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ABSTRACT

High-performance concrete (HPC) is widely usedaigé scale concrete constructions that require stigimgth,
high flow ability and high durability. Various stied were performed on high performance concreté wespect to
workability, strength and durability. High-perforn@e concrete exceeds the properties and constilitgtad§ normal
concrete. But the design parameters adopted dSpéb6 is based on the stress block parametersmfentional concrete
and this leads to a conservative design. The prestedy focuses on reviewing the stress block patara of high

performance concrete so that it can be used igdedistructural elements using high performanceoete.

KEYWORDS: Compressive Strength, High Performance Concretedullis of Elasticity, Stress Block Parameters,

Stress-Strain Curve
INTRODUCTION

Concrete is the most widely used construction radtér India with annual consumption exceeding Tllion
cubic meters. Conventional Ordinary Portland Cent@nicrete which was designed on the basis of canjwe strength
does not meet many functional requirements as & feand deficit in aggressive environments, timecofstruction,
energy absorption capacity, repair and retrofitfiolgs etc. So, there was a need to design Highofeaihce Concrete
which is far superior to conventional concretetasihgredients of High Performance Concrete couateilmost efficiently

to the various properties.
HIGH PERFORMANCE CONCRETE

Definition of the high performance concrete hasrnbebanging with time, geographical area and praduct
technology. Concrete which has 80-100MPa compressiength has been used in reinforced concretepersiressed
concrete structures. High performance concrete tab8@MPa compressive strength has been able tapeddby using
high strength aggregate. High-performance concdtaracteristics are developed for particular apgibnis and
environments; some of the properties that may lpeired include high strength, high early strendtigh modulus of
elasticity, high abrasion resistance, high durgbdind long life in severe environments, low perhiltg and diffusion,
resistance to chemical attack, high resistancerdst fand scaling damage, toughness and impactaiesés volume

stability, ease of placement, compaction withogregation, inhibition of bacterial and mold growth.

STRESS-BLOCK PARAMETERS

The design of reinforced concrete members was erb#sis of theexisting stress-block parametersciwhviere
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26 Raiza Susan George & Nivin Philip

originally formulated by Hognestad [3]. A stresgast model and a rectangular stress block wereqaeg by them for use
in flexural analysis and design of reinforced cetersections. Whitney suggested the replacemeanttofl shape of
concrete compressive block by an equivalent ret¢aag a means of simplification. For determinirexélral capacities,
the magnitude K ks and position jof the total compression force need to be knowiotf investigations were verified
to define the stress strain relationship and edgmtastress block parameters in the design of bigifiormance concrete
members. Although high performance concrete waswonly used, its properties are not known as mudhagroperties
of ordinary concrete in the design of reinforcecharete sections. High performance concrete wasugesti using high
strength aggregate and cement, water, mineral lagohical admixtures. The decision of using high-gpenance concrete
(HPC) for the design of high-rise structures pregi&nough benefits that will make it worthwhileb® considered as an
economical and attractive option. Once the useRPCHecomes more popular, the importance of reseanatnibution in
providing technical knowledge on this new matebi@tomes apparent. The current empirical equaticesepted in codes,
standards, and recommended practices for estimatiegs-block parameters are on the basis of tdstencrete with
strength of approximately 55MPa. It was not exadéthpwn whether they could be used in the desigstnfctures

constructed by using HPC.
LITERATURE REVIEW

Mander et.al (1988) developed a stress-strain medsldeveloped for concrete subjected to uniaxialpressive
loading and confined by transverse reinforcemehe §oncrete section may contain any general typamofining steel:
either spiral or circular hoops; or rectangular peaevith or without supplementary cross ties. Thaess ties can have
either equal or unequal confining stresses aloop ehthe transverse axes. A single equation wed @ the stress-strain
equation. The model allows for cyclic loading andludes the effect of strain rate. The influencevaffious types of
confinement was taken into account by defining #iecéve lateral confining stress, which was depaidon the
configuration of the transverse and longitudinahfimcement. An energy balance approach was usegredict the
longitudinal compressive strain in the concreteesponding to first fracture of the transversefogzement by equating
the strain energy capacity of the transverse reiefoent to the strain energy stored in the conasta result of the
confinement [1].

VijayaRangan (1998) High-performance high-strengbimcrete (HPHSC) was defined as concrete that meets

special performance and uniformity requirementsciWhtannot always be achieved by using only the eotional
materials and normal mixing, placing, and curingaices. The performance requirements may inclade ef placement
and compaction without segregation, enhanced ghort and long-term mechanical properties, highyeagle strength
and long life in severe environments. HPHSC is Iggaoportioned with a low water-to cementitioustarials ratio and
has a high compressive strength in the range o6 300MPa (7 to 15 ksi). The supplementary cenienstmaterials may
include blast furnace slag, fly ash, or silica fumdich were used either as cement replacemens @dditives to the
concrete mixture. Considerable information wasaalyeavailable in the literature regarding HPHSCveBal codes have
design proposals to include HPHSC. The aim of plaiger was to review the existing information anduggest certain
proposals for the design of HPHSC beams, colummsyalls. These proposals cover concrete gradieirange of 20 to
100MPa [2].

Oztekin et.al (2003) Despite so much research gh performance concrete, the properties of thicieia were

not known as well as those of ordinary concreteer&thave been a lot of equations, rules and suggesh the codes

Impact Factor (JCC): 3.2318 NAAS Rating:06



A Review on Stress Block Parameters of High Perforance Concrete 27

which were used in the design of reinforced comcrd prestressed concrete structures. They wedeenedd from
experimental studies made on concrete that haverEssive strength of less than about 40MPa. Itneagxactly known
whether they could be used in the design of strastgonstructed by using high performance conciiéterefore in this
study, stress-strain and equivalent block parammetere obtained from experimental stress-straigrdias for calculation
of high performance reinforced concrete beams éxuile. The conclusions obtained from this studywsb that
determined rectangular stress block parameterbeased in the design of high performance reinfbozncrete members
in flexure. Rectangular stress block parametersl useordinary concrete members cannot be usedysédel high
performance concrete members. New stress blockrgdeas have been obtained from the experimentalystiihen
equivalent rectangular stress block parameters defieed using the modified stress-strain modelhigh performance
concrete. These parameters were in a harmony waitles obtained from experimental stress-strainesurvherefore these

parameters were able to use in design of the héglopnance concrete members [3].

Ozbakkaloglu and Saatcioglu (2004) A rectangulezsst block was developed for HSC based on an aallyt
model for concrete stress-strain relationship andrge volume of column test data. The stress blwels verified
extensively against column tests conducted undecardric and eccentric loadings. The results indigmod correlations
of computed and measured strength values. The pedpstress block resembles that currently useakiACl 318 Codel
and applies to both HSC and normal strength coa@ietments. It incorporates prevalent features®€kh columns that
consist of premature spalling of cover under cotreehoading, nearly triangular variation of strestgain relationship
under strain gradient and the brittle nature dtifei The proposed stress block was also showmaduge equally good

estimates of column strengths for normal strengticeete [4].

Ali Abdul Hussein Jawad Al-Ghalib (2007) The comtius increase in the concrete strength has catled f
adapting and amending the rectangular stress hjackmeter values recommended by provisions. Thidysteviews
several different mathematical stress-strain modetel adopts a numerical technique through whickomplete
stress-strain curve characteristic for any stremgih determined. The study highlights the effecttodss-strain model on
equivalent stress block parameters. The papetriligs the variation of the new parameter valuaiagconcrete strength
together with those of provisions and of other msidFor the purpose of safe, economic, and vastthe author suggests

two formulas to calculate modified stress blockapaeters [5].

Mertol et.al (2008) describes fundamental charéties of the compressive stress distribution & ¢bmpression
zone of flexural members with concrete compressikengths up to 18 ksi (124 MPa). The proposed inods based on
testing of 21 plain concrete specimens subjectedotabined flexure and axial compression up to failurhe main
variable considered was the strength of concreterdmged from 10.4 to 16ksi (71.7 to 110.3MPakxhEspecimen was
subjected to two independent loads with a speciiefiguration to induce maximum compressive statione face and
zero strain at the opposite. The measured stresig-sturves and stress block parameters were cedhmiith the data
found in the literature. The data obtained heregrewused to determine the fundamental characteristi the stress
distribution in the compression zone of a flexuradmber. The test results obtained in this reseeoohbined with the
available data in the literature were used to dgveécommended changes for code provisions. Th®awfilg conclusions
can be drawn with respect to flexural design withCHup to 18ksi (124MPa). The assumption that ptawtions remain
plane after deformation was valid. The ultimatearete compressive strain value of 0.003 for debigithe current code

provision was acceptable. A Poisson’s ratio ofds2ised in the current code provision was alsopéable [6].
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Braga et.al (2008) In order to evaluate the capadiRC members, the main codes allow the userefsistrain
laws that can reproduce closely the real behavieoncrete, as opposed to parabola-rectangulagquiv&ent rectangular
diagrams. Both sectional strength and ductility efep on the law of concrete, therefore they wertuémiced by the
confinement of members, as evidenced in the lilegatin this paper a possible design approachésemted, based on
classic section analysis methods. The method usesmeters that represent the stress-strain lavonfined concrete.
The studies carried out show that such parameterde chosen through simple relationships deperatirtpe strength of
non-confined concrete, on the amount and geométigngitudinal and transverse reinforcement, andhengeometry of
the section. At this aim some numerical analyses Hmeen performed using an analytical model of ioexf concrete,
capable of taking into account all the mentiondda$, even in the case of various sources of genfent, when different
types of hoops and external elements (FRP wrappstgsl plates, etc.) were used. More in detadl,sifction interaction
diagrams for the different limit states requiree thefinition of an appropriate upper bound for gteain of concrete.
Therefore the study focuses on the possibility ©ihg stress-blocks depending on the maximum stsaoraed, or on the
level of residual stress accepted in concrete daugito a specified limit state. Further studied extend the parametric

analysis in order to obtain design equations toripgemented in codes [7].

Noguchi et.al (2009) Many empirical equations faedicting the modulus of elasticity as a functioh o
compressive strength can be found in the currargliure. They were obtained from experiments pero on a restricted
number of concrete specimens subjected to uniaxiadpression. Thus, the existing equations canneércthe entire
experimental data. This was due to the fact thathaeical properties of concrete were highly depehda the types and
proportions of binders and aggregates. To introducew reliable formula, more than 3000 data sd#ttined by many
investigators using various materials, have bedleated and analyzed statistically. The compressivengths of the
considered concretes range from 40 to 160MPa. Assalt, a practical and universal equation, whitdo dakes into
consideration the types of coarse aggregates andrahiadmixtures, was proposed. To obtain a pictind universal
equation for the modulus of elasticity, multiplgression analyses have been conducted by usingeadaount of data.
As a result, an equation applicable to a wide ravfgeggregates and admixtures was introduced féerdit concretes,
from normal to high strength. The modulus of etastiof both normal-strength and high-strength ¢etes seems to be in
direct proportion to the cube root of compressitrergjth, according to the European Codel0-11 r@asilarly, there
was a direct proportionality between elastic modubd concrete and its unit weight power to 2. Cosely, in the
formulas proposed by Japanesel3 and Americanl2 @tk unit weight appears with an exponent c¢5= [h addition to
compressive strength and unit weight of concrédte, modulus of elasticity needs to be expressed fasation of the
lithological type of coarse aggregate and the e amount of admixtures. For the sake of simplitiiese effects can be

considered by means of two correction factorgnd k, which were equal to 1 in the case of ordinarytories [8].

Peng et.al (2011) The equivalent rectangular ceaaieess block was widely adopted in flexuralrgjth design
of normal-strength reinforced concrete membersimAitte past research work reported by other reseescthe equivalent
stress block parameters was assumed to be depemalgnbn concrete strength. Nonetheless, the thieafteflexural
strengths predicted by the currently used codeg wéen significantly lower than the actual strérsgtin this study, the
authors studied the characteristics of equivalentiete stress block by investigating other factbasm concrete strength
only. In total 14 inverted T-shaped specimens igr@ups were fabricated and tested. Each group dhactical cross
section properties and contained one concentrit@dligled specimen and one/several eccentricallyekbagecimen(s). The

equivalent concrete stress block parameters oétlentrically loaded specimen were obtained by tigpphe modified
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stress-strain curve of its counterpart concentsiclmladed specimen using a numerical analysis niktBased on the
experimental results, the authors found that thaivetpnt stress block parameters were dependerdtram gradient
besides concrete strength. A new set of equivaledtangular concrete stress block parameters incatipg strain
gradient effects were proposed for design purpasd, their validities were verified by comparing lwithe measured

flexural strengths of beams and columns testedr&yius researchers [9].

Karthikand Mander (2011) The proposed analyticsst®rain relation represents well the behaviobath
normal strength and high-strength concrete in thwiconfined and confined states. The stress-stradel can be
conveniently integrated in order to obtain the strblock parameters. In this study, the stresskbfzarameters were
derived from an analytic stress-strain model thas wroposed to be particularly useful for handysisichecks of various
computational moment-curvature solutions. To overe@ shortcoming of existing commonly used stréssrsmodels
that were not easy to integrate, a new stressastnadel was proposed and validated for a wide rafigencrete strengths
and confining stresses. The efficiency of the eajent rectangular stress-block parameters was demaded for hand
calculations in predicting key moment-curvatureutssfor a confined concrete column. Results wemragared with those
obtained from a computational fiber-element analysing the proposed stress-strain model and anetdely used

existing model; good agreement between the twoalaerved [10].

Khadiranaikar and Awati (2012) Most of the existingdes were using stress-block parameters whicle wer
derived for normal strength concrete. Several mebeas in the past have reported that use of A@ &tess-block
parameters results in un-conservative design ofosied concrete members for high-performance aiadHPC). Recent
revision of Indian Standard Code IS 456 for desifreinforced members does not include the prowsifor strength of
concrete beyond 55MPa. Present research aims atopéwy the stress-block parameters for wide rapigeoncrete
strength between 40-120MPa. The experimental pnognaludes testing of plain concrete columns, @icéd concrete
members such as eccentrically loaded columns, aathg in pure flexure. Moment interaction curvesendaveloped for
the column data of the present and previous reseakn error analysis was incorporated to prove toasistent
conservativeness obtained by the use of the prdpsesess-block parameters. This study includes B& Hinembers
including 18 of the type tested by Hognestad 1l4imois in eccentric compression, and 4 beams. The waaiable was
the strength of concrete in the range of 40-120 .MM obtained data was used to generate the densteess
distribution factors in the compression zone (strielock parameters). The new model was proposevdatuate ERSB
parameters and they were validated with 105 colteshdata. The following conclusions were drawntfer design of
flexural members with HPC up to 120 MPa. The patanse andf proposed in this study were 0.85 each for 20 MPa
strength of concrete and subsequently, for everlyIP@ increase in strengthwas reduced by 0.02 aiidoy 0.04 with a
minimum value ofx as 0.75 an@ as 0.67. It was proposed to maintain ultimate oetecstrain at a constant value of 0.003
at par with ACI 318 .The error analysis proves tbasistent conservativeness of the proposed patesrier both NSC
and HPC [11].

Vatsal Patel and Niraj Shah (2013) High Performacmecrete (HPC) has received increased attenticthan
development of infrastructure Viz., Buildings, Imttal Structures, Hydraulic Structures, Bridgesl dtighways etc.
leading to utilization of large quantity of conarefThis paper presents a comprehensive coveragigbf Performance
concrete developments in civil engineering fieldhilghlights the High Performance concrete featuned requirements

over conventional concrete. Furthermore, recendseavith regard to High Performance Concrete dgeémt in this area
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were explored. This paper also includes effect afidvkl and Chemical Admixtures used to improve qrenfince of
concrete. High Performance Concrete can be pregargive optimized performance characteristicsdagiven loading
and exposure conditions along with the requiremeftost, service life and durability. The applioas of concrete will
necessitate the use of High Performance Concreterporating new generation chemical admixtures (FgaiEed
superplasticizers) and available mineral admixtufé® success of High Performance Concrete reqoioes attention on
proper Mix Design, Production, Placing and CurirfgGmncrete. For each of these operations contgplparameters

should be achieved by concrete producer for arr@mwvient that a structure has to face [12].

Hassan Baji and Hamid R. Ronagh (2013) The stisti the equivalent rectangular stress block patars was
studied in this research. Performance of reinforo@acrete members depends on many sectional aretiahatariables
that were statistically uncertain. Concrete prapsrand in particular equivalent rectangular sttdesk parameters were
among those with high uncertainty. This paper dessrfundamental statistical characteristics of dtbmpressive stress
distribution in the compressive zone of flexuralmiers. Because most of the current design codes ug&ng the
equivalent rectangular stress block concept, ttadyais in this study was based on this concept.c@e stress block
models in some of the current concrete design cages reviewed and then, through probability-basedel errors, these
models were compared with the experimental data mEsults show that due to variations in materiad aectional
properties, a significantly higher variability etd@sin the ultimate curvature of reinforced concrbtam sections in
comparison to strength and that the ultimate cureatvas sensitive to more random variables comgadrthe strength
[13].

Choudhary et.al (2014) The focus on High Perforreanoncrete (HPC) has immensely increased due
utilization of large quantity of concrete, therelepding to the development of infrastructure VRuildings, Industrial
Structures, Hydraulic Structures, Bridges and Higysvetc. This paper includes the detailed studytten recent
developments in High Performance Concrete, strgssiore on the earthquake prone areas. It highlitffgsadvantages
and importance of High Performance concrete ovewenotional concrete and also includes effect of évah and

Chemical Admixtures used to improve performancearicrete. The behaviour of SIFCON was also discugsiefly

Slurry infiltrated fibrous concrete (SIFCON) was@mposite material utilizing short steel fibresaicement based matrix.

SIFCON composites differs from conventional FRGainich the steel fibres were directly added to ceteemix in the
ratio of 1-3% by volume, whereas, SIFCON uses matdnsisting of very fine particles leading to adbef well
compacted steel fibres in the range of 5-20% bymwa . The fibers in SIFCON were subjected to foicél and
mechanical interlock in addition to the bond witte tmatrix. The matrix plays the role not only crisferring of forces
between fibers by shear but also acts as bearidgdp the fibers interlocked. The alternative foe HPC was also
recommended. Many concrete products like Autoclayestated Lightweight Concrete (AALC), Fiber Reinfed
Concrete (FRC), and Lightweight Concrete, have lusyeloped and experimentally verified [14].

Mahesh and Tatikonda (2015) Rice husk was an agstexmaterial which was produced in large quaetisry
year. It was normally used in the combustion predaslot of industries where heat was requiredeAthis process of
combustion the waste which was left over was catledRrice husk ash (RHA). RHA was a highly reacpezzolanic
material suitable for use in lime pozzolan mixed &or Portland cement replacement. RHA containsga hmount of
silicon dioxide and its reactivity related to limdepends on a combination of two factors, namelyntrecrystalline silica

content and its specific surface. The mix designcfincrete was prepared for M-60, M-80 and M-100 tie effect of
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partial replacement of cement by 5%, 10% and 15%\ Rds studied with respect to the reference mix Variation of
Poisson’s ratio and modulus of elasticity of a# irades with 5%, 10% and 15% replacement of RH#& stadied. It was
found that for all the grades and mixes the valupaisson’s ratio decreased for 5% replacementfand0% and 15%
replacement the poisson’s ratio increased withaes the reference mix. It was found that fortladl grades and mixes
the value of modulus of elasticity increased for Bplacement and for 10% and 15% replacement th@ulme of

elasticity decreased with respect to the referemzd15].
SUMMARY OF LITERATURE REVIEW

» High Performance Concrete can be prepared to gitimzed performance characteristics for a giveadlng and

exposure conditions along with the requiremenisost, service life and durability.

e Stress-strain model was developed for concreteestdyj to uniaxial compressive loading and confibgd

transverse reinforcement.

» The proposals for the design of HPHSC beams, caumnd walls cover concrete grades in the rang@0db
100MPa.

* The equivalent concrete stress block parametetiseoéccentrically loaded specimen were obtaineddnpting
the modified stress-strain curve of its countergamcentrically loaded specimen using a numericallysis

method.

e Stress-strain curve was affected by a lot of védeglSo it was not possible to suggest a certedssistrain curve

for concrete.

« Although high performance was commonly used, i@pprties were not known as much as the properfies o

concrete in the design of reinforced concrete gpsti

* The studies carried out show that such parameterde chosen through simple relationships depenalintpe
strength of non-confined concrete, on the amoudtggometry of longitudinal and transverse reinforest, and

on the geometry of the section.

e The stress-block parameters can also derived fromaralytic stress-strain model that was proposetheto

particularly useful for hand analysis checks ofaas computational moment-curvature solutions.
CONCLUSIONS

» Rectangular stress block parameters used in ogdinancrete members cannot be used safely for high

performance concrete members.
» The assumption that plane sections remain plare @déformation was valid.
» The ultimate concrete compressive strain value @® for design by the current code provision waeptable.
* A Poisson’s ratio of 0.2 as used in the currenegoidvision was also acceptable.

* The stress block parameters formed was limitedséota a compressive strength of 120MPa.
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