N

N

Amélioration de la méthodologie d’évaluation non
destructive de la résistance mécanique du béton dans les
structures existantes
Maitham Alwash, Denys Breysse, Zoubir Medhi Shartai

» To cite this version:

Maitham Alwash, Denys Breysse, Zoubir Medhi Sbartai. Amélioration de la méthodologie d’évaluation
non destructive de la résistance mécanique du béton dans les structures existantes. Rencontres Uni-
versitaires de Génie Civil, May 2015, Bayonne, France. hal-01167643

HAL Id: hal-01167643
https://hal.science/hal-01167643

Submitted on 24 Jun 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01167643
https://hal.archives-ouvertes.fr

Amelioration de la méthodologie d’évaluation non
destructive de la résistance mécanique du béton dares
structures existantes

Maitham Alwash?®, Denys Breysse Zoubir-Mehdi Sbartai >

Université de Bordeaux, I2M-GCE, UMR 5295, 3340fee, France
Y maitham-fadhil-abbas.alwash@u-bordeaux.fr
2 denis.breysse@u-bordeaux.fr

3 zoubir-mehdi.sbartai@u-bordeaux.fr

RESUME Les méthodes de contr6le non-destructif (CND) tedles le rebond (R) sont largement utilisées avec les
techniques destructives (ex : prélévements) poaluév la résistance mécanique du béton sur lesneiiis existantd.e
choix d'une stratégie efficace pour estimer lastsice mécanique du béton d'un batiment est u émjgortant. En effet,
le gestionnaire d’ouvrages a besoin de cette infdiom pour évaluer correctement I'état de ce batimet prendre les
décisions adéquates (échéances de maintenance)ad-ce la capacité portante, durabilité de I'oage, sécurité, etc.).
Cette étude vise a fournir les étapes principalesrpa mise en ceuvre d'une stratégie efficace peanetine évaluation
plus fiable de la résistance mécanique des bétorsiti. En raison du nombre limité de données emmhtales en notre
possession, nous avons effectué des simulatiortsésigues pseudo-aléatoires permettant de contrGlemaximum de
parameétres. L'avantage d’'une telle approche eseligr'permet de construire une base de donnéeséfiauiks pour simuler
différentes configurations et d’estimer I'erreur pi&diction et par conséquent d'évaluer la qualiééla stratégie.

ABSTRACTNonN-destructive techniques (NDT) like rebound ham({Ret) are widely used in conjunction with destructive
techniques (DT cores tests) for assessing the etmstrength in existing buildings. The selectban efficient strategy to
estimate the concrete strength of a building isal challenge for the manager of structural maiatece to take decision
about the condition of this building (evaluationstfuctural capacity, durability evaluation, saftestc.). The Present work
aims to provide some outlines about the efficienatesgy that can produce a confidence value ofcthecrete strength. Since
the ability of the data sets from an experimentatknfor deepening the analysis of a problem havinigteoff degrees of
freedom like our problem is limited, therefore gymthetic simulation approach is adopted. One efativantages of using
this approach is that several strategies can beukited enable the calculation of the predictioncgrand consequently
evaluate the quality of the strategy.

MOTS-CLESrésistance mécanique du béton, Rebairdtégie efficaceCND, simulation synthétique.

KEYWORDS:Concrete strength, Rebound hammer, efficient giyatdDT techniques, synthetic simulation.
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1. Introduction

In the real practice, the structural engineer abvageds to carry on tests in existing structuresrder to
make the right decision about the condition ofdtracture. The testing of existing structures isally related to
an assessment of structural integrity. When thesassent is based only on destructive testing (BTiaking
cores for compressive tests, the cost of coringtastihg may only allow a relatively small numbétests to be
carried out on a large structure, which may be eaiing [IAEA 02]. Thus non-destructive techniquei®T)
are used for the assessment of concrete strengtkisiing buildings in conjunction with destructitests. Many
guidelines and specifications are available [IAE2, &N 07], which indicate the increasingly use bist
combination of (DT) with (NDT) in real practice. Ralestructive techniques are cheaper than desteutsst
however their relation with concrete strength idiriect and it is affected by many influencing fastorhus the
real challenge is to find an efficient strategyttban estimate a robust value of concrete streofjtin existing
building.

In this paper, for a fixed budget of investigatisayeral strategies for assessing concrete strangtstudied
in order to provide some outlines about the charatics of the efficient strategy. These strategipresent
different combinations of coring tests and rebolagnmer tests (R). They include the effects of feilg
factors: the effect of number of measurements (DNI&T), the effect of the way of selecting core lboas
(randomly & conditionally) and the effect of the timed used for identifying the assessing model. &ach
strategy the prediction error is calculated anés itised as an indication of the degree of effigjeat this
strategy.

A synthetic simulation approach has been propogedBE 12, 13] in order to deepen the analysishid t
issue. Since the ability of experimental data $etsdeepening the analysis remains limited, thiprapch is
adopted in the present study.

2. Synthetic Simulation Approach

The basic idea of this approach is to simulatassizally the problem of concrete strength evaluatiising
NDT techniques within the computer by creating atsgtic building with all values of DT and NDT
measurements. Then an assessment strategy is aisstirhate the concrete strengths in this building
calculate the corresponding errors.

The first step is the generation of concrete priggrtrue strength of concrefigis generated by assuming a
Gaussian distribution M(,, s(f.)) while a truncated Gaussian distribution,SN(, s(S,)) with S, < 100%, is
used to generate the values for the degree ofaang, which appears as an uncontrolled factor.

True values for the rebound number R (rebound hanteebnique) which represent the NDT measurements
are produced using relationships established aftein-depth literature review on the physics inedyvEq.1,
proposed by [BRE 12] :

R= Rref(fc/fcref)l/Cf( Sr/ Srref)l/CS [1]

where the reference values (ref index) are arlyitvatues introduced in order to normalize the eignat and
have no influence on the results. The exponentatydhe sensitivity of R to strength variationsdahumidity
variations. The reference values &g;=40, S,...=85% andf...;=40 MPa. The exponent values have been
carefully chosen, in order to accurately descritetws observed in practice. The strength sensitexponent
cf has been taken equal to 2.10. The humidity seitgiexponent cs has been taken equal to -3.33HB2].

As it is the case in real world, measurement elggrande; are added to the generated true valuefs ahd
R respectively. The magnitudes of these errorsobtained by assuming a Gaussian distribution N(@,) ©r
s(R)) with zero average value and a standard deviasiin) or s(R), based on the variability of measurements
at a local scale. Table 1 gives these values aflstal deviation for different quality levels.

Using the data set of generated strengths and NBasumiements, an assessment strategy is applieden o
to identify a model, then to use it in the estimatdf strength from NDT values. The quality of asseent is
determined by calculating the errors RMSE (Root M&guared Error) between true and estimated stiengt
Then the simulation is repeated in order to geissigal information about the stability and reliiih of the
process.

In order to create the synthetic world and perfénm simulation process a computer program is deeelo
using VBA software. The flowchart of Figure 1 ilttetes how the process works.
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Table 1. The values of standard deviatiorf gland s(R) for different quality levels of measuremefBRE
12].

Measurements quality levell fs) MPa s(R
High 1 1

Average 15 2
Low 2 4

Input/Select data
Properties of concrete, building geometry, quaité measurements, No. of
each measuremer their locations and No. of simulation repetitionis

~
I :>< Repetition counter, 1=1+1 >

O

N
Generation
The true values of concrete strengthsaand concrete degree of saturatipn

Ry

N
Calculation
The true values of R measurements using Eq. [1]
J
4 1
Calculation Calculation
The measured values of core strengthyy The measured values of R measuremerjts
fereas = fc * generated errdiy, Rmeas = R + generated errdi;
by ~
[ The assessment strategy
R
Calculation & storage
The values of errors RMSE, the average estimatedgth
and the estimated concrete variability for thisidation
< |/ Repeat if | < NI >
\

L

Analysis
of the stored values in order to evaluate theiefiicy of this strategy

Figure 1.Flowchart of the synthetic simulation approach.

3. Assessment strategy

In order to analyze the problem, we define thetatiaas consisting in two main parts: the first @n¢he
investigation program i.e. the number of each type of measurements (Bd MDT), their locations in the
building and the way of selection of these locatiomwo ways are proposed for selecting the coratgoi
randomly or conditionally (i.e. cores selection elegls on the NDT measurements according to a specifi
condition). In this study, the condition is to subde the NDT values into a number of groups ecdoathe
number of cores NC then to take the median poirgawh group to be the core point. The second atteo
strategy is thessessment methodology which concerns with the model used to calculagecibncrete strengths
at different points in the building where only tR®T measurements exist. In practice, there aresttypes of
approaches for producing a model: the use of ar priodel produced by other researchers without any
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calibration, the use of a prior model with calilwat and the identification of a specific model upithe
regression analysis.

In the present work, two calibration methods arepdeld: multiplying factor and shifting.
3.1. Calibration with multiplying factor method

First, the mean value of cores strendths..s m IS Calculated, then the prior model is used tcudate the
estimated strength valuds,,, (before calibration) at core points and as a tethd mean value of these
strengths is obtained. Using the two calculatedmw@dues, the calibration factfi.,; is derived, Eq.2:

Kcal = fc meas m./fc est m. [2]
Finally, the calibrated model is produced, Eq.3) drs used to calculate the estimated strengtiNDA points:
Mcal(NDT) = Kcal * Mprior(NDT) [3]

3.2. Shifting factor method

In this method, each value of core strendth,easi, iS used with the corresponding value of estimated
strengthf. ;i (provided by using the prior model), to calculdte shifting factorAf, .,; , Eq.4:

Afc cal. = ( %\I:C1(fc measi fc est i ))/NC [4]
Then the calibrated model is obtained as givenghE
M (NDT) = Mprior(NDT) + Afe car, (5]

4. Description of the study

The objective is to analyze the effects of the elets of assessment strategy in order to produce som
recommendations about the efficient strategy. Satams are carried on by varying some elements and
analyzing how RMSE on assessed strengths variesyditying factors are the number of cores NC, timaber
of points for rebound hammer measurements NR, theswf selecting the locations of core points dredvay
of identifying the assessment model (prior withwithout calibration, specific).

For this study, some parameters remain fixed isiadulations:

- Generated concrete has the following true valuesmstrengthf,.,, = 25 MPa, strength variability s(fc)
= 2 MPa, mean degree of saturatipp =75% and its variabilitg(S,)= 2.25%.

- Average quality for all measurements (cores andurth hammer).

- Number of simulation repetitions NI = 100, in orderobtain relevant statistical information.

- The investigation budget is fixed to 100 cost uf@&)). The cost of techniques depends on the gualit
of measurements as proposed in Table 2.

For cost of 100 CU and according to Table 2 (valf@msaverage quality) we calculate the possible
combinations of DT and NDT tests and these valoepasented in Table 3.

Table 2.The values of the unit costs (CU) for DT and NDsfste

Measurements quality Drilling one core and | Rebound, one value represents the
level compressive test average of 10 measurements
High 14 14
Average 10 1
Low 7 0.7

Table 3. The possible combinations of DT and NDT measuresrfentinvestigation cost of 100 CU and
measurements with average quality.

No. of cores NC o 1 2 3 4 5 6
No. of rebound measurements NR 1000 | 8C | 7C | 60 | 50 | 4C
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As stated earlier for the assessment methodolbgge tmain approaches are adopted in the presett. stu
The first one is the use of prior model withoutilmation. Four different linear models are selectezin
literature for this purpose. Figure 2 shows thesg fnodels with the domain of strengths from whicdy are
derived (the solid part of each line). It is neeggdo indicate that all these models are derivedl60 mm cube
specimens thus we modify them for core specimensmibjtiplying the resulted strengths by a suitable
transformation factor. For the second approachrmethods are applied: multiplying factor method ahifting
factor method. In the third approach (regressiaayesis) two types of models are considered: lirzeat power.

L4
80 -~ L3

70

o e L1 | f.cuve = 1.353R — 17.393 | [QASO0]
s L1 L2 | f.cupe = 1.5676R — 18537 | [ALA13]

=0 L3 | f. cuve = 2.0098R — 21.749 | [CIAT79]

30

20 L4 fe cube = 2.5R — 46 [MIK92]

Estimated strength MPa

10

0 -
10 15 20 25 30 35 40 45 50 55 60 65

Measured rebound number

Figure 2. The linear models that are adopted as a prior medel

5. Results and discussion

For each of the four prior models (L1, L2, L3, dnd), we use the simulation in order to calculate ¢nrors
resulted from applying the approaches of assessmetitodology on each possibility of combination (Bfid
NDT) given in Table 3. The authors had shown irrevipus contribution (ALW 14) that the predictiorra
(the error between the estimated strengths andstnemgths at points with rebound measurements) asly
always larger than the fitting error (the errontestn the estimated strengths and the true streagthe points
which have been used for model fitting). Thus ttratsgies are only compared regarding the predictiwor.
The prediction error values for cases of the fowdets are shown in Figure 3. The results preseimtetis
figure are for the case of randomly selected cofemlyzing the results, the following observatiocen be
highlighted:

- For each case (L1, L2, L3, and L4) the error valpesduced from using the prior models without
calibration are nearly constant because these sougves A) are independent of core number. Is thi
case studyff = 25 MPa) these values vary from 3.2 MPa for madeto 11.4 MPa for model L3. This
means that model L2 (by chance) well representedherete simulated in the study while model L3 is
very far from it. Thus it is very risky to use ANpfior model without calibration for assessing cater
strength.

- For the four models, the values of curves of the talibration methods (curves B1, B2) decreaséas t
number of cores increases. The comparison betwaee<B1 and B2 for each model could not give us
a clear conclusion about which one is the best.rrodels L2, L3 and L4, the multiplying method is
better than the shifting method while for model iL1s the opposite. We can explain this observation
according to the number and values of calibrate@maters in each method. In some cases the prior
linear model {..;; = mR + b) has a good slope (m) and needs only changingdtue of (b) in order to
represent our concrete, this is the case of motlelri_other cases (L2, and L3) both parametersr(ch a
b) need to be calibrated in order to represenctimerete under study. However, in case L4, the hiede
very far from our concrete and as a result the emlaf both curves B1 and B2 remain large. The
efficiency of calibration depends on the prior mioatbopted in the calibration process.

- The curves produced from regression analysis (Cllifiear model and C2 for power model) are
identical in the four figures because they are jrehelent of the prior model. It can also be noted th
these curves decrease as the number of coressasrbacause increasing the core number stabitizes t
statistical process of model parameter identifaratfthe large the core number, the closer the sampl
from the whole population).. We observe that, fmaf number of cores NC=2, the error resulting from
using linear model (curve C1) is very close to thiatve of power model (curve C2) and they become
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merge as NC increases. Thus, for concrete withall srariability (2 MPa in the present study) thése
not great effect of the model shape.

- The comparison between the three approaches afsassat methodology (A, B and C) shows that the
use of regression analysis to identify a specifodet (with the assumptions of this case studyisgs
the best one as soon as NG. However if NC < 3 the use of calibration apmto#s preferable.

6.5 T 6.5 -
-<-Prior model without calibration (A) Ll L2
- 67 Calibration using multiplying factor (B1) E 6 1
§ 5.5 +  —*Calibration using shifting factor (B2) E 5.5 -
57 : [ —+specific Linear model (C1) = .
= 1 4
2} L -4 specific Power model (C2) E
5 45 T 5 4.5 -
£ b -
5 5
8 41 g 4]
g 35 2
2 31 &
A [ o -
25 1 TN
5 I ~S——— C1 C2 5 S———— C1 C2
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
No. of cores NC No. of cores NC
12 L3
S o o S +oeeas L —
+ -+ A
11 +
10.5
~ 6.5 - 6.5 -
£ = D i 4 B +eeee + L4
g 61 g 61 A
% 554 B 55
= 51 E 5
£ 5
5 45 £ 45 -
2 451 5 B2
£ s
3 4 £ 41
=) L = B1
8 35 | e B2 g 35 - A
L e A N
N N
34 \\\ 3 1 b ™
R o ) SO
25 | N Bl 25 | R
I U T P PP Nl ) S c1C2
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
No. of cores NC No. of cores NC

Figure 3. Prediction errors resulted from using the approastd assessment methodology as a function of
No. of cores for each one of the four prior models.

The previous simulations are performed using randoras locations. In order to study the effecthef way
of selecting core locations on the efficiency of Htrategy, the same simulations have also beeieadaut with
conditional coring. A comparison between the erforghe two approaches is provided at Figure 4riodel L1
only. The following observations can be highlighted

- The main consequence of conditional coring on #&selting prediction errors for the two calibration
methods (multiplying factor and shifting factor)tisdecrease the average values and reduce therscat
of these errors. This happens because in the d¢omalitselection of cores, the cores strength
distribution is better sampled and the calibratipncess is more stable. This effect is particularly
visible, both on average and scatter of RMSE, wihencore number is very small. This effect of
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conditional cores is less visible as the numberooés increases since the sampling process, ewn if
random, becomes more stable.

- The other two cases (linear and power specific sdddow the same type of behavior, with a larger
added value of conditional coring when the numbieroes is small.

71 Cal Mult. factor Ll 77 Cal. shift. factor L1
6 - 6 -
= ® Random = Conditional s
&5 S 5
= =
=
%4 1 % 4 -
53 - 5 3 -
E 5
57 £
s 2
% 1 - § 1
£ &
=~ 0 0
- T T+  T°T T -1
1 2 3 4 5 6 1 2 3 4 5 6
No. of cores No, of cores
7 A 7 T
Specific Linear Ll Specific Power Ll
S 6 E 6 -
: :
g 5 2 5 -
E 4 - 4
g £
E 3 S 3 -
£ g
22 g2
3 3
& 1 &1
0 2 5 Y Y Y R B 0 B [ Y Y R B
1 2 3 4 5 6 1 2 3 4 5 6
No. of cores No. of cores

Figure 4. Comparison between the errors resulted from usiogditional cores with those resulted from
using random cores for model L1.

6. Conclusions

In order to highlight the efficiency of the strgies that can be adopted for assessing concretegstr,
several elements of the assessment strategy aliedstwith a case study corresponding to a condraténg
average strength (25 MPa) and variability (2 MP#hw given investigation cost (100 CU) and averggality
of NDT measurements. The study has been performen the synthetic simulation approach, and thenmai
following conclusions can be drawn:

- The synthetic simulation is a very powerful aparo making it possible to study a complex probleith &
lot of degrees of freedom and explain the resuh&clwNDT researchers obtain on site or in labosatehen
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they make the NDT measurements. In real practioctimed results are sometimes apparently contrialebsit
our approach makes it possible to explain excally.w

- For a fixed cost of investigation (100 CU) whe@ N 3 the most efficient strategy is to use specifael
but for NC < 3 the use of calibration method isferable.

- For concrete with small variability there is nigrdficant effect of the shape of the model usedha
regression analysis because nonlinear effectsegyiggible.

- It is very dangerous to use prior model withoufbcation for assessing concrete strength because t
efficiency of this model in the assessment of cetgstrength is depends on chance only.

- Conditional coring is a very practical and coeetive way of reducing the predictive error (bath
average and scatter). This effect is particuladgdficial when the number of cores is limited (opttcores).
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