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ABOUT NECESSITY OF THE GENERAL THEORY OF REINFORCED
CONCRETE AND ITS ROLE IN THE ADM MODEL CODE

The system Analysis of the Eurocode 2 and fib Model Code 2010 show their common
radical demerit: the absence or incompleteness of links between partial and general designs
(empirical usually), that leads to the derivation impossibility of reinforced concrete (RC)
elements (RCE) design with partial stress-strain state (SSS) from RCE designs with more
general SSS. The shown demerit in accordance with the system Approach means the necessity
of more high development level of the noted code designs what is caused by the empirical
designs dominance that is by absence of the enough General Theory of RC (GTRC). It is
stated the essence of the GTRC taken as a principle of the more perfect ADM Model Code,
being worked out by the Center for Advanced Design Methods of Concrete Structures
(Poltava, Ukraine, E-mail: vom.admcs@mail.ru).
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ITPO HEOBXIJTHICTD 3ATAJIBHOI TEOPII 3AJII30BETOHY
TA II POJI1 Y MOAEJII HOPM ADM

Cucmemnuii ananiz Eurocode 2 ma npoexmy fib Model Code 2010 nokasye ix cninorutl
KOPIHHULL HeOOliK: 8I0CYMHICMb AO0 HENOBHOMY 38 SA3KI6 MINC OKpeMUMU Mda 3a2aTbHUMU
PO3DAXYHKAMU  (36UHAUHO eMRIPUYHUMU), WO NPUBOOUMb OO0 HEMONCIUBOCMI BUBCOEHMHS
po3paxyukis 3anizobemonnux (3b) enemenmis (3BE) 3 oxpemum nanpysiceno-oeghopmosarum
cmanom (HIC) i3 pospaxyukie 3BE Ons 6inow 3acanvrnoco HJ[C. 32iomo i3 cucmemuum
ni0X000M GiOMIUeHUll HeOOIK O3HAYAE HeOOXIOHICMb NIOBUUWEHHS DIBHS PO3BUMK) 6KA3ZAHUX
HOPMAMUBHUX PO3PAXYHKIB, WO 00YMOBIEHO 3ACULIAM eMRIPUYHUX PO3DPAXYHKIE, MOo6mMo
giocymuicmio documuv 3aeanvHoi meopii 3anizobemony (3136). Buknaoeno cymuicmo 31356,
HOKIA0EHY 8 OCHOBY NpoeKmy Oinbld O0CKOHANUX HOpM npoekmyeanus 3B koncmpyxyitt ADM
Model Code, sxi pospobasiomucs Llenmpom nepedosux memoois pospaxyuxy 3bK (Ilonmasa,
Yrpaina, e-mail: vom.admces@mail.ru).

Knrouoei cnosa: 3ani300emonui KOHCMpPYKYii, pO3paxyHKu, HeOONIKU, 36 SA3KU, 3d2AIbHA
meopis 3a1i300emomy.
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O HEOBXOJMMOCTH OBIIEN TEOPUM )KEJE30BETOHA U EE
POJIX B MOAEJIM HOPM ADM

Cucmemnviii ananuz Eurocode 2 u npoexma fib Model Code 2010 noxazvieaem ux
00wULl KOPEHHOU HeOOCMAmMOK: OMCYMCmaue Uil HenoIHOMY C8sA3eli Mexcoy OMOeNbHbIMU U
o0bwuMu pacuemamu (00bIYHO IMNUPULECKUMU), YO NPUBOOUM K HEBOZMONCHOCMU 8b1600A
pacuemos dicenezobemonnvix (/KbB) osnemenmos (JKBD) ¢ omoenvHbIM HANPANHCEHHO-
oepopmuposannvim cocmoanuem (HIC) uz pacuemoe JKBD oaa 6onee odowezco HJIC.
Coenacrho cucmemHOMy HOOX00Y OMMEUEHHbIN HeO0OoCMamox oO3Hayaem HeoOX00UMOoCmy
NOBbLULEHUSI VPOBHA PA3GUMUS YKA3AHHBIX HOPMAMUBHBIX PACYemos8, 4mo O00YCI067eHO
3acunvem IMIUPUYECKUX pacdemos, mo ecmv omcymcmeuem 00CmamoyHo obwell meopuu
arcenezobemona (OT)KB). Hznoocena cywynocmov OTIKE, nonodcennyio 8 0cHO8y npoexma
bonee coseputernnvix Hopm npoexmuposanusi Kb koncmpyxyuti ADM Model Code, komopubie
paspabamuigaromes Llenmpom nepedosvix memooog pacuema JKBK ([lonmasa, Yrpauna,
e-mail: vom.admces @ mail.ru).

Knwouesvie cnosa: dcenezobemonuvie KOHCMPYKYUU, pacyemvl, HeOOCMAmMKU, CA3U,
obwasn meopus dxcene30oemona.

Problem setting. There is urgent necessity of impartial estimation of the
quality level of the Eurocode 2 [1], improved fib Model Code 2010 [2] and other
alternative offers. As the above documents are man-made socio-technical
systems the system approach is most suitable for the noted aim. According to the
System Analysis [3] any system development level is evaluated by its system
signs: elements composition, links between elements, organization, structure,
integral qualities.

The present paper is limited by the analysis of the mentioned above codes
only part which concerns the designs of the RCE and RC structures (RCS): their
SSS, deforming and destruction processes, these processes modelling, designs
algorithms and their realization.

Considering the totality of code designs as system and determining its
system properties it is lightly revealed the elements composition — various
designs on the limit states. But determination of the second system property —
links between elements (designs) — at once shows the absence or incompleteness
these links that leads to the derivation impossibility of designs for the RCE with
partial SSS from designs (empirical usually) with more general SSS. For
example, the cross section strength design under action one moment M must be
derived as partial case of more general case of SSS under forces M and Q joint
action. Nevertheless in codes designs of all world countries the link between
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mentioned designs is absent because the RCE strength design on action of the
shear force Q (jointly with M) is based on the empirical relationship from which
the known strength design of cross section does not follow with Q=0, although
this design must be obtained if the RCE failure model under joint action of
forces Q and M would be enough perfect.

The elements design cases in which the forces M, Q, N are combined in
various way with the torsional moment T are still less connected. For code
designs of elements under two- and three-axial SSS (as rule empirical) the
absence of common design conceptional basis is especially visible. These
designs are different cases of shear, crushing and splitting, punching shear,
pressing out of concrete and mortar, pulling out of reinforcement and others
(Fig. 1). That is why the code designs do not form the internal system integrity
that in accordance with the system approach means the insufficiently high level
of those designs development. The source of the unsatisfactory RCS designs

level is the empiricism dominance that is absence of the enough General Theory
of RC (GTRC).
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Fig. 1. Elements characteristic groups with failure schemes
according to [10 — 12]. The arrows without notation shows the
velocity of the corresponding element parts
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Thus the codes of all countries include the problem situation caused by the
RCS designs development problem. As the RCS designs connections are secured
by the GTRC the latter just is the problem-solving system which must
generalize, classify and explain the deformation and destruction processes of
various RCE on the basis of certain general statements and models.

Researches and publications analysis. A certain continuum model is
always put into basis of any concrete or RCE design in which element SSS may
be one-, two- and three-axial. Then, meaning the general case of the SSS, it is
necessary to base the concrete constitutive model and its stress-strain
relationships, that are highly complicated and for GTRC the ones are remained
the main difficulty which is not still overcome completely at present in spite of
such huge number of suggestions that literature on this question is difficult
reviewed. At present it is known the different types of concrete constitutive
models (relationships, theories), branching on the certain signs. There are
deformation and incremental theories, isotropic and anisotropic models, elastic-
plastic models with perfect plasticity or with strengthening [4, 5]. The latter
models got more wide application to concrete and RC and especially consequent
on its simplicity the model of rigid-perfect-plastic body connected with the
Theory of Limit Balance [6]. This model leads to satisfied proximity of
theoretical strength to test one not only for bar, slab and shell structures [7 — 9],
but for massive three-dimensional elements under two- and three-axial SSS
[10-—12].

Besides the concrete constitutive model the important part of GTRC must
be statements that generalize the experimental data of concrete and RC
properties to the level of generalized statements and models allowing to reflex
the various character of the SSS stages of RCS. Namely generalized statements
and models form the united conception basis of the GTRC needed for working
out of the different designs on various limit states under different RCE SSS.

Paper purpose: to state the essence of the offered GTRC version put into
base of the ADM Model Code for RCS projecting that is worked out by the
Center for Advanced Design Methods of Concrete Structures (Poltava, Ukraine).

Paper content. The present paper is limited by account of the «first
necessity» designs (the GTRC core) which include the designs on strength,
crack — resistance and stiftness of RCS under short-time static loading. On the
basis of mentioned designs it develops the taking into account of long-time
processes, action of different dynamic loads, heat-moisture influences and
others. The GTRC core includes: 1) generalized properties of concrete,
reinforcement and RC; 2) generalized models of RCE and RCS; problems
solving general methods of strength, crack-resistance and rigidity of the RCE
and RCS.

Generalized concrete properties

Property C1: depending on sign and value of the mean (hydrostatic) stress
(pressure) o it can be different cases of the concrete deforming behavior and
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failure type [11, 12]: brittle, pseudoplastic, perfect plastic (Fig.2). The
pseudoplastic and brittle cases of concrete behavior and failure type have the
most practical importance.
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Fig. 2. Meridional (A) and deviatoric (B) sections of the concrete
ultimate limite surface, BR, PS, PL — the intervals of brittle,
pseudoplastic and plastic failure correspondingly

Property C2: the concrete physical non-linearity and necessity to take into
account the descending branch of the relationship «stress o, — strain &, » under

one-, two- and three-axial SSS.

Property C3: Extreme strength criterion (ESC) of concrete and RC
elements under non-uniform SSS for the pseudoplastic behavior case. The ESC
means the failure state coming in a point when the strict maximum of curve
«load parameter F — characteristic element strain U, » is reached

F,=F(U,) = max,

ch _Uch u

where F,, U nu — ultimate load parameter and corresponding

characteristic element strain [13, 14].

Reinforcement properties. The GTRC core worked out is limited by the
usual steel reinforcement for which unlike recommendations [1, 2] it is used
more exact approximations of the tension diagrams o —¢, by the three-link

piece — continuous functions [13].

Generalized properties of RC

Property RC1: the bond between reinforcement and concrete that
promotes to their joint deformation. The interaction of reinforcement with
concrete is described by the special relationship taking into account the spatial
SSS near concrete-reinforcement contact surface.

Property RC2: dependence of the RCE SSS character and failure type on
the working reinforcement quantity. This property is well known for partial SSS
cases (bending, eccentrical compression, torsion et. al.). The Property RC2 was
generalized on the case of joint forces M, Q, N action for which the RCE
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classification (Fig. 3) was ground depending on quantity both longitudinal A4,
and lateral 4, reinforcement, their corresponding resistance use level, RCE

behavior character and failure type [15 — 17].

The RCE classification revealed the conditions needed for the plastic
failure on the inclined dangerous crack under shear force Q action (elements
group C on the fig. 3). The RCE classification [15] together with other design
statements led to the «Optimization Strength Theory of RCE (OSTRC)» by the
inclined sections under joint forces M, Q, N action [15 — 17], which passed the
many-sided verifications and showed its practical importance [15 — 21]. The
property RC2 is also clear-cut in RCE under the torsional moment T action [22].

ps 4 Elements groups: A,B,C,D - principal, AB,AC,M,BD,CD - intermediate (boundary)
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Fig. 3. RC elements classification depending on quantity of longitudinal Psw
and shear (p,,) reinforcement and element destruction type.
CDZ - concrete destruction zone

Property RC3, which allows to make more precise the notion «element of
the bar RCS» as part on the length of which the forces M, Q, N, T are sign-
constant and both one dangerous inclined and one dangerous normal crack are
developed [15 — 17].

Models of RCE and RCS. The Property C1 leads to the important for
RCE two cases of concrete deformation and destruction that determine two
corresponding types of models — brittle and pseudoplastic — which are able to be
basis for various designs of RCE and RCS. In the GTRS offered the two
exactness levels of the pseudoplastic model are used: 1) complete pseudoplastic
model taking into account the descending o, —¢, branch and ESC which together

is effectively realized in strength designs of the RCE cross normal sections with
concrete under uniaxial compression [13 — 14]; 2) the approximate pseudoplastic
model as model of perfect plastic body used for RCE with two- and three-axial
SSS [10-12, 21, 24 — 26].
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Besides above models it is often needed model as the combination of brittle
and pseudoplastic models. The necessity of such model is arisen if the RCE has
the compressed and tensile with rupture cracks zones.

The Table 1 shows the applicability realms of the above considered models
in design on the limit states.

Table 1. Conformity of RCE models types to the main designs groups

RCE DESIGNS GROUPS*
on ultimate limit states

RCE model with failure
type on serviceability limit states on with loss
on tensile zone | compressed stability
Zone
@®
on @
formation minimum
Brittle model | of normal = = longitudinal = =
and and lateral
inclined reinforcement
cracks
®
Pseudoplastic ultimate load
(perfect - - - - uiizr 21:1:1 -
plastic model) three-axial
SS8§
@ on ©
Combination opening critical load
of brittle and _ of normal on de fg?mation _ _ of
pseudoplastic and (displacements) compressed
models inclined RCE and
cracks RCS

Note *: designs on the equilibrium loss of structures as a rigid bodies
(overturning, uplift, sliding) are omitted.

Methods of RCE design problems solution. The realization of above
models is connected with use the certain methods of practical problems solution
which must be accessible for application by the wide society of designers and
students. But the Finite Element Method (FEM) does not is such because it
demands the complicated, laborious and expensive computer software which is
used by the comparatively narrow circle of professionals. Nevertheless there are
methods acceptable by their simplicity and accuracy. So for problems connected
with the brittle model, the method of sections of cracks theory [23] is quite
suitable for RCE designs.

The pseudoplastic model design method depends on the its accuracy level
used (see above). When the pseudoplastic model is substituted by the
approximate model of perfect plastic body one may use design methods from the
known arsenal of plasticity theory: the solutions based on the direct variational
calculus methods and solutions with interrupted velocity functions which are
attractive by their simplicity and sufficient accuracy [10 — 12, 21, 24 — 26].

The Table 2 unites the components of the offered GTRC core and shows
their characteristic features.
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Conclusions:

1. The System Analysis reveals the insufficiently high development level of
designs by the known codes. The shown demerit reason is caused by the
empiricism dominance that is absence or insufficient development of the
General Theory of RC. The necessity of GTRC was realized in the former USSR
by V.M. Bondarenko, V.N. Baikov and V.Y. Bachinski in 1978 — 1979, but its
development was proceeded slowly because it not attach importance to the one.

2.1t 1s suggested the GTRC core version, including the generalized
properties of concrete, reinforcement and RC, the RCE and RCS generalized
models and the models designs general methods.

Table 2. Components of the GTRC offered and design groups
in the ADM Model Code for RCS projecting

Components of GTRC Characters of GTRC components and design groups
E - .
= 5| and designs groups - -
‘2 2| in ADM Model Code, Dlmcr}smn of Elements SSS Con.crct.c Model design
: considered constitutive
[references] (forces) method
elements model
@? Deformation model bending (M), .
with Extreme Strength b . complete non-linear
S ar elements, eccentrical . .
1 Criterion on normal . pseudoplastic mathematic
sections of RCE, [14 beam slabs compression- model programming
15] Lt tension (M, N)
(® Optimization joint action of non-linear
Strength Theory of RCE | bar and slab perfect plastic .
2 S . forces mathematic
on inclined sections elements M. Q. N, T body rogrammin
(with torsion), [17. 18] Tt P1og S
direct methods
(5) Elementary two- and of variational
3 mechanics of concrete three- two- and three- perfect plastic calculus on
pseudoplastic ultimate dimensional axial 58§ body base of
state, [10, 11, 35] elements variational
principles
(1) Designs on bending (M. Q),
formation of normal and eccentrical
S ) method of
inclined cracks, bar and slab compression- . .
4 . - . . brittle model sections of
(4)Designs of minimum elements tension with
- . cracks theory
longitudinal and torsion
lateral reinforcement (M, Q. N, T)
I@ Designs on opening bending (M, Q), direct methods
of normal and inclined eccentrical combination of | of variational
bar and slab . .
cracks compression- brittle and calculus on
5 : elements and . . .
(3) Designs on tension with pseudoplastic base of
. structures . o
deformation torsion model variational
(displacements) (M. Q.N. T) principles
direct methods
_ N bar and slab axial CN)_ and comlf:manon of | of variational
(6) Designs on critical eccentrical brittle and calculus on
6 i1s elements and . ,
load under stability loss compression pseudoplastic base of
structures .
(M, N) model variational
principles

Note: The Numbers design groups @ coincide in the Tables 1 and 2.
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3. The recommended models and their design methods are in comparison
with the FEM more accessible for use by the wide society of designers and
students. The realms of preferable application, on the one hand, the
recommended simple models and design methods and, on the second hand, the
FEM, exact herewith apart:

for first — the multitude of comparatively simple problems often occurring
in the practice for which the failure scheme is enough clear determined (see
fig. 1);

for second — the complex many-linked structures in which it is difficult to
determine the shape and placing of the destruction field and surface.

4. The sudden failure of concrete and RC element during test does not
mean the non-applicability of the perfect plasticity model for this element
strength design, if the unstable spreading of rupture macrocrack does not occur.

5. The designers and students society ought to pass the development stage,
connected with the more broad use in the RCS designs (including massive three
dimensional RCE) the simplest perfect plasticity model in order to master the
Continuum Mechanics level needed in future for use of the developing GTRC.

6. The project «fib Model Code 2010» makes great progress in direction to
the securing structures safety. But the determining models needed for the
probabilistic designs are remained on the level close to the level of Eurocode 2.

7. The widened international collaboration for the working out of the more
perfect RCS designs is worth-while.
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PED®EPAT

Cucremuuii ananiz Eurocode 2 ta npoexty fib Model Code 2010 noka3sye
iX CHUIBHUN KOPIHHUW HEMONIK: BIJCYTHICTh a00 HEMOBHOTY 3B’SI3KIB MIXK
OKpEMUMHU Ta 3arajbHUMHU PO3paxyHKaMH (3BHYANHO EMIIIPUYHUMH), IO
MPUBOAUTL JI0 HEMOXJIMBOCTI BHMBEACHHS PO3PAaXyHKIB 3ami300eToHHUX (3B)
enemeHTiB (3BE) 3 okpemum HampyxeHo-aehopmoBanuMm cranoMm (HIC) i3
po3paxyskiB 3BE s 6inbm 3aramsnoro HJIC. 3riqHo 3 CHCTEMHUM MiIXOI0M
BIIMIYCHUN HEJOJIK O3Ha4a€ HEOOXIMHICTh IMMIBHUIICHHS PIBHSI PO3BUTKY
BKa3aHUX HOPMATUBHUX PO3PAXyHKIB, IO OOYMOBIEHO 3aCHUISIM E€MITIPUYHUX
pO3paxyHKiB, TOOTO BiFICYTHICTIO IOCUTH 3araiibHO1 Teopii 3amizoberony (3T36).

[Ipoext «fib Model Code 2010» — 1e BenuKHil TpOrpec B HAMPSIMKY
3a0e3neyeHHs 0e3NneKu Cropya. Aje OCHOBHI HOPMHU MPOEKTYBaHHS, HEOOX1THI
JUI  IMOBIPHICHUX PO3pPaxXyHKIB KOHCTPYKIIH 3aJIMIIAIOTECS Ha  PIBHI,
osm3bKoMYy 110 piBHS Eurocode 2.

PosrnsanmaroTeess  akTyalibHI  MpoOsieMi  BIAOCKOHAJEHHS  PO3pPaxyHKIB
3aJ11300€TOHHUX KOHCTPYKI[IH 3a TpaHUYHUMU CTaHAMHU, KOTP1 MICTSATh HOBI
nojoKeHHs  (kimacudikalio 3a1i300€TOHHUX €JIEMEHTIB 1 1X MOJeeH,
EeKCTpeMaJIbHUN KpPUTEpId MIIMHOCTI, YTOYHEHHS TMOHSTTSA 3aj1i300€TOHHOIO
eJIEMEHTA TOIIO), III0 B CBOIO YEPTy CIPHUSE PO3BUTKY HEOOX1THOI JIJIsl MPAKTUKH
3T3b 1 HOpM TpOEKTyBaHHS 3a11300€ TOHHUX KOHCTPYKITIH.

Buxnanaetsest cytHicTh 3T3b, sika mokiazeHa B OCHOBY MPOEKTY OUIbII
JOCKOHAIUX HOpM mnpoekTyBaHHs 3b koucTpykuiit ADM Model Code, sxi
po3pooisitoteest [lenTtpom IlepemoBux Mertonie Pospaxynky 3BK (Ilonraga,
VYkpaina, e-mail: vypm.admes@mail.ru).
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