15 7”13 mm

Effective length, mm ———————————
Leff |1I}I}D Short4erm | Instant | Sign convention

|
&
&

Messages

Addttional data

=

Timber class C24 =

Service class I2 'I
Fasteners INE'”S j Diameter |5 mm

Eczentricity

- - M
£y |1u i I L 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;

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 211 of 379


http://www.liraland.com/

Manual on ESPRI 2016

- 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 |1 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

i ESPRI. Engineering Assistance Package.

-
-
mes
Masonry and
masonry
reinforcing

Timber structures

~
l Foundahons and >

beddings

T
Loads and
actions

+on

e

Deflections

Figure 8.1

ESERI

Engineering Assistance Package

% Moduli of Subgrade Reaction C1, C2
The module enables you to calculate subgrade moduli of soil under the centre of single footing.
7 single Pile

The module enables you to compule settlement and stlﬁness of a single plle (wnh account of interaction in pile group) according to SNIP 2.02.03-85 'Pile
Foundations’ and MGSN 2.07-01 'B: gs, F and

- Pile under Combined Action of Loads
The module enables you to compute single pile under combined action of vertical, horizontal loads and moment according to SNIP 2.02.03-85 'Pile Foundations’.

T Settlement of Equivalent Footing
The module enables you to compute the settlement of pile group as equivalent footing.

Principal and Equivalent Stresses in Soil
The module enables you to determine principal and equival

Slope Stability
The module enables you to check stability of slopes for pits from homogeneous soil.

by different criteria of rupture applied to soils.

Stability of Multi-layer Slope
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.

Combined Piled-Raft Foundation
The module enables you to for c ined piled-raft (CPR) foundation.

Russian

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;
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.
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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.

c2 Calculate subgrade moduli C1 and C2

& Parameters ||] GEO'DQYI

Record of soil madel ICaIu:uIate Cland C2

ra

X
Vertical load (F) |12DD 1
- " ex -

Eccent 0 m

centricity (=) oy |
Depth of foundation (ha) |1 m
— Shape of foundation

I Rectangular Circular I

Width of I_

foundation (b) 3 m

I/b ratio of I_

foundation 2

Distance to foundation pit wall

b1+b2) |D m
Unit weight of scil above I— q
base of foundation {go) 18 -

Ratio of stresses for limitation of
“depth of compressible stratum

[Calzulate ID.E-

— Algorithm

— Linear elastic halfspace

" SNIP 2.02.01-83
" 5P 50-101-2004

" DBN V.2.1-10:2009
' SP 22.13330.201

— Linear elastic layer
{” SNIP 2.02.01-83
" SP 22.13330.2011

0 A Savinow

. High-speed analysis of settlement
(DBN V.2 1-10:2009, appendix D)
- For dynamic loads with empirical formula of

Open

Save | Calculate

Report

Help

Figure 8.2 a)
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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;

— 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.2.1-10:20009;

— 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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¢z Calculate subgrade moduli C1 and C2

gL Parameters [ Geolo

o |

h=am

N
&\

N

h=a3m

Mumber of layers in soil in)

E

— Properties of layer
Active layer No. i)

Colour for layer
Modulus of elasticity of layer (E)

Ee. =ki * Ei. Coefficient fki)

T

=

ER

1500 tim2

1

Poisson's ratio {mi) 0.35
- Depth of layer (i) |3 m
| | | unit weight of soil gi) B tm?
~ Soil type
% gand
" sity-clayed
I Layer
£ water-saturated
4 = £ water-proof
- Stiffness coefficient for famula of 1
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;

"2 _ mean value of Poisson’s ratio;

Ears _ 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, M)

where

= _ 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 soil
and type of structure, as a rule #=0.2.
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c2 Calculate subgrade moduli C1 and C2 X|

dh F'alame‘tersl L Geology Results |
i G =

[/

1m
iy

E‘
=
o

h
=
W
=
é‘

(=]

5
)]
n
1]
4

Egrd = [344642  tm2
i=[-
Lam = Iﬂ.4?31 14

™ Results by method 1

&ﬁ c1-[03383  tms

\% C2=|1441.87 t'm
§ > " Results by method 2
% - C1 = |460.887 tm?
\ = 13767 B4

& u%k C2 = 13267 64 t'm

C2=|3764.3 t'm

R Ts
ey

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:
S =08W
, (2)
where
u I"_:'_'_,l'.i‘.n' h

A e

g
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i E;_ 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<hb - 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 0.4 5.5
6 0.223.0 16 0.425.6
7 0.24|3.5 17 10.445.7
8 0.26|4.0 18 10.46[5.8
9 0.28/4.5 19 10.485.9
10 (0.3 5.0 20 0.5 16.0
11 |0.325.1 30 |0.5 (7.0
12 [0.345h.2 40 (0.5 [8.0
13 [0.365.3 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, }"I’.-'

R

i — modulus of elasticity of the i-th layer of soil along the loading path;
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Eei_ modulus of elasticity of the i-th layer of soil along the unloading path;
by default £ei =Ei:
92 _ stress at the i-th layer of soil from external load;

9.0 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 Eer 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*.

i n
zﬁ:lr'.l' ﬁ.l Z‘L’_,— ’;f.'
SpE m,, =

E H » M H
: - (9

gr

L L

6) Modulus of subgrade reaction C1 is calculated by three methods.

Method 1. Subgrade modulus C1 is calculated by formula:
F

Er

g = -
n*h-

— mean pressure under the base of foundation;

b — width of foundation;

"_ 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
- . =12
1 =1 4t 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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1127

— +1
f‘.!r{_' ) (8)
Moreover, it is also accepted that additional vertical stress is distributed uniformly along the
depth. Then
.IF.{{‘
)
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.

W=

7) For all methods, subgrade modulus C2 is calculated according to the formula:
c rqﬂﬁhmzm;)
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-'*-", Ears 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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n

2 [k,r' B ’;C,r'-l)

g =4 .
& .
e =k,

i=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-:20009.

s=144-"1 P=02.0)5

n+1 E. 12)

where:

n =I/b — ratio of foundation length to foundation width;

p — mean pressure below foundation base;

04,0 — Vertical pressure from the dead weight of soil at the level of foundation base;
E. — mean modulus of elasticity, computed by formula

1
D E bz,
E{? — 1 2
0.5H; g
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.
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n=l/p ol g o | 14 | 18 | 20 | 24 | 32 | 50 260
foundation
k 1.8 20 | 22 | 24 | 28 | 30 | 34 | 38 | 43 | 60

Analysis by formula of O.A.Savinov

13) Mean value of stiffness coefficient is determined based on stiffness coefficients Cos
specified for every layer of soil and calculated depth of compressible stratum Hc. Mean
value of stiffness coefficient is calculated by formula

Zr:*[,_,. i,
Crg = *‘--'H
C (12)

14) Modulus of subgrade reaction C1 is calculated according to the following formulas:
for rectangular foundation with dimensions I*b

[ 2(1+b)) |

Alh x-llll Po . (13)
for circular foundation with radius R
{ 2 Y
C =Cyl 1 +_‘ .Ii
i AR J .]||| Fy ’ (14)

where Cﬂf — stiffness coefficient taken from the table;

P0_ pressure determined from laboratory tests and equal to 2 t/m?;
q — mean pressure under the base (tm?);

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 shaft;
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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I Analysis of single pile

Figure 8.4 a)
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Analysis of single pile - 0] x|

End-bearing piles  Friction piles | Screw piles I

— File type Penetration of pile toe (H) IS— m
¥ Driven of all types
¢~ Shellpiles driven withovt soil T 7T ~|do [15 m v _Settlement |
excavation T ] — Soil along side surface of pile —————————
"~ Bored piles = .
ol 2 ayer 1| Layer2 Layer3
" Drilled piles =1 | |
i Soil type sandy silt of medium densit =
™ Shell piles filed with concrete T I a J
2 Layer thickness i), m Izﬂ'
=
—+ - Yof I'I
=1 " | | Poisson’s ratio I-325
— Pile cross-section, m w| B
™ Modulus of elasticity, tf/m2 100
Ii b Iﬂ'.ﬁ 1 1
add | Delete last layer |

h Partial safety factor
ID.3
0| h h [ 2| Beang - [12¢2 ¢

capacity

Report | Settlement 3.7748 cm
Stiffness per 1 I
rm. — t/m

Save... | Cpen...

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

—

@
———

Layer 1 | Layer2 |

=[5

Load type Iu:u:umpressiu:un

Diameter of pile helb {d1), m
Depth of penetration of pile heli (1), m

Area of projection of pile helbc, m2

Design value for unit cohesion of soil within wor
gpace (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

F—

17

2.26 Cpen... |

Bearing capacity, tf

Add soil layer

Delete the last soil layer |

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 .
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Bearing capacity of friction pile

Input data

Driven pile

b
Pile cross-section: b=0.5m, h=0.3 m

Ye Partial safety factor for pile 1
¥Yer Partial safety factor for soil under pile toe 1
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 6
Yef 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
yef 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/m? 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;
ypsyu;

- 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.
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At the first stage the soil enveloping the pile behaves as linearly elastic medium.
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 soil.

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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Ix

»= Calculation of pile under combined action
— Loads applied to pile

Code |5N|P 2 02 0205 J Moduluz of elasticity

1

E IEI m by 100 t*m ﬁilljélS that envelope Ifine gand (0.6 <= & <=0.75] j

N M 2 R el S 2.02.03-85 for p'lff;”nfée”al'
¢ ” SP 24.13330.2011
" [ | N |3|:| t [ Diiven pile or zhell pile IE-E‘E*'I:":IE
o Twpe of pile support
Tz 0 I4 t [T Sprung arch design ' pon-ock,
—
— '-%’ZXW L Ie 0 [T Extremely important " rock
| [T Single-row pile location " fized to rock
[ 7] Lo |2 " A f plasti
* I s [T Lo [T =] - Aot
|5

nit cakesion 0.z t /i
Help

Fart of dead loads an - Layer I Yoid ratio I
pile 0 % thickness 8 m 08
— Pile cross section, m — Design zoil properties
Calculate |
Uit weight 148 b3
Eempart |
Angle of internal friction |32 ®
Exit

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 soil
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, (tfm4) 1800.00

a ||Strength factor of proportionality, (tf/'m3) 7.10

o |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

Part 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 |Distance from soil surface to plastic hinge, m 3.1135
Fd Bearing capacity of pile, tf 27.530123
Vi Partial factor for an action 1.40

Condition H <Fqa/ 7 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

Input data piles_01 I

" SNIP 2.02.03-85

+ SP 24133302011

Shape of pile section
mil Iim {* Rectangle " Ring
: ; h : Section dimensions
| b
V K [o3 m |03 m

Pile penetration to soil

F o

MNumber of piles

Grillage
Width IE m  Length |12 m
Height 1.05 m  Density IE.E- t/m3

= Cortour dimensions of pile group
ile =

penetrtion 122 m |7 m |11 m

Vertical load on foundation

Mumber of layers in

IS'I b6 t

Silty clay sail with liquidity index IL =

[T Soil weight
[T Bridge support

IEDDI}I}I}I} tf./m2

E pile

Spadng |1 2 m

Distance to sides of
foundation pit (b1+b2)

B m

soil |3_ r 0.6 are present below pils toe Output data

oot ot e F = | setiemen [to0762
Layer thickness I'IE-— m
Uit weight of soil 2 fm3 = 1
Poissan’s ratio for layer |F dSp 00087573 m
Angle of intemal friction Iﬂrl}— : e IW "
Modulus of elasticity for layer [000  t/m2
Unloading factor I'I— Report
@ Standard " Water saturated " Waterresistart

Open | Save | Lalzulate | Bt | Help |

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

Layer| .. Layer Unit .weightj of Anglg of internal M(?d}llus of i Poisson's ratio Coef’ﬁciept for Notes
thickness. m soil, tf'm friction, © elasticity, tf/m* for layer unloading
No. L1 il o E; L1 Ks.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 15.00 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 seftlement. 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 o3, 02, 03 in soil by
the specified stress tensor {Ox, Oy, Oz, Tyy, Txz, Tyz}-
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01 02 Matrix COS | Reserve (0272685 Skrength zone |
[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);

(205 -0y -03)
:ucr T ( )
— 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:

11 ml nl
MC=|12 m2 n2
_f3 m3 H3_

— slope angles AL1, AL2, AL3 (I1, 12, 13) of principal stress o; 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 ( 0, y, ¢ ) that define location of principal stresses 01, 02, 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

5ig_¥ = 5.00

Tau_Xy— —4.000

Tau_XZ= 21.00

Principal stress

SIG 1= 28.977

SIG 2= £.958

Equivalent stress by theory

Max principal defermationsz

SIG 1E= 31.670

5IG_2E= -26.718&

Octahedral stress - Normal

Sig_0 = 6.667

Octahedral stress - Shear

Tau O = 1B.336

Lode-Nadai coefficient

Param Leode = 0.0195

Slope angle of crack

Alfa_crack_2x= 21.851

Slope angle Sig 1

to X, Y, Z-axes

ALl= 0.680 (Radians)

AL1= 38.965 (Degrees)

Matrix of direction cosines

Li1= 0.77753

Orientation SIG_1,2,3 in triaxial stress strain state
2

L2= 0.00142

L3= 0.62884

Soil properties

Angle of internal friction

(deg.)

TUnit cohesion

(z£/m2)

Poisson's ratio

Safety factor by load

Safety factor by strength

Ceonversion facter to biaxial strength

Normative strength in compression

Normative strength in tension

Strength in pure shear

Strength in biaxial compression

Strength in biaxial tension

Design compression strength

Design tensile strength

Modulus of total deformations

Egr =733.553

Shape of surface load

Rectangular

Area of surface load

Effective settlement

Principal strain, elastic

3411698

Principal strain, inelastic

Def_1n=0.03923453

.02157613 &

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
L x Lqr
0<p<90
B ﬁ /\ q ¥ ¥ ¥y ¥y ¥ ¥y  y ¥ v7v¥7
\\\ s S 7
- b
4< A BW Lr
- cht.
s Lcrit.
ﬁ- slope angle Lr - length of slip line
Figure 8.12 a.
cylindrical slip surface Lq
R
1L, Lx \ Lo Lqr
0<p<90
B /\ q'lr ¥y ¥y ¥y - . r rYyi¥y ¥F¥F
| '*“/
L Lr |.-~“"' T
H o
o — | T2
Py
< it Ocrit I Lr2
e wﬁ Tin ;
Pi+_l- p. | Lerit..

ﬁ - slope angle

Figure 8.12 b.

R- radius of slip surface

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).
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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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Figure 8.14

Date: 4 11 201¢€ Module << 3tability of =lope from homogenecus =oil >> = .oa.o
INFUT DATA
Slope height 2.000 (=)
Slope angle Beta £0.000 (deg.)
Badius of slip surface F 2.000 (=)
Length of plare slip surface Lrl _TET (m)
Lergth of cylirdrical slip sucface Lez .882 (=)
Design loads orn slope
Distributed load Q 0.000 £/ zm)
Distance to distributed load Lo 0.000 (=
Length of distributed load Lz 0.000 (=
Effective length of distributed load Lar 572 (=
Soil properties
Angle of internal friction Fio
Unit cohesion Co
Unit weight of soil Gama
Ultimate compressive stress A=
Safety factor Hn 50
Water saturated soil Yes
OUTPUT DATA
Calculatior by plare slip surface
Total weight of soil sbowve slip surface Erum. 226 (5£)
Max chaar force along slide surface Twum_ 2.252 £)
Ultimate weight of soil N=tab 11.152 (&f)
Iernth o =T L 3484 (=)
Length of plare slip surface Lr _TET (m)
Length from foot up to top of slope Lx 852 (m)
Critical length from foot of slope Ler. 2.705 (=)
Critical height of slope Her. £.282 (=)
Critical argle of slip surface Ccz. 2%.000 {dag)
Stability factor Hstab 2.054
lane slip surface
P P Lo, Lq .
Lx [ tee
osd<90 A 9[TTIITI1IT,
-~ .y T L i ¥
% <X 777 T
L~ T i
H 7 \\\ & =2 f/”)'(’—
,/ e ,,—'f
,t( X 0 4 Lr e
\ = crit. AT
e = Lrit,
+ —
B- slope angle Lr - length of slip line

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

x|

240 —yYmax [m)

-20. ‘

0.0 5.0 19.2 301 45.1

73.2

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:

p _05 H* .sin(5-0)
sum (sin [3+sin 6)

. _(pes)

crit —
2

+q-Lgr

Critical angle of slip surface —
Ultimate weight of soil according to [3] :

_ (g ] Hcriz)
stab Cﬂ 'KH
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where g — design value for unit weight of soil (tf/m?);

KH— safety factor (by default, K n =1.15).

Stability factor Ksiap according to [3]:

(P

ST

.cos@-1g f+C,-Lr)
(P .sin 6)

ST

KJMEJ — Ksrabl —

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:

I:fhear — R’E 'Siﬂ(a’?_): a- HIZ Im - Vshear 'Siﬂ(a’?_): a- HE 1m - 1 }’T ‘ 'Sin(a,?)
—|P

Restraining force is computed by formula:

T, =PB-sinleg)=a-Hy-1m-y,,,. -sin(eq)=a- H; - 1m- I’V—T‘ sin(ey )
TP

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 soil;

1

_|_
1+ ‘P‘ — 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 Drilled piles at probe point

r— Dimensions of pile section, m

|
|6 h

+b

MNumber of probe points

r— Parameters of probe points

Driven piles at test point of probe pile Dynamic pile tests

Penetration of pile toe, m

Partial safety factor for piles in sail

IE
Probe pile I - probe pile with shoe from cone of friction coupling j
I'] vl

o o5

n o

—

—

Ma. of curent probe paint

Mean value of soil resistance under probe pile shoe (gs), kPa

Properties of sail layer

—

Lol B TR B

Laver thickness,m Sail type Mean reziztance of zoil along zide suface, kPa
3 clay 321
[ zand 215.

Bearing capacity of piles, kPa I‘l 141.89

Open... Save.. |

Results... | Report |

Cancel Help
_Coned|

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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{1l Combined Piled-Raft Foundation [CPR_01.psf] x|
Load I 11520 t Help |
—Raft r— Soil properties
Mumber of soil layers
Width I 16.000 m
I 3 Defime |
Length I 24.000  m Current layer
- Customi |
I Raft, low [2 | et No.1 h=2000
Layer thickness
| 3.000 m
—Piles
Modulus of elasticity for layer
Number of piles [176 items [800.000 " tfjm2 No.2 h=0.000
Poisson's ratio L L1 LI [
Spacing between piles I 1.500 m
I 0420 Apply
Diameter of pile
& Circular ID.GDD o
' Square -
Pile length | 15000 | m [ Output data No.2 h=15.000
Modulus of elasticity for pile
Settlement SF |57.941 mm Settlement SFlI 48.000  mm
V¥ Incompressible pile I 3000000 tffm2
Modulus of elasticity for soil under pile toe Load on slab I 1754.484 Partin %I L
I 1200.000  tfjmz
i 9725.516 i 84.423
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.
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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 (EnerqyCF)
Resonance check for wind turbulence.

# ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

™% Load Factors

The module contains reference tables from SNIP 2.01.07-85%.

Masonry and
masonry & Dead Weight of Multi-layer Coating

reinforcing 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

Timber structures 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.

i Wind Loads

x : : = : - J
Esundations arnd The module for computation of wind loads on buildings and structures according to SNIP 2.01.07-85*, DBN V.1.2-2:2006.

beddings Ice Loads
The module for computation of ice loads according to SNIP 2.01.07-85*, DBN V.1.2-2:2006.

iz
: > Climatic Thermal Loads

Loac:.s and The module for computation of climatic thermal loads on building structures according to SNIP 2.01.07-85%, DBN V.1.2-2:2006.
actions

Hazardous Energy Combinations of Forces (EnergyCF)

| om The module enables you to determine hazardous combinations of forces in bar sections according to criterion of extreme energy in the section.

Deflections % 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.

Ellipsoid

Figure 9.1

Load factors

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
F
Building structurez and bypes of zoil [;2?; |
Structures:
steel 1.05
concrete [with average density greater than 1600 ka/m3),
reinforced concrete, masony and RC masonmy, timber

1.1
concrete [with average dengity 1600 ka/m3 and less),

inzulation, leveling and finishing layers [zlabs, materialz in rollz, filing-up,
ztrainers, etc.] constucted as:

prefabricated
cast-in-place

1.2
1.3
Sails:
i hatural bedding 1.1
rnan-rade 1.15 >
| LH
— Motes:

1. When you check the structure by stability of exterior equilibrium, it is necessary 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 sail it is necessary 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 |

F
e ot [
Fixed equipment 1.06
|solation of fized equipment 1.2
Fillers for equipment [including reservairs and pipelines):

liquid 1.0
zuzpended load, sludge, granular zolid
truck, and power truck, [with cargo)

1.2
-
4 | il
— Motes:
1. Load from weight of equipment should contain dead weight of equipment or vehicle {ncluding gear system, permanent devices, suppart
devices, materials for suface levelling), weight of isolation, fillers for equipment possible during maintenance, etc.

2. Mumber of trucks considered simultaneoushy and their location on floor slab for analysis of different elements should be taken according to draft
propaosal for the structure based on technology solutions .

It iz allowed to consider dynamic influence of vertical loads from trucks by multiplying nomative values of static loads by dynamic factor equal to
1.2.

3. I actual loads on floor slabs are replaced with equivalent uniformly distibuted loads, the |atter 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 unformly distibuted 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 kFPa (200 kaf/m2).
Increase in loads from equipment and stored materials at a later time is allowed for feasibility study of the project.

Exit 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.*CaIcuIation 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|
W easurement urits Ikg.f'm"2 j = Input data for thermal analysi
Stuctural elements Iroof ro floor <labs j Service conditions [zuppl.1.2 SHIP) I,-’.\ j
= Inrer surface I1.W’alls, ceilings, smootlj
Material name | Material | Load factor| D Ot suiface T2 Floo st 5 =]
density, 1 .Floor slabs abowe cole
kg/m~3 | Air space [suppl.4 SMIP] 014 = m2eCow
2 ™ Consider ulimate resistance I m 2 T
nl:l' ger-defined coating
. Add item [elete term Save coating
Perlite cement 1000.0 1.3 | | |
mortar M| N | Material name | Material |Thickness Load i—l
l | 4 il density, | [m]
: . kg/m"3.
Manufactured and uzer-defined coatings
N| Name of coating | Added on Addec >
1 |rsts 13/09/2016 LIRA 3 Perlite cement 1000.0 0.10 1.5
< | 3|
— Output data
Morrnative load |1 54, kadm”™2
Deszign load |2DD.2 kadfm™2
Resistahce to heat tansfer ID.?S?ESS'I 2E 2T
Delete coating I LCalzulate I Report | 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 ﬂAdd.

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 [I-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 facter Design load, [kg/m~2]
?;&?gé S’l:‘; [fnah”ac} ,g“u’}%{m] 13.000 1.300 23.400
?g&?gé &:‘; Iflffﬁci .rg%g%'[m] 36.000 1.300 46.500
ngg%gglmk;'n:f;‘]’%ﬁoo[m] 100.000 1.300 130.000
TOTAL 154.000 - 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[my.760[W/m*C] :

Cement and sand mortar 0.028

0.020[m0.760W/m*C] -

Perlite cement mortar

0.100[mA0.250[W/m*>C] 0385

Inner surface

8.700[W/M*C] 0115

Quter surface

17.000[W/m*C] 0.059

Al space (suppl.4 SNIP) 0140

TOTAL 0.738

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

Calculate Report Measurement units

X|

— Buillding code Reqgion of the =ite
[ShIP 2.01.07-85¢ (

Snow region II j S |5E| ka/m2 vV |2 s >>|

SNIP 2.01.07-85*

SNIP 2,01 07-85* Modified in 2003 ~ Resul

DEN V.1.2-2:2006 lted roaf and = |

Structure I j

YF = I‘l 4 [¥ Reduce loads according to sect 5.5 SHIP

— General parameters of structure —ddditional parameters

Width (K] IED— m [~ reinforced concrete roof slab

Height [h] |1 i m
Calculate | Beport Close

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.

Page 252 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.



http://www.liraland.com/

Loads and actions

To calculate the Sy 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 y; 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 -0l x|
I@ C:\snow.htm ol [ ok o
= Snow loads x |
File Edit View Favorites Tools Help
Input data ~
Reglor_1 = Type of structure Model Parameters
the site
Snow region - 1| B-Double- and multispan structures with L-tem
g vaulted roofs and roofs similar in shape f=a2m
S0 = 50 kg _ le
g/m2 Y:=1.40
_ N
Type of the Width (b) - 50 m L |
site - C
V=2mfs Height (h) - 10 m
Reduce snow loads according to sect.5.5 SNIP |]
Output data
Variant No.1
keg/m
0 50 70
0
m) 30 50 70
o 30
Variant No.2
2 0 100 || 140
140 7.5 0 0
) 15 100 || 140
225 0 0
(m)
30 30 100 || 140 v
%100% ~
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.
forDBN-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.1.2-2:2008 Topeofthesie || v|  ‘Windregion [ = % o ka/m2
SHIP 2.01.07-85¢ | - open coastline of zea, lake, plainz without obstacles, exposed to wind on the part of length not less
DBM Y.1.2-2: 2006 than 3km
— Type of structure — Fesults
|14.Structures and their elements with circular cylindrical j jc':’;é' Reynolds numbers: Fe_2=22.3123, Re_m=351.87e3.
Ha, km
[:} IEI.5
[:> Crel
> [
D> 10.00
H m 0.004
ke'm2
b = [om m o= IE“l':“:“:| * Stucture Ihuildings of mazonry and R skeleton j
Surface ID:nncrete and RC j
Calculation stepl_l— - T year I'IUU N= ID.DE
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.

[y

— According to the type of structure, define wind direction by clicking either ==
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 ys .

— 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 -0l x|
€714 |81 C:\wind.htm o> o 2 =
2 Wind loads x |
File Edit View Favorites Tools Help
Input data ~
SR Type of structure Model Parameters
the site
14 Structures and their elements with circular H = 20.00m
Type of the cylindrical surface, wires, ropes, guys T T
site - 1 (RC pipes) _
Principal period greater than 0.25sec D H H d=2.00m
Wind region - | Side - Concrete and RC D o= 90.000 °
wp = 40.00 Calculation step = 1.00 m P> o
kg/m2 D
Ho=0.50 KkM; T =100.0 years; Yy = 1.14; {:}—& £=0.005m
Cat=10 — —
_ N =0.020; Y:=021 L —* |
C=1.0
Output data
[ (m) Reynolds numbers: Re_s=22 3125, Re_m=5197s3.
)
L
+
+
ke/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 38.20 1.00 7.06 38.30 .
2.00 7.06 38.30 3.00 7.06 35.30
®100% ~
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 256 of 379 www.liraland.com ©2011-2017, 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 Wy, (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.

7 Ice loads

Calculate Report Measurement units

— Building code

SMIP 2.01.07-85¢ |

SNIP 2.01.07-85"
DEM .1.2-2:2005

e

;

FI

RO
Y

o

&

=
al

L

R ST
2

o

s

)

i

o
,..!z%_

X|

— Element bppe
f* Circular section with d <= 70mm ¢~ Other element

d= |5—mm

— lce region
[ Flf b= |3 mm

[ b - ice layer thicknessz |

h= |1U m

[ b - height above around level |

| Calculate I Repart | Cloze

Output data

vt = |1.3 Iniarrm, = IIII.III?? ka/m
ldes. = II:I_1 kodm

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 oy (=] 3|
IQ D:\gololed_Eng.htm ozl o o
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 5 mm |
[Ice region I I |
[ice layer thickness (b) I 3 mm |
[Height above ground level (h) I 10m |
[Load factor (Y1) I 13 |
QOutput data
Normative value of ice load, in | 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 11-3-79* 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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X Climatic thermal actions -|0| x|

Eile View Help
&z 6 5 % 5 (D[R] 2

Building code: |SNEEIEE

DBN V.1.2-2:2006

Define formulas for calculation

| Buildings and structures during maintenance
Unheated buildings - . - .
Building structures | (no technological heat | Heated Buildings with ar‘tlflcla_l climate or
oo constant technelogical heat
source) and open buildings
sources
structures
| 1-Wa'u:tew-'-e1-'-84 | fy =t I:ew tw}+a +H
Not protected from — —
solar radiation | Ew =05 | E = 0.8(tg,, - ) * 93+ 85 b
(including external | t. =1, -056, | t.=t_ +086(t, -t)-058,
enclosing)
| E|: = | Ec =0.3(t ec ic} - 0'583
| by = tow | ty = b
Protected from | £, =0
solar radiation — —
(including internal) | L=t | L=t
£. =0
| ||
Done | INUM | 4
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 @] 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).

& Climatic thermal actions =]
File View Help
S22t »= x|@E 2
Climatic thermal actions
(SNIP 2.01.07-85%)
Input data
Structures
Unheated buildings (no technological heat source) and open sfructures
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, cm: from 15 to 39
(k,=0.4)
1
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 |Verﬁcai, oriented to: west (K =0.9)
|Load factor |Yf: 11
[ Location and climatic conditions for construction area
Gecgraphic latitude 52 °n.l. (Smax = §80 [W/mzjj
Mean temperature in January ff =-5°C
|Deviation of mean daily temperatures in January |Af =15°C
|Mean temperature in July |fw =20°C
|Deviatinn of mean daily temperatures in July |AVU =6°C
| Output data
[ Normative load [ Design load
‘ at, |.1oo °C |_110 °C
January
S 100 °c [10°c
‘ at, |41.5 °C |45 65°C
July
R 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:

1 (W2 M2
Ui = —+—
2Bl F 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 2 2
m_—zg(}; Y, )
M

M
K= = _
where F F components of vector [Ri ]_ [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

M Iy
in polygon-shell is equal to 2n, while total number of vector sums equals to 2 (27IE <<2 )

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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File Edit View Help
=2 I
P

+= [®]

L. N () M (t*m)
10 10

56 15 i
40 40
3 50
42 30
A7 A7
25 35
1" 44

M 19 1 #13

Section x

I
P value Mea... e

E_ 30000000 t/m2
F... 2400.0 cm2
J = 720000.0 cmd

#12

Do o Bk e =T

8,123 P 32047 119030 025 157.00 10100 |486250
8.1.2.3.4.P 23474 154385 041 115.00  131.00 | 5937.50
1.234P 13472 170884 049 66.00 145.00 | 6316.67
0 234P 2245 1532.06 039 11.00 13000 | 546250 2

v, # |combinations | x (t/m)|v (/m[u® [me) [m(e..|sigma .|
i 2 6.7.8.1P 21025 |-80139 0.1 103.00 -68.00 -2404.17
4 . 6.7.8.1.2.P 29190 |320.98 003 14300 -28.00 |-570.83
1 7812P 34203 8250 002 16800 700 | 99167
7.8.1.2.3.P 34905 67175 010 171.00 57.00 3087.50
5 8 X
6
;

S oo~ o ;e W

CAP| NUM | SCRL

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 (t) |Mwm| L. N (t) Imwml
P 10 10
1 |55 15 1 55 15
2 40 40 2 40 40
3|3 50 33 50
4 |42 30 4 42 30
5 47 A7 5 47 A7
6 25 35 6 -25 35
7 14 44 7 14 44
El 49 14 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

F*J
W=

modulus is computed by formula 3
Section X

I

P..| Value Mea...

E.. 3000000.0 tim2

F... 2400.0 cm

J=720000.0 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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#11

#12

#13

xlx18

Figure 9.14

If the dead load case is taken into account, then centre of the shell fintersection of blue

axes X, Y) is moved in parallel direction against direction of vector B ] 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 (tf/m) | ¥ (t/m) | U (E) N (E) M (t*... | Sigma (...
1. 5 6.7.8.P 2.04 -1178.51 | 0.23 1.00 -100.00 | -4162.50
2 A B.T7.8 1P 1431 |-1001.73 017 56.00 -85.00 1 -3308.33
i 6. 7.8 1P 21025 | 801.39 0N 103.00 | -65.00 | -240417
4 6. 7.8.1.2. P 29190 1 -329.98 0.03 143.00 |-28.00 | -570.83
5 | 7.8.1. 2P 34293 8250 0.02 168.00 | 7.00 991.67
6. |7.8.1.2.3.P 34905 67175 010 171.00 | 57.00 3087 .50
f. 8.1.2 3P 32047 119030 025 157.00 | 101.00 | 4862.50
g. (8.1.2. 3.4 P 23474 154385 0.4 115.00 | 131.00 | 5937.50
9. 1.2, 3.4 P 134.72 | 1708.84 049 66.00 145.00 | 6316.67
10. 2.3 4P 2245 1532.06 | 0.39 11.00 130.00 | 5462.50
1. 234 5P -13.48 1331.72 | 0.30 -36.00 113.00 | 455833
12. 3.4 5P -155.13 86031 | 013 -76.00 | 73.00 2725.00
13. 3.4. 5.6, P 20617 44783 | 0.04 -101.00 | 358.00 1162.50
14. 4.5, 6. P -212.29 14142 0.1 -104.00  -12.00 -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 4500 |-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 [RJ are displayed next to the table.

Y| 3

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 - O] x|

Building code |sp20.13330.2011 7]

Wind region I'L-'II 'I
Type of site IA 'I
Height of structure (H), m I 3z

Type of structure | pipes and masts with no guy cablej
Characteristic lateral dimension of structure in direction
ngari_ﬂﬂmic decrement of ID.I:IS (steel structures) j
perpendicular to wind direction (d), m SIETE

Frequendes for mode shapes 0.12 0.145 0.17 0.22

™ droular structure (defined in ascending order), Hz

I 25
I 4
parallel to wind direction (b), m I 22 el s
I 0.11

Strouhal number

Cutput data
Frequencies Hz Critical wind speed.mic Coefficient for wind speed |ntenzity of wind load, kM Am
1 01z 2T ATETAT 0444108 9637155926
2 0145 32954546 0536631 1407.092177
3 017 I8.636364 0629154 1334124324
4 0.2z Al 08141499 17RE.A12563
5
R
| | 3

Max wind speed, mfs I 61.4101
Report |
Coeffident for type of site I 262527

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, 1ll, IV, 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;
— it is allowed to define arbitrary value.
— number of mode shapes (by default 1);
— frequencies f; 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 — Ze = H.
— type of site: A, B, C (for SP) or I, Il, lll, IV (for DBN);
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— logarithmic decrement of vibrations:
— for steel structures 6 = 0.05;
— for reinforced concrete structures 6 = 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

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

¢ 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

Deflections

i

Ellipsoid

i

Sheet Piling

%

Diaphragm

W

Punching shear

I

;Russian- Open  Exit

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|
& Inputdats | 50 Output data |
— Parameters
Flexural Mass
MNumber of spans: IM "I stiffness per Trm.
W Left cantilever  [3 m [142633 m2 [0927125 tm |
Tst span |6 m [142633 m2 [0127125 tm | 5 o
2nd span Ja m [142633 m2 [0127125 tm | p
Ird span |C m |C tm2 |Z L/m ﬂ
4th span [ m [ m2 |0 vm | Q
hth span IC m IC tm2 I: L/m ﬂ L(0}= Li1}= L(2)= L(B)=
I Fight cantiever [18  m 142635 tm2 [0127125 tm 3| »oom .oom Hoom o Teom
1 2 3
— Options — Loads
Units of measurement: It -] Cumertspan: [0 <] Load case No. |1_j
. _L Calculate
[ Wnifrm beam loadtype——— || P l l ,l, Name IDead
 Supports Im ’}: T e "[ ‘[ Delete load
Type Eﬁprr:;ﬁ; m - IZZ— Vi I L i of load casel from span | cUErt |
Ctiffness ———— ﬂl P1= I: i t/m [ Account of dead weight in load case
for translation z = I: 0 - Table of defined loads for the cument load case
- [10000 t/m dh b= T m Load type | Span | P | P1 | a | b =
_ . ' ) corcertr.load 1 10 0 3 0
— Edt load M distib. load 1 22 0 0 0
| | [ - [ add | et || | rcb.load 2 22 0 0 (e
Cpen Save Exit | 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.

Ed Stiffness types (1st span of length - 6m) X|
—Define section —Defined zones
—Section type
Section... | Length | Conc... | Reinf... |
1
. I I a'| Az O Tsec.. 6  B250.. A300...
1 = h'f
I I | | Aszl
h

h =| 300 mm & 20

hf = I”— mm T E :

hf =30 mm 3 | b Lb"L Ast

b= I a5 mm 7 ?

bf =[5 ™M | Elo= [1426.38950318569  tm2

biF = I 720

i Code: SMIP 52-01-2003 j Add Edit Delete
—Concrete and reinforcement——SMIP 2.03.01-34 - —Lengths of zones
Reinforcement dass: |A3|:||:| TSN Egz{":' :I 25 ¥ Absalute
DEM {DSTU 3780-98

al =| 31 mm, Asl =| 330 ‘CNIP 52-01-2003 k= 1386.47t/n ¥ " Relative
az= I i} mm, AsZ = Eurocode 2192 =5ty Length of current zone:
al= I i} mm, As'l =| 0 mmz2 I 2700 ka/m3 I 0.0 m
a2= I i} mm, As'2 =| 0 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

27 Input data 2 OQutput datal

 Walues

=10] x|

L(0)= Li1)= Li2)= Lig)=
3 D0m | A D0m | 400m | 180m

125050 | Pty

-103.455 L P

-187.882 + Ll

Current coordinate:

i

v =K m
Deflection {14243

Max |144.706

i

Min (0983119 mm
Deflection f1:
Max [115.218

Min |33.6136 mm

|

Deflection f2:
Max [113.12

|

Min 484181 mm
Deflection f3:
Max |142.609

i

Min [15.7876 mm

Report |

Open Save

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

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

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

'%;‘ # Ellipsoid. Bearing Capacity of RC Elements
7 The module enables you to estimate strength of reinforced concrete (RC) sections in axial force and bending moments. Analysis results are
Foundations and presented in user-friendly interactive graphical environment.
beddings

iz
Loads and
actions

‘b
2
Deflections

i

Ellipsoid

i

Sheet Piling

%

Diaphragm

‘Russian  Open  Exit

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.

## Bearing capacity of reinforced concrete sections x|
Input data |
Longitudinal reinforcement — Materials
Code
ISNIF‘ 2,03.01-84 "l
Concrete type

q-ty I 2 diameter IZB "l

a3 |4':'

Rebar
spacing

| 80,60

Delete all |

Ihea\r\,r'.r\'eight - I

g =
I.ﬁ.III VI

Reinf,
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Process of hardening

Inab_lral hardening "I
Grade by density

IDal:u:l VI

[ Column section, mm [T Account of short-term loads Accidental eccentricties, em———
E g ﬂ E g g E Q IE [T Account of earthquake loads along section height I 0
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L b [h? wab [11 | ¥e3wes [1 iz [t
Apply |
Element length, m I 1
Caloulate |
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.

4% Bearing capacity of reinforced concrete sections - [ellips X
Input data DUtPUtdEEI
— Projection I | | | Fotation | W Include table in report MI
MyMz My M MzN Dimetric | | All project. Tron s e :
I_ . g capacity I
Step [13 {Fr - reserve factor) Caleul. Fr
N M.t | My, tm | Mz, Fm | Fr
Mz=52.1 tm My=18.2 tm 1|-289 18.2 521
21 N 2|28 213 21
y . 202 3|26 278 401
Iz 14 ]-256 278 -40.1
g [-309 278 42
o 749 | |24
-3?.26"\"_)35-3 788 g ;. | B |-309 3730
& 2 EEERS o it i 7l1sz 223 D
489 0
E
10]
Mz 1
N=-283 t 12
13
2 14
15}
41 L
- 17
18]
13}
20
N |0 b My |0 tm Mz [o tm
Clear I Insert | Redaw 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 [«], [—]);
e about horizontal axis - click above (below) the image (keys [1], [1]);
e 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 - [ellif x|

‘Inputdata Outputdat |

— Projection | Rotation ¥ Include table in report To report
Mutdz | e | bz | [ Dimetic Al Ero'ect.l ) Check bearing capacity
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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 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 4 anchors from
every side of sheet piling and not more than 4 elevations for pit excavation.

When the input data is defined, the soil is automatically triangulated with appropriate
dividing of sheet piling elements and taking account of anchor locations. The soil is
simulated with triangular FE of soil, sheet piling — with bar elements and anchors — with bar
elements that take pretension.

i ESPRI. Engineering Assistance Package.

ESPRI

Engineering Assistance Package

'77*;‘ 14 Sheet Piling
; The module is meant to design sheeting for foundation pit.
Foundations and
beddings

i
Loads and
actions

Deflections

i

Ellipsoid

T

Sheet Piling

6%

Diaphragm

Figure 12.1
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Calculation is made sequentially by stages. At the first stage, the whole model (without
anchors) 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 anchors. That is, until the soil is not excavated
(disassemblage of soil elements), the anchor could not be installed (assemblage of
anchors).

During calculation the displacements are accumulated (by stages) at nodes, stresses — on
elements of soil and forces — in elements of sheet piling and anchors.

Sheet piling (module)

Input data

In the Input data mode, the dialog box contains two tabs: General model and Pit
excavation.

General model (see 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 solil 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.

Division of model (at zones where finite elements of soil and sheet piling are joined)
depends on the number of subdivisions in appropriate boxes for the left and right sheet
piling (by default, it is equal to 10).
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When you click Loads button, in another dialog box you could define parameters for
uniformly distributed loads applied to the soil surface to the left of the left sheet piling and
to the right of the right sheet piling (see Fig. 12.3).

In the corresponding boxes, define these values:

— A — distance from pit edge to the load;

— B — load application zone;

— g — uniformly distributed load.

x|

~Loads

Left Right
NE |2 fr
B |10 |5 m
g |1 |05 tm2

Figure 12.3

Important. To visualize FE design model (before calculation), select the Triangulation
check box and click Calculate. In this case Calculate button becomes unavailable. To
activate it again, on the General model tab, click to clear the Triangulation check box.

Pit excavation (see 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.
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Figure 12.4

In the Anchors to the left and Anchors to the right tables, define these parameters:
— distance — 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.

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°.

To save or open the existing problem, use appropriate buttons in the dialog box.

To start calculation, click Calculate (if the Triangulation check box is not selected).

To determine number of analysis 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 three anchors at the left and with two anchors at the
right. Pit excavation is made with 4 excavations of soll.

For the specified problem, 8 stages of analysis will be determined automatically:
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1 — analysis of whole model (without anchors) on dead weight and load;

2 — excavation of the 1st soil layer;

3 —installation of the upper left anchor;

4 — excavation of the 2nd soil layer;

5 — installation of the middle left and upper right anchors;

6 — excavation of the third soil layer;

7 — installation of the lower left and right anchors;

8 — excavation of the 4th soil layer.

When analysis is complete, the Output data tab will be available in the dialog box.

Output data

Output data (see Fig. 12.5) 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 soil;

— 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.

M sheet piling - Prim__8 x|
General rodel | Pit excasvetion Qutput dats, |
E— I 1 T ] I E— [
-0.64 -0.48 -0.32 -0.16 -0.0036 0.0038 0.16 0.32 0.48 0.64 Def shape |
To report
Stage 8. Z(mm)
x=-12561,v=-22200 | Z=-0.121

Open | Save Beport Setftings Calculate Exit Help |

Figure 12.5

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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Forces in anchors are displayed in the box below schematic presentation when you locate
the pointer over certain anchor in the mode for axial force diagrams (button N is active).
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Figure 12.6
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Figure 12.7

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

| on & Diaphragm. Strength of RC Diaphragm in Earthquake Loads

____ 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.
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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).
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Figure 13.2

d

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, hl1; 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-1 = AV, B-I, B-ll 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);

— KPc12 — 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 0 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;

TUL — 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.
TU5 — --/-- 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 ﬁrﬂ

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-Tmin)/ (i-1)- Dtau;

ALFA — coefficient for shear influence Us - 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 Dependence
in output
data
TUl 1. by Uniform Building Code of USA (UBC) [2]:

Tu=Te T ThTss

N 025/ +on)
MM 005 7. +(010/7. +026)/(, ~0.5)

where
TU2 2. by dependences of Barda F., Hanson J., Corley W. [2,9]:
7,=0.2f.(32-a)+1/4)c0+p, 1
TU3 3. by dependences of Hernandez O.B., Zermeno M.E. [2, 10] :
Tu=Tc T Ts5
Te = Toe (Toe + 00); 00 <570
Ts= p“ f”“., U{ as = 1525 : TMZ(GES_G:]-{IJ:J\J..{‘: }ﬂrlﬁ‘\m:
1 5 .
=P, as=7 o+ o, 7% fy, f 025<a. <125
f: o poE: ."}r ﬂ: S 0,25,
TU4 4. by dependences of Tassios T., Lefas J., Lulurgas S. [2, 11]:
ruzﬂjﬁ—UJaiith+gu+phf$] Foa > 1.25
1
=06 f 4 pufatgon i a:<125
TUS 5. by dependences of Hirosawa M.
0.0679 (100 p)***(f_+180
.- 0,08 20672 (000D T/ 150 ) pufa+0dcy
~a.+0.12
TU6 6. by dependences ATC-3 (Seismic Evaluation and Retrofit of Concrete

Buildings) (USA)
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r,= 0165 [, +0250,+ p, f, < 083,/f;

TU7

7. by dependences of NIISK, NIISP (Ukraine) [12, 13]

N, + 9 —1=0; Tu=Tc+Ts
N O,

Br
if aszv2,0022f.13

ro=(-0242 MJF%GU)} =02,/ .;

75=0195p, f +08p f +005p,f i if py.p,<0.005(0.5%);p, < 0.035(3.5%).

otherwise if g5<v§
1
rc=0,254ffc+15020.25.|'f€ if c0<0.5f_;

1 .
?s=phLﬂs_§]f5x+pv(l'2s_ﬂs)f_g.,-"'o'ospl?f@-; if 0.333>a; SV‘E;
1 2
rs:gﬂhfsx“Lgpv Fos if as<0.333;

Qpr =7y Ty ©* dp;

TU8

8. by modified dependencies RSN-13-87 for Moldova [12, 19]
F

Qu = QEJ-: + Z‘sti ‘Aiswz' = Y eus Qr
l

TU10

10. by dependences of Eurocode 8

.

LL - ]m( N.0.554,f;) +(1-0.05 min(s, 7)) *
VR =

2as [Yeis
[0.16 max(0.5,100 p,)(1 —0.16 min( 5, e, / L))/ f. 4. + V)]
Page 290 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.



http://www.liraland.com/

Diaphragm

(1- ﬂ.mﬁnﬂn(s:_upf)Ll +1 .EnﬂnLD.]S:iﬂ

VRmax = Acfe 1 Veis
| (1+0.25 max(1.75.100 p, )[1 - 0.2 min( 2, /L) Jf.d 7]
if as/L<2.0
. pg’ ’ . ’ N
(1—0.02min( 5, 7" )[1+1.35min| 0.15, ——
Vema =4/ 7 AS ) va
(1+0.45(1.75,100 p,))/min( 40, £,)5 Zsin 2«
Qpr=VRmax -

& - angle between diagonal of diaphragm and axis of column:

tan( & Y= 0.3L(Mv/'Qi)

where

Te _ 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 . . o, _ )
5 — coefficient for influence of shear ~5 =M\ (Q *L) ;
RBC
f ¢ — concrete strength in compression according to serviceability limit state,
(MPa) ;
RBR
f?‘ — concrete strength in tension according to serviceability limit state, (MPa);
RAX
ff"-’f ’ fﬂ — normative yield strength for horizontal / vertical reinforcement;
RAZ
ff—’f ? fi}'— normative fracture limit for horizontal / vertical reinforcement;
FAX ]
p” — 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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VRmax _ max strength of wall in shear in cyclic loads according to Eurocode 8;

W — portion of transverse reinforcement in strength in shear: Vw= ph 8Z fsx;

L]

“ _ 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- as?) [D.1+20pu}\/z + 2pv? 10%], otherwise

Ter =0.5(1.5- as?) [D.3+20pu}\/z + 3pv2 104].

Cyclicity of earthquake loads is taken into account by idealized model of hysteresis of
reinforced concrete walls (see Figure 13.4).

R QA (V)

tE
/

-H+H-H-H-|+H—H—H—H—H—|—
T
™
i
fas)
O
Al
T N~
b
.
!:;:
3
+

ﬁ
=
=

- 1 -0 (V)

Y

Fig. 13.3 Parameters of deformation in wall:

g _ angular deformation; Tur _ design min strength of diaphragm in shear with account
of cyclicity;
Tn / I reduction of reaction after n—cycles with amplitude — 5
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ﬁrn)'

AV _ degradation of reaction (

e,

Fig. 13.4 Idealized 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;

AT

n — degradation of shear stress [DTAU] for n-cycles of loading:

At, = ;- Hn- 1,
n ’B d I where /8 d — 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).

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 293 of 379


http://www.liraland.com/

Manual on ESPRI 2016

Strength diagram: N~Q, N~ M

-4200

-4200

o Dependence of N~ Q when M= 0.3 tf*m; N= -10.9tf
"Tu1 - by Uniform Building Code of USA (UBC)"

"Tu2 - by d

es of Barda F., Hanson J., Corley G. (American Concr. Ins.,Detroit)”

"Tu3 - by

es of Hernandez 0.B., Zermeno M.E. (WCCEE, Istanbul)”

“Tué - by depend

es of Tassios T., Lefas J., Lulurgas S. (NTU Atens, Greek)"

"Tu$ - by di di

es 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)”

Dependence N ~ M when Q= 0.1 tf Alfa= 0.550
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Fig. 13.5 Strength diagram for the diaphragm along N~Q and N~M.
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Punching shear

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

7.,“5 W Punching Shear for Arbitrary Contour
7 The module enables you to carry out punching shear analysis of reinforced concrete (RC) slabs of arbitrary
Foundations and contour according to SNIP 2.03.01-84%, SNIP 52-01-2003.

beddings
e Punching Shear for Rectangular Contour

!ﬂ 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

ackons . 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)

X 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

%

Diaphragm

‘Russ'ian" L 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|

~GRometry, cm l—_,
Cadle SMIP 52-01-02 v

® 5 & & [ .
Reinforcement lm

Class
b2++bl+—+h3
i H_T ot |3D b |24 Distance to reinf.,
h3 - - o
" - I & I Spacing of 1

h2 b3 |54 b3 IS? rebars, cm

[ te cl B30
Slab thickness (H) |33 oncrete class

4

Feedr e |

HE KRN

Rbt, t/m2 122
rParameters of cut off —Forces ~Output data
N | ¥, Cm | ¥, £m | angledeg | Area of reinforcerment with specified | 1.71755
1 73 0 o0 Fit I'l?2 spacing, cmz
Total area of reinforcement, cmz 60.0883
4| [ o] || #ogtim 123
X |?5 }.r IU angle IQD
My, t*m 212
add | Edit | Delete | b I Mare...
Slope angle betwesn Sidg faces = & Calculate by code
of punching shear pyramid and
¥0Y-plane, deg " Calculate by gew
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 sigh 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 .
W il
2) FF R TS Yt
bt Uhmut o byult
M I
3} X + ki = F
I it E

bz, ult by, ult b, ult

The check below is made in calculation:

1 i
E FF * % I}:;I * % Ii[ =1
b, ult + swr, ult bz, ult + sw, =, ult by, ult + swr, v, ult

, where

Fpuit — ultimate axial force that concrete of design cross-section of slab may take;

Mpx.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,uit — 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:

O = o = o

E ul = Fb ul . . . .
If &wulk W 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)
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Figure 14.3

If st, ult

= F

b,ult , 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

T Geametry, cim

Slope angle between side
faces of punching shear

b1 IE.D REE pyramid and XOY-plane
" 43 d
Slab thickness [z I =B

- 0 30

Column

—Schematic presentation of cross-section contours in punching shear:
(" column inside slab (closed contour);
(" column at slab edge, parallel to Y-axis (open contour); T"’
(8 column at slab edge, parallel to ¥-axis {open contour); ++h—1+ «
(" column at corner of rectangular slab (open contour’; —al __'+
(" column inside slab near opening (open contour’ oy
(" wall end inside slab (open contour of three parts); T —+
(" wall end at slab edge (open contour of two parts);
(" slab at cormer of wall (open contour of three parts).
Cx,CIm 0 Cy,cm 12 a0, 0 b, 0
Code |sIP 52-01-03 | Forces—————— Output data
_ EnE trea of reinforcement with | 1 25072
Reinforcemant I 400 LI F.t specified spacing, cm2
Class
— Total area of S00777
Concrete class BI0 - M, t*m | D.62 reinforcerment, cm2 :
Rbt, t/m2 122 My,t*m | -0.83
Distance to
reinf,, crm 3
More. .. |
Spacing of
rebars, cm 10

@ Calculate by code

Calculate Exit Report | Hel |
(™ Calculate by gew ; 3 A

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 bg 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 ap to the Y-axis;

bo — gap length on upper side of contour;

b, — distance (with appropriate sign) from the left end of gap bo 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:
1) F =F

b~ hoult”
F M M
D) V= b rr At — sk
bt "~ bxult T byult
.. M
3) A S S % .
Micat Moyt Tooul
M
M_ y F,
M M E
In this case, if  Px-ult by, ult bult  then it is considered that
.. M
M, Yy _ F
M F

bt byt bl

The check below is made in calculation:

E, M M
Y OVEE F_ M \ Y M =1
b, ult i sw,ult bexoult T sw.x, ut by, ult - sw, v, ult

Notations accepted in the formulas:

Fpuit — ultimate axial force that concrete of design cross-section of slab may take;

Mpx.uit — Ultimate moment in concrete about the Y-axis (in plane that passes through the X-
axis);

Mpy,ut — Ultimate moment in concrete about the X-axis (in plane that passes through the Y-
axis);

Fsw,urt — 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 R = F -
F M M
D) V= b VA Y: LY
bout "~ bxoult T by.ult
M M F
X + Y - 0 5 b
Mocat Yoyt b
In this case, if %1t ¥, ut At
M M F
YRR —=0.5 F °
Thxoult by.ult b ult

then it is considered that

The check below is made in calculation:

F M M
VEE b1: Y \ Y Y =1
3) b, ult * svw, ult - b, ult T svw, %, ult - by, ult T sw, v, ult
In this case, if
M ™ M n ‘:I >0.5 % +bP
Thxult Cswoxoult T by oult T sw, voult b, ult svw, ult
then it is considered that
/ M

M}; " v =05 Pb

}Ibm ult i }Isﬁ; =%, ult }ij.g ult M sw, v, ult . 1:1::= ult i :Fsv.': ult

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 gsw 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 < <
23w = Fow ot = Foue
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If SW.ult W then the message 'Ultimate force in reinforcement exceeds ultimate
force in concrete’ is displayed and reinforcement is not computed.

F < 025F F =025F
If 5w ult b.ult then itis considered that - ult b.ult

Output data:
Asw — area of transverse reinforcement with specified spacing.
Asw_sum — total area of reinforcement.

Cutput data (in detail) il

a [1msm om Fhb,ult X mMa [062 tm Pyl (153944  t*m
b F m Fawe,ult m t o E'— m Yo m m
L 204 fri mb, Ll w8162 t*rm x I m Y 051 m
W | 10286 Mby,ult (737w e [0 m By [0.160838  m
wy |0520149 o Mswpoult [324598 g csw [205073  tm
Rew | 290514 tim2  Maw,yult [16.44359 e - [{zs07g i

29,9777
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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.

i Punching shear analysis (Eurocode) x|
input data | Outpust data |

Schematic presentation

ICDIumn ingide slab j [ Mo capital
Geometry, mm
LHX & T = [500
o IF Coefficient for eccentricity 115
H[s0 Applied force (Ved), kN I

LHX |2DD
LHY |22D

Slab
thickness 180
— Materials
Characteristic compressive cylinder strength of 30 - &amﬁgﬁsﬁc yield strength of reinforcement 500
concrete fck), MPa ffyic). MPa
Fartial safety factor for properties of |1 15
Coefficient taking account of long term effects on |1 reinforcement fys)
LR RS TILIEEE Equivalent longitudinal reinforcement ratio {pl) ID-DDE'
Radial spacing of perimeters of shear |2|}|}
Partial safety factor for concrete material properties |1 5 reinforcement sr. mm
e Tangential spacing of perimeters of shear 200
reinforcement dsth. mm
Compressive stress in the concrete from axial Angle between shear reinforcement and plane
load ar prestressing (Gop), MPa IEl of slab (@), deg IED

Open... Save... Calculate | Report |

Cancel | Help

Figure 14.6
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T Punching shear analysis (Eurocode) x|

nput data  Output data |

Design compressive strength of concrete fcd), MPa IEEl
Strength reduction factor for concrete cracked in shear jnu) ID-E'EE‘

Design value of punching shear resistance along the control section (vRd max), MPa 5.28
| capital | slab
Azw, M2 224555 3565.41
vEd.c, MMa 3.48485 2.96352
ul, rm hh92.92 6141.95
R, rra 40 360
Uk, M 2200 3830
1| | ]
MNotes

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

fek — 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;

s; — 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'.
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Output data

On this tab you will see results of calculation.

In the appropriate boxes, the following data is displayed:

fcq — 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.

The table displays the following data:

A s — design area of reinforcement for basic control perimeter (u1), mm?
Veg,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 (Eurocode) X

Input data  Output data |

Design compressive strength of concrete fcd), MPa IED
Strength reduction factor for concrete cracked in shear (nu) ID-E'EE‘
Design value of punching shear resistance along the contral section (vRd max), MPa 528

| KAMATENR | nnuTa
Aaw, mm2 224959 3965.41
vEd.c. MMa 348485 256352
ul, mm 559252 6141.55
R. mma 540 360
uk, MM 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

X 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
fck Characteristic compressive cylinder strength of concrete, MPa 30
acc Coefficient taking account of long term effects on the compressive strength 1
'y Partial safety factor for concrete material properties 1.5
Gep Compressive stress in the concrete from axial load or prestressing, Mpa 0
fyk Characteristic yield strength of reinforcement, MPa 500
ys 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 90
Load
i] Coefficient for eccentricity 1.15
VEd Applied force, kN 1800
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 lslab
ul Length of the basic control perimeter, mm 5592.92 6141.95
vEd,c Stress along column face, MPa 3.48485 2.96392
vRd,c Design value of punching shear resistance without reinforcement, MPa 0.550655 0.591891
lvm Min allowed resistance of concrete, MPa 0.486553 0.542218
vEd Stress in basic contour, MPa 1.37078 1.87237
uo Ultimate perimeter of contour in reinforcement zone, mm 13922.8 19429.3
Rp Curvarure radius of ultimate perimetar, 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) x|

Input data | Output data |

Schematic presentation

ICUIumn at comer of slab

j ™ Mo capital

A Geometry, mm
& ! 450
= LH¥ =
= pan "y Coefficient for eccentricity I'I 5
2 -+ - —: j %— oy IE-DD
| Ii
:T : - H |16 Punching shear force (W5d), kN |500
ran
L ! "1 Lax [520
== )
- LHY |5s[:- ax |4[:-[:-
S | —
| |se [180 ay [300
slab edae thickness
— Materials

e}

Clags of concrete ICBD;’B? "I

Partial safety factor for concrete materal properties |-| I3

Class of reinforcement |524D 'I

Type of reinforcing cage Tied ~

Partial safety factor for properties of 1.15
reinforcement fys)

Equivalert longitudinal reinforcement ratio {pl) 0.02

Compressive stress in the concrete from adal Ii Radial spacing of perfimeters of shear
load or prestressing (Gop), MPa a reinforcement (sw). mm 100
Cpen... Save... Calculate | Report |
Cancel | Help |
Figure 14.10
Input data
1. Geomet ry

Select the necessary schematic presentation from the list. If there is no capital, select the

No capital check box.
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cXx — 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; ¢x/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 s — 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) X|
nput data  Output data |
I
Asw, mm2 470.61 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 | +]
Motes
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.

Page 312 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.



http://www.liraland.com/

Punching shear

Input data

Column at corner of slab
Long capital
Geometry, mm
€x 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
VSd Applied force, kN 500
Qutput data
vSd, k Force along column contour, N/mm 925.926
fcd 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
uU 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 1r.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 | Output data |

Schematic
ICUIumn inside slab j [ Mo capital
Geometry, mm
Y
C 400
Coefficient for eccentricity (beta)  |1.15
N LH
I H %
L]
4 . Applied force (VEd), kN I'I 000
_/ iy Ty LH |22D
¥
- L
J d 180
— Materials
Characteristic compressive cylinder strength of - Characteristic yield strength of reinforcement
concrete ffck), MPa 0 fiyk), MPa ES
Partial safety factor for properties of |-| 15
Coefficient taking account of long term effects on |1 reinforcement {ys)
the compressive strength (acc) ; o ) ; 0.005
Equivalert longitudinal reinforcement ratio (pl)
P il =ity factork A eimaien = Radial spacing of perimeters of shear 200
f-_::}la satety factor for concrete matenal properties I'I57 reinforcement (sr), mm
Tangential spacing of perimeters of shear 200
reinforcement (st), mm
Compressive stress in the concrete from adal load Angle between shear reinforcement and plane of
or prestressing (Gep), MPa IEI slab (a), deg 30

il

Open...

Calculate | Rep
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 (nu) ID-EEE‘

Design value of punching shear resistance along the control section (vRdmax), MPa 5.28
| capital | slab
Asw, mm2 82271 1904 32
vEd.c, MPa 3.385941 2421
ul, mm 4645 56 4500.88
R, mm 740 780
ke, mm 125664 263854
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

fek — 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;

s; — 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:

fcq — 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 s — design area of reinforcement for basic control perimeter (u1), mm?

Veg,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 Cutput data I

Design compressive strength of concrete fcd), MPa

Strength reduction factor for concrete cracked in shear (nu)

|2D
II}.E-EB

Design value of punching shear resistance along the control section {vFRd max), MPa 528

I capital slab
Asw, mm2 582.271 1504.32
vEd.c. MPa 3.385941 2421
ul, mm 4649.56 4500.88
Rc. mm 740 780
uk., mm 1256.64 263854

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 inside slab
Long capital
Geometry, mm
C Diameter of column 400
d Effective thickness of slab 180
LH Distance frem the column face to the edge of the column head aleng X 220
H Height of capital S0
Materials
fick (Characteristic compressive cylinder strength of concrete, MPa 30
lacc (Coefficient taking account of long term effects on the compressive strength 1
yc Partial safety factor for concrete material properties 1.5
GCp [Compressive stress in the concrete from axial load or prestressing, Mpa "]
Fyk (Characteristic yield strength of reinforcement, MPa 500
s Partial safety factor for properties of reinforcement 1.15
pl Equivalent longitudinal reinforcement ratio 0.005
=r Radial spacing of perimeters of shear reinforcement, mm 200
st Tangential spacing of perimeters of shear reinforcement, mm 300
a lAngle between shear reinforcement and plane of slab, deg 90
Load
B (Coefficient for eccentricity 1.15
'VEd Applied force, kN 1000
Output data
ficd Design compressive strength of concrete, MPa 20
nu Strength reduction factor for concrete cracked in shear 0.528
wRd,max Design value of punching shear resistance along the control section, MPa 5.28
capital slab
ul Length of the basic control perimeter, mm 4549.56 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 0.551891
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

[T TOSTER. Thin-walled Bar Systems

g The module enables you to carry out static analysis of thin-walled bar systems in
Sheet Piling combined bending and torsion.

%

Diaphragm

W

Punching shear

(L »

TOSTER

=

Prestressing

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.
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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

5.000 3.000

Figure 15.2

Step 1. Generate model geometry

To start the work, on the MODEL menu, click Grid (button 1 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 -ty Step along -ty
axiz 1 anls & axls 3_
[ os[ s [ o[ 7 [ mE[
tdd | Debte | tdd | Delete | Add Delete |

|1.nnnnnn |5 o |1.unnnun |4

% Y o 2 1 4

Apply | Canicel |

Figure 15.3
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1.000 1.000 1.000

1.000

1.000 ‘ 1.000 1.000 ‘ 1.000

1.000 1.000 0.ya0 | 0Fs0 [ 0750 | 075D

Figure 15.4

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.
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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 P 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.

+EE

To hide presentation of grid, click the Grid button *** once more to make this command
(mode) not active.
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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|
Ao Bk B K|

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 d| L~ A <=

IR

Il Bars b e e | % & |
‘| AddRestraint - 3
» | 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|

Wx ITux v ud
iy [ uy
Wz [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 BE 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 |
Available templates
DI C-shape Walue, cm Thickness, mm
Z-shape R -1 R I & 10
hl an 10
T lsection he Ell 10
L1 ll-eection cl ] 10
HH Cruciform cd ] 10
rl 3 10
r2 3 10
r3 3 10
4 3 10

f=§\‘

Modulus of elasticity IEII]-E'I]-I]-I} MPa

Poisson’s ratio ID.3 5 N
Density IT-".EB t/m3
Subdivision step 0.1 cr

QK 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 section

ID, 1. C-shape Apply |
[!, 1. Cshape Cancel |

1 2. Omega-shape

| ['3. Z-shape Add |

Edit |

Set az current |

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
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i GG O | A Lo | 3 |G
- Add Restraint » k | J | |
»
Section ’
| Load Case  Define at Node...
Calculation » _. Define on Bar...
Arch | Add Dead Weight |
G
i Delete Load
nz Current Load Case...
Figure 15.11

Load for the first load case in presented in the figure below.

Page 332 of 379

www.liraland.com

©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Toster

L0580 =0 =0 a9 0029 =0 0.02s9
s 080 0080

[}
[N}
-
(o}

e T o=n 080
[}
[N}
-
(o}

¥ neg ™ n=g Jul=
=1
[N}
-
(o}

;ﬂ 059 1 059 1 059 1 059 £ 059 1 059 \ﬂ =9 1 059 1 059 =9 A.023
: J/ J/
-
= H e = =]
[}
=

LW W W
= H e = =]
[}
=

LW W W
= H e = =]
=
=

LW W W
= H e = =]
[}
=

L W W W

e .
1.000 1.000 1.000 1.000 1.000 1000 | 0750 | 0750 | 0750 | 0750
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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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|

Ll 5
— I IS
—| - — | =

P=

i Apply I Cancel

,

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.

Load on bars X|
— Coordinate system—— B\ 5
[12 P= I Effrn
 Global oz /
i+ Laocal 4 A= Il:I il
-=o- I
—Ares &J - h= i
CoX CoveE oz | R R (I m
¥ h | t1
1
p
A1 I b
0 e 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.

Distance
n Dizgtance bebween nodes 18 and 16
s— | 5.02410190573443 | M
< | 4 m
a | 0 m
z |
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

IEDelete bars
Remove restraint
Delete 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
ngle 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, Yo), radius of arch (R), number of bars (N), initial and final angles
(A1, 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

E -
[X] Bars

i = L=

- Add Restraint » |

3

[l =L

Section g
Load Case »
Calculation *

Arch |

Figure 15.17
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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,mlll vn,m|n Zu,mIEI

-360|

R, |3 Al® | -180 A2,°

Plane

N|24 ’Vr"xmf * ¥oz  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.

Page 338 of 379 www.liraland.com ©2011-2017, LIRA SAPR. All rights reserved.


http://www.liraland.com/

Toster

L]

L LT T T T TTTY

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;

- IEI Axial force diagram N;

- Shear force diagram Qz, Qy ;
— @ IE' Moment diagram Mx, My, Mz ;

- Warping moment diagram B.
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[E| Analyse Problem
&3] Initial Model
121 Deformed Shape
H Axial Force Diagram N
M, Moment Diagram Mx
M, Moment Diagram My
M. Moment Diagram Mz
0, Shear Force Diagram Qy
0. Shear Force Diagram Qz
| B Warping Moment Diagram B |
Tables »

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
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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

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 343 of 379


http://www.liraland.com/

Manual on ESPRI 2016

0.750, 0.750, 0750, 0.750

1.000 1.000 1.000

1.000

g

1.000 ‘ 1.000

1.000 1.000 ‘ 1.000 1.000 0750 | 0750 | 0750 | 0750

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 G on the toolbar).

Displacement/Load case 1 X|
Eile

M| o) | imm) | Zfom) | Usirad. | Unpra.. | Uzirad.. | Udira «
1 0 0 0 0 0 0 0

2 226212 629733 0125 07173 1073/ 07597 -0.02
3 0 0 0 0 0 0 0_|
4 219589 122416 -0129. 0045 00575 0E092.  -0.0%
R 0 0 0 0 0 0 0

E 195547 -0175. 0BG 0258 05E35. 037035 0.007
7 0 0 0 0 0 0 0

8 100751 -6208984 -0055. 171535 079128 069953 0.0
q 0 0 0 0 0 0 0
10 09472 121499 0111  0BESES 0107  0.7544. -0.04
11 0 0 0 0 0 0 0w
4| | B

Figure 15.23 a)
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Forces/Load case 1 X|
Eile

Ele.. |Sec. | Wit | cutfl | @zt | Meitiem | Mo | Mzitem) | Bitemz | <
1 1 -967. 584 095 -050. 2622, -336. 012

1 2 97 584 095 080 025 S160. 0144

2 1 993 144 310, D40 4717 21305 009

2 2993 144 370, 040 -453. 2206 0124
3 1 A27. DE2. 1G4 024 3092 072 D0

3 2 427 DE2. G4 024 84 1161 0.05.

4 1 431  ADE. 0263 047 0477 754 010

4 2 43 406 0263 047 12687 4GE4. 0153

5 1 885 04 B2 D50 237 08 011

5 2 BE5. 04 162 080 286 0140 0157

E 1 A0E. D03%. 092 002, 1645 0302 007

B 2 A06. 039%. -092. 008 413 088 003

7 1 A82 41041 2700 O3RE. 04127 211 0109

7 2382 1041 329 0368 407 2302 -010.

g 1 347 098 3286 0553 14 200 0150

g 2 347 098 271 0FS3. 299 1935 015

g 1 FO54. 0794 EB9758 0126 -7.79. 16063  0.034.

g 2 FO54. 0794 10242 0126 41106 15318 -0.00..

in 1 Nneg NRS7 A R34 Nnne? el bl 1M N nng LI

Figure 15.23 b)

Use the Information about bar button ( g ) to preview force values selectively, generate
diagrams of longitudinal and transverse forces, moments and displacements.

L)
Use the Information about node button ( 1 ) 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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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
Z1l-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.
ipsoi
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.
Sheet Piling

B%

Diaphragm

Punching shear

I

Prestressing

@)

;RUSsia‘n 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-llI, A-llIb (with monitoring elongation and stress) A-IlIb (with monitoring only
elongation), A-1V, A-V, A-VI, Bp-Il, B-ll, 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 & 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.

B pPrestressing -Olx|

—Section types and geometry Design forces
|i T | 1 | I | KLKM | M. kN m | Mg kN*m | Reserve factor
1 1287 283, 277, 1.74
2 1124, 241. 1594, 218
3 1400. 241. 445, 399
h 4 1347 244, 275. 362
5 1034, 354. 143, 1.08
B
b 7

= = Partial safety factor for concrete
h |soo hi | ha | m ty

I 1
I 202
b | 400 b1 | & b2 | 0 mm
Force of prestress for upper reinforcement, ki I 202
Effective length at
Beam length, mm I 6000 fabrication stage, mm 5400 Load factor I 1.15
I 0.2
I 1
5] K

Prestressing force for lower reinforcement, kM

Effective length of . . .
6000 d |2 | Ultimate width of crack propagation, mm
beam, mm I I Redraw propag: i
Speed of increase in load, %
Code [sp52-102-2004 | Mode [Check =l
—Concrete r—Reinforcement
Concrete Class Diameter  Mumber Distance,mm L %
Prestressed upper reinforcement I,qsug d vl IZZ vl 2 7ol 1] [i] 1] o]
Concrete B40 hd I I I I I I
Prestressed lower reinforcement  |AS00d v | |22 | |2 30 0 o 0 0
Process of hardening Iiﬁermal treatment 'I I | I | I I I I I I
Service conditions Inab.lral humidity ':l Nonprestressed upper |A240 dj |14 j |6 I 770
Nonprestressed lower A240d > | |14 *| |6 40
Grade by average density O I J I J I I
Transfer strength (MPa), Rbp I 25 Methad of Imechanic VI Temperature I 85 o
b T I &0 Prestress Ipre-hensioning - l
Save... | Open... | Results... | 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 vy, 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
Conereh IF Prestressed reinforcement dass Es,MPa Rs,MPa Rsc,MPa Rs,ser MPa  As,mm2
dass upper | AS00 d=6-40 | 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
|A24EI d=6-40 |1su:u:|uu |z15 |z15 |24c| |923.sz:323
Rb,ser MPa I 29 upper
AZ240 d=6-40 130000 215 215 240 923.62823
Rbt,ser MPa I 21 lower I I I I I I
e | 335383.830205 mm2  Ired | 19042366427.5 mma Wred | 488201213801 mm3 Y0 | 382,22239 mm
Frrmar 765.69663 Frr s I 265.69668 MPa —Analysis at compression stage
s | 0.3543997283'
—Losses of prestress Ebp,MPa I 32500

keip I 0.0461683431
Sigma_spnl IB?.B}"}‘UIS Sigma_spw1 IB?.B?}‘DB MPa Rbp,MPa |15.95
Mu(p) | 319.59685774 kN*m

Sigma_spn2 |34-3?"533? Sigma_sp2 |42-3?"m13 MPa Rb,serpMpa | 18:5 —
ep mm

—Strength analysis Rbt,serp MPa | 1.55 Np*ep I -79.4330195% ky=m
ki r IU.3522939 107.339779487 mm
- —Budkling analysis

X
ke ID.1394023 Mu |s?9.353334n3= KNm Mcr |43851.851 kN Mer(p) | 38541686 ki

|'Ana|ysis by serviceability limit states

Mac| 161.27831 ki*m Mr | 20035944 kN®m  acc |n.15?mz o = |-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, ABOOK, ABO0OCK, 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 X
Load —Qutput data
N, kN |-11|30
X, mm IB"IU Sigp, MPa |663.14559
My, khm Iss As, mm2 |642?.6985 Lossesi |4?.5
Mz, kim |?3 Ap, mm32 |1809.55?'3 Losses? |9?.32?540
a_crc, mm IO |_cre, mm IU
—Concrete —Reinforcement
MNumber of : Angular
Monprestressed Diameter, rebars Distance, mm distance
Cl C32/40 = 1450
ass 32720 o] rop, wea| [[As00 =l s =] [ =] [ [0
Strain diagram Iﬁ
Bilinear - I
A500 = = jz -] |sn |15
Prestressed
D |B4CI d, mm IlUU
! ! [ Bp1200 = [z = [15 =] |4D |22.5
L, rnmlBDEID |Nat|.|ra| hardening j
Mp, kM 1200
Save | Open | Report | 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 —Icrc

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

Soil

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 soil
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.2.1-10:2009,

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 ﬁl on the toolbar).

M [=lF
[&) File View |Model Calculate Options Window Help _| = Xj
B IER i soil Properties... Bu|srzrillea|sas ik 7 Haleasn st %% AW

\ Coordinate System  »

i Grids...
[#" Boreholes...
Borehole Table...
§ Loads...
Element Selection »
Delete Elements »
& Extrapolation

Move and rotate coordinate systeq l
Y| » 9] :

Edits soil properties X=-6.12 Y=52.70 lz= |(m) y

Figure 17.1

The Soil properties dialog box appears on the screen.
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%Soil properties x

& Soil properties ;}'ra | | FI| | b4 | r"f | IH‘ | e | J ?
Al B C D E F G H | J K L N T
1 Conversion Angle
2 | GE |Legend| Name of Colour] Modulus | Pois- Soil |factor to 2nd| Matural [Yielding|Waterl Void of
3 [ Mo =0il of son's | unit | medulus of [moisture] L |Loess  ratio internal
4 elasticity | ratio | weight,| elasticity = friction
5 tmte2 tm*=3 parts Fi, ©
6 1 Man-made 1000 0.3 1.8 5 0.05 0.2 0.7 16
T 2 Sandy silt 1800 0.3 1.75 5 0.25 W 0.54 H
8 3 Sand loam 2000 0.3 1.82 5 0.28 1.1W 0.72 2
9 4 Clay loam, low ple 1800| 0.35 1.87 5 017 028 0.568 18
10 5 Clay, semi-hard 2200 042 1.82 5 002 015 0.8 16
11
Mote: Yielding walues IL are not uged 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 lﬁ] .

Grids . x|
Hoeid 2 o Tuper (m) ?

v Firzt point

e |12.nn # |
v [1z00

e oo
|1

Alang #-axiz Alang v-amiz

Step value Steps Step value Steps

1.00 10 1.00 10

Figure 17.3

©2011-2017, LIRA SAPR. All rights reserved www.liraland.com Page 361 of 379



http://www.liraland.com/

Manual on ESPRI 2016

Boreholes

To define boreholes, on the MODEL menu, click Boreholes (button EI 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 soll
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|

| @" Baorehole 1

(mj] ?

T <Em

v Table

tauth |1 48.80
elevation

 rAEEIRd

GEIE il Elilp layer

Specify depth of

N Mame Eh:uth:u_m Thicknesz| Depth
elevation | of layer af layer

1 Man-made... 146.50 2.30 2.30

4 Clay... 14410 240 470

3 Sand... 133,70 4.40 910

5 Clay.... 12830 11.40 2080

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

—
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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EV Load IE _Ij. v Applied [ Esisting lnad [ m. tm2) «f | ? |
e I.Ar | v Elevation | [~ Pile footing
97.00
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angle dx I?-UU v Matural
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xl. 3 ate pr ate cyste i v [T < Yalue [40.00 FI
Daylight ground surface has default elevation of +100.0 m |)(=43.94 |Y=15.93 \Z= \(m) i
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|
|F Load INEW _%ZI [+ 2pplied [T Existing load [ m.tm2] ?
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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|
|E"‘ Load INEW _I;'. [+ Applied [ Ewisting load [ m.tm2] + | ?

n IAL I v Elevation "I+ File footing

: [100.00 1 2 0
Er?gtl?;mn d ||3_|:|I:| v M atuiral DEI 12 &: I 3e+005 EID

) zoil = = -
|45 d' IE-':":' Sl Thickness ﬂl &0 KEI 1
v Basepoint ————— I j I IE EIDIG L I
#2800 -
B mo— |2 il

v IW I? Walue |20.00

]l PRI T frig
// : ¢¢¢¢¢¢¢%K2-q
4 Rehdh a0
% K1+kZ2+k3=1
= | b 3;@
Figure 17.7

For analysis of pile footing, the following parameters should be defined:
Tp — thickness of foundation slab.
L — pile length.
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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] _(of x|
[a) File View Model Calculate Options Window Help _|= Xj
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& v 4 | @) | 1007
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|P Aubitrary soil profile m fi? | (5] [m] |
Fg-h <] w[5m v[Em | [ Fg-|:|2 %[i7on v [i700 |
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fool 1 +100.000) [+105.000) 28
Move and rotate coordinate svstep X
x| 7 Of
Specify the first point of the soll profile X=-5.67 Y=-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|

Coefficient for depth of — Building code
compreszible stratunm Im ~ SI‘\EII'F' 5 201 - B3

iR 20201 -
ki depth of compreszible R o0 - " SP 50101 - 2004
S ¢ DBNY.2.1 - 10:2009
Additional stress invariable -
within compreszible stratum I':I timz2 @ 5P 22133302011

alang whale depth

v fccount of zoil weight above elesation of
lnad application

Triangulation step of laads far generation of
cohtour plaks

:

m VAR

v fnalysiz of settlement for existing buildings
from buildingz 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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Figure 17.11 b)

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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ESPRI 2016 SOIL. C:\PROGRAM FILES (X86)\LIRA SAPRIESPRI 2016\MY_TESTS\SOIL_2016 TABLE OF SETTLEMENTS.RPT. 25 oxktabps 2016

Table of settlements

Point S1,cm S2,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 412172 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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ESPRI 2016 SOIL. C:\PROGRAM FILES (X86)\LIRA SAPRIESPRI 2016\MY_TESTS\SOIL_2016 TABLE OF SKEWS.RPT. 25 okta6ps 2016
Table of skews

Pointi 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
W= Z—‘f” !
-t E
where i=l © 5 (3)
h. E

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:
o {ﬁ-'-fh-' - ﬁ' “ Y

W=y -

no o h

} e

=~ 0-:..'1.." h.l'

=372

where

where
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E

‘— 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 £ei =Ei:
92 _ stress at the i-th layer of soil from external load;

9.0 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 = W; + W..

Mean (within the limits of fixed depth of compressible stratum Hc) values of modulus of

N S ) , . ML . .
elasticity " and Poisson’s ratio ~ #" are used for calculation of subgrade moduli. These
values are calculated according to formulas:

A "
Zﬁ:lr'.l' ‘t?.l Z"-’_r —:f,-
= 4= n, =i

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
;=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:
11z7

3

HZ

i +1
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Moreover, it is also accepted that additional vertical stress is distributed uniformly along the
depth. Then
H

Z i; L

i=]

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:
¢ HAi-2m)
2T 61+ my,)

For method 2, subgrade modulus C2 is not calculated.
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