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ABSTRACT

Compressive strength is an important aspect indésign of concrete structures. Excepting for labomna casting
and testing of concrete samples, no reliable metisodvailable to evaluate the compressive strergjtin-situ
concrete precisely. The objective of the paper wasdevelop a different methodology for the deteatiim of
concrete compressive strength based on measuredleaation using Artificial Neural Network (ANN). &tsurface

of a cube was struck with an impactor and inducedeteration reading at six different locations dnwere
recorded. Strength of concrete was determined biingg Using ANN, the multi-dimensional six accafiem
readings were given as input and the same mapped 8Bingle output of concrete strength. The range of
acceleration values varied from 0.7 ffs 136.4 m/sand compressive strength from 16 to 43.56 MPa.VEtiges
pertaining to 54 cubes were used to train the ndtwdhe correlation between predicted and measwategingth
was found to be good.
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INTRODUCTION

Concrete is a versatile construction material tzett be manufactured using locally available mdtetike crushed
stone, river sand and water. It is very populaemwthe fact is considered that around the worlar@pmately
twice as much concrete is used in construction thartotal of all other building materials, such stgel, plastic,
wood, and aluminium. Its compressive strengthnisimportant aspect in deciding its load carryingagity.
Normally, it is determined by casting and testifigoncrete specimens in the laboratory. In ityiserlife, many
situations may arise wherein measurement and asatysstructural integrity and other properties aancrete
structures have to be carried out. Many of the texjsmethods for the assessment of concrete strearg
destructive in nature. The compressive strengtaodiened concrete is, generally, determined bywlgite testing
of control specimens in a Compression Testing MalCTM) in the laboratory. However, a directretation
never existed between the compressive strengthaodehed concrete obtained by testing of represeatat
specimens like cubes or cylinders and that availabbtructures [1]. Unfortunately, test specimaresnot an exact
representation ah-situ concrete, and may be affected by variations inigpet type, size, and curing procedures.
The differences in strengths of the same concretevden the laboratory specimen amdsitu affect the
performance of structures while resisting the agplioads. In fact, a solution is hardly availatdedetermine
exactly the strength of concrete that has beereglat site. Moreover, the testing of existing dntes is usually
related to an assessment of structural integritgdequacy [2]. However, to a certain extent thabfem has been
solved by a method called non-destructive testhigT) [3]. Non-destructive modalities exist but rho$them are
inaccurate and prone to uncertainties of the models
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Normally, in the NDT method the condition insideaaincrete is ascertained without destroying itriri@a[4] and
McCann and Forde [5] have presented a review ofrgel number of non-destructive testing and evanati
techniques of concrete [6]. Malhotra and Carinol@ye published a Handbook on NDT of concrete 1p Hee

civil and structural engineering consultants endaigequality control of hardened concrete. Thidéxause they
need a comprehensive resource that explains théodetof determining strength and other performance
characteristics. The focus of the research aneldpment efforts at the NDT-CE division at BAM, Geny has
been on methods used to evaluate the geometrigpépies of structure such as thickness, locatforomponents

as well as detection of the presence of voids ndielations, and ungrouted tendon ducts, or cracks [8

The NDT for the evaluation of the actual compressétrength of concrete in existing structures asell on
experimental relations between strength and notmdgive parameters. Generally, manufacturers give
experimental relationships for their own testingteyn of devices [9]. Because of that, special tieglas have been
developed in which attempts were made to measure smncrete properties other than strength, am thlate
them to strength, durability, or any other propeByme of these properties are hardness, resistapenetration of
projectiles, rebound number, resonance frequeney, ability to allow ultrasonic pulses to propag#teough
concrete.

Some NDT methods may be used to identify the looatind development of cracks and voids which atevisible
at the concrete surface but which may affect tmecsiral or durability performance of concrete. Dioethe
specialized nature of NDT methods and the speeifigipment required for each method, operators iestell
trained and familiar with all factors affecting ttest conditions and the readings or responsesnebita Also, the
results must be properly evaluated and interprbie@xperienced personnel who are familiar with plagticular
NDT technique.

MATERIALSAND METHODS

Among the different NDT methods, two most populatinods are the rebound (Schmidt) hammer technind éhee
ultrasonic pulse velocity (UPV) technique [10]. €Tfirst one is a pure NDT where the strength ofrtregerial is
determined by correlation to another parameter neaigly available and readily apparent. This isdafy the
hardness of the concrete. Rebound hammer test [11] measures the rebourdspfing-loaded plunger pressed
against a concrete surface. A graduated scalesieghipment indicates a number depending on thinkas of the
surface. However, this number has nothing to db #ie strength of concrete. The harder the sutfaegreater is
the extent of the rebound which is expected toatate to relatively greater strength. Howevehas become
popular in the world for NDT ah-situ concrete because of its simplicity.

The rebound hammer generally measures the first 2D mm of the concrete surface and will not dedaegt deeper
defects such as voids or cracks within the bodgasfcrete which reduce the concrete strength. Hewes the
concrete ages and the surface carbonates, then@tmmmer can become less reliable. Thereforeebeund
hammer test is classified as a hardness test drvabkes] orthe principle that the rebound of an elastic magsedds
on the hardness of the surface agaivisich the mass impinges. Therenig unique relation between hardness and
strength of concrete but experimental relationships be obtained from a given concrete. Howevers thi
relationship depends upon factoa$fecting the concrete surface such as degree wfrasimn, carbonation,
temperature, surfageeparation and location, and type of surface lfinfs correlation between rebound number and
strength of concrete structure is established biing different grades of concrete and this carused for the
estimation ofstrength of concrete structures. This is calledbcation chart and is normally supplied by the
equipment vendor along with it.

The extent of rebound gives an indication of thersith of the concrete at the surface positioretesthe average
of about 10 to 20 impacts would give an approximatication as to the compressive strength of cetecat that
location. If the surface is quite hard it recordsigher number and if it is soft, it registers wéy number indicating
the condition of the concrete in the cover regibtawever, no relationship exists between the nurmziicated and
the strength of the concrete because the numbgratled does not in any way depends on any of thpepties of
concrete. Moreover, this method of testing esabytindicates the quality of concrete on the scefand not at its
interior. After extensive experimentation and edllon of field data, the equipment is calibrated a relation is
established between the number and the qualityootrete, i.e., whether any crack or void is presenthe
concrete, by comparison. The quality of concrétestdetermined is considered as representing riémgih.
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However, mostly it turns out to be not true. Mareg there are two main groups of limitations,, ipgoblems with
the actual principles of testing and practicalaliéinces between measurements taken and correla¢imgpncrete of
the specimen with that existing-situ. The use of the rebound hammer test for the eStimaf strength ofn-situ
concrete alone is not recommended unless speaiflaration chart is available for correlation [9].

Many other NDT methods are available for the inigegton and evaluation of condition of concretengsdifferent
aspects of stress—wave propagation through theriaat®ne of the most commonly used NDT is therddibnic
Pulse Velocity (UPV) technique. UPV is a survey nogt based otime of flightand can measure through the
concrete member. It involves the use of high fezmy sound waves of the order of 20 kHz to 250 Wiz 50 kHz
being appropriate for field testing of concreted&tect cracks, imperfections or changes in the egtigs of a
material. Furthermore, UPV can be used to deterntiee homogeneity of a material, which is of paitcu
importance to determine the quality of concrete.

In the UPV technique, an ultrasonic pulse is tratteshthrough the concrete at one end by a tratsn{jprobe) and
the same is received at the opposite end by avexcgirobe). The ultrasonic wave propagated abbsgaight line
between the probes through the concrete is sensédebreceiving probe. The time taken by the wewéravel
along this line is displayed on the instrument.e Tistant between the probes divided by the tirkertdy the wave
yields the velocity. Therefore by this method ttetocity of the pulse passing through the concretmeasured.
According to the velocity, the quality of concreiregeneral, had been graded as poor, average, gonddexcellent.

Ultrasonics, radar and other wave propagation iecies provide information regarding the internaw$ in a
concrete structure. The reliability of this infortiea is dependent on the nature of flaw, like sidepth and
orientation, as well as testing method itself [I2Jom the value of pulse velocity, it is only sused whether there
is any crack or void inside the concrete. In thisthod, the transmission of the pulse at the lonadif the steel
reinforcements, cracks and voids in the concretd,the moisture condition of the concrete poseoasrproblems.
The presence of cracks and voids in the concrdtedamsiderable influence on the measured pulsecitgltoo. If
the cracks and voids are empty, the pulse will therdistracted around the discontinuities, theliebyeasing the
travel path and the travel time, thus decreasiegtlise velocity.

Many times a situation may arise wherein a decib@asto be taken to repair/strengthen a concrelaimgif found

to be weak. Under such circumstances NDT is reddu, to ascertain the condition of concrete. d&ssussed
above, strength of concrete is only presumed baseds quality. Therefore accurate assessmentontrete
strength goes awry because the present NDT metli@dsaot reliable and yield only the condition ohcretes
inside it. However, they are popular because theyraditional methods and no simple and reliabikrative that
yields the strength directly are currently avaiéabHowever, the development of calibration cutgesonform to
both the rebound hammer and the UPV testing teclesidor usual concrete mixes showed that the utieesé two
methods individually is not appropriate to predintaccurate estimation for concrete strength [9].

The NDT methods such as rebound hammer test arldRNetechnique, and some partially destructivestestch as
core sampling and depth of carbonation were cawigdin a case study of an Intze tank resting ayledrical
shaft type staging that had been destroyed by adesaverely distressed by Bhuj earthquake, totgetbmplete
details of concrete quality and the present sttenfitoncrete [13]. Morchhale et al [14] had usslsbund hammer
and UPYV tests to investigate the extent of damagetlae cause of structural deterioration of a 2&r y#d hospital
building and had reported that the assessment lmastitbse tests indicated a poor quality of coeavaly.

Saleem et al [15] had carried out non-destructivalumtion of a five storied concrete framed streetu The

importance of this investigation was that the cartdton of the framed structures had been stoppedrsyears ago.
In order to resume the disrupted construction &g wnperative to assess the condition of the egstructure. For
this purpose, load tests and core tests were peefbion four floors from basement to first floortdok more than
one year to finish the experimental work. Test itssthowed that the structure had adequate stréogthture use
although it was unprotected against severe envieoah attacks for several years.

The experimental studies using UPV and rebound hemas NDT were presented by Shariati et al [9)staldish a
correlation between the compressive strength ofidreed concrete evaluated by compression test and thse
NDT parameter. These two tests have been usedi¢ondre the concrete quality by applying regressioalysis
models between compressive strengthine$itu concrete on existing building and tests values Tédlationship
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between compression strength of concrete colleicted destructive test records and estimated refats NDT's
records using regression analysis was comparedthirgeo evaluate their prediction for concrete rgjib.
Ozyildirim and Carino [16] have emphasized thaitsitu strength tests do not provide direct measures of
compressive strength, which has to be supplemebyedther standard tests. Hende;situ tests have to be
accompanied by laboratory testing to develop aiogiship for strength before use in the field.

It is worth noting here that for centuries it haakh the practice to ascertain the integrity of mmonent by striking
it with an object and hearing the sound generat@tie sound generated by the component was basedbeon
denseness of the material as well as on the prtipagz sound wave through the medium. Generaltgording to
the level of sound generated, the integrity of¢bmponent was judged. A strong sound means thgritytef the
component is excellent and a hollow sound meansdhgonent is weak and it contains a lot of aidgoi This is a
common method of testing any material/componenptatbby people before its selection. It is basedvave
propagation technique only.

Quite a different approach was conceptualized aedegmted in this investigation. In the proposethow, features
of both rebound hammer and the UPV technique haea lsombined. Instead of the rod in the reboundniema
small hammer was used as an impactor. Insteaceahttasurement of ultrasonic wave by a probe, th&tion on
the surface was sensed by an accelerometer. dinstéane of arrival of the wave, acceleration wasasured. This
can be justified by the following analogy. It iNvknown that in earthquake, a rupture in the rotss releases
energy. This point is called focus. This energgasried through the earth crest in the form ofmsét waves and
reaches a point on the surface of the earth cajpéxknter which is felt as vibration. Same analieggpplicable in
this technique too. The point where the hammetrisck is the source of energy. The wave is reckateanother
point on the surface in the form of vibration whishmeasured with a piezoelectric accelerometet/i.

According to ASTM C215 [17], the natural frequertdya simple beam is determined by testing in whitiéh struck
with a small impactor in order to set the beam wnileration and recording it by using an accelertane Similar
technique was adopted in this investigation in \whicconcrete surface was struck with a small hanonean
impactor and the vibration induced on the surfaees \weasured in terms of acceleration in’m/$lowever,
frequency of vibration of concrete is of no consamee here. Rather the propagation of vibrationiendmplitude
are very important. In UPV method the time of\atiof wave is noted from which velocity is redudedm the
distance travelled by the wave. Also, in the UPWVthmd wave of a particular frequency is transmittebugh
concrete at one end and received at other endrtrast, in the proposed method waves of many éeges are
randomly generated giving rise to many amplitudes of which the peak value is measured in terms of
acceleration.

It is well known that the acceleration dependedhmnelastic modulus of concrete and also thatielestdulus and
the strength of concrete are well correlated. Midtacceleration readings, totaling six, on thdase of a cube at
different locations, were measured in the experinoemducted here. Subsequently, the same congpet@men

was experimentally tested in a CTM to determinedmpressive strength. Only one strength valuge etsained

by this test. Mapping was done between the medsmdti-dimensional input of impact accelerationsl ghe

measured single output of strength of the conarsiteg ANN. The purpose of this exercise was toettgya more
reliable scientific method of assessment of troengfth of a concrete directly and non-destructivelsiny condition

existing anywhere, i.e., in the laboratory consigécimens oin-situ and at any time.

1.1 Featuresof ANN

As discussed above, the compressive strength ofretnis its principal and the most important meotel

property which is generally obtained by destructiesting of the concrete specimen in the laboratoty after a
standard curing of 28 days and used for designgse However, obtaining the strengthreéitu concrete by
both the standard destructive test or by the NDTHescribed above is hardly possible. It requireshematical
modelling of various properties of concrete whick aormally obtainable from experimentation. Favdalling,

the traditional methods currently available are v known deterministic or regression models. alnegression
analysis a single experimental parameter is vaiiatith that predicted. These models cannot adetyudeal with
complex and multi-dimensional dynamic engineerigstams, i.e., it cannot deal with several inputa &tme and
correlate with a single output. In recent decad@d¢iN known as intelligent method, has been usedodelling

the behaviour of physical phenomena. Moreoves iheé most commonly used method by a majority séaechers
in spite of the fact that many other predictionl$oare available. The strength model based on kB A more
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accurate than the model based on regression analyst ANN model is based on multiple input andylsiroutput
whereas regression analysis involves single inpdt single output and determines the scatter of amedsinput
from the output. The ANN is a solution for mulitensional problem. The compressive strength cdodd
predicted in a reliable manner using the ANN maltisieloped herein.

Alilou and Teshnehlab [18] have developed an ANNtfie prediction of compressive strength of harder@ncrete
at third day. The investigation of Noorzaei et H][focused on the development and application of ANtlie
prediction of targeted compressive strength of oetecafter 28 days taking into account six inputapeeters of
basic ingredients of concrete. The results of ithigstigation indicated that ANN had strong potainéis a feasible
tool for predicting the compressive strength ofaete.

An ANN is an information processing paradigm ttsinspired by the way biological nervous systemashsas the
brain, process information. The key element of gasadigm is the novel structure of the informat@wocessing
system. It is composed of a large number of higigrconnected processing elements (neurons) waikiminison

to solve specific problems. ANN, like people, lealty example. An ANN is configured for a speciffipication,

such as pattern recognition or data classificatimrmugh a learning process. Learning in biolog&matems involves
adjustments to the synaptic connections that éeisteen the neurons. This is true of ANN as well.

The ANN theory was developed based on the behaeilbuman brain in handling efficiently a lot ofgiersed and
distributed data in parallel as well as learninditgb This technique had been applied to varifietds of science
successfully. It had, of late, become a powewduol for engineering applications. ANN operatecpasverful tools

to capture and learn significant structures in dafhey are particularly suitable for problems thet¢ too complex
to be modelled and solved by classical mathematidstraditional procedures. In ANN technique, bpakpagation
algorithm is very popular and also simple to appifhe great majority of civil engineering applicats of ANN are
based on this algorithm only. Training of an ANMwa supervised learning algorithm primarily meéinging the

weights of the links connecting the nodes usingtabktraining examples.

A back propagation network was trained by Malasmlg20] based on eight basic ingredients of cetemix to
predict the desired strength achievable for higlngfth concrete (HSC) using ANN. According to Haletral [21],
the ANN models gave high prediction accuracy, drel research results demonstrated that using ANpredict
concrete strength was practical and beneficial.cofding to Chine et al [22], ANN was a powerful ined for
obtaining a more accurate prediction through leeymrocedures which outperformed the traditionaltiple linear
regression analysis, with lower estimating errorgpiredicting the High Performance Concrete slump.

The objective of the present investigation is teedep for the first time a totally different nonstauctive technique
based on the measurement of acceleration inducexhbgnpact given to concrete and combine it withNARor
predicting the concrete strength. The measuredlexetion values were used in establishing a cdioslawith
measured strength by training a data set to geANIN model. With the help of this trained ANN mod¢he
strength of the unknown and altogether differemarete samples considered representingrtfsitu concrete was
predicted.

1.2 Experimental Programme

In this experimental investigation M20 grade coterdesignated as the characteristic strength byl58: [23]
equivalent to BS: 8110 [24] with a nominal mix poofoon of 1:1.5:3 was used to cast concrete culbesize 150
mm x 150 mmx 150 mm as shown in Fig. 1. The materials weragjlbiatched and a water cement ratio of 0.45
was adopted. The ingredients were mixed thorougklpg a drum mixture. The cubes were cast usingdeo
moulds in a field at a contractor’s place and nahie laboratory using steel mould. The degresupkrvision and
the compaction procedures were varied to achieviatian in strength. A total 54 cubes were cast drey were
cured for 28 days by immersing them in water. A8 days, they were removed from water and wigedncand
dry. The weight of the cube was recorded. An ichpeas given to one of the faces of the cube rggtmfloor with

a hammer as shown in Fig. 2. A piezoelectric aroeheter, installed on the cube, was used to medkarpeak
acceleration in mfsinduced by the impact. The readings displayed quomable digital meter (Fig. 3) were
recorded. Similarly, two more impacts were giventbe same face and for each impact the peak aatiele
reading was recorded. The same procedure wasteepea the opposite face of the cube. So, a tdtalx peak
acceleration readings, three for each face, welleated for every cube. After this, the same culas tested in
CTM till it was destroyed and its strength was deiaed. Thus, altogether 54 cubes were testegithally and
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the peak acceleration readings and the strengtiesakere collected. The range of acceleration salaeall 54
cubes varied from 0.7 n#/# 136.4 m/Sand the compressive strength from 16 to 43.56 MPa.

Fig. 1 Preparation of cubes Fig. 2 Impact testing

1.3 ANN Mapping

In this investigation six acceleration readings suead by experimentation were treated as inputlbes to train
the ANN model and map them to the single measuutiglib value of the strength of the concrete. TheNANodel
was a two layer feed-forward Neural Network (NN}hwiwenty hyperbolic sigmoidal functions in the déah layer
and a linear function in the output layer (Fig. #he input to the network was six measured acdiesin m/$
which were recorded using appropriate instrumemta(Fig. 3) whereas the output of the network weasngle
concrete strength. A total of 54 cubes were testqubrimentally and the results were used for tngirthe NN
model.

Acoslerztion reading 1
Accolerstion remding 2
Ancelerstion reading 3

Agcelerztion reading 4

Fig. 3 Impactor and vibration meter Fig. 4 Proposed ANN strength prediction model

The NN model was trained using a variant of thekh@opagation method called Levenberg Marquadairétgn
[25, 26]. The test results of 54 cubes were usdtiatraining data. The six impact acceleratioaseveonsidered as
input variables and plotted as data points on tisgiasa. Each data point consisted of 6 accedaratilues. The
ordinate consisted of values of actual strendttested cubes that varied from 16 MPa to a maxinvaine of
43.56 MPa. Each value of the ordinate consistedrdy one value of strength. Also, the input andpat
experimental data were normalized by using thagh&st impact acceleration value of 136.4°nalsd the actual
strength of 43.56 MPa, respectively. The reasomdomalizing the data was due to the fact thatitpet had very
large variations, i.e., from 0.7 m/® 136.4 m/§ which unfortunately the network cannot handlectirécally
speaking, the network will not be able to map tttei@ values of input and output as such, hencmalization was
used.
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For training the network, 54 data points were used the network was trained for five hundred eparvitis a target

mean square error less than the order 1@, The outcome of this exercise was plotted in Bigqgainst the
actual strength of the concrete obtained by testiigure 5 shows the result of the ANN output otte from the

training data set and is compared with the cornedipg actual concrete strength. It should be rensgetbhere that
since the variables with the same values of impactleration and strength obtained from the expartmwere
used as that employed for training the ANN, ac&irasults could be obtained. It is quite evideabfrFig. 5 that
there is close agreement between the ANN trainedrete strength and the actual strength. Withtthigsing, the

ANN model is ready for prediction of strength ofoglether different concrete which may either belemgontrol

specimens oin-situ.

NN rained conorele shength Vs achal conoele: sirengih

— MM trained concrete strength
— - — Actual concrete strength

L

Concrate atrength
L.

Dala painis.
Fig. 5 ANN trained output and actual concrete strength for thetraining data

RESULTSAND DISCUSSION

The compressive strength of concrete is the baceklnéra concrete and is normally determined by ogstontrol
specimens, curing by immersing them under wateiepbly for 28 days and at the end of it tested @TM and
destroyed till failure. From this failure load thempressive strength is computed. This is quiteptable as far as
standard specimens are concerned and tested wmeatory conditions. However, in constructionnaete is
prepared at site perhaps with control on its rhgickd properties and placed in formworks. Afteriogrfor 28 days
during hardening the formworks are removed andsthecture is loaded directly. There is no way ttrerggth of
this concrete can be ascertained. With unknowmgtheof the concrete, the performance of the afrecis left to
chances. To circumvent this difficulty the NDT madls were developed. These were earlier appligegdbthe
soundness of mechanical components and subseqestélyded to test concrete. The most popular NDihouoks
applied to testing of concrete are the rebound hantest and the UPV technique. However, these Rigthods
could ascertain only the quality of concrete, imesence of voids, cracks, etc., and did not yieddstrength
directly. Over the years the vendors developeibredion charts for their own equipments which ¢enused to
determine the strength of concrete. In this protesINDT parameters like hardness, velocity, etllected from
the field is correlated with the strength givendajibration chart supplied by the equipment suppliglost of the
times the strength obtained by this method is asitamae with that obtained from testing of contrpesimens.
Therefore it has been proposed to develop an inivevéechnique to ascertain the strength. Accardim this
method, an impact is given to the concrete. Thieg@ss induces vibration in concrete. The amplitfdgbration in
terms of acceleration is measured. The strengtth@fconcrete is evaluated by testing control speesnin a
conventional manner. The acceleration value andtifeagth of concrete are mapped together using ARist a
set of values are used here to train the netwdrls ffained model is later used to predict thengftle of concrete.

Experimental investigation was carried out herevitich 54 cubes were cast using M20 grade concredecared
for 28 days. These cubes were cast in a fieldiiondusing wooden mould in contrast to the labonapractice of
using steel moulds. Site practice as well as tbgrek of compaction was varied in mixing and cagstime
specimens to achieve a variation in strengths. Suiently, after the concrete has hardened, testarzducted on
these cubes by giving impacts on opposite faceaeeotube and collecting the impact acceleratiorefrh impact
using an accelerometer and digital meter. A tofadix acceleration readings, three on each faege wollected.
Afterwards, the same cube was tested individuatigen CTM and the strength was determined by desigaye
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concrete. The measured impact acceleration ranged ®.7 m/$to 136.4 m/& The tested strength of concrete
varied from 16.00 MPa to 43.56 MPa. A mapping wasedbetween the multi-dimensional six measured ainpa
acceleration and a single strength of concreteguaMN in MATLAB. A close agreement was observedwsen
the actual concrete strength and the NN predidtedgth after training.

CONCLUSION

A methodology to correlate the concrete compressinangth from measured multi-dimensional impacesaration
has been developed, perhaps for the first timeecbas the modern ANN technique. This methodology been
based primarily on experimental results couplechvahalytical modelling. The concrete compressitrength
covered in this investigation was in the practieald realistic range of strength of normal concresed in
construction, i.e., 16.00 MPa — 43.56 MPa. Sirjjahe peak acceleration covered has a very wadge of 0.7
m/s” and 136.0 m/s The impact given is purely arbitrary and no sfie¢echnique has been adopted in giving the
impact. The concrete of any condition and anywleene be tested by this method and its stremyitu can be
predicted within reasonable accuracy. This metlogyocan be a great boon to concrete technologiedédcision
purposes in case there is suspicion about the etnoot having the required strength. It is a fdetanethod and
can be used in the field with relative use.
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