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3. STRACT -
The present chapter SNiP II-C.1-62, "Concrete and Reinforced-con-
crete Structures, Design Codes", was worked out in the development
of chapter SNiP II-A,10-62 "Building Structures and Foundations.
Basic Design Aspects", When chapter SNiP II-C.1-62 came into ef-
fect on 1 January 1963 the following were superseded: "Codes and
Specifications in the Designing of Concrete and Reinforced-con-
crete Structures" (NiTU 123-55); "Instructions on the Designing

of pre-stressed Reinforced-concrete Structures" (SN 10-57); "“In-
structions for the Building Elements of Reinforced-concrete Struc-
tures" (SN 15-57); "Instructions or the Application of Welded
Frameworks and Welded Grids in Reinforced-concrete Structures"

(I 122-56 MSPMKhP). Chapter II-C.1-62 was worked out by the Con-
crete and Relnforced-concrete Sclentific Research Institute of

the Academy of Construction and Architecture in conjunction witn
the Design Institute of Standard and Experimental Designing
(Gipotis) of Glavstroyproekt at the Gosstroy of the USSR. Chap-
ter SNipP II-C.1-62, "Concrete and Reinforced-concrete Structures.
Designing Codes" considers the following: The earlier introduced
additions and corrections published in the "Collections of Changes,
Corrections, and Additions, introduced into the Buildin% Codes and
Re%ulations (SniP)", as of 1 July 1966 (Stroyizdat, 1966), 1 July
1967 (Stroyizdat, 1968) and 1 July 1970 (Stroyizdat, 1970).
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U, S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Itslic Transliteration

A 8 A @ A,a PP ’, R;r
5 ¢ B ¢ B, b C ¢ c ¢ S, s

B s B o v, v T ¢ T - T, t
rr r s 3, & Y v Y vy U, u
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H n H x N, n 9 » 8 o E, e

0 o 9 o 0, o 0 © O » Yu, yu
N n nn P, p I A a2 Ya, ya

* ye initially, after vowels, and after +, b»; e elsewhere,
en written as # in Russian, transliterate as y¥ or ¥,
The use of diacritical marks is preferred, dbut such marks
may be omitted when expediency dictates,

WA

i
*

L g
asta

il

FTD-NT-24-2011-71 ii1

i .¢ ;\m"?‘”.%'uﬂlm i




i

o

A
I ———— T i MW’%WW’ '

N i L L
PRI (i S T 0

Y i e A 0

it Ry

e e
RS AR A A

DA i G

s

"
i
T T

A i

U

TSR - L

The present chapter of the Construction Codes and Regulations
[SNiP] (CHw7) II-V,1-62#% "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
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" (INATU] (HuTY) 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" (8N 15-57);

"Regulations on the use of welded framework and welded grids
in reinforced-concrete structures" ([I] (H) 122-56/Ministry of

Construction of Enterprises of the Metallurgical and Chemical
Industry [MSPMKhP] (MCMMXM)).

"Regulations on the calculation of cross sections of the
elements of reinforced-concrete structures" (1 123-55,/HSPMKhP).

The Chapter SNiP II-V.1-62 was worked out by the Scilentifie
Research Institute of Concrete and Reinforced Conerete 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 @lavstroyproekt of the v
Gosstroy of the JSSR.

*[Translator's note: SNiP II.V.1-62 -~ Russian charscter B has
been stranliterated as V;

: probably should have been rendared as
C - for alphabetical crdering. ]
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In $hapter SNiP II-V.1-62% "Concrete and reinforced-concrete
structures, Design codes"are taken Into azcount:

the earlier introduced additions and corrections published in
Collections of éhanges, corrections and additions, introduced 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 use 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 connectiops 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.

The number of points and tables cf Chapter SNiF II-V.1l-62%,
into which separate corrections and editorial changes have been
introduced, are noted by asterisks (%*).

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
the Council of Ministers
of the USSR on Matters
of Building (Gosstroy
USSR)
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Construction Codes
and Regulacions.

SNiP II-V,1-~62%

Concrete and Reiln-
forced-Concrete
Structures.

Design Codes

To replace: NiIU
123-55, 3N 1C-5T7,

SN 185-57 and 122-56/
MSPMKnP, and
123-55/M3PMKh?

Introduced by the
; Academy of Ccunztruc-
= tion and Architecture
: of the Glavstroyproekt
: cf” the Gosstroy of the
iJSSR

Approved by the State
Committee of the
Council of Ministers
on Matters of Con-
struction 31 Jul 1962

Impiemenation
Date 1 January
1363.

1. GENERAL ASPECTS

TGO

1.1%, 4&he present codes are extended to the design of

concrete and reinforced-conercte carrying structures of buildings

bl

Note.,

[T

A

!

1.20

E 4 foundation.
7': 4
FOD-HMT-24-2011-71

The basic design aspects."

and structures of heavy-aggregate and lightweight-aggregate
concrete based on a cement binder and inorganic fillers.

o~
Y
Y

The present Codes do not extend to the design of
concrete and reinforced-concrete structuresof hydraulic

construction,

bridges, transport tunnels, culverts, highway. and alrpcet surfaces,
or armored-cement and self-prestressed structures and structures
of cellular, expanding-cement and spscial concretes.

Yihen designing concrete and reinforced-concrste carrying

structures it 1is necescary to'obsqrve the requirements of the
present Chapter of SNiP II-A.10-62 "Constructional structures and

*The new edition with the changes accepted in July 1970.
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For certain special types of constructions or structures
(thin-walled spatial structures, reservolrs, silos for the atorage
of free-flowing bulk goods, supports for electric transmission
.lnes and others.) it is neceasary, moreover, to be guided by the
approppiate standard documentation.

1.3%, The design of concrete and reinforced-cpncrete
structures of buildings and other construction intended to be built
in seismic regions, in zones of predominant permafrost solils and
zones where the soll 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°C), and
negative temperatures from minus 70°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 are 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 estaolished 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 manufscture;

FTDeMT-20.-2011~71 2
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¢) the observance of requirements for economical expenditure
of metal, lumber and cement and for the maximum reducticon in the
laborinput going into the preparation and erection ¢f structures.

Note. The use of the complex design soluticns or structures
of complex shapes should be based on technlcal and economical
advisability.

1.6, 1In the design process it 1s necessary Lo ensure the use
of those reinfcrced-concrete structures which makse it poszible to
most effectively make use of high-grade concretes and high-

£

ized manufacture at specialized enterprises. It ls recommended
tnat the elements of precast reinforced-¢oncerete structures be
enlarged to the extent permitted by the load-lifting capacity of
the assembling mechanisms, by clearance, and also by tne c¢onditions
of element transportation and manufacture.

1.7. When designing reinforced-concrete structurss for the
purpose of mechanizing the reinforcing operations it 13 necessary
to speclfy unstressed reinforcement predominantly of flat standa
ized welded 2lements (frameworks and grids) with a: few as
possible typlcal dimensions made preferabliy using multi-point and
other highly productive elécqric welding machines; in doing this
it is recommended that the three-dimensional relnforecing frameworks
are specified of flat 2lements joined by el=zctric welding.

It 1s necessary to try :- see that the number of types and
diameters of reinforcement rod used in one structure or in one
element be minimum,

1.8, fThe use of the prestressed elements with reinforcement
rods, not having adheslon with the concrete, 1s permitted only in
the case of special Jjustification.

3 '
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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 1s recommend:. that concrete (unreinforced) elements,
as a rule 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 1t is necessary to
employ specific design setups which ensure the necessary strength,

overall stability, and also three-dimensional immutability of the
building or struecture.

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 basilc
carrying elements of which are specifled 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.
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1.13. In testing the strength and stability of elements of
buildings and structures when they are being erected tne values
of the load factors for all the loads being considered, except ti:¢€
weight of the elements, products and materials, are reduced by 2ui.

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 bulldings with external self-supporting walls also by
securing the elements during assembly to the longitudinal and
transverse external walls, The enumerated measures srould ope
specified in the design of the elements.

1.14%, 1In prec:st elements special attention shiuld te
focused on the strength, rigicdity and service 1ife of the couplings.

In skeleton-frame bullding of the semirigld type, 1t is
necessary to specify the type of frame element connectlons which
ensure the necessary three-dimensional rigidity and stability of
the structures in all stages of their erectior. . 4 after
completion of construction. In skeleton-frame bulldings of the
rigid vype and in frame-less buildings, the three-dimensional
rigidity and stability of which are ensured by longitudinal snd
transverse walls, staircases, etc., together with the ceilings
and floors, 1t 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 E
requirements for "Instructions for welding of reinforcing rod
connections and insert components of reinforced-concrete structures”
(SN 393-69). In structures employed at rated ambient temperatures
of minus 40°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 aubJected to concreting, should be thoroughly cleaned and
washed.

1.16. The elements of Junctions and joints and of steel
insert components should ensure reliable transmission of forces
to the element by anchors which have been rated and which are
secured 1n a rellable 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 1itself should

be ensured in the zone of the transmission of the forces to it
from the Jjoint.

1.17. The units of the joint elements of precast ssructures
are 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, 1f 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 wlth subsequent
concreting, is evaluated from the rigidity of the element in the
section next to thé Joint. 1In doing this the concreting of the
Joints should be carvied out according to the instructions of
1.15% and 2.5 of the present codes.
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1.19. Vertical and horizontal diaphragms made from precast
reinferced-concrete elements, can be examined as monolithic, if
the coupling joints both between the individual elements of the
diaphragms and the adjacent element are monolitnized,

The making of monolithic joints can be accomplished:

a) by butt-jointing of the projectiny 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 conneeting butt straps shouid 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 monollthized reinforced-concrete spanning
structures serve as horizontal dlaphragms the sealing of the
reinforced~concrete dlaphragms 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*, 1In 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 tenslle strength, frost resistance and watertightness;

!
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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 the mortar to be used to form the protective
layers and for filling channels, and also the volumetric strength
of the concrete in compressic.i accepted for the job (including
during repeated compression);

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

¢) the type of reinfourcement (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
[GOST] (IGCT) number and when this is not known - the number of
the soe~ifications for a given type of reinforcement; the methods
of ° - > and anchoring the relnforcement and the sites of its
anc , (in prestressed structures all the data are glven
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 tensicn from the reinforcement; with
repeated tensioning of the reinforcement on the hardened concrete -
the magritude 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, etec.,), 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
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the auxiliary devices which reduce the friction of the reinforcement

against the walls of the channels and protect the concrete from
local erumbling;

g) the locations of the tnps (T-pileces) ror forcing the cement

. or cement-sand mortar and the sequence for fillling the channels,
and also the reguirement for the necessity of f£illing the channels
and for constructing the protective concrete layer

immediately after the termination of tensioning of the entire

reinforcement located in the channels, grooves or on the surface
of structures;
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h) anticorrosion measures and measures for protecting
against the effeet of hLigh temperatures, 1f these are necessary;

bR b

1) the thickness o>f 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;

!
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J) when necessary - the caliculated layouts and loads.

o

L

1.22%, 1In the working drawings of the elements of precast
and precast, one-piece structures or in an explanatory note to
them, besides the data, enumerated in 1.21 of the present
Codes, there siould be indicated:

a) the minimum slzes of the supporting sections, the degree
(the quality) of their finishing and the support methods; when

. necessary for prestressed reinforced-concrete elements - the
requirement for the compression of the concrete with transverse
V 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;

]
i
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% b) sites for gripping the elements when lirting and assembling, g
? sites for resting them when they are belng trancported and stored; §
:
¢) sites for cutting off the stressed reinforcement rods of | %
a marufactured element and methods for protecting against corrosion - §
: and high temperature when welding these reinforcing rods, and also %
E steel anchor devices and insert components protruding on the surface . %
of the structures; for structures with continuous stressed re- 3
E inforcement wound on pintles or insert components being removed §
3 from the concrete, it 1s also necessary to indilcate the require- %
é ments for filling the hollows or recesses with concrete or with %
: mortar ; §
4
d) requirements for making Joints and junctiocns (the nature 3
of the processing of butting surfaces, welding technique, the %
type or the brand of electrode, anticorrosion measures for g
protecting steel insert components, connecting butt straps and 5
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 packing isolating %
channel cavitles against the penetration of concrete or mortar %
veing packed in a joint, and when making a Joint "dry" - packing %
_ preventing the leakage of mortar from the channel when it is being §
E injected; 3
% e) requirements for the application of manufacturer's marks :
é ) (alignment marks), necessary for ensurlng the qualitative
:‘ : sequential assembly of structures, and for elements with a top
é or ends which are difficult to differentiate (for example a ¢
,E 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;
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f) 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 of 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.

h) for structures, whose assembly can be carried out under
the effect of rated temperatures of minus U40°C 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. 1In designating a control load corresponding to the
formation of cracks in concrete (see 1.22 "g"), the
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

CONCRETE

2.1%, Concrete for concrete and reinforced-concrete
structures of the following job-grades with respect to strength
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in compression® 1s employed:

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

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

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 "a"),
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 1s permitted under the condition of the observance ¢f 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 bullding construction and other structures, to which the
present design codes extend, the job-grade concrete with respect to
strength in compression 1s the basic characteristic considered in
designing, and henreforth, in the text of the present Codes. For

brevity's sake the .ollowing shortened designation - job-grade
econcrete - 1s used. In structure drawings the full name should be
used.
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3. The use of heavy-aggregate concrete of job-grade 150
1s permitted. ir the walls of round one-piece prestressed
reservoirs and pipes, with stressing only of the circular (or
spiral) reinforcement.

4, For definitions of the concepts "heavy-aggregate" &nd
"light-aggregate" concretes see Chapter SNiP I-V.3=-62.

5. Fecr the definition of the concept "Job-grade concrete"
see Chapter SNiP II-A.10-62.

2.2%, For structures operating predominantly in tension,
with special Justification it is permissible to additlonally
establish a job-grade concrete with respect to tensile strength
(see 3.3 "pb") in accordance with Chapter SNiP IT-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.10-62. For external wall
panels, bases and foundations of buildiresz 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°C and
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 glven Tables 39 and 40
of Appendix IV of the present Codes.
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2.3. The period of hardei..ing (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 fcr precast
3tructures - in accordance with the period, specified in the
state standards for products, and in their absence -~ in the
specifications for the manufacture of & given type of prcduct.

With special justification it is permitted to establish the
concrete job-grade monolithic structures in age which is difrerent
from 28 days (for example 60 cr 9C days), depending on the periods
of the actﬁal 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 approprilate periods of concrete hardening should be
indicated. -

The age of the concrete of monolithic structures, in which
its job-grade is established, should not beataken to be more than
28 days for structures being erected in sliding and adjustable
formwork, and also fcor 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 tﬁe conditions 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 conerete 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 sezson, the assembly
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 necegsary also by the assembly (construction) organizatlon.
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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 »f not less than 200 be
accepted. For highly loaded constructions, tor example for the
columns of the lower floors of multi-stcrey bulldlings, and also
the columns of single~storey buildings receiving considerable

‘ erane load, it is recommended that a Job-grade of concrete of nov
less than 300 be accepted.

For thin-walled reinforced-concrete structures of heavy-
aggrega*e¢ conerete, and also fof walls of buildings and structures
being constructed in sliding and adjustable formwourk, it is f
necessary to select a job-grade concrete of not less than 200.

2.5%, A Jjob-grade conerete for filling the joints of precast
elements, with a joint thickness of more than 1/5 the smallest
dimension of the element cross section and more than 10 cm, shculd
not be less than the job-grade concrete of LHhe elements being
Joined; in the case of a lesser Joint thickness 1t 1s perimissible
to use for filling the joints a Job-graué concrete and mortar one
grade lewer than the Job-grade concrete of the elements being
Joined; in doing this, the reductlon in the strength of the
concrete in the joint cannot be taken into account in the
calculatibn, 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
joinable elements from light-aggregate concrete - a concrete or
mortarof a Job-grade nct lower than 50 should be used,

In precast concrece a.d reinforced concrete structures thch
during use or assembly can be subjectéd to the effect of rated
temperatures of minus 40°C and lower, the job-grade concretes
used for monolithizing the Joints, with the respect to frost.
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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
SNAP I-V,11-62,

2.6, For pﬁestressed structures the concrete job-grade and '
its ultimate compressive strength (cube stréngth) when being
crushed are taken to b+ not lower than those indicaf=d in Table 1.
And, 1n the case of the use for reinforcement of smooch wires, at
the ends of the individual wires, and also of bundles and multi-
strand wires (cables) the placing of anchors is mandatory, -the
design structure of the anchors should be tested by ‘practical
application‘or by speclal tests.

The job-grade of a mortar for the protection layer over the

reinforcement of. prestressed structures should not be selected

1ower than 150, and of a mortar for injection into channels ~ not
lower than 300.

REINFORCEMENT

" 2.7%, For the reinforcement 6? 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;

b) rod hot-rolled deformed steel:
class A-II - with a diameter of from 10 to 90 mm;
class A-III - with a diameter of from 6 to 40 mm;

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

.

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

heat-hardened deformed rod reinforceinent:

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

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

class At-VI - with a diameter of from 10 to 25 mm;
draw-hardened deformed reinforcing rod:

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

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

smooth reinforcing wire;

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

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

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

with a diameter of from 3 zo 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 1s necessary to use only reinforcing steel
of classes A-I, A-II 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.
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Note. The assortmeut 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
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 1s permissible to use twisted reinforcement from high-
strength wire obtalned 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 forece 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 d-ing this the specilal
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 elongatlion 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.
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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): the mechanical characteristics of reinforcing
steel are establlished depending on its class anrnd type in accordanc:
with chapters SNiP I-V.4.62 and II-A.10.62 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 determinea iy
the class of reinforcemeht, and also by the steel grade and the
method of its smelting (which when necessary'should be specified
in the designs);

¢) the weldability of the steel ~ in selecting the type of
weld Jjoints which conform to the requirements for the appropriase
state standard or specifications for the welded reinforcement of
reinforced-concrete structures; the weldability of reinforecing
steel depends upon their type and class (the grade and smeliing
method), the rod diameter, the structure of the weld ccnneccion
and technology of its execution;

d) the stress relaxation - in determining the prestressing
loss; the effect of stress relaxation 1s conscidered 1in accordance
with the instructions of 5.11 of the present Coles, 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
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(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.
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2.9, The selection of reinforcing steel when designing
reinforced-concrete structures should be carried out taking into v
account their properties indicated in 2.8, depending on:
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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;

¢) the weldability of reinforcing steel in accordance with
the instructions of 12.35-12.41 of the present Codes, and also the
requirements of standard documents on welded reinforcement;
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d) the production conditions of the reinforcement and the
structures, and also of thelr assembly in accordance with the
requirements of the appropriate standard documents.

Y

W ol
N

Furthermore, for structures, on which special requirements
are 1mposed, 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.

T ST ——_—"
R it b i S e

e A

2.10%, As the unstressed reinforcement of reinforced-concrete
structures i1t is necessary to mainly use: '

"
Ly

ot

a) hot-rolled reinforcing steel of class A-III;
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b) standard rein{ rcing wire with a diameter of 3-5.5 am only
in welded grids and frameworks;

it is also permissible to use;

. ' ¢) hot-rolled reinforcing steel of classes A-I1 and A-I mainly
: for the transverse reinforcement of linear elements, for structural
v and assembly reinforcement, and also as the longitudinal working

reinforcement in cases when other types of unstressed reinforcement
cannot be used;

AR

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 mm
for the tie clamps of beams with a height of up to 400 mm 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 reinfeorcing steel of class A-IIIv - only for longitudinal
stressed working reinforcement of the frameworks and grids; in
this case measures shoculd 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 wldth
of crack opening in the case of the use of structures in an
aggressive medium (see Appendix III, Table 36);
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it is not permissible to use:

g) high-strength reinforcing wire;

h) reinforcing strands and cables;
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i) heat-hardened reinforcement of class At-VI.

It is recommended that unstressed reinforcement of hot-rolled
steel of classes A-III, 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~II and A-I;

it is permissible to use with appropriate justification hot-
rolled reinforecing steel of class A-III and standard reinforcing

wire with a dlameter of not less than £ mm (in welded frameworks
and grids);

it is not permissible to use other types of reinforcing steel
as unstressed reinforcement in the indicated structures.

2.12%, Por prestressed structures of the 1st category of

resistance to cracks (see 4.3) as the stressed refnforcement it
is necessary to mainly use:

a) high-strength reinforcing wire;

b) reinforcing strands;

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

S
Iy

%

g) reinforcing steel of class A-IIIv, draw-hardened with
monitoring of the stresses and elongations.

Galishy

¥
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The use of other types of reinforcing steel as stressed
reinforcement in structures of the 1lst category of crack resistance
is not recommended.

2.13%, As the cstressed reinforcement of prestressed
structures of the 2nd category of crack resistance (see 4.3):

T

B bl G A e

f

it is necessary to mainly use:
a) high-strength reinforcing wire;
b) reinforcing strands and cables;

¢) heat-hardened reinfcrcing steel of classes At-VI and At-V;

s

AN

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

e) reinforcing steel of class A-IIIv, draw-hardened with
monitoring of the stresses and elongations;

T

s
gAY

jt is also permissible to use:

I F

f) heat-hardened reinforcing steel of class At-1IV;

g) reinforcing steel of class A-IIIv, draw-hardened with
: monitoring of only the elongations:

$ h) reinforcing steel of class A-IIv, draw-hardened with
monitoring of the stresses and elongations;

1) hot-roiled reinforcing steel of class A-III.
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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 i1s subject to rating for durability, 1t is
necessary to mainly use high-strength smooth and deformed wire;
it 1s permissible to use hot-rolled reinforcing steel of classes
A~IV and A-III and reinforcing strands, and with appropriate

experimental Justification - draw-hardened reinforcing steel of
classes A-IIIv and A-IJv.

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;

¢) reinforcing steel of class A-IIIv, draw-hardened with
monitoring of the stresses and elongations;

it is also permissible to use:

d) reinforcing steel of class A-IIIv, draw-hardened with
monitoring of only the elongatilons;

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;

h) standard reinforcing wire;
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igyigjpot permissible to use in these types of structures
‘heat-hardened reinforoing steel of class At-VI, high-strength
reinforeing wire, reinforcing strands and cables.

2.16%. PFor structures operating under the conditions of an
aggressive medium, the selection of the type, classes and grades
of reinforcing steel should be carried out according to the
appropridte standard documents depending on the degree 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).

A A A R L

i

SRS

In structures situated under conditions of an aggressive
medium, in which the appearance of cracks is allowed, the diameter
of the standard reinforeing wire should be not less than 4 mm.

In prestressed structures which are iccated 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,

b :]"’}Lb"‘ A AR L et B0 ﬁmiiwm S

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
II1I.

SR

For structures intended for use at positive temperatures, but
during construction being under conditions of negative temperatures
of from minus 40°C and below, it is necessary in the case of the
use of reinforcements in them, whose use at temperature lower tinan
40°C is not permitted, to specify in the design a tentative
restriction on their loading 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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-2.18%, For assembly (1ifting) loops of porca%* reinforced-
concrete and concrete elements only hot-rolisi reinforcing steel
of class A-I of grades VMSt. 3ap, VMSt.3ps, VKSt.3sp and VKSt.3ps
should be used.

Note. 1. When the assembly of a structure at a temperature
of minus 40°C and below is possible, one should not use for the
assembly loops steel of grades VMSt.3ps and VKSt.3ps.

2. It is permissible instead of steel of clacs A-I of grades
VMSt.3sp and VKSt.3sp to use reinforcing steel of class A-II of
grade 10GT with appropriate extrapolation of the area of the rod
eross sections. '

3. RATED CHARACTERISTICS OF MATERIALS

3.1. The rated strengths of concrete and reinforcement are
determined (with roundirg off) as the product of the standard
strengths and the appropriate degrees of uniformity and the baeic
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 reinforcemeint , their degrees of uniformity and
elastic moduli are obtained from chapter SNil :1-A.10-62 or from
the data of Appendix I to the present Codes.

CONCRETE
3.2. Inu the rated strengths of concrete given in Table 2,
there are included the following values of the basic coefficients

¢f the operating conditions of concrete my:

a) for concrete with a stress analysis of concrete structures
of m, = 0.9;
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b) for compressed concrete of job-grade 500 with a stress
analysls. of the reinforced-concrete structures of Mg = 0.95, the
same, of job-grade 600 mg = 0.9;

...m.mu..m..,»nnu.|uu'mnwmmmnlnnﬁmnlﬁiﬂﬂmmlmm "

¢) for stressed concrete in rating the crack formation of
prestressed structures, and also in checking the necessity for

rgting the crack openings of reinforced-concrete structures mg =
= llu‘

3.3*%. The rated strengths of concrete in ratiné concrete and
reinforced-concrete structures for strength, and also with respect
to the formation or the opeuing of cracks should be taken from
Table 2 with multiplication in the cases indicated below by
additional coefficients of the opérating condlitions m
independently of one another:

6 consldered

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 (Rn and RH) by the coefficient my = 1.23

p

.; .
Al L ] G 110

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 (Rnp and R“) can be multiplied by coefficient Mg = 1.1
under the condition, that systematlc 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;

;§ i ¢) in analyzing the strength of concrete and reinforced-

ﬁ i conerete centrally and eccentrically compressed elements being

! concreted in the vertical position (monolithic columns and walls,

’ precast panels manufactured by the cassetée method, etc.,), the
values of the rated compressive strengths of concrete (Rnp and Rn)
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should te multiplied by the coefficient My = 0.85;

i

iR

d) in rating the strength of monolithic concretre columns with
! a cross section of less thar 35 x 35 cm, and also monolithi:
! reinforced-concrete columns with the larger side of the cross
. section less than 30 cm the values of the rated compressive
strengths of concrete (Rrlp and R“) should be multiplied by the
coeffinient mg = 0.85;
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: e) in rating the strength of wall panels for partions with a
! cross section area of less than 0.1 m2 the values of the rated

§ compressive strengths of the concrete (Rnp and RH) should be
multiplied by the coefficient Mg = 0.8;

§ ') in rating the strength of concrete and reinforced-concrete
t centrally and eccentrically compressed elements of all types of

: light-aggregate concrete the rated compressive strengths of the

i concrete (RH and Rnp) should be multiplied by the coefficient M
determined experimentally, and in the absence of experimental
substantiation this coefficlient can be assumed equal to:

or concretes based on artificial porous fillers hg = 9.8;

. L e b gy

for concretes based on natural porous fillers m, = 0.6;

T A SN T

g) in rating the bearing capacity of elements ¢f concrete
and reinforced-conerete structuires used at rated temperatures of
minus 40°C and below, the rated compressive s ‘engths of the
concrete (R“ and Rnp)’ given in Table 2, should be multiplied by
the coefficient Mg 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 1s possible to multlply the values of the rated tensile strengths
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ol a concrete (Rp and R_) by the coefficient m, = 1.1;

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

the rated tensile strengths (Rp and RT ) should be multiplied by
the coefficient mg = 0.7;

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 RK_ and RT
should be multiplied by the coefficient:

for concretes of job-grades 200 and 250 - m, = 0.8;
for concretes of Job-grades 300 and 350 - g = 0.7;
for concretes of job-grades 400 - mg = 0.65;

1) fer porous light-aggregate concrete, and also for concrete
prepared with the use of expanded perlite sand, the values of the

rated tensli’e strengths of a concrete (Rp and Rr) are multiplied by
coefficient mg = 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 Rap, R; and R; are computed by
multiplying the appropriate rated concrete strengths Rnp’ RM and
RT defined by 3.2 and 3.3 by coefficient kpﬁ,taken trom Table 3
depending on the characteristics of the stress cycle in the concrete

Po = O6_wuns ,
0™ 4. maxe

where O . mun and O4.manc 2re 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 kp6 for determining the rated strengths

of a concrete 1n designing reinforced-concrete structures for
durability and for crackling with multiply repeated loads.

Pg <0.1 0.2 0.3 0.4 0.5 0.6

kp6 0.75 0.8 0.85 0.9 0.95 1

Note. Coefficlents kp6 have been designated taking into

account the increase 12 strength of a conerete at the time when
the number of repetitions (ecycles) of load is sc great, that
testing of the durability of the structures will be reguired.
This increase in strength is assumed vo be;

for concrete of job-grade 150 - 40%;

for concrete of job-grade 600 - 203%;

for concrete of intermediate grades - linear interpolation
1s used.

If the conditions, under which a structure ls employed, or
the technology of its construction, do not ensure the indicated
increase 1in strength, then the values of coefficients kp6 should

be accordingly reduced.

REINFORCEMENT

3.5%, 1Included in the rated strengths of the reinforcement’
cited in Table 4 are the following values of the basic coefficients
of the conditions of reinfurcement use m, :

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

i m, = 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.

—— t
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b) for the reinforcement indicated in 1 Table 5 (employed in
welded frameworks and grids) and in % Table 5, m, = 0.7;

¢) for the draw-hardened stressed reinforcement indicated in
9 and 10 Table 4 m, = 0.9

d) for the heat-hardened reinforcement indicated in 8 Table 4,
m,2 = 0.95;

a

e) in rating elements for transverse force, for transverse
and bent back reinforcement , from standard reinforcing wire used
in welded frameworks, m, = 0.7; from other types of reinforcements

= 0.8,

m, = 0 8

Notes. 1. The basic ceocefficients oi the conditions of employ-
ment the reinforcement , ugpecified in 2.5, are takern into
account independently of one another.

2. TFor structures of light-aggregate concrete of grades 100
and lower it 1is necessary to introduce the additional coefficients
for the employment conditions of the reinforcement , whose values
are taken from speci.al standard dccuments.

3.6%. The rated strengths of reinforcement in rating
reinforced-concrete structures for strergth should oe taken from
Tables 4 and 5 with multiplication in the cases indicated below
oy the additional coefficients of the employment condi”ions m
taken into account independently of one another:

a) for the elements of precast structures manufactured at
plants and speclally equipped sites, with systematic testing of
the reinforcement in accordance with GOSP 5781-61 and 12004-67 the
values of the rated strengths of the reinforcement (tension
stressed, and also compressed, having adhesion with the concrete,
when R, 1s less than 3600 kg/cm2) under the conditions, that in
all tested samples of hot-rolled reinforcing steel (see 1-3 Table 4)

36

il L e ol £ e i B

ST

A g om

L Al et A L

T

8 B A SR D G A A AR LIS oSSR i 0 i T B

e e R A o N it A S S s

2
o




A PRSI R Ry

and 1 Table 5, can be multiplied by coefficient m = 1,1 (assuming
R, o 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 U4) 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 1s not lower than its smallest

standard value.

AR

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 m, = 0.95;

¢) in structures with reinforcement of high-strength wire
(2 and 3 Table 5) located clos2 in twe 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

m, = 0.85;

S R M S S i s

d) for tensile stressed rod reinlorcement (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 £ should be multiplied by an
additional coefficient of the employment conditions m!, equal to:

&
£
H]
h 3
.

R A A e Tt

a
£ when t<O,l m, = 1,1;
when §=03 m=1;
when §=04 _M—M;
- here the values of § are calculated from the rated strengths
presented in Table 4; for intermediate values of & (in the interval
¥ from 0.1 to 0.3 and from 0.3 to 0.4) magnitude mé is determined by

interpolation; the additional coefficient of the employment

conditlons mé > 1 is not considered for the reinforcement of

structures used in an aggressive medium or rated for durabllity;

R et e S
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for the reinforcement of elements which have the relationship

h/l < 1/30, coefficient m; > 1 can be taken into account only when
experimentally justified.

3.7. The rated strengths of stressed rod and wire reinforce-
ment in rating reinforced-concrete structures for durability (Ré)
should be calculated by multlplylng the rated strength of the
stressed reinforcement Ra determined in accordance with 3.6,
by coefficient kpa taken from Table 6 cdepending on the character-
istic of the stress cycle in the reinforcement
O, .w, 2re respectively the smallest and greatest values of the
stresses in the stressed reinforcement arising under standard

loads (see 11.5).

Table 6%,

durability.

Py =

Coefficients kpa for determining the rated strengths of
reinforcement 1in rating reinforced-concrete structures for

Type of reinforcement

Values of coefficlient kpa when Py
1s equal to

0.2

0.4

0.7

Of CIaSS A-looooco.ooco-onoo-t
2. The same, of class A-II.

3. The same, of class A-I1lI

i, The same, of class A-IV.

5. High~strength reinforc-
ing smooth wire of class V-II.

6. The same, deformed of
CIaSS VI'-II...................

Notes: 1. Coefficients kpa wlth intermediate values pa are

determined by interpolation.
2.

Justification.

3. The data of Table 6 does not extend to reinforcement
of strands and cables, for which the values of coefficients k

should be specially justified.

+. Hot-rolled reinforcement

[

0,84
0,67
0.37

o

0.83
0.72

0.8

C.7

When Py < 0.7 the use of the prestressed structures

with reinforcement of hlgh-strength wire, which are subject to
rating for durability (see 4.1 "a'), is permitted with special

O
Ta. maxe
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3.8. The coefficients kpa presented in Table 6 for rod
reinforcement pertain only to reinforcement which does nct have
welded rods(stirrups)or welded joints of various types, with the
exception of joints made by resistance butt [Thomson] welding
(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 iInsert compone.ts, etec., to it the rated strength of stressed
rod reinforcement 1in rating for durability Ré should be caiculated
by multiplyling values Ré determined in accordance with 3.7, by
coefficlent kc taken from Table 7.

Table 7. Coefficients kc,for determining the rated strengths of

rod reinforcement with welded connectlons in rating reinforced-
conerete structures for durablility.

Values of coefficient kc for hot-
rolled steel.
Of class A-I of 0f class A-II of
the group of grade St.5 and
Type of welded connection "steel 3" grades |of class A-III
of grades 25G2S
and 35GS
1. Welding by the
resistance method (without
dressing) or by the bath method
on elongated Stra&PS.ssescesssss 0.9 0.8
2. Electric arc welding
with paired strapS.eeecccssscess 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 baslis of experlmental data.
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3.9%, In rating reinforced-concrete structures for durability
for determining the stresses in reinforcement the ratic of the
elastlc modulus of the reinforcement to the conditional elastic
modulus of the concrete with multiply repeated loading (the

reduction factor) n'--f@ should be taken from Table 8,
[

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

Values of factér n' with a’job-grade
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 45 4o 35 30 -

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

: 2. The use of reinforced-concrete structures of slag-

p- pumice concrete rated for durability, is pernitted

3 only when sufficlent experimental data is avallable.

e 3. The use of perlite concrete on a quartz sand base,
H and also of light-aggregate concretes with expanded
3 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 artificlal
coarse and fine fillers the valuss of the
reduction factor n' are taken from experimental
data. -

K A e E 0 )

4, BASIC RATED ASPECTS

BLifh b

GENERAL INSTRUCTIONS

E 4,.1. The rating of concrete structures should be carried out
o with respect to bearing capacity (the 1lst limiting condition): for
strength taking into account when necessary longitudinal flexure and
- with testing of the stability of the structure shape.

4o
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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
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,
ete.,);

b) with respect to deformations (displacements) (the 2nd
‘limiting condition) - for structures, the magnitude of the deform~

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

¢) with respect to the formation or the opening of cracks
(the 3rd limiting condition) - for structures, in whiech with
respect to use conditions the formation of cracks is not permitted
or their opening should be limited.

Furthermore, when necessary the stabllity of the structure
position should be tested by rating for tilting and slipping
(retaining walls, eccentrically loaded high fcundations, etc.,) or

for surfacing (sunken or subterranian reservoirs, pumping stations,
ete., ).

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 & limiting
condition cannot be expressed by forces in the cross section (some
types of coverings, wall beams etec.,), it can be carried out in the
same way as for an elastic body, 1n doing this:

41
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for concrete structures the stresses with the designed loads
should not exceed the correspording rated strengths of the concrete;

for reinforced~concrete structures the compressive stresses in
the concrete at design lcads should not exceed the rated strengths
of the concrete in compression, and all tensile .orces in the cross
section should be completely receilved by the r¢ .nforcement with
the stresses in it, not exceeding its rated strength.

Notes: 1. 1In the text of the present Codes (in the points
concerning the rating of reinforced-concrete elements) the concepts
"eompressed" or "tensile stressed" zone in ccncrete designate the

zone which 1is respectively compressed or tenslle 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 compresczion undergoing
a multiply repeated load, are not rated for durability.

3. Crane beams being rated f'or ctrength 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 irated for durability.

4,2. The rating of concrete structures, and also the rating
of reinforced-concrete structures with respect to the 1lst and 3rd
limiting conditions should be carried out for all these stages of
production, transportation, assembly and use, in which the danger
of the achievement by the structure of one of the indlcated
limiting conditions can arise: the rating of reinforced-concrete
structures with respect to the 2nd limiting condition is carried
o.i: 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 whilch can accumulate during the trans-
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 carrled out, if on
the basic of practical application or of experimental testing of a2
structure made in accordance with special instructions, it is
establiished, that its rigidity in the use stage 1s sufficient (see
4,14) and the magnitude of crack openings in it (in all stages
enumerated in 4.2) does not exceed the permissible (see 4.16).

4.3, The rating for crack formation is carried cut for pre-
stressed reinforced-concrete structures which with respect to the
regquirements for crack resistance Iimposed on them are subdivided
into three categorlies in accordance with Table 9. In this table
instructions are glven concerning the necessity of rating for crack
formation in the structures of each category of crack resistance.

4,4%, In prestressed reinforced-concrete structures intended
for use under conditions of the effect of rated temperatures of
minus %40°C and below, in their rating with respect to the use
stage tha appearance of tenslle stresses in the concrete of cross
sections, normal to the axls of the elements 1is not permitted:

~ belng rated for durability;
- the first category of crack resistance;
- the 2nd category of crack resistance taking into account

nalf of the horizontal forces caused by the wind load and by the
braking of moving transport equipment.

The rating for the appearance in these cross sections of tensile

stresses 1s carried out according to the instructions of Sgction 5
of the present Codes.

4,5, The rating of structures reinforced with prestreséed
elements, for crack formation 1s carried out separately:

i
(A b B8, e B P NS AR Theh i

&
E
3
]
E
g
#
=3
@

]

TR AR

"

1 g ity



TEREY

S e bt

T B ) TR o L o T S T T e

st R R R e S S R e O R e R
i

* W3/3N 02 uryj 85T 30U 90 PINOUS HOBAD B UITM 30BJ TRUOTIVIV-SS0JD Iyg uo

895529J98 9ATSSaadwod ayg Jo apnjtuldrw SYyg peroT £ApEeils oyl JO 399JF° ayg Y3ITM ased 3Tyl uyp ¢arqysstyurad sy
uww [°n URYa aJI0W 30U JO YADTM B Y3TM SHoeas Jo Bujuado wasg-gaoys uorzedyIrasnf terosds ysim (€°0a3 “satod
suty asmod DTI30ITI) Sproy pareadea ATjusnbagJuy paepurss JO 309339 wWIs3-3J0YS Iy JI9pun Taals Jupdaojursa
POJI POSSaIRS BU3 YITM 30UBJSESAII fow4Ad JjOo LI0353®0 puz ays Jo .9, Udz2adzsed up psqeosTpur $2an33nJas ayg Jod

*2
*ITT xtpuorddy Jo gf #1435l JO Sjusueagnbag
3Y3 Y3TM 30UBPJIOOIE UT JI338UWEBTP S3T Pue 1299c Jut.aoJutaa go adhy syy ‘unypsw ays Jo osausayssaadde ayy Jo
87a32p 2Yys uo Jurpuadap PIYSTIQRSISS ST 2TUBISTSSI HOBID JO AJ0333BD UL ‘erpsw 9ATSsda3Je dl < sn g2anloanays xo04 T 930N
paarnb3da jaoueasTsad Movad JO S8fa0B8s8qeO pPUZ puUBR 35T U3
40U ST UOFTITWIOTS H{OBID J0j S3aangondas Jo Juiieax ayg 03 Surtutesuaad asoys 3daoxo ‘saanstnays TTY £x0333ed pag
(S3p0) 3ussadd 34] JO ZT°G 99S) S$53JI3T JO TBAOUWAL oU] :u«z.

SHOT309S TEenpTATPUT Jo uoTjdaoxs sY3 Y3is ‘LfIorepunir SoSRO
TT® Uy ST {sapo) 3uasaad ayz Jo g2°*/ @28s) suoT Jufaoyoue
a2 JO UaABUIT SYJ JIBA0 JUBWSTS JO SUSTIATIS -DUD 3U2

J0J UOTJBRWIOJ HOeID J0J JuFjea SIOYOUE ANCYITM SPURUES JIG
$aTPUNG AalM JO 4UIUIDIOJUTSI PISSIIAS Y3aTM S3INn354naas ul

*QUNOIOE OJUT USKBZ 3Y PTNOYS <€2890)H

ausssad ayg Jo 2i'g pur §°g Jo sauswaainbaa ayjz puw
QUSWITI 9Y3 JO BdJIe TE 107309S~-SSOJID JJATIUS ¥T'0 u=Yyj
$$3T 30U 33N1TISUO0D PINOYS uojasond up suoz aysg ug
AUBWIDICIULAL 3Yq JO BAJER TEUOTIDIS—-8S0ID &3 3sed

7 STY3 Ul foaTM 3UTOIOJULIJL pJARPUBIS JO DUB HJIoM
-3un2al paplam Y3aim pue ‘1399s psTlOaI-30Y WOJJ dpeu
5T SAUOZ 983YZ UT JUBWSIDJIOJUTSI T2WUEpnIT3ucy aya
ST ‘uoysuaq -~ Bujysnad Lavupwlraad Jo 303JJ9 sYy3
Jsgun pue ‘asn Juranp uorssaadwos edusTgadxd yorym

pvoT 3urivuls3y® uUrR J3apun ajraado
£3In10NJ3S JO SAUOZT UT ‘SUOT4O5S JUBWATd T[BUIOU UT (q

prne gquawWaTa ayy 01 pasodxs sJv (9

faaTM BUToJIOJUTII paepuess J0 ‘,wo/3% 00C0T ueyl daou Jo
JOo a0 aamoT pue III~Y SISSBIO JC YIS pPaTrox Y33uaI38 PIEPURAS ' SBY YOLUM . Juaw
-0y JO r3juamadJIOJUTIL X%0Bq 3U3Q PUBR ISIIASUBIY «~32JI0JUTAI PISSIIFS UJITM paudrssp sae (q
Y3TM 9pBW SIUIWUST3 3UIq JO SUOTIVIS PIUTTOUT uUT (B .

a0 ‘(,®, *T°h 33S)
:83820 £37TTqeanp Jo03 3urjiea 09 3d3fqns
BUTMOTTOJ SY3 UT 3INO pATIARD 3q 30U UBD UOTITUWICT HdOBAV J0I aae pue peoy pajradas Ardyjrnu
BuTgdea S3UOZ TENRTATPUT JTay3 J0J uaygd ‘Layriqeanp Jo7 ® JO 303J)8 dYys JI3pun pajzedor sae (8
Surqex 01 Haxdafqns 30U 3JaB pur wnipsaw dAFSsSoL33e uw Jo
303JJ9 ay3 03 303afqns 30U IR S3JANYONJIAS AS3Y]G JT JII3AMOY

YoTum 3nq “‘pasodut jou aawv A37iyqeagzsuadwy
fpaagnbag T UOTIRWIOJ HOBJID JOJ Soanaydonais Jo Jurjzex auyg,

JI238M J0J S3uswaairbad yojyM uc gaanzonxac

Ax0893%0 pup

(€039 *sSJaToAdsssSa ‘[$)d03uudd ] sodpd aanssaad
Larseaoau atduexa ao3) pasoduy vaew K171iqesiauadury
cLeMTR SF UOTITWIOJ MPBId JO0J SdIN3dNI3IsS Jo 3ufgea 3yl ~JI3 }8M J0J S3ulwWaITNEaa YaTym 10 SIINIONIZS

Ax0833e0 3sT

Juiyoeao

: daYyq U0 pasGeduy IJUEB]ITSIL HIEXD
07 39ad435X HY3TM SHangangas Juigea Jo LA3Sea0au oyl

~aoaInhod 943 03 3Jo9ds0T (M SHUINIDNIIS Jo $3TI0R8INVI UL

J0J S3usd

*YUTHORID J0F WAl AUTIRI JO AITSSOOSU ay3 SUTUISIUOCD SUILIVNJISUL pue =ayj
AJURPSTCAT HARUD JO marnuarTnbag At 03 Anmbag U4TM 2AINIINILE ATATIINI=PIDINI T T el PACRSIGY 10 n 1302000 oY

P L

i i ity b atitl

UO PIEVUL,
‘b DTITY




T o g S P e

ARl ol UL g et L A o e b e R R L R

BN L R e XS R e o

a) for additionzlly laid concrete surrounding the prestressed
elements;

b) for the concrete of the prestressed elements.

Such structures in rating for crack formation in tne pre-
stressed eiements and in the concrete surrounding the elements, can
pertain to various categories of crack resistance. ’

4.6. For elements of reinfcrced-concrete structures, not
subjected to prestressing, and also for prestressed elements of the
3rd caregory of crack resistance the determining of the foreces
whizh cause the appearance of cracks, is carried out by computing
the deformstions, in the rating of the crack openings, or in tho
case, provided in 12.13.° In these cases the instructions of
6.2~8.13 are used.

4.,7. The rating of crack openings should be carried out:

a) for reinforced-concrete elements, not subjected to
pres<ressing;

h) for prestressed elements of the 3rd category of crack
resistance:

¢) for cross sections and zones of prestressed elements of
the 2nd category ci crack resistance, for which rating of crack
formation is not carried cut (see Table 9).

It 1s permissible to not carry out testing of the width of
crack openings, normal to the longitudinal 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 tulk goods or fluilds and not subject to rating fer durabllity,
in which as the longitudinal reinforcemert 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.

E Note. It is parmissible not to carry out rating for crack |
i openings in the case, specified in the note to 4.2 of the present

H Codes. ’ )

h,8%. The order of considering the loads and effects in
rating concrete and reinforced-concrete struetures for various
limiting conditions both In the use stage and in the stages of
manufac ture, storage, transportation and assembly, 1s given in
Table 10. The magnitudes of the standard and rated loads are
taken in accordance with Charters SNiP I1-4.10-62 and II-A.11-62.

Wt W

In checking for the presence of tensile :stresses in concrete
In cross sections, normal to the longitudinal axis of an eclement

(see 4.4), rating is carried out:

for design loads - for structures of the 1lst category of crack

resistance;
for stand_rd loads - in the remaining cases.

4,9, The magnitude c¢f the impact factor for loads from crane
should be taken in accordance with the instructions of Chapter
SNiP II-A.11-62.

Y e O 0 e okt s B S G A ARG R AR VG s s R T

The effect of dynamle loading on tue structural elements can
be considecred in accordance with the reconmendations of the existing
standard documents on planning and rating the carrying structures
of bulldings for machines with dynamic loading.

[ —
e

In rating precast structures for the effect of forces arising

Y

SERAAE YRR o ik e

during lifting, transportation and assembly, the dead load of the

FS
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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 1is not introduced.

Note. The ratio of tvue impact factor to the dead load of
. precast structures in rating them for the effects of the forces
arising during 1lifting, transpoiting 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 alsc for crack

; formation and opening should be carried out for the following two
stages of structure use:

a) before the acquisition of the as:tigned sirength by
£ additionally 1laid conerete - for the elTa2vt .f transport and
% assembling loads, of freshly lald conecrete and other lcads arlsing
% during erection, and
4

b) after the acquisition by additionally laid concrete of the
assigned strength, i.e., in the case of its joint use with precast

ik

elements under conditions of structure use (in accordance with the
directions of the appropriate instructions).

4,11. The rating of centrally and eccentrically compressed
concrete and reinforced~conerete elements for strength taking
longitudinal flexure into accocunt, and also the rating of reinforced-
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

LRl S Tt Sl e R s L e e R B

load is done in accordance with the instructions of Chapters
SNiP II-A.10-62 and II-A.11-62,

g




4.12. In determining the deformations of a floor or spanning
structures the weight of the partitions situated on it 1is taken
into account in the followlng 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.,) 1s assumed concentrated at the ends of a
partition, and when apertures exist -~ also near the edges of the
apertures; i

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 hetween 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 1s 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 partitlions arranged along
slab spans 1s assumed:

if a partition 1s situated within the 1limits of one slab, then
50% of the welght of the partition is imparted to this slab, and
25% of 1ts weight is imparted to each of the two adjacent slubs;

if a partition rests on two adjlacent slabs, then the welght
of the partition is distributed equally between them;

b) in rating for deformations the local concentrated loads
situated within the 1limits of the middle third of a slab span,
are distributed along its width, which does not exceed the length

50
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of this span; in rating for strength such a distribution of
cencentrated loads can be allowed only under the condition that
the adjacent slabs are joined along the length by keys checked t ¥
calculation (3ee 7.66).

Note. ‘'re extension of the recommendations ¢f the present
pcint to ribbed panels is permitted only with appropriate justific-
ation when these are transverse rivs of sufficient rigidity.

4,14%, The sagging of reinforced-concrete esements uander
standard loads, determined by taking into account (when necessary)
the long~-term effect of the whole dead load and part of the llve
lcad, should not exceed the values indicated in Tabie 11. For
2a50s, not specified in Table 11, or when with respect to the uJc-
conditions ¢f buildings or structures (for example in connecticn
with technological specificatior ' the deflections indicated in this
tatle cannot be permitted, the maximum deflection values should
e established by the appropriate standard documents for the
designing of the given type of structures or by the design
specifications.

In building reintorced-concrete structures with camber the
values of the maximum deflections can be increased by the
magnitude of the camber; for prestressed elements the correction
tor the flexure due to concrete crushing can alsc he taken irto
account, with the exceptl . of the cases indicated in Table 10,

If in underlying premises with a smooth ceiling there are
situated across element span ! permanent partitilons (which are not
supports) with a distance between them of 21, then the deflection

of the element within the limits of distance Zl (reckoned for the
line connecting the upper points of the partitions axes), can be
permitted up to 1/200 Zl,
deflection of the entire element should not be more than 1/1506 I.

however in this case the maximum

51
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Table 11*, The maximum deflections of reinforced-concrete elements.

Designation of the elements Maximum deflections

in fractions of the
element span 1

1. Crane beams with cranes:

a) manual.................‘........... 1/500

b) electricalto000-00.&.0.00-0!0.0..0- 1/600

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

T R T T

L, s e e BT i A PR D L

@) L € T Mivirtrnesoansosssscsonerasones 1/200 3
: B) 2 3> 7 Muvurnrernenensoosannerasoens 1/300
= 3. Spanning elements with ribbed cellings %
e and staircase elements in span: %
8) 1 € 5 Muvuievronnnssonnatosenanennas 1/200 f;
D) 5M <2 <7 Micoeeronnasasnnssnnsns 1/300 3
: I A T 1/400
1 ; 4, Suspendable wall panels in rating them b
b: ! from the span plane: §
8) 1 € 6 Muverennnos eovnonvnenseonans 1/200 §
§ D) 1 > 6 Mevenrerenoneenenenensenenenes 1/250 3
H 9
§ % The maximum deflections for cantilevers in fractions of theilr %
% E span 7 are assumed to be two times greater than the corresponding %
Z % values indicated in Table 11. %
éé 4.15. VFor spanning structures, stairways and platforms and .

also similar elements unjoined with the adjacent elements cf
E reinforced-concrete slabs, besides the rating of static deflections,

% testing for fluctuation should also be carried out. 1In doing this
3 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
e full standard load, should not be more than 0.7 mm.

7?_ 4,16*, The width of crack openings (normal and inclined to

; the axis of the element) in reinforced-concrete structures should be
E not more than:

4 52
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a) for elements which are under the pressure of a fluid and

=
=
=
i

which operate in central or eccentric tension, 1f the whole cross
section of the element is tensile stressed (in the absence of
special shielding measures) - 0.1 mm;

Al

: : b) for elements which are under the pressure of a fluid and

E : which operate in flexure and eccentric compression, and also in
eccentric tension, if part of the cross-:-section of the element is
compressed, and for elements which are under the pressure of free-
k- B flowing bulk materlals, and also for all elements reinforced with
’ tteel of classes A-V, At-IV and At-V, -~ 0.2 mm;

1 bt o St Wt

B it oMbt

¢) in the remaining cases - 0.3 mm.

q : Notes: 1. In rating an element for loads acting in the
3 : transportation and assembly stages, the maximum width of cracks
2 = openings can be 30% more than that indicated in the present point.

=
=

4 g 2. The maximum width of crack openings in reinforced-concrete
- : elements with special shielding measures, and also under the :
b g conditions of an aggressive medium should be established in

ST o 0

zecordance with the appropriate standard documents (see Appendix

. III, Table 36).
i i 4,17%. The distance between expansion-contraction joints in %
concrete and reinforced-concrete structures of buildings and é

other structures should be established by calculation (see 4.23-4,25
of the present Codes) with consideration when necessary of crack
formation and the appearance of rheological properties of concrete.

If the distances between expansion-contraction joints do not
exceed the magnitudes given 1n Table 12, and the rated negative
< temperature is higher than minus 40°C, then for structures made
without prestressing, and also for prestressed structures of the
3rd category of crack resistance 1t 1s not permissible to carry out
calculations for expansion and contraction.

B
£
=
%
3
3
3
=
=
%;
4
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Table 12,

PR i b "“.szm

The greatest distances between expansion-contraction

Joints in concrete and reinforced-concrete structures permitted
without caiculation at a rated temperature of more than minus 40°C.

Structure designations

The greatest distances between
expansion-contraction joints in
m, permitted without calculetion

inside heated in open czonstruc-~
buildings or injtions and in un-
soil heated bulldings

c)

l. Concrete structures

a) precast..ceeseesecsons ko 30
b) monolithic with

structural reinforce-
ment .. eeeeersessonenss 30 20
nonolithic without

structural reinforce-
MENL . ceeoesssossssvens 20 10

a)

d)

e)

A
3
3
5

oy

P R

)

Susabbe

Note.

Ly pop 1
e
i W

3
n
i
E

#

o

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

precast skeleton-
frame structures,
including mixed
metallic or wooden

COveringSo.'.oc-oo..OO 60 uo
b) solld precast..ciecess 50 30
¢) monolithic and pre-

cast-monolithic
skelton~frame of

heavy-aggregate

concrete..-vevocnnsvoe 50 30
the same, of light-

aggregate concrete.... 4o 25

solld monolithic and
precast-monolithic of
heavy-aggregate

CONCreteiceesssorsnans 4o 25
the same, of light-
aggregate concrete.... 30 20

For reinforced-concrete structures of single-storey
industrial and agricultural buildings i1t 1s per-
missible without calculation to increase the distance
between expansion-contraction jolr%s by 10% above the
values indicated in Table 12,
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For prestressed structures of the 1lst and 2nd categoiles of
crack resistance (see Table 9), and also for all struatures employed
at rated temperatures of minus 40°C and bclow, the distances
between the expanslon-contractlion 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 bullding period) with temporary Joints with subsequent
menolithization (closing) at the ambient {emperature, 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 14
Chapter 1 of SNiP II-A.6-62 "Construction climatology and geophysics.
The baslc aspects.”

4,18, The volumetric weight of concretce in the rating of
structures is taken in accordance with the instruction of Chapter
SNiPF I-V.3-62. The volumetric weight of reinforced cuncrete with
a reinforcement content of 3% should be defined as the sum of
the weights of the concrete and the reinforcement per unit volume
¢f reinferced-conerete structure.

DETERMINING FORCES IN THE ELEMENTS
OF STATICALLY UNDEFINED STRUCTURES

4,19%, The forces acting in the elements statically undefined
reinforced-concrete structures; 7t is recommended that they be
determined by taking the inelastic deformatir: into account in
accordance with the appropriate instructions for ratiig statically
undefined constructions by taking the redistribution of forces

into account.

To obtair a2 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 iIn 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 soll pressure on slab foundatlons), 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 documentst

4,21. 1In determining the forces in the elements of statically
undefined structures for rating them both for bearing capacity and £
for deformations it 1s recommended that the three-dimensional F
operation of the structures be considered. z

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:

60 AP L0 AR sl SN I 20 D, 02 00, 90 AL 1A S

A0

AN 0

l
when -%-< 1.5 - to 20%;

when 1.5 < —% < 2 - to 10%,

.

k) ¥4
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where 7 - the rated span of a slab in the direction, perpendicular
to the edge of the spanning structure;

ZH -~ the rated span of a slab in the direction, parallel to
the edge of the spanning structure (Fig. 1).

Fig. 1. Designations of
rated spans of slabs of
monolithic ribbed spanning
structures.
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4.,23. Temperature-moisture effects on concrete and reinforced-
concrete structures should be considered in establishing the dis-
tances between expansion-contraction Joints (4.17), and also in
speclal cases of rating structures subjected to considerable
temperature or moisture variations, for example:

a) with arn 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;

¢) with stable low environment humidity.
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It 1s permissible not to consider the shrinkage of concrete
in elements of precast reinforced-conerete structures, or in
structures, protected from an early age from desiccation by soll
or by palnt and varnish coats.

4.24, The determining of forces due to temperature or humidity
effects 1n the elements of concrete structures, and also in the
elements of reinforced-concrete structures, in which in accordance
wilth 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 thelr 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 taklng lnelastic deformations
into account by the method of successive approzimations, taking
into account the duration of the effect in questior; crane loads
in Adetermining the deformations of an element in these cases are

not considered.

4,25, 1In determining the forces arising in the elements of
statlically undefined concrete and reinforced-concrete structures
due to temperature or moisture effects, 1t 1s necessary 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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sections of the elements or with respect to the mear rated moisture
and the rated moisture differeitial on the thickness of the cross
sections of the elements. The data necessary for this with recgent
£o the temperature or moisture distribution on the cross sections
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of structural elements are determlined by construction physics
. methods, and the physical characteristics of heavy-aggregare
congrete can be assumed to be the following:

the ccefficient of linear expansion during heating from 0 to
160° -

a=1-10"° degree"l;

the cocfficlent of linear shrinkage -

g = 3.1072 M/mm

the coefficien* of linear swelllng -
- -3 mm/mm
= <10 ol Minaded

n=o 2/¢g

e

The coefficient of thermal conductivity of conerete and
reinforced concrete, and also the specific heat and the coefficient

a4

of heat transfer are taken from the existing Codes on structural
neat englneering.

when experimental data for concrete manufactured from the
same materials, of tre same composition and by the same methods
are available, as the conerete being used in the construction, it
is permissible to take the values of 1ts physical characteristics
from the experimental data.

The mean rated temperature (or moisture) of an element,
whose varlations cause axlal deformations in it, 1s assumed equal
to the area of the actual diagram of the temperature distribution
{or effective molisture) with respect to the thickness of the
transverse cross section of the element Jivided by the thicknes.
of the element in the direction in question.

For determining the rated temperature (or humidity) differentizl
in the direcvion in quéstion, whose variations cause bending of the
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element axis, the actual diagram of the tewperature (or effective
moisture) distribution with respect Lo the thickness of the
transverse cross section of the element is replaced by a
conditional trapezoidal diagram equivalent to it (with respect to
area and the static moment of the area) with boundary ordinates tl
and t, (ul and-uz) (Fig. 2), after which the rated temperature
differentlal is assumed equal to (see Fig. 2, a)

tga, =274, (1)

and the rated moisture differential is assumed equal to (see Fig.
2, b)

ga, =t (2)

Note: 1. The coefficients of linear shrinkage and 1linear
swelling are relative deformations of concrete (in mm/mm),'caused
by the variation per unit of 1its relative weight moisture (in s/g)
respectively during uniform desiccation and moistening

2. The effective molsture of concrete is that part of its
total moisture which represents the adsorptively bound water of gei,
the removal of which from concrete is accompanied by its shrinkage.

3. Using the 1nstructibns of,9.25 the necessary physical
character;stics'for light-aggregate concrete should be establisncd
by individual standard documents and -be taken from the experimental

~data.

 4.26. In considering the variation in the mean rated drop in
moisture withgrespect to the thickness of an element cross section
onlj‘those factors are taken into consideration which are connected
with the variations in the effective moisture of concrete.

" The diagram of the effective molsture distribution with
respect to the cross secticn of an element is found in the actual

':50



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

EACDEGK): 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 wﬁich lie above the critical moisture of
conerete qu (see Fig, 2, h), determined for heavy-aggregate
concrete by using the following formula

“up=W+“:pK. (3)

where W -~ the rated equilihrium moisture of concrete in a
structure, which corresponds to a relative atmospheric humidity of
75%, equal to: 0,0125 g/g - for non-massive struectures and to
0.00625 g/g - for massive structures;

qu -~ the rated excess (above equilibrium moisture) critical
moisture of concrete, is equal to: 0.0l 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 ' 1
job-grade of the concrete. :

Table 13. Values of coefficient K.

q Job-grade

- of the 100 150 200 300 boo 500 600
? concrete

K 1.6 1.5 | 1.4 1.3 | 1.2 1.1 1
3 For structures of mean massiveness (see Note 2) values W

and udb are determined by interpolation depending on the modulus
of the element surface.

0 B AL Bl s Bt Y A e e |

Note. 1. The critical moilsture of concrete 1s the maximum
value of 1its effective moisture.

2. Depending on the modulus of a structural element surface
5 m in m"l (the ratio of an element surface, open to desicecation in
: m2 to its volume in m3) concrete and reinforced-concrete structures

are subdivided into:

Nl 0 Dl Ll e
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3

massive - when m < 2;

T4 g

average massiveness - when 24 m< 15;
non-massive - when m > 15,

5. DETERMINING THE STRESSES IN
PRESTRESSED ELEMENTS

3
b
2
5
ES
3
Ed
3
3

5.1%, The stresses in concrete and reinforcement of pre-
stressed relnforced-concrete elements must be determined by
calculating:

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




e b

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 muitiply repeated load;

d) the formation of cracks in cross sections, irclined toward
the axis of the element;

¢) deformations in elements of the 3rd category of crack
resistance;

f) the beginning of joint openings in butt-jolined cross
sections of sectlional and modular structures;

g) cross sections, normaﬁ to the axis of the element, for the
appearance of tensile stresses in concrete (see 4.4).

5.2. Stresses 1n cross sections, normal to the axis of an
element, are determined from their given area, by introduclng into
the calculatlon 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 longltudinal
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 conerete 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 1in concrete 04 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 tnis the resultant of
the forces in the entire stressed and unstressed upper and lower
reinforcement . NO (Fig. 3) i1s examined as the external force
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Fig. 3. Diugram 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

No = 0oFy + 0oF s — 0,Fs — 0,Fs.

%)
The eccentricity of force N0 relative to the center of
gravity of the given cross section is found in the formula
OoF uYu + °;p ;y; - °(;~p:”; —0,F,y, (5)
- 0. = N. 1]

where FH and Fa - are tlie cross-sectional areas of the
stressed and unstressed longitudinal reinforcement respectively;
in the elements being bent, eccentrically compressed and eccentri-~
cally tensile stressed - or reinforcement AH and A, s.tuated in
the more compressed zone of the concrete; 1n centrally compressed
and centrally tensile stressed, and also 1n all eleuents of

annular cross-section (with the reinforcement situated around the
circumference - all;

F& and Fé - are the c¢ross-sectional areas of the
stressed and unstressed longltudinal reinforcement A; and A°

ROy v & OB T
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respeclitvely, sltuated in a lesser compressed zone of the concrete
of the elements belng flexured, eccentrically compressed and
eccentrically tensile stressed;

% and 05 - are respectively the stress in stressed
. reinforcement AH and A; before compression of the concrete (with
tensioning of the reinforcement on chocks) or at the moment of
4 the reduction in the magnitude of concrete prestressing down to
zero with the effect on the element of external actual or hypo-
é : thetical forces; % and 06 are assumed in considering the tension
' : quality factor of m, (see 5.3) and in considering the losses of
H ] stresses determined for the stage of element use in question (see

i
RS b L Rk b A

5.4),

TGP T

a
reinforcement A and A', caused by shrinkage and creep of the

concrete, at the moment of the reduction of the stresses in the
coricrete down to zero by the effect on the element of external
«ctual or hypothetical forces;

g_ and aé_- are stresses respectively in unstressed

£ A b

¥, y;; Vg and yé - are the distances from the axis, normal
te the bending plane and passing through the center of gravity of
the glven cross section respectively up to the points cf the
application of the resultant forces 1n the stressed and unstressed
reinforcement (Fig. 3).

0 W D P D T AL S T B M T e

Note. With curvilinear positioning of the stressed reinforce-
ment values 9 and 06 in formulas (4) and (5) are multiplied
respectively by cos a and cos a', where o and o' are the angles of
inclination of the stressed reinforcement: to the longitudinal axis
or' the element (for the cross sectlon in question).

" L T e e

FARE AT

. 5.3. The prestressing gquality coefficlent of reinforcement
m_ is assumed to be:

2) for all longitudinal reinforcement :
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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
compressed zone of &« cross section (with the exception of the
pases of rating by the approximation formulas given in 8.3-8.5)

-mT = 1.1;

b) in rating for strength in the use stage - for reinforce-
ment A;, and in the concrete compressicn stage - for all
longitudinal reinforcement stressed in concrete, m. = 1.1;

¢) in the remaining cases m_ = 1.
Note. In prestressing reinforcement by tle electrothermal

method the tension quality factor is taken from special standard
documents.

5.4, In rating prestressed structures and in designating
the controlled stressing for them 1t 1s 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 deformatlon 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.

1and 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
oceur ar¢ coilsidered:

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 comrressing - due to the shrinkage and creep
of the concretc, the relaxation of the stresses in the steel, the
warping of the concrete Juring turning of the reinforcement and
due to the effect of a multiply repeated load.

The valies of the losses in reinforcement prestressing are
determined 1n 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
than 1000 kg/em?.

5.5. With the use 1in an element of several reinforcement
bundles or rods not simultaneously stressed in the concrete, it
is necessary to consider the variatior. (reduection or increase) 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 9 and 06
neglecting the losses, taken into account in the calculations
(see 5.2), as a rule, should be: for wire reinforcement - not
more than O.7R:, but not less than O.MR;; for rod reinforcement -

not more than 0.9R;, but not less than O.UR;.

The magnitude of the greatest stress in reinforcement % and
66 can be raised for wire reinforcement up to 0.8R; and for rod
reinforcement - up to Rg in the following cases:
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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;

¢) during the temporary redrawing of reinforcement for the
purpose of increasing its limit of proportiondality or decreasing
the losses due to iitress 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 agalnst the channel walls
and” concrete surface, and also due to the temperature differential
between the stressed reinforcement and the devices receiving the
forces of 1ts stressing.

Note. The magnitude of the greatest stressing of rod
reinforcement % wlth 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
00+p5_R:.

5.7. In stressing reinforcement by the thermal method the
maximum temperature of its heating, as a rule, should not exceed
350°C for rod reinforcement, and for wire reinforcement 300°C;
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 1ts stressing on chocks, is taken in accordance with the
instruection of 5.6.

The magnitude of stressing 1n stressed reinforcement AH and
A;, checked during stressing of reinforcement 1in hardened concrete
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are determined for the cross section, designated by % and co,
using formulas

o.u-ag—-ncc—oo’-n(r +é'§:'!'!); (6)

- ¢
s Q ¢ . . ”f.y
v 0.::00—”00:00—""(%_-3—“—!)’

(7)

P

4

E
. a
where n = g=.
P
In formulas (6} and (7) 9 and 06 are assumed before the

appearance of losses; NO is determlined after the appearance of
losses which occur before the termination of concrete compression.

5.9%, The magnitudes of stresses established in concrete s
after the appearance of losses used in computing the maln stresses
in conerete, in testing the durabllity of an element and in
calculating the losses in prestressing due to the effect of a
multiply repeated load, are determined by the formula

L. O (8)
where values No and 8, are determined respectively using formulas

(4) and (5); y - 1is the distance from the center of gravity of the
given cross section to the filament, in which stress 1s determined.

o 1 s b L GO L : A" a
18 B 1”’{‘@""’"’1«@' b, AT 90 2 e o R LB i s Mt )

The magnitudes of the stresses established in reinforcement:
o, after the appearance of losses in testing the durability of an
element are determined formula (6).

Lt 1 g, 1 4l

5.10. In determining stresses and rating cross sections of
prestressed structures for cracking it 1s necessary to consider
the stresses 1n stressed and unstressed reinforcement .

In thls case the stress values in stressed relnforcement
% and 06 are taken:

TR A e L s | S e




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 1n unstressed
reinforcement 0o and oé are taken to be numerically equal to:

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, stresses

o, and oé are taken to be equal to zero.

2. With the positioning of resultant forces in stressed
reinforcement NO (see 5.2) it 1is permissible tc assume oé = 0 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 shrinkage and
creep with respect to 1 and 2 of Tabl~ 14 is determined fcr rating
structures in the use stage.

For the intermediate working stages of a structure, for example,
when they are subjected tc production control tests, the value of
the losses due to concrete shrinkage and creep, determined from

1 and 2 of Table 14, is multiplied by coefficient B = Tﬁ%%ffT

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 1s ended, and in determining the losses due to conarete
creep - from the day of its precompressing,

If it is known in advance, that a prastressed structure wiil
be subjJected to the effect of dead load and ' xternal loads more
than a 100 days after the compression of the conerete, then the
value of the lcosses in the use stage 1s determined with value 8,
which corresponds to the actual pericd of structure loading.

5.13. In determining the losses due to concrcte shrinkage and
creep the following instructions should te taken into account:

a) in structures which zre subjected to steam «<.ring or to warm-
ing so as to accelerate concrete hardening, the losses due to
concrete shrinkage and creep should in all cases be taken to be
the same as fcor structures with stressing of the reinforcement

in chocks;

b) for penstocks, reservoirs, plles and other structures
which are under increased moisture conditiins, the values cf the
losses due to conerete shrinkage and creep indicated in 1 and 2

of Table 14 can be reduced by 50%;

e¢) fer structures intended for use in a hot i+ climate (for
example in the regions of Central Asla), the lcsses due to
concrete shrinkage and creep should te increased by 20-30%;

d) in prestressed transverse reinforcement the losses of
stresses due to concretr .reep are not consldered;

e) if when designing a ¢ ructure the type of cement and the
composition of the concrete waich will used, and alsc ths
preduction and use ars known of Lhe structure and the type, the
value and the time perlod of the load effects conditions, then
it 1s recommended that the loasus due to concrete shrainkage and
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creep be determined by mcre precice methods and be checked by
experiments.

5.14, In derermining the locoes of prestresssing in structu-.s
consisting of modules, the compresslive strain in each joint between
the modules is taken to be:

a) for joints fillec with concrete or mortar, - 1 mm;

b) In the joinin, of the moaules in the dry state, whose
faces during manufacture were adjacen’ and were separated by
packing of constant thickness, -~ .5 mm; deviations from the

indicated reguirements are permitte’ when 2nstiflied by exper ments.
4 J :

5.15. The value of the prestrasa

-1

csses of reinforcement

Oq.« = W 'a with fricticw .7 smooth sne deformed bundles, strands
. A a

or rods against the channel walls in rectilinear and curvili:ecar
sections can be determined vy taling Lhe coefficiant of friction
of the reinforcement agalnst the cnannel walls, the vaiue of the
arc angle of contact of the reinforc..aumn

-

in curvillnear sections
and others data (Fig. 4) irto accouni, using formula

f i
Op. 3 == O {l ~'--";<;;;.‘5'), (9)
where NK - ti.e force aevelored ny "ne Jack or the stressing device

is taken to be egual wo Nu = N &

Na ~ the force in the reinfcreenent  taking the losses due

to friction intc azcount:

o, - the controlled prestressing of th: reinforcement in

the absence of losses; it i possibie fto sassume value o, = 00;

T g e e e e D

R R P T

R

s S s

P U RO

L8 R B B P Lot b %

0l
o



R N T TN PR TR Tt

bt g

Kby

LR 0 100t A Y i

W

v

T P SRR

X - the length of a channel sectlon 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 lonizituvdinal axis of an
element;

k - the coefficlent 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;

s
E:

e
b
K
E:
£
g
i

M - the coefficlent of frictlon of the reinforcement

against the channel walls defined by Table 15; 4
6 - the central angle (in radians) of the arc formed by the

reinforcement 1in a curvilinear channel section (see Fig. 14).

Sc¢ressing
\\\\device
% .
" &' '
3 1.
oS L anchor

[ = J

"..—.f.—-—--—-——"‘_..—
|

*

L {

Fig. 4. Diagram of the variation
in forces in stressed reinforce-
ment of curvilinear shape for
determining its losses of pre-
stress with frlection against the

B A S T o T L e eSS R Ol i o 00 03 s

channel wall or the ccncrete surface E
of the structure. 7
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5.16. With the use of repeated stressing of reinforcement
in conerete, carried out during manufacture and aging of the
structure for the purpose of compensating for losses of pre-
stressing, 1t 1s permissible to reduce the latter by value Ao,
where Ac - the losses of stress in the reinforcement occurrirg
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 1n the abseﬁce of repeated stressing.

; &

5.17. With use irf a stressed element of several reinforcement
oundles’ or rods nonsimultaneously stressed in concrete, the value
of the varlation (reductlons or increases) in the stress in the
reinforcement stressed earlier, due to elastic compression of
the concrete by the fgrces %n the reinforcement: stressed later,
can be assumed equal to.nAod, where n - the ratio of the elastic
modulus of thq reinforcement : to the elastlic modulus of the
concerete; Aad - the mean stress in the concerete (in the section of
.the length of the reinforcement - group in guestlon etressed
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 ¢€he reinforcement 1s taken after deducting the losses
occurring during compression of the conecrete.

Value Ac6 is determined for each group of reinforcement
stressed after that group of reinforcement, for which the loss
of stresses 1s determined; the reinforcement of the group stressed
earlier, should be stressed more vigorously by the value of the
variation in svress found by this method.

For determining the variation in prestress it is recommended
that the whole reinforcement ' be subdlvided into 2-3 groups.

Note. Other, more precise methods of taking the varlation

in stresses in reinfercement 1nto account with i1ts nonsimultaneous
stressing are permitted.
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5.18%, Compressive stresses of concrete Oy depending on the
stressed ntate of the cross section and tiie method of stressing
the reinforcement should not exceed the values (in fractions of

the cubiz strength of the concrete during its compression RO)
indicated in Table 1l5a.

g

Note. ‘The values of ﬁg given in the lsst two columns of
0
Table 152 pertain to concrete in the water-saturated state; with

its moisture, corresponding to natural air-dry conditions 1t 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 concrefe structures
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 ranels of bearing walls - 2 cm;

b) for panels of self-bearing walls, and alsoc for iLuc
individual layers of three-layered panels of bearing walls - 1 cm.

The indicated random eccentriity is totaled with the
assigned eccentricity of longitudinal force.

Note., When it can be guaranteed, that when installing the
panels the displavsment o. the axes with respect to the storeys is

not more than 1 cm, i* 1s permissible in rating the panels of
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bearing walls to consider the random eccentricity, equal to
1 cnm.

6.2. The rated lengths Zo for columns and concrete walls are
taken from Table 16.

Table 16. Rated lengths ZO of concrete elements (columns, walls).

The nature of the support of the columns and walls| Rated length

Lo

1. PFor 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 StructuresS..ccicvesicscessssnscees H ;

b) for elastically displaced supportsS.... 1.25H~1.5H
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, ete., when

B:H i 2'0.0000.tloo.toooo0!0.0000!0.0.0'0v'ool..o. 009H

haey w8 4EHL o

: 4}, For walls supported on three sides by
| undisplaced supports when B:H € 1.5.ic000ttnvncass 0.9H

Wl w s, 1AL

where H ~ the helight of the column or wall within the limits cf

» the storey, after deducting the thickness of the spanning structure
E 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,

T LN T AW

2
»
# LB L v L

(s T

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 trfasverse 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

Ng '.; ("RuyF- (10)

where Nn - the given longitudinal force determined by the

formula
N
n"‘-""”“';“;‘"“Nx; (11)
¢ - the coefficient of longitudinal flexure taken from
Table 17;
N - a rated longitudinal force from a long-term acting

an
part of the load;

mAn - the coefficlent which considers the effect of
prolonged actlon on the bearing capacity of a flexlble element
taken from Table 17.

FLEXURAL ELEMENTS

6.4, The rating of flexural concrete elements 1is carried out
on the basis of the following aspects (Fig. 5):

Fig. 5. Dilagram of the
distribution of forces and a
dlagram of the stresses in the
transverse cross section of a
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
tenslle stressed zone 1t intercepts a segment on the stressed
extreme fiber, equal to 2Rp;

¢) the diagram of the normal stresses in the stressed zone
is rectangular with a stress value, equal to Rp.

With an arbitrary form of an element cross section then 1t is
recommended that the calculation be carried out using formula
M < RW,, (12

where wT - the moment of resistance for the stressed face of a
cross section, determined by taking the inelastic properties of
the concrete into account (in accordance with Fig. 5), is equal to

W,:.?._'..i.sm (13)
where Jc - the moment of inertia of the compressed part of the

cross section relative to the zero lineg

Sp - the statlic moment of the stressed part of the cross
section relative to the zero line.

The posltion of the cross-~sectlon zero line 1s determined from

condition

(]

S,==0F, (14)

where Sc ~ the static moment of the compressed part of the cross
section relative to zero line;

Fp - the area of the stressed part of the cross section.

81
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Table 17*., Values of coefficients ¢ and mAn for concrete elements.,
Values of ¢ : Values of
m
1 ) an
1 0 0
: - — i - |
2 B - Lo For light-aggregate ;‘m s
> 0 {concrete SP o) S
359 So5| Sus
S8 With values of a el A 0
- ~ O Q
s was | 1500 1000| 750 500 WO WS
SR owo| owWo
O o] o
<4 | <4 1 ] 1 1 0,98 | 1
6 ' 21 0,93 0,98 0,96 0.9 0.91 [ {
8! a8 0,05 095 | oue 0.0 0.85 ! !
10 35 0,92 0,92 0.88 0.21 0,74 0,96 0.7
12 42 0.8 0,58 0.84 0,7 0,72 0,92 0
H 49 0,85 0.85 0,79 0.73 0,60 0,65 0.3
16 56 0,81 0,81 0,74 0,63 ' 0,59 0,84 9 2
18 63 0,77 0,77 0.7 0,63 0.5 0,:0 0.
20 70 0,73 0,73 0.65 0,38 0.48 0,75 0.0y
22 76 0,69 ¢ 069 .| ooi:] 053 0,43 060 03
A, § 0,65 | 0,651 0,56] 0,48 . 0,32 0,67 0t

where 1 -

0
b -
r -
a -

the rated length of the element (see 6.2);

the minimum size of a rectangular cross-section;
the smallest radius of gyration of a cross section;

the elasticity characteristic of light-azgregate

E_6_ s with intermediate
H

Rn

values of a the values of ¢ are taken in accordance
with the nearest least value of a.

concrete equal to the ratio
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The elements of a rectangular cross section can be calculated
using formuls

M< == R_. (15)

ECCENTRICALLY COMPRESSED ELEMENTS

6.5%, The rating of eccentrically compressed concrete
elements with small eccentricities satisfying the condition

Sg> 0,88,, (16)

and with a rectangular cross-sectlo\ - satisfylng the conditlon

eq < 0,9%h, (17)

is carried out under a condltion of constancy of the moment of
maximum compressive force relative to the weakly stressed face of
the cross section (Fig. 6) using formula

N.n.‘<%Rnp'i'.': (18)

and with a rectangular cross section - using formula

N"QOOS‘?&RHP g:l:" . (19)

Japr D ommcemd
T —

Fig. 6. Diagram of the distribution
of forces and diagram of the stresses
in a transverse cross section of an
eccentrically comprezsed concrete
element with a small eccentricity.

83




ooy

“
i

s d
jeey

Ty it

SRS

St

e T s

)
2 B

it
R i ,13,('4‘ AR o

N T

¥

meon i e pane

=
i
=
&
£
X

P e

Ir formulas (16)~(19):

S6 - the static moment of the crcss~secticnal area of the
compressed zone of the concrete (the height of which is determined
from the condition of the coinciderce of iis gravity center with

the point of application of the longitudinal force) relative to
the less stressed face of thie cross sectlieon;

S0 ~ the static moment of the en%lre cross-sectional area of

an element relative to the less stvecsed face of the c¢cross sectiong

Nr ~ the cited longltudinal force deternined with formula
11), in which coefficient mon is found in Table 17, replacing
the ratios Zo/b and Zo/r in 1t respecti.ely witn ratios Zo/h and

ZO/rH; cited force Nn is applied with eccentricity ®.n calculated
with formula (1l3a) -~ see 7.51;

NA" and NH - the same designations, as in formula (11);

ot

80 - the distance from force Nn to the center of gravity
of the transverse cross section of the element;

e - the distance from froce Nn to the less stressed
face of the cross section;

¢1 - the coefficlienl longitudinal [lexure during eccentric
compression

¢, = ké; (20)

¢ - the coefficientc of iongitudinal flexure taken from
Table 17, in which values Zo/b and Zo/r are replaced respectively

by Zo/h and Zo/r“ - the radius of gyration of the cross section in
the plane of flexure;
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k - the coefficlent which considers the effect of eccentric
load application and 1s determined with formula

[
L (o.oc-,;;-o.z_); (21)
"hy = 3,46 r,, (22)
and for a rectangular cross section v
h. - ho (23)

Note. In the case of the use of concrete of Job-grade higher
than 300 the values of coefficlent 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 )

My < 9, R W, (24)

where MR - the moment of the external fources acting on one side

of the cross section in questicn, relative to the core point,

most distantly removed from the stressed face of the cross section;
part of value MH, depending on a long~term acting load, is
increased by dividing by coefficient mnn in accordance with

formula (11).

Value WT in formula (24) is determined with fosmula (13); in
thls case the posltion 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 tne
following formula

No 1,750, — 20 (25)

€3 ’
GT«—I
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where value Nn is determined with formula (11).

6.7%. 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 recta.gular form the diagram of the stresses
in the compressed zone (Fig. 7) using the following formula

Ny G 01R,F, (26)

where Nn - the cited longitudinal force determined using formula
(11);

F6 - the cross-sectional area of the compressed zone of
concrete (determined not considering the strength of the stressed
zone of the concrete).

Bl = it B o 2 172
om.\ e (1)

i/

v

i

-I-
I

a7 Duma ]

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 conerete 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 speclfy structural reinforcement 1in 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 nrot 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 em. In

rating cornices the value of the eccentricity of the rated force
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 eo/h < 0.3; when
eo/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 1s carried out with the introduction tc the bearlang
capacity of the element of coefficients which consider the effect
of a mortar Joint: 0,9 - with hardened mortar and ¢.5 - with
freshly mixed mortar.

6.9. In rating concrete elements having undisplaceable
supports, the values of coefficilents ¢l and mgn 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 1interpolation, assuming in

87
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the support sections ¢1 and man 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).

I

RATING FOR LOCAL COMPRESSION

i

6.11. The rating of sections in local compression (warping) E
should be carried out using the following formula

il

b1
Ey
X
Pl
e
s
E;
7]
#
B
|
3

i

N < pRuFan (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;

u - a coefficlient 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 stralght arches;

ch - the rated strength of the concrete with local

compression, determined by the following formula
Rew= YRips (28)

3
where y= 7,5-‘-, (29)

,é but not more than the values of yl(depending on the site of the
: loading application, see Fig. 8), given in Table 18;

88




S R P LA A PR e S AT R TF R4

e

(M) %%y
1 [4

=

=

it R

TR | g 3 g o

s,

£
13
&
5
%i
N
=
F=
g
&=
=
=
=3
=
=
=2

e
bibabie bbb )

Fig. 8. Data for rating sections of elements in local compression

(warping).
(a)-(e) - cases of the appiication of local load which determine
the value of coefficient Yyt (£)~(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 lncluded in rated sectional area F (parts 2 and 3
should not be considered when rating section 1 for warping;;

R - the area of local compression (warplng), to which the load

M
is transferred; F -~ rated sectional area,
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Table 18. Values of coefficient Yye

Coefficient Y1 in a loecal load
application setu

Type of load
From Fig. 8a, b,|From Fig. 8d, e
c

In considering only local load 1.5 1.2

In considering local and base
loads.00000'..00000"00.0'.00... 2 105

Notes: 1. 1In supporting the columns, of heavily loaded
girders and beams, near the edge (the face)
of a concrete wall it is assumed that RcM = Rnp‘
2. If the local edge load NcM > Roncm’ then the
sectioni of the concrete element at the site of
the application of this load should be reintor.ed
with mesh reinforcement.

3. For light-aggregate concretes of job-grades of
100 and below given in Table 18 the coefficients
of Y, are reduced by 20%.

F -~ the rated. area of the section determined by the
irstructions 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 loacd 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 th2 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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¢) with the local load from the supporting of the ends of the
main beams and girders a part with a width, equal tc the length
of the supporting part of the main beam or girder, and wita a
length in accordance with subparagraph of "b" but not more than
. the distance between the axes of the two adjacent spans between
the girders (Fig. 8,1,)) is included in the rated sectional area;

S A R AR SRR

d) with the edge local load on the corner of the section the
part with a length of not more than dimension ¢ in the dive.tion
of dimension a of the warping area and not more than a in the
direction of dimension ¢ of the warping area (Fig. 8, 1) is
3 included in the rated sectional area;

(SAAEEA s B0t U ) E S9M S  Naa A BN, e AR AL

K R

Sy

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.ordance with Fig. 8,m.
When several loads of the ilndlcated type exists, the rated areas,
moreover are limited by the llnes, passing through the middle of
the distances between the two adjacent loads.

R S s

Notes: 1. If a section has an intricate shape, it is not
permitted to consider in the rated area the parts of the sectlon,
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).
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2. With the local load from the girders, mailn beams,
straight arches and other elements operating in flexure, the depth
of support ZCM considered in the rating in determining ch and F
are assumed to be not more than 20 cm.
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. 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 ch.

SR SR R RN sl

In these two varlants of rating various values of coefficient
Y, are taken in accordance with Table 18.
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L RATING OF ELEMENTS OF REINFORCED-
CONCRETE STRUCTURES FOR STRENGTH

GENERAL TIWSTRUCTIONS

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
axls of these elements.

When twisting moments are present it is also necessary to
check the strength of an element in a three-dimensional secvion

limived by a spiral crack in thé most dangerous directicn (sce
7.58).

The supporting parts of elements should be tested by rating
for warping; for prestressed structures, moreover, it is necessar;
to check the strength of the parts of an element under the
effect of concentrated forces from stressed reinforcements.

It is aluo 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
tyres and classes of steels are present in an element each
type of reinforcement 1s introduced into the strength rating
with its own rated strength. In this case the following products
are in the rating formulas gilven bélow: RaFa and Ra.cFé are
replaced by the sum of the products of the rated strengths for
the appropriate sectional areas, and products Ra.csa and RaSé
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.

93

s

s

s

i

sk

gt ot

Ll Lok

it

Ly

2 oty s s




Yy

b

p Ep——— i,
W T 1 R oy

P G

71

PTEAA G R o R

o
T

U i

bt oo

TR A i

SR

B R

i

P TR o mou 15 0

vt o gy TR

S e

e IR

T R T P P D T T e

When different grades of concrete are present in a sectlion
of an element. the corresponding parts of the cross section
are introduced into the strength rating with the rated strengths
corresponding to these gradez, but not exceeding triple the
calculated strength of the conerete 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 1its
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.U46) and in
eccentrically stressed in the first case (see 7.54) reinforced-
concrete elements 1s arranged in several rows within the limits
of the helght which exceeds half the helght of the stressed
zone of a section, then for rods arranged at a distance of nore
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 86/80 < 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
compressed 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 lInstructions
of the note to 7.10, and for all other elements - in accordance

vwith appropriate instructions).

7.5. The rated lengths Zo 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 1s situated
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 alsc for trestles -~
ir accordance with Table 19;

b) for columns of multistorey buildings with the number
of spans not less than two and with a ratlio 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

20.
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Table 20%. Rated lengths Zo of multi-stoyey building columns and
of compressed elements of girders and arches.

3 Rated i
3 Name of elements length £ z
; ‘o S
T S Columns cf multi-storey buildings i =
. § with the number of spans no% less precast H : g
. than two and the ratio of the
e R width of the bullding to its
E 1 . height not less than 1/3, in : monolithic J 0.7H :
E spanning structures .
e top chord in rating .
3 in the plane and out 2 E 2
q of the plane of a ) H
5 Compression girders elements girder : E
A diagonal and vertical : £
- struts in rating in 0.82 : 2
i the plane of a girder : 3
E the same, in rating 7 £
% out of the plane of E
A a_girder E
E hree- %
S Arches plane on |double- 0.548 E
- en arch |Binged E |
E: hingeless 0.368 E
4 in rating : e
- out of : g
- the plane any S z .
. of an .
5 arch

il U

where H - the height of a storey; 7 - for the upper chord of
girders - the distance between the points of its attachment, and
for vertical and diagonal struts - the length of the element
between the centers of girder 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), ir the
width of the girder chords is greater than the width
of the framework elements and if there are powerful
Joint 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 loczl load-in

i it B

ot )

R

question, of the component of a considerable fraction of 3
the overall load on the girder. &
3. The instructions in Table 20 extend to columns of multi- : E
storey bulldings when the number of storeys is not more % §
than 8 and when the linear rigidity of cross girders is 33
not less than the linear rigidity of the columns. I
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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 elements 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 °c
(in kg/cm ), equal to

0. = 3600 — m,0o, . (30)

where °0 - pre~tensile stressing (in kg/cm in the reinforcement
situated in the zone compressed (most compressed) due to the
effect of external forces, taken depending on the stage of opera-
tion of the element in question, the stress conditions of the
reinforcement and the magnitude of the losses in accordance with
the instructicns »f 5.4 of the present Codes; m. = 1.1 (see 5.3).
Stress cé can be compressive, zero or tensile, If stress oé

is compressive, then it should be assumed to be not more than

Raac. -~

b 4

e stressed reinforcement situated in a zone compressed
due to the effect of external forces, 1s macde of steel of various
types or classes, each of them is introduced irto the calculation
with 3ts value oé.

7.7. In the strength rating of an element for the effect of
central or eccentric precompression (taking the dead lcad 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 iastructions are
considered:
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a) for centrally compressed elempepts the comoressive force
is determined by taking the entire stressed reinforcement (N )
into account;

b) for eccentrically stressed eleme.. s the compressive fcorce
is determined only from the stressed reinforcement situated in
the most compressed zone (N;);

¢) in calculating compressive forces Nq and N; the stresses
in the stressed reinforcement are assumed equal to:

in etressing reinforeement  with abutments - o4 = o,

where 9g = the prestressing in the reinforcement after the appear-
ance of losses occurring before the termination of concrete compras-
sing; o, - the magnitude of the reduction (loss) in prestressing

in the reinforcement 1n bringing the concrete ¢ the compressed
zone up to the maximum state, equal to 3Gu0 kg/cmg, hut not more
than stress %43

in gimultanecously stressing of all the reinforcement in the

concrete - 0.

where o, - the controlled prestressing in the relaforeement at
the end of the compressing of the concrete before the appearance
of losses,

with etreassing of the reinforcement in the conevete alternately

in groups - 0g = 9

where 9 = the same value, as in stressing reinforcement in
abutments; 9 the magnitude of the reduction (losses) in pre-
stress in the reinforcement, equal to
FiFy. o (31)
Og == Ff‘-m kg/ch

3
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but not more than 2500 kg/cm2; Fl 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

=t
Fp W the area of the stressed reinforcement of all groups of
the compressed zone of an element, whose strength is being checked
except the area of the latter group which is equal to FH - Fp W’
F - for centrally compressed elements, - the sectional area of

H
all the stressed reinforcement ; for eccentrically compressed

elements, - the sectional area of the entire stiressed reinforce-
ment of the compressed zone of the element, whose strength is
being checked.

?he strength rating during the compressing of the concrete
of a structure is carried out vaking the rated strength of the
concrete into account which corresponds to its strength at the
moment of' compression.

Notes: 1. 1In stressing reinforcement 1in concrete in
elements which have sectional contraction in individual regions
(for example due to the making of apertures), the strength rating
of the sectlons in these reglons 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 cf the
reduction of prestress in the reinforcement o, = 9.

2. When stressed reinforcement is present, which is not
parallel to the longitudinal axls 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
nd 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 necessary to consider:

in axial compressing of an c¢lement - the effect of longitud-
inal flexure in accordance with instructions of 7.10 and 7.11;

in eccentric compréssing of an element - the effect of
element deflection in the plane of the action of the moment on the
magnitudeof eccentricity of thelongitudinal force in accordance with
the instructions of 7.51 and 7.52;

b) with refaforcement 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, 1s 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 -ad load of the element, its joint operation
with the other structural elements, ete.
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In rating the strength of elementvs 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 1s assumed to be equal to the distance
between the devices which fasten the reinforcement to the concrete

alonz the langth of the element.

7.9%, For prestressed elements of the 3rd category of crack
resistance, whose strength is depleted with the formation of
eracks in tensile stressed area as a result of the attainment
of the rated strength by the stressed reinforcement , the forces
received by the secticon 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 ccmpressed
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, 1is carriled out under the following condition

N, < ¢ (RypF + R, .F)), (32)

where Nn ~ the given longitudinal force determined with formula
(11) with the values of factor mgn’ taken from Table 21; ¢ - the
coefficlent of longitudinal flexure taken from Table 21.

Note. If the sectional area of longitudinal reinforcement
Fa is more than 3% of the entire seciional area of element F,
then in formula (32) the value of F is replaced by the value of .
F-F, (see T7.4).
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a)

T

b)

Fig. 9. The transverse reinforce-~
ment of ~entrally compressed

reinforced-concrete elements
a) reinforcement with the trans-
verse rods welded to the longi-

22

tudinal rods, b) reinforcement
with a spiral.
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Table 21%. The values of factors ¢ and m for reinforced~
concrete elements. An

I/ cﬁ"n slu|w|u|w|a|n|s|s|w|a]n|x|s|e

o] [ ssl{ws| | so (] | 0| n{ms| | ss| w|ms{ u| n{us

wlcn| ulalea|s{a]lo|w| o] w|o]w]m]m|u|m|m
25y | @ | 1 |ose]ose|oss|om]oms|osr]or|omoss|os] o os|os o404 joss
:g'l‘:rg E. my| 1.1 1 1096}09310,00{0,85{0,8110,78]0,7410,7 {0,57[0,63]0,50{0,850,52C,48}0,45
;?;ht' 9 1 0,96} 09 |084]0,78]|0,73]0,67]|0,81]0,88]0,81!048}0,41]0,36]0,32]0,28{0,24|0,21
4 25 mee| 1 [0.96]0.92]0,88[0.84] 0,8 [0,77]0,72] 0,00]0,65 [0.,61 0,67 [0,53 | 0,49} 0.45] 0,42 0,28

Here 1, - the rated length of an element (see 7.5); b - the small-

est dimension of the rectangular section; D -~ the diameter of the
round section; r - the smallest radius of gyration of the section.

Note:

1.

2.

For structures of light-aggregate concrete, in which
porous sand is the fine filler, value m 1 should be
reduced by 15%. A

For structures of light-aggregate concrete based on
natural fillers the values of ¢ and mM can be taken

on the basis of substantiated experimental data.

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 cf the strength centrally compressed
reinforced-concrete elements with stressed reinforcement, ncot
having adhesion with the conecrete and vapable of being displaced
in the longitudinal sec.ion 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 Nn;

b) with the rated length of a&n element, equal to the distance
between the reinforcement attachment points and with given
longitudinal force Nn, in which the resultant of the forces in the
entire stressed reinforcement Is considered after the compressing
of concrets NH; in this case in formula (i1} it is necessary to
replace rated longltudinal force Nqn hy the sum of forces

7.12. In rating the strength of centrally compressed
reinforced-concrete elements of a soiid section with oblique
k= stressed reinforcement in the form of splrals or welded rings
(see Fig. 9b) the following conditlon should be satisrfied

z
33

i S

Rt ’ﬁ" qn

oty B

TEeoet i

i N< RppFl -} R. cF‘ + QR:ch ( 33)

R

where Fn - the area of the ccnerete ectlion contained within the

sl

] spiral contour or annular reinforcement, Rg -~ the rated tensile
3 strength of the spiral (annular) reinforcement; Fcn - the given

gt

spiral section (the annular reinforcement ), equal to F__ =

= 7D _f__/s; D_ - the diameter of the spliral (the rings); fen ~
the sectional area of %the spiral rod {(the rings); s - the pitch

of the spiral (the rings).
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Calculation with i'ormula (33) is carried out when the given

spiral section is nct less than 25% of the sectlonal area of

the longltudinal reinforcement and when simultaneously 7./D < 1C;

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 formula (32), tbe calculation is carried out without
considering the oblique reinforcement in accordance with the
instructions of 7.10 and 7.11 (in these cases the use of ohligue
reinforcement is not recommended).

The magnltude 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).
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7.13. In rating for local compression (warping) of reinforced-

%’ concrete elements with oblique reinforcement 1n the form of

%i welded grids (for example under anchcoring devices of stressed

%ﬁ reinforcement ; under the centering inserts in column joints, etc.)
%f the following conditions should be satisfiled

E N < tRoFeu + WR,F,, (34)

3

gi where £ -~ the factor which considers the effect of the concrete

casing on the increase 1in the bearing capacity of the concrete
1 with warping, determined by the formula

it

S TS P A S PRl 1
e T

E . but taken to be not more than 3.5; it 1s necessary to use formula
3 (34) when ¢ > 2.

'% Here ch/F - the ratio of the warp area to the total rated
-3 area, to which the load 1is transferred; in this case rated area
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F is taken in accordance with the instructlens of 6.12 (see Fig.
8); Ra - the rated tensile strength of the grid rods in the

obligue reinforcement; O the volumetric coefficlent of the
obligue reinforcement determined with the formula

— nl’illl '!' ng,;\gl—..

e = s (36)

ny, fal’ Zl - respectively, the number of rods, the sectional
area of one rod and the length of a grid rod in one direction;

Ny, fa2’ 22 - respectively, the number of rods, the sectional

area of cne rod and the length c¢f grid rod in the other direction,
s - the distance between the grids; F_ -~ the area of the zoncrete
inciuded within the gria contour, censidering for thelr extreme
rods. fhe sectional areas o .ne gtria rods rer unit length in one
and the other direction suculd not differ by nore than 1.5 times.

The welded grids of the oblique reinforcement should be
installed near the face of an element in a quantity of not less
than 4 pieces; when lonzltudinal reirforcement is present, it
should pass within the contcur of the welded grids which are
arranged in a length {starting {rcm the face of the element)
of not less than 204, if the lorz'tudinal reinforcement 1s
made from smooth ruds, buniles or strands not less than 10d,
if it is made from deformed rods (vhere d - the diameter of a
rod, bundle or strand).

The rating for icca! zontraction (warplng) of reinforced-

que reinforcement
should be carried out Iin the saue wuy as for concrate elements

- P
py

concrete elements in tne absence of ob
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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:
elements for strength the following condition should be observed

N € R/, (37)

For prestressed elements reinforced with wire, bundles or
strands without anchors, when testing the sections near the ends
of an element within the limlts 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 T7.28

FLEXURAL
ELEMENTS

7.15. The calculation of sections, normal to the longitudinal

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 < R,Ss + R,.cS (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

RuFs = Ry, oFom RyF e, (39)
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Fig. 10. Diagram of lccaui olorees Lress diagram in the
cross section of a bﬂndatle corcrete clement during its strength

calculaticn.

and for unsyummetrical se~ions and r sentions hav'ng at least

one 2x!s of symmetry and supnicect to fiexure in a plane, not

parailel to this axis (oblique “ilexurs=) (Fig. 11), moreover, by

the condltion of the paraiizlnes:s o ° twe vlanes of wne effect of
3 L

the external and inter:is’ women -z, u:r ilaoh [Hr symmetrical sections

2
is expressed by the formu -

A’v AY
tgl}"—*mf, (50)
where B - the angle incliuded bLzatwesrn the piane of effect of the

internal pair of forces ani ‘irne ax‘s of symme ry 31 sectlon x;
I\, b
Mx - the componert of *lzzurnl norernt which causes fleaure in
the plane of the x-axis; ., - s v .2nent ol flexural moment
which causes flexure in {ho ;lene of the ;-axis - rmal t¢ t° 7

x-axis.

With the presence o strezzed roinforcement situated in
the compressed zone, tnis re:
calculation in accordance wi~n whe Instructions of 7.0,

If concrete or reiafoprcoment [ s=2veral wypes or grades
(elasses) is used, thern .t is mnece:ravy Lo c¢onsidzr the instruc-
tions cof 7.2. With tae posthioning of tongitudinal reinforcement
in the stressed zone lr. seversl rows over the helght of the section
the requirement of 7.3 ~houlid be constidered.
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Fig. 11. Diagram of the arrangement of forces and the pocsition
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 Fg.
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7.16. For flexural elements of rectangular cross-sections
in t! e plane of the axis of symmetry the rating of the sections,

normal to the longitudinal axis of the element, is carried out
usider the following condition

-

A

A

M <Rubx (he—3) + Ra. Fillo—a), (41)

in this case the nosition of the neutral axis 1s determined by the
following formulsz

gt i

R.F.—R..J";-RJ‘- (142)

R N b bty

7.17. 'The rating of symmetrical sections, normal to the
. longitudinal 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), 1s carried out in the following
manner:

o

i
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a) if the neutral axis terminates in the flange (Fig. 12a
1.e.,

R.F, & RN +Ru. oFon (43)

then the calculation is carried out as for rectangitlar cross-
sections with a width of b;

b) if neutral axis terminates in the rib (Fig. 12b), then
the calculation 1s carried out under the following condition

M< Ribx (% = §) + Reo (02 =) x "
o (ST N JC

in this case the position of the neutral axis 1s determined by
the following formula

Ry = Rybx + Rap (b — ) Aa + Ry, oFs. (45)

)s

In formulas (U44) and (45) h), - the thickness of the compressed

flange; bé - the rated width of the compressed flange.

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
flange in the compressed zone the width.of the flange sverhang
in each direction from the rib introduced into the calculation
should not eaceed half of the distance inside the adjacent 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
or having transverse ribs at distances greater chan ti:e
distance between the longlitudinal ribs, when hﬁ < 0.1h the width
of flange overhang introduced into the calculation in each direc-
tion from the riﬁ should not exceed‘magnitude 6hn'

For individual T-beams (with cantilever flange overhangs)
the width of the flange introduced into the calculation in ¢ach
direction from the rib should be:

when h! > 0.1 h - not more than 6h[;

when 0.05 h, < hé < 0.1 h - not more than ShA;

when hé < 0,05h the cantilever flange overhangs are not
introduced into the calculation and the element section 1s rated
in the same way as a rectangular sectlon with a width of b,
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7.19. In flexural reinforced-concrete elements of symmetrical
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 piane of the axis of symmetry should
satisfy the following condition

%—j—sc. (46)
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For elements which have a flange in the compressed zone,
with 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 rompressed zone be carried out,
using the following condition

"+ 'm <t 47)

f where S6 x and So x siatic moments respectively of the compressed
9 zone of the concrete and of the entire working section of the,

'% concrete relative to the axis, normal to the x-axis and passing
through the point of application of the resultant of the forces

K in the reinforcement . stre¢ssed due to the éffect of moment M,

and situated near the face of the element, normal to the x-axis;

s6 . and S, y - the same, relative %o §he axis, normal to the
y-axls and passing through the point of application of the resul-
tant of the forces in the reinforcement stressed due to¢ the effect

3 . of moment My and situated near the face, normal to the y-axis.

WA

The values of factor i depending on the job-grade of the
concrete are taken from Table 22. The recommendations 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 factor z,
Factor g with a concrete

. Job grade of
Typre of concrete 300
and 350 J400 {500 |600
below

heavy'dggr‘egateooo.oooooo 008 ol 0.8 007 0065
Light-aggregateé..........§ 0.8 0.7 0.65] =~ -

7.20. 1If the guantity of reinforcement in the stressed
zone of a ssction of z flexural element is taken to be greater
than 1s necessary f{or obser.ing conditions (38), (41) or (44)
(for example under the condition of rating for crack formation),
then when testing conditions (46) and (47) 1t is necessary to
consider only that part, of the relrnforcement section in the
stressed zone which is required from the rating for strength.

7.21. If the reinforcements situated in the compressed
zorie is considered in the calculation, then 1t is possible to

use the instructions of 7.15-7.17 only upon the observance of
the following condition

<2, (48)

where z, - the distance between the resultants pf the forces in
the reinforzement of the compressed and tensile stressed zones;
the stressed reinforcement of the compressed zone which is tensile
stressed in the 1lst limiting condition, is not considered in
determining the value of z,5 Zg = the distance between the
recultants of the forces 1iit the concrete of the compressed zone

and in the reinforcement of the tensile stressed zone.

If condition (48) 1is not observed (which can cccur when

excess reinforcement with respect to that required by calculation)
is placed in vhe comgressed zone, then 1t is necessary, not using

113

L A A A S U S L L s

o

PR )

s s B ] e e




AR T P A G TP e

{4,
L

it

bt A A
A e i d

P N "memmmmmmmmm Rt

formulas (38)-(45), to determine the required sectional area of
tensile stressed reinforcement froft the following condition

M RF,. (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 cases 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 doudble reinforcement
not satisfying the following condition is not recommended

M < R,S, (50)

Unstressed reinforcement situated in the compressed zone
should not be considered in the calculation, if the observance
of condition (49) leads t0 A decrease in the rated strength of
the element in comparison with that obtained using formulas

(38)4(45) neglecting the unstressed reinlforcement of the
compressed zone,

7.23%, Flexural reinforced-concréte 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

M &L [Pt B0 4 (R + 0 Pte +

(51)
L L W LIAT L

where

R I (s2)
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Fig. 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 1is shaded).
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in this case the values of a

K should satisfy the following
conditions:

S e e S LR Lt

a) for elements with unstressed reinforcement (i.e., when

LT 0), and also for elements with unstressed and stressed
reinforcement when gg < 2000 kg/cm2

R VG Hom S

F

%
E:

T e g b o

%<y (53)

k) for elements only with stressed reinforcement (i.e.,
when F, = 0)

g bl i
iy

e 455 (54)

¢) for elements with unstressed and stressed reinforcement
when ¢4 > 2000 kg/cm2

R N SPALS Re

e ol 22 e i ) St bt e | bt s % A
e M e B F A BB i B E BA LA

Fyu -+ 0.9F,

In formulas (51) and (52) it 1is necessary to assume:

iy

. e == 3600 — m,0p; (56)
. stress o) can be compressive, zero or temsile.

If stress oé is

compressive, then it 1s necessary to observe the followlng condi-
tion:

T LA

4 “”‘g
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In formulas (51)-(57) the following designations are accepted:

F ~ the area of the entire concrete section; Fa - the sectional
area of the entire longitudinal unstressed reinforcement; F -~
the sectional area of the entire longitudinal stressed reinforce-
ment ; ry and r, - respectively, the internal and external radii
of the annular cross section; r. and r, - respectively, the radii
of the circles, passing through the sectional cenvers 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; m. -
the quality coefficient reinforcement prestressing, equal to
m. = 1.1 (see 5.3); o9 ~ the prestressing of the reinforcement
taking the losses into account (see 5.2-5.6); ¢ - the coefficient

determined from Table 22.

%

Notes: 1. 1In rating elements, not subjected to prestressing,
the value of F  in formulas (51) and (52) is assumed equal to zero.

2.r The recommendations of 7.23 extend to sections with the
ratio _2_%_£l.i 0.5 when the number of longitudinal rods in

the transvegse section of an element 1s not less than 6.

7.24%, 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
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 foreces in the compressed zone of this
section.
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As the rated value of transverse force for inclined sections
there 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 2zone, 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), 1s considered only when this part of the load acts

on the given portion constantly and cannot be mixed (see, for
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 1s satisfied

Q < 0,25R  bh,. (58)

7.26%, The rating of inclined sections of elements with
respect to flexural moment (Fig. 14) should be carried out from
the following condition

M‘R.F."FER.FQ%"'ER‘F‘Z‘. (59)

where FO - the sectional area of all bent-up rods situated in

one (inclined toward the axls 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 tc the axis of the element inter-
secting the inclined section in question; when the transverse
rods have an identical diameter Fx - fxnx; fx ~ the sectional
area of one transverse rod, parallel to the plane of flexure

(one stirrup branch); n, - the number of transverse rods (stirrup
branches) arranged in one plane normal to the axis of the element;
Z, and Zy - 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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Fig. 14, Diagram of the forces acting in an inclined section of

a bent reinforced-concrete element, when it 1s belng rated for
strength.

The direction of the most dangerous inclined section (with

respect to flexural moment) for elements with a constant sectional
height 1s determined from the following condition

Qm= DR Fosina+ B R,F,, (60)

where Q - the rated transverse force near the end of an inclined
section in the compressed zone of an element; o - the angle of

ineline of bent-up rods to the longltudinal axis of an element
in the section in question.

Note. 1In rating an inclined section the position of 1ts

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 ineclined sectlon.

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 ohservance of the requirements of 7.36, 7.40, 12.9,
12,12, 12.33 and 12.34 ensures sufficlent strength of inclined
sections with respect to flexural moment.

For elements with a sharply varied cross-sectional helght,
for example for beams or cantilevers which have undercutting,
calculation should be carried out for the effect of flexural
moment in the inclired section, passing through the undercutting
entry angle (Fig. 15).

-
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N || \5# ' 1.
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Fig. 15. The most probable sites of the formation of inclined
cracks in reinforced-concrete beams with a sharply varied trans-
verse sectional height. 1 - anchor washers.

7.28%, For prestressed elements reinforced with rcd and wire
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). 1In 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 9 Zx/zan’ but not
more than K, where Zx - the distance from the beginning of the
anchoring zone to the point in question. Value 1, (in cm) is
taken to be depending on the type and class of reinforcement:
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Table 23%. Values of coefficient kaH for determin

ing the length of the anchoring zone Za of high-
strength deformed reinforcing wire and Heven-wire

0 e
Al 098 Bt et Lo el S At

P——— i A

B !

Values of coefficlent

kaH with the cube . %
strength of the con- §
Type of reinforcement crete at the moment E
of its compression Rj . E
in kg/cm? 5
200 | 300 |400 |500 g
1. High-strength deformed 3
Wire ¢ 8 062 0 04 000800 e 100 80 60 uS
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 Lo 3% | 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.

H
E
E;

2. With the use of transverse stressed reinforcement
without anchors (for example with continuous re-
inforcement) it 1is necessary to reduce the rated
strengths of the transverse rods in the length of
its anchoring zone Zau x (see Fig. 37) extending

the instructions of 7.28 also to transverse re-
inforcements.

In elements of light-aggregate concrete reinforced
with high-strength deformed wire, the tabular values
of coefficient kaH are nultiplied 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 kan are multiplied by

1.2,

SRCBEY | b o e B il U3

In structural elements employed at a rated temper-
ature of minus 40°C and below, the length of the
anchoring zone of wire bundles and strands wlthout
anchors, calculated in accordance with the require-
ments of 7.28, should be increased by 1.7 times.

el A ot L0 %Wﬁmm""‘““‘i"“&ﬂ’"‘"ﬂlﬂ“"""‘ i b
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a) for wire reinforcement

10,000 kg/em® 1_, = k_ d;

when o, = aH
2
- when o, < 10,000 kg/em ZaH = kaHdoo/lo,Ooo
5 g - 10,000
when o, > 10,000 kg/cm ZaH = kaHd + 3 x-——-?q;———-,

where d - the dlameter of the wire or strand in cm; kau - the
coefficient taken from Table 23; 0p = the values of prestressing
in reinforcement in kg/cm2 taking the losses before the termina-
tion of concrete compression into account (see 5.10); Ro ~ cube
strength of the concrete during its compression in kg/em® (see

Table 1);

FRURIAL S e B

b) for rod reinforcement - in accordance with Table 23a.

SR R

S S R B A 0 B A DA

The testing of flexural strength in inclined sectlons should
be carried out taking the possibility of the breakdown of the
adhesicn 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 1n the section normal to the axls
of element passing (the section) at a distance 0.25 ZaH from the
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).
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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);
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Table 23a®*, Length of the anchoring zone Z of stressed
rod reinforcement in concrete. au
Length of the anchoring zone Z .

in diameters of the stressed
rods with the cube strength of

the concrete at the moment of
i1ts compression Ry in kg/cm2 :

Class of reinforcement

140 200 | 300 400
A-IV and At-IV 20 15 15 15 5
A~V and At-V 25 20 15 15 %
At-VI - 25 20 15 2
%

Notes: 1. 1In the case of the use as stressed rod reinforcement
of deformed steel of classes A-IIIv, A-IIv, A-III
the length of the anchoring zone 1is taken to be
ZaH = 15d.

2. In the case of forced instantaneous transmission of .
compression force to the concrete 1t 1s necessary E |
to cpecify for an increase in the length of the . 3
anchoring zone of the stressed rod reinforcement E
of all classes with a diameter of up to 18 mm by
0.25%4, in the calculation but with reinforcement
diamegers 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 40°C 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
z é situated in the tensile stressed zone (Fig. 16);

r c) in se~tions, passing through points of variation in the
. intensity of the transverse reinforcement, situated (the points)
in the tensile stressed zone (Fig. 17).
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Fig. 16. Locations of the most dangerous inclined sections. 1 -
section, passing through the support face; 2 and 3 -~ secticns,

passing through the beginning of bends in the tenslle stressed
zone,
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Fig. 17. Locations of the most dangerous inclined sections. 1 -

section, passing through the support face; 2 - section, passing

through the point of variation in intensity of the transverse

geinforcement situated at the level of the tensile stressed rein-
. orcement.
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. 7.30. The rating of the strength of inclined sections of
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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In this case for beams transverse reinforcement is designated

for structural considerations in accordance with the instructions
Of 12 . 20“‘12 . 32‘ .

ot s i s

7.31%*, 1In elements of uniform cross section the rating of '

inclined sections ror transverse force should be carried out
under the following condition

Q< IR Fostna + B RusFu+ 0 {62)

M i e

where Q6 - the projection of the breaking stress 1n the concrete
of an inclined section on the normal to the axis of the element;
Fyy Fy and a -~ 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 longltudinal axis
of the element of rectangular, T-shaped, double-T-shaped and box-
shaped sections 1s determined with the following formula

Q.amc"”%, (63)

e e BB D
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where ¢ = the projection of the length of the inclined section
on the axis of the element.
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For structural elements of light-aggregate concrete rrepared
on a base of artificial and natural porous fillers, independent
cf the type of sand, with the exception of perlite sand, coeffi- *
clent 0.15 in formula (63), and also in formula (67) and (90)
of the following paragraplis 1s rerlaced 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 elements reinforced wi%h wire,
by bundles or strands without anchors (in 7.31 and in the following )
paragraphs), it is nccessary to consider the reduction in the o
rated strengths of the gtressed 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 bent-up rods the rating of elements
of uniform cross section for trahsverse force should be carried
out under the following condition

R

QGQ].G. - ’(6“)
where Qx 6 " the maximum transverse forée recelved by the concrete
of the compressed zone and by the transverse rods (s%irrups),
in a very unfavorably inclined section.

%
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For the elements enumerated in 7.25, reinforced by transverse
rods (stirrups) located in planes, normal to the longitudinal
axis of the element:

Qo= V 0,6Rubhogx — qxths (65)

B R M T e

A

where qQy - the breaking stress in transverse rods (stifrups)
per unit length of an element determined by the followlng formula

O

PRNLL7 LY (66)
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. F, - 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 1s equal to 3
value Cy increased up to the whole number of stirrup intervals, k:
where %
DBR N )

o=y —a (67) =

For elements of light-aggregate concretes prepared on a base
of artificlal and natural porous fillers, independent of the type
of sand, with the exception of perlite sand, the coefficient 0.6 in
g formula (65), and also in formuals (68), (72), (79), (80) and
' (208) of the following paragraphs 1is replaced by 0.48, and with

the use of expanded perlite sand and light-aggregate concretes
which have been made porous - by 0.4,
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7.33%. In elements rated only in one load pattern for the
effect of an actual continuous evenly distributed load p (for
- example, hydrostat.ic pressure, soil pressure, etc.), the rated
; value of the transverse force should be det:ermined taking into
3 account the part of the load, applied .o the element within the
3 limits of the length of the projection of the inclined section
(decreasing the value of the trénsverse force), if this load is
not applied within the limits of the helght of the element and
acts in its direction (for example, in a horizontal element a
lcad acting from above downward, 1s applied to the upper face
i+ a load acting from below upward, - to the lower face).

A e s it

b ey L ks L, e N8 100 gt AT L
s W L g MG A 8 MR e R AN S AR T 5
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"4 In order to take this par% of the load into account in the

3 radicands of formulas (65) and (67) instead of value q, it is .
3 necessary to substitute value (qx 4+ p), where p - the rated

4 continuous load, applied directly to the element in question or

z to a continuous beam s’.ab resting on it. 1In thls case the dead °

3 load of the eliement 1is 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 45° to the longitudinai
axis of an element and located at distances of u (measured aloeng
the length of the element) from one another, consisting of not

more than %ho value Qx g can be determined by the following
formula )

Qs.0 = Y/ 0,6RuAgx1 + 4t (), (68)
where
Gu = 22 (69)

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

Fom=&e, (70)

where Q - the transverse force at the location of the glven plane
of the bends.

In this case the value of transverse force Q can be taken
to be:

a) in rating the bends of the first plane - equal to the
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 (u2 and ug in Fig. 16) in such cases when
transverse rods and bends are required by the design, should be

not more than value umauc determined by the formula

OIR, N (71)
Uuae = =5+

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 F, = 0; in this case the strength of the
inclined sections should be tested beginning in the tensile
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 o the application of
thz concentrated force (Fig. 18).

Fig. 18. The distributicn 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
< 2 .continuous actual uniformly distributed load and with an
intensity of p, applied exteriorly on a slab and acting 1n its
irection (see 7.33), the cross section of the bends in the
. absence of stirrups (vertical transverse rods) can be determined
with the formula '
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N £ = Q= V0sR bhip (72)
EE °= T Rexsna °

§ The magnitude of transverse force Q 1s taken in accordance

i with the instructions of T.35.
{ E 7.38%. The rating of the strength of oblique sections with é
T respect to transverse force for beams of variable height which 4
e f increases with an increase in flexural moment, should be carried §
= £ out under the following conditions: ; E

)

a) for beams with inclined tensile stressed and horizontal
§ compressed faces

b:
i
E

Q< ZRLRFQ”““""‘ZRnan +Qs+

‘ M= DR, sFrtx~ VR, oFoty’ (73)
+ a.x:: 2 aao’otgp'
:
: where

: : M—ZR.. :’xl:—ZRl.xFo‘o tgﬂ

AR

o
Bkt

- the projection on the normal to the compressed face of the force
in longitudinal tensile stressed reinforcement situated parallel

s

E to an 1inclined face, equal to

G ol gt R LAl £ P D it 0 e i e o i

M~ (R "’. s X (74
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In prestressed elements when determining force ana 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 2z « respectively, the flexural moment
and the arm of the inner pair of forces in the vertical sectiin,
passing through the end of the obllique section in question in
the compressed zone, determined without considering the precom-
pression; Fo, Fx, Z, and z, = the same designations, as in 7.26;
o - the angle of inclination of the bent-up rods to the horizontal;
g - the angle of inclination of the longlitudinal tensile stressed
reinforcement to the hbrizontal; 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 1inclined face compressed and the
horizontal face tenslle stressed

Q<ER.,‘.F.sma+ZR“lF,+Q,+D,tgp, (75)

where Q4 - 1s determined wiin formula (63) at a working (rated)
height of the beam, equal to 1ts mean value over the length of

the oblique section; Dca tg 8 - the vertical projection of part

of the resultant of the forces in the compressed zone received by
the overhangs of the inclined flange; for rectangular ross-
sections this term 1s equal to zero; o - the angle of inclination
of the bent-up rods to the horizontal; g - the angle of inclination
of the compressed face of the beam to the horizontal.
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Value Dce is determined in the vertical cross section, passing
through the end of the oblique section in question in the com-
pressed zone

Da= 222D, (76)

where

D= M —E_R., .F.z,;: g Ra. xFoto +
= (77)
+ YR, Focos

In determining force DCB depending on the total value of
the resultant of the forces in compressed zone D the width cf 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 pay-1lel to the axis of symmetry (see Fig.
10), 1is carried out under the following condition

Qe & 2.
[Qx.c(x) +[Ql.6(y)J <l (78)
where Qx and Qy - the components of the transverse force ar .ing
respectively in the x~plane and in the y-plane normal to i.;
Qx.o(x) and Qx.o(y) - the maximum transverse forces which can
be absorbed by an oblique sectlion with thelr effect respectively

only in the x-plane and only in the y-plane determined with
formulas (79) and (80);

Qx. () = VoosRlbxhgqu (x) —9x (x)ux; ( 79 )
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Q.em=V 0.6Rubyhoiﬂx (0 — Ity (80)

where bx and by - the dimensions of the section in a direction,
normal respectively to the x~axis and to thc y-axis; hox and
hoy - the work (rated) heights of the section respectively in
the direction of the x-axis and the y-axis; Ay (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; uy, and

uy - the distances between the transverse rods parallel respectively

to the x-axls and the y-axis.

st SR B s A !

R

Notes. 1. Bent-up rods are not considered in rating 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.
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7.40. Longltudinal tensile stressed rods being broken in a
span, should be established beyond the point of the theoretical
break (1.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 204 and not
less than value w which for elements of uniform cross section
is determined by the following formula

w4 54, (81)

for beams of varilable height with inclined compressed and
horizontal tensile stressed faces

w,gv—a.-:.r.'mng; (82)

7
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for beams of variable height with inclined tensile stressed
and horlzontal compressed faces

_Q_Qo—RtFa E
w= T 4 64, (83)

where @ - the rated transverse force; in elements of constant
height - in the section, normal to the axis of the element, and
in beams of variable helght -~ in the vertical cross sectlon drawn

through the point c¢. theoretical breaking of the rod (corresponcéing

to that case of loading, for which the point of the thecreticai
break was determined); QO - the transverse force absorbed by
the bends in the same cross section of the element; d - the
rated diameter of the broken rod; 8 ~ the same deslignaticn as
in formulas (73)~(75); 4,, — the breaking stress in transverse

rods per unit length of the element for part w, determined by
the following formula

%Néﬂ!k

Q! (84)

Fx and u - the gsame designations, as in formulas (59), (6%) and
(66).

For the loading cases, specifled In 7.33, in deternminin_
the breaking sites of the super-~supporting rods from the direction
of the application of a continuous lcad it 1s necessary to sub-
stitute value eqxw + p in formulas (81)-(83) instead of value
quw‘

7.41%, The entry angles 1n the tensile stressed zone of
elements, reinforced with intersecting longitudinal rods (Fig.
19), should have transverse reinforcements, sufficient for
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

Py =2R\Fycos +; (85)

b) 35% of the resultant of the forces in all the longitudinal
tensile stressed rods

P.=0,7R.F.COS-%'. (86)

The transverse reinforcement necessary for rating under
these conditions should be located along a length of

smbig -y (87)

The sum of the projections of the forces in the transverse
rods (stirrups) situated along this length, to the bisector cf

angle y should be not less than the sum of forces Pl + P2.

-} ..1...;
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Fig. 19. The reinforcement cf
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 area of all the longitudinal tensile

stressed rods; Fal ~ the sectional area of the longitudinal
tensile stressed rods, not anchored in the compressed zone;

vy - the entry angle in the tenslle 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 consldering the
strength of the concrete. The length of the beam section, within
the 1limits of which this additional reinforcement is located
recelving the concentrated load, 1s assumed to be not more than

s=22hy + by, (88)

where hl - 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); b1 - the width of the lcad distribution at the
site of its application.

1)
!r.‘] ) cl‘-l
.’--t ! — :
<
{ -} | Gt < S
.1. ’ \ 4
I L

jipmeee § et
Filg. 20. Diagram of the deter-
mining of the length of the
portion in which it is necessary
to locate the additional trans-
verse rods recelving the load,
applied within the limits of the
height of the beam cross section.
KEY: (1) According to.

A supporting reaction, szoplied 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 longlitudinal reinforcement
or reinforcement 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 (1 < 0.9h0) supporting beams, girders, etc., (Fig. 22),

are taken from the following condition
A
Q"_”R»w'n'f'-‘-fg?. (89)

where b, h01, z and M - the width, height, arm of inner vailr 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 = 13 for cantilevers supporting sub-crane beams in shops with
standard heavy- and intermediate-duty travelling cranes, m - 1.6;
for cantlilevers supporting sub-crane beams in shops with light-
duty cranes, and also for cantilevers, carrying a static load,
ma=2.,2

The buckling str:os at the sites of the transmission of the
load to a cantilever should not exceed Rnp'
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For short cantllevers the angle y of the compressed face
with the horizontal should not bLe more than 45°, The height of
a section near the free edge of a cantilever should not be less

3 than 1/3 the height of the cantilever section at the site of
- its abutment with a column. *

R

For short cantilevers supporting sub-crane beams, which

: carry special heavy-duty cranes, i1t 1is recommended that smooth

. abutment of the lower face of a cantllever with a column be
executed in a curve for a portion of not less than 1/3 the length

E of the inclined face (see Fig. 22a) or that a haunch or bracket
5 be set up.

g B LR I s A s i sl o

Note. 1. An increase in the height of a cantilever section

as a result of the making of curvature or a haunch or bracket 1is
not considered.

2. In determining the minimum dimensions of a transverse
section, and also the sectional area of reinforcements in the
cantllevers, on which precast beams rest going along the overhang
of a cantllever, 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/bRnp, situated at
the free end of the cantilever.

T g

3. If the joints of the beams wlth the columns rellably
monolithized and reinforcement placed in the Joints, as in
a frame with rigid Jjoints, and the lower beam reinforccnent oz

AT A et el AR SR U A A U A A
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welded through the insert components to the cantilever

reinforcement , then the minimum dimension of a cantllever 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
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which 1s transferred to the cantilever from the load, applied
after monolithization, can be reduced by 25%. The sectional
I3 area of the reinforcement in cantilevers in this case is also
determined in accordance with note 2.
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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
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 1s selected in accordance with the flexural
moment acting on the face where the cantilever abuts with the
element increased by 25%. In the remaining cases, and also if
a short cantilever 1s an extensiocn 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,
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In cantllevers, for which coefficlient m under condition
(89) is greater than 1 and the distance Z3 from the center of the

load to the edge of the reinforcements (see Flg. 22a) does not
exceed:

a) with smooth round reinforcement - 15d;

EAREY

b) with deformed reinforcement of classes A-III and A-II
and with concrete of a job-grade below 300 - 15d;

i gL

¢) with defcrmed 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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thie form of wathers or angle irons; the rating of these anchors

should be carried out in accordance with the approvriate instruc-
tions,

Note. The placing of anchors is not necessary in cantl-
levers, on which precast beams rest golng along the overhang

of cantilevers, 1f the joints of these beams are reliably mono-
lithized and the reinforcement

in them is placed in a frame wilth
rigid Joints, and the lower reinforcement of the beams is welded

to the reinforcement of the cantilevers through the insert
components.

7.45%, Short cantllevers are reinforzed:

a) with inclined stirrups (Fig. 222); this type of rein-
forcement 1s recommended wihen the neight of a cantilever at the

site of abutment with a column is I < 2.%¢c,;

b) with bent-up rods and with horizontal stirrups {(Fig. 22b);
this method of reinforcement is rezommended when h > 2.501;
when h » 3.5c1 and P < prh01 (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
15" mm and not more than h/!#; the d.azmeter of bent-up rods should

be not more than 1/15 the length of a berd (see Tig. 22b) and
not more than 25 mm.

The total cross sectlon of bends and inclined stirrups
intersecting the upper half of an inclined line (segment 22
in Flg. 22) goiug from the load to the angle of abutment of the

lower face of the cantilever to 2 column, should not be less than
0.002bh0 and not less than
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where Cy, ® Cy + 0.3h0; if the cantilever is an extension of a
beam or slab, then Cy is taken as equal to the distance from

the load axls to the support axis; ¢, = the distance from the
load axls to the nearest column face at the bottom of the cantil-
lever; o - the angle of inclination of thebent-up rods or inclined
stirrups toward the horizontal; ho - the operational helght of
the cantilever in the section of its abutment with the column.

ECCENTRICALLY COMPRESSED
ELEMENTS

7.46. During ratiﬁg eccentrically compressed elements for
strength it 1s necessary to examine two possible cases of rating:

a) z2ase 1, which corresponds to relatively large eccentricitles,
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 1s characterized by the
concrete of the comnressed zone attalning its 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, < 10/600 is carried out as in axial compression
in accordance with the instructions of 7.10 and 7.1l of the
present Codes.

?he rating of eccentrically compressed elements in the
plane of the effect of the moment when ey 10/600 1s carried
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out in accordance with the instructions of 7.47-7.50. When the
ratic Zn/rM > 14 it 1s necessary to consider the effect of the
deflectin of the element on the magnitude or eccentricity of the
longltudinal force in accordance with the instructions of 7.51.

7.47. Eccentrically compressed reintorced-concrete elements,
the transverse sections of which have at least one axis of symmetry,
with the eccentricity only in the plane of thils axis are rated
in the following manner:

a) With "large" throws, if condition (46) is satisfied
(case 1 of eccentric compression, Fig. 23) ~ under condition

N‘R.‘FG""RC.CF;—'RIFO (91)

or

~O<R.85+R¢.cso (see 7.15) (99.

&g

In this case the position of the zero (neutral) axis can
be determined using the following equation

AN ARG 5 A O S e

"

RuSen : R,. J-‘;e' —RFe=0, (93)

where So N the static moment of the secticnal 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, 1f 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 tiie resultants of the forces in reinforcement A and A'.
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Fig. 23. Diagram of the distribution »f forces and a diagram of
the stresses in the transverse section of an eccentrically com-
pressed reinforced-concrete element when it 1s being rated for
strength in accordance with the first case.

If in the rating reinforcement A' 1s conslidered, then
condition (48) must be satisfied; 1t 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(e—2)<RFa. (94)

The unstressed reinforcement 1in the compressed zone should
not be considered ‘u 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 tenslle stressed reinforcement A
in several rows in the height of the element cross section it 1is
necessary to consider the requirement of 7.3.

b) With "small" eccentricities, when condition (46) is not
satisfied (case 2 of eccentric compreesion, Fig. 24):

when e > e ~ under the condition

Ne< RS+ Ru.Sw (95)
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Fig. 24. Diagram of the distribution of forces and a diagram of
the stresses In the transverse section cof an eccentrically com-
pressed reinforced-concrete element when it is being rated for
strength in accordance with the second case.

where

Rn:-sﬁ -+ Ra. csa
RFs +R, .+ {9c)

e=

Fo - the area of the compressed zone ~f the ccncerate which

corresponds to the boundary between the ist and 2nd ~rses ot

eccentric compression; §6 - Lhe moment of force of area Fﬂ releotive
[

to the axls, normal to the planrne of the effect of flexural momen®

and passing through the point of appiication of the resultant .:
the force. in reinforcement A;

when e < e under condition

- 36 ( 36) '.'
¢—1.25-§°—c-— l-l,253.;- e

News Ry, +-

e—¢

+ Re.Sw

(27)

where ¢ - the distance from the point of the arplicalic

gLionm oF sShe
resultant of all internal forces in the concrete and in the

reinforcement in an evenly compressed section to the resultant
of the forces in reinforcement A;

o= Rnp5+Ra.fSa ] (98)
Repf + R, c(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.

ok o e b A 4, 1

a8 9

In elements rated both by the 1lst 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.

- g

AN g I

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 rating of the sections should be carried out 1in accordance
with the iastructions of 7.17 "b," i.e., in determining th=
values of Fy, Sg, Sg N"Fo’ and §6 the sectional area of the
E ; overhangs of the compressed flange (bn~b)hn must be multiplied
% : by the ratio

FiiH R

SR ot bt e i At R 2

P WA VT DA A5
st

Rep _
.IT.E' =10,8.

When stressed reinforcement 1is present in the zone compressed
due to the effect of external forces, this reinforcement should
be considered in the calculation in ascordance with the instructions
of 7.6. With the use of concrete and reinforcement of several
types or classes it 1s necessary to be gulded by the instructions
of 7.2,

" DT A RO g

"o

Note: 1. 1In 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

Ness RupSe + Re.cSa
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3. For T-shaped sections with a flange situated on the
lesser 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),
1s determined under the following condition.

So =5 0,556h3,

4, PFor eccentrically compressed 2nd-case elements when

e < e the position ¢f the least compressed side of the secticn
(reinforcement A) and the most compressed side of the section
(reinforcement A') {s determined by sondition e > c.

| 1%

5. The recommendations of 47 ¢o not esxtend to elements

7.
of annular cross~section (tubular) with the Tongitudiral relnforce-
ment distributed uniformiy as the circumference (see 7.46), and

also to elements of round cross secticn with the same reinforce-
ment.

7.48. The rating of eccentrically compressed reinforced-

concrete elements of rectangula:r ~1oss section can be carried
out in the following manner:

4
a) With "large" eccentricities (case 1) using formulas %
N < Rubx + Rl. cF; — R,F, (99) :{é
or
Ne < Rybx (hy— )+ Re. Fulbo~a). (100) .

In this case the position of neutral axis is determined under
the following condition

R.,bx,(e—-ho + —;»-) +

N (101)
% Ra. cFet ~R,Fe=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 7.47). 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 1In the calculation also with the non-observance of this
condition, but in this case the sectional area of the tensile
stressed reinforcement should be determined using the formula

N(tmr—1) < RFe (102)

b) With "small" eccentricities (case 2):

when e > € - under_ the following condition
Ne <O5LR.6M + R,, oFa(ho—a'), (103)

when e < € - under the following condition

2 8~ 1,250 — (1 = 1,250 ¢
Ne < 0,5R 050k — Ze o (108)

+ R.. CFA. (h_.a')I

where e and ¢ are determined in accordance with 7.47.

7.49. Eccentrically compressed reinforced-concrete elements
of annular cross section (tubular) with stressed and unstressed
reinforcement , unifcrmly distributed over the circumference
(Fig. 13), are rated with the following formulas:

a) the 1st case, when o < t/1.6, where

a, = __RaFut RFit N . (105)
(R.+0C)FI+(R|+R._c)F.+R.F' )
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Neo<s+ [RaF B0 4 (Ry +00) Fura +

{1
+ (Ra + Ra.0) F.r.] sh ety {106)

b) the 2nd case, when a, > g/1.6

N(eo+’n)<-'l[Ron+kn(Rt.cFo+

+ Ru.cFu) — mafl, (107)

where when €y < rH it 1s assumed that
3ry’ (108)

and when eo > r, iv is assumed that ka = 2/3; 2q - the eccentric-
ity of longitudinal force N relative to the center of gravity

of the given cross section; the remaining designations are the
same, as in the formulas of 7.23.

With the use of formulas (106) and (107) It +s necessary to
consider conditions (56) and (57).

Notes: 1. 1In the absence oi stressed reinfcrcement it is

necessary to assume value FH equal to zero and r,o=r,.

2. The recommendations of 7.42 - xztend to cross sections
ro - 1
with the ratio -2 =~ 11 < 0.5 when the numter of longltudinal rods
r-
&
in the transverse cross section 1s not less than 6.

7.50%, Elements having cross sections symmetrical reiative

to two mutually perpendicular axes and subject to the simultaneous
effect of iongitudinal ferce and flexural moments in the direction

of both axes of symmetry (obligue eccentric compression, Fig. 25),
are rated:
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% a) in the first case of oblique eccentric compression - under é

3 the conditions of (91) or (92). g

In this case the posltion of the neutral axls which determines E

3 . the shape of the compressed zone of the concrete, 1s fcund under %
3 g condition (93), and also under the condition of the distribution %
; % on one stralght line cf points of the application of the resultant é
% % ) of the external forces, of the resultant of all the internal §
é é forces in the compressed zone of the section and of the resultant i
i § of the forces in the reinforcement situated in the tensile stressed g
% § zone, In this case all the requirements of T7.47 "a" should be i
4 % observed;
: % b) in the second case of obliague eccentric compression =~ using

% formula

NS 1

: -E+TV;--P7.'. (109)

g where N - the rated longltudinal force with the set of all effects;
2 ¢ Nu - 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-axls wlith eccentricity

e_ which can be received by the sectlion; Ny - the same, in the

X

plane of the y-axls with eccentricity ey.

T

Values Nx and Ny are determined using the formulas of the
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 1s carried out in accordance with

the "Instructions on the Design of Relnforce” -Concrete Structures.”
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Fig. 25. Diagram of the distribution of forces and the poesition
of the neutral axis in the transverse section of a reinforced-
concrete element subjected to obllique eccentric compression, in
rating by the first case; N - the point of ap,lication 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 1n the section (in the concrete and in the compressed
reinforcement ).

KEY: (1) Flexural plane.

The carrying capacity of an element is taken to be equal to

the smaller of its two values cbtained in rating in accordance
with 7.50 "a" and 7.5 "b."

Notes: 1. In determining NK and H_ (as well as in determin-
J

ing Nu) it 1s recommended that all the reinforcement existing in
the section of the element be taken into account.

2. In determining Nx and Ny the flexiblility of an elen.at
is considered in accordance with 7.51; in this case coefficient
n 1s calculated in accordance with given rated longitudinal force
N; in determining Nu flexibility 1s not considered.
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7.51%, The effect of the deflection of an element is

considered by multiplying value € by coefficient n, determined
using the following formulas:

' a) for cross sections of the shape
1
. n=‘- 7 (.b.)' (110)
iﬂﬁlf s
b) for rectangular cross sections
n= ' ; (111)
N *
1= (%)

r, - the radius of ‘gyration of a transverse section in the
flexural plane.

The values of coefficient ¢ in the fo.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.

66 000 1
= e 4= 200 1\, 2
¢= R (-‘T"-+o.ls+. B+ ) (112)

where R - the job-grade concrete with the compressive strength
in kg/cma;

FB%-;
Fa - the sectional area of reinforcement A.

If ratio eo/h does not exceed the values given in Table 24,
them in formula (112) instead of actual value eO/h boundary values
of these ratio are substituted in accordance with Table 24.
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Table 24, Relative boundary eccentricities eo/h for computing

the coefficients of c.
Job-grade Relative boundary eccentricities eO/h when
of the i./r < 52| 69 86 104 122 139
concrete 40, H =
Zo/h < 15 20 25 30 35 40
150 0.60 0.45 0.30 0.20 0.15 0.07
200 0.55 0.U40 0.30 0.20 0.10 -
300 0.50 0.35 0.25 0.15 0.06 - *
500 0.35 0.25 0.15 0.05 - -
600 0.30 0.20 0.2 - - -

When the flexibiliyy of an element is Zo/rH > 35 (Zo/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 longitvudinal
force N is replaced by & given longitudinal force Nn determin.d
using the following formula

N, ’
Nom s gy, (113)

and applied with eccentricity e, cemputed using the formula

n

N&ﬁ-:.:‘ N,
z o + I'O-l.

- (1.132)

Designations Nnn and NH see 6.3.

m, an " the coefflcient which considers the prolonged effect
of a load on the bearing capacity of 2 flexible eccentrically

compressed element determined using the formula

o i (114)

My pa™
&2 ‘+2%E ’
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where man - the coefficient taken in accordance with Table 21,
when replacing ratios Zo/b and Zo/r in it respectively with ratilos
Zo/h and Zo/r“; eo.gn and ok the distances from the point of
application respectively of Ngn and NH to the center of gravity

of the transverse section of the element.

During raiing the strength of eccentrically compressed
reinforced~concrete elements, besides considering the flexibility
in the plane of the 2c¢tion of the moment, it 1s 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 7.1l1.

Notes: 1. When 1k < Zo/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 ZO of eccentrically compressed
reinforced-concrete elements, with the exception of wall pranels,
should he taken 1n accordance with the lnstructions 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,

4y, 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 mgn and n are
taken to be:
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a) for sections in the middle third of the length of an
eleacat - in accordance with formulas (110) or (111);

b) for sectlons within the 1imits of the extreme thirds of
the length of an element - by linear interpolation (taking in the

supporting sectlons coefficlents mnn 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 nearirg

capacity of the element of coefficlients 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 exterhal longitudinal force) reinforced-concrete
elements with stressed reinforcemeni , not having adhesion with
the concrete and capable of being displaced with respect to s
transverse section of an element (see 7.8), is carried out fer
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 t¢ the distance
betweent the attachment points of the relnforcement , and with
given longitudinal force Nn, in which the resultant of forces
NH is consldered in the whole stressed reinforcement after
compression of the concret2; in this case in formula {(il} rated
longituainal force Ngr must be replaced by the sum of forces

If the compressed element can sag to the stressed reinforce-
ment which prevents 1ts further flexure, the the rated valus 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 nf
flexure, befcore compression of the element.

7.53. The testing of the strength of inclined sections of
eccentrically compressed reinforced-concrete elements shculd
be carried out in a manner analogous to the rating of flexural

reinforced=concrete elements in accordance with the instructions
Of 702“‘70“2-

For prestressed elements reinforced with wire, bundles or
strands wlthout 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 acccunt the possibility of the breakdown of its
adhe 3sion with the concrete ‘see 7.28).

ECCENTRICALLY TENSILE-STRE3SSED
ELEMENTS

7.54. The rating of eccentrically tensile-stressed reinforced-
concrete elements of rectangular, T-shaped, double-T~shaped and
bnx~-like sections is carried out:

a) if force N is applied between the resultants of the forces
in reanforcement A and A' (case 2, Fig. 26) - under the following
conditlions

N ReS, (115)

RS, (116)
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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.

S Bt b,

b) 1if 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 € RiFy = Ru. oFy — RiFs (117)

or

Ne << R,Ss + R..S.. (118)

A s S R i e A o ettt

In this case the position of the zero (neutral) axis is determined
using equation

b i g8 2

iy

R-Sw + Rn. ch'e' - RaF.¢= 0.

(119)

-yt

Fig. 27. Dlagram of the distribution of forces and the dlagram
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 satlisfy condition
(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 followlng condition

N (e+ 2) < RF.z, (120)

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
rating without considering this reilnforcement.

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-
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
of rectangular cross section 1s carried out:

a) i1f 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 1is applied beyond 1limits of the distance between
the resultants of the forces in reinforcement A and A' - under
the rollowing conditions
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3
N << RyFa — Ry, oFs — Rubx (121)
«%‘
or j::
A H } 4 + “N, hd 5;;
‘ , NeéRubx(hO"T)+Ra.cFl(ho""a)r (122) *:
: in this case the position of the zero (neutral) axis is deter-~ ) 3
. mined using the equation ;
: Rnbx (e +ho'— '%') +
., (123)
b 4+ Ri, Fe& — RFe=0, 3

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:

e By g e T Iy o S b AT A S, e 8 B T R AR

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 60° and

ol

S48 B 1

é less to the longitudinal axis of th. element, should be recelved i
z by the transverse reinforcement ; the testing of sections, é
; composing with the longitudinal axis of an element an angle of %
more than 60°, can not be carried out; %

¥

: b) if longitudinal force N is applied beyond the limits of - E
% the distance between the resultants of the forces in reinforce- 3
f ment A and A', the rating of the inclined sections should be ;
k. carried out as for flexural elements, in accordance with the %
:E instructions of 7.24-7.42; in this case if the eccentricity of ?
) 3
158 :
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force N relative to the center of gravity of the e~tire concrete
section 1s e; < 1.5h,, then value Qg [see formula (63)] is

B A e

R ,mmm.. ’"y

%
E
o
4 % multiplied by the coefficient %
3 Eoo- k=-%:——-0,5. (124) ?
4 % §
z . The rating of the strength of inclined sections of eccentri- F
§ cally tensile-stressed elemen%s cannot be carried out (the trans- §
; verse reinforcement 1in this case 1s installed constructionwise g
3 in accordance with the instructions of 12.24), if only one of the %
E following conditions 1s observed in case "b": %
i E 1) the magnitude of the main tensile stress % .p determined %
3 1 with rated loads, does not exceed the rated strength of the %
E % concrete to tension R_; %
% 2) Q < kprhO, and the first of these conditions is observed E
3 £ in case "a". 4
Lk 3
2 o ]
A S The magnitude of the maln tensile stress o p is determined §
s = . 3
4 = in accordance with the rules on the strength of elastic materilals; 3
2 for prestressed elements magnitude o should be determined :
A in accordance with the instructions of §.10. ;
3 %g =
éA if Note. For prestressed elements reinforced with wired, bundles ;
? tf or strands without anchors, it is necessary to check flexural > ;
. & strength of sections inclined and normal to the axis of the 3
- = i
E: element along the length of reinforcement anchoring zone (see 3
3 7.28). 3
3 * ' 3
2 ELEMENTS OF HEAVY-AGGREGATE CONCRETE g
4 . WITH UNSTRESSED REINFORCEMENT -, §
2 WORKING IN TORSION WITH FLEXURE 3
4 7.57. For reinforced-concrete elements of rectangular cross- 3
E sectlon working in torsion with flexure or in pure torsion, the
4 159
A
—
q




dimensions of the section should be designated in such a way
that the following condition is observed

bt ey s mpgE R Y e 1’*4,”3“}@’#‘45’ nw.%

M, < 0,07 R b%h, (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 torslon or to the simultaneous effect of torsion

and flexure, are rated in accordance with the subsequent instruc-
tions.,

a) The bearing capacity of an element is determined during
the joint effect of torsicnal and flexure moments {in accordance

E: with the lst scheme, Fig. 28a) - under the followirng conditlcns

1 (2R +0)

Mx (—cb""*'%)g[R-Fn"' Ra.:t"“_',dc'f ]X
X(ho—x—;)‘!‘kl.cp;l(";‘—"al); (126)

AT Gh, ¥ 2

T

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 elemwr~nt ¢q which
equal to

"

is taken as

i LA R

=t Y () + R 2+ b), {12%)

but not more than

Crume = 2k -} §, (128)
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and by the height of the compressed zone of the concrete x1
which can be determined under the following condltion:

RiFa — R, cFat = Ruba: (229)
Compressed reinforcement A' should be considered in formulas
(126) and (129) only in the case when value X3 determined under
condition (129) disregarding the compressed reinforcement, is
greater than 2ai; if, in this case, magnitude Xy determined from

formula (129), taking the compressed reinforcement 1into account
be less than 2ai, then it 1s assumed that Xy = Zai.

When rating only for torsional moment (in the absence
of bending moment in the section in question) magnitude « in
formulas (126) and (127) is taken to be equal to infinity.

b) The bearing capacity of an element 1is determined under
the joint effect of torsional moment and transverse force (in

accordance with the 2nd scheme, Fig. 28b) - under the following
condition

(14 3) <[ R + Resgraet]

Ug (20 o Ry
(130)
(o-a=)

in this case the positlion of the neutral axls is determined by
magnitudes c, and X5 where

o=V G 1, (131)

but not more than

cgm=2b+h. (132)
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and it is possible to determine x, under the [ollowiag ceadicvion
RiF — Ry (Fiy = Ryhxy; (133)

if, in this case, it turns out, that Xy < 2a2, then it is assumed
that Xy = 2a2.

In rating only for torsicnal mcment {in the absence of trans-
verse force in the zone in guestion) a4 in formula (130) 1s taken
to be equal to infinity.

}
G-- 5N erfaz
f M,}L.,___lr A \"\—\ (JIL]
< I/ \\\\ \
‘ q J
‘ 8
]
C] 1

Fig. 28. Diagram of the formation of a plastic hinge in a
reinforced-concrete eiement during the joint effect ui flexure
and torsion. a) 1lst diagram; the neutral axis is situated at the
face of the element with wldth b (compressed due fc flexure); b)
2nd diagram; the neutral axis is situated at one of the faces
the element with width h (parallel to the plane of the effect of
f'lexural moment); AB - the neutral axis of the three-dimensional

cross section of the element; ABBI -~ compressed zone of the
concrete.
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The bearing capacity of an element 1s taken from the smaller E

of its two values obtained from formulas (126) and (130). More- 3
over, lndependent of the rating in accordance with the 1nstruc- g
tions of 7.58 a section of an element operating in flexture with 3

torsion, should satisfy the conditions of 7.16 in the rating
without considering torsional moment.

The following designations are accepted in formulas {(126)-
(133)

MK, 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 longltudinal rods situated at the face
of an element with width b, tensile-stressed due to flexure;

Fél ~ the same, at the face of an element of a width b compressed

due to flexure; Fa2 and Fé2 - the same, at each of the faces
with width h (parallel to the plane of flexure); f
sectional

N N % sy By A
{0 Fit g Tt b ¢ Lo e b M A e S il £ A e S s, ot b Bl R A

aan S

- the
area of one transverse rod from the nambzi situated at
the faces with width b (perpendicular to the plane of flexure);
fyo - the same, at faces with width h (parallel to the plane of
flexure); uy and u, - the distances between the transverse rods
(respectively at the faces with width b and width h); a, and ai -
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; as - the distance from the
lateral face of an element (with width h) to the axis of the
longitudinal rods situated at this face,

(e, W‘ﬁ,w,mmﬁm.mm&mmaﬁmﬁ"&.5#&&2%&:}&::&%::*;;«:«:@nr.é"h“*
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When A < 1-27§ the rating of an element in accordance with

LB, et o ol A

g 1 R

formulas (130)-(133) (with respect to the 2nd diagram) is not
carried out, but is replaced by the rating for flexure for

inciined sections, in accordance with the instructlons of
7.24-7.27. )

[ S L A

S Lot

The sections introduced into the rating of the longitudilnal

s
%
4
4
g
3
E
.
i
3
g

3 and transverse reinforcement in elements operating in flexure
g with torsion or in pure torsion, should satisfy the fuliowing
B conditions:
% a) for the faces of an element witn - ldth b (perpendicular 7
4 tc the plane of the effect of flexural moment) 2
SRt b (1 L 21/ 7T s, (134) i
05< k'.'r.,p""u','("*' m 2f.+e)€"5'

é b) for the faces of an elementi with width h (yaraliel to

3 the plane of the effect of flexural iioment)

RusFig, k. (135)

1: 05< ReFay uy °° LS.

E 7.59%., When ¢« < 0.2 it is necessary to observe the condition

E ensuring sufficlent strength ot the concrete in the compressed

2 zZone,

E<l=-VI=F, (136)

A: { ]

= where ¢ - the coefficient, characterizing the pecsition of the

§ neutral axils corresponding to the bouncdavry of the over-reinforcement

% of the section, 1s determined in accordance with the instructions

3 «f 7.19, .
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If condition (136) 1s not observed, then 1t 1s necessary to
increase the dimensions of the section or to ralse 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 1t 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

M\ ppsian
STy (138)1

and in this case value « < 0.2, then 1t 1s 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

Qgﬂ%’f ’ (139)

where Qx 6 " the maximum transverse force received by the concrete
and by the vertical transverse rods in simple flexure (see 7.32).

lFormula (137) is omitted.
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RATING OF ELEMENTS OF HEAVY-AGGREGATE
CONCRETE FOR PUNCHING SHEAR

7.62. The rating of centrally loaded square reinforced-

concrete foundations, the capitals of glrderless spanning structures,

and also slabs under local 1loads for punching shear is carried
out under the following condition

P < 0,75R hybe;, (140)
where P - the rated punching-shear force; ho -~ the operatiorail
height of the cross section of a foundation (slab) in the part
being tested; bcp - the arithmetical mean between the perimeters
of the upper and lower base of a pyramid which 1s formed with

punching shear within the limits of the operational height c¢f
cross section ho.

In determining values bCp and P 1t is assumed, that vunching

shear occurs along the surface of the pyramid, the lateral sides

of which are inclined at an angle of 45° to the vertical (Fig.
29a).

The magnitude of force P 1s assumed equal to the magnitude
of the normal force acting in the column sectlion at the top
of the foundation or at the bottem of the capltal of a glirderless
spanning structure minus the loads, applled 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-

- g TT e T R Ty
TR i AT T T S R TR R R
sTTERTe R TR NS :

concrete fcundations for punching gear is carried cut 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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P =Fp,; (141)
by = 2ot be, (142)

where F - the area of polygon ABCDEG (see Fig. 29b); Prp = the
greatest boundary pressure on the ground from the rated load
(taking moment into account); b° and hH -~ the dimensions respec-
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 ¢f a centrally loaded founda-
tion or normal to the direction of the eccentriclity of an
eccentrically loaded foundation.

a)
1 N
/
- / N\,
{ __Aus® [N
b)
- el ‘\;L—1_
§ ==t AW 48, =
]
' ! _
c—--—--—-—n—
,7
7
Spsp
N
N
4N
U
¢ £

Fig. 29. Diagrams of the formatlion 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 FLEMENT JOINTS

7.64%, Anchors welded T-wise normal to the flat elements
.f steel insert components made in accordance with the instruc-
tions of 12.55 and 12.56, under the effect of flexure momen
normal and shearing forces should be rated taking the joint
«ffect of these force factors into account.

Bent~up anchors welded overlapped to the steel insert
components also made in 200 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 overlapyad,
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 accordunce with the "Instructions on Designing
Reinforced-Concrete Structures."

The structure ¢of the inscrt components with elements welded
to them transmitting the load to the irsert comronents, should
po3sess sufficient rigidity to ensure uniform force distiribution
between the tensile-stressed anchors and the uniform transmission
of compressive stresses to the concrete,

The thickness of the plates of the insert zomponents 6§

with anchors welded T-wise, should satisfy ccndition (144), and
also the technological requirements on welding.

8,025 &2, (144)1

Ferawla (1435) is omitted.
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where d - the diameter of the anchors; Ra - the rated strength

of the steel of the anchors to tension in kg/cm2, ch - the

rated strength of the steel of the plates to shear which can be
assumed equal to 1300 kg/cma.

7.65. The rating of the indirect reinforcement of the ends
of an element (in the cases, specified ’n 12.57) should be
carried oul using the followirg formula

N < (Rm + 2:":;Ru) I s 11'5)

where FFi - the sectional area of the concrete lncluded wizthnin
the contour of the welded grids, reckoning from the extreme
outer rods; Ra - the raﬁed strength of the grid rods; My = the

coefficlient of the indirect reinforcement determined with formula
(36).

In this case the reinforcement of the ends f the elements
should be carried out in accordance with the instructions of

. 7,135,

T.66%, The dimensiu..s of concrete keys transuittix. shearing
forces from one precast element to another (Fig. 30) or longi-~
tudinal shearing rorces between precast elements and additionally
laid concrete, should be determined with the following formulas:

Qcz

Om- —— e &

" Koplutm * (146)

e (147)

where ch -~ the shearing force transmitted through the keys;
qu and Rp -~ the rated strengths of the concrete to compression
and to tension for concrete constructlons; 6m - the depth of the

16y

AR R B 5 A A Tl !
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key; hLU - the height or'the key; ZLu - the length of the key;
n, - the number of keys introduced into the calculation; in
rating for shearing force n, should not be more than three.

_“. \e

Fig. 30. The Joining of precast elements using concrete keys;

a) the Joining of two 3labs 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 1is permissible to
reduce the helght 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 introducea into the calculation, should be not more than
half of the span of the element; in this case the magnitude
of shearing force ch 1s assumed to be equal to the sum of the
shearing forces over the entire length of the element.

2. Magnitudes Rnp and Rp 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

ik
T bt e R b st s

o i dnetleed Adted

8.1. Prestressed structures of the lst 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
ﬂ in the entire stressed longitudinal reinforcement after compression
9 of the concrete does not go beyond thelimits of the core of the
section. In thils case the magnitude of the reinforcement
prestressing should be assumed to be the greatest in accordance
with the instructions of 5.6. E
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A oy
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o
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% AXIAL TENSIONING OF CENTRALLY e
: COMPRESSED ELEMENTS

L) At
O

8.2. Rating of prestressed centrally compressed reinforced-
concrete elements for crack formation during their axlal tensioning

o
i 4

g ! is carried out under the following condition 3
N< N (148) E

3 where ?

. § ‘N = R,F + (300 — o)) F, + 0 1
. | _‘ + (300 + moy) By (149)
f i N - the longitudinal force from the external loads (standard %
a; or rated, in accordance with the instructions given ir Tabl: 10); E

- og - ctress in the —7einforcements taking losses 1nto account

(see 5.2; 5.4 and 5.10); o, - compressive stress in unstressed
reinforcements, taken in accordance with the instructions of
5.10; 300 ~ the lncrease 1n stress in the reinforcement in
kg/cmz, corresponcding to the maximum relative extensibillity of
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4 the concrete taken to be equal to about 0.00015; Fa - the ;
i sectional area of the unstressed longitudinal reinforcement ; §
2 F, - the sectlonal area of the prestressed longitudinal rein- E
,g forcement ; m. - the quality coefficient of the prestressing of ?
§ reinforcement taken in accordance with the instructions of 5.3. - :
3 For elements, in which cracks can form before prestressing, . Z
; and also for butt-jolned sections of integral and modular struc- ;ﬁ
- tures when rating them for cracking (the beginning of the opening i
3 of joints) magnitude NT 1s determined using the following formula f
Ny = m0oFe.
v Malete (150) k.
: 1
1 ELEMENTS OPERATING IN FLEXURE, ECCENTRIC 4
£ COMPRESSION, ECCENTRIC TENSION, AXIAL N
h . TENSION WITH ECCENTRIC COMPRESSION 3
- AND TORSION E
3 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 ;
z indicated in 8.5, is carried out proceeding from the positions %

4 set forth in 6.4, with the replacement of Rp by R (Figs. 31-33).

i In this case 1t is recommended that the following approximation 3
E formula be used: g
3 M} < My (151)
g where Mg - the moment of the external forces loca*ed to one side :
é of the section in question, relative to the axis, normal toc the 5
A plane of flexure and passing through the core point, most distant j
é from the zone of the section, whose crack formation is being b
k. checked. 4
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- : Fig. 31. Diagram of the distribution of forces and stress diagram
in the transverse secti

ion of bent prestressed reinforced~concrete
element during rating for crack formation in the zone tensile-

stressed by an external load, in which stressed and unstressed
reinforcemen: 1s contained.

KEY: (1) Section core face, (2) Center of gravity line; (3)
Neutral axis of the section.

W IO T e

AT S Sy gt EPY

3 (1) g
. F Aynun f
E - Jenmao

i = maxecmi \q'
ragns 2dpo
AVINER

(2) out

AR AP Wi By

«le--'a':.-rq
T "1
"

o ——

S
&

7

- _!‘ .rﬁl‘.- y;o ",."'.
iy
\
N
N
<
-3

) Nedmparowon
> ( 3 O0) Covenon
”

. Fig. 32. Diagram of the distribution of forces and stress diagram
in the transversed section of a bent prestressed reinforced-concrete

element 1in rating the zone compressed by an external load for

crack formation, 1n which stressed and unstressed reinforcements

1s contalned.

nEY: (1) Center of gravity line; (2) Section core face; (3) Neutral
axls of the secrtion,
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Fig. 33. Diagram of the distribution of forces and stress diagram
in the transverse section of an eccentrically compressed pre-
stressed relnforced-concrete element in rating the zone tensile-

stressed by an external load for crack frrmation, in which stressed
and unstressed reinforcement 1is contained.

KEY: (1) Section core face; (2) Center of gravity line; (3)
Neutral axis of the section.

Value MT for prestressed elements is determined usling the
following formula

M; =R W, + M%, (152)

where Mgﬁ - the moment of the resultant of forces N0 in the
stressed and unstressed reinforcement. relative to the same axis,
passing through the core point; ln this case the resultant of
forces Nb is determined by considering the instructions of

5.2, 5.4 and 5.10; the sign of the moment 1s determined by the
direction of rotation; wT - the moment of resistance of the given
section 1s determined by considering the jnelastic deformations
of the concrete, in accordance with the assumptions of 6.4;

the given cross section 1s 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 1s determined, using formulas
(13) and (14), in which values Jos Sp, S, and Fp are replaced
by the appropriate characteristics of the given cross sectlion
(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
tec eccentric tension (and also to axial tension if with eccentric
ccmpression) (Fig. 2%), 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 followling conditions:

a) compressive force NO 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

c-c.;ll'ka- (153)

|

If even one of these conditions is not satisfied, théreforeﬂ
the tensile force 1n the ultimate state exceeds the compressive
. force, and the rating 1s carried out under the following condition

Mi< M, (154)

where
(155)

Mt = Rtv‘r +* Mz‘;
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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 ratlng the zone
tensile-stressed by an external 1load for crack formation, in which
stressed and unstressed reinforcement is contained.

KEY: (1) Section core face; (2) Center of gravity line; (3)
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Fig. 35. Diagram of the dis- 3
tribution of forces in the 3
transverse section of an ec- . E
centrically tensile-stressed 3
prestressed reinforced-concrete :

element during 1ts rating for
crack formation. :
KEY: (1) Core point.
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Mi - 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 renter of gravity of the sectlon a distance
of

= 3

=¥

(156)

Mgc - the moment of the resultant of forces NO in the stressed
and unstressed reinforcement relative to the same axls passing
through the conditional core point most distant from the zone
of the section, whose crack formation is belng checked; 1n this
case the resultant of the forces 1s determined taking the
instructions of 5.2 into account; the sign of the moment 1is
determined by the direction of rotstion.

Note: 1In cases when inaccuracles in calculating value W_
can perceptibly affect the expenditure of materials or the
evaluation of the crack resistance of an actual structure, it 1s
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 sectlion
with a flange in the tensile-stressed zone (or other sections,
close in shape to that indicated), when the following conditions
is not observed

Nt Vo< FR, (157)

should bte rated for crack formation by . .king the 1nelastic
deformations into account (deviations in the compressed stressed
diagrams from triangular) in accordance with the appropriate
instructions.
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8.6%, 1In 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 Mgd in the cross section
of a precast monolithlc structure is greater than in the criss
section of a precast element, for determining MT it is permissible

to use the following formula instead of formula (152)

sl A

Sy i

b

where Ml - flexural moment due to an external load, acting in

the cross section of an element, before the acquisition of the
required strength by additionally lald concrete; 201 and z2, - the
distances from force N0 to the core point, most distant from the
zone of the cross section, in which crack formation is beling
checked, respectively for the cross section of the precast
element and for the cross section of the precast monolithLic
element.

The instructions of the present paragraph extend only to
the case of the placing of additionally Jaid concrete in the
compressed zone of a cross sectlon; in the remaining cases prating
should be carried out in accordance with special standard documents.

8.7. In the crack-formation rating of articles and scructures
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
is assumed to be equal to zero,
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8.9%, 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 M. 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 axls of the elements, the following
condition should be satlsfied

%.p<Rs (159)

in thils case the main tgnsile stresses o, should be determined

at the most dangerous sites along the length of the span (depending
on the type of transverse force, flexural ¢4 torsional diagrams
and on the variation in the cross section of the element), and

over vhe helght of the cross section - only along the axis,

passing through the center of gravity of the glven c¢ross section.

It is recommended that the value of the main tensile stresses

.p be determined using the following formula

(160)
- x — Oy \3
) Cep = g‘_:;;'a—‘" + V(!"‘z 0__,,) + %,
where
ox=%y+o¢: (161)

gg = the sustained prestressing in the concrete, determined by
the instructions of 5.9; y - the distance from the fiber in
question to the center of gravity of the given cross section.
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It 1s necessary to substitute the tensile stresses in
formula (160) and (161) with a "plus" sign, and the compressive
stresses - with a "minus" sign. |

oy - 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
reinforcement; (stirrups) or bends, and also of the local com~
pressive stresses arising near supports or loads; absolute value
oy due to prestressing of the transverse reinforcement (stirrups)
or bends i1s determined using formula

o,=°°""'+°"£';°slna; (162)

L ;b

here‘FH'x - the sectional area of all the stressed stirrups
situated in one plane normal to the axls of the element in the
section in question; FM_0 - the sectlonal area of all the stressed
bent-up reinforcement terminating in section uo with a length
equal to h/2 situated symmetrically relative to section 0-0

in question (Fig. 36); O%.x " the prestressing of the transverse
reinforcement (stirrups) after the appearance of all the losses;
u, - the stirrup spacing; o, - the prestressing in the bent-up

X o]
reinforcement after the appearance of all the losses.

Fig. 36. Diagram of the distribution of the bundles of reinforce-
ment taken into account 1n 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 rating cross

section 0-0. .
180
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In formula (160)
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atll,

1 - the shearing strasss 1n concrete, determined using

45k s o0

R e o v |
L) ~ 0

: formula 5
: j
= QS i
T (163) 2
3 N where Sn - the given statlic moment of the part of the cross 4

section situated after the fiber fllament in question, relative
to the axls passing through the center of gravity of the cross
section; J, = the moment of inertia of the given cross section
determined by considering the instructions of 5.2; b - the width
of e element in the cross section in question.

U R AT A R

In prestressed elements with a stressed inclined or curvi-
linear conf'lguration with reinforcement the magnitude of transverse
ferce Q, substituted in formula (163), 1s defined as the differ-~
enc. (or sum) of the transverse forces from external load Qa

and tensile stress an uslng the following formula:

(164
Q=QI—QW )

. o LSRN L e e S A B R e i P A U 6 i

Q=Y Nysina; (165)

NO - the force 1n the bundle or rod which terminates at a
support or at a section between a support and a cross sectlion
situated at a distance of h/4 from cross section 0-0 in question

i
i
-
e
E
A
i
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3
1 fudloil, 1

(see Fig. 36) and determined using the following formula

. N.'—'-'U.’.. (166)
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9o ~ the stress in the bent-up reinforcement after the
appearance of all the losses; a -~ the angle included between the

bent-up rod or bundle and the longitudinal axis of the element

in the cross section in question; fH - the sectional area of one

rod or bundle of stressed bent-up reinforcement.

8.11*%, For elements subjected to the joint effect of

flexure aund torsion, value 1, substituted in formula (160), 1s
assumed to be equal to the sum of the shearing arising due to
flexure [see formula (1€3)] and due to torsion t .

Value 1

« can be determined using the fcrmulas of plastic
torsion, i.e., assuming, that at the moment of crack formation
these stresses mave an ldentical value over the whole cross

section of the element; for elements of rectangular cross section
the corresponding value T is equal to

i

b T T e
T S o

6M
Y= R (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 s%“ressed rod reinforcement

wlthout 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 ZaH devermined
in accordance with 7.28 is mandatory.

G TR B

el

In checking the observance
of these conditions 1t 1s necessary to consider the possibility

of incomplete compression of the concrete and the fallure of the

adheslon 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 °r.p 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 1, from the begirning
of the fixing site (Fig. 37).

Fig. 37. Diagram of the dils-
tribution of prestressing along
the length of reinforcement
without anchors after compressicn
of the concrete.

Houb

bt —

For the beams, not subject to rating for durability, in
which the helight of the cross section at support ho exceeds the
length of the anchoring zone, 1t 1s permissible upon release of
the tenslion 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 l.Sho
from the beginning of the anchoring zone (see 7.28) it is necessary
to install additional unstressed longitudinal reinforcement ,
placing 1t 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 satisfled, 1t is necessary either to increase the
dimensiouns of the transverse section of the element, or to employ
prestressing of the transverse reinforcement:, and 1f prestressing
was already considered by the rating, then to increase it.
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In these cases the required magnituds of prestressing of the

transverse reinforcement %9 . x is determined using the following

formula

00.:=F:‘:l';[b0,-—£‘!‘.:£x

X (0 +nR)stne: | —nR,, (168)
where o - determined from formulas (160), assuming o = R

rep ot
99 = 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 ¢

52 can be taken
from the following condition

H

To. g =

""-';: , (165)

where m. - the quallty 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 mechanices,
determining thelr rigidity or curvature in accordance with the
instructions of the present section of the codes.

Note. The instructions of the present sectlon do not extend
to structures of heating units (furnaces, flues, etc.) and their
foundations being rated for temperailure effects (see the in-
structions of 1.3 of the present Codes).

9.2.. In determining deformations in necessary cases the
effect of long-term loads should be considered, in accordance with
the instructions 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 1s
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
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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).

S e

g
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In these cases the rigidity ¢f the elements under the
short-term effect of a load 1s determined using the following
formula

B, = Q,85E¢/,. (170)
In determining the deformations of T-shaped and double-T-

shaped secticnal grider elements of constant height with a ratio

of the cross-sectional height to span of % and more, are subjected

R s WM b e b

to the effect of considerable concentrated loads (sub-crane
beams, rafter and joint trussing beams, etc.), value Bq 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%, TPor the elements indicated in 9.3, the full value of
the deformations in considering tke long-term effect of part of
the loads and flexure due to precompression of the concrete is
determined using the following formula

[=k+(—h)e, (171)
*
where fH - the deformation from a short-term actlng load part;
f ~ the initial (short-term) deformation from a long-term acting

A
load part; fB ~ the deformation due to the short-term effect of

precompression of concrete (flexure); in computing fa the force
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in the stressed reinforcements is determined by taking all losses

into account; values fH, fn and fa are determined from rigidity

BH calculated in accordance with the indications of 9.3; ¢ - 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 ¢ be taken equal to:

A ke e O A e bt

a) 1in the dry state ¢ = 3;
b) in a normal state ¢ = 2;
c) in the moist state ¢ = 1.5.

PR

Note. For structures of light-aggregate concrete prepared
on a base of porous sand, and with a volumetric welght of the
coarse filler of up to 700 kg/m3 inclusive - and on a base of
quartz sand, the value of coefficient ¢ in formula (171) is taken
in accordance with special standard documents.

ik e oy

9.5. The deformations of flexural elements, eccentrically

§ tensile-stressed elements with eccentricties of ey > 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 1/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

- thelr precompressing) state of the elements.

ot it e kil K e i
S SR i < v e e e e

Note. 1In 9.5 ey - the distance from the center of gravity
of the given cross section to external tensile force N, and in
the prestressed elements - to force Nc(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 1limits 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 1t is permissible to assume the

curvature to be varying in proportion to the variation in the
values of the flexural moment (Fig. 38).

Fig. 38. Diagrams of the
flexural moments and curva-
ture in a reinforced-concrete
elemen’ of constant c¢ross
section. a -~ dlagram of the
load distribution; b - dia-
gram of the flexural moments,
determined from a standard
load; ¢ -~ curvature diagram.

Rl

Deflections are determined in accordance with the found

curvatures as moments due to a ‘ficetitious 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 sectlons

(Fig. 39) indicated in 9.5, is determined using the following
formulas:

a) for flexural elements made without prestressing,

oM v 1. 2
> = e LBk F TS ) (172)

b) for prestressed flexural, eccentrically tensile-stressed
elements with an eccentriclty of ey > 0.8h0, and also eccentrically

compressed elements made both wilthout prestressing as well as
prestressed elements
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Fig. 39. Designations accepted
in design equations for
determining deformations (dis-
placements) of elements of
diverse transverse cross
section; a ~ rectangular; b
and ¢ - T-shaped; d - double-
T-shaped.

A Al AR SN i e e

it i

In formulas (172) and (173) the following designations are
employed: M3 - 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 sectlon, and due to the force of precompression N0
(determined by taking all losses into account, see 5.2); N, -
the total longitudinal force from external force N and from
compressive force NO; in eccentric tensioning force N is
employed with a minus sign; Fa ~ the sectional area of the entire
stressed and unstressed reinforcements of the tensile-stressed
zone; z, - the distance from the center of gravity of the sectional
area of the entire reinforcements situated in the tensile-
stressed 2zone, 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
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where
- N L (175)
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For rectangular cross sections having reinforcements A',
instead of value hn value 2a is substituted in formula (174);
Fé ~ the _.rea of the entire stressed and unstressed reinforcements
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 .é by taking the instructions of T7.1l8 into
account; wo - 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 ratic of the elastlc
part of .ie 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 1s 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.

For structures of light-aggregate concrete prepared on a
base of porous sand, and with a volumetric welght 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
speclal standard documents; & -~ the relative height of the
ccmpressed zone of the concrete in the cross section with the
crack, equal to § = %6, where x is the height of the compressed

zone in the cross section with a crack; value £ in formulas
(172), (173) and (174) during the short-term effect of a load
1s assumed to be equal to

]
E=—-——,n—l—-, TFnE
"*"“m—’

154y
t“'s & ’ (176)
-8
Ay
but not more than 1,

where

L-:—'-;; (177)

T""(' “':5'3) (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 tenslile-stressed zone,

which corresponds to flexural moment M3.

For the latter term on the right side of formula (176) the
upper slgns are employed with compressive force Nc,,and the
lower signs -~ with tensile force Nc.

If value x 1s less than the thickness of flange hé, situated
in the compressed zone, then values x and Zq should be determined
both for a rectangular cross-section with width bé, assuning

y'=0and u = Jo

bty
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Under the prolonged effect of a load it 1s permissible to
employ value § in the same way as under the short-term effect
of a load, - in accordance with formula (176).

wa - the coefficient which considers the operation of tensile- )
stressed concrete between cracks, taken to be:

a) fcr flexural elements made without prestress. ag, i.e.,
in formula (172)

fist e

bo=13—sHer, (179)
b) for the remalning cases, i.e., in formula (173)

\p,-..-..-l.3-sn'n—-?l—_'-';—:-;‘-; (180)

i

and in both cases coefficient wa should be taken 0o be not more
than 1.

In formula (179) the following designation is employed:

3 MO.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 T 1s determined using the
following formula

M, + = 0,8Ws, (R (181)

where WG.T - the moment of resistance of the gilven 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)

but not more than 1.

Here: M! and M, - the moments of all the forces situated
on one side of the cross section in questi~n (including force NO)

relative to the axls normal to the flexural plane and passing
through the point o' application of the resultant of the forces
in the compressed zore of the cross section above the crack; Mc
is determined in the same stage, for which the deformations

are determined, while M; - in the stage is immediately after the
cracking under flexural moment MT.
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Value MT is determined when the resistance of the concrete to
tension is equal to R;; 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
(157) is not observed (in replacing R, in it with R;), M_ should

T
be determined taking the instructions of 8.5 into account;

coefficient m in these cases is taken in accordance with 5.3 "a'".

g

In formulas (179) and (180) the following designation is
employed: s - the coefficient which characterizes the shape of 4
the reinforecing 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;

™ oo |

for structures of concrete grades of 100 and below: under
the short-term effect of a load for deformed rods s = 0.8, for

193




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-
irg formula

F=h="fs+fs (183)?

where fl - the deformation due to the short-term effect of the
entire load; f, - the initial (short-term) deformation due to

the long-term acting part of the load; f3 - the total (prolonged)
deformation due to the long-term acting part of the load.

Values fl, f2, 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 f2 are computed with
values w and v, corresponding to the short-term effect of a load,
and value f3 - with values ¢ and v corresponding to the prolonged
effect of a load; f2 and f3 are always calculated under the
assumption that cracks are present in the tensile-stressed zone
of the element, taking value 4%3 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- - .nich 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
£ determined using formulns (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 circum-support portions.

When the height of the cross section of reinforced-concrete
elements is less than 16 cm the values of the deflections cal-
culated using formula (183), are multiplied by coefficient f%,
where h - the height of the cross ses  _on in cm.

9.9. For the elements indicated in 9.5, having T-shaped
or double-~T-shaped cross section with a constant helght 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 1loads (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:

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 ohserved, in which values N; and M; 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).
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Note. For eccentrically compressed elements, and also for
prestressed flexural elements with a flange in the tensile-
stressed zone, for 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
8050

10.2. The width of the opening of cracks normal tc the
longitudinal axis of element a. in centrally tenslle-stressed,
flexural eccentrically tensile-stressed when eq > 0.8hO and

eccentrically compressed elements should be determined using
the following formula

a:=\P.°zf'lu (185)

where ZT - the distance between the cracks; o, = the stress 1n

the tensile-stressed reinforcements, taken when rating the width
of crack openings;

a) for structures made without prestressing:

for centrally tensile-stressed eclements

for flexzural elements
M
O = Fat (187)

for eccentrically teneile-stressed elements when ey > O.8hO and
eccentrically compressed elementes

0 =220, (188)

b) for prestressed structures:

for centrally tensile-stregeed elements

N—N,
O ==F " (189)
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for flexural elements

o Mt Ne(ex—2)
0, = Fa, (190)

for eccentrically tensile-stressed elements when eq > (),8h0
and eccentrically compressed elements

N+ 2) + Ny (e —
o, =2 nm‘o(e. 3 (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): e, - the distance from the center
of gravity of reinforcements sectional area A to the point of
the application of external longitudinal force N; e, - 1s the
distance from the center of gravity of reinforcements sectional
area A to force Ny; 2, - 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 o, should be taken to be not more than R:.

Valves ¥, 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

o= 107 2oz, (192)

o B o G P 1

the same, under the prolonged effect of a load

=10tz (193

R
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where

Ne. » = 0,8FR;; (194)

in this case if the ratio ﬂ%l > 1, then it 1is necessary to employ

LR e

197

A T, i e it Vit e R

ks
E
%
-
b
k2

o b d 4 bl oy 24




ittt

RIP . e g AAOR

Ry TP

1t in formulas (192) (193) as being equal to 1;

b) for centrally tenslile~stressed prestressed elements of

the 3rd category of crack resistance under the short-term
effect of & load

Ne—N
Yo=1-07 3%, (195)
the same, under the prolonged effect of a load

Ne— N,

where value NT is cetermined using formula (149) replacing Rr
with R";
p

in this case 1f ratio-%ﬁ}ﬁf > 1, then 1t is necessary to take
it ir tormulas (195) and (196) to be equal to 1;

c) for flexural, eccentrically tensile-stressed elements
when eq > 0.8h0 and eccentrically compressed elements made both
without prestressing and with prestressing of the reinforeements
using formulas (179) or (180), in which values i%ﬁ-and m are
taken to be not more than 1.

Indetermining ¢, for the prestressed elements coefficient
ny 1s taken in accordance with 5.3 "a".

10.3. The distance between cracks ZT, substituted in formula
(185), 1is determined both under the short-term and under the
prolonged effect of a load:

a) for centrally tensile-stressed elements - using
formula

b= u (197)
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b) for flexural, eccentrically tensile-stressed elements
vhen ey > O.Bh0 and eccentrically compressed elements - using

3
E]
=
=
%
x
¥
3
3
=
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=
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E

formula

b = kynum, (198)

In formulas (197) and (198) the following designations are
. employed

F, F,
d==t; b=
s - the perimeter of the reinforcement cross section; kl - the
coefficient determined using formula

b= 2L — 2 (199)

Fan

WT - the moment of resistance of the given cross section determined
using formula ‘°3) (see 6.4 and 8.3) taking the entire reinforce-
ment 1into - 3 n - the coefficient depending on the type of
longitudina L*e=-gtressed reinforcement , taken to be equal to:

for deformed rods n = 0.7;

for smooth hot-rolled rods n = 1;

for standard reinforcing wire wused 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 Fa and 2, the sectlonal area
of the entire reinforcement: 1is considered.

L e S

- 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 zonsidering the
projections and ribs.

PR Y
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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

@y = @y — yy + By, (200)

where arq - the width of the crack openings due to the short-term
effect of the entire load; a., = the initial wldth 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 8115 8510 and aT3 are determined using formula
(185), considering values ary angd ay - under the short-term
effect of a load, and value aT3 ~ under the prolonged effect of
a load.

10.5. The wldth of the opening of inclined cracks in flexural
elements is determined using the following formula

n
= 4 e |
. B PRI Y (201)
where t= Q. .
°"o (202)
( ) (203)
'lxdx
but not more than ho + 30dmanc3 dx and do - the rod diameters
respectively of the transverse and bent-up rods; dmauc ~ the

greatest of these diameters; My - the coefficlent of saturation

with transverse rods normal to the longitudinal axis of the element,

determined using formula

b= 12 (204)

Uy = the coefficient of saturation wilth rods, inclined toward the

longitudinal axis of the element (bends, inclined stirrups),
determined using the following formula

200
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Q - transverse force from a standard load; n, and n, - the
coefficients which consider the shape of the reinforecing rods
(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, F0 and u -
the same designations as is T7.26 and 7.32; u, - the distances
between the planes of the bends (the inclined rods), measured

along the normal tothem; with different distances between the

“ bends (see Fig. 16) value Uy 1s 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

uo__suox';“m; (206)

for the second from the support of the bend plane

= Lot b, (207)

L

for the latter bend plane value u, is taken to be equal to the
distance between 1t and previous bend plane, i.e., when u, = u03.

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 (ul), and also the distances between the end
of the previous and the beginning of the following bend (u2, 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,

201
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and with longitudinal rods of the same diameter with the distances
over the helght of the c¢ross 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 1s carrlied out on the basls of the plane cross-section
hypothesis 1n this case a variation in the stresses in the
concrete with respect to the height of the element cross section
1s taken in accordance with the linear law. In durability
ratings of elements, not subjected to prestressing, the performance
of tensile-stressed concrete 1s not considered.
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During the durability rating of prestressed elements the
determining of stresses in them is carried out assuming that they
manifest elastli: 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.

i o

A

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.

e A it
ikt e R CR B

Note. Compressed reinforcement 1is not rated for durability.

11.2. In rating the elements of reinforced-concrete structures
subjJect to a multlply 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 sectlons, normal to
their axis;

b) for flexural, eccentrically compressed elements and
eccentrically tensile-stressed, elements, moreover, ~ in the
direction of the maln tenslle stresses.

11.3%, 1In rating CPOSS‘SectiONS normal to the axis of an
element for durabllity, greatest marginal compressive stress in
the concrete should not exceed the rating strength of the concrete
for compression Rép or R; taken 1n accordance with 3.4, and the
greatest stresses in the longitudinal tensile-stressed reinforce-
ments - the values of the rated strengths of reinforcement Ré ,
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 R;, taken ;n accordance with 3.4; for elemenis employed
at rated temperatures of minus 40°C and below, tensile ~tresses

are not allowed in concrete (see 4.4 of the present Codes).

11.4. The ﬁain tensile stresses iIn prestressed elements
rated for durability, determinei in accordance with the instructions
of 8.10, should not exceed R;.

. 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 tils
reinforcement , equal to Ré.

11.5. For each of the cases (indicated in 11.3 and 11.4) of
testing of stresses in elements subject to a multiply repeated.
load, étresses are calculated in the concrete and in the
reinforcements under the least and under the greatest standard
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loads of the cycle, wnich determine the magnitude of the
characteristics of the stress cycle respectively in the concrete
Ps = :::.“:e and in the reinforcements o.=3":.+;'.!;, 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 of reinforced-concrete
elements subject to the effect of multiply repeated loads, values

¥, and Y5 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 axls of the elements), in which the
greatest tensile stresses due to standard loads exceed R%, in this
case the value of coefficlent wa in formula (185) 1s assumed to
be equal to 1, and the width of oblique crack openings &,
determined in accordance with 10.5 of the present Codes, is
inereased 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.
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The dimensions of columns of rectangular cross section which
are elements of bulldings should be taken to be such that the
ratio of the rated length ¢f a column to the dimension of 1its
transverse cross section in the appropriate direction would
not be more than 30.

The thickness of monolithic slabs should be not less c¢han:
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 -~ 70 mm;

da) 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
rrotective concrete layers (see 12.2).

THE PROTECTIVE CONCRETE LAYER

12.2%, The thickness of the protective conerete 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 tan n to be:

a) in slabs and wallswith 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 wallswith a thickness of more than 100 mm,
and also in beams and ribs with a height of up to 250 mm when
d!® < 20 mm - not less than 15 mm;

¢) 1in beams and »ibs with a height of 250 mm and more, and
also in columns when d! < 20 - not less than 20 mm;

d) in beams, columns and slabs when 20 < d! < 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;

o S g B3 A 9 A e A A o S g

Al

e) in foundation beams, and also in precast foundations -
not less than 30 mm;

B A 4

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- conditioning - not less than35 mm.

-~

In single-layer structures of light-aggregate concrete of e
brands 100 and below, made without cover [texture] layers, the '
thickaess 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 1{0 and below not less than
15 mm.

bk

In hollow elements of circular or rectangular cross section
the distance from the rods of the longitudinal reinforcements to

R i
prrti T

B i

'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 .indicated
values, but should be in any case not less than 10 mm for slab
reinforcements and not less than 20 mm for the working reinfcerce-

ments of the columns, beams and ribs indicated in subparagraph
"c".

In beams with prestressed reinforcements stressed in abutments,
the thickness of the protective concrete layer for working
fittings with a diameter of 4 > 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 "Anti-Fire Requirements of
SNiP. Basic Design Aspects" should also be considered.

12.3%, 1In all precast flexural elgments 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: 1n 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 prctected by a mortar layer of not less than 5 mm or
by concrete.
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12.u%, 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 bundie or rod -
not less than 20 mm and not less than half the dlameter of the

channel, and with rod reinforcements cables d > 32 mm -~ not less
than d;

b) In the group positioning of bundles, strands or rods for
side wslls -~ not less than 80 mm, and for lower walls - not less
than 60 mm and not less than half the channel width (Fig. 40).

2 ' Pig. U0. The thickness of a protective
?/( .fu;' concrete layer of a channel surface
: E§%;/ intended for the group positioning of
7 '//

7 % bundle or rod prestressed reinforcements.
7z %0
i

s

); {t fnn

In positioning reinrforcements 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%, 1In prestressed elements the thickness of the protective
concrete layer at the ends of an element in an anchoring area
with a length onaH(see 7.28) should be:

for rod reinforcements of classes A-IV, At-IV, A-IIIv, A-IIv,
A-ITI 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 4C mm for rod reinforcements and
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20 mm for reinforcing strands. Departures from the indicated
requirements are permissible in the followlng 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 slats, panels, flooring and electric rower transmission
line (/13N) pylons 1t 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 mmy

not less than 10 mm with a rod diameter of 6-9 mm and a
strand diameter of U4,5-7.5 mm.

In this case within the limits of the supporting sections
of an element over a length of not less than 0.6ZaH it 1s 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 c¢f 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 mm.

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

wldth of the cross section should be designated consldering the
laying and compacting convenience of the concrete mixture; for
prestressed structures the degree of local concrete compressing

and the cverall 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 machlines 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 inciined 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 positlioning 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 l.Shn
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.
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Notes. 1l. 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. 1In prestressed elements the interior distance between
. the individual stressed rods, bundles, strands, cables, etc.,
occupying a horizontal or ineclined 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 reinforcemert the arrangement
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

e, T A M B P B N A8 T, O A AT Gt i At S A bt e

stressed reinforcement 1s 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 distsnces between the bundles (rows of wires)
wilth 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 smooth
reinforcing rods used in welded frameworis and welded grids, are
also made without hocks; these rods should terminate 1in hooks
only when 1t 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 smecoth rods of tled frameworks
and tied grids should terminate in semicircular hooks.

The compressed rcds 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. 1In
centrally compressed members these types of rods can be made
without hooks independent of the rod diameter.

12.10. In structures of heavy-agsregate concrete the
interior diameter of the hooks of round (smooth) reinforceme.t.
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 - riot less than
2.5d; when d > 12 mm - not less than 5d.

12.11. 'fhe longitudirial 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. 1In extreme free supports of flexural elements for
ensuring anchoring of all the longitudinal reinforcing rods,
reaching to the support, the following requlrements should be
fulfilled.

a) If condition (61) is observed (i.e., the transverse
reinforcement- is not required by the rating, see 7.30), length
Za of the thrust of the tensile~stressed rods beyond the inner
face of the free support (Fig. 41, a, b) should be not less than
5d. It 1s recommended that Za = 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

¢ 15 mm when d << 10 Mu;

¢ 1,5 duhen d & 10 ax.
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The diameter of anchoring rod da in beams and ribs should

be not less than half of the greatest diameter of the longitudinal
rods.

b) If condition (€1l) is not observed (i.e., the rated .
transverse reinforcements 1s required, length Za 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 from hot-rolled deformed steel of classes A-II and
A-III or from draw-hardened steel of class A-IIv, length Za can
be reduced to 10d.

4 T A it D - - i s 0 4L o
A LR L D S LT R b a0 i e Sl 0 K, AR S el bt 0 L &

a) Fig. 41. The anchoring of welded :
JfL%[’ reinforcing grids or frameworks 3

[ ¢ on the free supports of slabs and :

TR beams a ~ slab; b - beam.

£ :

b)
e T :
el E
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Kol AR

é In welded frameworks and welded grids with working reinforce-
f% ment of round (smooth) rods over length Za to each longitudinal
= rod there should be welded not less than two transverse (anchoring)
% rods with a diameter of da 2 %d; in this case the dlstance from

the extreme anchoring rod to the end of the framework (grid) -
should be not greater than the above indicated values of c.

T,
T a5 R

A reduction in length Za with respect to the requirements
of the present paragraph is permissible only under the condition
of the acceptance of speclal 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
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 lcngitudinal working
reinforcement 1in 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 1in centrally compressed elements, in percents of the entlire
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 tc prestressed
reinforced-concrete elements of the 1lst 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
posltion of the rein-
forcement and the

Minimum percent of reinforce-
ment with concrete grade.

nature of the opera- 200 250-400 500 and
tion of the element and below 600
1. Relnforcement A
in all flexural and
eccentrically tensile-
stressed elements. .1 0.15 0.2
2. Reinforcement A,
and also A' in eccentri-
cally compressed
columns: :
when 3 0.15 0.15 | 0.2
I i
when  38< -8 0.2 0.2 0.2
when é.->ea 0.25 0.25 0.25
3. Reinforcement A,
and also A' in the wall
panels:
when -’li-<83 0.1 0.15 0.2
when .g:_>aa 0.25 0.25 0.25
4, Reinforcement A in 0.1 0.15 0.2

other eccentrically com-
pressed elements, reln-
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 1lst and 2nd categories cf
crack resistance, and also in all structures subject to dynamic

upon crack formatlion in the concrete

effects, 1t i1s not permissible to use elements with weak reinforce-
ment, whose strength diminishes
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of the tenslle~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 RT or Rp 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 attalnment 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 formatlon,

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 excepticn of
wall panels), the indicated percents of reinforcement pertain to
a concrete sectlonal area, equal to the product rib width b and
working height hO‘

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, 1In 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 certaln 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 dlameter 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.

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 400 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 longitudinzal
rods would be not more than 500 mm.

12.17%. In beams with a width of 150 mm and more the number

of longltudinal worklng 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.
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. 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 1s permissible near the interme“iate 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 cof more than 70U mm
in the lateral faces longltudinal structural rods should be piaced
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.

L

IR

12.19*%, 1In cases when the unstressed longitudinal tensile-
stressed reinforcement of an element at the site of its znchoring
is considered in the rating with full rated resistance, the
length of its extenslon beyond the face of the support should

‘ be not less than value 1, indicated in Table 26.

When it is not possible to fulfill this requiic¢ment measures
: should be taken for anchoring the longitudinal rods to ensure

é thelr operation with total rated strength in the cross section
drawn through the face of the support.

i B
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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

Yt

present paragraph.
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with the presence of compressed reinforcement (considered in the
rating) unstressed or with a prestressing o’ oL < k500 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 longltudinal 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 Jolning 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 longlitudinal
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" cf 12.20 it 1s permissible not to take
into consideration the longitudinal compressed rods, not considered
in the rating, if their dlameter 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
longitudiral 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).

S The least length of
% 9 overlap ZH in concrete
(ol o] -
Type of working reinforcement = of job-grade.
pohs 200
o g 150 and above
o O
1. Hot-rclled deformed of class a: 354 304
A-II and round (smooth) of class | b? hoa 354
A-Io
2. Hot-rolled deformed of class | al 4s5q Loq
A-III and deformed draw-hardened | b? 504 454
of class A~Ilv.

'a - reinforcement Joints situated in the tensile-stressed
zone of flexural elemerits, eccentrically compressed and

eccentrically tensile-stressed 1n accordance with the first
case;

2p - 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 jolned 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 ZHindicated in Table 26.

2. Unstressed longitudinal rods in the structural elements
of concrete of job-grades of 400 and above can extend beycnd the

face of a support by a length of 54 less than values ZHindicated in
Table 26 for concrete of job-grades of 200 and above.

TRANSVERSE REINFORCEMENT OF ELEMENTS

12.20%, 1In centrally and eccentrically compressed linear
elements, and also in the compressed zone of flexural elements
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number of longlitudingl rods in this face not more than four

it is permissible to cover all the longltudinal 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 rods of the frameworks, or pins connecting these

rods should ne placed; the distances between the welded

transverse rods should be not more than 204, and between the

pins - 15d, where d - the least diameter of the compressed
longitudinal rods.

If the extreme flat frameworks have intermediate longitudinal
rods, then the latter, at least every other one and rict 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
element at the same distances, as the transverse rods of the flat
frameworks; it is pevmissible not to place these pins when the
width of the given element face 1s not more than 550 mm, 1f the
number of longitudinal rods in this Jace 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 glven
cross section of spiral or circular reinforcement , if it 1s
consldered in the rating (see 7.12), should be not less than 25%

of the sectlonal area of the longitudinal reinforcement .
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3 12.23. The diameter of the stirrups in tied framcworks of 3

E the monolithic elements indicated in 12.20 should be not less
than 5 mm and not lass than:

. 0.2d - when making the stirrups of standard reinforecing
wire with a diameter of 5 and 5.5 mm or of class A-III steel;

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 - noct
less than 6 mm;

O et P o ST R 0 S L5 0 A b 0 A SRy g

the same, when more than 800 mm - not less than 8 mm.

The relatlonship of the diameters of the transverse and
longitudinal rods in welded frameworks and in welded grids should
correspond to the requirements of special instructions.

12.24. 1In 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 1ts span. With a beam or rib height of 1less
than 150 mm it is permissible not to place transverse reinforce-
ment, 1f condition (61) is observed.

AR Y e

It 1s also permissible not to place transverse relinforcement
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 conditlion 1s observed

Q< V0,6R.bHg1, (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 of 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 than
%h and not more than 150 mm, and with a greater cross-sectional
helight ~ not more than %h and not more than 300 mm; the length of
circum-support portions, to which this requirement extends, is
taken to be with a uniformly distributed load, equal to % the span
of the element, and with concentrated loads - to the distance

from the support to the load nearest to 1t. In the remaining

part of the span with beam heights of more than 300 mm the
distance between the indicated transverse rods or stirrups should
be not more than %h and not more than 500 mm.

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 reilnforcement perpendicular to it with a
cross section of not less than % the greatest cross section of
the working reinforcement of a slab in the span, extending 1t
into the slab in each direction from the face of the rib by a

length of not less than i the rated span of the slab.

4
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12.27. In all surfaces of reinforced-concrete elements,
near which longitudinal reinforcement 1s 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 grlds 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 oniy
one longitudinal rod or one welded framework is situated.

12.28%, 1In 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 divections 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 1in 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 tled frameworks. The use of bent-up rods
in welded frameworks 1s 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 stralght portions
should be situated with a length of not less than 204 in the
tensile-stressed and not less than 104 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 1s permissible to increase the angle of inclination
of the bends within the limits of up to 602, and in low beams with
concentrated lcads, and also in slabs - to decrease it within
the limits of up to 30°.

N T

12.32. Rods with bends should be situated at a Jdistance
of not less than 24 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.

cr--\\\\_ﬂ-;a 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 crecss section
normal to the axis of the element, in which bent-up rod 1is
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.

12.3", 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.é)’ and with concentrated loads -
at a distance from this cross section (reckoning to the direction
of the support) of not more than Usanc? determined using formula
(71) (see 7.36).

WELDED REINFORCEMENT JOJNTS

12.35%, Reinforcement of reinrforced-concrete structures
of hot-rolled deformed steel, round (smooth) steel and standard
reinforcing wire should, as a rule, be manufactured by Jjoining
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 reinforcemcat
and insert components for reinforced-concrete structures.

Welded joints of thermally hardened roc reinforcement
(see 2.7 "e") are not permitted.
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Welded-jolnts of high~-strength reinforcing wire, reinforcing
strands and cables (see 2.7 "e"-"i"), as a rule, are not
permitted.

Notes. 1. Welded Jjoints 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 anc 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 "b" (with the excep-

tion of reinforcement of classes A-VI and A-V), and standard
reinforcing wire (2.7 "e").

12.37*. Resistance butt weldings 1is 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 80S 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
weadling should, as a rule, be carried out before they are i

ot B 4, A o v S AL R
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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 Appenrndix
III, note 2 to Table 35), after which prestressing is reduced
to the value, assigned by the rating for the compressing of

concrete.

E
N
e
=
2
k|
%
=
4
%
B
E|
%
#

In those 1individual 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 1s necessary to assume the rating
strength of such reinforcement to be the same as for unhardened
steel. It 1s permissible not to consider the reduction in the
rated strength of hardened reinforcement 1in 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 304, 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 reinforeing 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 rollesd
steel (insert components), and also with anchoring and fastening

I Bptat g sesing padiig cul ]

devices;
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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 stezl of class A-IV of grades
20KhG2Ts and 20KhGST with each other with two butt straps of
rods of the same grade of steel (3*+ is permissible to use as
butt straps reinforcement rods of class A-III 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.

b KA e P
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12.41*, When no resistance welding equipment 1is available
for use it 1s 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 cf 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 Jolning 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 Jolnts without the use of the additional
structural elements indicated in paragraph "c¢" of the present
section, is not permltted.

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 jJoints 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 relnforcement.

The employment of lapped joints (without welding) in linear
elements, whose cross section is completely tenslle-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 i3 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) ZH of not less than that
determined in accordance with Table 26 and not less than 250 mm.

The joints of tensile-stressed rods of tled 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) rads - 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 jolning 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 1n 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
104.

In structures of 1light-aggregate cuiicretes of job-grade
150 the length of the overlap of the rods at cverlapped joint
sites 1s Increased by 104 as %pmpared 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. lI3; in each of the
grids jolned 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 longltudinal rods of the grid. When using
grids o round (smooth) rods for the working reinforcement the
diameterz 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-way positioning of the working rods.
The lap Joining welded frameworks with two-way positioning of the

working rods 1s not permitted.

. Fig. U43. The lapped joints of

. welded grids (without welding)
in the direction of the working
reinforcement when making the
latter from round (smoosth) rods.
a - the distributive (transverse)
rods are situated 1in cne plane;
b and ¢ - the distributive rods
are situated 1in different planes.

Under the conditlon 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 - 54
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 - 154 1less
than the v lues determined in paragraph "a" of Table 26, but not
less than 150 mm.

Table 27. The least dlameters 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).

l?pe a:f tnt The least diameters of the transverse rods of welded grids and
‘ﬁghov'\?t" frameworks in mm with the diameter of the lcngitudinal rods in rm.

velding), [s—a f ot || 0 J s | v j 0] vl o] ]| 5| n]|n]|x]|e

iAfter Flg. | o 4 4 5 |.8 6 8 8 0] 10} 12} 14] 18]2]|2

&3, a.
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43, b and ¢ - R ’ .

When making the working reinforcement of welded grids from
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 reiniorce-

ment of deformed rcds can be made with the positioning of the
working rods in one planej in this case one of the joined grids
(Fig. 44, a) or both grids (Fig. U4, 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 reinrforcement.

A A

i

A S A 81t b LB

eyt



IR e T

LA

G A A

AT

i

o G
v

LUl

T
W U e

L

LR

LT RS MY ATUNR AT X T G # T DR |

a) Fig. 44. The lopped joints of
oy T T Py Wy Y d welded grids (without welding)
: - - 4"* in the direction of the working
‘ 2 reinrorcement when making the
b) ’ latter of deformed rods; a -
transverse rods within the

ik e Ambibadeden "".._._Fh 1imits of the joint are absent
from one of the Jjoined grids;

by =t b -~ transverse rods within the
limits of the Jjoint are absent
from both joined grids.

12.46%, Working joints of welded grids and welded frameworks
in the tenslile-stressed zone of elements should not be positioned
at the sites of total reinforcement utilization. It is necescary
to stagger the joints, and the sectional area of the working
rods, Joined in one cross section or at a distance of less than
the length of thelr overlap, should be not more than 50% of the

total sectional area of the tensile-stressed reinforcement

The Jjolning of welded grids without staggering the joints is
permissible only in those portions, where the working reinforce-~
ment 1is mnot utlilized more than 50%.

12.47,. 1If the diameter of the working rods, lap joined in a

tensile-stressed zone, exceeds 10 mm and the distances between the

R
rods is less than value %5 . ﬁé (where d - the least diameter of
p

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 thls case the sectional area of the
additional transverse reinforcement placed within the limits of

a Joint, should be not less than O.MFa Rq » where F_ - the
Ra.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
oe 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 4 -
the least diemeter of the longitudinal working rods.

e bt L .
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In lap-jolning of welded frameworks ol centrally or :
eccentrically compressed columns within the limits of the Joint

there shculd be placed additional stirrups at distances of not
more than 1i0d.
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12.49. The joints of welded grids in the naon-vorking dir-
ection are made coverlapping with a lazp, 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 - o~f 50 mm;

0 S B 5l R 0,0 i 0072 0, 0 LA . e S0 s M b et

L3k Lol 'l

E b) with a dlameter of the distributive rei:ilorcement of
more than 4 mm - of 100 mm.

Ly it

S0+ 100mm

a) Fig. 45. Joints of welded grids §
-=F==7=====;;EE;=-AH:£=-‘u=. in the direction of the dis-~ :

tributive reinforcement . a - :

o s
A e

b) 0= 100mm lapped jJeint with positioning .
E of the working rods in one plane; :
3 b -~ lapped Jjoint wilth positioning
3 o) ' A100m.315d of the working rods in different

L] . planes; ¢ - butt joint with the
i7=%v==;= superimposing of an additional
Joining grid.
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With a dizmeter of the working reinforcement of 16 mm and
mere the welded grids in the non-working direction should be 1laid
5 abutting each other covering the joint with special joining grids
5 laid with an overlap in eachdirection 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) vhen laying welded strip grids in two mutually perpen-~
dicular directions;

b) with the presence at Joint sites of additlonal structural
reinforcement in the direction of the distributive reinforcement

JOINTS 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 monoclithized by filling the joints between the elements witn
concrete or with mortar. If in the manufacture of precast
reinforced-concrete elements speclial measures are used to ensurs
the tight fitting of the concrete surfaces to each other {(for
example, by employling the face of one of the joined members as
the framework for the face of the other), then the making of
"dry" joints 1is 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 immutabillty of a structure or its
continuity must be made rigid.
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12.53. The joints of precast reinforced-concrete elenments
receiving the rated tensile foreces should be made by onc 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 channels or
grooves of the members belng jolned with subsequent stressing of
them and filling the grooves and channels with cem2nt or cement-

sand mortar.

When designing the joints of precast elements it is uccessary
to specify those types of incert component joints, in which
unbending of thelr elements, or breaking out of the concrete will
not occur.

12.54, The joints of precast reinforced-concrete elements
with stressed reinforcement o¢f hot-rolled steel can be made by
welding reinforcement projections, not having prestressing;
if reinforcement 1is used subject te strain hardening before welding
(without redrawing after welding), ~then it 1s recommenaed those
types of welded joints be used, in which there 1is practically no
reduction in the mechanlical properties of the hardened metal
(in accordance with the instructions of appropriate standand
documents); otherwise the rated strength of the reinforcement in
the jeint zone must be taken to be the same as that of unhardened

steel.

l2.55. Steel fcr insert components sad butt straps of
welded joints should be designated in accordance with the
instructions of 2.7. Insert components shouid be designed so that
thiey 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 1n 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 jolint.

12.56%, Steel insert components with anchors should, as a
rule, consist of Judividual plates (angles plates or shaped
steel) with predominately deformed anchor rods weldad to them
with the face under a layer of flux; the number of anchor rcds
should, as a rule, be not less than four (Fig. 46); the installing
of two anchor rods is permitted 1f the shearing force acts
perpendicular to tha plane, in which these rods are slituated. and
in the absence of flexural moment.

b) Fig. 46. The structure of

" steel insert components con-
“ sisting of; a - a plate of
four deformed anchor rods;
b - the same, with the welding
1 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 rcw
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 besldes the aanchors
T-welded, also bent-up anchors lap-welded at an angle to the
shearing force and completely receivin, thls force; in the

T presence of flexural moment or tensile force, acting on the

% insert component, it is recommended that in the zcne c¢f the bent-

e up anchors stlrrups be installed with a spacing of not more than
= - 100 mm.

In the presence of the tensi.e stresses in all anchors and
with the simultaneous effect of shearing force it 1is necessary
to specify special measures for receiving the shearing force.

The number of lap-welded anchor rods, is nct less than two,
and the positioning of these should be symmetrical with respect
to the plane of the shearing force. 'The angle of inclination of
these anchors to the direciion of the snearing far:e should be
not more than 25° and not less than 15°. ‘The placin. > oniy

some lap-welded anchors, in the absence of anchors T-weldid Lo
the plate, is not allowed.

o
o g

o

The joining of anchor rods with flat rolled elements should
be carried out in accordance with the requirerments of the

BN

"Instructions on Welding Reinforcecment and Insert Components of
Reinforced-Concrete Structures” (SN 393-60).

TR LGl S PR o

The Jlength of the anchor rods and the dlcstances between the
anchors and from the axis of the anchors tc the races of the

ittt

reinforced-concrete structure should be taken in accoc wnce
with the "Instructions of the Designing of Reinforced-Concrete
Structures."”

E. 12.57%. Annular parts of joined compressed elements (for
3 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." 1In 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.

E
2
3
4
E
£
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=
]
§
g
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In joining compressed elements with a break in the working
reinforcement at the joint site (for example in column joints
with a spherical hinge, at the support sites of the compressed
elements over the entire surface of the face, etc.) the ends
of the jolined 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. U47. The structure of the Joint
N of precast reinforced-concrete columns.
v
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INDIVIDUAL STRUCTURAL INSTRUCTIONS

12.£8. 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 solls, at
the sites of an abrupt variation in the loads, keyed expansion
Joints should be specified.

¥eved expansion Joints, and also expansion-contraction joints
in so0lid concrete and reinforced-concrete structures should be
made€through, cutting the structure at the foundation footing.
Expansion-contraction jJjoints in reinforced-cconcrete frameworks
should be accomplished either with double columns bringing the
Joint to the top of the foundation, or in the form of bilateral
cantilevers without inserts.

The dist{uances between expansion-contraction jbints in
concrete foundations and basement walls can b- taken in accordance
with the distances between the Jolnts accepted for the overlying
structures.

12.59. 1In precast or precaét nonolithic structures, on
the supports of which as a result of the monolithization of the
Joints (the welding of reinforcements projections, the placing
of additional reinforcements in the Jjoints between the element,
overlapping the joint, the installing above of joined structures
of reinforced-concrete elements, overlapping the joints) negative
moments can' arise, it 1is 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 determir:d
i1 accorcance with the instructions of 7.40.

12.60. 1In precast monolithic reinforced-concrete structures
reliable connection should be ensured between the precast elements
and the additionally laid concrete. For this across thelr
joining surfaces it 1s necessary to provide for the placing
of keys receilving the longitudinal shearing forces. The number
and the dimensions of the keys shculd be designated in acccordance
with the instructions of 7.66.

In the compressed zone of precast monollthic structures 1%
permissible not to provide for keys, i1f measures are taken for
imparting roughness to'the surfaces .f the precast elemerts 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 Rp

In solid precast monolithle 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 longitudinal
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 maln 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) 1in sites of abrupt variation in the dimensions of the
ceross section of elements;

b) 1in sites of a variation in the height of walls (in section
with a length of not less than 1 m); .

¢) 1in concrete walls under and over apertures in each
storey;

d) 1in external and internal wall panels (in both faces);

T

@) 1in the tensile-stressed face of eccentrically comp:ressed
3 elements rated for strength without considering the resistance.
of the concrete of the tensile-stressed zone (see Note 1 to

6.7);

f) 1n structures subject to the systematic effect of a
temperature of more than 70°C or to the effect of a dyaami. 1-23;

g) 1in massive constructions of light-aggregate concrete.

In concrete wall panels (subparagraph "d") the sectional
area of the structural reinforcement in each face should be
not less than:

when

< 35-0.012%,

when

e AT T )
I |10 X |©

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 secticnal area of the element.
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3 %f 12.62. The conformity of the distribution of reinforcement %
E to its designed position should be ensured by speclal measures 4
E (the installation of braces in the form of welded frameworks or g
grids, diaphragms, pins, suspensions ties, etc.). é
f 12.63. In wall panels (both of reinforced-concrete and %
9 , concrete) reinforcing frameworks should be mandatorily along g
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 3
is required over the width of an aperture when a slab 1s rated g
as solid. Additional reinforcement should be extended beyond g
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
é it 1s necessary to specify the placing of joints between them
3 filled with concrete or mortar. The width of the Jjoints should
be designated so as to ensure theilr qualitative filling and should
be not less than 20 mm in the case of elements with a height of up %
3 to 250 mm and not less than 30 mm in elements of greater height. %
é ; 12.66. In precast elements measures should be specified 4

for gripping them when they are being lifted (the insertion of
steel pipes to form apertures, the installing of lifting loops of
reinforecing rods, etec.). 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 framewcr:

%
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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 the compresved fuaces of loaded

concrete or reiniorc~d-concrete

elements, the thickness of the
unfilled jolnts between the eiement

direction of compressive stross) sn
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which depends upon its aze 3L “he
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5 in the
concrete ©i che face, to which

Is attached; h - tne
dis~unce between the unfilied

direction of the etfect of the cumpressive s5tres.cs,

Tat.le 28. The maximus

un da2gree S concrece creep
cnp for heavy-aggregate concrese.
The age of the concrete )
in days at the momenc of | 7 [il# [28 {00 znd more

the application of the
facing

6 . mm/mm
cnp 16~ in

3 15 412 9 5
ke/en”
Note. 1. The degre o

e the value
of relative creep def. o]

{ stress.,
2. Mor light-aggregate 2oner:

s

value of the degree of creep
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blished in
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or on the basis of exspersimIntal dava.
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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 1s recommended that the selection of thelr 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 operatlon will
be eliminated. It 1is permissible tc 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 thelr 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 1is necessary to specify
a clearance between this reinforcement and the surface of the
concrete of the element, and also between the rows of reinforcenment
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 tenslle-stressed
elements with the large eccentricities 1t 1is recommended that
the cross sections be assumed to have developed tenslle-stressed
and compressed zones of concrete (double-~T, hollow rectangular,
ete.).

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 wlthout prestressing,
if in this case the requirements f{or the rating for crack formation
and for deformations are satisfied.

13.7. The local reinforcement of portions of prestressed
elements under anchors of stressed reilnforcement , and also at
the support sites of tensioning devices,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 ol pre-
stressed reinforced-corcresce
elements with bundle reinforcement.
1 - increasing the thickness cof
the protective layer »nf concrete
at a supporf{ 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 c¢an be
brought out into the upper face of the element.

SSAT g 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 unsiressed

reinforcement , or

¢) 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 should
be stressed before the stressing of the longltudinal 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. 1In this case the magnitude of the
prestressing of the transverse reinforcement should be designated

N

-~

R

m
sl

i

maximua (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 nct
less than 10 diameters of the longltudinal reinforcement.

iy

AT

E 3 In the absence of stresnsed transverse reinforcement or
wlith the positioning of stressed longitudinal reinforcement
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concentratedly in lower or in the upper and lower zones of the
supporting cross section the unssressed transverse reinforcement
should receive in structures, not rated for durability - not

less than 20%, and in structures rated for durability - not

less than 30% cof 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).

il

14 L st 4 S 2 e

13.9. When desizning prestressed reinforced-concrete
structures with increased requirements ror fire-proofness
special measures should be taken for

protecting the stressed reinforcement
from being heated, especially in its

! anchoring zones.
b S
13.10. Channels in structural
elements for the positioning of rein-
@’- forcement stressed in the concrete, 3
- Fig. 49. The anchoring should be made with the use of rods {
of unstressed transverse removed from the concrete, rubber hcses, :
rods b7 welding them to
steel insert components ete., or with the use of a shell of
1 - welded joints. corrugated or smooth steel pipes. At
th. sites of an abrupt variation in the
curvature of the channels it 1s necessary to install segments of

1

rigid steel pilpes.

In the positioning in one channel of several bundles or
rods the channel should have a widening at ends for the deployment
of anchoring znd tensioning devices. At the sltes 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 cf the element by installing steel bands,
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stirrups or grids, and alsc to increase the cross section of
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elements.
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Fig. 50. The reinforcing ]
concrete with additional

reinforcement at the sites ¥
of the bending of the
stressed reinforcement. 1
KEY: (a) According to -
1-1.
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13.11. Reinforcement of high-strength wire in prestrezsed
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 coll by making
a splice or with the aid of coupling dies.
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THE POSITIONING OF REINFO#CEMENT
IN ELEMENTS
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13.12. When using reinforcement of curvilinear contour
stressed in concrete, the angle of inclination of the bunidles or
rods should be not more than 30°, and the radius c¢f curvature:

a) for bundi2 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 gauge

" " I A et e
iy e 15 (I s T

12-15 mm - not less than 6 m;
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i
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b) for rod reinforcement; with a diameter of up to 20 mm -
not less than 15 m; with a aiameter of from 28 to 40 mm - notv

less than 20 m.

3 ‘$
= - 13.13. 1In bundlie reinforcement clearances should be

£
=
3

3
3
e
=
2
E
I
£
E]
3
=5
]
g
%
E
E]
3
E]
5]

e




T o T BN

. T
P » [ T A

e
x4

PG

K

o

AR i

o -y R T o ) £ S e s E A
e e F TR R IS N AT L ST, T el 30T [ R R R RS S e

i ERES

specified between the individual wires or groups cf 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 f1lling of the channels.

13.14. 1In hollow and ribbed elements stressed reinforcemert
in the form of rods, bundles or strands should be positioned, as
a rule, along the axis of each
rib of the elements.

13.15. Longitudinal un-
stressed reilnforcement , if
such exists, should be situated
nearer the outer surfaces of
the elements, so that the
transverse reinforcement
(stirrups) would encompass

the stressed fittings

Fig. 51. Diagrams of the ar-
(Fig. 51). rangement of stressed and un-
stressed reinforcement 1in the
-z transverse section of prestress-
*
13.1p%. At the end ed reinforced-concrete elements.
of prestressed elements 1l - stressed reinforcement ; 2 -

additional welded grids or unstressed reinforcement.
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 104 and not less than
20 cm, and for the elements operating at rated temperatures of
minus 40°C and below - not less than 20d and not less than 40 cm.

The diameter of stirrups or the rods of grids would be not
iess than 5 mm and not less than 0.25d, where d - the rod
diameter of the longitudinal reinforcement.
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R and R? - respectively the rated and standard strength of
concrete in axial compression (prismatic strength);

RH and R: - respectively the rated and standard strength of
concrete in compression with flexure;

Rp and R; - respectlively the rated and standard strength of
concrete in tension;

RT - the rated strength of concrete in tenslon in
rating prestressed elements for crack formation and in checking
the necessity for rating reilnforced-concrete elements for crack

opening;

R: - standard strength of reinforcement;

R_ -~ the rated strength of longitudinal tensile-stressed

a
reinforcement and transverse reinforcement 1in rating for

flexure in an inclined cross section;

Ra x = the rated strength of transverse reinforcement
in rating for transverse force;

Roe ™ the rated strength of compressed reinforcement;

E6 - the initlal elastic modulus of concrete in

compression and tension;

Ea - the elastic modulus of reinforcement;
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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.

ANCHORINKG 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 1in 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 hligh-strength wires
(see Note 3 to 2.7) unde, the condition of the observance of
the requirements of 2 "d," of Table 1;

¢) reinforcing strands under the condition of the
obaervance of the requirements for 2 "e," 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 addicional
transverse reinforcement (welded grids, stirrups) in accordance
with the instructions of 13.16; 1in 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%., 1In structures with reinforcement of curvilinear %
: - contour anchoring devices should be placed in the faces of an %
3 ’ - element without increasing the thickness of the lower protective g
3 layer of concrete, in this case the bundles or the rods of the i
f 7 reinforcement should be positioned over the helght of the §
_% transverse section of the element taking into account the placing i
é of the anchoring and tensioning devices on the faces of the g
E element. %
e In prestressed structures operating at rated temperatures %
g . of minus 40°C and belowlit is necessary, as a rule, to place g
E stressed reinforcement in the circum-support portions for :
é more uniform stress distribution on the faces of the element.
; 13.19. In placing the anchors it 1is necessary to consider
; thelr displacement during elongation of the reinforcement during
é its tensioning in the abutments and in the concrete; after 3
g tensioning of the reinforcement an ar~hor should occupy its §
E designed position. :
i “ Anchoring devices situated on the surface of concrete, %
% : should be protected by a layer of additionally lald concrete or g
E : mortar (with a thickness of not less than that indicated in 12.2 §
f : and 12.4) or by an anti-corrosion coating. %
£

13.29. 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 {rom the effect of

AR D oy ) 0
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an external load.
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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 1local forces in the cross
. sections adjacent to the site of the breaking of the
stressed reinforcement.
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APPENDIX I

STANDARD STRENGTHS, COEFFICIENTS OF
UNIFORMITY AND THE ELASTIC MODULI
OF CONCRETE AND REINFORCEMENT

outl G O T

1.1%, The standard strengths of concrete are taken in

i

accordance with Table 29.

o

B P i 4

Table 29%, Standard strengths of concrete

4 Standard strengths of concrete in kg/cin‘
3 with a job-grade of concrete for strength
4 Type of stressed | 4 |in compression
3 condition S n s]w]n]m]mlmlmla@lm]rm|m
- ™ 5] Job-grades of concreté in tension :
Ast =7 - | ~ | pu|ps|pia|en]en|rr]en|oes 3
3
S Sranie strengtn) R | 28 | 40 | 60 | 80 | us | 145 | 175 | 210 | 280 | 380 | 420 3
compression with flexure | RE 35 | 50 76 {100 | 140 | 180 | 216 | 260 | 350 | 440 | 620 §
Tension R 5] 6| s|10] 3] 16| 18] 2] 25] 2| » ?

i

Note. 1. UFor concretes based on alumina cement the values
of the standard strengths of concrete in tension R; are multiplied

by coefficient 0.7

2. For light-aggregate concrete based on porous coarse anc
fine fillers with the presence of verified experimental data the
values of the standard strengths of concrete in tension R; can

i W i v ST b e sl bt B S
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be taken higher than the values given in Table 29, but not more
than by 25%.

3. PFor heavy-aggregate concrete in establishing their grade
by tenslile strength and with the satisfaction by these concrete
of the requirements, imposed for hydraulic engineering concrete,
it 1s permissible to take the values of the s: -.?ard strengths

of concrete in tension R; equal to thelr Jjob-grade for tensile
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. PFor 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 R; 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 490-0.65,

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. Coefficlents of uniformity of concrete.

@ Coefficlients of unifor-
o Imity of concrete with
Type of stress condi- *3 |the job-grade of the
tion g concrete by strength in
o {compression
L)
8 | <100 |100-200 | >200
§ Axial compression and
. with flexure.......... (ko . | 0.5 0.55 0.6
E TenSioN. sueessesonsons k6p 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) ké.c can be increased by 0.05 under the condi-

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¥, 1Initial elastic moduli of concrete in com-
pression and tension EG'

S, B0 f DTS UM G 14 nrdinas gt 1A

L

SRR L Ambd by 1 R

a Initial elastic moduli of concrete E6 in kg/cm?

L5 heavy-aggregate light-aggregate

8‘:‘:o st olbase on artifl- |based on nat-

o Y ©8OZ Hetal fine and ural coarse and

oLgl 4 S bW Elcoarse fillers |fine fillers

g > o « 339 with the volumetric weight of

gaual 9 ©. 3., ®the coarse filler in kg/m’

W o N o o o & om

1 & Q + O OO E

Fo IR TR ] 5] ned QEN

R S0 S $@7>T00 [300-700 [>70Q |300-700
35 - - 50,000 35,000 30,000
50 - - 76,000 50,000 Lo,000
75 - - 95,000 65,000 50,000
100 190,000{140,000{110,000 80,000 65,000
150 230,000(170,0001{1.30,000 100,000 80,000
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{255,0001200,000 150,000 -
500 370,000(285,000 - - -
600 380,0001300,000 - - -

Note. 1. As the initial elastic modulus of concrete in
compression and tension is taken the ratio of normal stress in
the concrete ¢ to its relative deformation &£ at stress level

H
g < 0.2Rnp.

2. 1If light-aggregate concrete 1s used in structures, for
which an increase in the elastic modulus ¢f the concrete 1is
disadventageous, its value is determined from Table 31 with

SRR S O (o T R AR 2 ot 8 A 8

Aguiny

Tl st 48ty ot &R

coefficient 1.3.

3.

For light-aggregate concretes the values of the initial

elastic moduli in the followling cases can be taken to be:

a)

coefficient 1.3;
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b) if concrete 1s subjected tu autoclave processing or if :
coarse filler of volumetric weight of less than 300 kg/m3 is
used in it - according to experimental data;

¢) 1if coarse filler of a volumetric weight of more than
1000 kg/m3 is used, with the presence of appropriate experimental
data - increased in comparison with the values indicated in 3
Table 31; i

d) 1if natural coarse and fine filler of volcanie 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
250-400 values E6 should be taken with coefficient 0.9;

e) 1if natural coarse and fine fillers of the limestone-
coquinas are used:

at a volumetric welght of the heavy filler vy > T00 kg/m3 -
from Table 31 as for light-aggregate concrete based on artificial
coarse (when y > 700 kg/m3) and fine fillers;

with a volumetric weight of coarse filler of 300 < y <
< 700 kg/m3 - from Tablie 31 on an appropriate column for light-
agegregate concrete based on natural coarse and fine fillers;

f) if according to experimental data for light-aggregate
concretes based on artificlal porous fillers the value of the
initial elastic modulus 1is higher than the values given in
Table 31, by more than 15%, then in the ratings it 1is permissible
to take value E6 from Table 31 with coefficient 1.15;

g) if porous light-aggregate concrete are used, then
values E6 should be taken from Table 31 with coefficlent 0.75.
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4. The values of the initial elastic modulus for light-
aggregate concretes of Job-grade 350 based on artificilal 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 tesion E6 are taken from Table 31, but the shear modulus
for concrete G6 (in the absence of the experimental data) can
be assumed to be G, = O.MEﬁ.

1.4, The standard strengths of reinforcement R:, the

coefficients of uniformity of reinforcement. ka and the elastic
moduli of reinforcement Ea are given in Tables 32 and 33.
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Table 32%. The standard strengths of reinforcement
R;, the coefficlients of uniformity ka and the elastic
moduli Ea of rod reinforcement.

p=] Ll
» Oqp — 1
. N nos 30
ow 8|l L 0o g O o
E 6| s zg g%;ﬂ
Type of reinforcement vgg | 253 S o
LR 6 M) OEL ogMm
® &0 50 for e Baay Y
oot o | % 0% Lo E
S0 A} Lms nHhe o
S8oznl 8D ol3wE
ﬁ'ﬁ PR’ S58x |aoex
1. Hot-rolled round
(smooth) steel of class
A-I, and 2lso 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"III.ooooooooooooooooooo MOOO 0.85 2,000,000
4, The same, of class
A-IVOQOOOOOOOOOQO0.0.0‘0. 6000 0.85 2,000,000
5. The same, of class
A-VO0..‘000....0..00000.. 8000 0.8 1,900’000
6. Heat hardened de-
formed steel of class
At-IV'00.0;.0000.0000...0 6000 0-85 1,900’00(}
7. The same, of class
At-Vosou00..00.00000.0..- 8000 0-8 1’900,000
8. The same, of class
At"'VIooontnoooolo'ooooooo 10’000 0-8 1,900,000
9. Deformed draw-
hardened steel of class
A-IIv with control of
the glven:
a) elongation and
stressing..ccoeeeeens 4500 0.9 2,100,000
b) only of elongation| U500 0.8 2,100,000
10. The same, of class
A-IIIv with control:
a) elongation and
stressing...ccceee 5500 0.9 2,000,000
b) only of elongation| 5500 0.8 2,000,000
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WRRiR ddby BEADAREG SLERNMENE By MMREFLEERHER WF U=
formity k, and elastic modull E_  of wire reinforcement.

The standard strengths of wire and seven-wire strands (see

: ' 3 Y
o S5 E oo 85 §
Type of reinforce- gso R EY au9 o igg Eo
ment Ul 8 |EREE . [REET a4
£ T 5 E [~ 0« LPOO €
o E COSPHP O |G oPp n O -
5o 2595 9 |8E8E |505 Lo
e R NUuSHE X JO3IKE (€2l SN C2
1. Standard re- |Fr. 3 | 5500 0.8 1,800,000
inforcing wire of |tc 5.5
class V-I (employ-|Fr. 6
ed in welded grids|to 8 . 4500 0.8 1,800,000
and frameworks) »
2. High-strength| 3 19,000
smooth wire of y 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 y 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 2 . 18,000 0.8 1,800,000
strands of c¢lass 2.5 18,000 ‘
P-7 \ 3 17,000
4 16,000
5 15,000
5. Multi-strand |- o
steel cables per
GOST:
3066-66 Fr. 1 17,000
to3 . :
3067-66 Fr.3l 16,000 0.8 1,600,000
to - :
3068-66 Fr. 1 | 15,500
. to 3

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 tenslle strength of the wire in cables
19,000 kg/cm?; with the use in the cables 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 determininé the
moment of strength of cross section WT = ywo.

Characteristics of the -
cross sections .

Shape of
transverse
cross section

1.‘Rectangular.;.é...........,

lo75

2. T-shaped with a flange
situated in the compressed zone.

175

78
~

3. T-shaped with a flange
(broadening) situated in the
tensile-stressed zone:

b
"‘of ratio hn/h:f-
b) when b_/b > 2 and
~h_/h > 0.2 |
¢) when b /b > 2 and -
hﬁ/hw< 0.2

b_. ,
- a) when'eﬂ‘g_g independent

1.75

1.75
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Table 34 (Cont'd.).

~ 4, Double-T symmetrical (box-
shaped): ‘

a) when b'/b = b /b < 2 in-

. dependent of ratios
h%/h = hn/h .............. 1.75

b) when 2 < b!/b = b /b < 6
independent of the ratlos

' =
hn/h .hn/hOOOQUOQOQQ ooooo 105
Py
¢) when 3}-:-{->6 and
N |
—hl-——h—.-ao.z ooooooo R R 1-5

b, b °
d) when 8<g=-LgI8 and

h, h, 1.2
T-T<°.2"""""'°""' 5
b' bﬂ.
e)an.%_Tom and
h;. h“ LN ] ® » & & v & 0 4 0 0 & s 1‘1
F o <o

5., Double~-T unsymmetric,
satisfying the condition b;/b <

<3 |
a) when —'g-:;'z independent of

the ratio hn/h....... ..... 1.75
b) when 2<% <6 independent

of the ratilos hn/h'°’ ..... 1.5

¢) when -’-g!->oand—':.!>o.1 ceeses} 1.5

6. Double-T unsymmetric,
satisfying the condition

s<L e
K2 .
a) when 3:—<4 independent of

ratio h_/h..... R 1.5
b) when%"->4 and 1';‘->0.2..... 1.5

¢) when 2254 and JE<o2.....] 1.25
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Table 34 (Cont'd.).

7. Double~-T unsymmetric,
satisfying the condition

%'1-54:
a) when 2503 .....vieuienn | 1.5
b) When-’-‘ﬁ-<0,3..-........... 1.25
i D1 -~ D.
8. Annular and circular....... ::-0.141—)- @@
Dyt~ Do
9. Cross-shaped:
a) when .‘.’;L =>2 and 09 ?.f,:lj.o,a 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 hé and bé - to dimensions of the flange which

for this case of rated is compressed

2. W, - the moment of strength for the tensile-

0

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

5 Mk g e

i,

Table 35#%, Reinforcing steels, to the use of which chapter
SNiP 1i-V.1-62* extends.

3 Z
“Reinforcing steel ) Document reg- z
Ld giimg‘ ulating rein- E
£ 5 foreing steel z
ype class grade in mm quality :
& St.3sp, St.3ps i
St.3kp; I
VMSt. 3sp ) :
1. Round smooth A-I VKSt . 3sp 6~40 | GOST 5781-61 3
hog-rolled rod VM3t . 3ps GOST 380-60% ;
VMSt . 3kp 3
VKSt . 3kp Z
A-11 VMSt.5sp 10-40 GOST 5781-61 E
VKSt.5sp GOST 380-60% i
VHSt.5ps and |10~40 |ChMTU 2-114-70 2
VK3t .5ps 3
1062 10~32 |ChMTU 1-89-67 §
2. Hot-rolled 1862s 10-90 | GoST ggg%:g%* {
deformed rod b
25G28 6-40 ¢
T B GOST 5781-61 i
80ST 5058-55* E
18G28 6-5 | 2
é:i-
268 %
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Table 35% (Cont'd.).

20KhG2Ts 10-32
GOST &781-€1
RGN ¥
A-TIV 80S 10-18 GOST 55%8-6%
20KhGST 10-18 | ChMTU/TsNiIChM
871-62
A-V 23Kh2G2T 10-18 |ChMTU 1-177-%7
At-IV - 10-25 |GOST 10aki.Gu¥
Lenopmeat hardened At-V - 10-25 |GOST 1088k-ni%
At-VI - 10-25 |GOST 2GREq-~H
VMSt . 5sp _
VKSt.5sp 10-40
A-IIv ;gésgss 10-40 |CHiP 1-v.4-62
4. Draw-hardened - 2P
deformed rod
18a2s 4o-90
A-IIIv| 25G2S bt
345GS 6-40 |CNiP I-V.h-62
Stan-~
dard _ 3-8 |GOST-6707-% 3%
V-1
5. Smooth rein-
forcing wire High-
strength _ na_za
-11 3-8 |GOST 7348-¢:
| —
Figh-
6. Deformed rein- [strength - 3-8 |GOST 8uf:-6%
forcing wire Vr-11
7. Seven-wire re-~ P-7 - §,5-15 |GOST 1384G-63

inforecing strands
{cables)
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Table 35% {(Cont'd.).

8. Multi-strand GOST 3066-66
cables without an - - - GOST 3067-606
organic core = GOST 3068-66

Note: 1. For hot-rolled rod reinforcement of classes A-I, A-IT,
A-IIT and A-IV it is permissible tc indicate in designs
only GOST 5781-561, regulating mainly the mechanical
characteristics of the fittings and the requirements
Imposed on the profile, if under the condition of use or
the structures (see Table 37) grades of steel need not
be specified.

In tying designs of standard structures, and also 1in
other cases, when this is necessary, the grade of rein-
forcing steel should be indicated along with the class.

2. For draw-hardened rod reinfcrcements with stress
and elongation control or with control of only elongation
without stress control, it is assumed that:

a) the value of the controlled stresses:

for steel of class A-IIVv - 4500 kg/cmzé
for steel of class A-IIIv - 5500 kg/cm?;

b) the value of the controlled elongations:

for steel of class A-IIv - 5.5%;
for steel of class A-IIIv of grade 25G25 - 3.5%;
for steel of class A-IIIv of grade 35GS - 4.5%.

ol B S A SR P A S il
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Table 36*. Requirements imposed on reinforced-concrete structures.
operating in an aggressive gaseous medium, with respect to the
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 ciauces
the effect of | ment , of
the gaseous classes
medium on the
. . P=7
conerete h-1, A-IIv At-IV 15 S48 B
A-11 and and and | ...,
bnd | V=T | a-ind ATV AV faeoy PEVI gLy cune
A-II1 e
- cab ey
= ‘= | 3 | 3|3 |3 | 2|22
1. Nonagressive| o3 03 0,3 0,3 0.2 0.2 — - -
- - 3 3 3 | 2| 2| 2 2
2. Weak [¥] 02 0.2 [¥] 01 - — - -
- - 3 3 2 1 1 2% 2t
3. Medium 2 032 o1 o1 = = = = -
o - = 2 2 1. | Cannot be | I A
i. Strong 0.1 0,1 = - — | employed - -

¥*With a high-strength wire gauge (including the cables and
strands) of less than 4 mm the structures should conform to the
requirements for the 1lst category of crack resistance.

Note. 1. The degree of aggresziveness of the effect of .
gaseous medium on -oncrete is established by the
classification of Table 1 "Instructions on desirning
the antl-corrosive protection of building structures."
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Table 9 Chapter SNiP ITI-V.1-62%,

ccnerete ae.qfty, protective coatings of a

surface,

Table 37%.

2. The categery of structures for crack resistance
is taken in accordance witlh the reguirements of

3. The values of the width of crack openings and

the categories of structures with respesct to crack
resisvance given in Table 36 are established by
mandatory observance of the requirements of

SN 262-67 on the protecvion of reinforcement (minimum
thickness ot the protective layer of concrete,

goncrete

ete.), and aiso of tne requirements of
2.16; 4.4 and 4.16 of (Chapter SNiP TI-V.1-62%,

Arcus of the use of reinforcing steels in reinforced-

concrete structures depending on the nature of the loads and

tempecature offacts (plus sign meuns "it is permitted,
sign - "it is not permitted").

minus

Type of reinforcing steel and its
basic characteristics

Structusre use conditions

static loads |dynamic and
multiply repeat-~
ed loads
out of out of
doors and doers and
type of rein- flass grqde_of steelly wlin unheated va in unheated
forcement o f ) and djameter 2 g’buizdings s glbuildings
steel|in m I o fuhen t S dlwhen t
[T%re] S QT ]
et el ]
o] ; ir. onl g
aake 130 ;ﬁg N Pl
~30°¢jto below
l -4cog e
St.3sp (open-neanth =
“-Hcorzvex"ez) — -
¢ ool + |+ | + + + +
St.3ps (open-hearth
and converter) + + + — + + — —
g 5-4C
St.3kp (open-hearth
an¢ converter) + i+ | -] -1+ 1A - -
2 &1
Hot-rolied VMSt.3sp | VKSt.3sp
. . N ~+ +
smooth rod A-T [£6-90  |p 6-40 Al B B B it
VMSt.3ps | VKSt.3ps — —
2 6-40 3 6-40 13 + + + + +
VMSt.3kp | VKSt.3k
o6-hc |peho |FTlFI -~ *FlH] -]

%
A
3
3
4
%
4
%
E
3
,%
¢
4
k-
5
¥
3
;é
:'é
k.
3
Z
=
B
2
e
£l
e
3
3

e
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Table 37% (Cont'd.).

St.5sp (open-hearth
ang cenverter) + 1 + 4 4+ |+ 4+ |+ =
@ 10~-40
St.5ps (Open-
hearth) +l+ |+ |+ ]+ + |+ -
) A-II |2 10-16
= St.5ps (open-hearth
= and converter) + | + - - |+ jJ+] ~- -
g 18-40 2 10-40
18cas, ¢ 40-90 + 1 + + | + + + + +
106T, @ 10-32 +| + + e
Hot-rolled 3 it + +
: deformed rod 25a2s, @ 6-40 + |+ 1+ |+ ]+ ]|+ sh
p-TIT| 356S, 8 6-40 R iR RN
18628, ¢ 5-9 +l+ [+ |+ |+ |+ + 1+
20KnG2Ts, # 10-32 | + ; + | + |+ + | + | + | 4+
A-IV | 20knaST, 20-18 |+ | + | = | = | + | + | — | =
89S, ¢ 10-18 + ]+l =] =]+ =] 1=
h_v  |23Kn202T, @ 10-18 | + |+ |+ | 4+ [ +0| 40+ ] 40
- g 10-2 + |+ | + + Vel e o
Heat- WE-IV 5
3 hardened de- Rt~V P 10-25 + |+ |+ |+ | =] =] ]
formed rod VT 5 10-25 Tl 1+ 1+ [—s]—el_er s
5 St.55p (Oopen-hearth
and converter) + | + — - 4+ | +1] - -
9 10~40
Draw-- A~I1v Ist.5ps (open-hearth
hardened de- and converter) +1 - - -} - -] -] -
formed rod £ 1040
18625, @ 40-99 + 1+ | + -+ | + - -
c : —
117+ 2502, @ 6-40 +l+l+ =+ ]+ =]~
3565, 9 6-=40 + |+ |-} -}+] =~ -1-
; Stainoarci rein-
‘orcing wire
and welded grias P=I (4 3'? +tl+j+ |+ |+ ]+ |+ +
rmade from 1% ——
Smooth high-
strength rein- _ - + + + + + + +
forecing wire v-11 2 3-8 +
Deformed high-
strength rein- Vr-11 2 3-8 + 1+ 1+ 1+ |+ +11 + 1 4
foreing wire
= - Rein”orcing -
strands, cavles | P-T — AR R
3 e
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Notes to Table 37¥%,

‘Reinforcing steel - can be used only in tied frameworks and
grids.

ZReinforcing steel of class A-IV of grade 20KhG2Ts with a
dlameter of 20-32 mm at a rated temperature of -40°C and lower
should be used in the form of the whole rods of measured 1ength.

3Reinforcing steel of class A-V of grade 23Kh2G2T should not
be used when the rating of structures for durability is required.

“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 & structure for strength
with coefficient of dynamiclity 1.1 and more are
accepted; for multiply repeated loads - at which

the rating of structures for durability 1s required.

Table 38*%. Main types of welded joints of rod reinforcement.

o 3
° 12
Type of Diameter of joint Welding g'; g Note
Joint structure technique|{s o} a
. ek ol Eal
* U U, .’UE
2 o]
= o«
s AL
Single-shear
1 Fross-shaped -Cé%ézk Al | 6~40rod joints are
GOST Spot Al Spermitted for
}4098-68 v-1 3-8 |rods witn a
" dlameter ratio
? of up to 1:5
a
+3
2
2]
2 |Butting E:EﬂE::} 2 Al |10—40
~ A-11 {10—80
tlr(l?ST8 63 @ Butt A-111{10—4 —
09%p~ A1V [10--32
? 3 Ao
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Table 38% (Cont'd.).

Relief weld-
ing or wilth a
© shaped e¢lec-
. 2 trode. In the
La — « A- latter case it
3 P —— cizt: @w| Spot Ajllgzgis permissible
o Alltf6—16k0 weld steel
g Pods of class
p-I with 2
£ Hiameter of up
5 0 25 mm
b Single~
3 elec~-
5 trode in
3 inven-
. tory
E form
3 with a
1 smooth The tank
E internal welding techni-
3 1 . surface.M 204 1€ is also
3 y ! Buct GOST fulti- X employed toc
14098-68 EI} elec- 1“{\ 33:23301n horizontal
> trode in multirow rein-
= inven- forcement
4 tory
3 form,
= Semi-
3 auto-
3 matic in
= inven-
- tory
] form
™ For rods witn
! g a diameter of
L jMulti~ 40 mm and more
olelec- tank multiple-
E- é trode Al joo—a0lelectrode weld-
5 | Butt —Eg @ with a ﬁ'{lll 20-80ling of the rods
3 5o grooved |7 NA01th a grooved
4 fme steel acking sheuld
3 backing be produced
3 ith slag dis-~

charge

F:
e
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Table 38% (Cont'd.)

h i Single~ .
6 Butt E'!F\ :j” @_ elegtrode }A\h 2032 _
- . with A-111
! Sd «| grooved
. . & backing
>
L
7 h _ E Tank-
Joint A1 | 20—%0
with A1) 20 -80 -
20 o grooved [A-111] 20--40
cover
plate ———
8 n Semi-
automatic
© o : multi-
. layer
d Joints A-l | 25—40
with A1l | 25--70 -
(soDGr) A1l 25—-40
with
grooved
cover
plate
"
9 ; ﬂ_‘—r Wilth
E 1% multli-
L Joints Ad |
. =2 72d b= : with Al 2032 -
. . grooved A-11§
backing
or uWith-
ot it
4
00| " g Wi‘hi The length of
218eseers n_ long -1 , bilate!‘nl 1°n$i"
) tudina A-i |'8—40] tudinal fillets
rillets fA.11} 10—~80| without paren-
, with A.1l§ 8—40| thesses is shown
_E__@___F circular JA.IVE 10--32} for steels of
i S Cudel class A-IV; in
= ] plateu parentheses - the
Sd{ud) length of longi-
tudinal fillet
for steels
of classes A-IlI
and A-1II, Per-
mitted for eteszl
of class A-I 2
length of the
longitudinal
fillets: one
way - 6d, bi-
lateral - 3d
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Table 38% (Cont'd.)

TR TN

SRORMS iy 2

11 Lap With Bilatera;
longi- Al | 8—4u| longitudinal
tudinal A-{1110--25] rfillets
fillets A-ll}] 825 with a

length of
44 ave
permitted
only for
rods Joints
of steel of
classes A~1
and A-IIl of
grade 10GT

12 1

The ﬁ111&40
same A g~
" -.:haped in With
13 .. 2 plane longi- |Ad |20-40
of the A-11 12080 -
1 tudinall|A-111]20—40
plate fillets
i
y a
! Lap Spot | A | 816 _
A-11 [10—16
15 | T-shaped Sub-
from the mer
ged jay |6—40
plane of with- |A1 [10—40
the plate out A-111] 840
addi-
tional
elec-
trode
materi-
al
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APPENDIX IV

REQUIREMENTS FOR CONCRETE FOR
CONCEETE AND REINFORCED-CONCRETE
STRUCTURES, USED AT RATED AMEIENT
TEMPERATURES OF MINUS 40°C AND
BELOW (DETERMINATION OF RATED
TEMPERATURES SEE 1.4 CEAPT:XR 3NiP
I-V.1-62%)
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APPENDIX V

B AR W ot o P A R

BASIC CONVENTIONAL LITERAL DESIGNATIONS

Sy

g i

Forces from external loads in the
transverse section of an
element

AL

=
[}

flexural moment;

"

=
!

longitudinal force;

O
1

transverse force;

e M e

M torsional moment.

PRI

Internal forces acting in the transverse cross sectlon of a
prestressed element

e RO it v o TSR U OIS AUSAR (1S SAEREED DT TR

NO is the resultant of the forces in stressed fittings
before compression of the concrete or stressed and unstressed
reinforcement with stressing in the concrete, equal to zero;

BT B S P 0 e

B e R i e

“
g

NH 1s the resultant of the forces 1n stressed
reinforcement after compression of the concrete.

i o o

G LR T
-

GRS (R s

s

Characteristics of materials

T

it

il

R - Jjob-grade of concrete wlth respect to strength

o U ot ol

-
i

in compression (cube strength of the concrete);

R R

.
o
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Characteristic aspects of longitudiral
reinforcement 1in the transverse cr.ss
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 forees or in the least compressed zone
of’ the cross section:

¢) for eccentrically tensile-stressed elements -
least distant from the point of the application
of the external longitudiral force;

AH - designation of the stressed part of reinforcement

A' ~ designation of the longltudinal 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 zonz compressed due to the
effect of external forces or in the most
compressed zone of the cross section;

¢) for eccentrically tensile-stressed elements -

most distant from the polnt of the appiication
of the external longitudinal force;

A; - designation of the stressed part of reinforcement
A'.
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Dimensional characteristics

b ae 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 ¢f a rectangular, T-shaped or double-T-

shaped cross section;

a - the distance from the most tenslile-stressed or
least compressed edge of a cross sectlion of an element to the
resultant of the forces in reinforcement A:

a' - the distance from the most compressed or lezast
tensile-stressed edge of.a cross section of an element to the
resultant of the forces in reinforcement A';

ho - the operational height of a cross section, equal

to h - a;
h' - the operational helght of a cross sectlon, equal
to h - a';
X - the helght of the compressed zone of a c¢ross-
section;

z - the distance between the resultants of compressive
and tensile forces in a cross section (the arm of the internal

force pair);

z2g - the distance between the center of gravity of the
compressed zone of concrete and the resultant of the forces in

reinforcement A;
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e and e! « 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
and 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;

Fn - the reduced area of the transverse cross section
of an element taking into acccunt all the longitudinal reinforce-~

ment ;

Jn - 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 ftenslle-
stressed elements; in the remaining cases - the sectional area

of longitudinal reinforcement A;

Fé ~ the sectional area of longitudinal reinforcement
A';

S0 and Sé - the statlic moments of the area of the entire
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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A? 86 - the static moment of the area of the compressed
] zone of concrete relative to the axls, 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;

5 ‘ Sa and Sé - the statlic 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 spplication of the resultant of the forces
respectively in reinforcement A and in reinforcement A'.
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