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The present chapter of the Construction Codes and Regulations
[SNiP] (CHHq) II-V.I1-62* "Concrete and reinforced-concrete structures.
Design Code:" was worked out in the development of Chapter SNiP

II-A.10-62 "Construction structures and foundations. The basic
S~aspects of design."

With the implementation of Chapter SNiP II-B.1-62 on 1
January 1963 the following are superseded:

The "codes and specifications of the design of concrete and
reinforced-concrete structures" ([NiTU] (HHTY) 123-55);

"Regulations on the design of prestressed reinforced-concrete

structures" ([SN] (CH) 10-57);

"Regulations on the building of the elements of reinforced-
concrete structures" (SN 15-57);

"Regulations on the use of welded framework and welded grids
in reinforced-concrete structures" C(.I] (H) 122•56/Mini~try of
Construction of Enterprises of the Metallurgical and Chemical

Industry CMSPMKhP] (MCMXfn)).

"Regulations on the calculation of cross sections of the
elements of reinforced-concrete structures" (I L23-55/i,1SPMKhP).

The Chapter SNiP II-V.1-62 was worked out by the Scientific
Research Institute of Concrete and Reinforced Concrete of the
Academy of Construction and Architecture of the USSR together with
the Design Institute of Standard and Experimental Planning and
Technical Investigations (Giprotis) of the Glavstroyproekt of the
Gosstroy of the JSSR.

*[Translator's note: SNiP II-V.1-62 - Russian character 8 has
been stranliterated as V; probably should have been rendared as
C - for alphabetical crdering.]
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A

In Vhapter SNiP II-V.1-62* "Concrete and reinforced-concrete

structures. Design codes"are taken into account:

the earlier introduced additions and corrections published in
Collections of changes, corrections and additions, introduped into
the construction codes and regulations (SNiP)," as of 1 July 1966

(Stroyizdat, 1966), 1 July 1967 (Stroyizdat, 1968) and 1 July 1970

(Stroyizdat, 1970.);

the data on new effective types of reinforcing steel contained
in the "Instructions on the une of reinforcing rods in reinforced-

concrete structures" (SN 390-69), on the welding of reinforcing
rods, which are contained in the "Instructions on the welding of
reinforcing rods connections and concrete laying components"

(SN 393-69), on the protection.of structures from corrosion,

contained in the "Instructions on the anticorrosive protection of
construction structures" (SN 262-67) and others;

requirements of state standards and specifications for
reinforcing steels and articles, introduced into practice in

recent years.

k The number of points and tables of Chapter SNiP II-V.l-62*,

into which separate corrections and editorial changes have been

introduced, are noted by asterisks (U)

Chapter SNiP II-V.1-62* was prepared by the Scientific and
Research Institute of concrete and reinforced concrete and the

TsNII Promzdaniy of the Gosstroy of the USSR.

*
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The State Committee of Construction Codes SNIP Yt�V.1�62*
the Council of Ministers and Regula;ions.
of the USSR on Matters
of Building (Gosstroy Concrete and Rein- To replace� NIZJ
USSR) forced-Concrete 123-55) SN 10-57,

Structures. SN 15-57 and l2�-56/

Design Codes PISPMKnP, and

V

Introduced by the Approved by tne State �mplemenation
Academy of Cci.�truc- CommIttee of the Datt� 1 January
tion and ArchItecLw� Council of Ministers 1963.
of the Glav�troyproekt on Matters of Con-
of the Gosstroy of the struction 31 Jul 1962
USSR

1. GENERAL ASPECTS

1.1*. The present codes are extended to the de�Ugn of

concrete and relnforced-concrote carrying structures �ff buIldIngs

and structures of heavy-aggregate and lightweight-aggregate

concrete based on a cement binder and inorganic fillers.

Note. The pre� ent Codes do not extend to the desI�n of

concrete and reinforced-concrete structuresof hydrau1L� construction,

bridges, transport tunnels, culverts, highway and airport surfaces,

or armored-cement and seif-prestressed structures anJ structures

of cellular, expanding-cement and special concretes.

1.2. When designing concrete and reinforced-concrete carrying

structures it is necessary to obse�rVC the requirem e:-its of the
a present CY�apter of SNIP II-A.l0-62 "Constructional structures and

foundation. The basic design aspects."

*The new edition w'..th the changes accepted in July 1970.

FTD-MT-2�I-20ll-7l 1
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For certain special types of constructions or structures

(thin-walled spatial structures, resepvoirs, silos for the storage

of free-flowing bulk goods, supports for electric transmission

'.ines and others.) it is necessary, moreover, to be guided by the

appropriate standard documentation.

1. 3 W. The design of concrete and reinforced-concrete

structures of buildings and other construction intended to be built
in seismic regions, in zones of predominant permafrost soils and
zones where the soil is settling and in areas being reworked, and

also to withstand the conditions of the systematic effect of

elevated and high temperatures (higher than plus 50 0 C), and

negative temperatures from minus 70 0 C and lower, and aggressive

environment and increased humidity, should be carried out taking

into account the additional requirements, imposed on the construc-

tion of building and structures and their construction under the

conditions enumerated by the appropriate chapters of SNiP or by

other standard documentation.

1.4#. The rated ambient winter temperatures 4re established

from the coldest five-day period depending on the region of

construction in accordance with Chapter SNIP II-A.6-62,
"Construction climatology and geophysics. Basic design aspects."
The rated technological temperatures are estaulished by the

design requirements.

1.5. The selection of design solutions should be carried

out in accordance with the accepted methods for the preparation,

and the erection of structures, and also taking into account:

a) the use conditions of the structures;

b) the necessity for the broad application of precast

structures, predominantly of standardized or off-the-shelf

standard elements of factory manufacture;

FTD-MT-21;-2011-71 2



c) the observance of' requirements for economical expendliure

of metal, lumber and cement and for the maximum reducti,.n in the

laborinput going into the preparation and erection of stz-uctures.

14 Note. The use of the complex design solutions or structures

of complex shapes should be based on technical and economicalS~advi •ability.

1.6. in the design process it is necessary to ensure the use

of those reinforced-concrete structures which make it possible to

most effectively make use of high-grade concretes and higrn-

strength reinforcing stee-(for example pre-trezsqa 6tr.ctures,

spated thin-walleK and hollow large-scale struictural eieiients,

spatial unin-walled structuu es, including precast azi, precast

nomnolithic, etc.,) and lend themselves to the conditions jf mechan-

ized manufacture at specialized enterprises. It Is recommended

tnat the elements of orecast reinforced-con-etv , tructuyes be

enlarged to the extent permitted Dy Lhe load-lifting capacity of

the assembling mechanisms, by clearance, and also by t-e conditions

of element transportation and manufacture.

1.7. When designing reinforced-concrete structures for the

purpose of mechanizing the reinforcing operations it i: necessary

to specify unstressed reinforcement predominantly of flat standard-

Ized welded elements (frameworks and grids) with a. ,, few as

possible typical dimensions made preferably using multi-point and

other highly productive electric welding machines; in doing this
it is recommended that the three-dimensional reinfo-rcin frameworks

are specified of flat elements joined by electric welding.

It is necessary to try see that the number of types and

diameters of reinforcement xod used in one structure or in one

element be minimum.

1.8. The use of the prestressed elements with reinforcement

rods, not having adhesion with the concrete, is permitted only in

the case of special justification. M

FTD-MT-24-2011-71 3NOI



1.9. Reinforced elements, which do not satisfy the require-

ments for the minimum percentages of reinforcement accepted for

reinforced-concrete structures (see 12.13), should be raced and

designed as concrete structures.

1.10. It is recommend& that concrete (unreinforced) elements,

as a :-ule be used in stractures which operate predominantly in

compression, and also when insignificant tensile stresses exist.

It is permissible to employ flexural concrete elements only when

they rest on the ground or on a specially prepared surface or

setup.

1.11. When designing buildings and structures with reinforced-

concrete and concrete load-carrying structures it is necessary to

employ specific design setups which ensure the necessary strength,

overall stability, and also three-dimensional immutability of the

building or structure.

The necessary strength, rigidity and stability of a building

or structure on the whole, and also of its individual elements and

their connections at all stages of use and erection should be

determined by calculation; and these rated setups should correspond

to the accepted design setup.

1.12. All the necessary measures ensuring the strength,

stability and immutability of buildings and structure being designed

at all stages of their use and erection (in this case special

attention should be focused on buildings and structures, the basic

carrying elements of which are specified to be precast and precast-

monolithic), and also the basic instructionsconcerning the order

of their erection should be given in the design.

Note. The basic instructions concerning the order of erection

of buildings or structures and their main load-carrying elements

should be subsequently taken into account when work out the

design for carrying out construction and assembly operations.

ii



1.13. In testing tl'e strength and stability of elements of
buildings and structures when they are being erected tnz values

of the load factors for all the loads being considered, except t:e

Lweight of the elements, products and materials, are reduced by 2u0.

The required strength and stability of the elements during

- their erection can be, when necessary, ensured by setting up

temporary bracings (couplings, stay rods, guy wires, struts, etc.,

and for buildings with external self-supporting walls also by

securing the elements during assembly to the longitudinal and

transverse external walls. The enumerated measures suould oe

V specified in the design of the elements.

1.14*. in prec2.st elements special attention shuld Le

focused on the strength, rigidity and service life of the couplings.

I In skeleton-frame building of the semirigid type, Jt is

W7 necessary to specify the type of frame element connections which

ensure the necessary three-dimensional rigidity arid stability of

the structures in all stages of their erectior. id after

completion of construction. In skeleton-frame buildings of the

rigid type and in frame-less buildings, the three-dimensional

rigidity and stability of which are ensured by longitudinal, and

F transverse walls, staircases, etc., together with the ceilings

and floors, it is necessary to check these elements for the effect

of horizontal loads.

The connections of the elements of precast structures made

by welding the projecting part of reinforcing rods or the steel

insert components, should be accomplished in accordance with the

requirements for "Instructions for welding of reinforcing rod

connections and insert components of reinforced-concrete structures"

V (SN 393-69). In structures employed at rated ambient temperatures

of minus 40 0 C and below (see 1.4), these types of joints should

be designed, as a rule, monolithized.
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1.15. In joints of precast reinforced-concrete elements, and

also in precast, monolithic structures the reliable connection of

additionally laid monolithic concrete with concrete of precast

structures should be accomplished by employing reinforcing

bars projecting from the precast reinforced-concrete elements, by

installing concrete keys or grooves on the surfaces of elements

being joined or by employing other reliable tested measures. Also

in the design,instructions should be given concerning the fact

that the surfaces of prestressed structural elements, which are

to be subjected to concreting, should be thoroughly cleaned and

washed.
•M

1.16. The elements of junctions and joints and of steel

insert components should ensure reliable transmission of forces N

to the element by anchors which have been rated and which are

secured in a reliable manner, and in possible cases - by welding

steel insert components to the working reinforcement rods of the

element. In this case the strength of the element itself should

be ensured in the zone of the tranimission of the forces to it

from the joint.

1.17. The units of the Joint elements of precast s:ructures

a~ee assumed rigid in the calculation, if they are monolithized

with concrete of the required strength which is connected with the

concrete of the precast elements with the necessary reinforcement.

Element Joints made on a weld before they are made monolithic,

are assumed hinged in the calculation, if their required rigidity

is not confirmed by calculation.

1.18. The rigidity of the joints of precast reinforced-

concrete elements made to create continuity of a structure by

welding reinforcing rods and insert components with subsequent

concreting, is evaluated from the rigidity of the element in the

section next to the Joint. In doing this the concreting of the

joints should be carried out according to the instructions of

1.15 and 2.5 of the present codes.

61



1.19. Vertical and horizontal diaphragms made from precast

reinforced-concrete elements, can be examined as monolithic, if

the coupling joints both between the individual elements of the

diaphragms and the adjacent element are monolithized.

The making of monolithic joints can be accomplished:

a) by butt-jointing of the projecti-'ng ends of the reinforcing

rods with each other with subsequent filling of the joints with

concrete;

b) by welding steel insert components with each other; these
components are reliably anchored in the elements being joined.

The reinforcement area at the sites of the joining of elements,

the dimensions of the welded seams and the structure of the steel
insert components and the connecting butt straps should be tested

for stress analysis of the stresses which appear in the correspond-

ing sections of the diaphragms. When transverse stone walls serve,

as vertical diaphragms and monolithized reinforced-concrete spanning
structures serve as horizontal diaphragms the sealing of the

reinforced-concrete diaphragms should be ensured in the walls, and

the strength of the walls should also be tested.

1.20. Joints of any type designated for structural reasons,
should not change the nature of the operation of a building or the

structure of any of its individual elements. Otherwise such joints

must be taken into account in the calculations.

1.21*. In the working drawings of structures or in explanatory

notes to them the following should be indicated:

a) the grade of concrete to be used on the job and its

compressive strength, and also in the cases, specified in 2.2
of the present Codes, - the grades of concrete to be used on the

job and their tensile strength, frost resistance and watertightness;

FRINO7
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for prestressed reinforced-concrete structures, moreover, the

grades to be used on the job and the strength in compression of

the concrete and of themortarto be used to form the protective
S• layers and for filling channels, and also the volumetric strength

of the concrete in compressicoi accepted for the job (including

during repeated compression);

b) the type and the volumetric weight of lightweight concrete;

c) the type of reinforcement (rod and wire) and its shape;

the class of the rod reinforcement, and when necessary (for example

for structures operating at low temperatures or rated for

durability) and the grade of steel; the All-Union State Standard

[GOSTJ (FOCT) number and when this is not known - the number of

the sbpnifications for a given type of reinforcement; the methods

of " and anchoring the reinforcement and the sites of its

an( ( (in prestressed structures all the data are given

separately for prestressed and unprestressed reinforcement);

d) the magnitude of the tensile force (stress), the sequence

of the tension in the bundles of rods; the condition and the

order of the release of the tension from the reinforcement; with

repeated tensioning of the reinforcement on the hardened concrete -

the magnitude of the force of the repeated tension and the holding

time between the first and repeated tensions; the pattern of the

sequence of winding continuous reinforcement and the sites where

the ends are fastened;

e) the impermissibility of transmitting a constant or

temporary load directly to the reinforcement (by means of

suspending formwork, auxiliary equipment on it, etc.,), if this

load has not been taken into account in the calculations;

f) the radii of the curvature of prestressed reinforcement

with a curvilinear contour, the sites of the transition from one

curvature to another, and also the structure and the locations of

8



the auxiliary devices which reduce the friction of the reinforcement

L • against the walls of the channels and protect the concrete from

local crumbling;

g) the locations of the tops (T-pieces) for forcing the cement

or cement-sand mortar and the sequence for filling the channels,

and also the requirement for the necessity of filling the channels

and for constructing the protective concrete layer

F immediately after the termination of tensioning of the entire

reinforcement located in the channels, grooves or on thu surface

of structures;

h) anticorrosion measures and measures for protecting

against the effect of high temperatures, if these are necessary;

1) the thickness of the protective concrete layer for working

reinforcement, and also the necessity for installing appropriate

diaphragms, supports, pins and similar devices which ensure the

designed position of the reinforcement; the distances between the

reinforcing rods in the main sections of the elements;

J) when necessary - the calculated layouts and loads.

1.22*. In the work'ing drawings of the elements of precast
UPand precast, one-piece structures or in an explanatory note to

them, besides the data, enumerated in 1.21 of the present

Codes, there should be indicated:

a) the minimum sizes of the supporting sections, the degree

(the quality) of their finishing and the support methods; when

Snecessary for prestressed reinforced-concrete elements - the
requirement for the compression of the concrete with transverse

reinforcement installed near the end of an element; before its

compression with the longitudinal reinforcement, for the purpose

of eliminating the onset of cracks in the face sections;

S9



b) sites for gripping the elements when lifting and assembling,

sites for resting them when theY are being transported and stored;

c) sites for cutting off the stressed reinforcement rods of

a manufactured element and methods for protecting against corrosion

and high temperature when welding these reinforcing rods, and also

steel anchor devices and insert components protruding on the surface

of the structures; for structures with continuous stressed re-

inforcement wound on pintles or insert components being removed

from the concrete, it is also necessary to indicate the require-

ments for filling the hollows or recesses with concrete or with

mortar ;

d) requirements for making joints and junctions (the nature

of the processing of butting surfaces, welding technique, the

type or the brand of electrode, anticorrosion measures for

protecting steel insert components, connecting butt straps and

connections, if such is necessary, and also data on the concreting

of joints and junctions); when necessary in prestressed

reinforced-concrete elements - indicate the material, the type of

construction and the locations of tubes or packin' isolating

channel cavities against the penetration of concrete or mortar

being packed in a joint, and when making a joint "dry" - packing

preventing the leakage of mortar from the channel when it is being

injected;

e) requirements for the application of manufacturer's marks

(alignment marks), necessary for ensuring the qualitative

sequential assembly of structures, and for elements with a top

or ends which are difficult to differentiate (for example a

rectangular cross-section with single or unsymmetrical double

reinforcement) - requirements for the application of manufacturer's

markings (labels) ensuring the correct positioning of such elements

when they are being lifted, transported or put in place;

10



1f) basic instructions concerning the order and sequence of

assembly of structural elements, and also the measures ensuring

their strength during assembly and the general stability of a

building (structure) at all stages off erection and in use (see

1.12-1.14 of the present codes);

j) for elements, specimens of which in accordance with the

requirements of GOST 8829-66 "Precast reinforced - concrete

articles. Methods of testing and evaluating the strength,

rigidity and crack resistance" or those of other standard documents,

are tested to destruction, the test procedures, the magnitudes

of the control loads and control deflections, and for prestressed

elements - also the magnitude of the control load which

corresponds to the formation of cracks in the concrete, should be

indicated.

Ih) for structures, whose assembly can be carried out under

Sthe effect of rated temperatures of minus 400C and lower, - the

requirements concerning the impermissibility of subjecting a

structure in the assembly process to dynamic loads, and also to

a static load exceeding 70% of the standard load.

Note. In designating a control load corresponding to the

formation of cracks in concrete (see 1.22 "g"), the 9

rating with respect to crack formation should be carried out

taking into account the appearance of prestressing losses (see

5.12 of the present Codes).

2. MATERIALS FOR CONCRETE AND
REINFORCED-CONCRETE STRUCTURES

4A

CONCRETE

2.1*. Concrete for concrete and reinforced-concrete

structures of the following job-grades with respect to strength

11l
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in compression' is employed:

a) heavy-aggregate - 100, 150, 200, 300, 400, 500 and 600;

b) lightweight-aggregate - 35, 50, 75, 100, 150, 200, 250,

300, 350 and 400.

For reinforced-concrete structures the use of heavy-aggregate

concrete of a job-grade below 150, as a rule, is not permitted.

Prestressed reinforced-concrete elements or their parts, in which

stressed reinforcement is installed, should be made from a

concrete of a job-grade not lower than: heavy-aggregate - 200 and

light-aggregate - 150.

In structures which are rated for durability (see 4.1 "all),

use of concrete of a job-grade above 200 is not recommended.

For concrete structures one should not use a concrete of a

job-grade above 300.

Note. 1. When it 's justified the use of concrete of

higher grades, than those indicated in 2.1 is permitted; in

doing this their rated resistances and other characteristics

should be taken from the appropriate standard documents.

2. The use of heavy-aggregate concrete of job-grade 100 in

massive reInforced-ccncrete structures with structural reinforce-

ment is permitted under the condition of the observance of the

requirements imposed on the concrete which ensure the protection

of the reinforcement against corrosion.

'In connection with the fact that in reinforced-concrete and
concrete building construction and other structures, to which the
present design codes extend, the job-grade concrete with respect to
strength in compre8sion is the basic characteristic considered in
designing, and hen'ceforth, in the text of the present Codes. For
brevity's sake the .ollowing shortened designation - job-grade
concrete - is used. In structure drawings the full name should be
used.

12



3. The use of heavy-aggregate concrete of Job-grade 150

is permitted ir. the walls of round one-piece pirestressed

reservoirs and pipes, with stressing only of the circular (or

spiral) reinforcement.

S4. For definitions of the concepts "heavy-aggregate" and

"light-aggregate" concretes see Chapter SNiP I-V.3-62.

5. For the definition of the concept "Job-grade concrete"

see Chapter SNiP II-A.I0-62.

2.2*. For structures operating predominantly in tension,

with special justification it is permissible to additionally

establish a job-grade concrete with respect to tensile strength

(see 3.3 "b") In accordance with Chapter SNiP II-A.10-62.

For structures which are subjected to repeated freezing and

thawing (water-cooling towers, open structures in localities with

frequent alternation of frosts and thaws), the concrete Job-grade

should be established with respect to the frost resistance in

accordance with Chapter SNIP II-A.I0-62. For external wall

panels, bases and foundations of buildirnr and structures the

concrete job-grade with respect to frost resistance is established

in accordance with the requirements of Chapter SNIP II-V.2-62.

For concrete and reinforced-concrete structures which are

subjected to rated temperatures (see 1.4.) minus 40 0C and

El- below, it is necessary to establish concrete Job-grades with

respect to frost resistance, and when necessary with respect to

watertightness also not lower than those given Tables 39 and 40

of Appendix IV of the present Codes.

IS
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2.3. The period of hardening (age) of a concrete correspond-

ing to its job-grade with respect to strength, is taken: for

monolithic structures, as a rule, to be 28 days, and for precast

structures - in accordance with the period, specified in the

state standards for products, and in their absence - in the

specifications for the manufacture of a given type of product.

With special justification it is permitted to establish the

concrete job-grade monolithic structures in age which is different

from 28 days (for example 60 or 9G days), depending on the periods

of the actual loading of the structures, the methods of their

erection, the conditions of concrete hardening, and also the type

of cement used; in this case in the designs along with the concrete

job-grade the appropriate periods of concrete hardening should be

indicated.

The age of the concrete of monolithic structures, in which

its job-grade is established, should not be taken to be more than

28 days for structures being erected in sliding and adjustable

formwork, and also for non-massive structures and of those of

average massiveness (see note 2 to 4.26), with the exception

of those laid directly on the ground or on a base of crushed stone
or lean concrete; in this case the cond±tions of the erection of

structures during the winter period should be considered.

Note. The form-removal strength of the concrete of precast

reinforced-concrete and concrete products in the absence for

these-products of state standards is established in the specifica-

tions for the manufacture of given types of products depending

on the purpose of the structures, the season, the assembly
li conditions and the loading period, but not less than 70% of the

concrete job-grade with respect to strength in compression. In

this case the magnitude of the form-removal strength of the

concrete of products should be agreed to by the design organization,

and when necessary also by the assembly (construction) organization.

14
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2.4. For centrally and eccentrically compressed reinforced-

concrete elements of heavy-aggregate concrete, the cross-sectional

dimensions of which are determined by stress analysis, it is

recommended that a job-grade concrete of not less than 200 be

accepted. For highly loaded constructions, ior example for the

columns of the lower floors of multi-storey buildings, and also

the columns of single-storey buildings receiving considerable

crane load, it is recommended that a job-grade of concrete of no',

less than 300 be accepted.

For thin-walled reinforced-concrete structures of heavy-

aggregate concrete, and also for walls of buildings and structures

being constructed in sliding and adjustable formwurk, it is

necessary to select a job-grade concrete of not less than 200.

2.5*. A job-grade concrete for filling the joints of precast

elements, with a joint thickness of more than 2/5 the smallest

dimensior of the element cross section and more than 10 cm, should

not be less than the job-grade concrete of the elements being

joined; in the case of a lesser joint thickness it is permissible

to use for filling the joints a job-gradA concrete and mortar one

grade lower than the job-grade concrete of the elements being

joined; in doing this, the reduction in the strength of the

concrete in the joint cannot be taken into account in the

calculation, with the exception of the calculation of key joints.

Moreover, in making joinable elements from heavy-aggregate

concrete for filling the joints a concrete of a job-grade not

lower than 150 or a mortar- not lower than 100, and in making

ZZ joinable elements from light-aggregate concrete - a concrete or

mortarof a job-grade not lower than 50 should be used.

In precast concrete a., reinforced concrete structures which

during use or assembly can be subjected to the effect of rated

temperatures of minus 401C and lower, the job-grade concrxetes

used for monolithizing the joints, with the respect to frost.

15
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resistance and watertightness should correspond to the job-grade

concretes of the elements being joined.

* Note. For the definition of job-grade mortar see Chapter

SNiP I-V.II-62.

2.6. For prestressed structures the concrete job-grade and
its ultimate compressive strength (cube strength) when being
crushed are taken to bt not lower than those indicat-.d in' Table 1.

And, in the case of the use for reinforcement of smooth wires, at

the ends of the individual wires, and also of bundles and multi-

strand wires (cables) the placing of anchors is mandatory, the
desigh structure 'of the anchors should be tested by practical

application or by special tests.

The job-grade of a mortar for the protection layer over the
reinforcement of.prestressed structures should not be selected

lower than 150, and of a mortar for injection into channels - not

lower than 300.

REINFORCEMENT

2.7'. For the reinforcement of reinforced-concrete structures

the following types of reinforcing steels are used:

a) rod hot-rolled round (smooth) steel of class A-I - with a
diameter of from 6 to 40 mm;

k) rod hot-rolled deformed steel:

class A-II -with a diameter of from 10 to 90 mm;

class A-Ill - with a diameter of from 6 to 40 mm;

class A-IV - with a diameter of from 10 to 32mm;

class A-V- with a diameter of from 10 to 18 mm;

16
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c) heat-hardened deformed rod reinforcement:

of class At-IV - with a diameter of from 10 to 25 mm;

of class At-V - with a diameter of from 10 to 25 mm;

of class At-VI - with a diameter of from 10 to 25 mm;

d) draw-hardened deformed reinforcing rod:

of class A-IIv - with a diameter of from 10 to 40 mm,

of class A-lIlv - with a diameter of from 6 to 40 mm,

e) smooth reinforcing wire;

of class V-I - the usual diameter is from 3 to 8 mm,

tv of class V-II - high-strength with a diameter of from 3 to 8 mm,

f) deformed reinforcing wire of class Vr-II - high-strength

with a diameter of from 3 -o 8 mm;

g) seven-wire reinforcing strands (cabler.) of class P-7 - with

a diameter of from 4.5 to 15 mm;

h) multi-strand cables without an organic core.

For reinforcing structures of light-aggregate concrete of

grades 100 and lower it is necessary to use only reinforcing steel

of classes A-I, A-I! and A-III.

For insert components and butt straps hot-rolled band, angular

and shaped steel of group "steel 3" grades according to GOST

380-60* are used.

19



Note. The assortment and the quality of reinforcing steel

and steel for insert components and butt straps, and also the

methods of testing them should satisfy the requirements of Chapter
C SNiP I-V.4-62 and of the existing state standards or specifications

for a corresponding type of steel (see Appendix III, Table 35).

2. Reinforcement hardened by drawing, and also reinforcement

in the form of welded grids and frameworks should satisfy the

requirements of the appropriate specifications or state standards.

3. It is permissible to use twisted reinforcement from high-

strength wire obtained by twisting two wires made according to the

appropriate specifications.

4. The use of cables made from wire with a diameter of less

than 1 mm for reinforcement is not permitted.

5. Using multi-strand cables their pre-stretching for a period

of not less than 30 min by a force exceeding by 5-10% the control

force during tensioning (see 5.6) should be specified.

6. It is permissible to use other types of steel, not

specified in 2.7 as reinforcement; in doIng this the special
types of reinforcing steel (nineteen-wire strands, two-and-three-

strand cables, heat-hardened cable) developed by industry should

satisfy the requirements of the appropriate specifications and be

used according to the appropriate instructions; the use of steel,

not specified by the present codes, is permitted only when the

possibility and advisability of the use of such steel are Justified

in reinforced-concrete structures; in this case the non-grade steels

should be pre-tested to destruction with determination of the

yield point, tensile strength and relative elongation at rupture,

and also for flexure or reverse flexure in the cold state;

when necessary, moreover, testing of the chemical composition

and weldability of the steel should be carried out, and also the

endurance limit of the reinforcement. The rated characteristics
of such steel should be specially substantiated.

20



2.8. In designing reinforced-concrete structures it is

necessary to consider the following properties of the reinforcing

steel:

a) the basic mechanical characteristics, the strength (the

yield point or tensile strength) and plastic (elongation per unit

length at rupture, bend angle or the number of reverse bends in

the cold state)z the mechanical characteristics of reinforcing

steel are established depending on its class and type in accordanc.

with chapters SNiP I-V.4.62 and II-A.lO.62 and are guaranteed by

the appropriate state standards or specifications.

b) the tendency toward cold brittleness - when designing

structures intended for use at temperatures below the freezing

point; the cold brittleness of rod reinforcement is determinec d:y

the class of reinforcement, and also by the steel grade and the

method of its smelting (which when necessary should be specified

in the designs);

IA
c) the weldability of the steel - In selecting the type of'

weld joints which conform to the requirements for the approprial.e

state standard or specifications for the welded reinforcement of
reinforced-concrete structures; the weldability of reinforcing

steel depends upon their type and class (the grade and smel;ing
method), the rod diameter, the structure of the weld ccnnecGion

and technology of its execution;

d) the stress relaxation - in determining the pi-estressing

loss; the effect of stress relaxation is considered in accordance

with the instructions of 5.11 of the present Codes, and also of

other standard documents on the designing of prestressed reinforced-

concrete structures;

e) the reduced strength of reinforcing steel under the effect

on a structure of a multiply repeated load (the limit of endurance)

in comparison with its strength in the case of a static load

21



(the yield point or tensile strength); the corresponding variations

in the rated strength of reinforcing steel are established depend-

ing on the characteristics of the stress cycle in the reinforcement

in accordance with the instructions of 3.7 and 3.8 of the present
Codes.

2.9. The selection of reinforcing steel when designing

Sreinforced-concrete structures should be carried out taking into
account their properties indicated in 2.8, depending on:

a) the purpose of the reinforcement in accordance with the

instructions of 2.10, 2.12, 2.13, 2.15 and 2.18 of the present

Codes;

b) the grade and type of concrete in accordance with the

instructions of 2.6 of the present Codes, and also of other

standard documents on design;

c) the weldability of reinforcing steel in accordance with

the instructions of 1 2 . 3 5 -1 2 .41 of the present Codes, and also the

requirements of standard documents on welded reinforcement;

d) the production conditions of the reinforcement and the

structures, and also of their assembly in accordance with the

requirements of the appropriate standard documents.

Furthermore, for structures, on which special requirements

are imposed, or for structures operating under special conditions,

when selecting reinforcing steel the additional instructions of
2.11, 2.14 and 2.16-2.18 of the present Codes should be considered.

2.10*. As the unstressed reinforcement of reinforced-concrete

structures it is necessary to mainly use:

a) hot-rolled reinforcing steel of class A-III;

22
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b) standard reinl reing wire with a diameter of 3-5.5 um only

in welded grids and frameworks;

it is also permissible to use;

c) hot-rolled reinforcing steel of classes A-Il and A-I mainly

for the transverse reinforcement of linear elements, for structural

and assembly reinforcement, and also as the longitudinal working
reinforcement in cases when other types of unstressed reinforcement

cannot be used;

d) draw-hardened reinforcing steel of class A-IIv - for

longitudinal stressed working reinforcement;

e) standard reinforcing wire: with a diameter of 3-5.5 Tun

for the tie clamps of beams with a height of up to 400 mmn and
columns; with a diameter of 6-8 mm - only in welded frameworks and
grids;

f) hot-rolled reinforcing steel of classes A-IV and A-V and

heat-hardened reinforcing steel of classes At-IV and At-V, draw-
hardened reinforcing steel of class A-IIlv - only for, longitudinal
stressed working reinforcement of the frameworks and grids; in

this case measures should be taken which ensure the anchoring of
the ends of the rods for stressed reinforcement in accordance with

the instructions of 12.5, 13.16 and 13.17 "d" of the present Codes,
and the requirements should also be observed with respect to the
categories of resistance to cracks and with respect to the width

of crack opening in the case of the use of structures in an
aggressive medium (see Appendix III, Table 36);

it is not permissible to use:

g) high-strength reinforcing wire;

h) reinforcing strands and cables;

23



i) heat-hardened reinforcement of class At-VI.

It is recommended that unstressed reinforcement of hot-rolled

steel of classes A-Ill, A-II and A-I be used in the form of welded
frameworks and welded grids.

2.11 In structures with unstressed reinforcement, on which

the requirements for watertightness Is Imposed:

it is necessary to use, as a rule, hot-rolled reinforcement
steel of classes A-If and A-I;

it is permissible to use with appropriate Justification hot-

rolled reinforcing steel of class A-III and standard reinforcing
wire with a diameter of not less than 5 mm (in welded frameworks

and grids);

it is not permissible to use other types of reinforcing steel

as unstressed reinforcement in the indicated structures.
i0

2.12*. For prestressed structures of the 1st category of
resistance to cracks (see 4.3) as the stressed reinforcement it

is necessary to mainly use:

a) high-strength reinforcing wire;

b) reinforcing strands;

c) heat-hardened reinforcing steel of classes At-VI and At-V;

d) hot-rolled reinforcing steel of class A-V;

it is also permissible to use:

e) hot-rolled reinforcing steel of class A-IV;

24



f) heat-hardened reinforcing steel of class At-IV;

g) reinforcing steel of class A-lIlv, draw-hardened with

monitoring of the stresses and elongations.

The use of other types of reinforcing steel as stressed

reinforcement in structures of the Ist category of crack resistance

is not recommended.

2.13'. As the stressed reinforcement of prestressed

structures of the 2nd category of crack resistance (see 4 . 3 ):

it is necessary to mainly use:

a) high-strength reinforcing wire;

b) reinforcing strands and cables;

c) heat-hardened reinforcing steel of classes At-VT and At-V;

d) hot-rolled reinforcing steel of classes A-V and A-TV;

e) reinforcing steel of class A-!v, draw-hardened with

monitoring of the stresses and elongations;

it is also permissible to use:

f) heat-hardened reinforcing steel of class At-IV;

g) reinforcing steel of class A-iIIv, draw-hardened with

monitoring of only the elongations:

h) reinforcing steel of class A-Tlv, draw-hardened with

monitoring of the stresses and elongations;

i) hot-rolled reinforcing steel of class A-Ill.

25
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2.14*. When selecting reinforcing steel for the stressed

reinforcement of prestressed structures of the 2nd category of

crack resistance which is subject to the effect of a multiply

repeated load and is subject to rating for durability, it is

necessary to mainly use high-strength smooth and deformed wire;

it is permissible to use hot-rolled reinforcing steel of classes

A-IV and A-Ill and reinforcing strands, and with appropriate
experimental justification -draw-hardened reinforcing steel of

classes A-IIhy and A-ITh.

2.15*. For prestressed structures of the 3rd category of

crack resistance (see 4.3) as the stressed reinforcement it is

necessary to mainly use:

a) hot-rolled reinforcing steel of classes A-IV and A-V;

b) heat-hardened reinforcing steel of class At-V;

c) reinforcing steel of class A-lIlv, draw-hardened with

monitoring of the stresses and elongations;

it is also permissible to use:

dl reinforcing steel of class A-llyv, draw-hardened with

monitoring of only the elongations;

e) heat-hardened reinforcing steel of class At-IV;

f) reinforcing steel of class A-IIv, draw-hardened with

monitoring of the stresses and elongations;

g) hot-rolled reinforcing steel of class A-III; a

h) standard reinforcing wire;

264
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* ft° s ;not permissible to use in these types of structures

heat-hirdened reinforoin seel of class At-VI, high-strength

Slreinforcing wirte- reinforcing strands and cables.

2.16'. For structures operating under the conditions of an
Saggressive medium, the selection of the type, classes and grades

of reinforcing steel should be carried out according to the
appropriate standard documents depending on the doegee of
agressiveness of the medium, the type of concrete, width of the
crack openings, the category of the crack resistance of the
structures' and the measures for protecting them (see Appendix III,
Table 36).

In structures situated under conditions of an agessive
medium, in which the appearance of cracks is allowed, the diameter

of the standard reinforcing wire should be not less than 4 mm.

In prestressed structures which are located under conditions

of an aggressive medium, the reinforcing strands and cables should
consist of wires with a diameter of not less than 2.5 mm.

2.17'. The selection of the type and grades of reinforcing.
steel for reinforcement ascertained by calculation, should be

carried out depending on the temperature conditions and the
character of the loading in accordance with Table 37 of Appendix
"I"II.

SFor structures intended for use at positive temperatures, but
during construction being under conditions of negative temperatures
of from minus 400C and below, it is'necessary in the case of the

- use of reinforcements in them, whose use at temperature lower than
140 0C is not permitted, to specify in the design a tentative
restriction on their load?-ng before the turning over of the
structure or building for normal use in accordance with the require-

* * ments of 1.22 "I" of the present Codes.
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S2.18'. For assembly (lifting) loops of percaut reinforced-
concrete and concrete elements only hot-rollv reinforcing steel

of class A-I of prades VMSt.3sp, VMSt.3ps, VKSt.3sp and VKSt.3ps

should be used.

Note. 1. When the assembly of a structure at a temperature

of minus 400C and below is possible, one should not use for the

assembly loops steel of grades VNSt.3ps and VKSt.3ps.

2. It is permissible instead of steel of claos A-I of grades

VMSt.3sp and VKSt.3sp to use reinforcing steel of class A-Il of

grade lOOT with appropriate extrapolation of the area of the rod

cross sections.

3. RAM CHARACTERISTICS OF MATERIALS

3.1. The rated strengths of concrete and reinforcement are

determined (with rounding off) as the product of the standard

strengths and the appropriate degrees of uniformity and the basic

coefficients of the operating conditions (see 3.2 and 3.5).

Furthermore, when necessary additional coefficients of the

operating conditions of concrete -and reinforcement. (see 3.3 and

3.6) are taken into account. The values of the standard strengths

of concrete and reinforcement , their degrees of uniformity and

elastic moduli are obtained from chapter SN11' 11-A.10-62 or from

the data of Appendix I to the present Codes.

CONCRETE

3.2. Irn the rated strengths of concrete given in Table 2,

there are included the following values of the basic coefficients

of the operating conditions of concrete m

a) for concrete with a stress analysis of concrete structures

or m6 - 0.9;
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b) for compressed concrete of Job-grade 500 with a stress
analysis. of the reinforced-concrete structures of m. = 0.95, the

same, of Job-grade 600 m.= 0.9;

c) for stressed concrete in rating the crack formation of
prestressed structures, and also in checking the necessity for
rating the crack openings of reinforced-concrete structures m. =

-1.4.

3.3*. The rated strengths of concrete in rating concrete and

reinforced-concrete structures for strength, and also with respect

to the formation or the oneiding of cracks should be taken from

Table 2 with multiplication in the cases. indicated below by
additional coefficients of the operating conditions m6 considered

independently of one another:

a) in checking the strength of concrete in the preliminary

crushing stage for precast prestressed elements it is necessary
to multiply the values of the rated compressive strengths of

concrete (R and R ) by the coefficient m6  1.2;
np H4

b) for concretes being prepared at concrete plants or concrete

centers with the use of automatic or semi-automatic batching
components, the values of the rated compressive strengths of

concrete (R and R ) can be multiplied by coefficient mi = 1.1
under the condition, that systematic checking of the degree of

uniformity of the concrete to compression confirms its correspond-

ing increase in comparison with the values indicated in Table 4 of'
chapter SNiP II-A.10-62 or in Table 30 of Appendix I to the

present Codes;

c) in analyzing the strength of concrete and reinforced-

concrete centrally and eccentrically compressed elements being

concreted in the vertical position (monolithic columns and walls,

precast panels manufactured by the cassette method, etc.,), the

values of the rated compressive strengths of concrete (R and R )
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should be multiplied by the coefficient in= 0.8i;
IM

iA
d) in rating the strength of monolichic concrete columns w"th

a cross section of less than 35 x 35 cm, and also monolithli

reinforced-concrete columns with the larger side of the cross

section less than 30 cm the values of the rated compressive

strengths of concrete (R and R ) should be mlltiplied by the
rip H

* coefficient m6 = 0.85;

e) in rating the strength of wall panels for partions with a
2cross section area of less than 0.1 m the values of the rated

compressive strengths of the concrete (R and RH) should be
np

Smultiplied by the coefficient m. = 0.8;

f) in rating the 6trength of concrete and reinforced-conc-"e'e

centrally and eccentrically compressed elements of all types of'

light-aggregate concrete the rated compressive strengths of the

concrete (RH and R np) should be multiplied by the coefficient mi

determined experimentally, and in the absence of experimental

substantiation this coefficient can be assumed equal to:

:'or concretes based on artificial porous fillers min 0.8;

for concretes based on natural porous fillers r. 0.6;

g) in rating the bearing capacity of elements of concrete

and reinforced-concrete structures used at rated temperatures of

minus 400C and below, the rated compressive s engths of the

concrete (RH and Rn), given in Table 2, should be multiplied by

the coefficient m., whose values are given in Table 39 of Appendix

IV to the present Codes;

h) in ascertaining the job-grade of a concrete in tension

(see 2.2) and in satisfying the requirements pertaining to the

selection of the composition and to hydrotechnical-concrete tests,

it is possible to multiply the values of the rated tensile strengths
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of a concrete (R and RT) by the coefficient m. i.i;

i) for concretes based on high alumina cement the values of

the rated tensile strengths (R and R ) should be multiplied by
p T

the coefficient m 6 = 0.7;

M

J) for light-aggregate concrete of job-grades 200 and above,

prepared on a base of natural porous fillers of volcanic origin,

the values of the rated tensile strengths of a concrete R and R
p T

should be multiplied by the coefficient:

for concretes of job-grades 200 and 250 - m6  0.8;

for concretes of job-grades 300 and 350 -a = 0.7;
iA

for concretes of job-grades 400 - m. 0.65;

1) fcr porous light-aggregate concrete, and also for concrete

prepared with the use of expanded perlite sand, the values of the

rated tensi'.e strengths of a concrete (R and R ) are multiplied by
p r

coefficient mi - 0.8;

3.4*. The rated strengths of concrete in designing

structures for durability and also for crack formation in the case

of a multiply repeated load Rtp, RI and RT are computed by

multiplying the appropriate rated concrete strengths Rnp, R and

RT defined by 3.2 and 3.3 by coefficient kP ,taken from Table 3

depending on the characteristics of the stress cycle in the concrete

P 6 0 . .eg3.t
i--

where a0 .MHH and a6.MaKC are respectively the least and greatest

values of stresses in the concrete (compressive or tensile) arising

under standard loads (see 11.5).
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Table 3. Coefficients k for determining the rated strengths

of a concrete in designing reinforced-concrete structures for
durability and for cracking with multiply repeated loads.

6 .'<0.1 0.2 0.3 0.4 0.5 0.6

k p6 0.75 0.8 0.85 0.9 0.95 1

Note. Coefficien~ts kp 6 have been designated taking into

account the increase in strength of a concrete at the time when
the number of repetitions (cycles) of load is so great, that
testing of the durability of the structures will be required.
This increase in strength is assumed *ýo be;

for concrete of job-grade 150 - 40%;
for concrete of job-grade 600 - 20%;
for concrete of intermediate grades - linear interpolation
is used.

If the conditions, under which a structure is employed, or
the technology of its construction, do not ensure the indicated
increase in strength, then the values of coefficients k should

P6
be accordingly reduced.

REINFORCEMENT

3.5*. Included in the rated strengths of the reinforcement 1

cited in Table 4 are the following values of the basic coefficients

of the conditions of reinforcement use ma:

a) for the reinforcement indicated in 2, 3 and 4 Table 5,

ma =0.8;

'The rated strengths of the steel given in 1 Table 4, also
extended to the steels used for insert components and butt
straps.
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b) for the reinforcement Indicated in 1 Table 5 (employed in

w¢elded frameworks and grids) and in 5 Table 5, m 0.7;a •

c) for the draw-hardened stressed reinforcement indicated in

9 and 10 Table 4 m = 0.9;
a

d) for the heat-hardened reinforcement indicated in 8 Table 4,

ma = 0.95;

e) in rattng elements for transverse force, for, transverse t

and bent back reinforcement , from standard reinforcing wire' used

in welded frameworks, ma = 0.7; from other types of reinforcements
ma = 0.8.

Notes. 1. The basic coefficients oC i:he conditions of employ-

ment the reinforcement , speclfied It 3.5, are taken into

account independentl.y of one another.

2. For structures of light-aggregate concrete of grades 100

and lower it is necessary to introduce the additional coefficients

for the employment conditions of the reinforcement , whose values

are taken from spec-..l standard documents.

3.6*. The rated strengths of reinforcement in rating

reinforced-concrete structures for strength should oe taken from

Tables 4 and 5 with multiplication In the cases indicated below

by the additional coefficients of the employment condi'-ions ma a

taken into account independently of one another:

a) for the elements of precast structures manufactured at

plants and specially equipped sites, with systematic testing of -3

the reinforcement in accordance with GOST 5781-61 and 12004-67 the I
values of the rated strengths of the reinforcement (tension

stressed, and also compressed, having adhesion with the concrete,

when R is less than 3600 kg/cm 2) under Dhe conditions, that in
a.c

all tested samples of hot-rolled reinforcing steel (see 1-3 Table 4)
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and 1 Table 5, can be multiplied by coefficient ma 1.1 (assuming

R a.c to be not more than 3600 kg/cm ) under the condition, that in

all tested samples of hot-rolled reinforcing steel (see 1-3
Table 4) the yield point does not by less than 10% exceed its

standard value, and in all tested samples of reinforcing wire (see

1 Table 5) the tensile strength is not lower than its smallest

standard value.

b) for reinforcements, twisted from two high-strength wires
(see 2 and 3 Table 5 and Note 3 to 2.7), the values of the rated

strengths indicated in Table 5 for the wire before twisting,

should be multiplied by the coefficient ma = 0.95;

c) in structures with reinforcement of high-strength wire

(2 and 3 Table 5) located closa in two and more rows without

clearance and without twisting, when the mortar of concrete does
not envelope the whole wire surface (for example with the use of
bundles; bundles consisting of four and more wires, not filled
inside with mortar; in continuous reinforcement), the rated
strengths of the reinforcement should be multiplied by coefficient

ma = 0.85;

d) for tensile stressed rod reinforcement (see 4-7 Table 4)
of bent reinforced-concrete elements the rated strengths indicated
in Table 4, depending on the magnitude of the relative height of
the compressed zone of cross section C should be multiplied by an

additional coefficient of the employment conditions ml, equal to:

when LI; v•e of (nh ntr
when - 0.3 A.
when - 0,4 m, 00.9;'

here the values of g are calculated from the rated strengths

presented in Table 4; for intermediate values of 9 (in the interval
SL from 0.1 to 0.3 and from 0.3 to 0.4) magnitude ma is determined bya

interpolation; the additional coefficient of the employment

conditions m' > 1 is not considered for the reinforcement of

structures used in an aggressive medium or rated for durability;
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IA
for the reinforcement of elements which have the relationship

Sh/1 < 1/30, coefficient m! > 1 can be taken into account only when
a

experimentally justified.

3.7. The rated strengths of stressed rod and wire reinforce-

ment in rating reinforced-concrete structures for durability (R')a
should be calculated by multiplying the rated strength of the

stressed reinforcement Ra determined in accordance with 3.6,

by coefficient k taken from Table 6 depending on the character-pa ,whr
istic of the stress cycle in the reinforcement P' - where

a&. ManC
a,, are respectively the smallest and greatest values of the

stresses in the stressed reinforcement arising under standard

loads (see 11.5).

Table 6*. Coefficients k for determining the rated strengths of h
pa

reinforcement in rating reinforced-concrete structures for
durability.

Values of coefficient k when pa
paw a

is equal to
Type of reinforcement 7

-1 -0.2 0 0.2 0.4 0.7 0.8 0.9 1

1. Hot-rolled reinforcement
of class A-1 .................. 0.45 0.7 0.8 ).85 1 - 1 1 1

2. The same, of class A-II. 0.4 0.58 0.65 .72 0.84 1 1 1 1

3. The same, of class A-Ill 0.31 0.47 0.52 1.57 0.67 o.83 1 1 1

1. The same, of class A-IV. - - - - 0.37 0.72 0.9 1 1 1

5. High-strength reinforc- -- 0.8 i

Ing smooth wire of class V-II.

6. The same, deformed of
class Vr-II. . ..... . . . . . . . . .. 0.7 0.85 0.95 1

Notes: 1. Coefficients k with intermediate values pa arepaa
determined by interpolation.

2. When pa < 0.7 the use of the prestressed structures

with reinforcement of high-strength wire, which are subject to
rating for durability (see 4.1 "all), is permitted pith special
Justification.

3. The data of Table 6 does not extend to reinforcement ON

of strands and cables, for which the values of coefficients k a

should be specially justified.
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3.8. The coefficients kpa presented in Table 6 for rod

reinforcement pertain only to reinforcement which does not have
it welded rods(stirrups)or welded joints of various types, with the

exception of joints made by resistance butt [Thomsonj weldingS~(fusing) with longitudinal mechanical dressing of the joint flush

with the surface of the reinforcement (without ribs).

In welding rod reinforcement or in welding rods, anchors,

steel insert compone-ts, etc., to it the rated strength of stressed

rod reinforcement in rating for durability R' should be calculated
a

by multiplying values R' determined in accordance with 3.7, bya
coefficient kc taken from Table 7.

STable 7. Coefficients k for determining the rated strengths of

rod reinforcement with welded connections in rating reinforced-
concrete structures for durability.

Values of coefficient k for hot-

rolled steel. c

Of class A-I of Of class A-Il of
the group of grade St.5 and

Type of welded connection "steel 3" grades of class A-IIISof grades 2502SA

___and 35GS

1. Welding by the
resistance method (without
dressing) or by the bath method
on elongated straps ............ 0.9 0.8

2. Electric arc welding
with paired straps ............. 0.8 0.65

3. Resistance spot
welding of intersected rods (in
welded frameworks and grids)... 0.75 0.75

Note. With other grades of steel and types of welded
connections the values kc should be obtained on

the basis of experimental data.
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3.9*. In rating reinforced-concrete structures for durability

for determining the stresses in reinforcement the ratio of the

elastic modulus of the reinforcement to the conditional elastic

modulus of the concrete with multiply repeated loading (the

reduction factor) n' - should be taken from Table 8.

Table 8*. Reduction factors n' for rating of reinforced-concrete
structures for durability.

Values ot fact6r n' fiith a'Job-gbade
concrete of

Type of concrete 150 120 250 300 350 400 500 and

above

Heavy-aggregate 30 25 - 20 - 15 10

Light-aggregate 55 50 145 4e 35 30 -

Note. 1. In computing the cited geometric characteristics of
the cross secticn of prestressed elements the
reduction factor can be assumed equal to
n = Ea/E 6 .

2. The use of reinforced-concrete structures of slag-
pumice concrete rated for durability, is peroitted
only when sufficient experimental data is available.

3. The use of perlite concrete on a quartz sand base,
and also of light-aggregate concretes with expanded
perlite sands and porous light-aggregate concretes
for reinforced-concrete structures rated for
durability, is not permitted.

4. For light-aggregate concrete on a base of natural
porous fillers, and also on a base of artificial
coarse and fine fillers the values of the
reduction factor n' are taken from experimental
data.

4. BASIC RATED ASPECTS

GENERAL INSTRUCTIONS

41.1. The rating of concrete structures should be carried out
with respect to bearing capacity (the 1st limiting condition): for

strength taking into account when necessary longitudinal flexure and

with testing of the stability of the structure shape.
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The rating of reinforced-concrete structures should be carried

out:

a) with respect to bearing capacity (the-lst limiting

condition): for strength (taking into account when necessary

PY longitudinal flexure and with the testing of the stability of the

structure shape) and for durability - for structures, under the

effect of a multiply repeated mobile or pulsating load causing a

considerable drop in the stresses in the concrete or in the

stressed reinforcement (crane beams and gantries, ties, frame

foundations and spanning structures for certain unbalanced machines,

etc.,);

b) with respect to deformations (displacements) (the 2nd

limiting condition) - for structures, the magnitude of the deforim-

ations (displacements) of which can limit the possibility of their

operation;

c) with respect to the formation or the opening of cracks

(the 3rd limiting condition) - for structures, in which with

2respect to use conditions the formation of cracks is not permitted

or their opening should be limited.

Furthermore, when necessary the stability of the structure

position should be tested by rating for tilting and slipping

(retaining walls, eccentrically loaded high foundations, etc.,) or

for surfacing (sunken or subterranian reservoirs, pumping stations,

etc.,).

The rating of the strength of concrete and reinforced-concrete

structures, the makeup of the limiting conditions of which has still

not been established or for which the onset conditions of a limiting

I 1 condition cannot be expressed by forces in the cross section (some

types of coverings, wall beams etc.,), it can be carried out in the

same way as for an elastic body, in doing this:

At
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for concrete structures the stresses with the designed loads

should not exceed the corresponding rated strengths of the concrete;

for reinforced-concrete structures the compressive stresses in
the concrete at design loads should not exceed the rated strengths

of the concrete in compression, and all tensile orces in the cross

section should be completely received by the r, .nforcement with

the stresses in it, not exceeding its rated strength.

Rotes: 1. In the text of the present Codes (in the points

concerning the rating of reinforced-concrete elements) the concepts
"compressed" or "tensile stressed" zone in concrete designate the

zone which is respectively compressed or tensile stressed in the

limiting state in question.

2. Centrally compressed reinforced-concrete elements with

indirect reinforcement in the form of spirals, grids or rings, and

also sections of elemenvs operating in local conppreseion undergoing

a multiply repeated load, are not rated for durability.

3. Crane beams being rated for strength with the simultaneous

operation of two cranes, in testing for durability should be rated

for the load on one crane; with the cranes in a light operating

regime the crane beams are not ;,ated for durability.

14.2. The rating of concrete structures, and also the rating

of reinforced-concrete structures with respect to the ist and 3rd

limiting conditions should be carried out for all those stages of

production, transportation, assembly and use, in which the danger

of the achievement by the structure of one of the indicated

limiting conditions can arise: the rating of reinforced-concrete

structures with respect to the 2nd limiting condition is carried

oi• for the use stage, and precast monolithic structures, further-

more, for che assembly stage (see 4.10); in doing this the residual

strains in the elements which can accumulate during the trars-

portation, storage and assembly period should be considered.
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Note. The rating of reinforced-concrete structures for

deformations and for crack opening can not be carried out, if on

the basis of practical application or of experimental testing of a

structure made in accordance with special instructions, it is

established, that its rigidity in the use stage is sufficient (see

4.14) and the magnitude of crack openings in it (in all stages

L enumerated in 4.2) does not exceed the permissible (see 4.16).

[ 4.3, The rating for crack formation is carried out for pre-

requirements for crack resistance Imposed on them are subdivided

into three categories in aceordance with Table 9. In thls table

instructions are given concerning the necessity of rating for crack

formation in the structures of each category of crack resistance.

4.4*. In prestressed reinforced-concrete structurCes intended

for use under conditions of the effect of rated temperatu2,es of

I minus 40 0 C and below, in their rating with respect to the use

stage the appearance of tensile stresses in the concrete of cross

sections, normal to the axis of the elements is not permitted:

- being rated for durability;

.. the first category of crack resistance;

- the 2nd category of crack resistance taking into account

half of the horizontal forces caused by the wind load and by the

braking of moving transport equipment.

The rating for thie appearance in these cross sections of tensile

stresses is carried out according to the instructions of Section 5

of the present Codes.

4.5. The rating of structures reinforced with prestressed

elements, for crack formation is carried out separately:
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a) for additionally laid concrete surrounding the prestressed

elements;

b) for the concrete of the prestressed elements.

Such structures in rating for crack formation in the pre-

stressed elements and in the concrete surrounding the elements, can

pertain to various categories of crack resistance.

Si.6. For elements of reinfcrced-concrete structures, not

subjected to prestressing, and also for prestressed elements of the

S3rd category of crack resistance the determining of the forces

which cause the appearance of cracks, is carried out by computing
Szhe derormations., in the rating of the crack openings, or in th-:

case, provided in 12.13.* In these cases the instructions of
i •8.2-.8'.13 are used.

t 4.7. The rating of crack openings should be carried out:

a) for reinforced-concrete elements, not subjected to

prestressing;

b) for prestressed elements of tht 3rd category of crack

resistancc:

c) for cross sections and zones of prestressed elements of

"the 2nd category of crack resistance, for which rating of crack

formation is not carried out (see Table 9).

It is permissible to not carry out testing of the width of

crack openings, normal to the longitudinial axis of elements, in

structures of concrete of grade 150 and above, not located under

conditions of an aggressive medium or under the pressure of free-

flowing bulk goods or fluids and not subJect to rating for durability,

in which as the longitudinal reinforcement hot-rolled steel of

classes A-I' or A-II is used.
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The width of the openings of inclined cracks in the elements

and zones enumerated in the present point, should be checked in

all cases independent of the use conditions of the structure

and the type of reinforcement employed.

Note. It is permiso;ible not to carry out rating for crack

openings in the case, specified in the note to 4.2 of the present

Codes.

14.8*. The order of considering the loads and effects in

rating concrete and reinforced-concrete structures for various

limiting conditions both in the use stage and in the stages of

manufadture, storage, transportation and as3embly, is given in

Table 10. The magnitudes of the standard and rated loads are

taken in accordance with Chapters SNIP II-A.10-62 and II-A.ll-62.

In checking for the presence of t;ensile -tresses in concrete

In cross sections, normal to the longitudinal axis of an element

(see 4.4), rating is carried out:

for design loads - for structures of the ist category of crack

resistance;

for standcrd loads - in the remaining cases.

4.9. The magnitude of th. impact factor for loads from crane

should be taken in accordance with the instructions of Chapter

SNIP II-A.l1-62.

The effect of dynamic loading on t.,e structural elements can
be conside.ed in accordance with the recommendations of the existing

standard documents on planning and rating the cdrrying structures

of buildings for machines with dynamic loading.

In rating precast structures for the effect of forces arising

during lifting, transportation and ass.embly, the dead load of the
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element should be introduced into the calculation with impact

factor 1.5; but the ratio of the load factor to the dead load of

the element is not introduced.

Note. The ratio of 'ckie impact factor to the dead load of

precast structures in rating them for the effects of the forces
arising during lifting, transpor~ting and assembling, can be

assumed less than 1.5, if this is confirmed by many years of use

experience of such structures, but in any case not less than 1.25.

4.10. The rating of precast monolithic structures and their
elements for bearing capacity, for deformations, and also for crack

formation and opening should be carried out for the following two

stages of structure use:

a) before the acquisition of the as.igned suvength by

additionally laid concrete - for the ef>?et ,,f transport and

assembling loads, of freshly laid concrete and other 1cads arising

during erection, and

b) after the acquisition by additionally laid concrete of the
assigned strength, i.e., in the case of its Joint use with precast
elements under conditions of structure use (in accordance with the
directions of the appropriate instructions).

S4.11. The rating of centrally and eccentrically compressed

concrete and reinforced-concrete elements for strength taking
longitudinal flexure into account, and also the rating of reinforced-t concrete elements for deformations and for crack openings should be
carried out taking the adverse influence of the prolonged effect

of the entire dead load and part of the live load into account,

and when necessary - the effect of preliminary crushing.

The separating of live load into a long-term and short-term
load is done in accordance with the instructions of Chapters
SNiP II-A.10-62 and II-A.11-62.
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4.12. In determining the deformations of a floor or spanning

structures the weight of the partitions situated on it is taken

into account in the following manner:

a) the load from the weight of rigid partitions, (for example
precast reinforced-concrete partitions made from horizontal

elements, reinforced-concrete and concrete monolithic partitions,

stone partitions, etc.,) is assumed concentrated at the ends of a

partition, and when apertures exist - also near the edges of the

apertures;

b) for other partitions - 60% of their weight is assumed

distributed along the length of the partition (on the sections

between the apertures), and 40% - concentrated on the ends of the

partition and near the edges of the apertures.

4.13. The distribution of local load between the elements of
precast spanning structures made from flexicore or solid slabs,

under the condition that high-quality filling of the Joints between

the slabs is performed, can be carried out taking the following

instructions into account:

a) in rating both for strength and deformation the following

load distribution due to the weight of the partitions arranged along

slab spans is assumed:

if a partition is situated within the limits of one slab, then

50% of the weight of the partition is imparted to this slab, and
25% of its weight is imparted to each of the two adjacent slabs;

if a partition rests on two adjacent slabs, then the weight

of the partition is distributed equally between them;

b) in rating for deformations the local concentrated loads

situated within the limits of the middle third of a slab span,
are distributed along its width, which does not exceed the length
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of thIs span; in rating for strength such a distribution of

concentrated loads can be allowed only under the condition that

the adjacent slabs are joined along the length by keys checked k e ,.,

calculation (see 7.66).

Note. The extension of the recommendations of the present

point to ribbed panels is permitted only with appropriate justific-

ation when these are transverse rJbs of sufficient rigidity.

4.14*. The sagging of reinforced-concrete eLemients u:nder

standard loads, determined by taking into account (when neco.;sary)

the long-term effect of the whole dead load and part of the lve

.oad, should not exceed the values indicated in Table 11. F'o*

ocases, not specified in Table 11, or when with respect to the .

conditions cf buildings or structures (for example in connecL .r;

with technological specificatior '" the deflections indicated in this

table cannot be permitted, the maximum deflection values should

be established by the appropriate standard documents for the

designing of the given type of structures or by the design

specifications.

In building reinforced-concrete structures with camber the

values of the maximum deflections can be increased by the
magnitude of the camber; for prestressed elements the correctionA

for the flexure due to concrete crushing can alsc be taken irto

aocount, with the excepti. of the cases indicated in Table 10.

Tif in underlying premises with a smooth ceiling the-e are

situated across element span I permanent partitions (which are not

supports) with a distance between them of 1l, then the deflection

of the element within the limits of distance ZI (reckoned for the

line connecting the upper points of the partitions axes), can be

permitted up to 1/200 ZI' however in this case the maximum

deflection of the entire element should not be more than 1/150 1.
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Table ll*. The maximum deflections of reinforced-concrete elements.

Designation of the elements Maximum deflections "

in fractions of the
___element span I

1. Crane beams with cranes:

a) manual ............................. 1/500
b) electrical ......................... 1/600

2. Spanning elements with flat ceilings
and covering elements in span:

a) I < 7 m ............................ 1/200

b) I > 7 m ............................ 1/300

3. Spanning elements with ribbed ceilings
and staircase elements in span:

a) I < 5 m ............................ 1/200

b) 5 m < I < 7 m ...................... 1/300

c) Z > 7 m ............................ 1/400

4. Suspendable wall panels in rating them
from the span plane:

a) I < 6 m .......... ....... P .1/200
Sb) z > 6 m ................... ........ 1/250

The maximum deflections for cantilevers in fractions of their

span Z are assumed to be two times greater than the corresponding

values ind'.catec in Table 11.

4.15. For spanning structures, stairways and platforms and

also similar elements unjoined with the adjacent elements cf

reinforced-concrete slabs, besides the rating of static deflections,

testing for fluctuation should also be carried out. In doing this

the rated deflection of such elements due to the short-term effect

of a concentrated load with a weight of 100 kg, in addition to the

full standard load, should not be more than 0.7 mm.

4.16*. The width of crack openings (normal and inclined to

the axis of the element) in reinforced-concrete structures should be

not more than:
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a) for elements which are under the pressure of a fluid and

which operate in central or eocentric tension, if the whole cross
section of the element is tensile stressed (in the absence of
special shielding measures) - 0.1 Mm;

b) for elements which are under the pressure of a fluid and
which operate in flexure and eccentric compression, and also in
eccentric tension, if pirt of the cross-section of the element is
compressed, and for elements which are under the pressure of free-

flowing bulk materials, and also for all elements reinforced with
Lteel of classes A-V, At-IV and At-V, - 0.2 mm;

c) in the remaining cases - 0.3 mm.

Notes: 1. In rating an element for loads acting in the

transportation and assembly stages, the maximum width of cracks
openings can be 30% more than that indicated in the present point.

2. The maximum width of crack openings in reinforced-concrete
elements with special shielding measures, and also under the
conditions of an aggressive medium should be established in
accordance with the appropriate standard documents (see Appendix
III, Table 36).

S4.17'*. The distance between expansion-contraction joints in

concrete and reinforced-concrete structures of buildings and
* other structures should be established by calculation (see 4.23-4.2q

of the present Codes) with consideration when necessary of crack
l formation and the appearance of rheological properties of concrete.

If the distances between expansion-contraction joints do not

exceed the magnitudes given in Table 12, and the rated negative
temperature is higher than minus 400C, then for structures made
without prestressing, and also for prestressed structures of the
3rd category of crack resistance it is not permissible to carry out
calculations for expansion and contraction.
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Table 12. The greatest distances between expansion-contraction
Joints in concrete and reinforced-concrete structures permitted
without calculation at a rated tem erature of more than minus 400C.

The greatest distances between
expansion-contraction joints in
m. permitted without calcultion

Structure designations
inside heated in open Construc-
buildings or in tions and in un-
soil heated buildings

1. Concrete structures
a) precast ............... 40 30
b) monolithic with

structural reinforce-
ment ...... ............ 30 20

c) ii.nolithic without
structural reinforce-
ment .................. 20 10

2. Reinforced-concrete
structures (with unstressed
reinforcement or prestressed
structures of the 3rd category
of crack resistance):

a) precast skeleton-
frame structures,
including mixed
metallic or wooden
coverings ............. 60 40

b) solid precast......... 50 30
c) monolithic and pre-

cast-monolithic
skelton-frame of
heavy-aggregate
concrete .............. 50 30

d) the same, of light-
aggregate concrete.... 40 25

e) solid monolithic and
precast-monolithic of
heavy-aggregate
concrete .............. 40 25

f) the same, of light-
aggregate concrete .... 30 20

Note. For reinforced-concrete structures of single-store.y
industrial and agricultural buildings it is per-
missible without calculation to increase the distance
between expansion-contraction Joirts by 10% above the
values indicated in Table 12.
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"'For prestressed structures of the 1st and 2nd categov'ies of

crack resistance (see Table 9), and also for all structures employed

at rated temperatures of minus 400C and bclow, the distances

between the expansion-contraction joints should be established by

calculation.

For reducing the temperature forces in statically undefined

systems it is recommended that their separation be carried out

'during the building period) with temporary joints with subsequent

monolithization (closing) at the ambient temperature, which is as

close as possible to the value of the average annual temperature

of the given construction region defined by the graph of Table 1l

SChapter 1 of SNiP II-A.6-62 "Construction climatology and geophysics.

The basic aspects."

4.18. The volumetric weight of concretL in the rating of

structures is taken in accordance with the instruction of Chapter

SNiP I-V.3-62. The volumetric weight of reinforced concrete with

a reinforcement content of 3% should be defined as the sum of

the weights of the concrete and the reinforcement per unit volume

of reinforced-concrete structure.

DETERMINING FORCES IN THE ELEMENTS
OF STATICALLY UNDEFINED STRUCTURES

14.19*. The forces acting in the elements statically undefined

reinforced-concrete structures; ft is recommended that they be

determined by taking the inelastic deformatioý into account in

accordance with the appropriate instructions for rataig statically

undefined constructions by taking the redistribution of forces

into account.

To obtain a more favorable combination of forces in statically

undefined systems artificial regulation of the forces can be

employed taking their relaxation with time due to concrete creep

into account.
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The forces in statically undefined concrete structures, and

also In reinforced-concrete structures, for which calculation

procedures taking inelastic deformations into account, have still
not been developed, can be determined by assuming of their elastic

operation.

4.20*. In determining the forces arising due to a variation

in the temperature and humidity of an element, and also the forces

acting In elements of statically undefined structures, for which

the magnitude of the load and the nature of its distribution depend
upon the rigidity of the elements (for example the distribution

of soil pressure on slab foundations), should take their deformations

(displacements) into account in accordance with the instructions

of 9.1-9.9 of the present Codes, and also in accordance with

other standard documents.

4.21. In determining the forces in the elements of statically

undefined structures for rating themL both for bearing capacity and
for deformations it is recommended that the three-dimensional

operation of the structures be considered.

4.22. For slabs bordered along their whole contour with beams

monolithically Joined with them. designed without taking thrust

into account arising under a limiting condition (with the exception

of slabs of girderless spanning structures), the values of the

bending moments should be reduced in comparison with those determined

by calculation:

a) in cross sections of intermediate spans and near Inter-

mediate supports - by 20%;

b) in cross sections of extreme spans and in supports which

are second from the edge of the spanning structure:

when -i < 1.5 - 20%;

when 1.5< 1 2- to 10%,
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where I - the rated span of a slab in the direction, perpendicular

to the edge of the spanning structure;

S- the rated span of a slab in the direction, parallel to

the edge of the spanning structure (Fig. 1).

Fig. 1. Designations of

T- -• 14. rated spans of slabs of
3.I,, •"Imonolithic ribbed spanning

. - - L -structures.

4.23. Temperature-moisture eff'ects on concrete and reinforced-

concrete structures should be considered in establishing the dis-

tances between expansion-contraction joints (4.17), and also In

special cases of rating structures subjected to considerable

temperature or moisture variations, for example:

a) with an abruptly non-uniform temperature or moisture

distribution with respect to the cross section of elements;

b) with the periodic effect on a structure of industrial-

technological heat releases;

c) with stable low environment humidity.
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It is permissible not to consider the shrinkage of concrete

in elements of precast reinforced-concrete structures, or in

structures, protected from an early age from desiccation by soil

or by paint and varnish coats.

4.24. The determining of forces due to temperature or humidity

effects in the elements of concrete structures, and also in the

elements of reinforced-concrete structures, in which in accordance

with the use conditions crack formation is not permitted, can be

carried out in the same way as for uniform elastic systems; in this

case the rigidities of their elements are determined in accordance

with the instructions of 9.3 of the present Codes. Reinforced-

concrete constructions, in which crack formation is permitted

under standard loads, are designed taking inelastic deformations

into account by the method of successive approximations, taking

into account the duration of the effect in question; crane loads

in letermining the deformations of an element in these cases are

not considered.

4.25. In determining the forces arising in the elements of

statically undefined concrete and reinforced-concrete structures

due to temperature or moisture effects, it is necejsary to consider

the variation in the mean rated temperature of the e'ements and

the rated temperature differential on the thickness of the cross
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section-0 of' the elements or with respect to the meai' rated mnoisture

and the rated moisture differential on the thickness of the cross

: ections of the elements. The data necessary for th*'s with recopct

to tne temperature or moisture distribution on the cross sections,

If structural elements are determined by construction physics

methods, and the physical characteristics of heavy-aggregate

concrete can be assumed to be the following:

the ccefficient of linear expansion during heating from 0 to

1= 1.10 degree-;

the cocfficient of' linear shrinkage -

'ý.0- m/mM

the coefficien• of linear swelling -

- mm/mm5.10 /g

The coefficient of thermal conductivity of concrete and

reinforced concrete, and also the specific heat and the coefficient

of heat transfer are taken from the existing Codes on structural

heat engineering.

When experimental. data for concrete manufactured from the

same materials, of t1e same composition and by the same methods

are available, as the concrete being used in the construct.on, it

Is permissible to take the values of its physical characteristics

from the experimental data.

The mean rated temperature (or moisture) of an element,

whose variations cause axial deformations in it, is assumed equal

to the area of the actual diagram of the temperature distribution

(or effective moisture) with respect to the thickness of the

transverse cross section of' the element divided by the thickness,

of the element in the direction in question.

Por determining the ratedtemperature (or humidity) differential

in the direction in question, whose variations cause bending of the
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element axis, the actual diagram of. the tezmperature (or effective
moisture) distribution with respect to the thickness of the

transverse cross section of the element is replaced by a

condit 4 onal trapezoidal diagram equivalent to it (with respect to

area and the static moment of the area) with boundary ordinates t

and t 2 (u1 and.u 2 ) (Fig. 2), after which the rated temperature

differential is assumed equal to (see Fig. 2, a)

and the rated moisture differential is assumed equal to (see Fig.

2, b)

tg " 'A U, (2)

Note: 1. The coefflicients of linear shrinkage and linear

swelling are relative deformations of concrete (in mm/mm), caused

by the variation per unit of its relative weight moisture (in g/g)

respectively during uniform desiccation and moistening.-

2. The effective moisture of concrete 1s that part of its

total moisture which represents the adsorptively bound water of gel,

the removal of which from concrete is accompanied by its shrinkage.

3. Using the instructions of 4.25 the necessary physical

characteristics for light-aggregate concrete should be establisnud

by individual lstandard documents and be taken from the experimental

data.

4.26. In considering the variation in the mean rated drop in

moisture with respect to the thickness of an element cross section

only those factors are taken into consideration which are connected

with the variations in the effective moisture of concrete.

The diagram of the effective moisture distribution with

respect to the cross section of an element is found in the actual
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a) b)

L2

Fig. 2. Diagrams of the temperature and moisture distribution over
the cross section of an element; a) - temperature distribution
diagram: 1 - actual (ABDFG); 2 - hypothetical.trapezoidal,
considered in calculation (ACEG); b) - moisture distribution
diagrams: 1 - actual (ACDFK); 2 - effective moisture diagram
(ACDEGK): 3 hypothetical trapezoidal, considered in calculation
(ABHK).

diagram of the moisture distribution of concrete with respect to
the thickness of an element cross section by cutting off and
rejecting its parts whimh lie above the critical moisture of
concrete u (see Fig. 2, b), determined for heavy-aggregate
concrete by using the following formula

um WV + u~pK, (3)

where W - the rated equilibrium moisture of concrete in a
structure, which corresponds to a relative atmospheric humidity of
75%, equal to: 0.0125 g/g - for non-massive structures and to

0.00625 g/g - for massive structures;

u - the rated excess (above equilibrium moisture) critical
moisture of concrete, is equal to: 0.01 g/g - for non-massive
structures and 0.005 g/g - for massive structures;
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K - the coefficient taken from Table 13 depending on the

Job-grade of the concrete.

Table 13. Values of coefficient K.

Job-grade
of the 100 150 200 00 4o00 500 600
concrete

K 1.6 1.5 1.4 1.3 1.2 1.1 1

For structures of mean massiveness (see Note 2) values W

and u* are determined by interpolation depending on the modulus

of the element surface.

Note. 1. The critical moisture of concrete is the maximum

value of its effective moisture.

2. Depending on the modulus of a structural element surface

m in m-1 (the ratio of an element surface, open to desiccation in

m2 to its volume in m3) concrete and reinforced-concrete structures

are subdivided into:

massive - when m < 2;

average massiveness - when 2K m< 15;

non-massive - when m > 15.

5. DETERMINING THE STRESSES IN
PRESTRESSED ELEMENTS

5.1*. The stresses in concrete and reinforcement of pre-

stressed reinforced-concrete elements must be determined by

calculating:

a) the losses due to concrete creep and the effect of multiply

repeated load;
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b) the forces in the reinforcement tensile stressed by the

concrete;

c) the cross sections, normal and inclined to the axis of the

element, for the effect of multiply repeated load;

d) the formation of cracks in cross sections, inclined toward

the axis of the eqlement;

a) deformations in elements of the 3rd category of crack

resistance;

f) the beginning of joint openings in butt-joined cross

sections of sectional-and modular structures;

g) cross sections, norma'l to the axis of the element, for the

appearance of tensile stresses in concrete (see 4.4).

5.2. Stresses in cross sections, normal to the axis of an

element, are determined from their given area, by introducing into

the calculation the total cross-section of concrete taking into

account the weakening due to its channels, grooves, etc., and /

also the area of the cross section of the entire longitudinal

stressed and unstressed reinforcement (if it is more than 0.008F)

multiplied by thE ratio of the elastic moduli of the reinforcement:

and the concrete; in this case if parts of a concrete cross section

are made from concrete of different job-grades, they are treated

as a single grade of concrete, on the basis of the ratio of their

elastic moduli.

Stresses in concrete a6 are determined by the elastic stage

regardless of the fact of whether stressing is carried out on

chocks or on hardened concrete, and in doing this the resultant of

the forces in the entire stressed and unstressed upper and lower

reinforcement. N0 (Fig. 3) is examined as the external force
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Fig. 3. Didgram of the distribution
of' forces in the transverse cross
section of a prestressed element
when determining stresses in concrete
and reinforcement
KEY: (1) Center of gravity line of
the cited cross section.

compressing (in general, eccentrically) the given element,cross
section, taking the stressed and unstressed reinforcement into

account, and they are determined by the formula

N o =aoF, +o -u..-- -- . ( A )

The eccentricity of force NO relative to the center of

gravity of the given cross section is found in the formula

ooF•y + a•F• - - Oa. - * (5 )

where FN and Fa - are the cross-sectional areas of the

HU a

stressed and unstressed longitudinal reinforcement respectively;

in the elements being bent, eccentrically compressed and eccentri-

cally tensile stressed - or reinforcement AN and A, s.ltuated in

the more compressed zone of the concrete; in centrally compressed

and centrally tensile stressed, and also in all eleiaents of

annular cross-section (with the reinforcement situated around the

circumference - all;

F' and F' - are the cross--sectional areas of the' Fa

stressed and unstressed longitudinal reinforcement A' and A"64
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respecitvely, situated in a lesser compressed zone of the concrete

of the elements being flexured, eccentrically compressed and
eccentrically tensile stressed;

a and a' - are respectively the stress in stressed
reinforcement A and At before compression of the concrete (with

H H
tensioning of the reinforcement on chocks) or at the moment of
the reduction in the magnitude of concrete prestressing down to

zero with Lhe effect on the element of external actual or hypo-

thetical forces; a0 and a are assumed in considering the tension

quality factor of mT (see 5.3) and in considering the losses of

stresses determined for the stage of element use in question (see

5.");

a and a'.- are stresses respectively in unstressed
reinforcement A and A', caused by shrinkage and creep of the

concrete, at the moment of the reduction of the stresses in the
concrete down to zero by the effect on the element of external

".ctual or hypothetical forces;

SY'Y; Ya and Ya' - are the distances from the axis, normal

to the bending plane and passing through the center of gravity of
the given cross section respectively up to the points of the

application of the resultant forces in the stressed and unstressed

reinforcement (Fig. 3).

Note. With curvilinear positioning of the stressed reinforce-
ment values a0 and a' in formulas (4) and (5) are multiplied0 0
respectively by cos a and cos a', where a and a' are the angles of
inclination of the stressed reinforcementl to the longitudinal axis

Sof the element (for the cross section in question).

5.3. The prestressing quality coefficient of reinfoz-ement

in is assumed to be:

c) for all longitudinal reinforcement

65
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in rating for crack formation in a pre-compressed cross-

section zone m = 0.9;

in rating for crack formation in prestressed or in a less

Z ompressed zone of & cross section (with the exception of the

pases of rating by the approximation formulas given in 8.3-8.5)
m=1.1;

T

b) in rating for strength in the use stage - for reinforce-

ment A, and in the concrete compression stage - for all
H

longitudinal reinforcement stressed in concrete, mT = 1.1;

c) in the remaining cases m = 1.T

Note. In prestressing reinforcement by the electrothermal

method the tension quality factor is taken from special standard

documents.

5.1. In rating prestressed structures and in designating

the controlled stressing for them it is necessary to consider the

loss of prestressing in reinforcement.

In stressing reinforcement with chocks the losses which occur

are considered:

before the termination of concrete compression - due to the

relaxation of stresses in the steel, the deformation of the anchors

and temperature differential;

after concrete compressing - due to the shrinkage and creep of

the concrete and the effect of the multiply repeated load.

'And also in the cases, specified in 9.7 and 10.2 of the
present Codes.
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In stressing reinforcement in concrete the losses which

occur are considered:

before the termination concrete compressing - due the

deformation of the anchors and the friction of the reinforcement

against the channel walls or the structure surface;

after concrete compressing - due to the shrinkage and creep
of the concrete, the relaxation of the stresses in the steel, the

warping of the concrete during turning of the reinforcement and

due to the effect of a multiply repeated load.

The values of the losses in reinforcement prestressing are

determined in accordance with the instructions of 5.11-5.17 of the

present Codes, and when special experimental data are available,
from the experimental results. The total value of the losses when

designing structures should be taken in all cases to be not less
2than 1000 kg/cm

5.5. With the use in an element of several reinforcement

bundles or rods not simultaneously stressed in the concrete, it

is necessary to consider the variation (reduction or increasr) in

the stresses in reinforcement stressed earlier, as a result of the

elastic compressing of the concrete by the forces of bundles or

rods stressed later (see 5.17 of the present Codes).

5.6*. The values of the stresses in reinforcement a0 and a

neglecting the losses, taken into account in the calculations

(see 5.2), as a rule, should be: Pfr wire reinforcement - not

more than 0.7Ra, but not less than 0.4R ; for rod reinforcement -

not more than 0. 9Ra, but not less than 0. 4R.
a' a

The magnitude of the greatest stress in reinforcement a0 and

a can be raised for wire reinforcement ap to O.8R H and for rod
0H a

reinforcement - up to Ra in the following cases:

ia

67

-!,---



a) in reinforcement of the compressed zone for the purpose

of increasing crack resistance during compression of the element,

during transport;

b) in the annular reinforcement of penstocks;

c) during the temporary redrawing of reinforcement for the

purpose of increasing its limit of proportiondlity or decreasing

the losses due to -tress relaxation;

d) in compensating for losses due to the relaxation of

stresses or nonsimultaneous stressing of the reinforcement due

to the friction of the reinforcement against the channel walls

and'concrete surface, and also due to the temperature differential

between the stressed reinforcement and the devices receiving the

forces of its stressing.

Note. The magnitude of the greatest stressing of rod

reinforcement a0 with the electrothermal method of stressing

should be determined taking the maximum permissible deviations in

prestressing (p) into account, on the basis of the fact that

a0 + p < RH0 a

5.7. In stressing reinforcement by the thermal method the

maximum temperature of its heating, as a rule, should not exceed

350 0 C for rod reinforcement, and for wire reinforcement 3000C;

when confirmed by experiment and in observing the heating modes

specified by individual standard documents, the heating temperature

of the reinforcement can be raised.

5.8. The stress level in reinforcement, being monitored

during its stressing on chocks, is taken in accordance with the

instruction of 5.6.

The magnitude of stressing in stressed reinforcement A and
HA', checked during stressing of reinforcement in hardened concrete
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are determnkned for the crosssection, designated by a and a6)

using formulas

* * No tNaey,
no a;0n J (7)~

where n = (

In formulas (6) and (7) a and a' are assumed before the

appearance of losses; NO is determined after the appearance of

losses which occur before the termination of concrete compression.

5.9*. The magnitudes of stresses established in concrete v

after the appearance of losses used in computing the main stresses

in concrete, in testing the durability of an element and in

calculating the losses in prestressing due to the effect of a

multiply repeated load, are determined by the formula

FN in±- 9 (8)

where values N and e are determined respectively using formulas

(4) and (5); y - is the distance from the center of gravity of the

given cross section to the filament, in which stress is determined.

The magnitudes of the stresses established in reinforcement,

a H after the appearance of losses in testing the durability of an

element are determined formula (6).

5.10. In determining stresses and rating cross sections of

prestressed structures for cracking Jt is necessary to consider

the stresses in stressed and unstressed reinforcement

In this case the stress values in stressed reinforcement

�a 0 and a are taken:
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a) directly after compressing of the concrete - taking into

account the losses which occur before the termination of the

concrete compression;

b) in the use stage of an element - taking all losses into

account (see 5.4).

The values of the compressive stresses in unstressed

reinforcement ~a and a' are taken to be numerically equal to:renfrcmet a an a|

a) in the concrete compression stage of an element - to the

stress losses due to concrete shrinkage;

b) in the use stage of an element - to the sum of the stress

losses due to the concrete shrinkage and creep.

Note: 1. For the precompression stage of concrete made not

later than three days after the manufacture of an element, stressesA

!a and a are taken to be equal to zero.

2. With the positioning of resultant forces in stressed

reinforcement N (see 5.2) it is permissible to assume a on

the face of the cross section core or near it.

5.11. The values of the prestressing losses of reinforcement,

in the rating prestressed structures are taken from Table 14.

5.12*. The value of the losses due to concrete shrnikage and

creep with respect to 1 and 2 of Tabl- 14 is determined for rating

structures in the use stage.[ For the intermediate working stages of a structure, for example,

when they are subjected to production control tests, the value of
the losses due to concrete shrinkage and creep, determined fromS4it
1 and 2 of Table 14, is multiplied by coefficient = 4tS~100+3t'

where t is the time in days, reckoned during determining the losses
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due to concrete shrinkage from the day on which concreting of a

structures is ended, anid in determining the losses due to concrete
creep - from the day of its precompressing.

If it is known in advance, that a prestressed structure will

be subjected to the effect of dead load and Kcternal loads more

than a 100 days after the compression of the concrete, then the

value of the losses in the use stage is determined with value 8,

which corresponds to the actual period of structure loading.

5.13. In determining the losses due to concrete shrinkage and

creep the following instructions should be taken into account:

a) in structures which :.re subjected to steam CLoing or to warm-

ing so as to accelerate concrete hardening, the loszes due to

concrete shrinkage and creep should in all cases be taken to be

the same as fcr structures with stressing of the reinforcement

in chocks;

b) for penstocks, reservoirs, piles and other structures
which are under inoreased moisture conditins., the values of the

losses due to concrete shrinkage and creep indicated in 1 and 2

of Table 14 can be eeduced by 50%;

c) foy, structures intended for use in a hot :, climate (for

example in the regions of Central Asia), the losses due to

concrete shrinkage and creep should be increased by 20-30%;

d) in prestressed transverse reinforcement the losses of

stresses due to concretr ereep are not considered;

e) if when designing a t'ucture the type of cement and the

composition of the concrete iaich will used, and also the

production and use are known of the structure and the type, the

Svalue and the time period of the load effects conditions, then

it is recommended that the losses due to concrete shrinkage and
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creep be determIned by mere pree.•:e methods and be checked by

experiments.

5. 14. in dererminIng the loc.:es of prestresssing in structu-,s

consisting of modules, the compresj.ive strain in each joint between

the modules is taken to be:

a) for joints fi.lleo with concrete or mortar, - 1. mm;

b) in the loin'Ln, of the mooulej I'n t;he dry state, whose

faces during manufacture were adjacent and were separated by

packing of con.tant thickness. - .5 mm; deviations from the

ind.catud rekuirem.rnts are p•.r.... te .het,, Astified by exper ments.

5.15. The value of the prY st-esz .c-es of reinforcement

anT= It-a with frictiu,,: Jmoutl-, -in deformed bundles, strands
F

H

or rods against the channel eialis in rectilinear and curviP.:t...'r

sections can be determined uy takin- ULtEe coefficien" of friction

of the reinforcement aga1nA.*t the cnannel w-,alls, the value of the

arc angle of contact of the re-nf'>.::t _,ifl curvilinear sections

and others data (Fig. 4) irl;o ac(.uti', 1sing formula

where N - ti.e force Qe'1eioped by ic; "a.•k or the stressing device

is taken to be eqo;al -ro E, N ;
K a

N - the force in the rcir"'.... taking the losqef duea
to friction into acýcount:

o - the controlled prestres.;Ing of t;he reinforcement in
H

the absence of 2osses; it H:; possbie to assme value 0 0

e - oase of natural .iogarithf•f,

7J11

•"•'•-_ • "



x - the length of a channel sect;ion from the stressing

device to the rated section in m; for linear elements it is

permissible to assume value x equal to the length of the projection

of the indicated channel section on the longitudinal axis of an

element;

k - the coefficient which considers the deflection of a

"rectilinear channel section with respect to its designed position

per 1 linear m of length defined by Table 15;

1 - the coefficient of friction of the reinforcement :t

against the thannel walls defined by Table 15;

e - the central angle (in radians) of the arc formed by the

reinforcement in a curvilinear channel section (see Fig. 4).

S-cressing
device

Iva anchor

.12
NM i

Fig. 4. Diagram of the variation
in forces in stressed reinforce-
ment of curvilinear shape for
determining its losses of pre-
stress with friction against the
channel wall or the concrete surface
of the structure.
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5.16. With the use of repeated stressing of reinforcement

in concrete, carried out during manufacture and aging of the

structure for the purpose of compensating for losses of pre-

stressing, It is permissible to reduce the latter by value Ac,

where Ac - the losses of stress in the reinforcemnent occurring

during the period between the first and the second stressing;

however this reduction should be not more than 50% of the losses

assumed for elements in the absence of reneated stressing.

5.17. With use irn a stressed element of several reinforcement

bundles or rods nonsimultaneously stressed in concrete,, the value

of the variation (reductions or increases) in the stress in the

reinforcement stressed earlier, due to elastic compression of

the concrete by the forces in the reinforcement, stressed later,

can be assuxed equal to.nAa., where n - the ratio of the elastic

modulus of the reinforcement- to the elastic modulus of the

concrete; Aca - the mean stress in the concrete (in the section of

.the length of the reinforcement. group in question strassed

earlier, at the level of its center of gravity) due to the stress

force of the reinforcement- group stressed later; in this case the

stress in the reinforcement is taken after deducting the losses

occurring during compression of the concrete.

Value Aca is determined for each group of reinforcement

stressed after that group of reinforcement, for which the loss

of stresses is determined; the reinforcement of the group stressed

earlier, should be stressed more vigorously by the value of the

variation in s-ess found by this method. A

For determining the variation in prestress it is recommended

that the whole reinforcement' be subdivided into 2-3 groups.

Note. Other, more precise methods of taking the variation

in stresses in reinforcem..nt into account with its nonsimultaneous

stressing are permitted.
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5.18*. Compressive stresses of concrete oa depending on the

stressed state of the cross section and thie method of stressing

the reinforcement should not exceed the values (in fractions of

the cubi'3 strength of the concrete during its compression R0)

indicated In Table 15a.

Note. The values of - given in the last two columns of
0 2

Table 15a pertain to concrete in the water-saturated state; with

its moisture, corresponding to natural air-dry conditions it is

necessary to assume these value 0.05 greater than those indicated

in the table.

6. RATING THE ELEMENTS OF
CONCRETE STRUCTURES FOR STRENGTH

GENERAL INSTRUCTIONS

6.1*. The strength rating of elements of concrete structure5

should be carried out for cross sections, normal to the axis of

the element.

Supporting parts of elements should be tested by calculation

for warping. In rating wall panels the random eccentricity taken

to be equal to the following should be considered:

a) for panels of bearing walls - 2 cm;

b) for panels of self-bearing walls, and also 'or t

individual layers of three-layered panels of bearing walls - 1 cm.

The indicated random eccentr•,ity Js totaled with the

assigned eccentricity of longitudinal force.

Note. When it can be guaranteed, that when installing the

panels the displavement oL the axes with respect to the storeys is

not more than 1 cm, i!" is permissible in rating the panels of
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bearing walls to consider the random eccentricity, equal to

1 cm.

6.2. The rated lengths Z0 for columns and concrete walls are

taken from Table 16.

Table 16. Rated lengths 40 of concrete elements (columns, walls).

The nature of the support of the columns and walls Rated length
z0

1. For walls and columns supported at the
top and bottom:

a) for undisplaced supports in the form
of spanning structures, in turn,
resting on unsupported (rigid) trans-
verse structures ...................... H

b) for elastically displaced supports.... 1.25H-l.5H_

2. For free-standing walls and columns ...... 2H

3. For walls supported on four sides by
undisplaced supports in .the form of spanning
structures and transverse walls, etc., when
B H < 2 .. .. .. .. .. . .. . . . . . . . . . . . . ... 0 .g9H

4. For walls supported on three sides by
undisplaced supports when B:H < 1.5............... 0.9H

where H - the height of the column or wall within the limits of

the storey, after deducting the thickness of the spanning st2,ucture

slab;

B - distance (length of the wall) between the vertical

supports, and with support on three sides - the distance between

the vertical suppor: and the free face of the wall.

Note. If in rating panels their support in outline, is con-

sidered then a connection should be provided between the panel

being rated and the transverse walls with respect to it, at least,

by filling the grooves being left in the walls, or with the use

of anchors located at the top, bottom and in the middle of the

height of the storey.
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CENTRALLY COMPRESSED MEMBERS

6.3*. The ratings of concrete elements in central compression

taking buckling into account is carried out using the following

formula

N,. R- F. (10)

where Nn - the given longitudinal force determined by the

formula

N. = NA ; (+ N.)

- the coefficient of longitudinal flexure taken from

Table 17;

N - a rated longitudinal force from a long-term acting

part of "che load;

m - the coefficient which considers the effect ofAll
prolonged action on the bearing capacity of a flexible element

taken from Table 17.

FLEXURAL ELEMENTS

6.4. The rating of flexural concrete elements is carried out

on the basis of the following aspects (Fig. 5):

Fig. 5. Diagram of the
--- distribution of forces and a

-",diagram of the stresses in the
I. transverse cross section of a

S /• i ;•" ; flexural concrete element.
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a) the cross sections are maintained plane (the plane cross

section hypothesis);

b) the diagram of normal stresses in the compressed zone is

triangular and has such a slope, that when it is extended into the

tensile stressed zone it intercepts a segment on the stressed

extreme fiber, equal to 2Rp;

c) the diagram of the normal stresses in the stressed zone

is rectangular with a stress value, equal to R
p

With an arbitrary form of an element cross section then it is

recommended that the calculation be carried out using formula

AI•R 1 , (12)l

where W - the moment of resistance for the stressed face of a
T

cross section, determined by taking the inelastic properties of

the concrete into account (in accordance with Fig. 5), is equal to

where Jc - the moment of inertia of the compressed part of the

cross section relative to the zero line;

S - the static moment of the stressed part of the cross
p

section relative to the zero line.

The position of the cross-section zero line is determined from

conditi3n
S_ ( -•)•(114)

S : 2

where Sc - the static moment of the compressed part of the cross

section relative to zero line;

F - the area of the stressed part of the cross section.
4.p
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Table 17*. Values of coefficients *and m~ for concrete elements.
Values of 4jValues o

k 0 10
rFor light-aggregate

>4. concrete > 4--) 0 r 4)Q,
a) Cd 4) aCb a) *bbDW 4

W Wi 0 th values of a W______ , H Qa

16 5 1500 01000.7 70,6 500M ;84 OZ Fbr
08 W3 0.7 0.7 0.7 0,6 0.~ b 0

20 70 0.7 0.7 1~ ; 0 10.98 076 22 00.18 0.43 0:69 09 0!I
24 49 ~ 0.658,5 0. 561 n.79 0,33 0.67i

where Z the rated length of t-he element (see 6.2);0

b -the minimum size of a rectangular cross-section;

r -the smallest radius of gyration of a cross section;

a -the elasticity characteristic of light-aggregate

concrete equal to the ratio 6_ with Intermediate
RH
np

values of a the values of 0 are taken in accordance
with the nearest least value of a.j
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The elements of a rectangular cross section can be calculated

using formula

bh
2

M 3 5 R. (15)

ECCENTRICALLY COMPRESSED ELEMENTS

6.5*. The rating of eccentrically compressed concrete

elements with small eccentricities satisfying the condition

Sd> o,8se, (16)

and with a rectangular cross-sectio - satisfying the condition

eo < O,226h, (17)

is carried out under a condition of constancy of the moment of

maximum compressive force relative to the weakly stressed face of

the cross section (Fig. 6) using formula

N,, T (18)

and with a rectangular cross section - using formula

(19)

Fig. 6. Diagram of the distribution
of forces and diagram of the stresses
in a transverse cross section of an
eccentrically compresed concrete
element with a small eccentricity.

8
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In formulas (16)-(19):

S - the static moment of the cross-sectional area of the

compressed zone of the concrete (the height of which is determined

from the condition of the coinciderce of its gravity center with

the point of application of the longitudinal force) relative to

the less stressed face of 'he cross section;

S - the static moment of the entire cross-sectional area of
0

an element relative to the less st-essed face of the cross section;

Nr, - the cited longitudinal force determined with formula

""1.l), in which coefficient m n is found in Table 17, replacing

the ratios I 0/b and Z0 /r In it respecti.ely witn ratios 10/h and

I /r•; cited force Nn is applied with eccentricity e0Ii calculated
with formula (113a) - see 7.51;

N and N - the same designations, as in formula (11);

e- the distance from force N to the center of gra-ity
0 n

of the transverse cross section of' the element;

e - the distance from froce Nn to the less stressed

face of the cross section;

- the coefficient longitudinal flexure during eccentric
compression

= ko; (20)

the coefficienz of longitudinal flexure taken from

Table 17, in which values 10/b and 10o/r are replaced respectively
by 1 0 /h and ZO/r. - the radius of gyration of the cross section in
the plane of flexure;
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k -the coefficient which considers the effect of eccentric

load application and is determined with formula

k A-- (0. Ot-- 0,2); (21)
• h,=3,46 r,, (22)

and for a rectangular cross section

S- . (23)

Note. In the case of the use of concrete of Job-grade higher

than 300 the values of coefficient k should be especially

Justified.

6.6. The rating of eccentrically compressed concrete elements
with large eccentricities, which do not satisfy the conditions of

(16) or (17), with the exception of the cases indicated in 6.7, Is

carried out on the basis of the positions cited in 6.4 (see Fig.

5); in this case it is recommended that the following formula be

employed

M. (24)

where M - the moment of the external forces acting on one side

of the cross section in question, relative to the core point,

most distantly removed from the stressed face of the cross section;

part of value M , depending on a long-term acting load, is

increased by dividing by coefficient m in accordance with

formula (11).

Value W in formula (24) is determined with fuomula (13); in

this case the oosition of the zero line in the cross section is

determined as for flexural elements (i.e., assuming the absence

of the longitudinal force) from condition (14).

Elements of a rectangular cross section can be rated using trne

following formula

Oh
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where value Nn is determined with formula (11).

6.7f. The rating of eccentrically compressed concrete

elements, which are not subjected to the effect of an aggressive
medium and are not located under the pressure of a fluid (with the
exception of cornices and parapets), with large eccentricities,

which do not satisfy the conditions of (16) or (17), can be
carried out without considering the strength of the stressed zone
of the concrete with a rectadigular form the diagram of the stresses

in the compressed zone (Fig. 7) using the following formula

No , yR.F, (26)

where Nn - the cited longitudinal force determined using formula
S• (11);

F6 - the cross-sectional area of the compressed zone of

concrete (determined not considering the strength of the stressed
zone of the concrete).

Fig. 7. Diagram of the distribution

of forces and a diagram of the stress
in the transverse cross section of an
eccentrically compressed with great
eccentricity concrete element being
rated without allowing for the strength
of the stressed zone.
KEY: (1) Center of gravity.

In this case the height of the compressed zone is determined

under the condition of the coincidence the center of gravity of
the cross-sectional area of the compressed zone with the point of
application of the resultant of the external forces.
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Notes. 1. In the elements rated by formula (26), it is

necessary to specify structural reinforcement in the stressed

zone in accordance with the instructions of 12.61; when it is

inexpedient or impossible to install this type of reinforcement
the rating of the element must be carried out taking the strength
of the stressed concrete into account (see 6.6).

2. In cases rated with formula (26), the value of the

eccentricity of the rated force (including the random eccentricity)

relative to the center of gravity of the section should not exceed

0.9y, where y - the distance from the center of gravity of the

section to its most stressed face. In this case the distance

from the point of application of the rated force to the most

stressed face of the section should not be less than 2 cm. In

rating cornices the value of the eccentricity of the rated forcean
can not be more than 0.7y.

3. The rating of the strength of concrete wall panels can be

carried out using formula (26) only when e0 /h < 0.3; when

e0 /h > 0.3 the rating should be carried out taking the strength

of the stressed zone into account in accordance with 6.6.

6.8. The rating of the support units of spanning structures

on panel walls is carried out with the introduction to the bearing

capacity of the element of coefficients which consider the effect

of a mortar Joint: 0.9 - with hardened mortar and 0.5 - with

freshly mixed mortar.

6.9. In rating concrete elements having undisplaceable

supports, the values of coefficients l and mAn are taken:

a) for sections in the middle third of the length of the

element - from Table 17;

b) for sections within the limits of the extreme thirds of

the length of the element - by linear interpolation, assuming in
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the support sections and m n to be equal to unity.

6.10. For elements operating in eccentric compression,

besides taking the flexibility into account in the plane of the

moment effect, testing of the sections should also be carried out

taking the flexibility in the plane perpendicular to the flexural

plane into account, is accomplished in the same way as for elements

operating in axial compression (disregarding flexural moment).

RATING FOR LOCAL COMPRESSION

6.11. The rating of sections in local compression (warping)

should be carried out using the following formula

4 9Rc (27)

where N - the rated load, applied to a part of the section in

question (local load or the sum of local and base load);

FcM - the bearing surface area;

- a coefficient taken equal to 1 with uniform load

distribution on the bearing surface area and to 0.75 with non-

uniform distribution of the local load under the ends of the

beams, main beams and straight arches;

Rc• - the rated strength of the concrete with local

compression, determined by the following formula

PIN (28)

where i= V (29)

but not more than the values of yl(depending on the site of the

loading application, see Fig. 8), given in Table 18;
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(d)

(a) (b)

• t " "r 2-

iIalt,,

(ap art )

t• • " Part 2

SFig. 8. Data for rating sections of elements in local compression
• (warping).

(a)-(e) - cases of the application of local load which determine
the value of coefficient yl: (f)-(k) - cases of the distribution

of local load and rated sectional areas F corresponding to them;
(1) - is an example, when the individual parts of an element
section are not included in rated sectional area F (parts 2 and 3
should not be considered when rating section 1 for warping);
FcM - the area of local compression (warping), to which the load

is transferred; F - rated sectional area.
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Table 18. Values of coefficient yl.

Coefficient y, in a local load

application setup
Type of load

From Fig. 8a, b, From Fig. 8d, e

In considering only local load 1.5 1.2

In considering local and base
loads ........................... 21.5

Notes: 1. In supporting the columns, of heavily loaded
girders and beams, near the edge (the face)
of a concrete wall it is assumed that Rcm = R np

2. If the local edge load NcM > R npF m, then the

section of the concrete element at the site of
the application of this load should be reinforoed
with mesh reinforcement.

3. For light-aggregate concretes of job-grades of
100 and below given in Table 18 the coefficients
of y1 are reduced by 20%.

F - the rated area of the section determined by the

instructions of 6.12.

6.12. The rated sectional area F in formula (29) is taken
in accordance with the following rules:

a) with the local load along the entire width of the section
of element b parts with a length of not more than b in both
directions from the edges of the local load (Fig. 8,f) are included

in the rated area of the section;

b) with the local boundary load along the entire width of the
section of element b tha part adjacent'to the edge of the local

load, with a length of not more than b (Fig. 8,g) is included in

the rated area of the section;
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[ c) with the local load from the supporting of the ends of the

main beams and girders a part with a width, equal to the length

of the supporting part of the main beam or girder, and witU a
K length in accordance with subparagraph of "b" but not more than
V the distance between the axes of the two adjacent spans between

the girders (Fig. 8,i,J) is included in the rated sectional area;

d) with the edge local load on the corner of the section the

part with a length of not more than dimension c in the diL.'ýion

of dimension a of the warping area and not more than a in the

direction of dimension c of the warping area (Fig. 8, 1) is

C7 included in the rated sectional area;

e) with the local load, applied to part of the length and

width of the section, the rated area is assumed to be symmetrical

with respect to the warping area, in ac-or'dance with Fig. 8,m.

When several loads of the indicated type exists, the rated areas,

moreover are limited by the lines, passing through the middle of

the distances between the two adjacent loads.

Notes: 1. If a section has an intricate shape, it Js not
permitted to consider in the rated area the parts of the section,
the proper connection of which with the loaded section Is not

provided for (for example in Fig. 8,n section parts 2 and 3 should

not be considered in rating for local compression in part 1).

2. With the local load from the girders, main beams,

straight arches and other elements operating in flexure, the depth

Sof support Z considered in the rating in determining PcM and F
are assumed to be not more than 20 cm.

6.13. With the joint action on the section in question of

the base and local loads the rating for warping is carried out in

two variants:

a) for local load;
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b) for the sum of local load and part of the base load being
absorbed by warping area F

In these two variants of rating various values of coefficient

y are taken in accordance with Table 18.
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7. RATING OF ELEMENTS OF REINFORCED-
CONCRETE STRUCTURES FOR STRENGTH

GENERAL. NSTR UCTIONS

* 7.1. The rating of elements of reinforced-concrete structures

for strength should be carried out for normal, and also for

sections inclined (in the most dangerous direction) toward the

axis of these elements.

When twisting moments are present it is also necessary to

check the strength of an element in a three-dimensional secion

limited by a spiral crack in the most dangerous direction (see

7.58).

L The supporting parts of elements should be tested by rating

for warping; for prestressed structures, moreover, it is necessary

to check the strength of the parts of an element under the

effect of concentrated forces from stressed reinforcements.

SIt is alz.o necessary to check the strength of elements in

the zones of local loads concentrated in small areas.

7.2*. When stressed and unstressed reinforcement of various

types and classes of steels are present in an element each

type of reinforcement is introdaced into the strength rating

with its own rated strength. In this case the following products

are in the rating formulas given below: R F and R Ft are
88a a.c a

replaced by the sum of the products of the rated strengths for

the appropriate sectional areas, and products R S and R S'
are replaced by the sum of products of the rated strengths of

the reinforcement for the static moments of the appropriate
sectional areas of the reinforcement.
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When different grades of concrete are present in a section

of an element, the corresponding parts of the cross section

are introduced into the strength rating with the rated strengths

corresponding to these grades, but not exceeding triple the

calculated strength of the concrete of the lowest grade.

In these types of elements the position of the center of

gravity of the area of the entire concrete section or of its

compressed zone, and also the static moments S0 and S6 should

be determined, reducing the whole section to concrete of one

grade in accordance with the accepted rated strengths.

7.3'. If longitudinal reinforcement A in flexural,

eccentrically compressed in the first case (see 7.46) and in

eccentrically stressed in the first case (see 7.54) reinforced-

concrete elements is arranged in several rows within the limits

of the height which exceeds half the height of the stressed

zone of a section, then for rods arranged at a distance of more

than 1/2(h - x) from the stressed face of the section, the

rated strength of the reinforcement is introduced with coefficient

0.8.

Notes: 1. The instructions of 7.3 do not pertain to

elements with the reinforcement arranged uniformly along the

perimeter of the section (for example to elements of a ring

cross section).

2. It is not permissible to introduce coefficient 0.8

specified by the present point with values of $6 /So 0.45,

if reinforcement A is made from any type of reinforcing steel

of the numbers specified by 2.7 of the present Codes, except

steel of class A-1.
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7.4. If in centrally compressed, flexural or eccentrically

Scompressed reinforced-concrete elements the sectional area of

the longitudinal reinforcement situated in the compressed zone,

is more than 3% of the sectional area of this zone, then in

the rating equations it is necessary to consider the decrease

in the actual concrete area of the compressed zone by the value

of the sectional area of the reinforcement located in it (for
centrally compressed elements in accordance with the instructions

of the note to 7.10, and for all other elements - in accordance

with appropriate instructions).

7.5. The rated lengths Z0 in rating centrally and eccentri-

cally compressed reinforced-concrete elements for strength

taking longitudinal flexure into account can be determined in

the same way for elements of semirigid frame construction (plane

or space) under the assumption of nonsimultaneous loss of

stability by them assuming that the design load is situated

Sr most disadvantageously for the element in question.

It is possible to assume the following value of rated

lengths of reinforced-concrete elements:

a) for columns of single-storey industrial buildings with
coverings, rigid in their plane (of reinforced-concrete, re-

inforced foamed concrete, etc., slabs), and also for trestles -

in accordance with Table 19;

b) for columns of multistorey buildings with the nUmber

R of spans not less than two and with a ratio of the width of

the building to its height of not less than 1/3, and also for

elements of reinforced-concrete girders and arches - in Table

NO 20.
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Table 20*. Rated lengths Z0 of multi-storey building columns and
of compressed elements of girders and arches.

Rated
SName of elements length

Columns cf multi-storey buildings
with the number of spans not less precast H
than two and the ratio of the
width of the building to its
height not less than 1/3, in monolithic O.7H
spanning structures

top chord in rating
in the plane and out

Compression girders elements of the plane of a
girder
diagonal and vertical
struts in rating in 0.8Z
the plane of a girder
the same, in rating
out of the plane of
a girder .... __Sthree- Kin. rating 0.58S
in the hingeddoule_

Arches plane on double- 0.54S
an arch hingedin rating hingeless 0

out of
the plane any S
of an
arch

where H - the height of a storey; I - for the upper chord of
girders - the distance between the points of its attachment, ant
for vertical and diagonal struts - the length of the element
between the centers of giLder Joints; S - the length of an arch
along its geometric axis.
Notes: 1. The rated length of the elements of a girder framework

in rating out of the plane of the girder can be
taken less than I (but not less than 0.8 1), if the
width of the girder chords is greater than the width
of the framework elements and if there are powerfuljoint connections.

2. The effective length of the elements of the upper girder
chords and supporting struts with their calculation in
the plane of the girder can be taken as equal to 0.8 1
with the presence, on the element of the local load-in
question, of the component of a considerable fraction of
the overall load on the girder.

3. The instructions in Table 20 extend to coltumns of multi-
storey buildings when the number of storeys is not more t
than 8 and when the linear rigidity of cross girders is
not less than the linear rigidity of the columns. J
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ADDITIONAL INSTRUCTIONS ON THE
STRENGTH RATING OF PRESTRESSED
ELEMENTS

7.6*. In flexural, centrally and eccentrically compressed,

and also eccentrically stressed in the first case of prestressed

reinforced-concrete elementp the stressed reinforcement having

adhesion with concrete and situated ir a zone compressed (most

compressed) due to the effect of external forces, is introduced

into the rating not with rated strength R but with stress at
2a.c c

(in kg/cm 2), equal to

, •360 -M1 Qe (30)

where a' - pre-tensile stress!.ng (in kg/cm") in the reinforcement

situated in the zone compressed (most conpressed) due to the

effect of external forces, taken depending on the stage of opera- 4
tion of the element in question, the stress conditions of the

reinforcement and the magnitude of the losses in accordance with

the instructions of 5.4 of the present Codes; mT = 1.1 (see 5.3).

Stress a' can be compressive, zero or tensile. If stress a,'
c C

is compressive, then it should be assumed to be not more than

R8 ~

Tf ;,ie stressed reinforcement situated in a zone compressed

due to the effect of external forces, is made of steel of various
types or classes, each of them is introduced irto the calculation

with its value at.
c

7.7. In the strength rating of an element for the effect of

central or eccentric precompression (taking the dead load or

assembly loads into account in the necessary cases) the forces of

the stressed reinforcement are introduced into the calculation as

external loads; in this case the following instructions are

considered:
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a) for centrally compressed elements the compressive force
is determined by taking the entire stressed reinforcement (NH)
into account;

b) for eccentrically stressed eierne,. j the compressive fcrce
is determined only from the stressed reinforcement situated in
the most compressed zone (N#);

c) in calculating compressive forces N and N' the stiessesSH $

in the stressed reinfcrcement are assumed equal to:

in etreosing reinforcement with abutmente - -

where co - the prestressing in the reinforcement after the appk'ear-

r ance of losses occurring before the termination of concrete compres-

sing; cn - the magnitude of the reduction (loss) i: prestressing

in the reinforcement in bringing the concrete zf the comprezs'.-d

zone up to the maximum state, equal to 30IO0 kg!cm2 . but not more
than stress 0O;

in simultaneously stresaing of alZ the reinforcement' in: the

concrete -a
HS

where a. - the controlled prestressing in the reinforceeient at

the end of the compressing of the concrete before the appearance

of losses;

o•ith stressing of the reinforcement in the concrete aliernately

in groups - G0 " an$

where c0 - the same value, as in stressing reinforcement in
abutments; a, the magnitude of the reduction (losses) in pre-
stress in the reinforcement, equal to

an=, - 30 kg/cm2 ,
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but not more than 2500 kg/cm2; P1 and F2 - respectively the

smallest and greatest transverse sectional areas of a compressed

element; for elements with a constant transverse section
it is assumed that

-A

F - the area of the stressed reinforcement of all groups ofP.M
the compressed zone of an element, whose strength is being checked
except the area of the latter group which is equal to F - Fp;

F - for centrally compressed elements, - the sectional area of
all the stressed reinforcement ; for eccentrically compressed

elements, - the sectional area of the entire stressed reinforce-

ment of the compressed zone of the element, whose strength is
being checked.

The strength rating during the compressing of the concrete
of a structure is carried out .aking the rated strength of the

concrete into account which corresponds to its strength at the

moment of compression.

Notes: 1. In stressing reinforcement in concrete in
elements which have sectional contraction in individual regions

(for example due to the making of apertures), the strength rating
of the sections in these regions should be carried out for the

compressive force by the reinforcement, determined by taking the
instructions of 7.7 into account but with the value of the

reduction of prestress in the reinforcement = 0.

2. When stressed reinforcement is present, which is not

parallel to the longitudinal axis of the element, there is
introduced into the compressive strength rating a longitudinal
component of the stress force of the reinforcement (see the note

to 5.2).
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7.8. The strength rating of a reinforced-concrete element
during the compressing of the concrete by the reinforcement
stressed in the concrete, is carried out taking the effect of the
longitudinal flexure ur deflection of the element into account
when necessary; in these cases:

a) in reinforcement, not having adhesion with the concrete
nnd capable of being displaced in the transverse section of ar
element situated in channels, grooves, recesses or outside the
limits of the section, it is necessaiy to consider:

in axia compreesinig of an element - the effect of longitud-
inal flexure in accordance with instructions of 7.10 and 7.11; A

in ecc•ntric oompressing of an element - the effect of
element deflection in the plane of the action of the moment on the
imagnitudeof eccentricity of thelongitudinal force in accordance with

the instructions of 7.51 and 7.52;

theb) with reinforcement situated in closed channels and not
displaced with respect to the longitudinal section of the element,
the effect of longitudinal flexure or deflection of the element
is disregarded.

The rating of the strength of a reinforced-concrete element
during compressing of the concrete by the reinforcement stressed
in abutments and having adhesion with the concrete, is carried
out without considering the effect of longitudinal flexure or
deflection of the element due to the compression.

In determining of the deflection of an element and in
rating it for longitudinal flexure in the compression stage,
besides the compressive force, when necessary one must consider
the effect of the 'id load of the element, its Joint operation
with the other structural elements, etc.
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R In rating the strength of elements with reinforcement,

not having adhesion with the concrete, indicated in subparagraph

"a" of the present point, for the precompressing effect the rated

length of the element is assumed to be equal to the distance

between the devices which fasten the reinforcement to the concrete

along the length of the element.

7.9*. For prestressed elements of the 3rd category of crack

resistance, whose strength is depleted with the formation of
cracks in tensile stressed area as a result of the attainment

of the rated strength by the stressed reinforcement , the forces

received by the section of the element, should be assumed reduced

by 15% in comparison with those determined by calculation.

CENTRALLY COMPRESSED
ELEMENTS

7.10. The rating of the strength centrally compressed

reinforced-concrete elements with transverse reinforcement in

the form of individual clamps or welded to the longitudinal

reinforcement rods (Fig. 9a), with the exception of the case,

specified by 7.11, is carried out under the following condition

N. < T(R.pF +RF.). (32)

where Nn - the given longitudinal force determined with formula

(11) with the values of factor in taken from Table 21; € - the

coefficient of longitudinal flexure taken from Table 21.

Note. If the sectional area of longitudinal reinforcement

Fa is more than 3% of the entire sectional area of element F,

then in formula (32) the value of F, 's replaced by the value of
F - F (see 7.4).

102

__



a) b)

SFig. 9. The transverse reinforce-
ment of '.entrally compressed
reinforced-concrete elements
a) reinforcement with the trans-
verse rods welded to the longi-
tudinal rods, b) reinforcement
with a spiral.

PIT-

Table 21*. The values of factors 0 and m., for reinforced-
concrete elements.

iii . - i F im i -i . .. -40 a• P' a 0 40am•mm(• J •i nislo 4 S.6 WA nI * 4 0SA 17 S U1 O.S M N U W.5 $ *I aiM.6

U -041 *0 U 0S X 76 00 69 M 111 1_ISMIn IXw

3vy- 9 ! 0.ON O6A Olt 0.77 0.730.6 0.64 0,6 0.54 0,.44. 0 05EV6E ate ... ". .

man 1, O.W 0 .0 O0O0.0,1 O0,74 0,? 0,S70,0310 ., 55.0,52 .48 0.45

For 9 1 0,96 0.9 0,84 0.78 0,73 0167 6.61 0.56 0,51 0.46 0.41 0,36 0.,3210.28 0,24 0,21
light- I I nagire~t~e -- - - -- - - ---"-

r m. I ,9G 0,92 0,86 0,34 0,8 0e7710.73 0*0 0,6 10,6110,5110.5310,49 0.45 0,42 0.38

Here 10 the rated length of an element (see 7.5); b - the amall-

est dimension of the rectangular section; D - the diameter of thc
round section; r - the smallest radius of gyration of the eection.

Note,: 1. For structures of light-aggregate concrete, in which
porous sand is the fine filler, value mAA should be
reduced by 15%.

2. For structures of light-aggregate concrete based on
natural fillers the values of # and mA, can be taken
on the basis of substantiated experimental data.

3. For structures of light-aggregate concrete of Job-
grades of 100 and lower the values of * and mAn are

taken from special standard documents or should be
Justified by experimental data.
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7.11. The rating of the strength centrally compressed

reinforced-concrete elements with stressed reinforcement, not

having adhesion with the concrete and oapable of beirig displaced

in the longitudinal seculon of the element (see 7.8), is carried

out for the two cases:

a) with the full rated length of the element and the given
longitudinal force IL;

b) with the rated length of an element, equal to the distance

between the reinforcement attachment points and with given

longitudinal force N' in which ti-e resultant' of the forces in the
entire stressed reinforcement -'s considered after the compressing

of concrete NH; in this case in formula (li) it is necessary to

replace rated longitudinal force N hy the sum of forces

N +N.

7.12. In rating the strength of centrally compressed

reinforced-concrete elements of a solid section w'th oblique

stressed reinforcement in the form of spirals or welded rings

(see Fig. 9b) the following condition should be satisfied

N < RpF• + Rs JF. + 2R$Fen, (33)

where F - the area of the ccnc1'ete ..ection contained within the

spiral contour or annular reinforcement; RF - the rated tensilea
strength of the spiral (annular) reinforcement; F - the given

spiral section (the annular reinforcement ), equal t,,' PF

7rD fD /s; D - the diameter of the spiral (the rings); fc -

the sectional area of the spiral rod (the rings); s - the pitch
of the spiral (the ri•ngs).
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Calculation with 2ormula (33) is carried out when the given

spiral section is not less than 25% of the sectional area of

the longitudinal reinforcement and when simultaneously 7o/D < IC;

if one of these conditions is not observed, and also when calcula-

ting with formula (33) the bearing capacity of an element is less

than with formuula (32), t1'e calculation is carried out without

considering the oblique reinforcement in accordance with the
lk instructions of 7.10 and 7.11 (in these cases the use oL'* oblique.

reinforcement is not recommended).

The magnitude of breaking stress for an element with oblique

reinforcement should not exceed one-and-one-half times the

value of the breaking stress determined using formula (32).

7.13. In rating for local compression (warping) of reinforced-
concrete elements with oblique reinforcement in the form of

welded grids (for example under anchcring devices of stressed

Sreinforcement ; under the centering inserts in column joints, etc.)

the following conditions should be satisfied

r + (

where C - the factor which considers the effect of the concrete

casing on the increase in the bearing capacity of the concrete

with warping, determined by the formula

43 (35)

but taken to be not more than 3.5; it is necessary to use formula

(34) when 4 > 2.

Here F IF - the ratio of the warp area to the total rated
CM

area, to which the load is transferred; in this case rated area
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F is taken in accordance with the instructions of 6.12 (see Fig.

8); R - the rated tensile strength of the grid rods in the

oblique reinforcement; • - the volumetric coefficient of the

oblique reinforcement determined with the formula

n b respectwveley, th;e number of rods, the sectional

area of one rod and the l.engty of a grid rod in one direction;

n2' r2' •2 - respectiveiy, the number of rods, the sectional

area of one rod and the len~gt~h cf Qrid rod in the other direction,
s - he istncebeteenthegrids; F -the area of the -,oncrete

inc.;uded within the gria contour, ccnsitde.•Ing for their extreme

rods. The sectional area-", u,.ne -,i- rods pev unit length in one

and the other direction, slould not diffez by more than 1.5 times.

The welded grids of the oblique reinforcement should be

installed near the face ol an element in a quantity of not less

than 4 pieces; when long.Itudina. reinforcement -s present, it

should pass within th*.e contour of the welded grids which are

arranged in a length (starting f:'om the face of the element)

of not less than 20d, if -I,.th. ]or;gtudinal reinforcement is

made from smootn ruds, bur.nles or strands not less than 10d,
if it is made from deformed rods (uhere d - the diameter of a

rod, bundle or strand).

The rating for 'oca: 3ontract-ron (warping) of reinforced-

concrete elements in the absence of oblique reinforcement

should be carried out In the sar.,e ,-;.w.y as for concrete elements

(see 6.11-6.13).
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Note. Instead of welded grids with closed cells other

equivalent types of oblique reinforcement (which intersect the grids

in the form of ridge, spiral, etc.),can be used under the condition

of ensuring its correct position in the concreting process.

CENTRALLY TENSILE STRESSED
ELEMENTS

7.14. In rating centrally stressed reinforced-concret,ý

elements for strength the following condition should be observed

Nu•R,Fe. (37)

For prestressed elements reinforced with wire, bundles or

strands without anchors, when testing the sections near the endsR

of an element within the limits of the length of the anchoring

zone of the stressed reinforcement (see Table 23) the rated

strength of this reinforcement in formula (37) should be assumed

reduced in accordance with the instructions of 7.28

FLEXURAL
ELEMENTS

7.15. The calculation of sections, normal to the longitudinal SE
axis, of flexural reinforced-conciete elements (Fig. 10), with
the exception of the case, specified in 7.17 "b," is carried out

under the following condition

M -4 RA + RGA,; (38)

in this case the position of the neutral axis, and also the area

and the shape of the section of the compressed zone of the concrete

are determined by the following condition

RaR..- F --' RaF* (39)
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Fig. 10. Diagram of )a n '.csa,,d st-ress diagram in the
cross section of a benda.le, 01- -k!Ie &Leient4 during its strength
calculation.

and for uns1,r.'mnetrlcal se-',.)ns aisd C' P se,ýtions ha-'ný,* at least

one lr.x~s ^-f symme- i'y aric Fo~ c QPxu in a plane, not
parallel to this axis (ob"11Iqlu 'A_~i& - u k1FTp. 11), moreover, by
the condition oi' che p'"ire-U'te vl'a-nes ol' r-e effect of

the external and inter;.a- i)ie'z, I~ r symmetrical sections

is expressed by thefo't

tg~ ( 4o)

where a - the angle included b~ve~the ulane of effect of' the

internal pair of force~s and *"r.- -. ~ o-f syrralie' ry DL section x;

Mx- the component of':ixt h~ causes flexure in
the plane of the x-axý.L; M_. ,rent of' flexural moment

which causes f'lexure cnt~ E-r. f the -, -ayls , :rmal to

x-axis.

With the presence of stznýs-zed rn1iforcemnent, situated in

the compressed zone, tnile, roinfor'ctmient 13( is S!~ In. -th&

calculation in accirdance ½ int'utrs of 7.0'.

If concrete or reor'-en veral -types or grades

(classes) is used, the-n :tl is rtc 'ytc eor~sld-.r the instruc-

tions of 7.2. With t.ie p').vticnirig of' Long i tudinal reinforcement

j in the stressed zone ir. ~teve-r;~ ow over the height of the section

the requirement o~f 7.3 shIould h%: coinsý.iered.

108



g A

U.f

FF

Fig. II. Diagram of the arrangement of forces and the position
of the neutral axis in the transverse section of a reinforced-
concrete element subjected to oblique flexure A - the point of
the application of the resultant of the forces in the whole
stressed reinforcement; D - the point of the application of the
resultant of all the compressive forces in the section (in the
concrete and in the compressed reinforcement ).
KEY: (a) Plane of flexure; (b) Center of gravity F6.

7.16. For flexural elements of rectangular cross-sections

F •in tVe plane of the axis of symmetry the rating of the sections,

normal to the longitudinal axis of the element, is carried out A

under the following condition

M<,Rnbx (h.-12) +&~.CF&'sh-4'), (4l)

Sin this case the nosition of the neutral axis is determined by the

following formula

7.17. The rating of symmetrical sections, normal to the

long'tudinal axis of flexural (in the plane of the axis of

symmetry) elements having a flange in the compressed zone

(T-shaped, double-T-shaped, etc.), is carried out in the following

manner:
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a) if the neutral axis terminates in the flange (Fig. 12a), A

i~eMe R.PaWRubh+ R,.e,4 (43)

then the calculation is carried out as for rectangular cross-

sections with a width of bN';

b) if neutral axis terminates in the rib (Fig. 12b), then

the calculation is carried out under the following condition

M4GRik (AO +Rap(bob) X
(44)X (Aý A-;) + R,& s'• (he-.)

in this case the position of the neutral axis is determined by

the following formula

R + (- + (45)

In formulas (44) and (45) hA - the thickness of the compressed

flange; b' - the rated width of the compressed flange.

b)
a)

L -'
Fig. 12. Shape of the compressed zone in the transverse section
of a T-shaped reinforced-concrete element; a) with positioning
of the neutral axis in the flange; b) with positioning of the
neutral axis in the rib.
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7.,18. In flexural reinforced-concrete elements with a

ME flange in the compressed zone the width.of the flange overhang

Sin each direc tton from •he rib introduced into the calculation

snould not e.%ceed half of the distance inside the adJacert ribs

and 1/6 of the span of the element being rated. Moreover, for

elements, not having on the length of the span transverse ribs
Sor having, transverse ribs at distances greater than thze

distance between the longitudinal ribs, when hA 0.lh the width

of flange overhang introduced into the calculation in each direc-
tion from the rib should not exceed magnitude 6h

n

For individual T-beams (with cantilever flange overhangs)
the width of the flange introduced into the calculation in each

direction from the rib should be:

when h' > 0.1 h - not more than 6h';

when 0.05 h.< hA < 0.1 h - not more than 3hA;

when h' < 0.05h the cantilever flange overhangs are not
fore n

introduced into the calculation and the element section is rated
in the same way as a rectangular section with a width of b.

7.19. In flexural reinforced,-concrete elements of symmetrical

Y cross sections the position of the neutral axis which corresponds

to the sufficient strength of the concrete in the compressed

zone, with flexure in the plane of the axis of symmetry should
satisfy the following condition

S6 (46)

K
-i
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For elements which have a flange in the compressed zone,

V16h positioning of the neutral axis in the rib the testing of
condition (46) is carried out In the same way as for elements

[ of rectangular cross-section, without considering flange over-
hangs. The overhangs of a flange, situated in a stressed area,
in testing condition (46), are not considered in all cases.

For elements of rectangular cross-section subjectod to oblique

flexure, it is recommended that the testing of the sufficient
strength of the concrete in the ,ompressed zone be carried out,

using the followitg condition

(117) T

where S5 x and SO x" static moments respectively of the compressed
zone of the concrete and of the entire working section of the,
concrete relative to the axiS, no1tal to the x-axis and passing

through the point of application of the resultant of the forcesSin the reinforcement. streased due to the effect ofrmoment Nx •

and situated near the face of the element, normal to the x-axis;
S and S y the same, relative to the axis, normal to the
y-axis and passing through the point of application of the resul-
tant of the forces in the reinforcement stressed due to the effect i

or moment My and situated near the face, normal to the y-axis.
y

The values of factor c depending on the job-grade of the
concrete are taken from Table 22. The recomendations of
present point do not extend to elements of circular or round
cross-section with the longitudinal reinforcement distributed

uniformly over the circumference (see 7.23).
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'Table 22*. The values of 'actor •,
Factor C with a concrete
Jo ade of

SType of concrete 300 -

Sand 350 1400 500 600
below

Sheavy-dggregate .......... 0.8 - 0.8 0.7 .65

Light-aggregate .......... 0.8 0.7 0.651-

7.20. if the quantity of reinforcement in the stressed
zone of a section of a flexural element is taken to be greater

than is necessary 'or obsering conditions (38), (41) or (44)
(for example under the condition of rating for crack formation),

then when testing conditions (116) and (47) it is necessary to

F consider only that part.of the reinforcement section in the

stressed zone which is required from the rating for strength.

7.21. If the reinforcements situated in the compressed

zone is considered in the calculation, then it is possible to
use the instructions of 7.15-7.17 only upon the observance of
the following condition

S<(48)

E where z - the distance between the resultants of the forces in
the reinforcement of the compressed and tensile stressed zones;
the stressed reinforcement of the compressed zone which is tensile

stressed in the 1st limiting condition, is not considered in
- determining the value of za; z - the distance between the

resultants of the forces it: the concrete of the compressed zone
and in the reinforcement of the tensile stressed zone.

If condition (48) is not observed (which can occur when
excess reinforcement with respect to that required by calculation)

is placed in the compressed zone, then it is necessary, not using

.113



ISI

S formulas (38)-(45), to determine the required sectional area of

L tensile stressed reinforcement froft the following condition

4 JFA.(49)

7.22. The placing of special rated unstressed reinforcement

in the compressed zone of flexural elements is permitted only
when the height of the section is limited, when flexural moments

of two signs are present, or in oases when there are any special
requirements (for example to reduce creep in the compressed zone
of the concrete for the purpose of increasing the rigidity of
the element); the use of sections with double reinforcement
not 'atisfying the following c0hdition is not zrcommended

.M 4C RSO. (50)

Unstressed reinforcement jit~abed in the compressed zone
should not be considered in the calculation, if tht observance
of condition (49) leads to & decrease in the rated sttength of

the element in comparison with that obtained using formulae
(38)-'(45) neglecting the unstressed reinforcement of the

compressed zone.

7.23#. Flexural reinforced-concrete elements of annular
cross-section (tubular) with stressed and unstressed longitudinal

reinforcement uniformly distributed along the length of the

circumference (Fig. 13), should satisfy the following condition

+I
(51)

where

"so Diem me, (52)

: i1*',,



/Pig. 13. The transverse section of a
* tubular reinforced-concrete element

operating in flexure or in eccentric
compression with large eccentricity
(the accepted shape of the compressed
zone is shaded).

In this case the values of a should satisfy the following

conditions:

a) for elements with unstressed reinforcement (i.e., when

F = 0), and also for elements with unstressed and stressed

HS

reinforcement when o0 < 2000 kg/cm2

b) for elements only with stressed reinforcement (i.e.,
when Fa = 0)•

c) for elements with unstressed and stressed reinforcement

when a0. 2000 kg/cm

+..F+•, A(55)

In formulas (51) and (52) it Is necessary to assume:

v _ 3600 -nh(56)

stress at can be compressive, zero or tensile. If stress a. is
CCcompressive, then it is necessary to observe the following condi-

tion:
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In formulas (51)-(57) the following designations are accepted:

P - the area of the entire concrete section; F - the sectional
a °

area of the entire longitudinal unstressed reinforcement; FH -

the sectional area of the entire longitudinal stressed reinforce-
ment ; rl and r 2 - respectively, the internal and external radii
of the annular cross section; ra and rH - respectively, the radii
of the circles, passing through the sectional centers of the
longitudinal unstressed and stressed reinforcement rods; RH
and R.c - the rated strengths of the longitudinal stressed
reinforcement respectively in tension and in compression; mT -

the quality coefficient reinforcement prestressing, equal to

mT * 1.1 (see 5.3); c0 - the prestressing of the reinforcement
taking the losses into account (see 5.2-5.6); C - the coefficient
determined from Table 22.

Notes: 1. In rating elements, not subjected to prestressing,
the value of FH in formulas (51) and (52) is assumed equal to zero.

2. The recommendations of 7.23 extend to sections with the
rato 2 - rrratio < 0.5 when the number of longitudinal rods in

the transverse section of an element is not less than 6.

7 .20. The rating of sections, inclined toward the longi-

tudinal axis of a reinforced-concrete element, should be carried

out both for the effect of flexural moment and also for the effect I
of transverse force.

As the rated value of moment in an inclined section there is
taken the moment of all the external forces acting on one side
from the inclined section in question, relative to the axis, normal
to the plane of flexure and passing through the point of applica-
tion of the resultant of the forces in the compressed zone of this
section.
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S~As the rated value of transverse force for inclined sectionsthere is taken the transverse force in the section, normal to the

longitudinal axis of the element, situated near the end of the

section in the compressed zone, but in this case the part of

the load situated within the limits of the length of the projec-

tion of the inclined section (decreasing the value of the trans-

verse force), is considered only when this part of the load acts

on the given portion constantly and cannot be mixed (see, for
5 example, 7.33).

7.25. Elements of rectangular, T-shaped, double-T-shaped

and box-shaped sections should be designed in such a way that

the following condition is satisfied

FEQ < 0,25Rabho. (58)

7.26*. The rating of inclined sections of elements with

respect to flexural moment (Fig. 3.4) should be carried out from

the following condition

M < RaFaZ+ ER.Fz. + ERFz1 , (59)

where Fo - the sectional area of all bent-up rods situated in

one (inclined toward the axis of the element) plane intersecting

the inclined section in question; Fx - the sectional area of all

transverse rods (stirrup branches) situated parallel to the plane

of flexure in one plane normal to the axis of the element inter-

secting the inclined section in question; when the transverse

rods have an identical diameter Fx - fxn ; fx - the sectional

area of one transverse rod, parallel to the plane of flexure

(one stirrup branch); nx - the number of transverse rods (stirrup

branches) arranged in one plane normal to the axis of the element;

zo and zx -the distances from the center of gravity of the

compressed zone of the corcrete to the planes of the positioning

respectively of the bends and the transverse rods which intersect

the inclined section of the element in question.
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L1"
Fig. 14. Diagram ofr tie forces acting in an inclined section of
a bent reinforced-concrete element, when it is being rated forstrength.

The direction of the most dangerous inclined section (with

respect to flexural moment) for elements with a constant sectional
height is determined from the following condition

Q= R&F*'m a + R.Px (60)

where Q - the rated transverse force near the end of an inclined

section in the compressed zone of an element; a - the angle of
incline of bent-up rods to the longitudinal axis of an element
in the section in question.

Note. In rating an inclined section the position of its

neutral axis is determined from condition (39) in the same way

as for a section, normal to the axis of the element and situated in

such a way, so that the center of gravity of its compressed zone

lies on the inclined section.

7.27*. The testing for flexure in inclined sections for

beams with a constant or with a smoothly varied height (with the
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exception of the case, specified in 7.28) cannot be carried out,

since the observance of the requirements of 7.36, 7.40, 12.9,

12.12, 12.33 and 12.34 ensures sufficient strength of inclined

t -sections with respect to flexural moment.

For elements with a sharply varied cross-sectional height,

for example for beams or cantilevers which have undercutting,

calculation should be carried out for the effect of flexural

moment in the inclined section, passing through the undercutting

Sentry angle (Fig. 15).

[I

Fig. 15. The most probable sites of the formation of inclined-
cracks in reinforced-concrete beams with a sharply varied trans-

7.28*. For prestressed elements reinforced with rod and wire

t reinforcement without anchors, the flexural strength should be

tested with respect to inclined sections beginning near the

support face, and also along the length of anchoring zone ZaH

(see Fig. 37). In this case the strengths of the reinforcement

is taken at the beginning of the anchoring zone to be equal to

zero, and in the remaining points equal to o0 / , but not

more than Ra, where I - the distance from the beginning of the

anchoring zone to the point in question. Value Zt (in cm) is

taken to be depending on the type and class of reinforcement:
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Table 23*. Values of coefficient k for determin
aH

ing the length of the anchoring zone I of high-
strength deformed reinforcing wire and'geven-wire
reinforcing strands. used w ithout snecial anchors.

Values of coefficient
kaN with the cube

strength of the con-

Type of reinforcement crete at the moment
of its compression R
in kg/cm1  i

200 300 1400 500

1. High-strength deformed
wire ................. 100 80 60 45

2. Seven-wire strands with
a diameter of 4.5-9 mm 70 60 50 45

3. The same, with a dia-
meter of 12 and 15 mm 50 40 35 30

Notes: 1. With instantaneous transmission of prestressing to

the concrete the beginning of the reinforcement
anchoring zone is taken to be at a distance of 0.251aH
from the face of the element.

2. With the use of transverse stressed reinforcement
without anchors (for example with continuous re-
inforcement) it is necessary to reduce the rated
strengths of the transverse rods in the length of
its anchoring zone Z (see Fig. 37) extending

the instructions of 7.28 also to transverse re-
inforcements.

3. In elements of light-aggregate concrete reinforced

with high-strength deformed wire, the tabular values
of coefficient ksH are multiplied by 1.25. Moreover,

for elements of light-aggregate concrete in which
porous sand is the fine filler, in all types of wire
reinforcement the values of ks• are multiplied by

S~1.2.

4. In structural elements employed at a rated temper-
ature of minus 400C and below, the length of the
anchoring zone of wire bundles and strands without
anchors, calculated in accordance with the require-
ments of 7.28, should be increased by 1.7 times.
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a) for wire reinforcement

when a0 = 10,000 kg/cm2 Z - keHd;

when a < 10,000 kg/cm2 ZSH = k 4 dco0/10,000

200 -10,000
when a0 > 10,000 kg/cm I = k d + 3 x

S H R0

where d - the diameter of the wire or strand in cm; kaH - the
coefficient taken from Table 23; c0 - the values of prestressing

in reinforcement in kg/cm taking the losses before the termina-
tion of concrete compression into account (see 5.10); R0 - cube
strength of the concrete during its compression in kg/cm2 (see

Table 1);

b) for rod reinforcement - in accordance with Table 23a.

The testing of flexural strength in inclined sections should
be carried out taking the possibility of the breakdown of the

adhesion of the reinforcement with the concrete into account
(for example during the instai.taneous transmission of prestressing

to the concrete). In this case for wire reinforcement the flexural
strength should also be tested in the section normal to the axis
of element passing (the section) at a distance 0.25 Z from theENT aH

face of the element; in this case the strength of the prestressed
reinforcement is not considered (in the case of the absence along
the length of the anchoring zone of unstressed reinforcement the
section is rated in the same way as a concrete section).

7.29. The rating of inclined sections of elements with

respect to transverse force should be carried out at the following
sites along the length of the element:

a) in sections, passing through the support face (Fig. 16
and Fig. 17); Z
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Table 23a*. Length of the anchoring zone I of stressed
rod reinforcement in concrete.

Length of the anchoring zone ZaH
in diameters of the stressed
rods with the cube strength of

Class of reinforcement ithe concrete at the moment of

its compression R0 in kg/cm2

140 200 300 400

A-IV and At-IV 20 15 15 15

A-V and At-V 25 20 15 15

At-VI - 25 20 15

Notes: 1. In the case of the use as stressed rod reinforcement
of deformed steel of classes A-lIlv, A-IIv, A-III
the length of the anchoring zone is taken to be
ZaH m 15d.

2. In the case of forced instantaneous transmission of
compression force to the concrete it is necessary
to epecify for an increase in the length of the
anchoring zone of the stressed rod reinforcement
of all classes with a diameter of up to 18 mm by
0.2540H in the calculation but with reinforcement
diameters of more than 18 mm the instantaneous
transmission of force is not permitted; an appropriate
instruction should be given in the design.

3. In structural elements used at a rated temperature
of minus 400C and below, the length of the anchoring
zone of the stressed rod reinforcement should be
increased by 1.7 times.
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b) in sections, passing through the beginning of bent sites

situated in the tensile stressed zone (Fig. 16);

c) in seitions, passing through points of variation in the

R .intensity of the transverse reinforcement, situated (the points)

in the tensile stressed zone (Fig. 17).

SFig. 16. Locations of the most dangerous inclined sections. I-
S~section, passing through the support face; 2 and 3 - sections,

passing through the beginning of bends in the tensile stressed
S~zone.

Fig. 17. Locations of the mrost dangerous inclined sections. 1-
section, passing through the support face; 2 - section., passing
through the point of variation in intensity of the transverse
reinforcement situated at the level of the tensile stressed rein-

- forcement.

LA

IT,

Fig7.30. The rating of the strength of inclined sections of -

S~the elements enumerated in 7.25, for transverse force acting in
the plane of the axis of symmetry of the section, can not be

carried out, if the following condition is observed
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(61)
In this case for beams transverse reinforcement is designated

for structural considerations in accordance with the instructions

of 12.20-12.34.

7.31'. In elements of uniform cross section the rating of
inclined sections for transverse force should be carried out

under the following condition

Q. GER&.,,sa + Ra R•+ 9 (62)

where Q- the projection of the breaking stress in the concrete

of an inclined section on the normal to the axis of the element;

Fo, Fx and • - the same designations, as in 7.26.

The value of the projection of breaking stress in the concrete
of any inclined section on the normal to the longitudinal axis
of the element of rectangular, T-shaped, double-T-shaped and box-
shaped sections is determined with the following formula

Q n6 (63)

where c - the projection of the length of the Inclined section

on the axis of the element.

For structural elements of light-aggregate concrete prepared
on a base of artificial and natural porous fillers, independent
c;f the type of sand, with the exception of perlite sand, coeffi-

cient 0.15 in formula (63), and also in formula (67) and (90)
of the following paragraphs is replaced by 0.12, and with the use
of expanded perlite sand and light-aggregate concretes which have
been made porous - by 0.10.
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Note. In rating prestressed elempnts reinforced with wire,
by bundles or strands without anchors (in 7.31 and in the following

paragraphs),-it is necessary to consider the reduction in the

rated strengths of the stressed reinforcement (both bent-up and

transverse) along the length of the anchor zone- in accordance with

the instructions of 7.28.

7.32*. In the absence of benit-up rods the rating of elements
of uniform cross section for transverse force should be carried

out under the following condition

'(64)

where Qx.- the maximum transverse force received by the concrete

of the compressed zone and by the transverse rods (stirrups),

in a very unfavorably inclined section.

For the elements enumerated in 7.25, reinforced by transverse

rods (stirrups) located in planes, normal to the longitudinal

axis of the element: 21-6

i u

where q the breaking stress in transverse rods (stirrups)

per unit length of an element determined by the following formula

= ; (66)

- the same value, as in formula (59); u - the distance between

the indicated transverse rods (stirrups), measured along the

length of an element.
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The length of the projection of a very unfavorably inclined
section on the longitudinal axis of an element is equal to

value co increased up to the whole number of stirrup intervals,

where

, /57iho' (67)

For elements of light-aggregate concretes prepared on a base

of artificial and natural porous fillers, independent of the type
of eand, withtheexceptionofperlite sand, the coefficient 0.6 in

formula (65), and also in formuals (68), (72), (79), (80) and

(208) of the following paragraphs is replaced by 0.48, and with

the use of expanded perlite sand and light-aggregate concretes

which have been made porous - by 0.4.

7.33'. In elements rated only in one load pattern for the

effect of an actual continuous evenly distributed load p (for

example, hydrostat:lc pressure, soil pressure, etc.), the rated

value of the transverse force should be def, ermined taking into

account the part of the load, applied _o the element within the
limits of the length of the projection of the inclined section

(decreasing the value of the trdnsverse force), if this load is
not applied within the limits of the height of the element and

acts in its direction (for example, in a horizontal element a
load acting from above downward, is applied to the upper face

.z- a load acting from below upward, - to the lower face).

In order to take this par". of the load into account in the

radicands of formulas (65) and (67) instead of value q it is
necessary to substitute value (qX + p), where p - the rated
continuous load, applied directly to the element in question or

to a continuous beam s'.ab resting on it. In this case the dead

load of the element is introduced into value p with the coefficient

0.5.
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7.34. In reinforcing the elements enumerated in 7.25, with

transverse rods inclined at an angle of 450 to the longitudinal
axis of an element and located at distances of u (measured along
the length of the element) from one another, consisting of notA

more than ho value Q can be determined by the following
RE formula

ERo +.,(-u), ()

V; where

u A, (69)
•W,

7.35. In reinforcing an element with transverse rods
(stirrups) situated normal to the axis of the element, and with
bent-up rods the necessary cross section of the bends situated

in one inclined plane, can be determined by the following formula

-Rd
SF=,0 • (70)A

where Q - the transverse force at the location of the given plane

of the bends.

In this case the value of transverse force Q can be taken
to be:

M

a) in rating the bends of the first plane - equal to the
O value of the rated transverse force near the support face;

b) for rating the bends in each of the subsequent planes -

equal to the value of the transverse force near the lower point
* of the previous (with respect to the support) bend plane (see

Fig. 16).
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With a live load the rating of transverse rods and bends

should be carried out for the flexural diagram of Q.

7.36. The distances between transverse rods (stirrups),

and also between the end of the previous bend and the beginning

of the subsequent bend (u 2 and u3 in Fig. 16) in such cases when

transverse rods and bends are required by the design, should be

not more than value uMSKc determined by the formula

O~tR~bI,(71)

maKC - max

Note. The positioning of the transverse rods and bends

should also satisfy the-requirements of 12.24, 12.33 and 12.34.

7.37. In slabs with transverse reinforcement only in the

form of bends the cross section of the latter should be determined

with formula (62) when Fx = 0; in this case the strength of the

inclined sections should be tested beginning in the tensile
N

stressed zone near the support and near the beginning of the bends

of each plane and ending in the compressed zone at the end of the

bends of each plane, and also at the site of the application of

the concentrated force (Fig. 18).

Fig. 18. The distribution of the
most dangerous inclined sections in
slabs reinforced with bent-up rods
without vertical transverse rods.
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In slabs rated only in one load pattern, for the effect of

a .uontinuous actual uniformly distributed load and with an

intensity of p, applied exteriorly on a slab and acting in its

direction (see 7.33), the cross section of the bends in the

absence of stirrups (vertical transverse rods) can be determined

with the formula

, Q=-/ý6R.bhp (72)

The magnitude of transverse force Q is taken in accordance

with the instructions of 7.35.

7.38*. The rating of the strength of oblique sections with
A

respect to transverse force for beams of variable height which

increases with an increase in flexural moment, should be carried

out under the following conditions:

a) for beams with inclined tensile stressed and horizontal

compressed faces

+~R Z ,I c+ R F Q (73)

+F R'

where

t~ M- ER.. F j -7R. Fou.tg

- the projection on the normal to the compressed face of the force

in longitudinal tensile stressed reinforcement situated parallel

to an inclined face, equal to

MF - R•. xFz - (.(74)

1.29
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In prestressed elements when dete"mining force a F the

effect of the prestressing is not allowed to be taken into account.

In formulas (73) and (74) the following designations are

accepted:

Q - the vertical transverse force acting in the oblique

section in question; M and z - respectively, the flexural moment

and the arm of the inner pair of forces in the vertical sectirn,

passing through the end of the oblique section in question in

the compressed zone, determined without considering the precom-

pression; Fo, Fx, zo and zx - the same designations, as in 7.26;

- the angle of inclination of the bent-up rods to the horizontal;

8- the angle of inclination of the longitudinal tensile stressed

reinforcement to the horizontal; Q6 - is determined with formula

(63) at working (rated) height of the beam, equal to its minimum

value over the length of the oblique section;

b) for T-shaped (with the flange in the compressed zone)

and rectangular beams with the inclined face compressed and the

horizontal face tensile stressed

Q< ~RA31 c.hEm+R& 1,F,+Q6+D.,tgo. (75)A

where Q- is determined win formula (63) at a working (rated)

height of the beam, equal to its mean value over the length of

the oblique section; D09 tg 8 - the vertical projection of part I

of the resultant of the forces in the compressed ®one received by

the overhangs of the inclined flange; for rectangular ross- I
sections this term is equal to zero; a - the angle of inclination

of the bent-up rods to the horizontal; 8 - the angle of inclination

of the compressed face of the beam to the horizontal.
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Value D is determined in the vertical cross section, passing

through the end of the oblique section in question in the com-

pressed zone

-. b
-D= D, (76)

where

[l -M Ra. FPz. - F~.gP.t
•D =

+
14 •- (77)

+ cs R.. 1oC .

In determining force Dcs depending on the total value of

the resultant of the forces in compressed zone D the width of the

flange overhangs should be taken into account when considering the

instructions of 7.18; in prestressed elements the effect of

prestressing is not allowed to be considered.

7.39. The rating of strength with respect to the transverse

force of elements of rectangular cross-sections subjected to

flexure in plane, not pa'" llel to the axis of symmetry (see Fig.

1 10), is carried out under the following condition

+[ Q, I+r... 1. (78)LQX.6• AJ LQ,. 6 (g)3

where Q and Q - the components of the transverse force a' ,ingrk x y
respectively in the x-plane and in the y-plane normal to i.;

Qx.6(x) and Qx.6(y) - the maximum transverse forces which can

be absorbed by an oblique section with their effect respectively

only in the x-plane and only in the y-plane determined with

formulas (79) and (80);

Qx. o (z) - 5'._6Rx, b/qx (s) -- qx (x)ux; ( 79 )
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QX. t') YO,_6_N~b(80)

where b and b - the dimensions of the section in a direction,x y
normal respectively to the x-axis and to the y-axis; h0 x and

hoy - the work (rated) heights of the section respectively in

the direction of the x-axis and the y-axis; qx(x) and qx(y)
the breaking stresses in the transverse rods respectively in

the direction parallel to the x-axis, and in the direction

parallel to the y-axis, per unit length of the element; ux and
Uy - the distances between the transverse rods parallel respectively
to the x-axis and the y-axis.

Notes. 1. Bent-up rods are not considered in rat.ng for
transverse force in oblique flexure.

2. The effect of torsion in rating for transverse force

in oblique flexure should be considered in accordance with the

appropriate instructions.

7.40. Longitudinal tensile stressed rods being broken in a

span, should be established beyond the point of the theoretical

break (i.e., for a cross section, normal to the axis of the

element , in which these rods cease being required by the rating
for flexural moment) by a length of not less than 20d and not
less than value w which for elements of uniform cross section

is determined by the following formula

W + ;(81)

for beams of variable height with inclined compressed and

horizontal tensile stressed faces

a~s t% + 5d, (82)
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for beams of variable height with inclined tensile stressed

! and horizontal compressed faces

Q Qo RaFa sin+5d, (83)

where Q - the rated transverse force; in elements of constant

height - in the section, normal to the axis of the element, and

in beams of variable height - in the vertical cross section drawn
i through the point c.' theoretical breaking of t~he rod (corresponding

to that case of loading, for which the point of the theoretical

break was determined); Q0 - the transverse force absorbed by

the bends in the same cross section of the element; d - the

.rated diameter of the broken rod; a - the same designat-or as

in formulas (73)-(75); gxw - the breaking stress in transverse

rods per unit length of the element for part w, determined by

the following formula

1(84)

F and u - the same designations, as in formulas (59), (65) and

(66).

For the loading cases, specified in 7.33, in determininrz

the breaking sites of the super-supporting rods from the direction

of the application of a continuous load it is necessary to sub-

stitute value 2q + p in formulas (8l)-(83) instead of valueS2qxw.

I 7.41*. The entry angles in the tensile stressed zone of

elements, reinforced with intersecting longitudinal rods (Fig.I 19), should have transverse reinforcements, sufficient for

j receiving:
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a) a resultant of the forces in the longitudinal tensile

stressed rods, not anchored in the compressed zone, equal to

?i =2R.Fu cos ; (85)

b) 35% of the resultant of the forces in all the longitudinal

tensile stressed rods

PuO,7R#.FcoS-. (86)

The transverse reinforcement necessary for rating under

these conditions should be located along a length of

eshtg Cy. (87)

The sum of the projections of the forces in the transverse

angle y should be not less than the sum of forces P1 + P2'

Fig. 19. The reinforcement of
the entry angle in the tensile
stressed zone of a reinforced-
concrete element.

The following designations are adopted in formulas (85)-(87):

Fa - the sectional axeea uf all the longitudinal tensile

stressed rods; Fal - the sectional area of the longitudinal

tensile stressed rods, not anchored in the compressed zone;

y- the entry angle in the tensile stressed zone of an element.
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7.42*. A distributed or concentrated load, suspended from

a beam or applied within the limits of its cross-sectional height,

to avoid breaking in the tensile stressed zone of the site of

the transmission of the load should be completely received by

additional transverse reinforcement without considering the

strength of the concrete. The length of the beam section, within

the limits of which this additional reinforcement is located

receiving the concentrated load, is assumed to be not more than

S h + b8, (8

where hI - the distance from the bottom of the reinforcement of

the rated element to the center of gravity of the compressed

zone of the supporting section of the adjacent element, and with

direct application of load - up to the lower level of its applica-

tion (Fig. 20); bI - the width of the load distribution at the

site of its application.

'L.

Fig. 20. Diagram of the deter-
mining of the length of the
portion in which it is necessary
to locate the additional trans-
verse rods receiving the load,
applied within the limits of the
height of the beam cross section.
XEY: (1) According to.

A supporting reaction, epplied above the level of the

tensile stressed reinforcement , should be within the limits of

the support completely received by transverse reinforcement Fx

incompassing the tensile stressed longitudinal reinforcement

or r'einforcement welded to it (Fig. 21).
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Fig. 21. The location of addi-
tional transverse rods receiving
the support reaction, applied
above the tensile stressed
reinforcements.
KEY: (1) According to.

7.43. The dimensions of the cross sections of short canti-

levers (Z_< 0.9hO) supporting beams, girders, etc., (Fig. 22),

are taken from the following condition

S+(89)

where b, h 0 1 , z and M - the width, height, arm of inner pair and

the moment in vertical cross section I-I, passing through the
edge nearest to the column of the area for transmitting the

load to the cantilever; y - the angle of inclination of the

compressed face of' the cantilever to the horizontal; m - the

coefficient which considers the operating conditions of the

cantilever.

For cantilevers supporting sub-crane beams for special heavy-

duty cranes (with rigid suspension, magnetic, bucket, etc.),

m 1 1; for cantilevers supporting sub-crane beams in shops with
standard heavy- and intermediate-duty travelling cranes. m - 1.6;

for cantilevers supporting sub-crane beams in shops with light-

duty cranes, and also for cantilevers, carrying a static load,

m = 2.2

The buckling str-..-s at the sites of the transmission of the
load to a cantilever should not exceed Rnp.
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Fig. 22. Reinforcement in
short cantilevers a) with
inclined stirrups; b) with
bent-up rods and horizontal
stirrups.
KEY: (1) Length of bend.
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For short cantilevers the angle y of the compressed face

with the horizontal should not be more than 450. The height of

a section near the free edge of a cantilever should not be less

than 1/3 the height of the cantilever section at the site of

its abutment with a column.

For short cantilevers supporting sub-crane beams, which

carry special heavy-duty cranes, it is recommended that smooth

abutment of the lower face of a cantilever with a column be

executed in a curve for a portion of not less than 1/3 the length

of the inclined face (see Fig. 22a) or that a haunch or bracket

be set up.

Note. 1. An increase in the height of a cantilever section

as a result of the making of curvature or a haunch or bracket is

not considered.

2. In determining the minimum dimensions of a transverse

section, and also the sectional area of reinforcements in the

cantilevers, on which precast beams rest going along the overhang

of a cantilever, in the absence of the special protruding insert

components securing the support platform, it is assumed, that the

beam rests on a platform with a length of Q/bR n, situated at A

the free end of the cantilever.

3. If the joints of the beams with the columns reliably

monolAthized and reinforcement placed in the joints, as in

a frame with rigid Joints, and the lower beam reinforccr.ent

welded through the insert components to the cantilever

reinforcement , then the minimum dimension of a cantilever can be
determined for the section, passing through the beam face, assuming

its uniform support along the length from the end of the cantilever

to the beam face. In this case the magnitude of bearing pressure

138



which is transferred to the cantilever from the load, applied
after monolithization, can be reduced by 25%. The sectional
area of the reinforcement in cantilevers in this case is also
determined in accordance with note 2.

7.44. In short cantilevers abutting with columns or with
other elements of greater height protruding beyond the compressed
face of the cantilevers by not less than half the height of the

k cantilever h at the site of its abutment with column or with

another element (see Fig. 22), the cross section of the longitu-

dinal reinforcement is selected in accordance with the flexural
Rmoment acting on the face where the cantilever abuts with the

element increased by 25%. In the remaining cases, and also if

v a short cantilever is an extension of a beam or slab freely lying
on a support, the cross'section of the longitudinal reinforcement

is selected in accordance with the moment acting on the support
axis increased by 25%. The longitudinal reinforcement of the

* corresponding cross section should reach to the end of the canti-

lever.

In cantilevers, for which coefficient m under condition

(89) is greater than I and the distance Z3from the center of' the
load to the edge of the reinforcements (see Fig. 22a) does not

I exceed:

a) with smooth round reinforcement - 15d;

b) with deformed reinforcement of classes A-III and A-II
and with concrete of a Job-grade below 300 - 15d;

c) with deformed reinforcement of classes A-III and A-II

and with concrete of a Job-grade of 300 and above - 10d, the
longitudinal reinforcement should be equipped with anchors in
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the form of washers or angle irons; the rating of these anchors

should be carried out in accordance with the appropriate instruc-

tions.

1Note. Te placing of anchors is not necessary in canti-
levers, on which precast beams rest going along the overhang

of cantilevers, if the Joints of these beams are reliably mono-

lithized and the reinforcement in them is placed in a frame with

rigid Joints, and the lower reinfordement of the beams is welded

to the reinforcement of the cantilevers through the insert

components.

7.45*. Short cantilevers are reinfor2ed:

a) with inclined stirrups (Fig. 22a): this type of rein-

forcement i recommended when the height of a cantilever at the

site of abutment with a column is h < 2.5c!;

b) with bent-up rods and with horizontal stirrups (Fig. 22b); I
this method of reinforcement is recominended when h > 2.5ci;

when h > 3.5cI and P < Rpbho 1 (where P - the design load on a

cantilever) bent-up rods cannot be used.

In both cases the stirrup interval should be not more than

15P mm and not more than h/i1; the diameter of bent-up rods should
be not more than 1/15 the length of a bend (see Fig. 22b) and

not more than 25 mm.

The total cross section of bends and inclined stirrups

intersecting the upper half of an inclIned line (segment Z12

in Fig. 22) going from the load to the angle of abutrent of the
lower face of the cantilever to a column, should not be less than

0.002bh 0 and not less than
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where c2 = c1 + 0.3ho; if the cantilever is an extension of a[ beam or slab, then c2 is taken as equal to the distance from
the load axis to the support axis; cI - the distance from the

• load axis to the nearest column face at the bottom of the canti-
lever; a - the angle of inclination ofthe bent-up rods or inclined

stirrups toward the horizontal; h0 - the operational height of

the cantilever in the section of its abutment with the column.

ECCENTRICALLY COMPRESSED
ELEMENTS

7.46. During rating eccentrically compressed elements for

strength it is necessary to examine two possible cases of rating:

a) e!asel1, which corresponds to relatively large eccentricities,
when the strength of an element is characterized by the tensile

stressed reinforcement attaining its rated strengths;

b) case 2, which corresponds to relatively small eccentrici-

ties, when the strength of an element is characterized by the

concrete of the compressed zone attaining itb rated strength

earlier than the tensile stressed (or slightly compressed) rein-

forcement, attains of its rated strength.

The rating of eccentrically compressed reinforced-concrete

elements when e 0 < ZO/600 is carried out as in axial compression
in accordance with the instructions of 7.10 and 7.11 of the

present Codes.

The rating of eccentrically compressed elements in the

plane of the effect of the moment when e0 > Z0/600 is carried

0 0



out in accordance with the instructions of 7.47-7.50. When the
ratio I /r > 14 it is necessary to consider the effect of the
deflecti.,n of the element on the magnitude uf eccentricity of the

longitudinal force in accordance with the instructions of 7.51.

7.47. Eccentrically compressed reinforced-concrete elements,

the transverse sections of which have at least one axis of symmetry,
with the eccentricity only in the plane of this axis are rated
in the following manner:

a) With "large" throws, if condition (46) is satisfied
(case 1 of eccentric compression, Fig. 23) - under aonditicon

or

Y#<RS,+R&,SG (see 7.15) (92.

In this case the position of the zero (neutral) axis can
be determined using the following equation

.R,,SeN ± RA.C=F.e"--R.Fa =OrI ( 9 3)

(9 )

where S6 N - the static moment of the sectional area of the com-
pressed zone of the concrete relative to the axis, normal to the

* plane of the effect of flexural moment and passing thr.ugh the

point of the application of longitudinal force N.

In formula (93) in front of the second term the sign is

assumed: plus, if longitudinal force N is applied beyond the
limits of the distance between the resultants of the forces in
reinforcement A and A'; minus, if longitudinal force N is applied
between t-e resultants of the forces in reinforcement A and A'.
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Fig. 23. Diagram of the distribution of forces and a diagram of
the stresses in the transverse section of an eccentrically com-
pressed reinforced-concrete element when it is being rated for
strength in accordance with the first case.

If in the rating reinforcement A' is considered, then

condition (48) must be satisfied; it is permissible to consider

reinforcement A' in the rating and with the non-observance of

condition (48) (see 7.21), but in this case it is necessary,

not using formulas (91)-;(93), to carry out the rating under the

following condition

N( z--•) <R.Pars (94)

The unstressed reinforcement in the compressed zone should

not be considered 4n the rating, if the fulfillment of condition
(48) leads to a reduction in the rated strength of the element

in comparison with a rating without considering this reinforce-

ment.

With the positioning of tensile stressed reinforcement A
in several rows in the height of the element cross section it is
necessary to consider the requirement of 7.3.

b) With "small" eccentricities, when condition (46) is not

satisfied (cane 2 of eccentric compression, Fig. 24):

when e > e - under the condition

S+ (95) A
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Fig. 24. Diagram of the distribution of forces and a diagram of
the stresses in the transverse section of an eccentrically com-
pressed reinforced-concrete element when it is being rated for
strength in accordance with the second case.

where
SR, 6+ + R,..s

F- the area of the compressed zone oP the cncr-'ce which

corresponds to the boundary between the -st and 2nd

eccentric compression; .h- e moment of force of area F b re.....ve
to the axis, normal to the plane of the effect of flexural i.Cei

and passing through the point of application of th,.- resultant ;x

the force; ln reinforcement A;

when e < e under condition

- - 1,25 - - -1,25
Ne,'Q R MSO C + (97)

+ Ik S,: ,

where c - the distance from the point of the applica,1-,e,n of' the,

resultant of all internal forces in the concrete and in, the

reinforcement in an evenly compressed section '-o the resultant

"of the forces in reinforcement A;

SRnpS + Ra..1 (98)=,IROF + R.. (F. + F.)
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S -the static moment of the entire cross section of the

concrete relative to the axis, normal to the plane of the effect

of flexural moment and passing through the point of the applica-

tion of the resultant of the forces in reinforcement A.

[3

In elements rated both by the 1st and by the 2nd case, the

width of the compressed flange, introduced into the calculation,

should not be more than the values determined in accordance

with the instructions of 7.18.

i3

If in the elements of a T-shaped cross section with a flange

in the compressed zone the neutral axis intersects the rib, then

the ral-.nj of the sections should be carried out in accordance

with the instructions of 7.17 "b," i.e., in determining the

values of F6 , S6 , S6 N, F.3 and S. the sectional area of the

overhangs of the compressed flange (b -b)h must be multipliedn n
by the ratio

-'n" 0,8.

When stressed reinforcement is present in the zone compressed

due to the effect of external forces, this reinforcement should

be considered in the calculation in accordance with the instr-uctions

D of 7.6. With the use of concrete and reinforcenment of several

types or classes it is necessary to be guided by the instructions

L of 7.2.

Note: 1. In rating T-shaped sections using formulas

(91)-(93) the flange, located in the tensile stressed area, is

not considered.

2. With a job-grade concrete of 400 and lower formulas

(95) and (97) are reduced to the inequality

NA.R4pS.+Ra. A.
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3. For T-shaped sections with a flange situated on the

Slesser compressed face, when e < e it is permissible to consider
this flange in the calculation; in this case its greatest width,
introduced into the calculation using formulas (95) and (97),
is determined under the following condition.

SO < O,65bh.

4. For eccentrically compressed 2nd-case elements when
e < e the Position of the least con,,pressed side of the 5ecticn
(reinforcement A) and the most compressed side of the section
(reinforcement A') is determined b. condltion e > c.

5. The recommendations of 7.417 !o not extend to elements

of annular cross-section (tubular) wth the longitudinal reinforce-
ment distributed uniformly as the circumference (see 7.49), and
also to elements of round crozs section with the same reinforce-

ment.

7.48. The rating of eccentrically compressed reinforced-

concrete elements of rectangular 'cross section can be carried
out in the following manner:

a) With "large" eccentricities (case 1) using formulas

S~(99) •
N <. Rbx + Ra. ,- RAF.

or

As -,R~bx (h . 4+ *. cP(ho-a 10

In this case the position of neutral axis is determined under
the following condition

R~X.(h 2 ~) (101)
t? R.. e.e' - RF,e 0.
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The rule of the signs before the second term is taken in the

same way as in formula (93) (see 7.147). The height of the

compressed zone of the concrete, the reinfcrcement of the com-
pressed zone is considered, should satisfy condition (48); it is
permissible to consider the reinforcement of the compressed

zone in the calculation also with the non-observance of this
L condition, but in this case the sectional area of the tensile

stressed reinforcement should be determined using the formula

[ N(!r)tR a (1.02)a

b) With "small" eccentricities (case 2):

when e - under.tle following condition

NVf<O.5CRubI4+R,.,F.(ho.--a'), (103) ]
when e < e - under the following condition

,C- + (104)

+ R., Qe(f-o-a),

where e and c are determined in accordance with 7.47.

7.49. Eccentrically compressed reinforced-concrete elements

of annular cross section (tubular) with stressed and unstressed

reinforcement , uniformly distributed over the circumference

(Fig. 13), are rated with the following formulas:

a) the 1st case, when aK t •/1.6, where A

RRmFu,4- F." + N (105)
(R. +q.) F. + () . + R.. F). + R,,F
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•'eO -- RF + (R. + cy) .Fr. +i (106)
+ (R. + Re.J 'Pea] sill nc.;

b) the 2nd case, when > ý/1.6

N (ce + rJ) -: r, (R.vF + k. (Re. AF +
N e +rr [ n F k ( a c e (107)

S+ , -- moF,,(10)

where when e < r it is assumed that

S kg= e.•43r (108)

and when e > r it is assumed that- k = 23; e - the eccentric-0- H a0
ity of longitudinal force N relative to the center of gravity
of the given cross section; the remaintng deoignations are the
same, as in the formulas of' 7.23.

With the use of formulas (106) and (107) it 4s necessary to
consider conditions (56) and (57).

Notes: 1. In the absence oi" stressed reinforcement Azc 1s

necessary to assume value P equal to zero and r. r
H H

2. The recommendations of 7. 1; -xtend to cross sections
with the ratio r2-rl < 0.5 when the number of longitudina] rods

in the transverse cross section is not less than 6.

7t50o. Elements having cross sections sy'-,et-rical rv]ative
to two mutually perpendicular axes arid subject to the simultaneous
effect of longitudinal force and flexural moments in the direction
of both axes of symmetry (oblique eccentrIc compression, Fig. 25).,
are rated:
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a) in the first case of oblique eccentric compression - under

the conditions of (91) or (92).

In this case the position of the neutral axis which determines

the shape of the compressed zone of the concrete, is fcund under

condition (93), and also under the condition of the distribution

on one straig1It line cf points of the application of the resultant

of the external forces, of the resultant of all the internal

forces 1n the compressed zone of the section and of the resultant

of the forces in the reinforcement situated in the tensile stressed

zone. In this case all the requirements of 7.47 "a" should be

observed;

b) in the sec-ond case of oblique eccentric compression - using

formula

NI I -Z -71 (109)

where N the rated longitudinal force with the set of all effects;

N - the rated longitudinal force which can be received by a

section during central compression; Nx - the rated longitudinal

force which acts in the plane of the x-axis with eccentricity

ex which can be received by the section; N- the same, in the

plane of the y-axis with eccentricity ey.

Values Nx and N are determined using the formulas of the
x y

second case of eccentric compression in accordance with 7.47 "b."

The taking into account of the prolonged effect of a load during

oblique eccentric compression is carried out in accordance with

the "Instructions on the Design of Reinforce,-Concrete Structures."
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Fig. 25. Diagram of the distribution of forces and the position
of the neutral axis in the transverse section of a reinforced-
concrete element subjected to oblique eccentric compression, in
rating by the first case; N - the point of ap]tication of the
longitudinal force; A - the point of application of the resultant
of the forces in whole tensile stressed reinforcement ; D - the
point of application of the resultant of all the compressive
stress in the section (in the concrete and in the compressed
..inforcement )

KEY: (1) Flexural plane.

The carrying capacity of an element is taken to be equal to

the smaller of its two values obtalned in rating in accordance
with 7.50 "a" and 7.50 "b."

Notes: 1. In determining N and N, (as well as in determLn-
ing N L) it is recommended that all the reinforcement existing in

the section of the element be taken into account.

2. In determining N~ and N the flexibility of an eleni.itI
is considered in accordance with 7.51; in this case coefficient
n is calculated in accordance with given rated longitudinal force

N; in determining N flexibility is not considered.
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7.51*. The effect of the deflection of an element is

considered by multiplying value e0 by coefficient n, determined

using the following formulas:

a) for cross sections of the shape

N (110)

b) for rectangular cross sections

II
{o rM -the radius of gyration of a transverse section in the

Sflexural plane.

SThe values of coefficient c in the foi-mulas of (110) and

(111) are determined for heavy-aggregate concrete using formula

(112), and for light-aggregate concrete - in accordance with a

special standard document.

C 60 + 200 + )

where R - the job-grade concrete with the compressive strength
5in kg/cm2;

F - the sectional area of reinforcement A.
a

If ratio e0 /h does not exceed the values given in Table 24, A,

them in formula (112) instead of actual value e0 /h boundary values

of these ratio are substituted in accordance with Table 24.
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Table 24. Relative boundary eccentricities e0/h for computingA

the coefficients of c.
Job-grade Relative boundary eccentricities eo/h when
conceef the TZ0/FH 52 '69 6 6 104 122 1-39-

___ olh < 15 20 25 30 40

150 0.60 0.45 0.30 0.20 0.15 0.07

0.55 0.0 0.30 0.20 0.0
300 0.50 0.35 0.25 0.15 0.06 -"

1400 o.4o 0.30 0.20 0.10
S500 0.35 0.25 0.15 0.05 --
i600 0.30 0.20 0.20 -

When the flexibility of an element is Io/rH > 35 (t0/h > 10)
it is necessary to consider the prolonged effect of a load on
the bearing capacity of the element. In these cases in formulas

(110) and (111), and also in the formulas of 7.47-7.50 longizudirial
force N is replaced by a given longitudinal force Nn determined

using the following formula
N NM + N (113)

ANA

and applied with eccentricity e computed using the formula

M o.nX 11a

Designations N and NK see 6.3.

m . - the coefficient which considers the prolonged effect
of a load on the bearing capacity of a flexible eccentrically
compressed element determined using the formula

"+• (114)
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where mJ - the coefficient taken in accordance with Table 21,

when replacing ratios Zo/b and Zo/r in it respectively with ratios

1 0/h and ZO/rH; e o. and eo.K - the distances from the point of
application respectively of N and NK to the center of gravity

of the transverse section of the element.

During rauing the strength of eccentrically compressed

reinforced-concrete elements, besides considering the flexibility

in the plane of the action of the moment, it is also necessary
to carry out testing for longitudinal flexure in the plane, per-

pendicular to the plane of flexure, as for elements operating in

axial compression (disregarding flexural moment) in accordance with

the instructions of 7.10 and 7.11.

Notes: 1. When 14 < I /r < 35 consideration of the effect

of deflection on the magnitude of eccentricity of the longi-

tudinal force can be carried out with other, simplified methods.

2. The rated lengths I0 of eccentrically compressed

reinforced-concrete elements, with the exception of wall panels,

should he taken in accordance with the instructions of 7.5.

3. For wall panels the rated lengths Z0 and the value of
the random initial eccentricity should be taken in accordance
with the instructions of 6.1 and 6.2.

4. If the value of coefficient n, determined in accordance

with formulas (110) and (111), is equal to infinity or negative,

then it is necessary to increase the dimensions of the section.

5. In rating reinforced-concrete elements having undis-

* placeable supports, the values of coefficients mn and n are

taken to be:
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a) for sections in the middle third of the length of an
e]ean-:t - in accordance with formulas (110) or (111);

b) for sections within the limits of the extreme thirds of
the length of an element - by linear interpolation (taking in the

supporting sections coefficients m and n to be equal to unity).

6. The rating of supporting Joints of spanning structures
for panel walls is carried out with the introduction to the bearinrg

capacity of the element of coefficients which consider the effect
of the mortar Joint: 0.9 - with hardened mortar and 0.5 - with

freshly poured mortar.

7.52. The strength rating of prestressed eccentrically
compressed (by an external longitudinal force) reinforced-concrete
elements with stressed reinforcement , not having adhesion with

the concrete and capable of being displaced with respect to a
transverse section of an element (see 7.8), is carried out for

two cases:

a) with the total rated length of an element and with given
longitudinal force Nn;

b) with the rated lengch of an element, equal to the distance
between the attachment points of the reinforcement , and with

given longitudinal force N , in which the resultant of forces
NH is considered in the whole stressed reinforcement after
compression of the concrete; in this case in formula (11) rated
longitudinal force N must be replaced by the sum of forces

N + N.H

If the compressed element can sag to the stressed reinforce-
ment which prevents its further flexure, the the rated value of
the additional eccentricity (the deflection) for force NH should
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not exceed the distance from the surface of the concrete to the

surface of the stressed reinforcement measured in the plane of

flexure, before compression of the element.

7.53. The testing of the strength of inclined sections of

eccentrically compressed reinforced-concrete elements should

be carried out in a manner analogous to the rating of flexural

reinforced-concrete elements in accordance with the instructions

of 7.24-7.42.

For prestressed elements reinforced with wire, bundles or

strands without anchors, the strength of inclined sections and

sections normal to the axis of element over the length of the

anchoring zone of the stressed reinforcement should be tested

taking into account the possibility of the breakdown of its

adhe3ion with the concrete 'see 7.28).

ECCENTRICALLY TENSILE-STRESSED
ELEMENTS

7.54. The rating of eccentrically tensile-stressed reinforced-

concrete elements of rectangular, T-shaped, double-T-shaped and

box-like sections is carried out:

a) if force N is applied between the resultants of the forces

in reinforcement A and A' (case 2, Fig. 26) - under the following

conditions

N -S (115)

RS (1!6)

2.5
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Fig. 26. Diagram of the distribution of forces in the transverse
section of a tensile-stressed reinforced-concrete element in
rating it for strength in accordance with the second case.

b) if force N is applied beyond the limits of the distance

between the resultants of the forces in reinforcement A and A'

(case 1, Fig. 27) - under the following conditions

N < ,,PsR.. .' -R.Pa(117)

or

A,

In this case the position of the zero (neutral) axis is determined

using equation

Rn• i.S + R..Fe-R.F.ezO. (119)

re 0

Fig. 27. Diagram of the distribution of forces and the diagram
of the stresses in the transverse section of an eccentrically
tensile-stressed reinforced-concrete element in rating it for
strength in accordance with the first case.
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The height of the compressed zone should satisfy condition
-1f (46), and with reinforcement A' present and being considered in

the calculation, moreover, condition (48).

- It is also permissible to consider reinforcement A' in the

rating with non-observance of condition (48), but in this case it

is necessary, without using formulas (117)-(119), to carry out

the rating under the following condition

S1, + zJ(120)
N.

Unstressed reinforcement A' should not be considered in the

rating, if the observance of condition (48) leads to a decrease

in the rated strength of the element in comparison with the

R rating without considering this reinforcement.

In positioning tensile-stressed reinforcement A in several

rows over the height of an element section the requirement of

7.3 should be considered.

With the presence of a compressive zone in a stressed rein-
[A

forcement section its consideration should be carried out in

accordance with the recommendations of 7.6.

7.55. The rating of eccentrically tensile-stressed elements

E • of rectangular cross section is carried out:

a) if force N is applied between the resultants of the
forces in reinforcement A and A' - under the conditions of (115)

and (116);

b) if force N is applied beyond limits of the distance between

the resultants of the forces in reinforcement A and A' - under

the following conditions
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RaF . cF' - Rbx(I N~R~FaR..aub (121)

or

e < +X(.--) + R.. P'k-a)
+2 e F(g) (122)

in this case the position of the zero (neutral) axis is deter-
mined using the equationA

R,,bx(e +ho---x- +I

(123)
"-R,.. ,:.'e' - R,,,r., =0..,

and the height of the compressed zone should satisfy condition
(46); the considering of the compressed reinforcement should be

carried out in accordance with the Instructions of 7.54.

7.56. The strength of inclined sections of eccentrically

tensile-stressed reinforced-concrete elements should be ensured

by observance of the following requirements:

a) if longitudinal force N passes between the resultants

of the forces in reinforcement A and A', the entire transverse

force in any inclined section directed at an angle of 600 and
less to the longitudinal axis of th, element, should be received

by the transverse reinforcement ; the testing of sections,

composing with the longitudinal axis of an element an angle of

more than 600, can not be carried out;

b) if longitudinal force N is applied beyond the limits of
the distance between the resultants of the forces in reinforce-

ment. A and A', the rating of the inclined sections should be
carried out as for flexural elements, in accordance with the

instructions of 7.24-7.112; in this case if the eccentricity of
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force N relative to the center of gravity of the e'tire concrete

section is e0 .1 1.5h0, then value Q. [see formula (63)] is

multiplied by the coefficient

ho 0.5.(124)

The rating of the strength of inclined sections of eccentri-

cally tensile-stressed elements cannot be carried out (the trans-

verse reinforcement in this case is installed constructionwise

irn accordance with the instructions of 12.24), if only one of the

following conditions is observed in case "b":

1) the magnitude of the main tensile stress determined

with rated loads, does not exceed the rated strength of the

concrete to tension R

2) Q < kRpbh 0 , and the first of these conditions is observed

in case "all.

The magnitude of the main tensile stress o is determined

in accordance with the rules on the strength of elastic materials;

for prestressed elements magnitude a should be determined

in accordance with the instructions of W .10.

Note. For prestressed elements reinforced with wired, bundles

or strands without anchors, it is necessary to check flexural

strength of sections inclined and normal to the axis of the

element along the length of reinforcement anchoring zone (see

7.28).

ELEMENTS OF HEAVY-AGGREGATE CONCRETE
SWITH UNSTRESSED REINFORCEMENT-..,

WORKING IN TORSION WITH FLEXURE

7.57. For reinforced-concrete elements of rectangular cross-

section working in torsion with flexure or in pure torsion, the

159



dimensions of the section should be designated in such a way

that the following condition is observed

M., < 0,07 R~bIh, (125)

where h and b - respectively the greater and smaller dimensions

of the section.

7.58*. Elements of rectangular cross section which are

subjected to torsion or to the simultaneous effect of' torsion

and flexure, are rated in accordance with the subsequent intruc-

tions.

a) The bearing capacity of an element is determined during

the joint effect of torsional and flexure moments (In accordance

with the 1st scheme, Fig. 28a) - under rhe following conditions

M + +.. +R.. .:
2 h.4)+R~c~(~-a) (126)

in this case the position of the neutral axis is determined by

two parameters: by the length of the projection of the neutral

axis on the longitudinal axis of elemen"t cI which is taken as

equal to

but not more than

CJI Note 2h + b, (128)
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[ and by the height of the compressed zone of the concrete x

which can be determined under the following condition:

:-e R e.- F, Ri,. ( 129)

' Compressed reinforcement A' should be considered in formulas

(126) and (129) only in the case when value x determined under

condition (129) disregarding the compressed reinforcement, is

greater than 2a'; if, in this case, magnitude x1 determined from

formula (129), taking the compressed reinforcement into account

be less than 2a', then it is assumed that x= 2a•.

When rating only for torsional moment (in the absence

of bending moment in the section in question) magnitude K in

formulas (126) and (127) is taken to be equal to infinity.

b) The bearing capacity of an element is determined under

the joint effect of torsional moment and transverse force (in

accordance with the 2nd scheme, Fig. 28b) - under the following

condition
+ -< [R.. -oe. I

• ~ ~~~MN "X 7 .RFT., (2 b + h)J x

()(130)

in this case the position of the neutral axis is determined by

magnitudes c 2 and x 2 , where

(131)
cS- JR & t'u1(2 b+ +hh

but not more than

,,=b + h, (132)
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and it is possible to determine xp, under the following condition

RSFd -- , R~x,; ((133)

if, in this case, it turns out, that x < 2a 2 , then it is assumed

that x = 2a 2 .

In rating only for torsional moment (In the absence of trans-

verse force in the zone in qucstion) A in formula (136) is taken

to be equal to infinity.

a) '•

A A5e .g..R.

!

Fig. 28. Diagram of the formation of a plastic hinge in a
reinforced-concrete element during the joint effect -if flexure
and torsion. a) 1st diagram; the neutral axis is situated azt the
face of the element with width b (compressed due to flexure); b)
2nd diagram; the neutral axis is situated at one of the faces of
the element with width h (paralle] to the plane of the effect of
flexural moment); A6 - the neutral axis of the three-dimensional
cross section of the element; ASOF - compressed zone of the
concrete.
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The bearing capacity of an element is taken from the smaller

of its two values obtained from formulas (126) and (130). More-

over, independent of the rating in accordance with the instruc-

tions of 7.58 a section of an element operating in flexture with

torsion, should satisfy the conditions of 7.16 in the rating

without considering torsional moment.

The following designations are accepted in formulas (126)-

(133)

M , M and Q - respectively the torsional moment, flexural

moment and transverse force, acting in one direction from (three-

dimensional) section of the element in question shown in Fig. 28,

bearing along the length of the element toward the center of

gravity of the compressed zone of the concrete; Fal - the

sectional area of all the longitudinal rods situated at the face

of an element with width b, tensile-stressed due to flexure;
F' - the same, at the face of an element of a width b compressed

due to flexure; Fa 2 and F 2 - the same, at each of the faces

with width h (parallel to the plane of flexure); fxl - the

sectional area of one transverse rod from the number situated at

the faces with width b (perpendicular to the plane of flexure);

ix2 - the same, at faces with width h (parallel to the plane of
flexure); u1 and u 2 - the distances between the transverse rods

(respectively at the faces with width b and width h); a1 and a' -
the distances from the faces with width b (normal to the plane

of the effect of flexural moment) respectively tensile-stressed

and compressed due to flexure, up to the axis of the longitudinal

rods, situated at the given face; a 2 - the distance from the

lateral face of an element (with width h) to the axis of the

longitudinal rods situated at this face.
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When A < 2 the rating of an element in accordance with

formulas (130)-(133) (with respect to the 2nd diagram) is not

carried out, but is replaced by the rating for flexure for

inclined sections, in accordance with the instructions of
•" 7.24-7.27.

The sections introduced into the rating of the longitudinal

and transverse reinforcement in elements operating in flexure

with torsion or in pure torsion, should satisfy the fullowing

conditions:

a) for the faces of an element ".ith bdth b (perpendic'ular

to the plane of the effect of flexural moment)

O•.:, I +, 1A- •- (134) ;.

b) for the faces of an element. with width h (rarallel to

the plane of the effect of flexural moment)

0,5 < 1. (135)
RaFas u

7.59*. When K < 0.2 it is necessary to observe the condition

ensuring sufficient strength of the concrete in the compressed

zone,

x~ (136)

where 4 - the coefficient, characterizing the position of the

neutral axis corresponding to the toundary of the over-reinforcement

of the section, is determined in accordance with the instructions

..-f 7.19.
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If condition (136) is not observed, then it is necessary to

increase the dimensions of the section or to raise the concrete

grade. Sometimes when it is impossible or inexpedient to increase

the dimensions of the section or to increase the concrete grade

it is permissible to increase the section of the compressed

reinforcement , if its inclusion makes it possible to satisfy

condition (136).

7.60. If in an element operating in flexure with torsion,
the dimensions of cross section are taken to be such, that the

following condition is observed

(138)

and in this case value K < 0.2, then it is permissible not to

place the rated transverse reinforcement at the face of an element

with width b (perpendicular to the plane of flexure) compressed

due to the flexure.

7.61. The magnitude of the transverse force in elements

of rectangular cross section subjected simultaneously to torsion

and flexure, in all cases should satisfy condition (58), and also

the following condition

QX. 6 (1-39)

where Q - the maximum transverse force received by the concrete
and by the vertical transverse rods in simple flexure (see 7.32)

IFormula (137) is omitted.

N16
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RATING OF ELEMENTS OF HEAVY-AGGREGATE
CONCRETE FOR PUNCHING SHEAR

7.62. The rating of centrally loaded square reinforced-
i concrete foundations, the capitals of girderless spanning structures,

and also slabs under local loads for punching shear is carried

out under the following condition

where P - the rated punching-shear force; ho - the operational

height of the cross section of a foundation (slab) in the part

being tested; b p- the arithmetical mean between the perimeters

of the upper and lower base of a pyramid which is formed with

punching shear within the limits of the operational height of

cross section h0 .

In determining values b and P it is assumed, that punching
cp

shear occurs along the surface of the pyramid, the lateral sides

of which are inclined at an angle of 450 to the vertical (Fig.

29a).

The magnitude of force P is assumed equal to the magnitude

of the normal force acting in the column section at the top

of the foundation or at the bottom of the capital of a girderiess

spanning structure minus the loads, applied to the larger base

of the punching shear pyramid (considering up to the plane of

the positioning of the tensile-stressed reinforcement

7.63*. The rating of centrally loaded rectangular and

also eccentrically loaded square and rectangular reinforced-

concrete foundations for punching gear is carried out in accordance

with 7.26; in this case values P and bcp in formula (140) are

taken to be equal to:
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I• prp.;(141)

• bbo+ b,
b 2 b- -, (142)

where F - the area of polygon ABCDEG (see Fig. 29b); p - the

greatest boundary pressure on the ground from the rated load

(taking moment into account); bo and b - the dimensions respec-
0 H

tively of the upper and lower (at the level of the tensile-

stressed reinforcement ) sides of the face of the punching shear

pyramid:

parallel to the smaller side of a centrally loaded founda-

tion or normal to the direction of the eccentricity of an

eccentrically loaded foundation.

a)

b)

RU -

I I I

Fig. 29. Diagrams of the formation of punching shear pyramid in
reinforced-concrete foundations a) for a square centrally loaded
foundation; b) for a rectangular, and also an eccentrically loaded
foundation.
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THE RATING OF INSERT COMPONENTS
AND ELEMENT JOINTS

7 .64*. Anchors welded T-wise normal to the flat elements

crf steel insert components made in accordance with the instruc-

tions of 12.55 wid 12.56, under the effect of flexure momen
normal and shearing forces should be rated taking the joint

effect of these force factors into account.

Bent-up anchors welded overlapped to the steel insert
components also made Ln e,',o: dance with the instructions of 12.55

and 12.56, can be rated taking into account the principle of
the independence of fo -ces, and the anchors welded overlapped,

are rated only for shear forces, and the anchors welded T-wise -

only for flexural moments and normal forces.

The number, cross section, and length of the anchors should

be determined in accordance with the "Instructions on Designing

Reinforced-Concrete Structures."

The structure of the insc'rt components with elements welded

to them transmitting the load to the insert comronents, should

poisess sufficient rigidity to ensure uniform force distribution
between the tensile-stressed anchors and the uniform transmission

of compressive stresses to the concref-.

The thickness of the plate3 of the: insert 2omponents 6•

with anchors welded T-wise, shoul.d satisfy condition (/144), and
also the technological requirements on welding.

SR, (144)]
8. >- ,25d,

'Forrju.n:a (14j) is omitted.
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where d - the diameter of the anchors; R - the rated strength
of the steel of the anchors to tension in8  , R - the

rated strength of the steel of the plates to shear which can be
2

assumed equal to 1300 kg/cm

7.65. The rating of the indirect reinforcement of the ends[* of an element (in the cases, specified !n 12.57) should be

carried out using the following formula

N < (Rv~ + 2~is.R 5 F5. 11'5

where F - the rectional area of the concrete Included w;ghin

the contour of the welded grids, reckoning from the extreme
S• ouer rds; a -the rated strength of the grid rods; p• K h

coefficient of the indirect reinforcement determined with formula

r •(36).

In this case the reinforcement of the ends -)f the elements

should be carried out in accordance with the instructions of

7.13

7.66*. The dimensii.,.s of concrete keys trans':iitt!lt shearing
forces from one precast element to another (Fig. 30) or longi-

V tudinal shearing forces between precast elements and additionally

laid concrete, should be determined with the following formulas:
8-"4

where Q - the shearing force transmitted through the key3;
£ CA

R and R - the rated strengths of the concrete to compression
ad thpL and to tension for concrete constructions; 6 - the depth of the
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key; hm - the height of the key; ZU - the length of the key;

nL - the number of keys introduced into the calculation; in

rating for shearing force n should not be more than three.W

a) b) 8

Fig. 30. The Joining of precast elements using concrete keys;
a) the Joining of two slabs with a concrete key; b) diagram of
the distribution of shear and the rated dimensions of the concrete
key; 1 - concrete keys;.2 - the filling of a Joint with concrete
or mortar.

With the presence of reinforcement or compressive force,

perpendicular to the planes of the Joint, it is permissible to

reduce the height of the keys rated for shearing force, in

contrast to that determined by condition (147), but by not more

than two times.

Notes: 1. When keying flooring elements the length of the

key Introducecd into the calculation, should be not more than

half of the span of the element; in this case the magnitude

of shearing force Q is assumed to be equal to the sum of the

shearing forces over the entire length of the element.

2. Magnitudes Rnp and R are taken for the lowest grade

of concrete used in the key Joint.
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8. THE RATING OF PRESTRESSED ELEMENTS
WITH RESPECT TO CRACKING

8.1. Prestressed structures of the 1st category of crack

resistance, and also structures of the 2nd category of crack

resistance, in which the formation of cracks is not permitted

either in the use stage and in the stages of precompression,

transportation and installation (see 4.2 and 4.4 of the present

Codes) should be designed so that the resultant of the forces

in the entire stressed longitudinal reinforcement after compression

of the concrete does not go beyond thelimits of the core of the

section. In this case the magnitude of the reinforcement

prestressing should be assumed to be the greatest in accordance

with the instructions of 5.6.

AXIAL TENSIONING OF CENTRALLY
COMPRESSED ELEMENTS

8.2. Rating of prestressed centrally compressed reinforced-

concrete elements for crack formation during their axial tensioning

is carried out under the following condition

N N f,, (148)

where

'IRIF+(300-a.)P.+ (149)
+ (300 + mro) F,;

N - the longitudinal force from the external loads (standard

or rated, in accordance with the instructions given in Tab!, 10);

co - ztress in the "'einforcemento taking losses into account

- see 5.2; 5.4 and 5.10); oa - compressive stress in unstressed

* reinforcement;, taken in accordance with the instructions of

5.10; 300 - the increase in stress in the reinforcement in2I
kg/cm2, corresponding to the maximum relative extensibility of
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the concrete taken to be equal to about 0.00015; F the
a

sectional area of the unstressed longitudinal reinforcement

F- the sectional area of the prestressed longitudinal rein-
forcement ; mT - the quality coefficient of the prestressing of

reinforcement taken in accordance with the instructions of 5.3.

For elements, in which cracks can form before prestressing,

and also for butt-Joined sections of integral and modular struc-

tures when rating them for cracking (the beginning of the opening

of Joints) magnitude N is determined using the following formula
T

N, l, ooF,. ((150)

ELEMENTS OPERATING IN FLEXURE, ECCENTRIC
COMPRESSION, ECCENTRIC TENSION, AXIAL
TENSION WITH ECCENTRIC COMPRESSION
AND TORSION

8.3. The rating of sections, normal to the axis of bent

and eccentrically ecompressed prestressed reinforced-concrete

elements for crack formation. with the exception of the cases

indicated in 8.5, is carried out proceeding from the positions

set forth in 6.4, with the replacement of Rp by RT (Figs. 31-33).

In this case it is recommended that the following approximation

formula be used:

(1<51)

where M the moment of the external forces loca4-ed to one side

of the section in question, relative to the axis, normal to the

plane of flexure and passing through the core point, most distant

from the zone of the section, whose crack formation is being

checked.
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IIce

SFig. 31. Diagram of the distribution of forces and stress diagram
_ In the transverse section of bent prestressed reinforced-concreteSelement during rating for crack formation in the zone tensile-

Sstressed by an external load, in which stressed and unstressed
•- reinforcement is contained.
•.KEY: (1) Section core face, (2) Center of gravity line; (3)S~Neutral axis of the section.

f T.t A .

S" is ormstRiped

1k e(2)Sa

Fig. 31. Diagram of the distribution of forces and stress diagram

in the transversed section ofa bent prestressed r'einforced-concr~ete
element du ritngraigorcakomtonn the zone tensile-ya etrnl od o
stresse foymatinexrnloa, in which stressed and unstressed rifreet
rioceezis contained.
KEY: (1) eto oefc,() Center of gravity line;()Scincr ae; (3)Neta
Nurlaxis of the section.
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(2)) -)7N -

Fig. 33. Diagram of the distribution of forces and stress diagram
in the transverse section of an eccentrically compressed pre-
stressed reinforced-concrete element in rating the zone tensile-
stressed by an external load for crack iýcrmation, in which stressed
and unstressed reinforcement is contained.
KEY: (1) Section core face; (2) Center of gravity line; (3)
Neutral axis of the section.

Value M for prestressed elements is determined using the.

following formula

M, R'WI±M:t (152)

where MR - the moment of the resultant of forces N in the

stressed and unstressed reinforcement, relative to the same axis,

passing through the core point; in this case the resultant of

forces N' is determined by con3idering the instructions of0
5.2, 5.4 and 5,10; the sign of the moment is determined by the

direction of rotation; W - the moment of resistance of the given
section is determined by considering the inelastic deformations

of the concrete, in accordance with the assumptions of 6.4;

the given cross section is determined in accordance with the

instructions of 5.2.
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The moment of resistance for the tensile-stressed boundary

fiber of given cross section WT is determined, using formulas

(13) and (14), in which values Jc. SP, Sc and Fp are replaced

by the appropriate characteristics of the given cross section

(the position of the'zero line in the cross section is determined

under the assumption that longitudinal force is absent).

Value WT. can be determined from Table 34 of Appendix II.

8.4. The rating of sections, normal to the axis of pre-

stressed reinforced-concrete elements for crack formation, subject

to eccentric tension (and also to axial tension if with eccentric

cLompression) (Fig. 311), with the exception of the cases indicated

in 8.5 is carried out using formula (151), if in the ultimate

state the tensile force does not exceed the compressive force,

which is characterized by the following conditions:

a) compressive force N0 and the core point, most distant

from the zone of the sections, being checked for crack formation,

are situated to one side of external force N (Fig. 35);

b) the distance between external force N and compressed

force N0 is

VR, (153)

If even one of these conditions is not satisfied, therefore,
the tensile force in the ultimate state exceeds the compressive
force, and the rating is carried out under the following condition

M'<M (154)

where
(155)

Af - R,VW ±
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Fig. 34. Diagram of the distribution of forces and stress diagram
in the transverse section of an eccentrically tensile-stressed
prestressed reinforced-concrete element in rating the zone
tensile-stressed by an external load for crack formation, in which
stressed and unstressed reinforcement is contained. A
KEY: (1) Section core face; (2) Center of gravity line; (3)
Neutral axis of the section.

N0

Fig. 35. Diagram of the dis-
tribution of forces in the I
transverse section of an ec-
centrically tensile-stressed
prestressed reinforced-concrete
element during its rating for
crack formation.
KEY: (1) Core point.
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M- the moment of external forces situated to one side of the

section in question (Fig. 35), relative to the axis normal to

the plane of flexure and passing through the conditional core

point located from the nenter of gravity of 'he section a distance

of

(156)

- the moment of the resultant of forces N0 in the stressed

and unstressed reinforcement relative to the same axis passing

through the conditional core point most distant from the zone

of the section, whose crack formation is being checked; in this

case the resultant of the forces in determined taking the

instructions of 5.2 into account; the sign of the moment is

determined by the direction of rotation.

Note: In cases when inaccuracies in calculating value WT

can perceptibly affect the expenditure of materials or the

evaluation of the crack resistance of an actual structure, it is

recommended that this value be determined by u-ing formula (13)

and not by Table 34.

8.5. Prestressed reinforced-concrete eccentrically compressed

elements, and also flexural elements of T-shaped cross section

with a flange in the tensile-stressed zone (or other sections,

close in shape to that indicated), when the following conditions

is not observed

2 (157)

should be rated for crack formation by ..king the inelastic

deformations into account (deviations in the compressed stressed

diagrams from triangular) in accordance with the appropriate

instructions.

1

S~177



8.6*. In rating precast monolithic prestressed reinforced-

concrete ratings for crack formation in flexural and eccentrically

compressed elements after attaining the assigned strength with

additionally laid concrete, when value MR6 in the cross section

of a precast monolithic structure is greater than in the cross

section of a precast element, for determining MT it is permissible

to use the following formula instead of formula (152)

M, RW + Mv Mi(158)

where M1 - flexural moment due to an external load, acting in
the cross section of an element, before the acquisition of the

required strength by additionally laid concrete; z 1 and z - the

distances from force N0 to the core point, most distant from the

zone of the cross section, in which crack formation is being

checked, respectively for the cross section of the precast

element and for the cross section of the precast monolithic

element.

The instructions of the present paragraph extend only to

the case of uhe placing of additionally laid concrete in the

compressed zone of a cross section; in the remaining cases rating

should be carried out in accordance with special standard documents.

8.7. In the crack-formation rating of articles and structures

reinforced with prestressed elements, the position of the neutral

axis at the moment of crack formation in prestressed elements

is determined under the assumption that the area of the tensile-

stressed zone of the concrete, not being subjected to prestressing,

is equal to zero.

8.8. In rating butt-Joined cross sections of integral [and]

modular structures for seam opening value R in formulas 8.2-8.6
T

is assumed to be equal to zero.
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wih8.9*. If in structures of the 2nd category of crack-resistance

with respect to rating crack formation is permissible in the zones

experiencing compression from external loads, then in the sections
with these cracks values MT determined using formulas (152)
or (155) for the zones experiencing tension from external loads,

are reduced by 10%.

8.10*. In rating prestressed elements for crack formation

in sections, inclined to the axis of the elements, the following

condition should be satisfied

(159)

in this case the main tensile stresses a should be determined
rep

at the most dangerous sites along the lengt'i of the span (depending
on the type of transverse force, flexural e id torsional diagrams

and on the variation in the cross section of the element), and
over the height of the cross section - only along the axis,

passing through the center of gravity of the given cross section.

It is recommended that the value of the main tensile stresses

a pbe determined using the following formula
-r-p

¢ where

i (161)

Sothe the sustained prestressing in the concrete, determined by

Sheinstructions of 5.9; Y - the distance from the fiber in
S~question to the center of gravity of the given cross section.

-4
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It is necessary to substitute the tensile stresses in
formula (160) and (161) with a "plus" sign, and the compressive

stresses - with a "minus" sign.

ay - the compressive stress in concrete, acting in the

direction, perpendicular to the longitudinal axis of an element,

and caused by *:he effect of the prestressing of the transverse

reinforcements (stirrups) or bends, and also of the local com-

pressive stresses arising near supports or loads; absolute value
ay due to prestressing of the transverse reinforcement (stirrups)

or bends is determined using formula

as C "'• X y ý-- sin a; (162)

here FH. - the sectional area of all the stressed stirrups

situated in one plane normal to the axis of the element in the

section in question; F - the sectional area of all the stressedH.O

bent-up reinforcement terminating in section u0 with a length
eaual to h/2 situated symmetrically relat~.ve to section 0-0

in question (Fig. 36); a o. - the prestressing of the transverse
reinforcement (stirrups) after the appearance of all the losses;

u× - the stirrup spacing; ao - the prestressing in the bent-up
reinforcement after the appearance of all the losses.

Fig. 36. Diagram of the distribution of the bundles of reinforce-
ment taken into account in rating a flexural prestressed reinforced-
concrete element for crack formation in the cross section. 1 -
bundles of reinforcement taken into account in rating cross section
0-0 using formulas (164)-(166); 2 - bundle of reinforcement. taken
into account in rating cross section 0-0 using formula (162); 3 -
bundle of reinforcement , not taken into account in rati.ng cross
section 0-0.

180



In formula (160)[ - the shearing stress in concrete, determined using

formula

QSU[ (163)

where Sn - the given static moment of the part of the cross

section situated after the fiber filament in question, relative

to the axis passing through the center of gravity of the cross
section; J - the moment of inertia of the given cross sectionn
determined by considering the instructions of 5.2; b - the width
of le element in the cross section in question.

In prestressed elements with a stressed inclined or curvi-
linear configuration with reinforcement the magnitude of transverse
force Q, substituted in formula (163), is defined as the differ-
enc.. (or sum) of the transverse forces from external load Q.

and tensile stress Q using the following formula:
np3

(164)

where

(165)

NO - the force in the bundle or rod which terminates at a
support or at a section between a support and a cross section
situated at a distance of h/4 from cross section 0-0 in question

(see Fig. 36) and determined using the following formula

A
No=crJ. (166)
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aPe - the stress in the bent-up reinforcement after the

appearance of all the losses; a - the angle included between the

Dent-up rod or bundle and the longitudinal axis of the elementI in the cross section in question; f- the sectional area of one

rod or bundle of stressed bent-up reinforcement.

8.111. For elements subjected to the joint effect of

flexure and torsion, value T, substituted in formula (160), is

assumed to De equal to the sum of the shearing arising due to

flexure [see formula (IE3)] and due to torsion xK a
HA

Value TK can be determined using the formulas of plastic

torsion, i.e., assuming, that at the moment of crack formation

these stresses inave an identical value over the whole cross

section of the element;. for elements of rectangular cross section

the corresponding value T is equal to

= 5-_ (167)

where h and b - respectively the greater and lesser dimensions of

the cross section.

8.12*. For prestressed elements (including centrally com-

pressed elements rated for axial tension) reinforced with wire,

bundles or strands, and also with stressed rod reinforcement

without anchors, checking of the observance of the requirements

of 8.3 and 8.10 in cross sections at the face of a support and

over the length of the reinforcement anchoring zone I determined

in accordance with 7.28 is mandatory. In checking the observance

of these conditions it is necessary to consider the possibility

of incomplete compression of the concrete and the failure of the

adhesion of the reinforcement with the concrete during the

instantaneous transmission of the prestressing to the concrete

(see note 3 to 7.28).
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In determining a the prestressings in the reinforcement

and in the concrete are assumed to be linearly increasing from
zero at the beginning of the fixing site up to the values deter-

mined by formulas (6) and (8), at a distance Z from the beginning

of the fixing site (Fig. 37).

Fig. 37. Diagram of the dis-
tribution of prestressing along
the length of reinforcement
without anchors after compression

S" of the concrete.

For the beams, not subject to rating for durability, in

which the height of the cross section at support h 0 exceeds the

length of the anchoring zone, it is permissible upon release of
the tension not to carry out over this length checking of the

observance of the requirements of 8.3 and 8.10. In this case in

the tensile-stressed part during compression) of the circum-

support zone of the beam over a length of not less than 1.5h0

from the beginning of the anchoring zone (see 7.28) it is necessary
to install additional unstressed longitudinal reinforcement ,

placing it in the wall of the beam; the sectional area of this

reinforcement should be not less than 0.2% of the area of the

beam support section.

8.13. If in checking an inclined section condition (159)

is not satisfied, it is necessary either to increase the
dimensiuns of the transverse section of the element, or to employ

prestressing of the transverse reinforcement-, and if prestressing

was already considered by the rating, then to increase it.
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In these cases the required magnitude of prestressing of the

transverse reinforcement aO.x is determined using the following
formula

boa, Fm.. X

X (a + RslnRs]-n-R,, (168)

where - determined from formulas (160), assuming ar.p = RT;

-0 " the stress in the bent-up reinforcement taken into account

in accordance with 8.10.

The prestressing of the transverse reinforcement: (stirrups),

checked during t. ensioning of the concrete aH.X can be taken

from the following condition

S(169)

where mT - the quality coefficient of the prestressing of the

reinforcement taken in accordance with the instructions of 5.3.
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9. RATING OF ELEMENTS OF REINFORCED-CONCRETE

STRUCTURES FOR DEFORMATIONS

9.1. In rating reinforced-concrete structures for the

second limiting condition, and also in the cases indicated in

4.20, the deformations (deflections and angles of rotation) of

elements are calculated using the formulas of structural mechanics,

determining their rigidity or curvature in accordance with the

instructions of the present section of the codes.

Note. The instructions of the present section do not extend

to structures of heating units (furnaces, flues, etc.) and their

foundations being rated for temperature effects (see the in-

structions of 1.3 of the present Codes).

9.2.. In determining deformations in necessary cases the

effect qP long-term loads should be considered, in accordance with

theinstructions of 9.4, 9.7 and 9.8.

9.3*. Deformations in elements of reinforced-concrete

structures, during the use of which cracks in the tensile-

stressed zone are not allowed or the appearance of cracks is

highly improbable (for example prestressed elements of the

1st and 2nd categories of crack resistance, weakly reinforced

elements), are determined in the same way as for a solid elastic

body taking into account the operation of the concrete in the

tN
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compressed and tensile-stressed zones; in this case the total cited

cross section of the element is introduced into the rating

(see 5.2).

A
In these cases the rigidity of the elements under the

short-term effect of a load is determined using the following

formula
B(170)

In determining the deformations of T-shaped and double-T-

shaped sectional grider element, of constant height with a ratio

of the cross-sectional height to span of - and more,are subjected
7

to the effect of considerable concentrated loads (sub-crane
beams, rafter and joint trussing beams, etc.), value B should be

assumed to be 10% less than that calculated using formula (170).

For prestressed elements of the 2nd category of crack

resistance, in individual zones of which cracking is permissible

during precompression (see Table 9), value B should be taken to
be 15% less than that determined using formula (170).

In determining the rigidity of structures made from light-
aggregate concrete of grades 100 and below the coefficient 0.85 in
formula (170) is replaced by 0.75.

9.4*. For the elements indicated in 9.3, the full value of
the deformations in considering the long-term effect of part of
the loads and flexure due to precompression of the concrete is
determined using the following formula

+ ( -- C), (171)

where f- the deformation from a short-term acting load part;
f - the initial (short-term) deformation from a long-term acting
A

load part; fs - the deformation due to the short-term effect of
precompression of concrete (flexure); in computing f6 the force
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in the stressed reinforcements is determined by taking all losses
into account; values f., f and f are determined from rigidity
B calculated in accordance with the indications of 9.3; c - the

coefficient which considers the increase in deformation resulting

from concrete creep due to the prolonged effect of a load.

It is recommended that value c be taken equal to:

a) in the dry state c = 3;

b) in a normal state c = 2;

c) in the moist state c = 1.5.

Note. For structures of light-aggregate concrete prepared

on a base of porous sand, and with a volumetric weight of the

coarse filler of up to 700 kg/mi inclusive - and on a base of
quartz sand, the value of coefficient c in formula (171) is taken

in accordance with special standard iocuments.

9.5. The defo-rtations of flexural elements, eccentrically

tensile-stressed elements with eccentricties of e0 > 0.8h0 and
eccentrically compressed elements, in which with loads corresponding

to the stage of deformation determination, cracks can appear in

the tensile-stressed zone (i.e., of elements made without pre-
stressing, and also of prestressed elements of the 3rd category of

crack resistance), are found in accordance with the instructions

of 9.8 and 9.9, using the methods of structural mechanics for
curvature values l/p, determined in accordance with the require-
ments of 9.6 and 9.7. For prestressed elements these curvature

and deformation values are reckoned from the initial (before
their precompressing) state of the elements.

Note. In 9.5 e0 - the distance from the center of gravity

of the given cross section to external tensile force N, and in

the prestressed elements - to force N (see 9.7).
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9.6. For elements of constant cross section having cracks

in the concrete, in each portion, within the limits of which

flexural moment does not change sign, curvature 1/p is calculated

for the most stressed cross section. In the remaining cross

sections of such a portion it is permissible to assume the

curvature to be varying in proportion to the variation in the

values of the flexural moment (Fig. 38).

|a, Fig. 38. Diagrams of the
n flexural moments and curva-

. Iture in a reinforced-concrete
element of constant cross

bi section. a - diagram of the
load distribution; b - dia-
gram of the flexural moments,

I determined from a standard
c load; c - curvature diagram.

Deflections are determined in accordance with the found

curvatures as moments due to a fictitious load, using the rules

of structural mechanics.

9.7*. A curvature of 1/p in reinforced-concrete elements

of rectangular, T-shaped and double-T-shaped cross sections

(Fig. 39) indicated in 9.5, is determined using the following

formulas:

a) for flexural elements made without prestressing,

I = [-m -r_ ] (172)
P Z, L W 'T + (y bhTEv& ; (172)

b) for prestressed flexural, eccentrically tensile-stressed

elements with an eccentricity of e 0 > 0.8h0 , and also eccentrically

compressed elements made both without prestressing as well as

prestressed elements
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a) b) C) d) Fig. 39. Designations accepted

11 in design equations forSidetermining deformations (dis-J -"-placements) of elements of
L diverse transverse cross

section; a - rectangular; b
and c - T-shaped; d - double-
T-shaped.

In formulas (172) and (173) the following designations are

employed: M - the substitution moment, i.e., moment relative

to the axis, normal to the plane of flexure and passing through
the center of gravity of the reinforcements of the tensile-

stressed zone due to all the external forces, applied on one side

of a cross section, and due to the force of precompression N0

(determined by taking all losses into account, see 5.2); NC -
the total longitudinal force from external force N and from

compressive force NO; in eccentric tensioning force N is
employed with a minus sign; F - the sectional area of the entirea
stressed and unstressed reinforcements of the tensile-stressed

zone; z1 - the distance from the center of gravity of the sectional

area of the entire reinforcements situated in the tensile-
stressed zone, up to the point of the application of the resultant

of the forces in the compressed zone of the cross section (above

a crack), determined using the following formula

I, +_____E____ (1714)

where

(b.--b)h.+--+ F. (175)
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For rectangular cross sections having reinforcements A',

instead of value h value 2a is substituted in formula (174);
F' - the _rea of the entire stressed and unstressed reinforcements
F

of the compressed zone (for designations of the dimensions of

the cross section see Fig. 39), it is necessary to determine the

design width of flange by taking the instructions of 7.18 inton
account; 'a - the corfficient which takes into account the

nonuniformity of the strain distribution of the extreme fiber of

the compressed face of the cross section in the portion between

the cracks taken to be equal to 0.9 both during the short-term

and lon; -term effect of a load; v - the ratio of the elastic

part of ."e deformation of the extreme fiber of the cross-sectional

compressed face to its total deformation which includes all

types of non-elastic concrete deformation (creep, shrinkage,

plastic deformations);

value v during the short-term effect of a load is taken to

be equal to:

a) for flexural elements made without prestressing, i.e.,

using formula (172), v = 0.5;

b) in the remaining cases, i.e., using formula (173), v =

0.45;

under the prolonged effect of a load value v is taken to be

equal both in formula (172) and in formula (173):

in the dry state v 0.10;

in the normal state v = 0.15;

in the moist state v 0.20.

W For structures of light-aggregate concrete prepared on a

base of porous sand, and with a volumetric weight of coarse

filler of up to 700 kg/m3 inclusive - and on a base of quartz
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sand, and also from light-weight concrete of grades 100 and
below the value of coefficient v is taken in accordance with
special standard documents; 9 - the relative height of the
compressed zone of the concrete in the cross section with the

crack, equal to X = ,- where x is the height of the compressedho
zone in the cross section with a crack; value 9 in formulas

(172), (173) and (174) during the short-term effect of a load

is assumed to be equal to

L S (176)
145S

but not more than 1,

where
L -

(177)

Ty ((178)

e- the absolute value of the eccentricity of the longitudinal
force (including the compressive force) relative to the center

of gravity of the reinforcements of the tensile-stressed zone,

which corresponds to flexural moment M3 .

For the latter term on the right side of formula (176) the
upper signs are employed with compressive force Nc,,and the
lower signs - with tensile force Nc.

If value x is less than the thickness of flange h', situated

in the compressed zones then values x and zI should be determined

both for a rectangular cross-section with width bt, assuming
y 0 and P• - - .
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Under the prolonged effect of a load it is permissible to

employ value • in the same way as under the short-term effect

of a load, - in accordance with formula (176).

- the coefficient which considers the operation of tensile-
stressed concrete between cracks, taken to be:

a) fcr flexural elements made without prestress..ig, i.e.,

in formula (172)

V.=,3-- M- (179)

b) for the remaining cases, i.e., in formula (173)

*.=1•,,-m_ 6-,• *(180)

and in both cases coefficient a should be taken to be not more

than 1.

In formula (179) the following designation is employed:

M6.T - the moment relative to the axis normal to the flexural

plane and passing through the point of application of the
resultant of the forces in the compressed zone of the cross
section, received by the cross section without considering the

reinforcements of the tensile-stressed zone directly before the

appearance of the cracks; value M6. is determined using the

following formula

Mo, 0,8W6. ,R;, (181)

where Wd. - the moment of resistance of the given cross section,

determined by taking the inelastic deformations of the concrete

into account in accordance with the instructions of 6.4 and 8.3

with considering the reinforcements situated in the zone tensile-

stressed by the external load.
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In formula (180)

(182)

but not more than 1.

Here: MI and M the moments of all the forces situated
on one side of the cross section in questi.'n (including force N0)
relative to the axis normal to the flexural plane and passing
through the point of application of the resultant of the forces
in the compressed zone of the cross section above the crack; M

C
is determined in the same stage, for which the deformations
are determined, while II - in the stage is immediately after the

T
cracking under flexural moment MT.

Value MT is determined when the resistance of the concrete to
TH

tension is equal to RH; it is permissible to determine M using
formula (152) replacing RT in it with R ; for eccentrically
compressed elements, and also for flexural prestressed elements
with a flange in the tensile-stressed zone, for which condition

H(157) is not observed (in replacing RT in it with R )$ MT should
be determined taking the instructions of 8.5 into account;
coefficient mT in these cases is taken in accordance with 5.3 "a".

In formulas (179) and (180) the following designation is

employed: s - the coefficient which characterizes the shape of
the reinforcing rods and the load duration taken to be equal to:

for structures of concrete of grades above 100: under the
short-term effect of a load for deformed rods s = 1.1, for smooth
rods s = 1; under the prolonged effect of a load s = 0.8

irrespective of the shape of the reLnforcing rods;

for structures of concrete grades of 100 and below: under

the short-term effect of a load for deformed rods s - 0.8, for
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smooth rods s = 0.7; under the prolonged effect of a load s = 0.55

irrespective of the shape of the reinforcing rods.

9.8*. The total magnitude of the deformations of the

elements enumerated in 9.5, including the deformations from the

long-term effect of part of a load,is determined using the follow-

i•ng formula

th-ft + fa. (183)'

where fl - the deformation due to the short-term effect of the

entire load; f 2 - the initial (short-term) deformation due to

the long-term acting part of the load; f - the total (prolonged)
3

deformation due to the long-term acting part of the load.

Values fl, f 2 ' and f3 are found from the values of the

curvatures determined in accordance with the instructions of

9.6 and 9.7; in this case values fl and f 2 are computed with

values •a and v, corresponding to the short-term effect of a load,

and value f - with values *a and v corresponding to the prolonged
3a

effect of a load; f 2 and f are always calculated under the2 3
assumption that cracks are present in the tensile-stressed zone

of the element, taking value LOU in formula (179) and value m in

formula (182) to be not more than unity. For elements, in which

cracks can arise during precompression, the values of the

curvatures determined in accordance with formula (173), in the

po-ti- inicl cracks due to precompression should be increased

by 15%; it is permissible not to increase the rated values of

the curvatures for prestressed elements of T-shaped cross section

with a flange in the compressed zone.

In determining the deformations of hollow flooring for value

f determined using formulks (171) and (183), it is necessary to

introduce coefficient 0.8, with the exception of the cases, when

'Formula (184) is omitted.
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the deformations of the hollow flooring are determined under the

assumption that cracks are absent in the circuin-support portions.

When the height of the cross section of reinforced-concrete
elements is less than 16 cm the values of the deflections cal-

4
culated using formula (183), are multiplied by coefficient -Y,

where h - the height of the cross se.'lon in cm.

9.9. For the elements indicated in 9.5, having T-shaped

or double-T-shaped cross section with a constant height along
the length of the span with a ratio of the height of the cross

section to the span of 1/7 and more, and under the effect of

considerable concentrated loads (sub-crane beams, Joint and
rafter supporting beams, etc.) the total value of the deformations

should be increased by 20% with respect to that determined by
calculation.

10. RATING THE ELEMENTS OF REINFORCED-
CONCRETE STRUCTURES FOR CRACK OPENING

10.1. The rating of crack opening should be carried out for
the elements (or their individual zones) indicated in 4.7; in

this case: LI
a) checking the width of the opening of cracks, normal to

the longitudinal axis of an element (both prestressed and made

without prestressing), is not necessary, if the conditions of

(148) and (151) are observed, in which values NT and MT are
determined respectively using formulas (149) and (152);

b) checking of the width of the opening of inclined

cracks is not necessary, if condition (159) is observed for

prestressed, and for elements made without prestressing, -

condition (61).

I
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Note. For eccentrically compressed elements, and also for

prestressed flexural elements with a flange in the tensile-
stressed zone, fir which condition (157) is not observed, in

determining the values of the forces, up to which the rating of

the opening of cracks normal to the longituidnal axis of the element

is not necessary, one should be guided by the instructions of

8.5.

10.2. The width of the opening of cracks normal to the

longitudinal axis of element aT in centrally tensile-stressed,

flexural eccentrically tensile-stressed when e 0 > 0.8h0 and

eccentrically compressed elements should be determined using

the following formula

a, =%~ (185)

where Z - the distance between the cracks; a - the stress in

the tensile-stressed reinforcements, taken when rating the width

of crack openings;

a) for structures made without prestressing:

for centrally tensile-stressed elements
N

o= N (186)

for flexural elements

M
M.= (187)

for eccentrically tensile-streseed elements when e0 > 0.8h and

eccentrically compressed elements
=N(, ±,,). (188)

b) for prestressed structures:

for centrally tensile-stressed elements

F. - (189)
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for flexural elements

j, oa __-M +4 No (ts -- tj
Far& (190)

for ecoentvioally tenaile-atreeoed elements when e0 > 0.8h0
and eccentrically oompressed elemenfe

N. (e {, * s,1 + Nq (ex - z,1S Fa " (191)

In formulas (188) and (191) the plus sign is employed with
eccentric tensioning, and the minus sign - with eccentric

compression.

In formulas (187) - (191): eI - the distance from the center
of gravity of reinforcements sectional area A to the point of

the application of external longitudinal force N; ex - is the
distance from the center" of gravity of reinforcements sectional

area A to force NO; zI - see 9.7, formula (174).

In determining the width of crack openings in the stage of

compressing an element with the force of stressed reinforcements

values °a should be taken to be not more than R.

Valrves Oa in formula (185) are determined using the following

formulas:

a) for centrally tensile-stressed elements made without

prestressing, under the short-term effect of a load

Its= I -- 0,7 N6. (192)

the same, under the prolonged effect of a load

N (193)

where

N.,? 0,8FRp; (1914)

in this case if the ratio N L. > 1, then it is necessary to employN
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it in formulas (192) (193) as being equal to 1;

b) for centrally tensile-stressed prestressed elements of

the 3rd category of crack resistance under the short-term

effect of a load

1-0,,N- N o, (195)

the same, under the prolonged effect of a load

9'='-- Na - N- •, ( 196 )

where value N is determined using formula (149) replacing R
TTwith RH

in this case if ratlo P4--n, > 1, then it is necessary to takeN-- N,
it in formulas (195) and (196) to be equal to 1;

c) for flexural, eccentrically tensile-stressed elements
when e0 > Mh0 and eccentrically compressed elements made both

without prestressing and with prestressing of the reinforcements -

using formulas (179) or (180), in which values -k and m are
taken to be not more than 1.

In determining *. for the prestressed elements coefficient

MT is taken in accordance with 5.3 "a".

10.3. The distance between cracks 4T' substituted in formula
(185), is determined both under the short-term and under the
prolonged effect of a load:

a) for centrally tensile-stressed elements - using
formula

(197)
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b) for flexural, eccentrically tensile-stressed elements

when e > 0.8h and eccentrically compressed elements - using

formula 0

4= kinu,. (198)

In formulas (197) and (198) the following designations are

employed

U-S P, T-

s - the perimeter of the reinforcement cross section; kI - the

coefficient determined using formula

-2 W,-- 2; (199)

W - the moment of resistance of the given cross section determined

using formula (13) (see 6.4 and 8.3) taking the entire reinforce-

ment into r ; n - the coefficient depending on the type of

longitudina L'.-stressed reinforcement , taken to be equal to:

for deformed rods n = 0.7;

for smooth hot-rolled rods ; = 1;

for standard reinforcing wire used in welded frameworks

and grids, n = 1.25.

Notes. 1. For prestressed elements having in the zone,

being checked for crack openings, stressed and unstressed

reinforcements, in computing values F and z the sectional area
a

of the entire reinforcement: is considered.

2. The perimeter of the cross section of deformed rods s is

taken to be equal to the length of the circumference, which

corresponds to the maximum diameter without 2onsidering the

projections and ribs.
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10.4. Under the Joint effect of short-term and long-term
acting loads the width of the opening of cracks, normal to the
longitudinal axis of a reinforced-concrete element, is determined
using the following formula

•R•4-a. n + 3a, (200)

where aTl - the width of the crack openings due to the short-term
effect of the entire load; aT2 - the initial width of the crack
openings due to a long-term acting load (under its short-term
effect); aT3 - the total width crack openings due to a long-term

acting load.

Values aTl, aT2, and aT3 are determined using formula

(185), considering values aTl and aT2 - under the short-term
effect of a load, and value aT3- under the prolonged effect of
a load.

10.5. The width of the opening of inclined cracks in flexural
elements is determined using the following formula

(+ (201)
where

hA 0 ' (202)

3 + P'(203)

but not more than ho + 30dHc; dx and do - the rod diameters

respectively of the transverse and bent-up rods; dmaeH - the
greatest of these diameters; px - the coefficient of saturation
with transverse rods normal to the longitudinal axis of the element,
determined using formula

ra-; (204)

- the coefficient of saturation with rods, inclined toward the
longitudinal axis of the element (bends, inclined stirrups),
determined using the following formula
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FO (205)

Q- transverse force from a standard load; n and n0 - the

coefficients which consider the shape of the reinforcing rods
S~(respectively of those normal and inclined toward the longitudinal

axis of the element), taken to be equal to: f r deformed rods -

0.7; for smooth hot-rolled rods - 1; for standard reinforcing

wire used in welded frameworks and grids, - 1.25; Fx, Fo and u -

the same designations as is 7.26 and 7.32; u0 - the distances

between the planes of the bends (the inclined rods), measured

- along the normal to them; with different distances between the

"bends (see Fig. 16) value uo is defined as the half-sum of

the distances between the plane of the bends in question and the
two planes of the bends (adjacent to it) measured along the
normal to the bends:

for the first from the support of the bend plane

U01l + U01u 2 o(206)

for the second from the support of the bend plane

U-- 2 (207)

for the latter bend plane value uo is taken to be equal to the

distance between it and previous bend plane, i.e., when u0 = u
03*

Bends can be considered in a rating only in those portions,

where the distances from the face of a support to the beginning

of the first bend (u 1 ), and also the distances between the end

of the previous and the beginning of the following bend (u 2 , u3 )

do not exceed 0.2h (see Fig. 16).

* It is permissible to decrease value a by 1.5 times with

respect to that determined using formula (201), if the beam is

reinforced with transverse rods normal to the axis of the element,
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and- with longitudinal rods of the same diameter with the distances

over the height of the cross section equal to the spacing of the

transverse rods.

11. RATING THE ELEMENTS OF REINFORCED-
CONCRETE STRUCTURES WHICH ARE SUBJECTED
TO MULTIPLY REPEATED LOADS

11.1. The rating of reinforced-concrete elements for

durability, and also for crack formation in the case of a multiply

repeated load is carried out on the basis of the plane cross-section

hypothesis in this case a variation in the stresses in the

concrete with respect to the height of the element cross section

is taken in accordance with the linear law. In durability

ratings of elements, not subjected to prestressing, the performance

of tensile-stressed concrete is not considered.

During the durability rating or prestressed elements the

determining of stresses in them is carried out assuming that they

manifest elastic performance; in this case the values of the

stresses ascertained in the concrete and in the reinforcements

are considered in accordance with the instructions of 5.9.

The stresses in concrete and reinforcements in rating for

durability are calculated in accordance with the reduction

characteristics of a cross section; the reduction factors (n or

n') are taken in accordance with the instructions of 3.9.

Note. Compressed reinforcement is not rated for durability.

11.2. In rating the elements of reinforced-concrete structures

subject to a multiply repeated load, testing of the stresses

due to the greatest standard load of the cycle should be carried

out:
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a) for all elements - in the cross sections, normal to

their axis;

b) for flexural, eccentrically compressed elements and

eccentrically tensile-stressed, elements, moreover, - in the

direction of the main tensile stresses.

ll.3*. In rating cross sections normal to the axis of an

element for durability, greatest marginal compressive stress in

the concrete should not exceed the rating strength of the concrete

for compression RI or RI taken in accordance with 3.4, and the

greatest stresses in the longitudinal tensile-stressed reinforce-

ments - the values of the rated strengths of reinforcement R'
8

taken in accordance with the instructions 3.7 and 3.8. Further-

more, in prestressed structures rated for durability, the greatest

value of tensile stresses in the extreme fiber of tensile-stressed

concrete should not exceed the rated resistance of the concrete

to tension R1, taken in accordance with 3.4; for elements employed

at rated temperatures of minus 400C and below, tensile -tresses

are not allowed in concrete (see 4.4 of the present Codes).

11.4. The main tensile stresses in prestressed elements

rated for durability, determinei in accordance with the instructions

of 8.10, should not exceed R'IS• T"

If in elements with unstressed reinforcement these stresses

exceed R', then the resultant of the main tensile stresses along

the neutral axis should be completely received by the transverse

and bent-up reinforcemen• with a rated resistance of this

reinforcement , equal to R'.

11.5. For each of the cases (indicated in 11.3 and 11.4) of

F testing of stresses in elements subject to a multiply repeated-

load, stresses are calculated in the concrete and in the

reinforcements under the least and under the greatest standard
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II
loads of the cycle, which determine the magnitude of the

characteristics of the stress cycle respectively in the concrete
p6 - and in the reinforcements ps ,.__. dependent on which

the rated resistances of the concrete and the reinforcements

are being ascertained (see 3.4 and 3.7).

11.6. In determining the deformations nf reinforced-concrete

elements subject to the effect of multiply repeated loads, values

ýa and in formulas (172) and (173) of 9.7 are taken to be equal

to 1.

11.7. The testing of the width of crack openings in elements

of reinforced-concrete structures with stressed reinforcement

rated for durability should be carried out for those cross sections

(normal or inclined to the axis of the elements), in which the

greatest tensile stresses due to standard loads exceed R1, in thisT'

case the value of coefficient *a in formula (185) is assumed to

be equal, to 1, and the width of oblique crack openings a,

determined in accordance with 10.5 of the present Codes, is

increased by 1.5 times.

12. GENERAL STRUCTURAL REQUIREMENTS

MINIMUM DIMENSIONS OF ELEMENT CROSS
SECTIONS

12.1. The cross-sectional dimensions of centrally and

eccentrically compressed concrete and reinforced-concrete elements

should in all cases be taken to be such, that their flexibility

does not exceed the maximum indicated value:

for concrete elements - in Table 17, and for reinforced-

concrete elements - in Tables 21 and 24.

204



The dimensions of columns of rectangular cross section which

are elements of buildings should be taken to be such that the
ratio of the rated length of a column to the dimension of its

transverse cross section in the appropriate direction would

not be more than 30.

The thickness of monolithic slabs should be not less chan:

a) for surfaces - 50 mm;

b) for inter-storey spanning structures [floors] of civic

buildings - 60 mm;

c) for inter-storey spanning structures [floors] of

industrial buildings - T0 mm;

d) under vehicular travelled sections - 80 mm.

The minimum thickness of precast slabs, in which there is
reinforcements, should be determined under the condition of the

requirements imposed on the distribution of reinforcements with

respect to slab thickness and observance of the magnitude of

protective concrete layers (see 12.2).

THE PROTECTIVE CONCRETE LAYER

12.2*. The thickness of the protective concrete layer for

the working reinforcements of elements, not subjected to prestress-

ing, and also of prestressed elements with longitudinal reinforce-

ments stressed in abutments, should be t&" n to be:

a) in slabs andwallswith a thickness of up to 100 mm

inclusively of heavy-aggregate concrete - not less than 10 mm, and

from light-aggregate concrete - not less than 15 mm;
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b) in slabs and walls with a thickness of more than 100 mm,
and also in beams and ribs with a height of up to 250 mm when
d' 520 mm - not less than 15 mm;

c) in beams and ribs with a height of 250 mm and more, and

also in columns when d' 5 20 - not less than 20 mm;

d) in beams, columns and slabs when 20 < d' 5 32 mm - not

less than 25 mm; when d' > 32 mm - not less than 30 mm; when
employing strip, angle and shaped steel - not less than 50 mm;

e) in foundation beams, and also in precast foundations -

not less than 30 mm;

f) for the lower reinforcement of monolithic foundations
(individual, slab and strip) In the absence of pre-conditioning -

not less than 70 mm, and with pre- conditibning - not less than 35 mmu.

In single-layer structures of light-aggregate concrete of
brands 100 and below, made without cover [texture] layers, the

thickness of the protective layer for the working reinforcements in

all cases snould be not less than 20 mm.

The thickness of the protective concrete layer for stirrups

and transverse rods of welded frameworks in beams and columns
should be not less than 15 mm, for distributed reinforcement of
slabs - not less than 10 mm, and in single-layer structures of

light-aggregate concrete of grades 100 and below not less than

15 mm.

In hollow elements of circular or rectangular cross section

the distance from the rods of the longitudinal reinforcements to

'd - the diameter of the working reinforcements; rods, wire,

stands, cables.
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the interior surface of the concrete should be not less than to

the exterior surface.

The thickness of the protective concrete layer in precast

elements of heavy-aggregate concrete of job-grade of more than

200 can be reduced by 5 mm in comparison with the above i.ndicated

values, but should be in any case not less than 10 mm for slab

reinforcements and not less than 20 mn for the working reinforce-

ments of the columns, beams and ribs indicated in subparagraph
LEE it

c.

In beams with prestressed reinforcements stressed in abutments;,

the thickness of the protective concrete layer for working

fittings with a diameter of d > 32 mm should be not less than d.

Under the systematic effects on reinforced-concrete structures

of smoke, acid vapors, etc., and also under increased humidity

the thickness of the protective layer should be designated

taking into account the requirements of the appropriate standard

documents on the protection of structural elements against

corrosion.

In designating the thickness of a protective layer the

requirements of chapter II-A.5-62 "Antl-Fire Requirements of

SNIP. Basic Design Aspects" should also be considered.

12.3*. In all precast flexural elements the ends of the

longitudinal rods of the stressed reinforcements, not welded to

anchoring components, should be a distance from the face of an

element of: in panels, flooring and slabs - not more than 5 mm,

in other elements - not more than 10 mm.

The ends of stressed reinforcements, and also of an anchor

should be protected by a mortar layer of not less than 5 mm or

by concrete.
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12.L*. In elements with stressed longitudinal reinforce-

ments stressed in concrete and located in channels, the thickness

of the protective concrete layer from the surface of an element

to the channel surface should be:

a) in the positioning in a channel of one bundle or rod -

not less than 20 mm and not less than half the diameter of the

channel, and with rod reinforcements cables d 2 32 mm - not less

than d;

b) in ýhe ,,oup positioning of bundles, strands or rods for

side walls - not less than 80 mm, and for lower walls - not less

than 60 mm and not less than half the channel width (Fig. 40).

7 Fig. 40. The thickness of a protective
concrete layer of a channel surface
intended for the group positioning of
bundle or rod prestressed reinforcements.

In positioning reinforcements in grooves or outside the

cross section of an element the thickness of the protective layer

formed by subsequent guniting or by concreting Is not less than

that indicated in 12.2 and not less than 20 mm.

12.5*. In prestressed elements the thickness of the prTective

concrete layer at the ends of an element in an anchoring area

with a length ofl (see 7.28) should be:

for rod reinforcements of classes A-IV, At-IV, A-IIIv, A-IIv,

A-III and for reinforcing strands - not less than 2d;

for rod reinforcements of classes A-V, At-V and At-VI - not

less than 3d, but not less than 40 mm for rod reinforcements and

108

12



20 mm for reinforcing strands. Departures from the indicated
requirements are permissible in the following cases:

a) in installing a steel supporting component (a web or

channel) reliably anchored in the concrete of an element, the

protective concrete layer of the support can be the same as for
a cross section in a span;

b) in slabs, panels, flooring and electric power transmission

line (AMn) pylons it is permissible not to increase the thickness

of the protective concrete layer at the ends of an element, if

it is:

not less than 20 mm with a rod diameter of 16-25 mm and a
strand diameter of 15 mm;

not less than 15 mm with a rod diameter of 10-14 mm and a

strand diameter of 9-12 mm;

not less than 10 mm with a rod diameter of 6-9 mm and a

strand diameter of 4.5-7.5 mm.

In this case within the limits of the supporting sections

of an element over a length of not less than 0.61aH It Is necessary
to install additional transverse (oblique) reinforcements in the
form of spirals, flat or U-shaped welded grids or individual rods
(stirrups) encompassing all rods of the longitudinal stressed

reinforcements; the sectional area of all the additional transverse

rods (or the rods of a grid, directed perpendicular to the

longitudinal rods of the element) should be not less than half
of the sectional area of one longitudinal stressed rod of the
greatest diameter.

The spacing of the first two transverse grids or transverse

rods of the spira'.s, U-shaped grids and stirrups should be not
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more than 50 mm (along the length of the element), and the rod
diameter in the grids and the spiral diameter - not less than 5 mim.

DISTANCES BETWEEN REINFORCEMENT
RODS, AND BUNDLES

12.6. The interior distances between rods, bundles, strands,

cables or channel envelopes with respect to the height and

width of the cross section should be designated considering the
laying and compacting convenience of the concrete mixture; for

prestressed structures the degree of local concrete compressing
and the 0verall dimensions of the tensioning equipment (jacks,
clamps, etc.) should also be considered. In elements made without

employing platform vibrators or vibrators fastened to the

framework, free passage should be ensured between the reinforcing

rods, bundles, etc., for the heads of internal vibrators or the

vibratory-tamping elements of the machines compacting the concrete

mixture.

12.7*. The interior distances between the individual

longitudinal rods of unstressed reinforcements, and also between
the rods of adjacent flat welded frameworks should be:

a) if the rods during the concreting occupy a horizontal or
an inclined position - not less than the rod diameter and not less

than: for the lower reinforcements - 25 mm and for the upper
reinforcements - 30 mm; in positioning the lower reinforcements

in more than 2 rows in height the distances between the rods in
the horizontal direction (except the rods of the two lower rows)

should be not less than 50 mm;

b) if the rods during the concreting occupy a vertical

position - not less than 50 mm.

In slabs made without prestressing, the distances between the

axes of the working rods in the middle part of the span and over
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the support (above) should be not more than 200 mm when the

thickness of the slab is up to 150 mm and not more than 1.5hs

when the thickness of the slab is more than 150 mm, where hn -

the thickness of the slab. In all sections of the slab the

distances between the axes of the rods of both of the working and
distribution reinforcements should be not more than 350 mm. The

distances between rods in welded frameworks and grids should be

taken in accordance with the appropriate instructions.

Notes. 1. The interior distance between deformed rods is
taken from the maximum diameter not considering the projections

and ribs.

2. In multicored panels the distance between the longitudinal

rods can be increased up to 400 mm.

12.8. In prestressed elements the interior distance between

the individual stressed rods, bundles, strands, cables, etc..,

occupying a horizontal or inclined position during concreting,

should be not less than the diameter of the channel for the

reinforcements and not less than 25 mm.

In structures with continuous reinforcern-rt the arrangement 4

of the wire turns and the distances between them are designated

taking the specifications of coiling machines and the spools

into account.

With continuous reinforcement in ensuring the anchoring of

the wires it permissible to arrange the wires or strands in one

row close to each other without a clearance; in this case if the

stressed reinforcement is situated in the surface of the element,

structural measures should be specified which eliminate the
possibility of the cracking of the concrete and the exfoliation of

the protective layer of the concrete from the surface of the

reinforcing bundles (the arrangement of encompassing wire bundles

or light-weight grids).
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The interior distances between the bundles (rows of wires)

with the wires situated in a row close to each other without

a clearance, should be not less than 15 mm.

In positioning the wires in pairs with an interior clearance

between each pair of wires of not less than 5 mm the interior

distance between their rows can be reduced to 10 mm.

ANCHORING UNSTRESSED REINFORCEMENT

12.9 Deformed rods are made without hooks. The smoo'h

reinforcing rods used in welded frameworics and welded grids, are

also made without hooks; these rods should terminate in hooks

only when it is impossible or inexpendient to weld transverse

(anchoring) rods at the end of a framework or grid (see 12.11 and

12.12). The tensile-stressed smooth rods of tied frameworks

and tied grids should terminate in semicircular hooks.

The compressed rods of tied frameworks and tied grids in

flexural, eccentrically compressed and eccentrically tensile-

stressed elements, made from round (smooth) steel of class A-I

with a rod diameter of up to 12 mm, can not have hooks, and with

greater diameters should be made with hooks at the ends. In

centrally compressed members these types of rods can be made

without hooks independent of the rod diameter.

12.10. In structures of heavy-aggregate concrete the

interior diameter of the hooks of round (smooth) reinforcemenft

rods should be not less than 2.5d.

In structures of light-aggregate concrete the interior

diameter of the hooks should be when d < 12 mm - not less than

2.5d; when d z 12 mm - not less than 5d.

12.11. The longitudinal compressed rods should be brought
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beyond the section normal to the axis of the element, at which

they cease being required by the rating for a length of not less

than 15d. In this case in the welded grids and welded frameworks

with working reinforcement of round (smooth) rods at this

length not less than two transverse rods should be welded to

each cut off longitudinal rod. For round (smooth) rods, not having

hooks at the ends and employed in tied frameworks, this length

should be increased to 20d.

Note. The length of the thrust of the longitudinal tensile-

stressed rods beyond the section, at which they cease being required

by the rating, should be determined in accordance with the

instructions of 7.40. The tensile-stressed reinforcements of

tied frameworks made from round (smooth) rods, should not be

broken in a span.

12.12. In extreme free supports of flexural elements for

ensuring anchoring of all the longitudinal reinforcing rods,

reaching to the support, the following requirements should be

fulfilled.

a) If condition (61) is observed (i.e., the transverse

reinforcement- is not required by the rating, see 7.30), length

I of the thrust of the tensile-stressed rods beyond the inner
a

face of the free support (Fig. 41, a, b) should be not less than

5d. It is recommended that I = 10d. In welded frameworks and

welded grids with longitudinally working reinforcements of round

(smooth) rods to each tensile-stressed longitudinal rod there

should be welded at least one transverse (anchor) rod situated

from the end of the framework (grid) a distance of

c < 15 AiA when d < 10 m.;

c<1,5 dwhen d> 10
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The diameter of anchoring rod de in beams and ribs should

be not less than half of the greatest diameter of the longitudinal

rods.

b) If condition (61) is not observed (i.e., the rated

transverse reinforcements is required, length I8 should be not

less than the 15d; with heavy-aggregate concrete of job-grade

200 and above and when the tensile-stressed longitudinal reinforce-

ments is made frori. hot-rolled deformed steel of classes A-II and

A-Ill or from draw-hardened steel of class A-IIv, length Z8 can

be reduced to 10d.

a) Fig. 41. The anchoring of welded

reinforcing grids or f'rameworks
. .on the free supports of slabs and

beams a- slab; b -beam.

b)

CI
In welded frameworks and welded grids with working reinforce-

ment of round (smooth) rods over length Z to each longitudinal.
a

rod there should be welded not less than two transverse (anchoring)

Srods with a diameter of d > in this case the distance from

the extreme anchoring rod to the end of the framework (grid)

should be not greater, than the above indicated values of c.

A reduction in length Z. with respect to the requirements

of' the present paragraph is permissible only under the condition

of the acceptance of special measures for proper anchoring of the
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reinforcements (an increase in the sectional area of the transverse

rods in the section of the element near the support, the welding
S~of additional anchoring rods or washers, the welding of the

protruding ends of the rods to steel insert components which

should be designated depending on the conditions of the element

support, the type and class of reinforcements and the Job-grade

of the concrete).

Note. Transverse anchoring rods in welded frameworks and

welded grids should be welded by point electric welding; the

quality of the resistance point welding, and also the arc welding

should conform to the requirements of the existing standard

documents on welded reinforcement and insert components for'

reinforced-concrete structures.

LONGITUDINAL REINFORCEMENT OF ELEMENTS

12.13*. The sectional areas of a longitudinal working

reinforcement in reinforced-concrete elements should be assumed

to be not lower than that indicated in Table 25.

The minimum sectional area of all the longitudinal reinforce-

ment in centrally compressed elements, in percents of the entire

sectional concrete area, should be assumed to be double tne values

indicated in 2 and 4 of Table 25, and in all elements of annular

cross-section - double the values indicated in 1, 2 and 4 of Table

25.

The above indicated requirements do not pertain to prestressed

reinforced-concrete elements of the 1st and 2nd category of crack

resistance rated for crack formation (see 4.3).
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Table 25. The minimum sectional area of longitudinal
Reinforcement in reinforced-concrete elements (in
% of the area of the rated concrete section).

Characteristics of the Minimum percent of reinforce-
position of the rein- merit with concrete grade.forcement and the
nature of the opera- 200 2500 500 and
tion of the element and below 600

1. Reinforcement A
in all flexural and
eccentrically tensile-
stressed elements. 0.1 0.15 0.2

2. Reinforcement A,
and also A' in eccentri-
cally compressed
columns:

when A 0.15 0.15 0.2

when 0.2 0.2 0.2

when A >83 0.25 0.25 0.25

3. Reinforcement A,
and also A' in the wall
panels:

when !L.1;3 0.1 0.15 0.2

when " > 83 0.25 0.25 0.25

4. Reinforcement A in 0.1 0.15 0.2
other eccentrically com-
pressed elements, rein-
forcement A' in other
eccentrically compressed
elements of the 2nd case
and in all eccentrically
tensile-stressed elements
of the 2nd case.

In prestressed structures of the 1st and 2nd categories of
crack resistance, and also in all structures subject to dynamic

effects, it is not permissible to use elements with weak reinforce-

ment, whose strength diminishes upon crack formation in the concrete
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of the tensile-stressed area (the forces causing the cracking,

in this case should be determined in accordance with the instruc-

tions of 8.2-8.5 with the replacement in all formulas of these

paragraphs of R or R on R ; in this case the instructions of
. 8.5 should also be extended to eccentrically compressed elements,

which do not have the stressed reinforcement ), in elements, in
which the limiting condition with respect to strength is determined
by the attainment of the rated resistance of the reinforcement

to tension, the force which determines the bearing capacity of

the element, should exceed the force causing crack formation,
by not less than 10%.

The requirements of the present paragraph can not be con-

sidered in designating the sectional area of reinforcement placed

along the contour of slabs, or panels, due to the flexure rating

in the plane of the slab (panel), and also in designating their
thickness for thermotechnical rating.

Notes: 1. For elements of T-shaped cross section with a
flange situated in the compressed zone (with the exception of
wall panels), the indicated percents of reinforcement pertain to

a concrete sectional area, equal to the product rib width b and
working height h0 .

2. Elements, which do not satisfy the requirements of

12.13 for the value of the minimum percent of reinforcement

should be treated like concrete elements.

12.14. In constructing centrally and eccentrically compressed

* elements the sectional area of the entire longitudinal reinforce-

ment should be, as a rule, not more than 3% of the sectional

concrete area required by the rating.

If in certain cases elements for any reasons are designed with

a reinforcement content in the cross section of more than 3%,

then the requirements of 12.20 should be observed.
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12.15*. The diameter of longitudinal working rods of cen-

trally and eccentrically compressed elements of monolithic

structures should be not less than 12 mm and, as a rule, not more
than 40 mm; for especially heavy-duty columns with a Job-grade

of concrete higher than 200 rods of large diameter can be employed.

In structures of light-aggregate concrete the use of reinforce-

ment. with a diameter of more than 25 mm is not recommended;

with concrete of grades of 100 and below it is not permissible to

use rods with a diameter of more than 16 mm.

V

12.16. in eccentrically compressed linear elements in

faces, perpendicular to the plane of flexure, and also in each

"face of centrally compressed elements with a width of these faces

of up to 400 mm it is permissible to place two working rods

each. With a greater width of these same faces in each of them

working rods should be placed at distances, not exceeding 4100 mm.

In eccentrically compressed elements with unstressed

reinforcement or of prestressed elements of the 3rd category

of crack resistance, in the faces, parallel to the plane of

flexure with the dimension of these faces more than 500 mm, it

is necessary to place structural reinforcement (if this reinforce-

ment has not been specified by the rating) with a diameter of

not less than 12 mm so that the distances between the longitudinal

rods would be not more than 500 mm.

12.17*. In beams with a width of 150 mm and more the number'

of longitudinal working rods brought up to a support, should be

not less than two. In the ribs of precast panels, flooring,

close-ribbed spanning structures, etc., with a width of less than

150 mm It is permissible to bring one longitudinal working rod

up to a support.

In slabs the distances between the rods brought up to a

support, should not exceed 350 mm, and the sectional area of these
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rods per 1 running m should be not less than the sectional

area of the lower rods in the span, determined in accordance

with the greatest flexural moment.

Notes. 1. In multicored panels the distances between the

rods brought up to a support, can be increased up t- 400 mm.

2. In reinforcing continuous slabs with welded roll

grids it is permissible near the intermediate supports to bend

up all the lower rods into the upper zone.

12.18. In linear flexural elements with unstressed reinforce-

ment or prestressed elements of the 3rd category of crack

resistance with a height of their cross section of more than 70'TO in

in the lateral faces longitudinal structural rods should be placed

with the distances between them over the height of not more than

400 mm. The total sectional area of these rcds should be not less

than 0.1% of the transverse sectional area of the beam.

12.19*. In cases when the unstressed longitudinal tensile-

stressed reinforcement of an element at the site of its anchoring

is considered in the rating with full rated resistance, the

length of its extension beyond the face of the support should

be not less than value I indicated in Table 26.H

When it is not possible to fulfill this requiiement measures

should be taken for anchoring the longitudinal rods to ensure

their operation with total rated strength in the cross section

drawn through the face of the support.

In elements which operate in torsion with flexure, all the

longitudinal rods introduced into the rating for torsion with

total rated strength, should satisfy the requirements of the

present paragraph.
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with the presence of compressed reinforcement (considered in the
rating) unstressed or With a prestressing oi a 4500 kg/cm2

the transverse rods (stirrups) should be placed in all cases at

distances of not more than 500 mm, and also:

a) in tied frameworks - at distances of not more than 15d;

b) in welded frameworks - not more than 20d, where d - the

least diameter of the longitudinal compressed rods.

In this case the structure of the transverse reinforcement
should ensure the attachment of the compressed rods against their

lateral bulging in any direction.

At the sites of the Joining of unstressed working reinforce-

ment. with overlap without welding the distances between the

stirrups should be designated in accordance with the require-

ments of 12.43.

If the total saturation of an element with longitudinal

reinforcement is more than 3%, the stirrups should be placed

at distances of not more than 10d and be welded to the unstressed

longitudinal reinforcement.

Note. In checking the observeace of the requirements of

subparagraphs "a" and "b" of 12.20 it is permissible not to take

into consideration the longitudinal compressed rods, not considered

in the rating, if their diameter does not exceed 12 mm and half

of the thickness of the protective concrete layer.

12.21. The structure of tied stirrups in centrally and

eccentrically compressed elements should be such, that the
longitudinal rods, at least every other one, are situated at

the sites of the bending of the stirrups, and these bends are at

distances of not more than 400 mm along the width of the element

face. With the width of the face not more than 400 mm and the
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Table 26. The length of the overlap of tensile-stressed rods
of tied frameworks at overlap joint sites (without welding).

bO
r. The least length of
S• overlap I in concretei •C H
0o0 of job-grade.

Type of working reinforcement o o-a

200
150 and above

1. Hot-rolled deformed of class a1  35d 30d
A-II and round (smooth) of class b 2  40d 35d
A-I.

2. Hot-rolled deformed of class a 45d 40d
A-III and deformed draw-hardened b2 50d 45d
of class A-IIv.

a- reinforcement Joints situated in the tensile-stressed
zone of flexural elements, eccentrically compressed and
eccentrically tensile-stressed in accordance with the first
case;

2b - reinforcement joints situated in elements centrally
tensile-stressed or in elements eccentrically tensile-stressed
in accordance with the 2nd case, (this type of Joint is
permitted only in slabs and in walls);

d - the nominal diameter of Joined rods.

Notes: 1. Unstressed deformed rods of steel of classes A-III
and A-IIv can extend beyond the face of a support by a length of
5d less than values Z indicated in Table 26.

HI

2. Unstressed longitudinal rods in the structural elements

of concrete of job-grades of 400 and above can extend beyond the
face of a support by a length of 5d less than values Z indicated inH
Table 26 for concrete of Job-grades of 200 and above.

TRANSVERSE REINFORCEMENT OF ELEMENTS

12.20*. In centrally and eccentrically compressed linear
elements, and also in the compressed zone of flexural elements
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number of longitudinal rods in this face not more than four

it is permissible to cover all the longttudinal rods with one

stirrup.

In reinforcing centrally or eccentrically compressed elements

with flat welded frameworks the two extreme frameworks (situated

in the opposite faces) should be connected with each other for

the formation of a three-dimensional framework. For this in

the faces of an element, normal to the plane of the frameworks

transverse rods welded by resistance spot welding to the angular

longitudinal L'OdS of the frameworks, or pins connecting these A

rods should be placed; the distances between the welded

transverse rods should be not more than 20d, and between the

pins - 15d, where d - the least diameter of the compressed
I longitudinal rods.

If the extreme flat frameworks have intermediate longitudinal

rods, then the latter, at least every other one and not less

infrequently than every 400 mm along the width of the element face,

should be connected with the longitudinal rods situated in the

opposite face, using pins installed along the length of the

eleamewk it disapm esibte n ot transverse rods of the flat

frameworks; it is permissible not to place these pins when the
width of the given element face is not more than 530 mm, if the

number of longitudinal rods in this face does not exceed four.

12.22. In centrally compressed elements with indirect

reinforcement considered in the rating, the spacing of the spiral

or annular unstressed reinforcement should be not more than

the diameter of the core and not more than 80 mm. The given

cross section of spiral or circular reinforcement , if it is

considered in the rating (see 7.12), should be not less than 25%

of the sectional area of the longitudinal reinforcement
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12.23. The diameter of the stirrups in tied framcworks of
the monolithic elements indicated in 12.20 should be not less

than 5 mm and not less than:

0.2d - when making the stirrups of standard reinforcing

wire with a diameter of 5 and 5.5 mm or of class A-III steel;

" ros.0.25d - when making the stirrups from other types of

reinforcement, where d - the greatest diameter of the longitudinal
rods.

The diameter of the stirrups in tied frameworks of flexural

elements should be:

with an element cross-sectional height of up to 800 mm - not

less than 6 mm;

the same, when more than 800 mm - not less than 8 mm.

The relationship of the diameters of the transverse and
longitudinal rods in weldea frameworks and in welded grids should

correspond to the requirements of special instructions.

12.24. In beams and ribs with a height of more than 300 mm
the transverse rods, parallel to the flexural plane, or the stirrups
should be always placed independent of the rating. In beams and
ribs with a height of from 150 to 300 mm these transverse rods,

if they are also not required in accordance with the rating,
should be placed in the ends of an element along the length of

not less than & of its span. With a beam or rib height of less
than 150 mm it is permissible not to place transverse reinforce-

ment, if condition (61) is observed.

It is also permissible not to place transverse reinforcement

in multicored precast flooring with a height of 300 mm and less,
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or in similar close-ribbed structures in those portions, where

the following condition is observed

IR Q. (208)

where g, - the evenly distributed load including half of the

dead load of the element and the remaining part of the constant

uniformly distributed load; b - the sum of the minimum thickness

of walls of multicored construction or of the ribs of close-

ribbed structure over the width Qf a precast element, for which

force Q has been determined.

12.25. In the absence of bends the distances between the

transverse rods, parallel to the plane of the bend, or the

stirrups in beams and ribs in portions, where condition (61)

is not observed, and also in portions near supports should be
with a cross-sectional height h of up to 450 mm - not more thanJ

h and not more than 150 mm, and with a greater cross-sectional

height - not more than ; h and not more than 300 mm; the length of
3

circum-support portions, to which this requirement extends, is
taken to be with a uniformly distributed load, equal to i the span

4,
of the element, and with concentrated loads - to the distance

from the support to the load nearest to it. In the remaining

part of the span with beam heights of more than 300 mm the

distance between tne indicated transverse rods or stirrups should

be riot more than :h and not more than 500 mm.
4

12.26. With tied reinforcement in the intermediate (middle)

T-beams, monolithically connected on top with a slab, It is

recommended that open stirrups be placed. If the working

reinforcement of the slab passes parallel to rib, it is necessary

to lay additional reinforcement perpendicular to it with a

cross section of not less than . the greatest cross section of
3

the working reinforcement of a slab in the span, extending it

into the slab in each direction from the face of the rib by a1
length of not less than the rated span of the slab.
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12.27. Ini all surfaces of reinforced-concrete elements,

near which longitudinal reinforcement is placed, transverse

reinforcement should also be specified which encompasses the

extreme longitudinal rods, bundles, strands, etc. This type of
reinforcement can be made in the form of welded grids or

stirrups closed or U-shaped, in the form of pins which encompass

the extreme longitudinal rods, or in the form of straight rods
"welded to the longitudinal unstressed rods. The distances

between the transverse rods in each surface of an element should
be not more than 500 mm and not double the width of the given

element face.

It is permissible not to place transverse reinforcement
in the narrow faces of an element, along the width of which only
one longitudinal rod or one welded framework is situated.

12.28*. In elements operating in torsion with flexure,
tied stirrups should be closed by connecting their ends over
30 diameters, and with welded frameworks all transverse rods of
both directions should be welded with spot welding to the angular

longitudinal rods, forming a closed loop.

In this case the distances between the transverse rods
situated in the faces, parallel to the flexural plane, should

satisfy the requirements of 12.25. The distances between the
transverse rods situated in the faces, normal to the flexural

plane, should be not more the width of the cross section of element

b; when K < 0.2 and with the observance of condition (138)
in the faces of elements compressed due to flexure, it is permissible

to increase the distances between the transverse rods, assuming

them to be in accordance with 12.20 and 12.27.

The requirements of the present paragraph pertain, in

particular, to extreme beams, to which secondary beams or a

slab abut only on one side (fastening beams, expansion joint
beams, etc.).
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12.29. The sectional area of distributive unstressed

reinforcement in grider slabs should be not less than 10% of the
sectional area of the working reinforcement placed at the site

of the greatest flexural moment.

BENDS IN STRESSED REINFORCEMENT

12.30. Bent-up rods should be used in flexural elements in
reinforcing them with tied frameworks. The use of bent-up rods

in welded frameworks is not recommended. The bends of rods

should be accomplished along a circular arc with a radius of not
less than 10d. At the ends of the bent-up rods straight portions

should be situated with a length of not less than 20d in the
tensile-stressed and not less than 10d in the compressed zone;

straight portions of bent-up round (smooth) rods should terminate

in hooks.

12.31. The angle of inclination of the bends to the
longitudinal axis of an element should, as a rule, be equal to
45'. In beams with a height of more than 800 mm and in wall-

beams it is permissible to increase the angle of inclination

of the bends within the limits of up to 600, and in low beams with

concentrated loads, and also in slabs - to decrease it within

the limits of up to 300.

12.32. Rods with bends should be situated at a distance

of not less than 2d from the lateral faces of an element, where

d - the diameter of the bent-up rod.

The use of bends in the form of "floating" rods (Fig. 42)

is not permitted.

Fig. 42. "Floating" rod.
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12.33. The distance from the face of a free support to

the upper end oi' the first bend (reckoning from the support)

should be not more than 50 mm. The beginning of a bend in a

tensile-stressed zone should be located from the cross section

normal to the axis of the element, in which bent-up rod is

completely used for a moment of not less than h0 /2, and the end

of the bend should be situated not closer than that cross section,

in which the bend is not required by the moment diagram. If

bends are placed in accordance with the rating, then the distances

between them should conform to the requirements of 7.36.

12.31'. The lower end of the bend most-distant from the

support should be situated: with a uniformly distributed load -

not closer to the support, than that cross section, in which the
transverse force becomes greater than the force received by the

concrete and by the stirrups (QX.6), and with concentrated loads -

at a distance from this cross section (reckoning to the direction

of the support) of not more than u determined using formula

(71) (see 7.36).

WELDED REINFORCEMENT JOINTS

12.35'. Reinforcement of reinforced-concrete structures

of hot-rolled deformed steel, round (smooth) steel and standard

reinforcing wire should, as a rule, be manufactured by Joining

the rods by resistance spot, resistance butt, and also in the cases

indicated below (see 12.39-12.41) arc and electroslag welding.

The reinforcement weld quality should conform to the reo irements

of the existing standard documents for welded reinforcem%.at

and insert components for reinforced-concrete structures.

Welded Joints of thermally hardened rod reinforcement

(see 2.7 "c") are not permitted.

AJ
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Welded-joints of high-strength reinforcing wire, reinforcing

strands and cables (see 2.7 "e"-"i"), as a rule, are not

permitted.

Notes. 1. Welded joints of the indicated types of reinforce-

ment of high-strength wire can be permitted with special welding

techniques and special technological measures; in this case,

both when designing a structure and in stressing the wire, the

possibility of reducing the joint strength should be considered.

2. Thermally hardened rod reinforcement and hot-rolled

reinforcement of class A-IV of grade 80S should be used in the

form of whole rods of unit length (without welding) for elements

with a length of up to 12 m inclusively.

12.36*. For manufacturing welded frameworks and grids

employing resistance spot welding it is necessary to use the

hot-rolled steels indicated in 2.7 "a" and hlbt (with the excep-

tion of reinforcement of classes A-VI and A-V), and standard

reinforcing wire (2.7 "se").

12.37*. Resistance butt weldings is recommended for joining

along the length of billets of reinforcing rods or for Joining

to them bolsters with a thread in all types of hot-rolled steel

(see 2.7 "a" and "b") with a diameter of not less than 10 mm.

Notes: 1. The resistance butt welding of rods with a
diameter of less than 10 mm can be employed only under plant

conditions with special equipment.

2. Resistance butt welding of steel rods of class A-IV

of grade 8OS can be permitted only with special welding

techniques.
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12.38*. When employing reinforcement subjected to strain

hardening (see 2.7 "d"), the joining of rods with resistance

we.Lding should, as a rule, be carried out before they are

dr~wn.

I In elements of prestressed structures with the reinforcement

stressed in abutments, for eliminating the effect of local

annealing during manufacture of structures reinforcement joined
by resistance butt welding should stressed, as a rule, before

the controlled stressing required for its hardening (see Appendix

III, note 2 to Table 35), after which prestressing is reduced

to the value, assigned by the rating for the compressing of

concrete.

In those individual cases, when resistance butt welding is

carried out after hardening of the reinforcement which sub-

sequently is not subjected to secondary stressing before the

controlled stressing, it is necessary to assume the rating

strength of such reinforcement to be the same as for unhardened
steel. It is permissible not to consider the reduction in the

rated strength of hardened reinforcement in that case when the

sectional area of the draw-hardened working rods, joined in one

section of an element or in sections situated a distance fro.

each other of less than 30d, is not more than 25% of the sectional

area of the entire working reinforcement of the tensile-stressed

zone of the element in the given cross section.

12.39*. Arc welding should be employed:

a) for joining reinforcing rods of hot-rolled steel (see

2.7 "a" and "b") with a diameter of more than 8 mm during assembly,

except classes A-IV and A-V, and for joining such rods with rolled

steel (insert components), and also with anchoring and fastening

devices;
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RE b) for making steel insert components and for joining

them with each other in assembly in the joints of precast

reinforced-concrete structures.

Manual arc welding can be empolyed for only the following

types of joints:

c) for butt-joining rods of ste3l of class A-IV of grades

20KhG2Ts and 20KhGST with each other with two butt straps of

Srods of the same grade of steel (i is permissible to use as

butt straps reinforcement rods of class A-Ill of the same diameter);

d) for joining rods of stressed hot-rolled reinforcement

of classes A-IV and A-V (2.7 "b"), heat-hardened (2.7 "c") and

draw-hardened (2.7 "d") with anchor bolsters or loops, and after

releasing the stressing - with anchor washers or anchor plates.

12.40. The types of welded butt joints of reinforcement

(see Appendix III Table 38) should be designated and executed

in accordance with the recommendations of existing standard

documents on welded reinforcement and insert components for

reinforced-concrete structures.

For draw-hardened reinforcing steels it is permissible to

use only such welded joints (make in accordance with special

instructions), in which practically no reduction occurs in the

mechanical properties of the hardened metal.

12.41". When no resistance welding equipment is available

for use it is permissible to use arc welding for hot-rolled

reinforcing steels (2.7 "a" and "b", except classes A-IV and A-V)

with the diameter of all rods being joined of more than 8 mm in

the following cases:
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a) for joining along the length of reinforcing rod billets,

in this case the butt joints of rods with a diameter of 20 mm

and more are executed, as a rule, by pool welding techniques, and[rods with a diameter of up to 20 mm - by arc welding the joints

with butt straps or with overlap;

b) for making reinforcing grids only in individual cases,

when the rod joints at intersections (crosswise) have only

assembly significance;

c) for making reinforcing frameworks (including rolled

steel) with the necessary additional structural elements at the

sites of the joining of the rods of longitudinal and transverse

reinforcement (knee plates, lugs, hooks, etc.).

If the joints of intersecting rods of welded frameworks or

grids in a crosswise manner have not only an assembly significance,

but also should ensure the strength of the structures, then the

execution of these joints without the use of the additional

structural elements indicated in paragraph "c" of the present

section, is not permitted.

Note. The use of arc welding for intersecting reinforcing

rods of steel of class A-II of grade St. 5 and of class A-III

of grade 35GS is not recommended.

OVERLAPPING JOINTS OF UNSTRESSED REINFORCEMENT
(WITHOUT WELDING)

12.42*. The joints of unstressed working reinforcement

with a diameter of up to 32 mm both in welded and in tied grids

and frameworks can be executed by overlapping (without welding).

With rods of larger diameters such joints are not recommended,

and with rods of diameters of more than 40 mm they are not

permitted.
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Working joints of overlapping rods (without welding) in the

tensile-stressed zone of flexural or eccentrically compressed

elements should not be studied at the sites of total utilization

of the reinforcement.

The employment of lapped joints (without welding) in linear

elements, whose cross section is completely tensile-stressed

(for example in tie beams), and also in all cases of the use of

reinforcement of steel of classes A-IV, A-V and A-IIIV is not

permitted.

12.43. The joints of tensile-stressed working reinforcement,

of tied grids and frameworks, made overlapping without welding,

should have an overlap length (laps) Z of not less than that

determined in accordance with Table 26 and not less than 250 mm.

The joints of tensile-stressed rods of tied grids and frame-

works should in all cases be staggered; the sectional area of

the rods joined at one site or at a distance of less than the lap

length should be: with round (smooth) rods - not more than 25%,

and with deformed rods - not more than 50% of the total area of'

the tensile-stressed reinforcement in the cross section of the

element.

In joining the reinforcement of monolithic columns with

projections from the foundations having [the columns] in the

tensile-stressed face a total of three longitudinal rods, it is

permissible, as an exception, to join in one cross section two

rods of the three, in this case locating the joint of one (the

middle) rod closer to the foundation.

The length of the overlap of the rods, joined in a compressed

zone, can be assumed to be 10d less than magnitude ZH determined

in accordance with the paragraphs of "a" of Table 26, but not less

than 200 mm, and in this case for compressed rods made of round

(smooth) steel of class A-I without hooks in the ends, the length

of the overlap should be not less than 30d.

In centrally and eccentrically compressed linear elements

within the limits of the joint of the compressed reinforcement
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the distances between the stirrups should be not more than

lOd.

In structures of light-aggregate uoiicretes of job-grade

150 the length of the overlap of the rods at cverlapped joint

sites is increased by 10d as c mpared with the recommendations

of the present paragraph.

12.44'. The joints of welded grids in the working direction

should be made in accordance with Fig. 113; in each of the

grids joined in a tensile-stressed zone over the length of the

lap there should be situated not less than two transverse rods

welded to all the longitudinal rods of the grid. When using

grids of round (smooth) rods for the working reinforcement the

diameters of the transverse (anchoring) rods within the limits of

the joint should be not less than those indicated in Table 27. The

same types of joints can also be used for the lap joining of

welded frameworks with one-wa", positioning of the working rods.
The lap joining welded frameworks with two-way positioning of the

working rods is not permitted.

Fig. 43. The lapped joints of

W welded grids (without welding)
in the direction of the working
reinforcement when making the
latter from round (smooth) rods.

b) a - the distributive (transverse)
. . rods are situated in one plane;

b and c - the distributive rods
are situated in different planes.

c)

Under the condition of fulfilling the requirements of the

present paragraph the length of the overlap of welded grids and

welded frameworks should be assumed to be:
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a) in positioning a joint in a tensile-stressed zone - 5d
less than the values determined in accordance with Table 26, but

not less than 200 mm;

b) in positioning a joint in a compressed zone - 15d less
than the v lues determined in paragraph "a" of Table 26, but not
less than 150 mm.

Table 27. The least diameters of transverse rods of welded
grids and welded frameworks with longitudinal reinforce-
ment of round (smooth) rods at the sites of working lapped
joints (without welding).

Type ot The least diameters of the transverse rods of welded grids and
lapped 'oit t frameworks in mm with the diameter of the lcngitudinal rods in run.A(withouýt f - ~ j 5~Is
.ielding), * 6-I- ,II 6_9 10 1 4 1 is 30 351 3 6 4

,After Fig. 3 6 a 30 0 1 4 18 20 2_ _ _ I s l
!3, a. . i-

After Fig. • $ 4 4
Z, b and c 3 4 4 .S

When making the working reinforcement of welded grids from U
standard reinforcing wire the length of the overlap should be
taken to be the same as for welded grids with the working
reinforcement from deformed hot-rolled steel of class A-III.

With light-aggregate concrete of grade 100 and below the
length of the lap is established by special standard documents.

12.45. The joints of welded grids with the working reinforce-
ment of deformed rods can be made with the positioning of the
working rods in one plane; in this case one of the joined grids
(Fig. 44, a) or both grids (Fig. 44, b) within the limits of the
joints cannot have welded transverse rods. In this case the
length of the overlap of the grids should be taken in accordance
with the instructions of 12.43, as in the joining of the rods of

tied reinforcement.
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a) Fig. 44. The lapped joints of
I . welded grids (without welding)

"in the direction of the working
reinforcement when making the

b) latter of deformed rods; a -
transverse rods within the
limits of the joint are absent

f |from one of the joined grids;
N-- b - transverse rods within the

limits of the joint are absent
from both joined grids.

12.46'. Working joints of welded grids and welded frameworks

in the tensile-stressed zone of elements should not be positioned

at the sites of total reinforcement utilization. It is necessary

to stagger the joints, and the sectional area of the working

rods, joined ini one cross section or at a distance of less than

the length of their overlap, should be not more than 50% of the
* total sectional area of the tensile-stressed reinforcement

The joining of welded grids without staggering the joints is

permissible only in those portions, where the working reinforce-

ment is riot utilized more than 50%.

12.47. If the diameter of the working rods, lap joined in a
tensile-stressed zone, exceeds 10 mm and the distances between the

rods is less than value d . La (where d - the least diameter of
30 Rp

the Joined rods in cm), then at the joint sites it is necessary to

place additional transverse reinforcement in the form of stirrups

or suspension, ties of U-shaped bent welded grids extended into

the compressed zone; in this case the sectional area of the

additional transverse reinforcement placed within the limits of

a joint, should be not less than 0.4F R , where F thea aRa.x
sectional area of all the joined longitudinal rods.
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12.48. In lap joining welded frameworks in beams over the

length of the joint additional transverse reinforcement should

be placed in the form of stirrups or U-shaped bent welded grids;

in this case the spacing of the additional transverse rods within

the limits of the joint should be not more than 5d, where d -

the least diameter of the longitudinal working rods.

In lap-joining of welded frameworks of centrally or.

eccentrically compressed columns within the limits of the Joint

there shculd be placed additional stirrups at distances of not

more than 10d.

12.49. The joints of welded grids in the rinn-working dir-

ection are made overlapping with a lap, reckoning between the

extreme working rods of 'the grid (Fig. 45, a and b):

a) with a diameter of the distributive reinforcement of up

to 4 mm - of 50 mm;

b) with a diameter of the distributive re.h;o'orcement of

more than 4 mm- of 100 mm.

a) 1OU" Fig. 45. Joints of welded grids
____________________.. Lin the direction of the dis-

tributive reinforcement_ a -

b) S÷,0• lapped jcint with positioning
. .- of the working rods in one plane;

S--•-• W b - lapped joint with positioning
'P f.; 15of the working rods in different

c)planes; c - butt JoInt with the
a-V'_ . . superimposing of an additional

joining grid.

With a diameter of the working reinforcement of_ 16 mm and

more the welded grids in the non-working direction should be laid

abutting each other covering the joint with special joining grids

laid with an overlap in each dire c.tion of not less than 15 diameters
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of the distributive reinforcement and not less than 100 mm

(Fig. 45, c).

Welded grids in the non-working direction can be laid

abutting without an overlap and without additional joining grids

in the following cases:

a) when laying welded strip grids in two mutually perpen-

dicular directions;

Sb) with the presence at joint sites of additional structlural

reinforcement in the direction of the distributive reinforcement

JO11TS IN PRECAST STRUCTURES

12.50. When joining precast reinforced-concrete elements the

forces from one element to another is allowed to pass through the

joined working reinforcement , steel insert components, joints

filled with concrete or with mortar, concrete keys or (for

compressed elements) directly through the concrete surfaces of
the Joined elements.

12.51. The joints of precast elements should, as a rule,

be monolithized by filling the joints between the elements witn

concrete or with mortar. If in the manufacture of precast

reinforced-concrete elements special measurts are used to ensure4

the tight fitting of the concrete surfaces to each other (for
example, by employing the face of one of the joined members as
the framework for the face of the other), then the making of

"dry" joints is permissible with the passage through the joint of

only the compressive force.

12.52. The joints of precast reinforced-concrete elements

which should ensure the immutability of a structure or its

continuity must be made rigid.
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12.53. The joints of precast reinforced-concrete elements
receiving the rated tensile forces should be made by one of the

following methods:

a) by welding of steel insert components;

b) by welding reinforcement projection;

c) for prestressed structures - by running bundles, shafts

of the bolts or reinforcement rods through the channel,- or

grooves of the members being joined with subsequent stressing of
them~ and filling the grooves and channels wath cement or cetrient-

sand mortar.

When designing the joints of precast e~lerents it is tiecessary
to specify those types of insert component joints, in whicti

unbending of their elements, or breaking out of the concrete will

not occur.

12.54. The joints of precast reinforced-concrete elements
with stressed reinforcement of hot-rolled steel can be made by
welding reinforcement projections, not having prestressing;

if reinforcement is used subject to strain hardening before welding
(without redrawing after welding),-then It is recommenued those
types of welded joints be used, in wh""h there is practically no
reduction in the mechanical properties of the hardened metal
(in accordance with the instructions of appropriate standa:-d
documents); otherwise the rated strength of the rei.fforcement in
the joint zone must be taken to be the same as that of unhardened

steel.

1.2.55. Steel fur insert components ead butt straps of

welded joints should be designated in accordance with the
instructions of 2.7. Insert components should be designed so that
,;hey do not project beyond the planes of the element faces.
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Insert components should be welded to the working reinforce-

ment of elements or be anchored in the concrete with special

anchor devices.

In making of welded joints and insert components it is

necessary to specify welding techniques, which do not cause

significant warping of the steel components of the joint.

12.56*. Steel insert components with anchors should, as a

rule, consist of i.,dividual plates (angles plates or shaped

steel) with predominately deformed anchor rods welded to them

with the face under a layer of flux; the number of anchor rods

should, as a rule, be not less than four (Fig. 46); the installing

of two anchor rods is permitted if the shearing force acts

perpendicular to the plane, in which these rods are situated, and

in the absence of flexural moment.

a) (1 b) Fig. 46. The structure of
". steel insert components con-

sisting of; a - a plate offour deformed anchor rods;

b - the same, with the welding
of additional. thrust plates;
1 - an insert component (steel
"plate); 2 - the anchor rods
T-welded; 3 - thrust plates.
KEY: (1) According to.

If the compressive stress at the level of the extreme row

of compressed anchors is less than or equal to 0.3 of the shearing

forces, then it is necessary:

• a) to weld thrust plates to the insert component (or

bolsters made from reinforcing rods) with a width (or a diameter)

of not less than 10 mm, situating them between the anchors within

the limits of the protective layer of concrete, or
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; b) to use insert components which have besides the anchors

T-welded, also bent-up anchors lap-welded at an angle to the

shearing force and completely recelvink" this force; in the

presence of flexural moment or tensile force, acting on the

insert component, it is recommended that in the zone of the bent-

up anchors stirrups be installed with a spacing of not more than

100 mim.

In the presence of the tensile stresses in all anchors and

with the simultaneous effect of shearing force it is necessary

to specify special measures for receiving the shearring force.

The number of lap-welded anchor rods, is not less than two,

and the positioning of these should be symmetrical with respect

to the plane of the shearing force. The angle of 'Inclination of1

these anchors to the direction of the snearing f",..:e should be

not more than 250 and not less than 150. The placln., .;' only;

some lap-welded anchors, in the absence of anchors T-wel!*.-d

the plate, is not allowed.

The joining of anchor rods with `]at rolled elements should

be carried out in accordance with the requirewents of the

"Instructions on Welding Reinforcement and Insert Components of

Reinforced-Concrete Structures" (SN 393-60).

The )ength of the anchor rods and the distances between the

anchors and from the axis of the anchors to the faces of the

reinforced-concrete structure should be taken in accoc :,nce

with the "Instructions of the Designing of Reinforced-Concrete

Structures."

12.57*. Annular parts of joined compressed elements (for

example, the ends of precast columns should be designed with the

force of the compressed zone of the cross section near the joint as

compared with its strength required in accordance the rating
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for the forces acting in this cross section, in accordance with

the "Instructions on the Designing of Reinforced-Concrete

Structures." In these types of Joints with the force of the

compressed zone at the ends of an element with welded grids the

requirements of 7.13 should be observed.

In Joining compressed elements with a break in the working

reinforcement at the Joint site (for example in column Joints

with a spherical hingo, at the support sites of the compressed

elements over the entire surface of the face, etc.) the ends

of the joined elements should be reinforced with indirect

reinforcement in the form of grids (Fig. 47), whose rating should

be carried out in accordance with the instructions of 7.65.

Fig. 47. The structure of the JointI, of precast reinforced-concrete columns.
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INDIVIDUAL STRUCTURAL INSTRUCTIONS

12.58. In concrete and reinforced-concrete structures of
considerable length expansion-contraction joints should be

specified; the distances between them should be designated in

accordance with the instructions of 4.17.

When necessary, for example, with heterogeneous soils, at

the sites of an abrupt variation in the loads, keyed expansion

joints should be specified.

Keyed expansion joints, and also expansion-contraction joints

in solid concrete and reinforced-concrete structures should be

made through, cutting the structure at the foundation footing.

Expansion-contraction joints in reinforced-concrete frameworks

should be accomplished either with double columnz bringing the

joint to the top of the foundation, or in the form of bilateral

cantilevers without inserts.

The distances between expansion-contraction Joints in

concrete foundations and ba3ement walls can bt taken in accordance

with the distances between the Joints accepted for the overlying

structures.

12.59. In precast or precast monolithic structures, on

the supports of which as a result of the monolithization of the

joints (the welding of reinforcements projections, the plaring

of additional reinforcements in Lhe joints between the element,

overlapping the joint, the installing above of joined structures

of reinforced-concrete elements, overlapping the joints) negative

moments can' arise, it is recommended tha, the sectional area of

the super-supporting reinforcements be designated in accordance

with the instructions of the existing standard documents for

the rating of statically indeterminable reinforced-concrete
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structures taking into account the redistribution of the forces.

The sites of %he break in this reinforcement should be determinid

ii. accorc(ance with the instructions of 7.40.

12.60. In precast monolithic reinforced-concrete structures

reliable connection should be ensured between the precast elements

and the additionally laid concrete. For this across their

joining surfaces it is necessary to provide for the placing

of keys receiving the longitudinal shearing forces. The number

and the dimensions of the keys shculd be designated in accordance

with the instructions of 7.66.

In the compressed zone of precast monolithic structures it

permissible not to provide for keys, if measures are taken for

imparting roughness to the surfaces Xf the precast elements and

if in this case the magnitude of the shearing stresses on the

contact surface between the precast element and the additionally

laid concrete does not exceed 1/4 R p

In solid precast monolithic spanning structures keys on

the upper tensile-stressed zone (in circum-support portions)

must be mandatorily specified not only in the portion with

negative moments, but also beyond the zero point of the moment

diagram, up to the site of the break in the rated longirudinal

reinforcement . On the surfaces of precast elements which are

in contact with monolithic concrete, it is necessary in accordance

with the rated or design specifications to insert transverse

reinforcement normal to the surface of the element or in the

direction of the main tensile stresses. The inserted rods

should have a reliable anchoring in the additionally laid

concrete.

12.61. In concrete structures it is necessary to specify

structural reinforcement in the following cases:
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a) in sites of abrupt variation in the dimensions of the

cross section of elements;

b) in sites of a variation in the height of walls (in section

with a length of not less than 1 m);

c) in concrete walls under and over apertures in each

storey;

d) in external and Internal wall panels (in both faces);

e) in the tensile-stressed face of eccentrically compi-e3sed

elements rated for strength without considering the resistance

of the concrete of the tensile-stressed zone (see Note 1 to

6.7);

f) in structures subject to the systematic effect of a

temperature of more than 70°C or to the effect of a dy.-ami-. 41ad;

g) in massive constructions of light-aggregate concrete.

In concrete wall panels (subparagraph I'd") the sectional

area of the structural reinforcement in each face should be

not less than:

when 0 < 35-0.012%,

when r- > 35-0.025%

from the transverse sectional area of the panel.

For the cases indicated in subparagraphs "e" and "h," the

sectional area of structural reinforcement should be not less

than 0.05% of the transverse sectional area of the element.
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12.62. The conformity of the distribution of reinforcement

to its designed position should be ensured by special measures

(the installation of braces in the form of welded frameworks or
grids, diaphragms, pins, suspensions ties, etc.).

12.63. In wall panels (both of reinforced-concrete and
concrete) reinforcing frameworks should be mandatorily along
the periphery of the panel.

12.64. Apertures of considerable dimensions in reinforced-

concrete slabs, panels, etc., should be rimmed with additional

reinforcement with a cross section not less than the cross section
of t-e working reinforcement (of the same direction) which
is required over the width of an aperture when a slab is rated

as solid. Additional reinforcement should be extended beyond
the edges of the aperture for a length of not less than value
1 indicated in 12.43.

12.65. In designing elements of precast spanning structures
it is necessary to specify the placing of joints between them
filled with concrete or mortar. The width of the joints should

be designated so as to ensure their qualitative filling and should
be not less than 20 mm in the case of elements with a height of up
to 250 mm and not less than 30 mm in elements of greater height.

12.66. In precast elements measures should be specified

for gripping them when they are being lifted (the insertion of
steel pipes to form apertures, the installing of lifting loops of

reinforcing rods, etc.). Lifting loops should be made from round
hot-rolled steel in accordance with the instructions of 2.19 and

be welded or tied to the reinforcing framewor'

12.67. The construction of facings fastened to the surfaces

of concrete and reinforced-concrete elements, should ensure their
prolonged and reliable operation during use.
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For facings fastened to Lhe compress.ed faces of loaded

concrete or reinforced-concete elements, the thickness Oi' tihe

unfilled joints between the elements of the facing (in the

direction of compressive stress) snould be not less than

hwc"'on, (20o9)

where c - the m:axirnwn vaiue thle deJgree of concrete creepnp
which depends upon IL) ag- at %-e .&!.n. nt of t!e application of

the facing; for heavy-aggregate concrete value c can be

determined Croia Table 28; a - the co.opressive stresses in the

concrete of mte face, to whicl t;e facing :s attached; h t- he

dis-ance between the unfilled joints of tne Lacing in the

direction of the effect of the compressive 5trfs.,¢cs.

Table 28. The maxl,:r. degree ,f concrete creep
C for heavy-agregate concrete.

The age of the concrete I
in days at the momenc ofl . , 28 60 z.nu more
the application of the J

• ~fac ingI

c "106 in mm/mm j12 9

Note. 1. The degree of rerr is the value
of relative creep ie;, r '-. ', per unit of' strcess.

2. For light-aggregate concrete ",he uaximum
value of the degree of creep is established in
accordance with the appropriate sta-2-:'d .....
or on the basis of experl'•.t.a. daa.
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13. ADDITIONAL INSTRUCTIONS ON THE
CONSTRUCTION OF PRESTRESSED REINFORCED-
CONCRETE ELEMENTS

GENERAL INSTRUCTIONS

13.1. When designing prestressed reinforced-concrete

structures it is necessary, as a rule, to ensure the reliable

adhesion of the reinforcement with the concrete by employing

deformed steel, by filling the channels with cement or cement-sand

mortar, and the grooves and hollows - with motar or concrete.

13.2. When designing prestressed statically indeterminable

structures it is recommended that the selection of their design

and method of erection be carried out in such a way that when

creating the prestressing the possibility of the appearance in

a structure of additional forces which impair its operation will

be eliminated. It is permissible to use temporary joints or hinges

monolithized after stressing of the reinforcement.

13.3. In precast monolithic reinforced-concrete structures

the adhesion of the prestressed precast elements with additionally

laid concrete (see 1.15), and also the anchoring of their end

sections should be ensurea. Furthermore, measures which ensure

the joint operation of the elements in the transverse direction

(the installation of transverse reinforcement or prestressed

elements in the transverse direction) should be ensured.

13.4. In prestressed elements of precast monolithic

reinforced-concrete structures with the positioning of the

reinforcement outside of the concrete it is necessary to specify

a clearance between this reinforcement and the surface of the

concrete of the element, and also between the rows of reinforcement

of adjacent elements, ensuring the filling of the joints with

concrete or with mortar and the protection of the reinforcement

against corrosion and temperature effects.
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13.5. When designing prestressed flexural, and also

eccentrically compressed and eccentrically tensile-stressed

elements with the large eccentricities it is recommended that

the cross sections be assumed to have developed tensile-stressed

and compressed zones of concrete (double-T, hollow rectangular,
etc.).

At the sites of the Joining of walls with flanges it is

necessary to set up smooth transitions. Apertures in the walls

of elements should have a rounded shape and be reinforced

along the edges with reinforcement .

13.6. It is permissible to use part of the longitudinal

hot-rolled reinforcement of an element without prestressing,

if in this case the requirements for the rating for crack t'ormation

and for deformations are satisfied.

13.7. The local reinforcement of portions of prestressed

elements under anchors of stressed reinforcement , and also at

the support sites of tensioning devices3 it is recommended be

carried out by the installation of insert components or

additional transverse reinforcement , and also by increasing

the dimensions of the cross section of the element in these

portions (Fig. 48).

Fig. 48. Local reinforcement of
"...'.'.'.. . the supporting portion of pre-

.:.•...~::...:7.... .. ) stressed reinforced-concrete
elements with bundle reinforcement.

. . .. 1 - increasing the thickness of
the protective layer if' concrete

. .. at a support under an anchor; 2 -
. installing additional welded grids

near the anchor.
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13.8*. The part of a longitudinal stressed reinforcement

in the supports of flexural elements it is recommended be made

curvilinear, distributing it on the face of the element uniformly

over its height; part of the bent-up reinforcement can be

brought out into the upper face of the element.
i °i

* If the longitudinal reinforcement is not bent-up,itis necessary:

a) to stress the transverse reinforcement, or

b) to increase the width of the cross section of the

element and in this case to install additional transverse unstressed

reinforcement , or

c) to decrease the height of the cross section of the element

at its face.

The transverse stressed reinforcement should be situated

as close as possible to the face of the element and it shouldI

be stressed before the stressing of the longitudinal reinforcement
by a force of not less than 15% of force of the stressing of the

entire longitudinal reinforcement of the stressed zone of the

supporting cross section. In this case the magnitude of the

prestressing of the transverse reinforcement should be designated

maximum, (see 5.6).

The increase in the width of the cross section of the element

(see subparagraph "b") in structures with longitudinal r~d

reinforcement , not having anchors at the ends, should be ;aken
over a length (reckoning from the face of the element) of not
less than 10 diameters of the longitudinal reinforcement.

A
In the absence of stressed transverse reinforcement or

with the positioning of stressed longitudinal reinforcement
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concentratedly in lower or in the upper and lower zones of the

supporting 3ross section thv unstressed transverse reinforcement

should receive in structures, not rated for durability - not

less than 20%, and in structures rated for durability - not

lesz. than 30% of the force in the longitudinal stressed reinforce-
ment of the lower zone of the supporting cross section determined
by rating for strength. The transverse rods should be reliably

anchored at the ends by welding them to insert components

(Fig. 49).

13.9. When designing prestressed reinforced-concrete

structures with increased requirements for fire-proofness

special measures should be taken for

protecting the stressed reinforcement

from being heated, especially in its

anchoring zones.

13.10. Channels in structural

elements for the positioning of rein-

forcement stressed in the concrete,

should be made with the use of rodsFig. 49. The anchoring

of unstressed transverse removed from the concrete, rubber hoses,
rods b:; welding them to etc., or witft the use of a shell of
steel insert components
1 - welded joints. corrugated or smooth steel pipes. At

th. site3 of an abrupt variation in the

curvature of the channels it is necessary to install segments of

rigid steel pipes.

In the positioning in one channel of several bundles or

rods the channel should have a widening at ends for the deployment

of anchoring and tensioning devices. At the sites of the bending

of reinforcement (Fig. 50), and also at the sites of the

positioning of the widening in a channel it is necessary to

reinforce the concrete of the element by installing steel bands,
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stirrups or grids, and als' to increase the cross section of

elements.

Fig. 50. The reinforcing !
concrete with additional (a) atlf
reinforcement at the sites
of the bending of the
stressed reinforcement. n n
KEY: (a) According to

1--a

13.11. Reinforcement of high-strength wire in prestre:,.,seJi

elements should, as a rule, be made without joints. When employing

continuous reinforcement it is permissible to connect the end

of the wire of one coil with the end of another coil by making,

a splice or with the aid of coupling dies. 1

THE POSITIONING OF REINFOdCEMENT
IN ELEMENTS I

13.12. When using reinforcement of curvilinear contour

stressed in concrete, the angle of inclination of the bunrile- or

rods should be not more than 300, and the radius ol curvat-ure:

a) for bundle reinforcement and strands: with a wire gauge

of 5 mm and less and a strand diameter from 4.5 to 9 mm - not

less than 4 m; with a wire gauge of 6-8 mm and a strand gaufge o!'

12-15 mm - not less than 6 m;

b) for rod reinforcement: with a diameter of up to 1, mm -

not less than 15 m; with a aiameter of from 28 to 40 mm - not
lss than 20 m.

13.13. In bundle reinforcement clearances should be
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specified between the individual wires or groups of wires (by

installing spirals within the bundles, bolsters in the anchors,

etc.), ensuring the passage between the wires of the beam of

cement or cement-sand mortar during the filling of the channels.

13.14. In hollow and ribbed elements stressed reinforcement

in the form of rods, bundles or strands should be positioned, as

a rule, along the axis of each

rib of the elements. 2

13.15. Longitudinal un-

stressed reinforcement , if

such exists, should be situatednearer the outer surfaces of • .

the elements, so that the

transverse reinforcement

(stirrups) would encompass

the stressed fittings

(Fig. 51). Fig. 51. Diagrams of the ar-rangement of stressed and un-
stressed reinforcement in the

13-16*. At the end transverse section of prestress-
ed reinforced-concrete elements.

of prestressed elements 1 - stressed reinforcement ; 2 -

unstressed reinforcement.
additional welded grids or

closed stirrups should be installed with an interval of 5-7 cm

over a length (reckoning from the face of the element), equal to

two lengths of the anchoring attachments, and in the absence

of anchors - over a length of not less than lOd and not less than

20 cm, and for the elements operating at rated temperatures of

minus 40OC and below - not less than 20d and not less than 40 cm.

The diameter of stirrups or the rods of grids would be not

less than 5 mm and not less than 0.25d, where d - the rod

diameter of the longitudinal reinforcement.
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R and RH - respectively the rated and standard strength of
rnp 11p

concrete in axial compression (prismatic strength);

HR and R - respectively the rated and standard strength of
H H

concrete in compression with flexure;

HR and R - respectively the rated and standard strength of
p P

concrete in tension;

RT - the rated strength of concrete in tension in

rating prestressed elements for crack formation and in checking

the necessity for rating reinforced-concrete elements for crack

opening;

R - standard strength of reinforcement.
a

R- the rated strength of longitudinal tensile-stressed
reinforcement and transverse reinforcement in rating for

flexure in an inclined cross section;

R - the rated strength of transverse reinforcement

in rating for transverse force;

R - the rated strength of compressed reinforcement;a.C

E6 - the initial elastic modulus of concrete in

compression and tension;

E - the elastic modulus of reinforcement;
2a
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Note. The additional transverse reinforcement placed at

the ends of an element, can be taken into account in the rating

for local compression (crushing), made in accordance with the

instructions of 7.13.

ANCHORING OF REINFORCEMENT

13.17*. The placing of anchors at the ends of reinforcement

is mandatory for the reinforcement stressed in hardened

concrete, and also for reinforcement stressed in abutments, when

its adhesion with the concrete is insufficient; in this

case the anchor devices should ensure the reliable fixing of

the reinforcement in the concrete at all stages of its

operation.

The installation of anchors is not necessary, if the follow-

ing are used:

a) high-strength deformed reinforcing wire under the

condition of the observance of the requirements of 2 of "b,"

of Table 1;

b) reinforcement , twisted from two high-strength wires

(see Note 3 to 2.7) under the condition of the observance of

the requirements of 2 "d," of Table 1;

c) reinforcing strands under the condition of the

obi;ervance of the requirements for 2 Ile,,, of Table 1 and 12.5;

d) hot-rolled, heat-hardened and draw-hardened deformed rod

reinforcement (with the observance of the requirements for

3 of Table 1) under the conditions of installing additional

transverse reinforcement (welded grids, stirrups) in accordance

with the instructions of 13.16; in this case the length of the
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fixing of the rods beyond the face of the support should be not

less than 4d, and the thickness of the protective layer of

concrete should satisfy the requirements of 12.5.

13.18". In structures with reinforcement of curvilinear

contour anchoring devices should be placed in the faces of an

element without increasing the thickness of the lower protective

layer of concrete, in this case the bundles or the rods of the

reinforcement should be positioned over the height of the

transverse section of the element taking into account the placing

of the anchoring and tensioning devices on the faces of the

element.

In prestressed structures operating at rated temperatures

of minus 40 0 C and below it is necessary, as a rule, to place

stressed reinforcement in the circum-support portions for

more uniform stress distribution on the faces of the element.

13.19. In placing the anchors it is necessary to consider

their displacement during elongation of the reinforcement during

its tensioning in the abutments and in the concrete; after

tensioning of the reinforcement an ar-hor should occupy its

designed position.

Anchoring devices situated on the surface of concrete,

should be protected by a layer of additionally laid concrete or

mortar (with a thickness of not less than that indicated in 12.2

and 12.4) or by an anti-corrosion coating.

13.20. In breaking stressed reinforcement within the

limits of the length of an element its anchors should be placed

in the zone of the cross section compressed from the effect of

an external load.

255

;<->-tA



In the case of the positioning of anchors in a zone operating

in tension due to an external load, the placing of reinforcement

should be specified receiving the local forces in the cross

sections adjacent to the site of the breaking of the

stressed reinforcement.

iI
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APPENDIX I

STANDARD STRENGTHS, COEFFICIENTS OF
UNIFORMITY AND THE ELASTIC MODULI
OF CONCRETE AND REINFORCEMENT

1.1*. The standard strengths of concrete are taken in

accordance with Table 29.

Table 29*. Standard strengths of concrete

IStandard strengths of concrete in kg/cinz
with a job-grade of concrete for strength

Type of stressed ml in compression
condition r. s W 1 s 0 iU too 1501 2•%01 3 1o 4Wo.. 500

W 0 Job-grades of concrete in tension

Axial compressionf
(prismatic strength) R 28 40 60 80 115 145 175 210 280 350 420

compressionl with flexure R" 35 60 75 100 140 180 215 260 380 440 520

Note. 1. For concretes based on alumina cement the values

of the standard strengths of concrete in tension RH are multiplied

by coefficient 0.7

2. For light-aggregate concrete based on porous coarse and

fine fillers with the presence of verified experimental data the
H

values of the standard strengths of concrete in tension R can
25p
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be taken higher than the values given in Table 29, but not more

than by 25%.

3. For heavy-aggregate concrete in establishing their grade

by tensile strength and with the satisfaction by these concrete

of the requirements, imposed for hydraulic engineering concrete,

it is permissible to take the values of the sl 0 4ard strengths

of cornrete in tension RH equal to their job-grade for tensile
p

strength.

4. In rating structures, in which the strength of the

concrete did not attain job-grade, the standard strengths of the

concrete are determined by interpolation.

5. For light-aggregate concretes of job-grade 350 the values

of the standard strengths are determined by interpolation.

6. Fo- light-aggregate concretes of job-grades 200 and

above, prepared on a base of natural porous fillers of volcanic

origin, the values of the standard strengths of the concrete

in elongation RH are taken in accordance with Table 29 with the

coefficients:

for concretes of job-grades 200 and 250 - 0.8;
for concretes of job-grades 300 and 350 - 0.7;
for concretes of job-grade 400-0.65.

7. For porous light-aggregate concretes, and also concretes

prepared with the use of expanded perlite sand, the values of
the standard strengths of the concrete in tension R are taken
in accordance with Table 29 with coefficient 0.8.
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Table 30. Coefficients of uniformity of concrete.

En Coefficients of unifor-
o mity of concrete with

Type of stress condi- 4 the job-grade of the
tion Cd concrete by strength in

bD compression

S<100 100-200 >200

Axial compression and
with flexure .......... k.c 0.5 0.55 0.6

Tension ................ k .. . 0.45 0.45 0.5

Note. For concrete prepared at factories or batch
plants with the use of automatic or semi-automatic
batching components, the values of the coefficients of
uniformity of concrete during compression (axial and with
flexure) k can be increased by 0.05 under the condi-

6.c
tion, that its corresponding increased value is confirmed
by systematic control of the degree of uniformity of con-
crete during compression.
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Table 31*. Initial elastic moduli of concrete in com-
pression and tension E6 .

Initial elastic moduli of concrete E. in kg/cm2

i heavy-aggregate light-aggregate

r. 4- obase on artifi- based on nat-
4_4 r. C0 cial fine and ural coarse and
o 4 r -a Q) u coarse fillers fine fillers

;0 >) o 6 with the volumetric weight of
T 4• 0 ý 0 0 the coarse filler in kg/mr3

bD0) 4 C 0 a) Z - M
14)0 4J0) N ____ J_ _ _ __ _ _

04 xC 0 h >700 300-700 >I0Q 300-700
____ ~ ý 44 Q) 0 __ __ ___ _

35 50,000 35,000 30,000
50 70,000 50,000 40,000
75 - 95,000 65,000 50,000

100 190,000 140,000 i10,000 80,000 65,000
150 230,000 170,000 130,000 100,000 8u,ooo
200 265,000 200,000 150,000 115,000 95,000
250 - - 165,000 125,000
300 315,000 235,000 180,000 135,000
400 350,000 255,000 200,000 150,000
500 370,000 285,000 - -
600 380,000 300,000 -

Note. 1. As the initial elastic modulus of concrete in

compression and tension is taken the ratio of normal stress in

the concrete a to its relative deformation e at stress level

a_< 0.2R
np

2. If light-aggregate concrete is used in structures, for

which an increase in the elastic modulus of the concrete is

disadventageous, its value is determined from Table 31 with

coefficient 1.3.

3. For light-aggregate concretes the values of the initial

elastic moduli in the following cases can be taken to be:

a) if the fine filler is quartz sand - from Table 31 with

coefficient 1.3;
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b) if concrete is subjected tu autoclave processing or if

coarse filler of volumetric weight of less than 300 kg/mr is

used in it - according to experimental data;

c) if coarse filler of a volumetric weight of more than
31000 kg/mr is used, with the presence of appropriate experimental

data - increased in comparison with the values indicated in

Table 31;

d) if natural coarse and fine filler of volcanic tuff or

pumice is used - from Table 31 as for light-aggregate concrete

based on artificial coarse and fine fillers of appropriate

volumetric weights; in this case for concretes of job-grades of

25 0-400 values E should be taken with coefficient 0.9;

e) if natural coarse and fine fillers of the limestone-
coquinas are used:

3
at a volumetric weight of the heavy filler y > 700 kg/m3 -

from Table 31 as for light-aggregate concrete based on artificial

coarse (when y > 700 kg/m 3 ) and fine fillers;

with a volumetric weight of coarse filler of 300 < y <
3< 700 kg/mr - from Table 31 on an appropriate column for Jight-

aggregate concrete based on natural coarse and fine fillers;

f) if according to experimental data for light-aggregate

concretes based on artificial porous fillers the value of the
initial elastic modulus is higher than the values given in
Table 31, by more than 15%, then in the ratings it is permissible

to take value E from Table 31 with coefficient 1.15;

g) if porous light-aggregate concrete are used, then
values E should be taken from Table 31 with coefficient 0.75.
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4. The values of the initial elastic modulus for light-

aggregate concretes of Job-grade 350 based on artificial fillers

are determined by interpolation.

1.2. The coefficients of uniformity of the concrete are

taken from Table 30.

1.3. The initial elastic moduli of a concrete in compression

and tfE-sion E. are taken from Table 31, but the shear modulus

for concrete G6 (in the absence of the experimental data) can

be assumed to be 0 a 0.E 6.

1.4. The standard strengths of reinforcement RH , the

coefficients of uniformity of reinforcement. ka and the elastic

moduli of reinforcement E are given in Tables 32 and 33.

262



Table 32*. The standard strengths of reinforcement
H
R , the coefficients of uniformity k and the elastic

moduli Ea of rod reinforcement,

0 -) 0 4A4.) C.) V
O4 0 'N a 0 or.

Uo W O .4 .4 rW

Type of reinforcement 0 W Qa) PW 5 o 0

CbO .0 HO .$.0-4 N

0 0 ~ -ir4 4- - ) - J

WI W~ ; W Cd. 0 94S 0 X U

1. Hot-rolled round
(smooth) steel of class
A-1, and also band,
angular and shaped groups
of "steel 3" grades ...... 2400 0.9 2,100,000

2. Hot-rolled deform-
ed steel of class A-II... 3000 0.9 2,100,000

3. The same, of class
A-II ...................... 0 0.85 2,000,000

14. The same, of class
A-IV ..................... 6000 0.85 2,000,000

5. The same, of class
A-V ...................... 8000 0.8 1,900,000

6. Heat hardened de-
formed steel of class
At-IV .................... 6000 0.85 1,900,000

7. The same, of class
At-V ..................... 8000 0.8 1,900,000

8. The same, of class
At-VI .................... 10,000 0.8 1,900,000

9. Deformed draw-
hardened steel of class
A-IIv with control of
the given:

a) elongation and
stressing ............ 4500 0.9 2,100,000

b) only of elongation 4500 0.8 2,100,000

10. The same, of class
A-IIIv with control:

a) elongation and
stressing ........... 5500 0.9 2,000,000

b) only of elongation 5500 0.8 2,000,000
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f'ormity ke and elastic moduli Ee of wlrpe rei'nQorcmnt,
a II

0. - 0I OM z
4) 43 0 0 4.

Type of reinforce- X 0 x M 0 V a M

ment 00 4
r; a z4-4 E ao-4 0-4 o

-4-3 4-)4)00 bo oZ( O0G -rO 0M

1. Standard re- Fr. 3 5500 0.8 1,800,000
inforcing wire of to 5.5
class V-I (employ- Fr. 6'
ed in welded grids to 8 14500 0.8 1,800,000
and frameworks)

2. High-strength 3 19,000
smooth wire of 4 18,000
class V-II 5 17,000 0.8 1,800,000

6 16,000
7 15,000
8 14,000

3, High-strength 3 18,000
deformed wire of 4 17,000
class Vr-II 5 16,000

6 15,000 0.8 1,800,000
7 14,000
8 13,000

4. Seven-wire 1.5 19,000
reinforcing ý21 18,000 0.8 1,800,000
strands of class 2.5 18,000
P-7 3 17,000

4 16,000
5 15,000

5. Multi-strand
steel cables per
GOST:

3066-66 Fr. 1 17,000
to 3

3061-66 Fr. 1 16,000 0.8 1,600,000
to 3

3068-66 Fr. 1 15,500
to 3

Note: The standard strengths of wire and seven-wire strands (see
2-4 of Table 33) are determined from the value of the
least temporary strength in tension, and the standard
strengths of steel cables (see 5 of Table 33) - from the
value of the ultimate tension of the cable as a whole with
values of the least tensile strength of the wire in cables
19,000 kg/cm2 ; with the use in the qables of wires with
other values of least tensile strength the standard strengths
of the cables should change accordingly.
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APPENDIX II

Table 34. Values of coefficient"y for determining the
moment of strength of cross section W - yW

T 0

Characteristics of the Shape ofr
cross sections y transverse

cross section

1. Rectangular ................ 1.75

2. T-shaped with a flange
situated in the compressed zone. 1.75

3. T-shaped with a flange
(broadening) situated in the
tensile-stressed zone:

a) when < 2 independent

of ratio h/h 1.75n
b) when b /b > 2 and

h n/h > 0.2 1.75
c)when b n/b > 2 and-

hn/h.< 0.2 .'.75
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Table 34 (Cont'd.).

4. Double-T symmetrical (box-
shaped):

a) when b/'b = bn/b < 2 in-

.dependent of ratios
h'/h = h /h .............. 1.75n n

b) when 2 < b'/b = b /b < 6

independent of the ratios
hn/h h /h ............... 1.5

n n
b. bC) when - . - > 6 and _-

h,• A.
• • -• •0.2 ................ .lo

d) when 6<- - O

h, h
- -- % <o2 . ................ 1.25

e) when ". - > 15 andb &
", A, < 0.1 ................. 1.1

5, Double-T unsymmetric,
satisfying the condition b'/b <
<3:

a) when a,-,2 independent of bo

the ratio hA/h ............ 1.75

b) when 2<44Q6 independent

of the ratios h n/h........ 1.5c) when _b>6and-k >0,i ...... 1.5

6. Double-T unsymmetric,
satisfying the condition

a) when ±4 independent of

ratio hn/h ................ 1.5

b) when >4 and -U8_A ..... 1.5

c) when ±L >4 and A <.2 ..... 1.25
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Table 34 (Cont'd.).

7. Double-T unsymmetric,
satisfying the conditionb't

a) when S>0,3 .............. 1.5

b) when <.%3 ................. 1.25

8. Annular and circular ....... 2-0.0D
D,

9. Cross-shaped:

a) when LL 2 and %.9 • .O2 2

b) in the remaining cases.. 1.75

Note: 1. In Table 34 the designations bn and hn

correspond to the dimensions of the flange which
in rated for crack formation is tensile-stressed,
and h' and bt - to dimensions of the flange whichn n
for this case of rated is compressed

2. W - the moment of strength for the tensile-

stressed face of the cross section, determined '-y
the rules of the strength of elastic materials.
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APPENDIX III

DATA ON REINFORCING STEEL AND THE
CONDITIONS OF THEIR USE

Table 35*. Reinforcing steels, to the use of which chapter

SNIP 1i-V.1-62* extends.

',einforcing steel Document reg-

ter d ulating rein-typein mm forcing steel
quality

St.3sp, St.3Ps
St.3kp;VMSt. 3sp

1. Round smooth A-I VKSt.3sp 6-4io GOST 5781-61hog-rolled rod VMSt.3ps GOST 380-60*
VMSt. 'kp
VKSt. 3kp

A-II VMSt.5sp 1o0-40 GOST 5781-61
VKst.Ssp GOST 380-60*

VMSt. Sps and 10-40 ChMTU 2-114-70
VKSt. 5ps

10G2 10-32 ChMTU 1-89-67

2. Hot-rolled 1802S 40-90 GOST 5781-61deformed rod 
GOST 5058-65*

25G2S 6-4o
35GS

A-III GOST 5781-61
GOST 5058-65*18G2S 6-51
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Table 35* (Cont'd.).

20KhG2Ts 10-32
GOST 57'81 -61

A-IV 80S 10-18 GOST 5558-65"

20KhGST 10-18 ChMTU/Ts 1 IChY
871-63

A-V 23Kh2G2T 10-18 ChMTU 1- 1 '107

At-IV - 10-25 GOST I0:&i-'$I.

3. Heat hardened At-V 10-25 GOST
deformed rod

At-VI 10-25 GOST 2-'-;,

VMSt.5sp
VKSt.5sp

A-IIv. St.5ps
4. Draw-hardened KSt.S 10-40 CHiP-s

deformed rod .....
18G2S 40-90

A-IIIv 25G2S 6-4o CNiP I-.,-
35GS

Stan-
dard 3-8 GOST-.6•7-1•3*
•-I

5. Sm'ooth rein-
forcing I'ire igh-strength

s-re 3-8 GOST 73'48-r-'

High-
6. Deformed rein- strength 3-8 GOST 8 1 I8c-6.

forcing wire Vr-II

7. Seven-wire re- P-7 4.5-15 GOST 13840-6S
inforcing strands
(cables)
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Table 35* (Cont'd.).

8. Multi-strand GOST 3066-66
cables without an - GOST 3067-66
organic core GOST 3068-66

Note: 1. For hot-rolled rod reinforcement of classes A-i, A-Il,
A-III and A-IV it is permissible to indicate in designs
only GOST 5781-61, regulating mainly the mechanical
characteristics of the fittings and the requirements
imposed on the profile, if under the condition of use of'
the structures (see Table 37) grades of steel need not
be specified.

In tying designs of standard structures, and also in
other cases, when this is necessary, the grade of' rein-
forcing steel should be indicated along with the class.

2. For draw-hardened rod reinforcements with stress
and elongation control or with control of only elongation
without stress control, it is assumned that:

a) the value of the controlled stresses:

for steel of class A-IIv - 4500 kg/cm2 .

for steel of class A-IIIv - 5500 kg/cmi;
b) the value of the controlled elongations:

for steel of class A-IIv - 5.5%;
for steel of class A-IlIv of grade 25G23 - 3.5%;
for steel of' class A-Tllv of grade 35GS - 4.5%.

I
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Table 36*. Requirements imposed on reinforced-concrete structures.
operating in an aggressive gaseous medium, with respect to tile
category of crack resistance and maximum permissible width of
crack opening depending on the type and class of reinforcing
steel used.

Category of crack resistance (numerator) and the
maximum permissible width of crack opening in mm(denominator)

for un-
Degree of ag- stressed
ressiveness of reinforce- for stressed reinforcement, of cia:;,&-3
the effect of merit , of
the gaseous classes
medium on the AP-_
c~oncrete IIF

A-I, A-IIv At-IV V-I n
A-II and a I a
and V-I A-Ill A-IV A-V anVr-ind tV- y" tyes
A-III -I

-- 3 3 3 3 2 2 2
1. Nonagressive 3 W 0,2 0,-U 2 C2 -

- - 3 3 3 2 2 2 22. Weak -- 02 1 "

-- 3 3 2 1 2*I23. Medium TT 7-,

42. Strong 2 2 2 I Cannot be I I
employed

**Witli a high-strength wire gauge Cincluding the cab!--: and
strands) of less than 4 mm the structures should conform to thc
requirements for the 1st category of crack resistance.

Note. 1. The degree of aggressiveness of the effect of a
gaseous medium on concrete is established by the
classification of Table 1 "Instructions on desArn~ng
the anti-corrosive protection of building structures."
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2. The category of structures for crack resistance
is taken in accordance with the requirements of
Table 9 Chapter SNIP I'-V.1-62*.
3. The values of the width of crack openings and
the categories of* structures with respect to crack
resistance given in Table 36 are established by
mandatory observance of the requirements of
SN 262-67 on thle protection of reinforcement (minimum
thickness o." the protective layer of concrete,
concrete density, protetive coatings of a concrete
surface, etc.), and aiso of tne requirements of
2.16; 4.4 and '4.16 of Chapter SNIP II-V.I-62*.

Table 37*. Ari:,as of the use o0 ret.nforcin, steels in reinforced-
concrete zstructures depending on the nature oV the loads andtempc,'ature eff'ects (plus sign e ".t is permitted," mn
sign - "it is not permitted").

Type of reinforcing stee -an -eo nStruct.-•~ee conditions
basic characteristics

static loads dynamic and
multiply repeat-
ed loads

out of out of
doors and doors and

type of rein- class grade of steel .0 co in unheated 0 in unheated
forcerment )f and diameter bub dings 3 r buildings 1

44steel 4n m ,M -when t, d when t,
~1 '-: H

Zr. ' 40C Cr. -0ooC

-300C to an " 10 00 -30 and

Sdcr .�I0o to I Ido + to below

St.3ss (open-qeart.h ... . .
%.a% converter.) + + +

anj con-verter), "- " - "" . + -- -

0 6-4C II!
St'3kp (open-heartih A -

and converter) + + --- 1+ --1
0 6-4o - - I- - - -

Hot-rolled V.M4t -3sp IVKSt. 3 + I 1 +1 1
smooth rod A-I 0 6-4o 0 6-40 + + + + + + + +

VK~t.3ps VK~t3pII It IPý -+ ++o 6-40 0 6-40 -- + + -

0 6-402 + +
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Table 37* (Cont'd.).
St.5sp (open-hearth I I 1 1.. .
aný cenvertex') ++ + + + +
0 lo-•o I i 1 1

-ij: 10-1 (Open- 111
hearth) -+ + +1--
St.5ps (open-hearth
and conve ter) +1+ +!+
0 L8-4o f 0 lO-4o

-1802S, 0 40-90 + + ++ + +

Hot-rolled 100T, 0 10-32 + + + + + + I I +
deformed rod 2502S, 0 640o + + + + +

35GS, 0 6-40 +1 +j~iI~lS•o .o•-, r I+ + +, + + -
1802S,g~~ I++irj-0. +- -4-•°=.- + + + +"+ + +I+

2OMhG2T, 0 10-3 + + + +1 + +0 +'

1V 20KhGST, 0 10-18 + ++

e ~S, 0 10-18 +i+I -- +. - I -I-
_______ __-V 23KIh202T, 0 10-~1+Q + +S2mT• OZ•++ + + +' +' +'+

Htt-IV 0 10-25 + + + + -- ' --' 1 I -'Heat-
hardened de- kt-V 0 10-25 + + + +-'-'--'I--'
formed rod t-VI 0•10-25 + +++ + I 'I--,

St.5sp (open-hearth
and converter) + + _ -+ I --I -
e 1o-•o I I I

Draw-� -IIv St.5ps (open-hearth
hardened de- and converter) + . . . . . . .I
formed rod 0 1o-MO ......

18G2S, 4o-90o ++ + + I-- + I1- -_.

25G2S, 0 6-40 + +i+ + + +

350S, 6-40 + + -+ + +

Stanaara rein- -
forcing wire i i 03
and welded grids 3-8+ + + +
ide ~from. u + +

Smooth high- I
strength rein- -II 0 3-8 + + + + + +
forcing wire

Deformed high-

strength rein- Ir-II 0 3-8 + + + + + + 14-
forcing wire _

Rein~orning
strands, cables P-7- + + J +
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Notes to Table 37'.

'Reinforcing steel-can be used only in tied frameworks and
grids.

2 Reinforcing steel of class A-IV of grade 20KhG2Ts with a
diameter of 20-32 mm at a rated temperature of -401C and lower
should be used in the form of the whole rods of measured length.

3Reinforcing steel of class A-V of grade 23Kh2G2T should not
be used when the rating of structures for durability is required.

4 Heat-hardened reinforcement of all classes can be used in
structures which are subject during use to loads evaluated by
a coefficient of dynamicity of 1.1, and with special justifica-
tion - up to 1.3.

Notes: 1. Rated winter ambient temperatures should be
established for the coldest five-day period in
accordance with 1.4 Chapter SNiP II-V.1-62*.
2. In Table 37 as the dynamic loads, the loads
considered, in the rating of a structure for strength
with coefficient of dynamicity 1.1 and more are
accepted; for multiply repeated loads - at which
the rating of structures for durability is required.

Table 38*. Main types of welded joints of rod reinforcement.

0 0)
4O,

Type of Diameter of joint Welding r_4 0 NOate
joint structure technique cu a

00rz

Single-shear
1 )ross-shaped A.- "rod joints are

3OST Spot A-11 10fpermitted forL4098-68 A.M. A 6lll
.v_1 3_4 rods with a

diameter ratio
of up to 1:5

4-)

2 Butting Q1 A-I 10-4

GOST Butt A-Il 10---80
A-111 10--

14093-68 A.IV 10--W
F4AN 10-31
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Table 38* (Cont'd.).

Relief weld-
Ing or with a
shaped elec-
trode. In the

3Lap _ A-1 6-16 Latter case it
_____A-11 10-16Ls permissibleAIll 6-16;o weld steel

a ýods of class
k-I with a
iameter of up
o 25 mm

Single--
elec-
trode ir
inven-
tory
form
with a
smooth The tank
internal welding techr.n -surface. que is also

ItButt GOST Multi- A-1 2" mlo0 dt1 P4098-68 3 elec- A.!--1 Join horizontal

Strode in multirow rein-
inven- forcement
tory
form.
Semi-
auto-
matic in
inven-
tory-I form

For rods with
ut a diameter of

P1 Multi- 40 mm and more
0 elec- tank multiple-

S O trode A-1 0-40electrode weld-
Butt with a A-Il W- 80ing of the 'ods

grooved A-Il 20- 4 0with a grooved
steel backing sh'olid
backing be produced

with slag dis-
charge
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Table 38' (Cont'd.)

6 BUt eetrode A11 20-32
with A-l1

Sgrooved
Sbacking

7 Tank-
SJoint .1 20- 4,0

with A-11 20- -80
Sgrooved A-ill 20--40

cover
plate -

8 •Semi-8 automatic

- - multi-
layer
Joint, A-I 25-40
wto) A.l A11-25-70
(SODGP) A-11 25--40
with
grooved
Covel-
plate

multi-
' joints A-I

with A-Il 0--32
grooved A4 I
backing
or th-
o,.t it

With The length of
longi- bilateral longi-
tudinal A-i! 8-40 tudinal fillets
fillets .A-I 10-80 without paren-
with A-11 8-40 thnsses is shown
circular Ad. 10--32 for steels of

class A-IV; in
plateL parentheses - the

length of longi-
tudinal fillet
for steels
of classes A-1i
and A-lIt. Per-
mitted for eteel
of class A-I a
length of the
longitudinal
fillets: one
way - 6d, bi-
lateral- 3d
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Table 38* (Cont'd.)

11 Lap WIth ailatera1
longi- A-i 8-"U longitudinal
tudinal A.:I 10-25 fillets

• fillets A-111 8--25 with a :

lenCth of
4d are
permitted
only for
rods joints
of steel of
classes A-I
and A-I of
grade lOGT

12 "
' The A-I 8-40A.!! O--401

same A-11 8-

-, :haped in With

13 L. • plane ._longi- A.I! 4
of the tadinal A-Il 20,-4Q

plate fillets
14 Lap Spot A-I 8-16

i'l LpA-11 10-16A

15 T-shaped Sub-
from the merged A-I 6-40
plane of with- A-1I 10-40
the plate out A-Ill 8-40i

addi-
tional
elec-
trode
materi-
al2
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APENI IV~~ __=~~~c __

REQUREMNTS OR ONCRTE l)O

CNRETE AND NTSNFORCEDCONCRETE R

STRUCTURES, USED AT RATED AIMBEIENT
TEMPERATURES OF MINU'S 1400c AND
BELOW (DETERMINATION OF RA"TED ;M
TEMPERATURES SEE 1.4 CIIAPTI ,R 3'Ni N
I-V. 1-62*)
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APPENDIX V

BASIC CONVENTIONAL LITERAL DESIGNATIONS

Forces from external loads in the
transverse section of an
element

M - flexural moment;

N - longitudinal force;

Q - transverse force;

M - torsional moment.

Internal forces acting in the transverse cross section of a

prestressed element

N is the resultant of the forces in stressed fittings0
before compression of the concrete or stressed and unstressed

F, reinforcement with stressing in the concrete, equal to zero;

N is the resultant of the forces in stressed

reinforcement after compression of the concrete.

Characteristics of materials

R - job-grade of concrete with respect to strength

in compression (cube strength of the concrete);
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Characteristic aspects of longitudiral
reinforcement in the transverse criss
section of an element

A - the designation of longitudinal reinforcement

(entire or unstressed):

a) for flexural elements - situated in a zone
tensile-stressed due to the effect of external
forces;

b) for eccentrically compressed elements - situated
in a zone tensile-stressed due to the effect of
external forces or in the least compressed zone
of the cross section:

c) for eccentrically tensile-stressed elements -
least distant from the point of the application
of the external longitudinal force;

A - designation of the stressed part of reinforcement

A;

A' - designation of the longitudinal reinforcement

(entire or unstressed):

a) for flexural elements - situated in the zone
compressed due to the effect of external forces;

b) for eccentrically compressed elements -
situated in a zone compressed due to the
effect of external forces or in the most
compressed zone of the cross section;

c) for eccentrically tensile-stressed eiement3 -

most distant from the point of the application
of the external longitudinal force;

A' - designation of the stressed part of reinforcement
H

A'.
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Dimensional characteristics

b 1ie width of a rectangular cross-section; the width

of a rib of a T-shaped or double-T-shaped cross section; double

wall thickness of an annular or box-shaped cross section;

h - the height of a rectangular, T-shaped or double-T-

shaped cross section;

a - the distance from the most tensile-stressed or

least compressed edge of a cross section of an element to the

resultant of the forces in reinforcement A:

a' - the distance from the most compressed or least

tensile-stressed edge of.a cross section of an element to the

resultant of the forces in reinforcement A';

h0 - the operational height of a cross section, equal

to h -a;

h'- the operational height of a cross section, equal

to h -a'; 0

x - the height of the compressed zone of a cross-

section;

z - the distance between the resultants of compressive

and tensile forces in a cross section (the arm of the internal

force pair);

z - the distance between the center of gravity of the

compressed zone of concrete and the resultant of the forces in

reinforcement A;

I2
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e and el - for reinforced-concrete structures the distances

from the point of the application of longitudinal force N

respectively to the resultant of the forces in reinforcement A

Sand A'; for concrete structures the distance from the point of
application of force N to the less stressed face of the cross

section; in 5.15 e - the base of natural logarithms;

d - the nominal diameter of working reinforcement ;

F - the area of all the concrete in the transverse

section of an element;

F6 - the sectional area of the compressed zone of

concrete; :

F - the reduced area of the transverse cross section

of an element taking into acccunt all the longitudinal reinforce-

ment;

J - the moment of inertia of a reduced transverse

cross section of an element taking into account all the

longitudinal reinforcement ;

Fa - the sectional area of all the longitudinal

reinforcement for centrally compressed and centrally tensile-

stressed elements; in the remaining cases - the sectional area

of longitudinal reinforcement A;

Ft - the sectional area of longitudinal reinforcement
a

A';

S0 and S- the static moments of the area of the entire0I
working cross section of concrete relative to the axis, normal to

the plane of the effect of flexural moment and passing through the

point of the application of the resultant of the forces respecively

in reinforcement A and in reinforcement A';
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S6  the static moment of the area of the compressed
zone of concrete relative to the axis, normal to the plane of th-
effect of flexural moment and passing through the point of the

application of the resultant of the forces in reinforcement A;

S and S' - the static moments of the sectional area of the
entire longitudinal reinforcement relative to the axis, normal

to the plane of the effect of flexural moment and passing through

the point of the application of the resultant of the forces

respectively in reinforcement A and in reinforcement A'.
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