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Introduction

1. Introduction

The ARBAT software application is intended to perform a load-bearing ability analysis or to
proportion reinforcement for members of concrete and ferroconcrete structures, to calculate the
deflections in ferroconcrete beams, to verify the local strength of members of ferroconcrete
structures (including fixings) in compliance with requirements of one of the following codes of
regulations:

e SNiP 2.03.01-84%;

e SNiP 2.03.01-84* that takes into account the modifications made in Ukraine;

e SNiP 52-01-2003 (SP 52-101-03).

The analysis involves limit states of first and second group (strength and crack resistance)
for design stress combinations (DSC) selected automatically for particular design loads in
compliance with SNiP 2.01.07-85%*, “Loads and actions” [2] and SNiP 2.03.01-84*, “Concrete
and ferroconcrete constructions” [5] (SNiP 52-01-2003 [8]).

All modes of the application require design values of loads (forces) to be specified. The
analysis of second limit state involves rated values of the loads. The analysis of each loading
pattern employs user-specified safety factors for load in order to switch from design values to
rated ones.

The proportioning of reinforcement and the verification are performed for beams, columns,
or slabs made of heavy-weight, fine-grain and light-weight concrete, reinforcement steel of
classes A-I1 (A240), A-II (A300), A-III (A400), A-IV, A-V and A-VI, and reinforcement wire of
class Vr-I (V500) and reinforcement of classes A400S, A500S (A500).

Also, the ARBAT application is a reference manual that provides data concerning the range
and properties of reinforcement, rated and design values of the concrete strength, service factors
for concrete, and allowable deflection limits.

The controls and procedures used to prepare data and to document results, which are
implemented in the application, are exactly the same as those in other computer-aided design and
analysis applications included in the SCAD Office® system. The applications are based on
common multi-tab windows and dialog boxes. To switch to a mode, click on its tab or use an
appropriate menu item.

1.1 Structural assessment

Any set of regulations can be represented as a list of inequalities of the following type:
F(SR)<1, G=1,...,n),

where Fj is a function of principal variables that implements j-th verification; S are generalized
loads (loading actions or effects); R are generalized resistance/strength numbers.

Based on the values of functions F;, we can introduce the concept of a limitation utilization
factor (K) and thus represent the analysis criterion as

max; K; < 1,

where all required analyses are included. The value of X itself will define a reserve of strength,
stability, or another design parameter available for a particular element (joint, part, cross-section
etc.). If the requirement of the design code is met excessively, then the K; factor is equal to the

fraction of the design parameter which is exhausted (for example, K; = 0.7 corresponds to the
reserve of 30%). If the regulatory design requirements are not met, the value of K; > 1 evidences
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a violation of some requirement, i.e. it describes an extent of overloading. Thus, K] is the left-
hand part of the design inequality in the form presented above (Fig. 1).

X2/\

R(X1Xp)=1

Fig. 1. A geometric illustration of the validity area for two variables

All values of the K; factors

obtained by analysis are available for reviewing in the Criteria

Diagram dialog box (Fig. 2) or in a full report of the respective analysis. Appropriate dialog
boxes display the value of Ky, — the maximum (hence the most dangerous) value of K;
detected — and indicate an analysis type (such as strength or stability) that has produced this

maximum.
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Fig. 2. An example of the Criteria Diagram
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The data presented in the diagram of factors enable the structural engineer to make a proper
decision and thus to make modifications needed by the structure in question.

1.2 The main window

When the application is started, the first thing seen on the screen is its main window (Fig. 3)
where a working mode is to be selected. Each of the available modes is activated by its
appropriate button.

A particular set of design regulations is selected from the appropriate list. The set of
regulations that has been selected is displayed in the bottom left corner of the active mode
window. This version of the software implements the analysis based on SNiP 2.03.01-84*, SNiP
52-01-2003 (SP 52-101-03), and SNiP 2.03.01-84* that takes into account modifications made
for the territory of Ukraine.

All working modes can be classified into four groups:

e reference modes united under the Information group header;

¢ analysis modes which implement verifications of cross-sections and members with given

reinforcement and which make up the Appraisal group;

¢ analysis modes which make up the Local Strength group and implement the verification

(appraisal) of strength of structural members near an area where the load is applied;
e analysis modes which proportion the reinforcement and are gathered together as the
Reinforcement Proportioning group.

43 ARBAT I[=] B3

File Mode Settings Service Help
ARBAT

Version 5.1.0_1

Analysis of ferrcconcrete parts

— Information Irvestigate Local strength———————— Proportioning of reinforcement

BYIS Concrete quality é Strength of é Local compression [1  Propartioning of
[SMIP 2.03.01-847] N == reinfarcement far a
e beam
M400) Concrete grade u Strength of concrete % Punching []  Propartioning of
[SMIF 1I-21-75) M zections == reinforcement for &
zingle beam
3 Beam deflection
All T Reinforcement == = Tearing Elfj] Proportioning of
+ reinfarcement for a
W] Investigate a beam eolumin
[ !
% Service factor E Firings
B Imvestigate a single
?=E|1 [ . . E Geomelric properties
Fury) Limit flex £ Single beam '@. Short cantilevers
E@ [== deflection £l
o ﬂ Investigate a column Code:
[
Im SMiP 2.03.01 -Bj
Investigate a zlab

Settings @ Help

Fig. 3. The main window of the application
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The reference modes include the following:

Concrete class — helps browse values of the rated and design strength of various classes
of concrete for limit states of first and second groups as per SNiP 2.03.01-84* or SP 52-
101-03;

Concrete grade (SNiP II-21-75) — shows information similar to that of the previous
mode but related to the concrete grades, according to SNiP 11-21-75;

Reinforcement — provides data concerning the range, rated and design strength of
various classes of reinforcement;

Service factors — provides information from the tables of SNiP 2.03.01-84*;

Deflection limits — provides the deflection limit values from Table 19 of SNiP 2.01.07-
85%;

Geometric characteristics — determines the geometric characteristics (area, moments of
inertia, parameters of a transformed section etc.) of a given concrete or ferroconcrete
section;

The modes for analysis (structural appraisal) include the following:

Resistance of f/c sections — to determine the load-bearing ability of sections of
ferroconcrete members which have a given reinforcement;

Resistance of concrete sections — to determine the load-bearing ability of sections of
concrete members;

Deflection of beam — to determine the deflections caused by a given load which is
applied to a multiple-span beam,;

Deflection of single-span beam — to determine the deflections caused by a given load
which is applied to a single-span beam;

Appraisal of beam — to appraise the load-bearing ability of a multiple-span beam with a
given reinforcement;

Appraisal of single-span beam — to appraise the load-bearing ability of a single-span
beam with a given reinforcement;

Appraisal of column — to appraise the load-bearing ability of a column with a given
reinforcement;

Appraisal of slab — to appraise the load-bearing ability of a slab supported along its
contour and having a given reinforcement;

The Local Strength group includes the following modes:

Local compression — appraises the load-bearing ability of structural members against
local compression;

Thrusting — appraises the load-bearing ability of slab structures against thrusting;
Tearing — appraises the load-bearing ability of junctions between constructions against
tearing;

Fixings — appraises the load-bearing ability of fixings;

Short cantilevers — checks how short cantilevers resists to a lateral force.

The Reinforcement Proportioning group includes:

Reinforcement proportioning for beam — designs the reinforcement for a multiple-
span beam;
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¢ Reinforcement proportioning for single-span beam — designs the reinforcement for a
single-span beam;

e Reinforcement proportioning for column — designs the reinforcement for posts or
columns.

1.3 Menus

The menus are used to customize the application, to invoke a desired working mode, or to
perform an action. There are five pull-down menus: File, Modes, Settings, Tools, Help.

The File menu contains the following command items:

Menu — switches from any working mode to the application’s main window;

Exit — shuts down the current session of the application.

The Modes menu can be used to invoke any of the reference or analysis modes available in
the application (its items duplicate the respective buttons of the main window).

The Settings menu is used to open the Application Settings dialog box where settings and
preferences for the application can be customized (this menu duplicates the respective button of
the main window).

The Tools menu can be used to invoke the standard Windows calculator, a formula
calculator, and a measurement units converter.

The Help menu advises how to control the ARBAT application, explains how to use the
Windows help system, and provides information about the application (No. of its version and the
date of the last modification).

The use of the reference help and actions performed with the service tools are described in
the Appendix.

1.4  Settings

The Application Settings dialog box (Fig. 4) is called up via the Settings menu or via the
respective button located at the bottom of the Main Window; it contains three tabs: Units of
Measurement; Report and Languages; Visualization.

Application settings E

Units of measurement | Fieport and Languagesl Visualizalionl
Show az 0 =
Section size Icm j |‘I.‘I2 ﬂ ﬂ o0
Section properties Icm j |‘I.123 ﬂ ﬂ ﬂ o0
Linear size Im j |‘I.12345 ﬂ ﬂ Wl
Force |T =] 123 AR
Maoment IT*m j E |'I.'I23 ﬂ ﬂ W
Reinforcement areas | o2 j E |'I.'I23 ﬂ ﬂ oo
Anale degres =] [1.123 4 v w0
Distributed farce T/m j ﬂ |‘I.123 ﬂ ﬂ we 0
Pressure Timd j ﬂ |‘I.123 ﬂ ﬂ wl o =
LInit t/zight Tind | = iz A e
=
W‘ x Cancel | Apply |@ Help |

Fig. 4. The Units of Measurement tab of the Application Settings dialog box
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The Units of Measurement tab is used to assign units for entering source data and
subsequently reviewing the results of the analysis. The units of measurement can be changed at
any time when working with the application. To assign simple units such as linear sizes or
forces, use appropriate drop-down lists. When the units are compound, the respective lists
display the current units, and the assignments are made in the Set up Units of Measurement

dialog boxes (Fig. 5). The latter dialog boxes are opened by clicking one of the buttons = on
the right of the respective drop-down list. To define the compound units, choose the desired
simple ones in the lists and exit the dialog by clicking the OK button.

The Report and Languages dialog box (Fig. 6) is used to choose a language for the user
interface, a form of representation for the report, a format for the report document etc. It includes
the following controls:

6%7/1 View/Edit — calls up a viewer/browser application for viewing the report, associated
with the report’s specific format and filename extension;

= Print — prints out the report without displaying it on the screen;

L Report Type — a drop-down list suggests to choose a file format for the report
document. The RTF files come in two versions: Word 7 (Word Pad) or Word 97 and newer; the
DOC, HTML, and PDF files are also available. To view or print the PDF files, you need to have
the Adobe Acrobat Reader application installed (the application is freeware and can be
downloaded at http://www.adobe.com );

the Paper, Margins, and Orientation groups are used to customize the format of the report
document;

the Headers/Footers group is used to refer to an RTF file that contains headers and footers
to be used in the report. This file can be prepared by a user.

Marment |T"m Unitz of measurement  Flepart and Languages |Visualizat\on|
— Repart Type of repart
. IT J ’a)fp_ & Miewedit [r IHTF for wiord 57 j
orce -
L ’g  Prink W Shot repart
ength Im j
— Paper
Si — Margin:
24 2104 257 o =l T ko mm o Batom [20 i
width ,mi - Left: 30 mm  Right: 20 mim
— Orientation Languag
()8 C | .
v x ance | Height: 237 mm % Portrait " Landscape ’75 IEng\ish [United St 'l
— Title:
|Header.itf ﬂ
+ Ok x Cancel | Apply | @ Help |
Fig. 5. The Set up Units of Fig. 6. The Report and Languages tab of the
Measurement dialog box Application Settings dialog box

The Visualization tab is used to choose a font for the text messages on the screen and in the
report. Double left clicking the line with the currently selected font opens the standard Font
dialog box where the font is to be set up.
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1.5  Working with tables

In most cases, source data for any analysis are specified in tables (Fig. 7). The following
general rules are used for working with the tabular data:

the data are entered in the table as decimal numbers; a particular separator between the
integral and fractional parts of the number (either comma or period) depends on the settings of
the Windows environment;

in the cases when the number of rows in the table is assigned by the user, the table has the
Add and Delete buttons next to it; the former adds a new row after the selected one, and the
second deletes the selected row or rows;

to select one or more successive rows, put the mouse pointer on the No. of the first one, click
and hold the left mouse button, and drag the pointer across the Nos. of the rows to be selected;

to switch between the cells of the table, press the Tab key on your keyboard.

73 ARBAT - Strength of f/concrete sections

File Mode Settings Service Help
Generall Heinforcementl Concrete  Efforts | Interaction cuwesl
Sechan Change force plane | =
163 .
M M, o, M, a,
T T'm T T'm T
1 13120 -1.051 0143 1.093 1832 0.0
2 |-129577F -1.067 0175 1.243 1624 0.0
3 [128797  |-1.06 0171 1.242 1.624 0.0
4 480,336 7.559 -7.006 1.543 2.209 0.2
5 |-B87.E9E 8.2 7255 0243 0185 0.2
_ B [480.186 7.585 -7.029 1.392 2092 0.2

Bt S 7 [GorsaE  |a247 [rom 04 0301 0z
8 |-153.842 -0.422 -0.419 2403 2E87 01
g |[-47.517 1.24 0.EEE 0617 -0.294 -0.1
10 |4BB.716 7.455 -6.987 1677 2393 01
11 |-676.076 9117 T2AF 0115 1.788=-004 (0.2
12 [16e0.275  |-0.426 0417 2.409 2687 =

| | »
+ Add | X Delete |
k= Menu §  Calculate
1984 2 Fieport @ Help |

Fig. 7. An example of a table of stresses

New rows are added after the selected one, therefore you need to do the following to add a

new row before the very first one of the table:

0 select the first row in the table and click the Add button to add a new one after it;

0 select the first row in the table and press the Ctrl+Insert keys together; this will copy the
contents of the first row to the Clipboard;

0 select the second (new) row of the table and press the Shift+Insert keys together; this
will insert the contents of the Clipboard into the cells of the second row, and now the first
row can be filled with other data as necessary.

The sequence described above can be used also to copy one or more selected rows of a table.

10
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1.6  Saving data

All analysis modes make it possible to save the entered data in an external file. To do it
when in a particular mode, choose the menu item File|Save As. This will open a standard
Windows dialog box for choosing a folder and a file to store the data. The filename and the
extension are specified by the user.

To load the previously saved data later, use the menu item File|Open.

11
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2. Information modes

The reference (information) modes provide data about materials listed in the SNiP
documents. All values in the respective tables are presented in the same units of measurement as
in the design codes; they do not depend on the settings of the application.

2.1 Concrete class

A two-tab dialog box of this mode (Fig. 8) contains
L data presented in Section 2 (Tables 12 and 13) of SNiP
lmdqu Cm?cm M (1S B2 D25 BAS BS |BTS mn:m.s 05| 020 | 2 203.01'84* [5] (Tables 51 through 5.3 Of SP 52'101'
Ww 270 1% 50 780 450 1100 1500 03 [9])'
Lightweight 19 270 1% 550 750 450 100 1500
Colular 0% 140 150 240 330 460 690 300 105 N5
m::wmﬁlh-d Heuy weeaght 039 055 Q70 005 100 115 140
ey e
Frmgan goo 115 140
&m U_’JU!‘JU‘JJJ-\.:J?; 1.00 '|’.j IA.—
Lichtweicht_ fine. | 029 0738 0% 00 085 100 110 1_'|;|
ORI are qivtn for collUIar CONCIRtE of verage
INEC-U.B\‘IEKK-;?N?@SB
takan the sAma A1 thaga fo lightwaight concrets
w3k e sama 33 thoss for earyoweight

Fig. 8. The dialog box of the
Concrete Class mode

2.2 Concrete grade

This mode (Fig. 9) can be used to obtain information

Flo Mo Sattinge Sencs Heb

e e about the rated and design strength of concrete of various
g i i X - . . . .
i va vm um e we v ||  grades in compliance with SNiP 11-21-75 [4]. Also, the
o compeession [Hesvrwght 0 LS00 00 00 NS00 14800 1000 X0 . .
mode provides data about the relation between the grades
Pottus aggragats 1500 2000 000 S0 S0 S0 NS00 14500 17000 X0 .
BRG] 100 6 20 20 & e40 20 and the classes of concrete according to GOST 26633-
Cobdw, b B 950 1600 2200 J1.00 400 000 G0.00
ﬁm&nnn Hesepwisght L SE0 TH 450 150 1300 1500 8 91 [1 1].
m:wm 230 310 420 580 TH 4% NS 1300 1500 18
mm.m 230 110 420 S0 TA 950 MO0 1200 1300 14
Coldn, m & 14 230 110 420 SM YA 150
Celula hypa B 1M 20 PE) 3H0 510 BED HS0

Fig. 9. The dialog box of the
Concrete Grade mode

2.3 Reinforcement

I ey ‘i o This mode presents data about classes of
—r : e = 3|/ reinforcement and the range of reinforcement products,
e o 175k SR 4| including an effective area of the cross-section for a
st A1 particular number of rebars, a theoretical weight per one
a|2H||I.alm'.ldo«'nmulliﬂ'IJIEan'l.it,\dninﬂ.lwmull GOST 380 - 71, GOST S781.82, TU 14 15 154 . .
i i meter of length, and diameters of reinforcement of
e various classes. Also, a separate tab presents
e At information about bar-mat reinforcement according to
. ik, and o longibednal rinforcenent § other types of nenprestaesssd
. . ||| GOST 23279-85 [12].
s notused
Dn"q.n streagih uldw ;::;::.;:’-r : . adinkd =
T Mo

Fig. 10. The Reinforcement mode
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2.4 Service factors for concrete

Fle Mods SMtngs Sence M

Geresal cane | Loodsepested mary tmes | Froating/idehasing |

= | Desgration || S |—ﬁ

[l 6 s [ binaiices )
| socaal ks 1 ned wealed o des Zalor ol
3 Corvaebrg n wivbcal pecshon [the B cve 1.5 s
|eoncete
| ey, e guse, kgt wesght ois

sobis ord sersied o
4 Efect of buusel comples ibexs slale  Compresnn - (eraion” on i Grwine 411
o «

G ars
6 See Table 17

7. Dpaestion, of condnuchiont ol prokectad aganit sun 188ahon i Lt o
| chrnatic: subrsegron VA o pen SHIP 201 01 €2
|0, Phase of pestressing of sontructons £e0
| 1ol ot e verdinsermrd. o bl gl cimnsle 15
| ot b s o concrate. [l
| 1) o vear e crcement: hos boht wesght concaste 1%
|ttt s o coreame 12 LA
|9 Corcsste canshuction: Get o |
10 Concrete conttnuctions of high-thength conciete. alowing fox GUID | L3 e Dregn cx 3 bvskue of
| toczca S Unega it loundn Sec. 112)|
| 11 Husmaciy of cebuda concrete, % Gl -

T Mo

Fig. 11. The Service Factors
(for concrete) mode

2.5 Deflection limits

3 Grae pats [stmimams, dmaoms, kgl | fmitheicsad S
Balcoress. loppan paychologed
Physological
4. Fion s, shamwears, arel i s
efhiction of whachis not seataned by sdfacent
Eals i of e span
5 Linkeis 30 eustam sl parshs cves window Stnehes [0 Caung a deeseare
e ki i [erthes e fox =
1 leadbeamg parts and|
[
Eiszesunde the
pate

Sttt el Samasntenl Sswsnienla
sichologes a |

Nalation m [he table -
Vi 3 ratied span of a strctural part,
0% & spacing of beams or tnusses fo which anial crane neways are attached

Nales
1. For & canblever, ds double oulreach should be used mstead of L

2. Fon intermediate values of | 2em 2, a, deflection lmits should be determined by linear =
it chtin. - onntuinn with snmisnmsste of Brinrseh T of the e 4 A e b |

T Heu

Fig. 12. The Deflection Limits
mode

This mode (Fig. 11) provides information about
service factors included in Tables 15, 16, and 17 of
SNiP 2.03.01-84* [5] (Sec. 5.1.10 of SP 51-101-03

[9D.

This mode (Fig. 12) provides information about limit
values of vertical deflections and also of horizontal
deflections caused by cranes or wind; this information is
included in Tables 19, 21, and 22 of SNiP 2.01.07-
85* [2].
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3. General management

Some actions or groups of controls in the application are of a fairly general character and can
be used in various working modes for analysis or appraisal. These include actions of building a
cross-section, obtaining data about concrete or reinforcement, creating a report etc. The actions
and groups of this kind are described below.

3.1 Building a cross-section

Operations that constitute building a cross-section for a structural member can be found in
any working mode of the application.

The application works with six types of member sections; their schematics are shown in
Fig. 13. To choose a desired section shape, click its respective button in the group, and then
specify appropriate sizes and the thickness of the cover (in the reinforcement proportioning
modes, the cover is not needed; instead, you have to specify the distance to the center of gravity
of the reinforcement).

3z
[ 1] [ 1] [ 1] [ 1] [ 1] [ 1] [ 1] [ 1] L ,‘L

40 G0 BE 12 56 10 2 2 ; —
h g

HE 1 ‘ T ‘ ® ‘ @ ‘ Prute:tjve coat - = 'a:.r
Y

=

Fig. 13. Section types

As you work with the application, you can gradually create a database of user-defined

sections. To put a new section in the database, use the button “& that calls up the User-
Defined Sections dialog box where you specify a name for the section (Fig. 14).

|._$ User sections

Section name | Column 144

v 0K

X Canizel

Fig. 14. The User-Defined Sections dialog box

The application does not check the uniqueness of the names used, so the user has to do it by
herself.

To access the database and load a previously created section, use the button =24, The
dialog box of the database of user-defined sections (Fig. 15) contains a table of section names

and buttons for previewing — @ — or renaming (Rename) a desired section. To select a
section, mark the respective row in the list and click the Apply button.
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i User's section
Type ‘ Section name
Renarme
CHET
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. D elete
Coulrin 142 56
. R [ * 1
Second fllor beams = o
: & i =
§ 5
' )
[} : Y
L ] B Rt - e R -~~~ 3 I
in =
: "
H o
v Al L ; L
33 : 33

Pt

Fig. 15. A dialog box that lists user-defined sections Fig. 16. The Preview dialog box

Clicking the button @ lets you view a section in the Preview dialog box (Fig. 16).

As the ARBAT application works with ferroconcrete sections, it needs to have also
information about concrete and rebars specified by the user. See below how to provide this
information (Sections 3.2, 3.3).

3.2 Concrete data

Concrete The following information should be specified in all
analysis modes when preparing data on the Concrete
tab: type of concrete, class of concrete, service factors

] oo oo [ | for concrete, hardening conditions, and the hardening
Concssatve  [Heapwet =] Conmmchss [o5 5]

condition factor (see Fig. 17).
A class of heavy-weight or fine-grained concrete is
o selected from the Concrete class list. For light-weight
o concrete, you need to choose first its grade by average

density, and then its class and its aggregate.

T — If the analysis complies with SP 52-101-03, only

heavy-weight concrete will be available because this
document does not regulate the design based on other

- « e » w || types of concrete.

The service factor for concrete, yg, (or yp; if the
analysis is based on SP 52-101-03), takes account of the
load duration. The value of the factor is set equal to
either 1 or 0.9 (item 2a in Table 15 of SNiP 2.03.01-84*
and Sec. 5.1.10a of SP 52-101-03), the default value
being 1. In cases when a different value should be used
for this factor according to conditions of the analysis, it
can be specified directly in the list field.

If a load combination includes short-term loads,
the analysis should use yg; = 1.1 (independently of
what value of it has been already specified) in
compliance with regulations of item 2b in Table 15 of
SNiP 2.03.01-84*.

The service factor for concrete, vg, is a product of all concrete service factors from Table 15

of SNiP 2.03.01-84* (Section 5.1.10 of SP 52-101-03), except for yp> (yp1). The default value of
itis 1.

Fig. 17. The Concrete dialog box
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If the initial elasticity modulus of concrete is different from its table value, then a hardening
condition factor should be specified; it is used to make corrections to the value of the modulus (it
is to be set only for natural hardening).

3.3 Reinforcement data
Section reinforcement data include information about the classes of longitudinal and
transverse reinforcement, service factors for reinforcement, and data concerning the arrangement

of the rebars.

The reinforcement class is to be selected from a drop-down list, the contents of which
depends on the choice of a particular design code (see Fig. 18). The service factors for
reinforcement should be entered by the user; the default value for those is 1.

Feinforcement Clazz Semvice factar
Longitudinal A - 1
Transverse A - 1

Fig. 18. Reinforcement data

The rebar arrangement information is specified, as a rule, on a separate tab named
Reinforcement (Fig. 19).

5% ARBAT - Strength of f/concrete sections

Fle Mode Settings Service Help

General  Reinforcement |E0ncrete| Effortsl Interaction curves

Longitudinal reinforcement [first row]
5, 5, Sq Sa

t [mm) | piecesz | t [mm] | pieces | T [mm] | pieces | T [mm) | pieces
2 | [
g

[
20 | 3 | 12 = 3 = [ | | 3 |
E =l 0 «|E =| 0~ E =| 0 = ~| 0=
Transverse reinforcement
Sur S
* [mm) steplcm) | pieces * [mm] steplcm) | pieces
0 =10 2 - E |0 n - f i

o
—
e
£y
Ry
—
.
. S

= tenu §  Caleulate

- Fiepoart @ Help |

Fig. 19. An arrangement of rebars

Three tables are used to specify the properties of reinforcement: Longitudinal
reinforcement (first row), Longitudinal reinforcement (second row), and Transverse
reinforcement.

The Longitudinal reinforcement (first row) table contains two lines. The first line of
the table presents information about the diameters and the number of rebars in the first row of the
bottom, top, and side longitudinal reinforcement. The second line in the table is filled only when
the first rows of the bottom (S;), top (S:), and/or side (S;) reinforcement contain rebars of
different diameters (the software allows the first row of reinforcement to have rebars of two
different diameters).
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If the Reinforcement in two rows checkbox is ticked, the Longitudinal reinforcement
(second row) table appears in the window. It specifies the diameter and the number of rebars in
the second row of the bottom and top longitudinal reinforcement, and the clear distance between
the first and second rows of the bottom (A;) and top (Az) reinforcement.

Data concerning transverse reinforcement are entered in the Transverse reinforcement
table.

When you are filling in any of the tables, the data entered are interpreted according to these
rules:

e the absence of longitudinal reinforcement is indicated by specifying a zero number of the
rebars;

e a zero value of the transverse reinforcement spacing is interpreted as the absence of
reinforcement of this kind;

o the diameter and the number of rebars are selected from appropriate drop-down lists.

The shape of the section specified and the arrangement of reinforcement in it are displayed
in a schematic shown in the window. Use the Reinforcement Areas button to see a table that
lists areas of the specified reinforcement (Fig. 20).

Diameter of rebars | 20 vI
Mumber of rebars on the side |4 'I
ji Reinforcement areas
L] L L] L]
A5, AS, A5, A, Az A
E:I'ﬂ2 CII'ﬂ2 CII'ﬂ2 l::l'ﬂ2 CII'ﬂ2 CII'ﬂ2
9.426 3393 0.56E 0.849 1.57 1] . .
K Esit . .
L » ] L ]
+ 0K X Cancel
Fig. 20. The Reinforcement Areas dialog box Fig. 21. The Reinforcement of

Rectangular Section dialog box

A “uniform” reinforcement can be specified for rectangular sections; this consists of a
uniform number of rebars of the same diameter along each face of the section and is used
extensively to reinforce columns. To specify the number and the diameter of rebars, use the
Reinforcement of Rectangular Section dialog box (Fig.21) which opens by clicking the

button le=#l Exiting this dialog will have the Longitudinal reinforcement (first row) table
filled automatically.

If the number of rebars is greater than two, both lines of the table will be filled. The first line
describes two rebars at the corners of each reinforcement S; and S,, and all rebars of
reinforcement S;. The second line contains information about intermediate rebars of
reinforcement S; and S,. This arrangement of data in the tables permits to vary the diameter of
the corner rebars easily.

The software checks that the design requirements of Sec.5.12 of SNiP 2.03.01-84*
(Section 5.3 SP 52-101-03) are complied with, and if it is not the case, a warning message is
displayed; the requirements define the minimum distance between the rebars. The user can
ignore the warning that the requirements are violated by clicking the Ignore button, and negative
consequences of this ignoring will not be analyzed.
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3.4 Crack resistance

In cases when a crack formation and opening analysis is required, the user should provide
data about a crack resistance category, an allowable crack opening width etc. All these data are
entered on the Crack Resistance tab (Fig. 22).

% ARBAT - Strength of f/concrete sections T r—
File Mode Settings Service Hslp [l Gl Swiimg Sowi i
General | Reirforcement | Concrete | Efforts - Crack resistance | Interaction eurves
General | Feinforcement | Concrete | Efforts  Crack resistance | Interaction curves I I I I
Category of crack
Categor of crack resistance: Limited crack op 7
resistance dstoategory [T
Conditions of aparation
[indoors =
Mode of conerete humidity
[Watural buridity =l
Humnidity of —
nnnnnnnnnn tal air 40-753% - Alowable crack opening width
Allowable erack opening width Requirements to ciack opening width are based
" Requirements to crack opening width are based on preservation of reinforcement
& Heaqur to crack opening width are based on imitation of the structure’s penetrabiity
Short-term opening 03 |mm
Long-term opening 02 mm
Short-term opening 0.4 mm
Long-teim opehing ER
e Menu $  Calculate
W Repot | &)  Hep
b o (b)
== W Repot | P Hep

(a)

Fig. 22. Crack resistance data

If 1* category of crack resistance is set (no cracks), then no additional information is
required on this tab.

If the analysis follows SNiP 2.03.01-84* [5] and 3™ category of crack resistance is set
(Fig. 22a), then you should use appropriate lists to set the construction’s operating conditions, a
humidity regime for concrete, and the environmental air humidity. Next, set an admissible width
of short-term and long-term crack opening (the default values are recommended by SNiP
2.03.01-84* on the basis of operating conditions and humidity for the construction).

If the analysis is to follow SP 52-101-03 [9] and the Limited crack opening width item is
selected in the drop-down list (Fig. 22b), you should specify requirements to the crack opening
width (based on preservation of reinforcement or based on limited permeability of
constructions). This will automatically set the maximum allowable widths of long-term and
short-term crack opening recommended by Sec. 7.2.3 of SP 52-101-03. The user can edit those
values if need be.

3.5  Safety factor for responsibility

All modes of analysis require data about the safety factor for responsibility to be specified in
compliance with GOST 27751-88 [1]. The factor can be selected from a drop-down list in
accordance with the nature of a particular structural project (it can be of high, normal or low
responsibility) or entered by the user directly (in nontrivial situations).

3.6 Generating a report

All analysis modes of the application have the Report button. Clicking this button starts the

following actions, if there are no mistakes in the source data:

e all analyses are performed;

e an RTF (Rich Text Format) file is created, which contains a list of the source data
specified and results of the analysis. Depending on what option is chosen in the Options
dialog box (whether the Full messages or Short messages mode is active), the report
document will (or will not) contain results of certain intermediate calculations (such as
geometric properties of the sections used, values of some, not only the maximum one, of
the load-bearing ability utilization factors etc.;
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e a Windows application associated with the RTF files is launched. Depending on what is
set in the Options | Other dialog box (Print or View/Edit), the application will either
print the document immediately or suggest it for viewing and possible editing. In the
latter case, it is the user who is responsible for making a hard copy (she can use the
printing command of the external application).

Note. The .rtf filename extension is usually associated with the WordPad application. If MS Word is installed on the
computer, then it is Word that will be associated with this format. There are differences between the RTF format used by MS
Word v.7 or WordPad and that used by MS Word 97. Therefore, our software provides you with the opportunity to choose any of
the RTF formats by selecting Options | Other.
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4. Appraisal

The appraisal modes are used to perform a check of sections of ferroconcrete structural
members for compliance with requirements of SNiP 2.03.01-84* using the following criteria':

¢ the strength against a longidutinal moment in the section — Sec. 3.15-3.20, 3.27-3.28;

¢ the strength against an ultimate longitudinal force in the section — Sec. 3.26;

¢ the longitudinal force that takes account of a deflection, with the flexibility Lo/ i >14 —

Sec. 3.24, 3.6 of SNiP, Sec. 3.54 of the Guide to SNiP 2.03.01-84* [5];
o the strength against an ultimate longitudinal force that takes account of reinforcement
over the height of the section — Sec. 3.64 of the Guide to SNiP 2.03.01-84%*;
the moment resisted by the section during the crack formation — Sec. 4.5;
the crack opening width (short-term) — Sec. 4.14, 4.15;
the crack opening width (long-term) — Sec. 4.14, 4.15;
the oblique crack opening width (short-term) — Sec. 4.17;
the oblique crack opening width (long-term) — Sec. 4.17;
the stresses in transverse reinforcement — Sec. 4.17;
the strength of an oblique strip between oblique cracks — Sec. 3.30;
the strength of oblique sections without transverse reinforcement — Sec. 3.32;
the strength of an oblique crack — Sec. 3.31 of SNiP, Sec. 3.31 of the Guide to SNiP
2.03.01-84*7;
the strength that takes account of the resistance of concrete in a tensioned area —
Sec. 3.8;
o the strength of the section under a torque;
¢ the resistance of reinforcement to a torque;
¢ the resistance of side reinforcement to a torque;
¢ the resistance of transverse reinforcement to a torque.
Note that SNiP 2.03.01-84* provides two strength analysis opportunities for flexural
members: one for a so-called general case (Sec. 3.28*) and one based on simplified formulas
which work only for a uniaxial state of stress. The application uses the general case always when
appraising flexural members, except for the Section Resistance mode with the Reinforcement
areas option (see below).
The reason for this is as follows. For a single-row reinforcement, there is little difference
between these two cases of analysis. However, if the reinforcement layout is more complicated
(for example, there are rebars on the sides of a rectangular section), then the result will depend
on how we refer to those rebars — as a second row of the bottom/top reinforcement or as a side
reinforcement (the discrepancy may be as large as 10 to 20%).
The check of sections of concrete structural members for compliance with regulations of
SNiP 2.03.01-84* is based on the following criteria:
e the strength against an ultimate longitudinal force in the section — Sec. 3.1-3.5 of SNiP;
¢ the longitudinal force that takes account of the deflection, with the flexibility L, / 1 >14
— Sec. 3.3, 3.6 of SNiP, Sec. 3.54 of the Guide to SNiP 2.03.01-84%*;

e the strength against an ultimate longitudinal force, out of the bending plane — Sec. 1.21,
3.2, 3.3 SNiP;

o the strength against an ultimate moment in the section — Sec. 3.8;

o the strength that takes account of the resistance in a tensioned area of concrete —
Sec. 3.5;

¢ the strength of an oblique strip between oblique cracks — Sec. 3.30;

¢ the strength of oblique sections without transverse reinforcement — Sec. 3.32;

! The analysis for resistance to a torque is based on formulas suggested by Moersch and Rausch (see [19]).

The application uses this section of the Guide instead of Section 3.31 of SNiP because the recommendations from the Guide produce
more accurate results.
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¢ the shear force in the absence of oblique cracks — Sec. 4.4 of the Guide to SNiP 2.03.01-

84%*.

If the analysis is to comply with SP 52-101-03, the appraisal of sections of ferroconcrete
structural members will use the following criteria:

the strength against an ultimate longitudinal force in the section — Sec. 6.2.25, 6.2.31;
the strength of concrete in tension;

the strength against an ultimate moment in the section — Sec. 6.2.25, 6.2.31;

the strength against an ultimate longitudinal force in the section — Sec. 6.2.19;

the strength against an ultimate moment in the section — Sec. 6.2.9-6.2.15;

the strains in compressed concrete — Sec. 6.2.21-6.2.31;

the strains in tensioned reinforcement — Sec. 6.2.21-6.2.31;

the height of a tensioned area of concrete — Sec. 4.1.2a, 6.2.30;

the strains in tensioned concrete — Sec. 6.2.30, 6.2.31, 7.2.11;

the longitudinal force that takes account of a deflection, with the flexibility L¢/i>14 —
Sec. 6.2.16;

the strength that takes into account the resistance of concrete in a tensioned area —
Sec. 6.1.9, 6.1.12;

the moment accepted by the section when a crack appears — Sec. 7.2.7;

the crack opening width (short-term) — Sec. 7.2.3, 7.2.4, 7.2.12;

the crack opening width (long-term) — Sec. 7.2.3, 7.2.4, 7.2.12;

the strength against an ultimate longitudinal force in the section — Sec. 6.2.3, 6.2.8,
6.2.16, Sec. 3.50 of the Guide to SP 52-101-03 (further, the Guide to SP);

the strength against an ultimate longitudinal force in the section, that takes account of
reinforcement over the height of the section — Sec. 6.2.17, Sec. 3.58 of the Guide to SP;
the strength of a concrete strip between oblique sections — Sec. 6.2.33, Sec. 3.52 of the
Guide to SP;

the strength against a shear force resisted by concrete only — Sec. 6.2.34, Sec. 3.52, 3.71
of the Guide to SP;

the strength of oblique sections without transverse reinforcement — Sec. 6.2.34,
Sec. 3.52,3.71 of the Guide to SP;

the strength of an oblique section — Sec. 6.2.34, Sec. 3.52,3.71 of the Guide to SP;

the shear force in the absence of oblique cracks — Sec. 4.28 of the Guide to SP;

the strength of a concrete strip between oblique sections, against Q, — Sec. 6.2.33,
Sec. 3.52 of the Guide to SP;
the strength of a concrete strip between oblique sections, against Q, — Sec. 6.2.33,

Sec. 3.52 of the Guide to SP;

the strength of a section under a torque — Sec. 6.2.37;
the resistance of reinforcement S; to a torque;

the resistance of reinforcement S, to a torque;

the resistance of side reinforcement to a torque;

the resistance of transverse reinforcement Sy to a torque;
the resistance of transverse reinforcement Sy, to a torque.

The sections of concrete structural members are appraised using the following criteria:

the strength against an ultimate longitudinal force in the section — Sec. 6.2.25, 6.2.31;
the strength of concrete in tension;

the strength against an ultimate moment in the section — Sec. 6.2.25, 6.2.31;

the strength against an ultimate longitudinal force in the section — Sec. 6.2.19;

the strength against an ultimate moment in the section — Sec. 6.2.9-6.2.15;
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e the strains in tensioned reinforcement — Sec. 6.2.21-6.2.31;

e the strains in tensioned reinforcement — Sec. 6.2.21-6.2.31;

e the height of a tensioned area of concrete — Sec. 4.1.2a, 6.2.30;

e the strains in tensioned reinforcement — Sec. 6.2.30, 6.2.31, 7.2.11;

e the longitudinal force that takes account of a deflection, with the flexibility Lo/i>14 —
Sec. 6.2.16;

e the strength that takes account of the resistance of concrete in a tensioned area —
Sec. 6.1.9, 6.1.12;

e the moment accepted by the section when a crack appears — Sec. 7.2.7;

e the crack opening width (short-term) — Sec. 7.2.3, 7.2.4, 7.2.12;

e the crack opening width (long-term) — Sec. 7.2.3,7.2.4, 7.2.12;

e the strength against an ultimate longitudinal force in the section — Sec. 6.2.3, 6.2.8,

6.2.16, Sec. 3.50 of the Guide to SP;

e the strength against an ultimate longitudinal force in the section, that takes account of
reinforcement over the height of the section — Sec. 6.2.17, Sec. 3.58 of the Guide to SP;

e the strength of a concrete strip between oblique sections — Sec. 6.2.33, Sec. 3.52 of the
Guide to SP;

e the strength against a shear force resisted by concrete only — Sec. 6.2.34, Sec. 3.52, 3.71
of the Guide to SP;

e the strength of oblique sections without transverse reinforcement — Sec. 6.2.34,
Sec. 3.52, 3.71 of the Guide to SP;

o the strength of an oblique section — Sec. 6.2.34, Sec. 3.52,3.71 of the Guide to SP;

e the shear force in the absence of oblique cracks — Sec. 4.28 of the Guide to SP;

e the strength of a concrete strip between oblique sections, against Q, — Sec. 6.2.33,
Sec. 3.52 of the Guide to SP;
e the strength of a concrete strip between oblique sections, against Q, — Sec. 6.2.33,

Sec. 3.52 of the Guide to SP;
e the strenght of the section againts a torque — Sec. 6.2.37.

4.1 Resistance of ferroconcrete sections

This mode implements a function of determining the load-bearing ability of any of the
sections available in the application’s environment, depending on the arrangement, diameter
(area), and class of reinforcement, the class of concrete, the operating conditions, and the
admissible crack opening width.

In a general case, the analysis takes into account a longitudinal force, bending moments, a
torque, and shear forces that act in the principal planes of inertia.

SNiP 2.03.01-84* does not regulate any check of ferroconcrete members for limit states of
second group under the action of moments in two planes. Therefore, if the crack resistance
appraisal mode is turned on (with the selected design code being SNiP 2.03.01-84%*), then only
an eccentrical compression/tension with the eccentricity in one plane is considered.

General

The appearance of the General tab depends on the Reinforcement areas checkbox on the
Resistance of f/c sections button of the main window. If the checkbox is off, the source data for
the analysis will consist of rebar arrangement information, and the General tab (Fig. 23) should
have these pieces of data specified:
the geometric and effective lengths of members;
the random eccentricities;
the shape and sizes of the section;
the thickness of the reinforcement’s protective coating;
the service factors for reinforcement;
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e the class and the diameter of longitudinal reinforcement (a two-row arrangement can be

e the class, the diameter, and the spacing of transverse reinforcement, and the number of

used);
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Fig. 23. The General tab
(the Reinforcement areas
checkbox is disabled)
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Fig. 25. The dialog box of the
Reinforcement Area calculator

Checkboxes are used to indicate that a check is
needed for the second limit state (Crack resistance
analysis), to point out that a section belongs to a
statically determine construction, or to state that there is
second row of reinforcement.

SP 52-101-03 makes it possible to do the check that
takes into account the crack resistance under moments
in two planes, therefore the checkbox is always on for
this design code document.

The analysis makes use of the given safety factors
for responsibility and for load, and of the sustained-part
factor.”

Note that the value of the sustained-part factor can
be even less than 0 or greater than 1. It can be seen from
the following example. Suppose some combination
includes a sustained loading in which the longitudinal
force is 1.0T and a short-term loading the action of
which produces the longitudinal force of —0.1T. Then
the combination that consists of the sum of the two
loadings will have the overall longitudinal force of 0.9T
while the sustained part of the comnbination will still
be 1.0T. Thus the sustained-part factor 1is
k=1,0/0,9=1,11. Similarly, there can be a situation in
which k < 0.

The formwork sizes of the section and the thickness
of the cover are specified following standard rules as
described in Section 3.1.

The effective length factors are specified according
to Sec. 3.25 of SNiP 2.03.01-84* (Sec. 4.2.6 of SP 52-

101-03). The button provides reference data
concerning the effective lengths according to Sec. 3.25
of SNiP 2.03.01-84* (Sec. 6.2.18 of SP 52-101-03).

If the random eccentricity is set to zero, the analysis
will use its value calculated in compliance with
Sec. 1.21 of SNiP 2.03.01-84* (Sec. 1.2.6 of SP 52-101-
03). If a nonzero random eccentricity is specified, then
the greater of the two values will be used: either 1 cm or
one specified (according to Sec. 3.50 of the Guide to
SNiP 2.03.01-84* and Sec. 3.6 of the Guide to SP 52-
101-03).

To specify the properties of reinforcement and the
arrangement of rebars, use a standard group of controls
and the Reinforcement tab (see Section 3.3).

If the Reinforcement areas checkbox on the
Resistance of sections button in the main window is on,

3 Sec. 1.12* of SNiP 2.03.01-84* says “...sustained loads include also a part of the full value of short-term loads...». The ARBAT
application takes account of that part of the loads by using a sustained-part factor.
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then the required source data include areas of
e , longitudinal and transverse reinforcement (the General
tab looks as shown in Fig. 24). Also, this mode does not
require specifying a thickness of the cover; instead,
distances to the centers of gravity of rebars should be
specified.

The area of reinforcement can be calculated using
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: the Reinforcement Area calculator (Fig.25). The
o &1 calculator is launched by clicking one of the buttons

. to the left of the respective edit fields.
_ Fig. 26. The To calculate the reinforcement area with the
Multiple-Row Reinforcement  a1cyjator, choose a line in the top list that corresponds
dialog box to the needed rebar diameter and specify the number of

rebars in the bottom list. Clicking the Apply button will
close the calculator and put the calculated value of the
area in the respective edit field of the General tab.
N The tab contains the Multiple-Row Reinforcement
button that serves to enter data for multiple-row
reinforcement. Clicking this button will open a dialog
box under the same name, which is shown in Fig. 26.
t 3 a This dialog is used to determine the distance from
the center of gravity of the longitudinal reinforcement

A7
section to the nearest face of the structural member,
é g g when there are multiple rows of reinforcement in the
section of the structural member (a column or a beam).
Rebars of different diameters can be placed in the same

a1

Fig. 27. An arrangement of rebars ~ TOW.
of different diameters

If there are rebars of different diameters in the first row (one nearest to the face), the rebars
of the smaller diameter are moved toward the face of the member, onto a line tangential to the
rebars of the greater diameter (Fig. 27). The rebars in the next rows, if they have different
diameters, are assumed to have their centers belonging to one straight line.

The table is used to specify the diameter of the rebars and their number in the current row,
and the clear distance from the rebars of that row to those of the preceding row. The clear
distance is replaced with the concrete cover to reinforcement for the rebars of the first row. If the
distance of zero is specified between the rebars (A = 0), the rebars are assumed to be
immediately adjacent to one another.

After the Multiple-Row Reinforcement dialog is closed by clicking the Apply button, the
calculated results appear in the Distance to cent.grav. of reinforcement edit fields on the
General tab. To edit the data, you can call up the Multiple-Row Reinforcement dialog box
again, where you will find the information last entered.

Having prepared the source data, you can launch the analysis by clicking the Calculate
button.

Figs. 28 through 30 present arrangements of longitudinal and transverse reinforcement and
symbols of reinforcement used in drawings of various sections.
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Fig. 29. Arrangements of
“areas” of longitudinal
reinforcement
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Fig. 30. Arrangements of
transverse reinforcement
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Fig. 31. The Stresses tab

Crack Resistance

Interaction Curves
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Fig. 32. The
Interaction Curves tab

Properties of concrete are specified on the Concrete
tab in the same way as described in Sec. 3.2.

The Stresses tab (Fig. 31) is used to enter stresses
acting in a cross-section of the structural member. It
presents a schematic of the section that depicts its
principal axes of inertia and positive directions of the
stresses. The tab contains a table used to define stresses
caused by one or more loadings on the section. The
number of lines in the table corresponds to the number
of loadings. The table can be filled also by importing
data from SCAD that describe design stress
combinations (DSCs). A file with the .rsu extension is
created in the Element Information mode of the SCAD
software system and can be imported by clicking the

e

=2

button located above the table.

The Section Resistance mode provides a capability
of changing the plane of loading (the Change the plane
of loading button clicking which will replace M, by M,

and Qy by Q,).

Crack resistance data are specified on the Crack
resistance tab according to rules defined in Section 3.4.

Results of the analysis are displayed on the
Interaction Curves tab (Fig. 32) and represented as a
curve that bounds the section’s load-bearing ability area
under the action of a couple of stresses selected by the
user. The couple is assumed to be admissible if the load-
bearing ability utilization factor for the section is Kpax <
1. All the other stresses are assumed to equal the values
that have been specified for them in the Fixed values of
stresses group.

When the appraisal is based on SNiP 2.03.01-84*
and takes account of crack resistance, two couples of
stresses can be used: N-My (the longitudinal force and
the bending moment) or N—Q, (the longitudinal force
and the shear force). The results concerning the latter
couple will be displayed only if the diameter and the
spacing of transverse reinforcement have been specified
in the General tab.

If the crack resistance analysis is not required or the
appraisal checks have been done in compliance with
SP 52-101-03, then the interaction curve can be built for
the following stress couples:

N_My; N_MZ; My_MZ; N_QZ; N_Qy-

The mouse pointer can be used to review the whole stress variation area shown on the
diagram. Every position of the pointer conforms to a couple of numerical values of the stresses,
which are displayed in fields to the left of the diagram. At the same time, a maximum value of
the utilization factor that corresponds to those values is displayed together with the check type
that has produced this maximum.
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Clicking the right mouse button while the mouse pointer is in any position in the interaction
curve’s display field produces a stress diagram for all appraisals being performed.
A report can be generated to document the results of the analysis (the Report button).

4.2 Resistance of concrete sections

This mode is similar to the Resistance of Ferroconcrete Sections mode. A natural
difference between them is that there is no need to specify the reinforcement data (Fig. 33). The
current version of the software 1mplements the analysis of rectangular and T-shaped sections.

. Also, a special type of analysis is available. It is
m‘"ﬁ“ e turned on by the Always allow for resistance of
e Eﬁ:fﬁ“m concrete in tension checkbox. The usage of the
%:-: '_‘]« e checkbox is obvious from its name. Formally, its
Y PR | application leads to a violation of SNiP which allows
- - = the resistance of concrete against tension to be taken
) m [[ " into account only in a pure bending analysis. On the
L other hand, if we followed the SNiP regulations directly,
CHL o .

= there could be a whimsical situation when the presence
— — of even a minimal longitudinal force made it impossible
— T @ % | to take into account the tensional behavior of concrete
Fig. 33. The General tab and thus decreased the calculated load-bearing ability by

leaps. We suggest that the user make her own decision
whether to use this nonstandard approach or not.

4.3 Appraisal of a beam

This mode is to appraise the strength and crack resistance of a multiple-span continuous
beam of a constant cross-section in compliance with regulations of SNiP 2.03.01-84* (SP 52-
101-03). Bending of the beam in one plane of loading under distributed or concentrated loads is
under consideration. Loads are combined into loadings (loading patterns) which can be classified
by their physical origin and properties into permament, temporary but sustained, short-term,
wind, and snow. The checks of all sections involve automatically created design stress
combinations (DSC). DSC factors which take into account the nature of the loading are assigned
by the software automatically on the basis of regulations from SNiP 2.01.07-85*.

The beam is supposed to be free from longitudinal forces; only the following force actions
are taken into account:

M, a bending moment;

0, a shear force.

The analysis can be done for a beam of a rectangular, tee or double tee section. A particular
arrangement of the rebars should be specified. The number and the diameter of the rebars can be
different on different segments along the beam.

Data are prepared on the tabs named General, Loads, Concrete, Crack Resistance, and
Segments, and the results are reviewed on the Appraisal Results tab.

General

The General tab (Fig. 34) is used to assign the number and lengths of the spans, define the
class and service factors for longitudinal and transverse reinforcement, specify the section’s type
and the thickness of the cover.

The number of spans (five at the most) is selected from the repective list. The presence of
cantilevers or immuring (clamped ends) is indicated by checking the respective checkboxes. The
lengths of the spans and cantilevers are specified in the appropriate edit fields.
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Fig. 36. The Loads tab
with the list of combinations
opened

To assign the geometric properties of the beam,
follow these steps:

U set a desired number of spans in the Number of
spans list (at most five, not counting the
cantilevers);

& the cantilevers (if there should be any) are defined
by checking the respective checkboxes, left
cantilever and/or right cantilever;

& enter the lengths of the spans and cantilevers in the
respective edit fields.

The shape of the section is defined following
standard rules described in Section 3.1.

A special checkbox, Allow for redistribution of
stresses, makes it possible to switch to a mode where
the curves of the moments and shear forces are
calculated taking into account a possible redistribution
of the stresses. This mode complies with the
recommendation (see [20]) that sets the maximum level
of moment (force) redistribution equal to 30%. It should
be noted that the phenomenon of redistribution is based
on plastic hinges, i.e. an unlimited crack opening width.
Therefore, when the Allow for redistribution of
stresses checkbox is on, the crack resistance analysis is
always off.

The appraisal of a given reinforcement makes use of
DSCs built from multiple loadings. The loadings are
added on the Loads tab (Fig. 35) following these steps:
U click the Create button (which means ‘create a

loading’);

& choose a type of the loading from the list
(permanent, temporary but sustained, short-term,
wind, or snow);

assign the load type (click a button that depicts a
desired distributed or concentrated load);

enter the design value of the load;

specify the sustained-part factor for snow or a short-
term load;

specify the safety factor for load;

use the Span drop-down list to choose a span or a
cantilever where the load is to be applied (the
selected span will be displayed in red);

click the Add button;

create and add other loads included in the current
loading.

Also, the application provides the capability of
defining a self-weight load on the beam (button i-r'J').

&sE FE &

& &

Depending on the load’s type, its properties may
include:
¢ an intensity of the load — for distributed loads;

e an intensity, a location, and a width of application
— for a distributed load upon a part of the span;
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e a magnitude of the force and its location in the span

— for a concentrated force;
e | Faeh | Femon e a magnitude of the moment and its location in the
— B S s S span — for a concentrated moment;
I |~ I | e a magnitude of the load at the beginning and at the
s end, a binding point (a point of application) — for a

trapezoid load.
No additional data are required to specify the self-
weight load.

All loads newly specified will belong to the current
loading until the next one is created. It should be noted

Fig. 37. The Support Reactions

dialog box that the Sustained-part factor and the Safety factor
for load relate to the whole loading, and the calculation
of DSC will use the last entered value. Having changed
Losigt any of the factors, click the Apply button.
o T 3
I - S P
» ' O K Carcdl
Fig. 38. The Table of Loads
dialog box

To delete the current loading, click the Delete button.

To edit a previously added loading, choose its No. from the list of Nos. of loadings.

If the Diagrams field (the list of data to be displayed) has the Distribution curves for
current loading item selected, then entering every new load will be followed by displaying the
loading’s schematic and the distribution curves of the moments and shear forces for the current
loading.

The All, Force, and Moment buttons let you choose a mode for displaying the distribution
curves. The moment and shear force diagrams can be displayed together, or you can have only
moments or only shear forces displayed.

Also, clicking the button ﬂ will display the calculated values of the support reactions
(Fig. 37).

In addition to the distribution curves of the moments and of the shear forces for each of the
involved loadings, the application calculates stresses which can be caused in every section of the
beam by the combination of the given loads. The combining rules comply with SNiP
2.01.07-85%*. The list of the combinations (Fig. 36) is located at the top of the distribution curve
dialog box and contains:

e extreme values of the moments and their respective shear force values;

e extreme values of the shear forces and their respective moment values.

The combinations are defined for either design or rated values of the loads, and also for the
case when only the permanent and sustained loads are applied, with their design or rated values
taken into account.

As you move the mouse across the distribution curve area, the screen shows values of the
moment and the shear force in the section (Fig. 35) which conforms to the current position of the
pointer.

If a load’s value should be changed or the load itself removed from a loading, use the table
of loads to do it (the button B in the Loadings group). The Table of Loads dialog box
(Fig. 38), that opens by clicking this button, displays the type, the magnitude, and the location of
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this particular load. Changes made to the properties of the load will be confirmed and saved after
you exit the table and click the OK button.

Concrete

Crack resistance

Segments of a beam
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Fig. 39. The Segments tab

[

Fig. 40. The Reinforcement
Layout dialog box

Properties of concrete are specified on the Concrete
tab in the way defined in Section 3.2.

Crack resistance data are specified on the Crack
Resistance tab according to the rules defined in
Section 3.4.

To specify reinforcement for a beam, each span or
cantilever of it is divided into a number of segments
(five at the most). The reinforcement is assumed to stay
the same within one segment. Each span or cantilever
can be divided into its particular number of segments.
The numbering of the segments goes from left to right.
Source data concerning the arrangement of
reinforcement on the segments are specified on the
Segments tab (Fig.39). This information is to be
entered separately for each span (cantilever). The dialog
box contains the following groups of controls:

e Span, where the number of segments on each span
or cantilever is to be defined;

e Lengths of segments specified as, where you use
radio buttons to define the way the lengths are
specified:

Absolute — to specify the lengths of the
segments in units of length (the units of length for
the spans are defined in the Application Settings
dialog box);

Relative — to specify the lengths of the segments
as percentage of the total span length;

e Bottom reinforcement S; — this group is used to
define the following, using appropriate checkboxes:

Different diameters — the presence of rebars of
different diameters in the same row of the bottom
reinforcement;

In two rows — the bottom reinforcement should
be installed in two rows (different diameters are
allowed only in the first row of the bottom
reinforcement). If the In two rows checkbox is
turned on, you should specify the clear distance
between the rows of reinforcement in the
Distance between rows edit field (always in
millimeters);

e Top reinforcement S, — similarly to the bottom
reinforcement;

e the Transverse reinforcement checkbox — when
turned on, the checkbox indicates there is transverse
reinforcement on the segment;

e the Side reinforcement checkbox — when turned
on, the checkbox indicates the presence of side
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reinforcement on the segment;
e the table of reinforcement properties, where the data

should be entered for each particular span selected in
the Span list. The number of columns in the table

— depends on settings made for the current span, and
Fig. 41. The Reinforcement Areas the number of lines depends on the number of
dialog box segments the span is divided into.

The lower part of the dialog displays data
concerning the arrangement of reinforcement on
segments of the current span.

. - . The reinforcement layout thus specified goes
| through verification in the Reinforcement Layout
dialog box (Fig.40) which opens after clicking the

1 r 7 | button [& . Reference information that includes
examples of beam reinforcement can be obtained with

s " | the button .

A “uniform” reinforcement can be specified for

Fig. 42. A material distribution rectangular-section beams using the button (see

curve Section 3.3).

The button lets you export the longitudinal rebar arrangement data to a format which can
be then imported into the AllPlan FT design software developed by Nemetchek. clicking this
button will open a standard Windows dialog box that asks for a folder and a filename. Specify
that information, and the data will be saved to a file with the .a extension.

Follow these steps to enter data on the Beam Segments tab:

©
©
©
©

©

©
®

choose the name of a span (cantilever) from the Span list, for which the data will be
entered;

set the number of segments in the selected span in the Number of segments list;

choose a radio button with the desired length specification method in the Lengths of
segments specified as group;

turn on the checkboxes in the Bottom reinforcement S; and Top reinforcement S,
groups to define additional features of reinforcement in the span (if the reinforcement is
arranged in two rows, the distance between the rows should be specified);

turn on the Transverse reinforcement and/or Side reinforcement checkboxes if you
need transverse and/or side reinforcement to be defined;

fill in the table by specifying the span lengths, the diameter and the number of rebars;
repeat the above steps for other spans of the beam.

Having finished the specification of source data for all spans, click the Calculate button.

Information about the areas of reinforcement AS;, AS,.... can be obtained in the
Reinforcement Areas dialog box (see Fig. 41) which appears after you click the Areas button.

This tab also contains a button that calls up a dialog box displaying a distribution curve of
materials (Fig. 42). The curve is built under the assumptions that the safety factor for load is 1.1
and the sustained-part factor is 1.0.

Appraisal results This tab (Fig. 43) opens automatically as soon as

you activate the appraisal mode (click the Calculate
button).

Results of the analysis that has been performed are
displayed as a table. The first and second columns of the
table list spans and segments. For each segment, the
Criterion column gives the description of a criterion for
which the limitation utilization factor achieves its
maximum, and the Factor column gives the value. The
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Fig. 45. The
Criteria Diagram dialog box

4.4

last column of the table presents a graphical
representation of the coefficients, where red bars denote
factors greater than one.

The dialog box provides the capability of switching
to the deflection analysis mode (click the Deflections
button to do it) where all source data including the
loadings are passed automatically. When switching from
the multiple-span  appraisal and reinforcement
proportioning modes to the deflection analysis mode, all
loadings are passed to the latter. The load for the
analysis is a combination of the loadings specified in the
respective dialog box (Fig. 44). By default, all loadings
in the combination, except for the first one, have their
factors equal to zero.

A report can be generated on the basis of the
analysis data (the Report button).

Clicking the Criteria button in the respective row
of the table that contains the results of the segment’s
appraisal will open the Criteria Diagram dialog box
(Fig. 45) with a detailed information about all appraisal
checks done for the segment and the respective factors.

Appraisal of a single-span beam

This multiple-tab dialog box (Fig. 46) is used to perform an appraisal of a single-span beam.
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Fig. 46. The Appraisal of Single-Span Beam dialog box

This mode is similar to Appraisal of Beam (see Section 4.3). There are differences, though:
only one length is specified for the beam, and the user is supposed also to choose a method of
fixation of the beam in its bending plane. The fixation is selected by clicking a button that
depicts the desired method of it. Also, the Loads tab does not require the user to indicate the
span to which the load is applied.

4.5 Beam deflection

This mode is used to calculate the deflections of a multiple-span beam under a given load.
The deflections are calculated for rectangular, tee, and double tee sections in compliance with
Sec. 4.31 of SNiP 2.03.01-84%*. (Sec. 4.3 of SP 52-101-03). The curvature takes into account
cracks in the tensioned area according to Sec. 4.27 of SNiP 2.03.01-84* (Sec. 4.3.3 of SP 52-
101-03). Source data are prepared on the General, Loads, Concrete, Operating conditions, and
Segments tabs, and results are reviewed on the Deflections tab that opens after the calculation is
done (the Calculate button).

The software provides the capability of switching between the appraisal modes and the
reinforcement proportioning modes for multiple-span beams, on one hand, and the deflection
analysis mode, on the other hand. The source data already specified in these modes will be
carried over automatically.

General The General tab is used to set a number and lengths
of spans, a class and service factors for longitudinal and
transverse reinforcement, a type of the beam’s section
and its sizes, a thickness of the cover.

This tab is similar to the respective tab in the
Appraisal of Beam mode (see Section 4.3).

Loads The deflections are calculated for a single loading
that may include concentrated and distributed loads. The
loads are specified on the tab under the same name;
working with it is similar to working with the Loads tab
of the Appraisal of Beam mode (see 4.3). The only
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Concrete

Operating conditions

Segments of beam

Deflections

< ARBAT - Beam dellection

difference is that the analysis is nonlinear (it allows for
the effect of cracks on the curvature), therefore it
involves only one loading.

To delete all loads, use the Delete button.

Properties of concrete are specified on the Concrete
tab according to the rules defined in Section 3.2.

Data concerning the operating conditions for the
construction are defined on the Operating Conditions
tab following the rules described in Section 3.4.

Segments of the beam are described on the tab
under the same name as in the Appraisal of Beam
mode (see Section 4.3).

This tab (Fig. 47) opens automatically after you turn
on the deflection analysis mode (by clicking the

e o et S Calculate button). Results of the analysis will be
displayed as a distribution curve or as a table (after you
g — click the Table button). The maximum deflection value
H ' is indicated in the respective field. A report can be
generated after the results of the analysis (to get it, click
g the Report button).
T —— If you click the Appraisal of beam button, you
. e switch to the beam appraisal mode. All data concerning
: ;Mwm the section, reinforcement, loads will be preserved.
e W P | &
Fig. 47. The Deflections dialog
box
4.6 Deflection of a single-span beam

This mode is used to determine the deflections of a single-span beam. The mode is similar to
the Beam Deflection mode (see Section 4.5). Peculiarities of the source data specification are
obvious — they follow from the difference between a single-span beam and a multiple-span one.

4.7 Appraisal of a column

This mode is used to perform the checks of constant-section columns for strength and crack
resistance. An eccentric compression/tension with a biaxial eccentricity is under consideration.
All appraisals involve automatically created design stress combinations (DSCs).

DSC factors which take into account the nature of loading are assigned by the application on
the basis of regulations from SNiP 2.01.07-85%*.

SNiP 2-03-01-84* does not define any rules for the second limit state analysis in a biaxial
state of stress. If this document is chosen to be the working design code, the following limitation
takes place:

the check for the first limit state should take into account the action of the following types of
stresses:

N, a longitudinal force;

M,, a moment that bends the member in the XoZ-plane with its vector along the Y-axis;

M., a moment that bends the member in the XoY-plane with its vector along the Z-axis;

Q., a shear force along the Z-axis;

0,, a shear force along the Y-axis;
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M,, a torque with its vector along the X-axis;

the checks for the first and second limit states should take into account only these types of
stresses:

N, a longitudinal force;

M,, a moment that bends the member in the XoZ-plane with its vector along the Y-axis;

0., a shear force along the Z-axis.

The analysis can be done for a column of a rectangular, tee, double-tee, annular, or round
section. The position of rebars in the section is supposed to be known beforehand and constant
over the length of a particular segment; it is the user who defines the number and lengths of
segments that the column is to be divided into.

Source data are prepared on the General, Loads, Concrete, Segments, and Crack
Resistance tabs, and the results are reviewed on the Appraisal Results tab.

General The General tab (Fig. 48) is used to specify the
e height of a column, its effective length factors, values of
G o Pt | e the random eccentricity. Following the standard rules
G [ " —_— (see Section 3), you provide information about the
Shechorghon  [r—] 2 Fimboiens . .
e M S ﬂ/ e section and the reinforcement classes for the column.
o . —— Also, the state of the Crack resistance analysis
— R checkbox defines whether the column should be
CH—C——— — analyzed for the second limit state, and the Static
B 7/z/0 /=" indeterminacy ch@ckbox deﬁngs whether‘ the col.umn
3 e o | swenn ||| belongs to a statically determinate or indeterminate
= structure.
= e The effective length factors and the random
eccentricities are specified following the same rules as in
Fig. 48. The the Resistance of Ferroconcrete Sections mode (see
General rab Section 4.1).

Loads The Loads tab (Fig. 49) is used to specify design
= values of loads applied as a longitudinal force and nodal
S e moments in the extreme sections of the column; these
|Z, %é e are to describe an interaction between the column and

A e the rest of the structure. Another admissible type of load

- =4 is a uniformly distributed lateral force or torque upon

'm [ ——— the column. Note that a positive longitudinal force

£ i cm i corresponds to compression in this mode. Depending on

. B - whether you are dealing with a uniaxial or biaxial state

- e of stress, you can specify the whole set of loads or only
- == ones that conform to a uniaxial eccentricity.

[ W Rmat | @ Hee

Fig. 49. The Loads tab

Follow these steps to define loads for each loading:

& click the Create button (which means to create a loading); this will add No. of the loading to
the respective list;

& choose a type of the current loading from the list of loading types (permanent, temporary but
sustained, short-term, wind, snow). The type of loading defines the combination factors in
compliance with SNiP 2.01.07-85%*, which stand before the loads of this loading when DSCs
are calculated;

& enter values that correspond to the current loading in the appropriate edit fields;
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% in the Sustained-part factor edit field, enter a value for this factor to be used with the
current loading;

% in the Safety factor for load, specify a value for this factor;

% click the Apply button.

After performing the latter operation, nodal forces Q; and O, which ensure the equilibrium
will be calculated automatically.

The Self-weigth checkbox helps automatically add a load caused by the column’s self-
weight to the current loading.

The button lets you see the distribution curves for the current loading upon the column
(Fig. 50).

D633

-3.32 0 -1.41

Fig. 50. Curves of stresses in a column

To delete the current loading, click the Delete button.

To edit a previously added loading (the editing mode allows only new loads to be added or
the whole loading to be deleted), choose its No. from the drop-down list of Nos. of loadings.
Having added new loads to the loading, click the Apply button.

Concrete Properties of concrete are defined on the Concrete
tab following the rules described in Section 3.2.

Segments of column Segments of the column are defined on the Segments
tab following the same rules as in the Appraisal of
Beam mode (see Section 4.3). The only difference is that
there is no list of spans, and the data are specified for all
segments together, their number being selected from the
Number of segments list. The numbering of segments in
a column goes from the bottom to the top.

Drafting a column

The application has a mode in which it creates automatically a set or working drawings for a

column (the Draft column button ). The drawings contain a specification, a bill of steel, a
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bill of parts, and a drawing of the reinforcement cage (if the cages are used) with its
specification.

The following peculiarities and limitations should be taken into account for the column

drafting process:

1. The drafting is available only for columns of a rectangular or annular section.

2. Longitudinal reinforcement in a column is always symmetric, i.e. S;=S,, and constant
over its height. To provide the source data, you need to specify only the diameter and the
spacing of reinforcement S, and S, will be taken care of automatically.

3. Reinforcement S; and S, can have only one row (if second row is specified, it will be
ignored).

4. One row (S; and S;) may not have less than two rebars.

5. A diameter and spacing must be specified for transverse reinforcement.

Note: As the transverse reinforcement is the same over the length of the column, it can be
defined on the first segment only; it suffices to specify the diameter and the spacing of the
transverse reinforcement for all the other segments.

After the drafting mode is launched, it checks the available source data, and if there are no
errors the Reinforcement Type dialog box is called up where you use controls available there to
choose a method of reinforcement: either with rebars or with cages. Making your choice and
clicking OK opens the Column Draft dialog box (Fig. 51) which contains a toolbar of control
buttons and a drawing field.

h% Column draft HE= E
Heaeaoag= o 5
R— ;I Stamp
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Fig. 51. The Column Draft dialog box

The toolbar contains buttons to perform the following actions:

° — Original view, — Zoom in, and — Zoom out — these three are used to

zoom in or out when viewing the document. When the picture is zoomed in, scrollbars
appear on the edges of the display field to help you navigate across the document. If your
mouse has a wheel, it can be rolled to duplicate the actions Zoom in (roll forward) and
Zoom out (roll backward).

. @ — Return to previous scale — set the scale which was used before invoking any of
the above commands;

37



Appraisal

o E| — Invert image — alter the view of the drawing (turn black-and-white into white-

and-black and vice versa);

@l — Magnifier — clicking this button will open a pane (at the bottom of the drawing)
where a magnified part of the drawing in the vicinity of the mouse pointer will be
displayed (Fig. 52);
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Fig. 52. The Draft Column dialog box — using the magnifier
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o — Print — sends the document to a printing device (to make a hard copy). A

standard dialog box, Print, opens up where you should choose a device you want to send
the document to and change its properties if necessary;

= Save — if you want to polish your document before making a hard copy of it, you
can generate a DXF file, which is one of the AutoCAD file formats. Clicking this button
will open a standard dialog box, Save As, where you specify a name for the drawing, a
folder to save it in, and a format (either DWG or DXF);

The Title block button opens a dialog box under the same name where you fill in the fields

of the title block, form 3, according to GOST 21.101-97. (When the drawing of the
reinforcement cage is being generated, you are suggested to fill in the title block, form 4).

Output documents can be generated in the A3 or A4 format. The cage drawing is always

output in the A4 format. Choose the desired format in the Drawing drop-down list that includes
the following items:

Column (A3 format) — the drawing of the column with its sections, a specification, a bill
of steel, and a bill of parts is arranged on a single sheet of the A3 format;

Column, sheet 1 (A4 format) — the A4 format is used; the first sheet contains the drawing
of the column with its sections, the bill of parts, and the title block;

Column, sheet 2 (A4 format) — the A4 format is used; the second sheet contains the
specification, the bill of steel, and the title block;

Cage (A4 format) — if reinforcement cages are used, the sheet will contain a drawing of
the cage on a single A4 sheet, with the specification and the title block. If the
reinforcement consists of separate rebars, this option will not be available.

Crack resistance When SNiP 2.03.01-84* is used, the state of the

Crack resistance analysis checkbox on the General tab
defines whether a check of the column’s reinforcement
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Appraisal results
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Check.

for crack resistance is needed. If the analysis is based on
SP 52-101-03, this checkbox is always on.

Crack resistance data are specified on the Crack
Resistance tab following the steps described in
Section 3.4.

This tab (Fig. 53) opens automatically as soon as the
appraisal mode is activated (with the Calculate button).

Results of the analysis are displayed as a table. The
first column of the table lists Nos. of segments. For each

anstanes of Winsseis
cemert ST by toegue

segment, the Check column displays the name of the
criterion that produces the greatest value of the load-
bearing ability utilization factor, and the Factor column
displays the value itself. The last column of the table
presents a graphical representation of the factors where
red bars denote values greater than one.

A report can be generated after the results of the
analysis (the Report button).

Similarly to the Appraisal of Beam mode (see
Section 4.6), the Criteria buttons in the table let you
have a detailed information about all checks performed
for each segment of the column.

wa W R | & Heo

Fig. 53. The
Appraisal Results tab

4.8 Appraisal of a slab

This mode is used to perform an appraisal of a given structural scheme of a rectangular field
of a solid slab. We can distinguish between slabs that can be bent in one direction and those that
can be bent in two directions, depending on the ratio of the lengths of their sides.

The field of a slab can be either a whole structural member in a structure or a building (like a
floor panel over a rectangular hole) or a part of a ribbed slab. The load-bearing ability of the slab
is determined from the limit equilibrium conditions according to a procedure defined in the
Guide to SNiP 2.08.01-85 [17] and the Instruction Manual for analysis of statically indeterminate
ferroconcrete constructions, with redistribution of stresses taken into account [18].

To perform the appraisal of a slab, a limit value of the uniformly distributed load is
compared with an overall load caused by the specified loadings.

The application performs the check of:

e the load-bearing ability of the slab with a bending moment caused by the overal
uniformly distributed load as a criterion, counting or not counting the load-bearing
ability of the anchors;

e the load-bearing ability of the slab with a shear force caused by the overal uniformly
distributed load as a criterion;

e the load-bearing ability of the slab with cracks in the slab’s span and along the lines of
support as a criterion;

e the maximum crack opening width in the span and in the supported sections of the slab;

e the maximum deflection of the slab.

Features of the current version
e For slabs that can be bent in one direction only, the application
implements regulations of the Guide to SNiP SNiP 2.08.01-
85 [17] which allow the limits of the bending moments in the
span and on the supports to be increased by 20%;
e For slabs that can be bent in two directions, the application
implements the regulation of Instruction Manual [18] which
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allows the limit of the uniformly distributed load to be
increased by 10%;

e only sections in the vicinity of supports are checked for
resistance to the shear force;

e the check of formation of cracks and their opening width is
performed only for sections normal to the longitudinal axis of
the slab.

Support conditions for the slabs:

(a) for slabs that can be bent in one direction, the support conditions are defined on two sides
only. At least one side should be clamped. The other side of the slab can be clamped, simply
supported, or free from support. This way of combining the possible support conditions permits
to simulate extreme or middle spans of continuous “beam-like” slabs, where the second and the
next spans of the continuous slab are not distinguished between one another. In all cases, the
distribution of the stresses is assumed to be the same as that in the second span from the slab’s
edge. These support conditions permit also to analyze the slab as a separate structural member in
all practically important cases:

(b) for slabs that can be bent in two directions, the sides can be either clamped or simply
supported. One of the shorter sides of the slab can be free from supports.

In all cases, the loads are assumed to be uniformly distributed over the area of the slab.

The slabs are checked for strength and crack resistance to comply with SNiP 2.03.01-84*
(SP 52-101-03).

Source data are prepared on the General, Loads, Concrete, and Crack Resistance tabs,
and results are reviewed on the Appraisal Results tab.

General This tab (Fig. 54) is used to enter data that describe
AT = a structural scheme of the slab, the diameter, class, and
T e spacing of rebars, and the diameter of anchor bars (for
e Torrle | aeee || slabs in two-direction bending), the thickness of bottom

emda e %—l—‘ Wi |l and top covers, service factors for reinforcement, and

i, | e, | O | e | O the allowable deflection limit. Anchor bars can be

w ArEs s . .|| installed on the clamped sides of the slab only. The
Free F 1 ] 0 = . .
" Ba g — : j reinforcement class for the anchor bars is assumed to be
s the same as that for the working reinforcement. The
¢ A Lol Vot of dafacion 1 wn . . .
H|‘ o e — anchors are made of single rebars installed in one row.
e, = ol [
Lowwer. cm
T M 4 Coleudus
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Fig. 54. The

General tab
To select a structural scheme for the slab, use an appropriate checkbox to indicate its type of
behavior (bending in one or two directions), specify the length of the slab, and its sizes along

axes X (Ly) and Y (L,). If the ratio of the lengths of the sides is three or less (that is, E—xs3 or
y

~

L—y <3), the slab should be treated as one capable of bending in two directions.
Support conditions for every face of the slab are assigned by selecting appropriate radio

buttons: Free (edge), Simply Supported (edge), or Clamped (edge), which indicate the way the

slab is supported by its lower structures or the way interior areas of the slab are supported by

ribs. For clamped faces, the Anchoring group of checkboxes is used to indicate the presence of

anchors.

Active columns and rows in the slab reinforcement table depend on a given design decision.
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The Areas button provides reference information about the areas of reinforcement per
meter of length of the slab.
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Fig. 55. The Loads tab

Concrete

Crack resistance

Appraisal results

The slab is checked for action of only distributed
loads over its whole area. It is the user who is responsible
for making the uniformly distributed loads out of real
ones. This tab (Fig.55) is used to specify uniformly
distributed loads. The analysis involves only one
combination of loads. The loads are specified in the same
way as described in Section 4.3.

The tab contains a checkbox, Add self-weight of
slab. If the checkbox is turned on, the application will
add the self-weight load automatically to the list of loads.

Properties of concrete are specified on the Concrete
tab according to the rules defined in Section 3.2.

Limitations of the current version

o the grade of concrete cannot be lower than V12,5;

e fine-grained concrete can be of either group A or B
only;

e a natural humidity is assumed for concrete. Water
saturation, or alternate water saturation and drying,
are not taken into account.

Crack resistance data are specified on the Crack
resistance tab according to the rules defined in
Section 3.4.

The result of the appraisal is a value of Kn.x (a
maximum value of the given criterion) which is displayed
at the bottom of the dialog box. A complete list of all
criteria (checks) can be obtained by clicking the Criteria
button. This will open a standard dialog (see Section 1.1)
containing a list of all checks.

A report can be generated after the results of the
analysis (using the Report button).
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5. Local strength

All modes of this group perform an appraisal (verification) of ferroconcrete structural
members, including fixings in concrete, under a local action of loads in compliance with
SNiP 2.03.01-84* [5] and taking into account requirements and recommendations of the Guide
to SNiP 2.03.01-84* [7] (the Guide to SP 52-101-03), Manual of engineering of concrete and
ferroconcrete constructions made of heavy-weight concrete [15], another Manual of engineering
of concrete and ferroconcrete constructions made of heavy-weight concrete [16],
Recommendations on engineering of steel fixings in ferroconcrete constructions [14].

The structural scheme is assumed to be known, in the sense that we know the load
application area, methods of junction between members etc., and we also know what additional
transverse reinforcement is needed to ensure the local strength.

Working with these modes is in no way different from working with the appraisal modes.

5.1 Local compression (SNiP 2.03.01-84%)

This mode implements checks of ferroconcrete structural members for local compression in
compliance with Sec. 3.39 through 3.41 of SNiP 2.03.01-84* [5]. All structural schemes of
ferroconcrete members presented in Drawing 15 of SNiP 2.03.01-84* are implemented.

The appraisal procedures include checks for a longitudinal force of members both with an
additional lateral reinforcement by transverse mats and without the lateral reinforcement.

Depending on the presence of the lateral reinforcement, one of the following criteria is
analyzed:

e strength based on local compression conditions for a non-reinforced cross-section;

e strength based on local compression conditions for a cross-section reinforced by mats.

General
This tab (Fig. 56) is used to specify:

w§ ARBAT - Local comnpression

—— e a scheme for the local compression analysis and
e P m T e sizes of the load application area (shown as a
s darkened rectangle in the schematic);
T . e a design load with its distribution over its
o [m application area indicated (whether uniform or
g non-uniform);
= S ) |
R e the presence of lateral reinforcement.
E":‘%“” h': : — T ot mere
; - :r C::l: @ He
Fig. 56. The General tab (SNiP
2.03.01-84%*)
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Fig. 57. Loading schemes (as per
SNiP 2.03.01-84%)
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Fig. 58. The Mats tab

Concrete

The scheme of loading (Fig. 57) is selected by pointing
at an appropriate icon; it conforms to one of schemes
presented in Drawing 15 of SNiP 2.03.01-84*.
Modifications of the loading schemes defined by
Drawing 15 are described in the Features of the current
version section.

When the Lateral reinforcement by bar mats
checkbox is on, the Mats tab becomes accessible for
entering source data (Fig. 58).

This tab is used to define:
the cover of concrete;
the vertical spacing of the mats;
the number of the mats;
the class of reinforcement, which is assumed to be
the same for rebars in both directions;

e the diameter, the spacing, and the number of rebars
parallel to the X-axis;

e the diameter, the spacing, and the number of rebars
parallel to the Y-axis.

Properties of concrete are specified on the Concrete
tab in the same way as defined in Section 3.2.

Features of the current version

Loading schemes (c) and (d) of Drawing 15 of SNiP
2.03.01-84* are merged into one image.

Loading scheme (f) of Drawing 15 of SNiP 2.03.01-
84* has been modified. The application suggests the
capability of specifying multiple application points for
the same loads (see Fig.57) similarly to schemes (c)
and (d). The method of determining the local area of
bearing is the same as in schemes (c¢) and (d).

The vertical spacing of the mats and the number of the mats are verified using formulas
(198) and (199) from Section 3.94 of the Guide to SNiP 2.03.01-84* [7].
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Limitations of the current
version

The limitations of the current version depend on
the following circumstances:

e whether it is legitimate to do the check for local
compression (it depends on the ratio between the
lateral sizes of the member of interest and the
sizes of the load application area);

e how the lateral reinforcement by flat mats is done;

e constructional limitations of the classes and
diameters of rebars used, the spacing between
rebars in mats and between the mats, and other
limitations defined in documents [7], [15], [16].
Limitations related to the legitimacy of a check are

terminal: once they are violated, the respective analysis

is prohibited.

Limitations related to the constructional
requirements are not terminal, and they allow to
perform the analysis, but the user gets a warning in
the report and on the screen that the limitations have
been violated. Some of the limitations are
implemented “rigidly”: you are permitted to choose
certain values from a limited list only — for example,
the number of mats, the reinforcement class etc. Other
kinds of limitations do no more than produce
warnings in the reports and on the screen.

These are constructional limitations implemented
in the current version of the software:

e the number of lateral reinforcement mats is 2 to 4;

e the concrete cover to reinforcement is 10 to
20 mm;

e the vertical distance between the mats (the mat
spacing) is 60 to 150 mm;

e the reinforcement classes are Vr-I, A-I, A-II, A-III
as per SNiP 2.03.01-84* and A400S as per TSN
102-00 [5];

e the diameters of rebars, depending on their class,
are 3 to 14 mm;

e the distance between the bars of the mats (the bar
spacing) in either direction is 50 to 100 mm.

5.2 Local compression (SP 52-101-03)

This mode implements checks of ferroconcrete structural members for local compression
according to requirements of Sec. 6.2.43 through 6.2.45 of SP 52-101-03. All designs of
ferroconcrete members shown in Fig. 6.11 of SP 52-101-03 are implemented.

Both members with additional lateral reinforcement by transverse mats and members
without such are checked for the action of a longitudinal force. Depending on the presence of
lateral reinforcement, one of the following criteria is investigated:

e strength based on local compression conditions for a non-reinforced section;
e strength based on local compression conditions for a section reinforced by mats.
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General
This tab (Fig. 59) is used to choose the following:

ol Yl e a loading scheme for the local compression

- = - analysis, and sizes of the load application area (it

T is shown on the schematic as a darkened

e — rectangle);

U -L-Ij e adesign load and the way it is distributed over the
— area of application (uniformly or non-uniformly);
- i n o the presence of lateral reinforcement.
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Fig. 59. The

General tab

M El The scheme of loading (Fig. 60) is selected by pointing

at an appropriate icon; it conforms to one of schemes

% ﬁ m @ presented in Fig. 6.11 of SP 52-101-03.

Fig. 60. Loading schemes as per SP If the Lateral reinforcement by flat mats checkbox
52-101-03 is enabled, the Mats tab becomes accessible for entering
source data (Fig. 58); its contents are similar to those of
the respective tab in the analysis complying with SNiP
2.03.01-84*.

Concrete Properties of concrete are defined on the Concrete tab
according to rules described in Section 3.2.

Features of the current version

The vertical spacing between the mats and the
number of the mats is checked using formulas (198) and
(199) of Section3.94 of the Guide to SNiP
2.03.01-84* [7].
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Limitations of the The limitations of the current version depend on the
current version following circumstances:

e whether it is legitimate to do the check for local
compression (it depends on the ratio between
the lateral sizes of the member of interest and
the sizes of the load application area);
e how the lateral reinforcement by flat mats is
done;
e constructional limitations of the classes and
diameters of rebars used, the spacing between
rebars in mats and between the mats, and other
limitations defined in documents [7], [15], [16].
Limitations related to the legitimacy of a check are
terminal: once they are violated, the respective analysis is
prohibited.
Limitations related to the constructional
requirements are not terminal, and they allow to
perform the analysis, but the user gets a warning in the
report and on the screen that the limitations have been
violated. Some of the limitations are implemented
“rigidly”: you are permitted to choose certain values
from a limited list only — for example, the number of
mats, the reinforcement class etc. Other kinds of
limitations do no more than produce warnings in the
reports and on the screen.
These are constructional limitations implemented in
the current version of the software:
e the number of lateral reinforcement mats is 2
to 4;

e the concrete cover to reinforcement is 10 to
20 mm;

e the vertical distance between the mats (the mat
spacing) 1s 60 to 150 mm;

e the reinforcement classes are A240, A300,
A400, A500, V500 according to [6];

e the diameters of rebars, depending on their

class, are 10 to 14 mm;

e the distance between the bars of the mats (the

bar spacing) in either direction is 50 to
100 mm.
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5.2  Punching (SNiP 2.03.01-84")

This mode implements a check of slab-like structures
for punching (there is no transverse reinforcement) in
compliance with Sec.3.42 of SNiP 2.03.01-84*and
Sec. 3.98 of the Manual of engineering of heavy-weight
concrete [16]. The subject of consideration includes both
constructions with an additional lateral reinforcement of
vertical bars located within the punching pyramid and
constructions without any lateral reinforcement.

Depending on the presence of lateral reinforcement,
one of the following criteria is analyzed:

e strength based on punching conditions, without

additional reinforcement;

e strength based on punching conditions, taking

additional reinforcement into account.

General The General tab (Fig. 61) is used to specify:

o the sizes of the slab’s base;

o the sizes of the load application area;

o the height of the slab (H), or the working height of
the section (#) where:

e /i is the distance from the slab’s top to the center of
gravity of bottom reinforcement (selection is made
by enabling an appropriate radio button). If the slab

Mong the side A B

PR i O o height parameter H is used, the value of % is taken
o - equal to 0.9H,
ke [ - e the resultant of the punching load brought to the
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center of the load application area;
a uniform load (in particular, equal to zero) applied
Fig. 61. The General tab to the base of the slab, which resists to punching.
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When the Additional vertical reinforcement
checkbox is enabled, the following data need to be
specified:

e the class and the diameter of vertical rebars that
make up the mats and are parallel to the sides of
the slab;

e the number of rows of vertical bars parallel to the
sides of the slab;

e the position of first rows with respect to the load
application area;

e the number of rows of vertical rebars along each
side of the base;

e the spacing (the distance between the rebars in a
row);

o the number of rebars in rows.

Clicking the button displays a picture of the

arrangement of rebars according to the specified
parameters of the additional vertical reinforcement.

Concrete Properties of concrete are specified on the Concrete
tab following the steps defined in Section 3.2.
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Features of the current
version

The requirement of Sec. 3.42 of SNiP 2.03.01-84*
that the punching force should act on a “limited area” is
implemented in the following way: the area is
recognized as “limited” if the inclination of the side
faces of the punching pyramid to the horizon does not
exceed 68°. This limitation complies with fifth
paragraph of Sec. 3.42 of SNiP 2.03.01-84*.

The punching is analyzed for slab-like constructions
only. Steps in the slabs (such as foundation jumps) are
not taken into consideration.

The vertical punching load and the load applied to
the base of the slab is assumed to spread uniformly over
their aplication areas.

There is supposed to be no eccentricity in the
application of the loads.

The next-to-last paragraph of Sec.3.42 of SNiP
2.03.01-84* is not implemented.

Additional lateral reinforcement is implemented
only as vertical mats with working vertical rebars. The
mats are parallel to the sides of the slab, are symmetric,
and do not fall within the load application area. The
location of mats nearest to the load application area is
such that they always fall within the punching prism.

The requirement of Sec. 5.29 of SNiP 2.03.01-84*
is implemented; it concerns the installation of additional
reinforcement against possible punching.
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Limitations of the The limitations of the current version depend on the
current version following circumstances:

e whether it is legitimate to do the check for
punching, which depends on the ratio between the
lateral sizes of the slab and the sizes of the load
application area;

e the ratio of the punching load and the pressure
under the base of the slab;

e constructional limitations of the used classes and
diameters of rebars, of the spacing between rebars
in the mats and between the mats, other limitations
stated in documents [7], [15], [16].

Limitations related to the legitimacy of checks and to
the ratios of loads are terminal: once they are violated, the
analysis is prohibited.

Limitations related to the constructional requirements
are not terminal, and they allow to perform the analysis,
but the user gets a warning in the report and on the screen
that the limitations have been violated. Some of the
limitations are implemented “rigidly”: you are permitted
to choose certain values from a limited list only — for
example, the number of rebar rows, the reinforcement
class etc. Other kinds of limitations do no more than
produce warnings in the reports and on the screen.

Below are constructional limitations implemented in
the current version of the software:

e the allowed reinforcement classes are Vr-I, A-I,

A-II, A-III as per SNiP 2.03.01-84*, and A400S
as per [6];

e the allowed diameters of rebars depending on
their class are 3 to 14 mm;

e the minimum spacing between rebar rows is
defined by Sec. 5.29 of SNiP 2.03.01-84%*;

e the distance of first row of rebars from the load
application area may not be less than 30 mm or
greater than the spacing between the rows;

e the total number of rebar rows along any of the
sides is 2 to 10;

e the number of rebars in each row must be the
same in any row along the same side; it may not
be less than 2 or greater than 10.

The appraisal check analyzes the number of rows and
the number of rebars in the rows which fall within the
punching prism. In any of the rebar rows or particular
rebars in the rows are out of the punching prism, a
message is generated for the report and displayed on the
screen.
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5.3  Punching (SP 52-101-03)
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This mode implements a check of slab-like structures
for punching in compliance with Sec. 6.2.46-6.2.52
SP 52-101-03 [9]. The subject of consideration includes
both constructions without any lateral reinforcement and
constructions with an additional lateral reinforcement of
vertical bars arranged in the cross-section of a slab’s
fragment uniformly or in a crosswise manner. In the
general case, the analysis involves a combined action of a
longitudinal compressive force and a bending moment.

All checks defined by Sec. 6.2.46-6.2.52 of SP 52-
101-03 are implemented.

This tab (Fig. 62) is used to specify:

o the footprint sizes of the slab;

e the sizes of the load application area and, if
necessary, its binding to the slab’s edges;

o the height of the slab (H), or working heights of
the sections for longitudinal reinforcement along
the X and Y axes (to make a choice, use an
appropriate radio button). If the source data
consists of the slab’s height, H, then the working
heights of the sections are averagely equal
to 0.9H;

e the resultants of the punching load (the
longitudinal force and the bending moments)
brought to the center of the load application area;

o the location of the load application area — near a
free edge of the slab (Fig. 63) or in its middle part

(Fig. 64).
If the Reinforcement checkbox is enabled, you
specify the arrangement of reinforcement — either

uniform (Fig. 65-66) or crosswise (Fig. 67-68);
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Properties of concrete are specified on the Concrete
tab following the steps defined in Section 3.2.

The Reinforcement tab (Fig. 69) is used to specify:
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Fig. 69. The Reinforcement tab

the class and the diameter for vertical rebars that
make up mats parallel to the sides of the slab;

the minimum distance from the reinforcement to
the load application area;

the number of rows of vertical rebars parallel to the
sides of the slab;

the spacing (the distance between rebars in a row);
the spacing between the rebar rows.
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FeatL_Jres of the current
version

The punching is implemented for slab-like
constructions only.

An approach to the free edges of a slab (for various
schemes of punching) is taken into account only when
the distance from the load application area to the free
edge exceeds 3 working heights (hy) of longitudinal
reinforcement in the slab along one of the axes, X, Y
(free plate’s edge), or both axis X, Y (free plate’s
corner). The punching analysis cannot be done when the
free edge of the slab falls within an area which is nearer
to the load application area than half the working height
of the slab.

Lateral reinforcement is symmetric in both cases
(uniform or crosswise) with respect to axes X, Y.

Transverse reinforcement is taken into account by
the analysis within the full pyramid of punching, with an
offset of hy from the load application area to either side.

52



Local strength

Limitations of the
current version

Here follow the limitations of the current version of
the software imposed by design codes:
e the punching analysis cannot be done when the ratio
of the bending moments used in the analysis to the
ultimate bending moments exceeds the ratio of the
longitudinal forces used in the analysis to the ultimate
ones that concrete can resist (see Sec. 6.2.46 of SP
52-101-03);
e lateral vertical reinforcement is implemented only in
the case when the load application area is located in
the middle of the slab;
e if the load application area is located near the edge of
the slab, the requirement of the last paragraph of
Sec. 6.2.49 of SP 52-101-03 is to be complied with;
e in the implementation of the last paragraph of
Sec. 6.2.52 of SP 52-101-03, the moments of section
of transverse reinforcement are equal to those of
concrete;
e there are other constructional limitations of classes
and diameters of rebars that can be used, of the
spacing between rebars in mats and between mats,
and other limitations stated in documents [7], [15],
[16].
An additional lateral reinforcement is implemented
only as vertical mats with vertical working rebars. The
bar mats are parallel to the sides of the slab and do not
fall within the load application area. The location of the
mats nearest to the load application area is such that they
always fall within the punching prism.
Limitations related to the legitimacy of checks and to
the ratios of loads are terminal: once they are violated, the
respective analysis is prohibited.
Limitations related to the constructional requirements
are not terminal, and they allow to perform the analysis,
but the user gets a warning in the report and on the screen
that the limitations have been violated. Some of the
limitations are implemented “rigidly”: you are permitted
to choose certain values from a limited list only — for
example, the number of rebar rows, the reinforcement
class etc. Other kinds of limitations do no more than
produce warnings in the reports and on the screen.
These are the constructional limitations which are
used:
e the allowed reinforcement classes are A240, A300,
A400, A500, V500 according to the document;

o the allowed rebar diameters, depending on the
reinforcement class, are 6 to 40 mm;

¢ the arrangement of rebars complies with Sec. 8.3.15 of
SP 52-101-03.
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5.4 Tearing

This mode implements checks of joints of ferroconcrete structural members for tearing in
compliance with Sec. 3.43 of SNiP 2.03.01-84*, Sec. 3.97 of the Guide to SNiP 2.03.01-84*, and
Sec. 3.121 of the Manual of engineering of concrete and ferroconcrete constructions made of

heavy-weight concrete [15].

Additional reinforcement is always present in the area where the joint to be checked is

The check analyzes the criterion of strength based on conditions of local tearing.

located.
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The General tab (Fig. 70) is used to select one of
four schemes subject to the tearing check (Fig. 71).

First scheme is a monolithic ferroconcrete floor
where beams join in the top area.

First scheme is a monolithic ferroconcrete floor
where beams join in the bottom area.

Third scheme is an abutting steel beam (a double tee
is shown in the figure). The abutting beam is defined by
its height and its cross-section’s width.

Fourth scheme is a concentrated force applied by
hanging a weight through a hole in the beam.

To choose reinforcement for the area of tearing by
either vertical bars or stirrups, use an appropriate radio
button in the Reinforcement group.

Having selected a joint scheme, you need to specify:
e the design load;

e the sizes of the supporting and abutting beams (for

schemes 1 through 3);

e the sizes of the supporting beam, the location and the

sizes of the hole (for scheme 4).

For any of the schemes, you need to specify for the
supporting beam its height (H), or the working height of
the section (%) where /4 is the distance from the top of the
beam to the center of gravity of bottom reinforcement (to
choose, use an appropriate radio button). If the height
parameter, H, is used, the value of /4 is taken as 0.9H;

Bottom reinforcement is assumed to be arranged in
one row over the height of the beam.
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Fig. 72. The Reinforcement tab

Features of the current

version

Depending on a reinforcement scheme, this tab is
used to specify data about vertical rebars (Fig. 72, a) or
stirrups (Fig. 72, b).

For the vertical bar reinforcement, the following
should be specified:

e the class and the diameter of reinforcement;

e the number of rebar couples on each side of the

abutting beam;

o the distance from the abutting beam to the first

of the rebars;

o the distance between the rebars.

For the stirrup reinforcement, the following should
be specified:
e the class and the diameter of reinforcement;
e the number of stirrups;
e the sizes of the stirrups (in the check of fourth
scheme, the size of the horizontal part of the
stirrup is not required).

There is an important issue, how to transfer the load
from the abutting beam to the supporting one. The
following approach is used:

e in the check of schemes 1,2 (joints between
ferroconcrete beams), the load is transferred at the
level of the center of gravity of the compressed
concrete area in the abutting beam. The height of
the compressed area of concrete is assumed by
default to be equal to 40% of the abutting beam’s
height (it is possible to change the height of the
compressed area);

e in the check of scheme 3 (a steel beam abutting), the
load is transferred uniformly over the height of the
abutting beam;

e in the check of scheme 4 (suspension of a weight
through a hole in the beam), the load is transferred
at the level of the hole’s bottom, and the width of
the load transfer area is assumed to be equal to half
of the hole’s diameter.

Additional reinforcement (vertical rebars, stirrups)
is installed symmetrically with respect to the joint.

The last paragraph of Sec.3.97 of the Guide to
SNiP [7] is not implemented.
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Limitations of the The following reinforcement methods can be used
current version with various structural schemes of the joints:

¢ reinforcement by vertical rebars can be used in

schemes 1, 2, 3;
e reinforcement by stirrups can be wused in
schemes 1, 3, 4.

Limitations related to the design arrangement of a
joint are terminal; once they are violated, the analysis is
prohibited.

Limitations  related to the  constructional
requirements are not terminal, and they allow to perform
the analysis, but the user gets a warning in the report
and on the screen that the limitations have been violated.
Some of the limitations are implemented “rigidly”: you
are permitted to choose certain values from a limited list
only — for example, the number of rebars or the
reinforcement class. Other kinds of limitations do no
more than produce warnings in the reports and on the
screen.

These are the constructional limitations that are
used:

e the number of couples of rebars on each side in the
reinforcement by vertical bars is one to three;
e if stirrups are used for reinforcement, then the

number of those is 1 to 3;

e the distance between vertical bars is at least 50 mm;
e the classes of reinforcement are Vr-1, A-1, A-II, A-III
as per SNiP 2.03.01-84* [5] and A400S as per TSN

102-00 [6];

o the diameter of the rebars (depending on the class)

is 3 to 14 mm;

The check determines the number of stirrups and
bars that fall withint the area of tearing. If any of the bar
do not fall within the area of tearing, a message is
displayed on the screen and included in the report.

5.5 Fixings

This mode implements checks of anchors of welded steel fixings which consist of a flat plate
and a normal or/and oblique anchor welded to it.

The exterior side of the plate of a fixing belongs to one plane with the exterior surface of its
respective ferroconcrete member.

The checks comply with Sec. 3.44 through 3.46 of SNiP 2.03.01-84* and Recommendations
on engineering of steel fixings [14].

Three types of anchors are subject to checking:

e normal anchors butt-welded to the plate;

e normal anchors butt-welded to the plate in combination with oblique anchors lap-welded

to the plate;
e oblique anchors welded to the plate by submerged arc welding.
Both oblique and normal anchors can have reinforcing parts on their ends.
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The strength of the fixing’s plate is not subject to checking because there is no information
about the design of a bearing part supported by it (a table, a rib etc.). The only criterion being
checked is the compliance of the thickness of the plate and the diameters of the anchors with

welding specifications.

The plate of a fixing is not specified to include additional retaining parts or devices that
transfer some part of the lateral load onto concrete.
The following criteria are subject to checking for each of the types of anchors taken into

consideration:

e the strength of a most stressed anchor;

e the immured length of an anchor in tension;

e bearing of concrete under the reinforcement of a most compressed anchor;

e spalling of concrete under an anchor in tension on the edge of a ferroconcrete member (in
case when the distance from the edge of the fixing to the edge of the member is

specified).
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The General tab (Fig. 73) is used to specify:

o the type of a fixing;

e attachment of the anchors of the fixing to the
working reinforcement of the member (if there is
an attachment, only the strength of the anchors
will be subject to checking);

e the class of steel for the plate of the fixing, the
class and the diameter of the anchor’s
reinforcement (anchors of the same type are
assumed to have the same diameter and the same
class of reinforcement);

e properties of concrete (follow the same
conventions as in the Section Resistance mode);

¢ loads on the fixing, brought to the center of the
exterior surface of the plate.

A fixing of first type can transfer 6 force components
to a ferroconcrete member: 3 forces along the coordinate
axes and 3 moments with their vectors parallel to the
respective axes. Positive directions of the force and
moment vectors are shown in Fig. 74.

A fixing of second or third type can transfer only
three force components belonging to the XoZ plane to a
ferroconcrete member (Fig. 74).
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Design parameters
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This tab (Fig. 75-77) is used to specify the following

for each type of fixings:

distances from the edges of a fixing to the faces of the
ferroconcrete member along the coordinate axes (in
cases when the General tab indicates the presence of
these limitations);

reinforcing of the anchor bars;

the thickness of the fixing plate;

lengths of the anchors;

the number and arrangement of anchors on the fixing;
the angle of slope of the anchors (only for 2™ and 3™
type fixings).
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Limitations
current version

of

the

The limitations of the current version are based on
constructional limitations of the classes and diameters of
rebars used for anchors, distances between the anchors,
ratios of the plate thickness and the anchor bar diameters,
the minimum number of anchors, and other limitations
presented in SNiP 2.03.01-84* and Recommendations on
engineering of steel fixings [14].

Limitations related to the legitimacy of checks are
terminal: once they are violated, the analysis is
prohibited.

Limitations related to the constructional requirements
are not terminal, and they allow to perform the analysis,
but the user gets a warning in the report and on the screen
that the limitations have been violated. Some of the
limitations are implemented “rigidly”: you are permitted
to choose certain values from a limited list only — for
example, the reinforcement class. Other kinds of
limitations do no more than produce warnings in the
reports and on the screen.

Here are the constructional limitations:

e the anchor bars can be made of reinforcement of
Class A-I, A-II, A-III, A-IV, and A-400;

e the diameter of reinforcement can be 8 to 25 mm
depending on the reinforcement class;

e limitations on the arrangement of reinforcement
comply with Sec. 5.5 of the Recommendations [14];

e the number of rows of anchors bars can be 1 to 4
depending on the fixing type. The number of anchor
bars in each of the rows is also 1 to 4;

o the plane of the bending moment (A, M,) must have
at least two normal or oblique anchors installed in it.
To resist the torque (M.), at least two normal anchors
must be installed;

e the size of a reinforcing part at the end of the anchor
is not particularized. The diameter of the reinforcing
part is assumed, conditionally, to be equal to three
diameters of the anchor. If the anchors are made of
Class A-I reinforcement, then the reinforcing parts
are always present.
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Features of the current Special features of this implementation are based on

version assumptions and limitations for checks defined in SNiP
2.03.01-84* and the Recommendations [14]. They are as
follows:

e when checking concrete for bearing under the
anchor’s reinforcement, the effective area of concrete
is always assumed to be greater than the area of the
anchor reinforcement. The ¢s factor according to
Sec. 3.39 of SNiP 2.03.01-84* is always 2.5;

e when checking concrete for bearing under the
anchor’s reinforcement, it is assumed that there can be
a crack in concrete along the anchor;

e it is assumed in the check of the immuring length of a
tensioned anchor that the whole anchor is in the
tensioned area of concrete, to have a reserve of
strength. Formula (62) of the Recommendations [14]
assumes ., = 0,7 and @, = 1;

e there is no check of punching of concrete under
anchors in tension.

5.6 Short cantilevers

This mode is used to check short cantilevers for the action of a lateral force, to ensure the
strength of a compressed oblique strip between the load and the support in compliance with
Sec. 3.34 of SNiP 2.03.01-84* and Sec. 3.99 of the Guide to SNiP [7].

The check is performed after all necessary conditions and requirements to the short can-
tilevers are fulfilled. The principal condition is S; < 0,9hy where hp=h—a, is the working height of
the cantilever’s section at the support, S; is the distance from the interior face of the bottom part
of the column to the end of the beam’s area of bearing. Only one-sided cantilevers of three types
are under consideration: a rectangular one, one with a slope to support a beam, and one with a
slope to support a crane runway beam. To choose the cantilever type, click on the respective
icon.

%5 ARBAT - Short cantilevers
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The General tab (Fig. 78) is used to specify:

a joint type (Fig. 79):

(a) the cantilever is a support for a crane runway beam,;
(b) the cantilever is a support for a beam;
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e the sizes of the cantilever and the column:
the height of the cantilever in the section at the
support, h; the height of the free end of the
cantilever, hy; the outreach of the cantilever, L; the
actual length of the beam’s area of bearing along the
outreach of the cantilever, L,; the distance from the
interior face of the column to the side face of the
beam, a; the height (of the section) of the top part of
the column, ¢;; the height (of the section) of the
bottom part of the column, c¢;; the width of the
column or the cantilever, b; the distance from the
top face of the cantilever to the center of gravity of
the longitudinal reinforcement, ay;

e the method of joint between the beam and the
column’s cantilever;

e the capacity of the crane, Q, that works in the span
between the columns, if the cantilever is a support
for a crane runway beam;

e the load, Q. on the cantilever caused by the
imposed weight;

e the moment in the beam’s section on the edge of the
cantilever, in case the beam and the cantilever are
joined rigidly;

e the class and the diameter of longitudinal (working)
reinforcement;

e the class, the diameter, and the spacing of transverse
reinforcement (stirrups).

The Concrete tab is generally similar to those
described in the previous modes; the one here does not
need hardening conditions to be specified but requires a
service factor for concrete, ypo.
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Featl_Jres of the current
version

Admissible cantilevers can have haunches with any
angle of slope. When a cantilever is 100 mm high or
lower, or it has the outreach of L; = 100...150 mm, it
can be designed to be rectangular.
The overall dimensions of the cantilevers are set on
the following basis: the height of the cantilever, h, in its
section at the suppot may not be less than 250 mm; the
height of the free edge, hy, of cantilevers that bear
precast crane runway beams is taken as follows,
depending on the capacity of the crane, Q:
Q < 5tons — h; 2300 mm,
5 tons <Q < 15 tons — h; > 400 mm,
Q > 15 tons — h; 2 500 mm;

and the condition h; > (1/3)h must hold.

The strength of the oblique compressed strip
between the load and the support is checked no matter
there is or there is no transverse reinforcement.

When a beam is supported by a cantilever, the Q.
force is applied to the center of gravity of a punching
triangle, i.e at the distance of 1/3 L, from the edge of the
cantilever. When the Fixed area of bearing checkbox is
enabled, the Q. force is applied at a given distance, L,
from the interior face of the top part of the column.
Also, in this case the user must specify the length of the
load transfer area, Lgup. This area is assumed to be
symmetric with respect to the application point of the Q.
load.

The width of the cantilever, b, is set equal to the
width of the column. The width of the horizontal beam,
bi, is set to be less than or equal to the width of the
cantilever.

Two junctions between the beam and the column
are taken into consideration: a hinged junction, and a
rigid joint — it is immured and the beam’s lower
reinforcement 1s welded to the cantilever’s
reinforcement via fixings. If, in the rigid joint, the M;
moment puts the lower face of the beam in tension, then
the moment should be used with the “minus” sign.

Transverse reinforcement for the cantilevers
consists of:
e at h < 2.5C — oblique stirrups over the whole
height of the the console;
e at h>2.5C — bent rebars and horizontal stirrups
over the whole height of the the console;
here C is the distance from the interior face of the
bottom of the column to the application point of
force Q..
The spacing of the stirrups is (in all cases) no less
than h/4 and no greater than 150 mm.
By default, the transverse reinforcement of the
cantilever is implemented as two-branch stirrups (thus
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the design formulas will include the double area of the
transverse rebar specified in the dialog box).

In case when the transverse reinforcement consists
of four-branch stirrups (the respective option should be
selected), the design formulas will contain the quadruple
area of transverse reinforcement.

In all cases when the outreach of the cantilever, L,
is less than the length of the area of bearing, L,, the
analysis should take into account only the load on the
cantilever located within the outreach.

Concrete of the cantilever under the area of bearing
is subject to checking; the bearing stress in places where
the load is transferred onto the cantilever may not
exceed Rp,1oc (Sec. 3.39 of SNiP 11-23-81%), otherwise
the class of concrete should be upgraded or the area of
load bearing should be increased. In the check for local
compression, the bearing area is taken equal to its
effective design value.

In the check of longitudinal reinforcement, when the
beam joins stiffly to the column, one of limitations of
the horizontal force, N,, depends on the height and
length of a corner weld that connects fixings of the
beam with the cantilever. The least leg of the seam, K,
is assigned in such way so as to comply with Table 38*
of SNiP II-23-81%*; depending on the type of weld, the
yield point of steel, the thickness of the thicker of the
members to be welded together, it varies between 3 and
12 mm. The design strength of the corner welds for
shear in the metal, Ryy, is taken from Table 56 of SNiP
[1-23-81* depending on the electrode type (for E42,
E42A it is 180 MPa; for E46, E46A it is 200 MPa; for
E50, E50A it is 215 MPa; for E60 it is 240 MPa; for
E70 it is 280 MPa; for E85 it is 240 MPa). The length of
the corner weld, 1, that connects the fixings in the beam
and in the column is determined by the sizes of the
fixings, but it cannot exceed the double length of the
area of load bearing along the outreach of the cantilever,
2L,, and it cannot be less than 4Kj.
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Limitations of the
current version

Reinforcement

Concrete

Limitations related to the design arrangement of the
joint are terminal: once they are violated, the respective
analysis is prohibited.

The application operates only the class and the
diameter of longitudinal and transverse reinforcement,
therefore it is the user who accepts full responsibility for
arrangement of reinforcement in the bulk of the
cantilever, installation of proper anchoring (Sec. 5.14 of
SNiP 2.03.01-84* and Sec. 5.45 of the Manual [7]) for
longitudinal (working) reinforcement, and the form of
transverse reinforcement (see recommendations above).

The use of stiff reinforcement to reinforce a
cantilever of a limited height is out of consideration.

Limitations related to the constructional require-
ments are not terminal, and they allow to perform the
analysis, but the user gets a warning. Some of the limita-
tions are implemented “rigidly”: you are permitted to
choose certain values from a limited list only — for
example, the least leg of a seam, the reinforcement class
etc.

The longitudinal reinforcement and bent rebars of
the cantilevers should be of Class A-III; Class A-II is
also acceptable.

The stirrups and lateral rebars should be of
Class A-L.

Properties of concrete are specified on the Concrete
tab following the steps defined in Section 3.2.
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6. Reinforcement proportioning

6.1 Reinforcement proportioning for a beam

This mode is used to proportion reinforcement in multiple-span continuous beams of
constant cross-sections using the criteria of strength and crack resistance which comply with
SNiP 2.03.01-84* (SNiP 52-01-2003, SP 52-101-03). The subject of consideration is a planar
bending of a beam under distributed and concentrated loads combined into loading patterns
(loadings). The latter can be classified by their physical origin and properties into permanent,
temporary but sustained, short-term, wind, and snow. The proportioning is performed for design
stress combinations (DSC) created automatically. The DSC factors that take account of the
nature of a particular loading are assigned by the application in compliance with SNiP
2.01.07-85%.

The beam is supposed to be free from longitudinal forces; only the following force actions
are taken into account:

M, a bending moment;

0, a shear force.

The analysis can be done for a beam of a rectangular, tee, or double tee section. The results
of the analysis consist of the areas of top and bottom reinforcement on the segments, and the area
and spacing of rebars of transverse reinforcement. The reinforcement thus proportioned is
assumed to be the same along a particular segment, and the user should set the number and
lengths of segments that the beam is divided into.

Source data for the proportioning are entered on the General, Loads, Concrete, Crack
Resistance, and Segments tabs, and results are reviewed on the Results tab.
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General tab

The General tab (Fig.80) is used to assign
geometrical characteristics to a multiple-span beam,
specify its section’s type, enter the sizes of the section
and the distance to the center of gravity of the rebars,
define the number and lengths of segments in the span,
indicate the type and service factors for longitudinal and
transverse reinforcement. Entering all this information is
similar to working with the Appraisal of Beam mode
(see section 4.3).

The number of segments for each span (cantilever)
is selected from the Number of segments drop-down
list. No. of the span is selected from the Span list.

The Lengths of segments specified as group is used
to assign the method of length specification using
appropriate radio buttons:

e Absolute — to specify the lengths of the

segments in units of length;

e Relative — to specify the lengths of the

segments as percentage of the total span length.

Depending on the way the lengths are specified, you
should fill the table with either the lengths of the
segments or the respective percent fractions for each
span.

The shape is assigned to the section in the standard
way (see Section 3.1). Just note that the distances to the
center of gravity of reinforcement, a; and a,, should be
specified.

The arrangement of longitudinal and transverse
reinforcement in the sections is shown in the respective
Figs. 81 and 82.

This tab is also used to specify a maximum
allowable percentage of reinforcement; when this value
is exceeded, it means the proportioning of reinforcement
has failed.

The way to take account of redistributed stresses is
described in the Appraisal of Beam section; the
respective checkbox should be enabled.
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Fig. 81. Arrangement of “areas” of longitudinal reinforcement Fig. 82. Arrangement of

transverse reinforcement

Loads Following the same procedure to specify the loads as
described in the Appraisal of Beam mode (see
Section 4.3).

Concrete Enter the characteristics of concrete on the Concrete
tab following the same steps as in Section 3.2.

Crack resistance Specify crack resistance data on the Crack

Resistance tab following steps defined in Section 3.4.
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Results

< AREBAT - Propostioning ol reinforcement lor 3 beam

Fls Mode Seltings Sarvics belp

Germesl| Loadk | Corcreln | Ciack rosmlance | Remis |
[rosa s, a0 5, tommetc) - oo B
Totie 8

LEL) LET)

aa o feoi | Hes

Fig. 83. The Results tab

i

e L™ R 2| a3 21 01

wan | 1 torsl 17 2152 (] 2152 1%

pan ¥ 1 el 1347 1173 L] 137 are

W b Legend

Fig. 84. The Reinforcement
Results dialog box
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In addition, if the third category of crack resistance
has been selected, you have to specify the diameters of
rebars of longitudinal and transverse reinforcement.

If the distance to the extreme row of longitudinal
reinforcement is greater than that to the center or gravity
of reinforcement defined on the General tab, it means a
two-row reinforcement is required and, respectively, the
reinforcement will be proportioned for the two-row
arrangement.

By using the results of the reinforcement area
proportioning and the Discrete Reinforcement service
tool (see Section 8.5), you can determine the needed
diameter and number of rebars. If the diameter of rebars
turns out to be different from one specified in the Crack
Resistance window, you will have to vary the diameter
of longitudinal rebars and do a new calculation.

Having prepared the source data, launch the
proportioning process by clicking the Calculate button.
After that, the Results tab will open (Fig. 83) and display
distribution curves for the results of the proportioning.
The form of representation for the results, the
reinforcement percentage, and the crack opening width
are selected from the drop-down list located in the top left
corner of the window. For segments shown in red, the
proportioning of reinforcement has failed. Information
about the reason for this can be obtained from the table of
results (the reason can be a maximum allowed percentage
set by the user).

Depending on what is set in the list, the distribution
curves can be displayed separately for each type of
reinforcement or in couples. For example, you can have
the curves AS; and AS; displayed together. Clicking the

L&

button Preview Reinforcement, will open the
Reinforcement Layout dialog box that shows areas of
the proportioned longitudinal reinforcement in sections of
each span of the beam. If the reinforcement proportioning
has failed, the respective section is displayed in red.

Tabular data are displayed in a separate dialog box,
Reinforcement Results (Fig. 84) which opens by clicking
the Table button. Results of the proportioning for each
segment are displayed on one line, if the crack resistance
criterion does not require any additional reinforcement, or
on two lines if such a reinforcement is required. The first
line shows the overall reinforcement (for strength and
crack resistance) and the second line shows the area of
reinforcement added to ensure crack resistance.

If no reinforcement has been proportioned for a
particular segment, the respective line of the Type column
will display information about reasons why the error has
occured.

Depending on the choice in the Output transverse
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Fig. 85. The Rebar Diameters reinforcement group, the area of transverse
dialog box reinforcement (stirrups) can be shown for a design value
of the spacing (the Default spacing option) calculated
during the proportioning or for a value specified by the
user. In the latter case, click the Apply button after you
enter the spacing.

A report can be generated on the basis of reinforcement proportioning results (the Report
button), which includes a schematic of the beam and schemes of loadings upon it, sizes of the
section, properties of concrete and reinforcement, distribution curves for forces included in the
loadings, and curves and a table of the proportioning results.

The application suggests the capability of passing the reinforcement proportioning results to
the deflection calculation mode (the Deflections button) or to the appraisal mode (the Appraisal
button). These two modes work with a particular reinforcement scheme for which the rebars are
defined automatically on the basis of diameters specified on the Crack Resistance tab (the
rebars are arranged in one row, and if the number of the rebars is greater than 40, an error
message is generated). If the analysis has been done for the first category of crack resistance,
then the diameter of the rebars should be specified by the user in the Rebar Diameters dialog
box (Fig. 85) that opens after the above-said modes are called up.

6.2 Reinforcement proportioning for a single-span beam

D L T = This mode is similar to Reinforcement
e e ] Proportioning for Beam (see the previous section). The

. R differences are as follows:

— e e only the length of the beam needs to be specified

| [ M (Fig. 86);

—| = e e a system of fixations should be chosen for the beam
—— e |n aT|E T in the plane of its bending (to choose a fixation
— . o [ S EDF method, depress its respective button);

Mt [1 e no stress redistribution is taken into account;
- TN e the Loads tab does not need to know the span to
(0] A ot Helg

which the load is applied.
Fig. 86. The General tab in the

mode of reinforcement
porportioning for a single-span
beam

6.3 Reinforcement proportioning for a column

This mode is used to proportion the reinforcement area for a column of a constant section to
comply with the criteria of strength and crack resistance defined by SNiP 2.03.01-84* (SNiP 52-
01-2003, SP 52-101-03). An eccentric compression/tension with a biaxial eccentricity is under
consideration. All checks of the column’s sections involve automatically created design stress
combinations (DSCs). DSC factors which take into account the nature of loading are assigned by
the application on the basis of regulations from SNiP 2.01.07-85%*.

When the proportioning complies with SNiP 2.03.01-84%*, it is performed only for the first
limit state with the following set of force actions:

N, a longitudinal force;

M,, a moment that bends the member in the XoZ-plane with its vector along the Y-axis;

M., a moment that bends the member in the XoY-plane with its vector along the Z-axis;

0., a shear force along the Z-axis;

0,, a shear force along the Y-axis;

M,, a torque with its vector along the X-axis;
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Otherwise, the following force actions are under consideration:

N, a longitudinal force;

M,, a moment that bends the member in the XoZ-plane with its vector along the Y-axis;

0., a shear force along the Z-axis;

When the analysis is to comply with SNiP 52-01-2003, the second limit state can be used
with an arbitrary set of N, M,, and M.. The analysis can be done for a column of a rectangular,
tee, double-tee, or annular section. The results of the analysis include the areas of symmetric or
asymmetric longitudinal reinforcement, and the area and spacing of transverse reinforcement on
the segments of the column. The reinforcement thus proportioned is assumed to remain constant
throughout a particular segment. It is the user who choses the number and length of the segments
the column is divided into.

Source data are prepared on the General, Loads, Concrete, Segments, and Crack
Resistance tabs, and the results are reviewed on the Results tab.

General
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The General tab (Fig. 87) is used to specify the
height of the column, its section’s type and sizes, the
distance to the center of gravity of reinforcement,
effective length factors and values of the random
eccentricity. You also choose the number of segments to
divide the column into, assign classes and service factors
for longitudinal and transverse reinforcement. Also, the
state of the Crack resistance analysis checkbox defines
whether it is necessary to proportion the reinforcement
for the second limit state, and the Statically
indeterminant checkbox specifies whether the column

belongs to a statically indeterminate structure or to a
statically determinate one.

The number of segments in the column is set in the
Number of segments drop-down list.

The Lengths of segments specified as group lets you use radio buttons to define the way the
lengths are specified:
e Absolute — to specify the lengths of the segments in units of length;
e Relative — to specify the lengths of the segments as percentage of the total span length.

Depending on the way the lengths are specified, you should fill the table with either the
lengths of the segments or the respective percent fractions for each segment. The numbering of
the segments goes from the bottom to the top.

To choose a section shape, click the button that depicts the desired shape and enter the sizes
and the distances to the center of gravity of reinforcement, a; and a,, in the respective fields. The
selected shape goes through verification in the Section dialog box which opens by clicking the

L&

button ==
The arrangement of longitudinal and transverse reinforcement in the sections is presented in
the respective Figs. 88 and §9.
The effective length factors and the random eccentricities are specified in the same way as in
the Resistance of ferroconcrete sections mode (see Section 4.1).

Fig. 87. The
General tab
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Fig. 88. Arrangement of “areas” Fig. 89. Arrangement of
of longitudinal reinforcement transverse reinforcement
Loads Properties of loadings are specified on the Loads tab
following the same steps as described in the Appraisal of
Column mode (see Section 4.3).
Concrete Properties of concrete are specified on the Concrete
tab following the same steps as described in Section 3.2.
Crack resistance Crack resistance data are specified on the Crack
Resistance tab following steps described in Section 3.4.
The tab is always accessible for analyses based on
SNiP 52-01-2003 and when the Crack resistance
analysis (SNiP 2.03.01-84%*) checkbox is enabled on the
General tab.
Results Having prepared the source data, launch the

proportioning process by clicking the Calculate button.
After that, the Results tab will open (Fig. 90) and display
distribution curves for the results (the area of
reinforcement, the percentage of reinforcement, the crack
opening width). The form of representation for the results
is selected from the drop-down list in the top left corner of
the window. For segments shown in red, the proportioning
of reinforcement has failed (this depends on the maximum
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Fig. 91. The Reinforcement
Results dialog box

reinforcement  percentage defined by the user).
Information about the reason for this can be obtained from
the tables of results.

Depending on what is set in the list, the distribution
curves can be displayed separately for each type of
reinforcement or in couples. For example, you can have
the curves AS; and AS, or AS; and AS, displayed

together. Clicking the button @, Reinforcement
Preview, will open the Reinforcement Layout dialog
box that shows areas of the proportioned longitudinal
reinforcement in sections of each segment of the column.
If the reinforcement proportioning has failed, the
respective section is displayed in red.

Tabular data are displayed in a separate dialog box,
Reinforcement Results (Fig. 91) which opens by clicking
the Table button. Results of the proportioning for each
segment are displayed on one line, if the crack resistance
criterion does not require any additional reinforcement, or
on two lines if such a reinforcement is required. The first
line shows the overall reinforcement (for strength and
crack resistance) and the second line shows the area of
reinforcement added to ensure crack resistance.

If no reinforcement has been proportioned for a
segment, the respective line of the Type column will
display information about reasons why the error has
occured.

Depending on the choice in the Output transverse
reinforcement group, the area of transverse
reinforcement (stirrups) can be shown for the design value
of the spacing (the Default spacing option) calculated
during the proportioning or for one specified by the user.
In the latter case, click the Apply button after you enter
the spacing.

A report can be generated after the results of
reinforcement proportioning (the Report button), which
includes a schematic of the column and parameters of its
loadings, sizes of the section, properties of concrete and
reinforcement, a table of the proportioning results.

The application suggests the capability of passing the
proportioning results to the reinforcement appraisal mode
(the Appraisal button). The number of rebars is
determined by the same rules as in the Reinforcement
Proportioning for Beam mode (see Section 6.1).

Features of the current version

Analysis of eccentrically compressed members

According to Section 3.24 of SNiP 2.03.01-84%*, the
structural analysis of such members is based on the non-
deformed shape of a structure, where at the flexibility of
lo/i > 14 the effect of the member’s deflection on its
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strength should be taken into account (/y is an effective
length of the member, i is a radius of inertia in the plane
of loading of the member’s cross-section).

Analysis of weakly reinforced cross-sections
When calculating the crack opening width for a
weakly reinforced section, at M = M., the cracks get too
widely open. The application reduces the value of a in
the range M. < M < M, by multiplying it by a factor
that takes account of the work of tensioned concrete
above the crack [18].

Limitations of the current version

When the design code to comply with is SNiP
2.03.01-84*:

There is no analysis of ferroconcrete members made
of cellular, porous, or tensioning concrete.

There is no analysis of prestressed ferroconcrete
members.

There is no analysis for endurance.

When doing the second limit state analysis, there is
no analysis of crack closing.
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7. Geometrical characteristics

This mode is used to calculate numerical geometrical characteristics of a section. The
section itself and data concerning its concrete and reinforcement are specified according to rules
defined earlier (see Section 3). Results are displayed on the Geometrical Characteristics tab in
the form shown in Fig. 88, they consist of an area, moments of inertia of the concrete and
transformed section, a percentage of reinforcement. These pieces of data can be used in static or
dynamic structural analysis. For example, if you specify the stiffness of a bar element in the
SCAD environment in a numerical-parametrical form and use data obtained from the
Geometrical Characteristics mode, you will have the effect of reinforcement taken into
account.

ARBAT - Geometric properties

File Mode Settings Service Help
General | Concrete | Reinforcement  Geometric properties
Uitz of 1=
Parameter Walle RV
A |Sectional aiea 1500 i
Ay | Conventional shearing | 1355.932 o # Z
A,z |Conventional shearing 1355 932 cmd 20 D;Q 20
o |&ngle of principal inerti: 30 degree F | H
| Inertia moment about ¢ 213333.333 | ot = o o : o o =
I, |Inertia moment about ¢ 213333.333 | ot o
|, | Tarzional moment of ine 360960 o . : « |z
iy |Radiuz of inertia sbout | 11547 cm o
L |Radius of inertia about 11.547 cm . ™
Yy | M awimum resisting mor 10686.667 | o? v
W, | Minimum resisting morm 10666667 el =] Cocosmcccccoocoobocaconomocaeana T .
W, | Maximurn resisting mor 10666667 e g
.. | Minimum resisting mormi 10666.667 | oy . : .
Wy | Plastic resisting mormen 16000 o : =
o | Plastic resisting momen 16000 e . ) . @
I, | Masimumn inertia momer 213333.333 | ot I :
I, |Minimum inertia momen 213333.333 | ot o o 3 o o
d, |Radiuz of gyration alon 6667 =11 p ' —=z
4, |Radius of gpration alon 6.667 cm L} 40 {)l
4, |Radiuz of gpration alon B GG crm
4, |Radius of gyration alon 6.6ET cm
P |Perimeter 160 cm
A | Area of transformed zeq 1651952 £
Y T T Y=Y W tats) le LI
EED] W Repart | o Help |

Fig. 88. The Geometrical Characteristics dialog box
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8. APPENDIX

8.1 On seismic actions

The ARBAT application does not know the notion of “seismic load”. The reason is that
Sec. 2.14 of SNiP II-7-81* “Construction in seismic regions” [3] demands to use an additional
service factor greater than 1 (see Table 7 of SNiP II-7-81%). When a structure is analyzed for
combined action of multiple loads (structural constructions are nearly always subjected to more
than one load at a time), one of them being seismic, SNiP formally requires than this coefficient
should be used even in cases when the fraction of the seismic action is small comparing to other

(sustained) loads. This requirement may produce “dangerous results”.
The user can always take seismic effects into account by setting appropriate service factors
for concrete and reinforcement.

8.2 Design code documents implemented in the ARBAT
environment
Mode References to clauses of regulations
SNiP 2.03.01-84* SNiP 52-01-03
SP 52-101-03
Concrete class | Table 12, 13 of SNiP 2.03.01-84* | Sec. 2.1.1, Table 2.1-1, 2.1-2, 2.1-3 of
SP 51-101-03

Sec. 5.1.1-5.1.3 of SNiP 52-01-03

Concrete grade

Table 11, 13 of SNiP II-21-75

Table 11, 13 of SNiP I1-21-75

Reinforcement

Table 19, 22 of SNiP 2.03.01-
84%*;
GOST 5781-82

Sec. 5.3.1-5.3.3 of SNiP 52-01-03
Sec. 2.2.1, Table 2.2-1, 2.2-2 of SP
51-101-03

Service factors

Table 15-17 of SNiP 2.03.01-84*

Sec. 5.2.3, 5.4.3 of SNiP 52-01-03
Sec. 2.1.2.3,2.2.2.2,2.2.2.3 of SP 51-
101-03

Deflection limits

Table 19, 21, 22 of SNiP
2.01.07-85*

Table 19, 21, 22 of SNiP 2.01.07-85*

Resistance of f/c
sections

Sec. 3.10-3.12, 3.15-3.20, 3.24,
3.26, 3.28, 3.30, 3.32 of SNiP;
Sec. 3.1, 3.11-3.23, 3.50-3.54,
3.61-3.62, 3.64-3.68, 3.30-3.33,
3.40,4.2-4.4,4.7-4.9, 4.11 of the
Guide to SNiP 2.03.01-84* [7]

Sec. 4.2.6,5.1.3, 5.1.8-5.13,
5.1.17-5.1.22,5.1.24,5.2.3,
5.2.6-5.2.12, 6.2.1-6.2.3, 6.2.16,
6.2.21-6.2.34,6.2.37, 7.1.2-7.1.3,
7.2.2-7.2.5,7.2.11-7.2.12,7.2.14,
7.2.15 of SP 52-101-03;

Sec. 4.3, 5.2.1-5.24, 54.1-544,
6.1.6, 6.2.1, 6.2.8-6.2.11, 6.2.13,
6.3.1, 6.3.4, 6.4.1-6.4.5 of SNiP 52-
01-2003;

Sec. 3.29-3.35, 3.52, 3.71, 4.28 of the
Guide to SP 52-101-2003

Resistance of
concrete
sections

Sec. 1.21, 3.1-3.5, 3.6, 3.8, 3.30,
3.32 SNiP 2.03.01-84%*;

Sec. 3.54, 4.4 of the Guide to
SNiP 2.03.01-84*.

Sec.4.1.2,4.2.6,5.1.3,5.1.8-5.1.13,
5.1.17-5.1.22,5.1.24,6.1.2, 6.1.7,
6.1.8,6.1.11,6.2.16,6.2.21-6.2.31 SP
52-101-03;
Sec.5.2.1-5.2.4,6.1.6,6.2.1,6.2.5,
6.2.6 of SNiP 52-01-2003;

Sec. 3.29-3.35, 3.52, 3.71, 4.28 of the
Guide to SP 52-101-2003
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Mode

References to clauses of regulations

SNiP 2.03.01-84*

SNiP 52-01-03
SP 52-101-03

Beam deflection

Sec. 4.24,4.27-4.31 of

SNiP 2.03.01-84%*;

Sec. 4.12-4.19, 4.21, 4.22 of the
Guide to SNiP 2.03.01-84* [7]

Sec. 5.1.3,5.1.8-5.13,
5.1.17-5.1.23,5.2.3,
5.2.6-5.2.12,6.2.1,6.2.2,
6.2.21-6.2.34,7.1.2-7.1.3,7.2.5,
7.2.11,7.3.1,7.3.3,7.3.4,7.3.7,7.3.8,
7.3.16 of SP 52-101-03;

Sec. 5.2.1-5.2.4,5.4.1-5.4.4,6.1.6,
6.2.1,6.2.8,6.2.10,6.2.11, 6.2.13,
6.3.1,6.3.4,6.5.1,6.5.3,6.5.4 of
SNiP 52-01-2003;

Sec. 4.17,4.18,4.20-4.22,4.27,4.28
of the Guide to SP 52-101-2003

5.5, 5.16 of SNiP 2.03.01-84*;
Sec. 18, 19; Sec. 6.19, 6.23, 6.29,
6.37, 6.40, 6.42-6.44, 6.46, 6.49,
6.50 of the Guide to SNiP
2.03.01-84*[7]

Appraisal of Sec. 3.10-3.12, 3.15-3.18, 3.30, | Sec. 5.1.3,5.1.8 —5.13, 5.1.17-
beam 3.32 of SNiP 2.03.01-84%; 5.1.22,5.1.24,5.2.3,5.2.6-5.2.12,

Sec. 3.1, 3.11-3.23, 3.30-3.33, | 6.2.1,6.2.2,6.2.21-6.2.34, 7.1.2—

3.40,4.2-4.4,47-49,4.11 of the | 7.1.3,7.2.2-7.2.5,7.2.11-7.2.12,

Guide to SNiP 2.03.01-84* [7] 7.2.14,7.2.15 of SP 52-101-03;
Sec.4.3,5.2.1-5.2.4,5.4.1-5.4 .4,
6.1.6,6.2.1,6.2.8, 6.2.10,6.2.11,
6.2.13,6.3.1,6.3.4,6.4.1 —6.4.5 of
SNiP 52-01-2003;

Sec. 4.28 of the Guide to SP 52-101-
2003
Appraisal of Sec. 3.10-3.12, 3.19-3.20, 3.24, | Sec. 4.2.6, 5.1.3, 5.1.8-5.13,
column 3.26, 3.28, 3.30, 3.32 SNiP | 5.1.17-5.1.22,5.1.24,5.2.3,

2.03.01-84%; 5.2.6-5.2.12,6.2.1-6.2.3, 6.2.16,

Sec. 3.1, 3.50-3.54, 3.61-3.62, | 6.2.21-6.2.34,6.2.37,7.1.2-7.1.3,

3.64-3.68, 3.30-3.33, 340, 42— | 7.2.2-7.2.5,7.2.11-7.2.12,7.2.14,

4.4,4.7-4.9, 4.11 of the Guide to | 7.2.15 of SP 52-101-03;

SNiP 2.03.01-84 [7] Sec.4.3,5.2.1-5.2.4,5.4.1-5.4 .4,
6.1.6,6.2.1,6.2.8-6.2.11,6.2.13,
6.3.1,6.3.4,6.4.1-6.4.5 of
SNiP 52-01-2003;

Sec. 3.29-3.35, 3.52, 3.71, 4.28 of the

Guide to SP 52-101-2003
Appraisal of Sec. 2.3, 2.12-2.14, 2.17, 2.26, | Sec.5.1.3, 5.1.8, 5.1.9, 5.1.13, 5.2.1,
slab 2.30,4.1,4.2,4.5,4.13,4.14,5.3, | 5.2.2,5.2.3,5.2.6,5.2.10, 8.3.1, 8.3.2,

8.3.3, 8.3.4 of SP 52-101-03;
Sec. 18, 19 of the Instruction Manual
[18]
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Mode References to clauses of regulations
SNiP 2.03.01-84* SNiP 52-01-03
SP 52-101-03
Reinforcement | Sec. 3.10-3.12, 3.15-3.18, 3.30, | Sec. 5.1.3, 5.1.8 — 5.13, 5.1.17-
proportioning | 3.32 of SNiP 2.03.01-84%; 5.1.22, 5.1.24, 52.3, 52.6 — 5.2.12,
for beam Sec. 3.1, 3.11-3.23, 3.30-3.33, 6.2.1, 6.2.2, 6.2.21 — 6.2.34, 7.1.2 —
3.40,4.2-4.4,47-49,4.11 ofthe | 7.1.3, 7.2.2 — 7.2.5, 7.2.11-7.2.12,
Guide to SNiP 2.03.01-84* [7] 7.2.14,7.2.15 of SP 52-101-03;
Sec. 4.3, 5.2.1 — 524, 54.1 — 544,
6.1.6, 6.2.1, 6.2.8, 6.2.10, 6.2.11,
6.2.13, 6.3.1, 6.34, 6.4.1 — 6.4.5 of
SNiP 52-01-2003;
Sec. 4.28 of the Guide to SP 52-101-
2003
Reinforcement | Sec. 3.10-3.12, 3.19-3.20, 3.24, | Sec. 4.2.6,5.1.3,5.1.8-5.13,
proportioning | 3.6, 3.28, 3.30, 3.32 of SNiP |5.1.17-5.1.22,5.1.24,5.2.3,
for column 2.03.01-84%; 52.6-52.12,6.2.1-6.2.3, 6.2.16,
Sec. 3.1, 3.30-3.33, 3.40, 3.50- | 6.2.21-6.2.34,6.2.37,7.1.2-7.1.3,
3.54, 3.61-3.62, 3.64-3.68, 42— | 7.2.2-7.2.5,7.2.11-7.2.12,7.2.14,
4.4,4.7-4.9, 4.11 of the Guide to | 7.2.15 of SP 52-101-03;
SNiP 2.03.01-84* Sec.4.3,5.2.1-5.2.4,5.4.1-5.4 4,
6.1.6,6.2.1,6.2.8-6.2.11,6.2.13,
6.3.1,6.3.4, 6.4.1-6.4.5 of SNiP 52-
01-2003;
Sec. 3.29-3.35, 3.52, 3.71, 4.28 of the
Guide to SP 52-101-2003
Local Sec. 3.39-3.41 of SNiP 2.03.01- | Sec. 6.2.43-6.2.45 of SP 52-101-03
compression 84*;
Sec. 3.94 of the Guide to SNiP
2.03.01-84*
Punching Sec. 3.42, 5.29 of SNiP Sec. 6.2.46-6.2.52 of SP 52-101-03
2.03.01-84%;
Sec. 3.98 of the Manual [16]
Tearing Sec. 3.43 SNiP 2.03.01-84%*;
Sec. 3.97 of the Guide to SNiP
2.03.01-84* [7];
Sec. 3.121 of the Guide to SNiP
2.03.01-84* [15]
Fixings Sec. 3.44-3.46 SNiP 2.03.01-84*
Short Sec. 3.34 SNiP 2.03.01-84%*;
cantilevers Sec. 3.99 of the Guide to SNiP
2.03.01-84* [7]
8.3 Formula calculator

The formula calculator can be launched from the SCAD Office program group by clicking

EEIH(
the icon . The Tools menu can be used to start either the standard MS Windows calculator
(provided it has been installed with the system) or a special kind of calculator (Fig. 89) that
performs calculations of formulas.
The calculator takes a formula specified in its input field and does the calculation of it. The
following rules should be observed when entering a formula:
e names of functions must be entered in lowercase Roman letters;
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o the fractional and the integral parts of a number are separated by a period;

e arithmetic operations are specified by symbols +, —, *, /, * (raising to a power), for example,
2.5%2.5*2.5 can be written also as 2.5"3.
The following mathematical functions can be used in the formulas:

&= Frmula caloulation floor — the greatest integer not greater than the
[1.2+3in(0. 4316 7sqn(5.5)- 0.00E(1/5) = [18.3681 argument;
arr 1 tan — tangent;
D =0 sin — sine;
Deq Walues of variables cos — (30511'16;
Rad = 2 . . .
: ¥y= 0 Language asin — arc Sll’le,
- 5 | % [Enghinz] acos — arc cosine;
\| atan — arc tangent;
b (o A o | @ Hep | ¢ tangent,
exp — exponent;
Fig. 89. The dialog box of the ceil — the least integer greater than the argument;
calculator tanh — hyperbolic tangent;

sinh — hyperbolic sine;
cosh — hyperbolic cosine;
log — natural logarithm;
log10 — decimal logarithm;
abs — absolute value;

sqrt — square root.

Depending on the state of the Degrees/Radians switch buttons, arguments of the
trigonometric functions (sin, cos, tan) and results of inverse trigonometric functions (asin, acos,
atan) can be presented in degrees or radians, respectively.

Only parentheses are allowed for grouping arguments together; these can be nested as deeply
as desired.

Example.

The following formula,

1,2 +sin(0,43) + 6,7./6,8 — 30,003

must be written as follows:
1.2+sin(0.43)+6.7*sqrt(6.8)—0.003~(1/5).

There is an additional option of using three independent variables x, y, z in formulas. Values
for the variables should be specified in respective edit fields. This makes it possible to perform a
series of similar calculations with different parameters. For example, to use this mode with the
following formula,

1,2 +sin(x) +6,7,/6,8 =3[y
write it as
1.2+sin(x)+6.7*sqrt(6.8)-y(1/5).

he application accepts into its main input field symbolic expressions that depend on variables

af af af
X, y, z; enable one of the switch buttons, El_xl , E'—"I , E'—Il, to get a symbolic expression of the
respective partial derivative.

8.4 Converter of measurement units

The calculator can be invoked either from the SCAD Office program group — with the icon
slulul

— or from the Tools menu. This application converts data between different systems of
measurement units (Fig. 90). To do the action, select a tab of respective measures (Length, Area
etc.).

The procedure of conversion depends on whether the units of measurement are simple (like
length, area, or mass) or compound (like pressure or velocity).
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Fig. 90. The Convert Units of
Measurement dialog box

To convert simple units, just enter a number in one of
the edit fields. The other fields will display values of the
same quantity in other units of measurement. If the units
are compound, you choose the name of units to convert
from in the drop-down lists of one line and then choose
the name of units to convert into in the lists of the second
line. Enter a number in the edit field of the first line, and
you will see results of this conversion in the edit field of
the other line.

8.5 Discrete reinforcement
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Fig. 91. The Discrete
Reinforcement dialog box
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Fig. 92. The Parameters dialog
box

The Discrete Reinforcement calculator (Fig.91)
generates all possible combinations of rebars for given
limitations of the diameter and number of the rebars.

The following types of limitations can be specified:

e when the Rebars checkbox is enabled, it means that
rebars of different diameters are never combined,
and the application will generate all schemes of
reinforcement which contain no more than a given
maximum nuber of rebars from the range set in the
Start diameter and End diameter lists;

e when the Combinations of rebars checkbox is
enabled, it means the application will find all
combinations that include two rebars of different
diameters from the range set in the Start diameter
and End diameter lists.

The table of results contains a list of combinations and the following data for each one of
those: an area of reinforcement, minimum overall dimensions of the bottom/top reinforcement
and vertical reinforcement, and the dimensions with a check of fractions.

All dimensions include the thickness of the cover which is set in the Settings dialog box, the
Parameters tab (Fig. 92). The same tab can be used to change the minimum spacing between
rebars recommended by SNiP or, by clicking the Default button, return to the default values.
The minimum overall dimensions are calculated in accordance with limitations that SNiP defines
for the arrangement of reinforcement in concrete sections.

Use appropriate radio buttons to
dimensions.

sort the list by the area of reinforcement or by the overall
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