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NON-DESTRUCTIVE METHODS OF CONCRETE
QUALITY CONTROL AS FACTOR IN
RELIABILITY OF CONCRETE AND
REINFORCED CONCRETE STRUCTURES IN
TRANSPORT FACILITIES

Aim: The development of theory and practice of construction science leads to a need
to enhance the basics of design, construction and operation of concrete and reinforced con-
crete structures. Despite significant progress, there is risk of collapse of different structures at
various stages of their lifecycle. Current state of construction industry leads to a need to in-
crease the quality and reliability of buildings and structures under construction.

Methods: The authors have used methods of probabilistic forecasting in this work

Results: The development of methods of construction materials control, particularly
concrete and reinforced concrete, leads to a gradual implementation of non-destructive control
methods. To assess the change of confidence and reliability coefficients of designed struc-
tures, the authors have substantiated the transition to probabilistic rationing of strength prop-
erties of concrete and reinforced concrete structures using classes. Also, the authors suggest
implementation of non-destructive control methods. However, non-destructive control meth-
ods have a number of drawbacks, the key among these being the decrease of confidence coef-
ficient while preparing a calibration curve, which drastically affects the results of quality con-
trol. It is possible to solve the problem by creating a set of control tests including both de-
structive and non-destructive quality control methods. This will provide systems for collecting
testing information of high accuracy.

Keywords: confidence interval, quality control methods, concrete, reinforced concrete,
safety factor, reliability.
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HEPA3PYLWAIKLWUWE METOAblI KOHTPOIIA
KAYECTBA KAK ®AKTOP HAOEXHOCTHU
BETOHHbIX U XXEJIESOBETOHHbIX
KOHCTPYKLMUU B TPAHCMNOPTHbIX
COOPYXEHUAX

Heas: PazBuTue TEOpUM U MPAKTUKU CTPOUTENIBHOW HAyKU IO3BOJSET COBEpLICH-
CTBOBAaTbh OCHOBBI IPOEKTHUPOBAHUS, CTPOUTENBCTBA U KCILTyaTallud OETOHHBIX U JKeyne300e-
TOHHBIX KOHCTPYKLIMM. OJHAKO €CTh OMAaCHOCTh pa3pylIeHUs] KOHCTPYKLHUM Ha pa3HbIX 3Ta-
nax >KM3HEHHOro 1ukia. Heo6XoauMo MoBbIaTh KauecTBO U HAJIEKHOCTh BO3BOJUMBIX 3/1a-
HUW U COOPY>KEHUH.

Metoabl: B nanHoi# paboTe UCMOIB30BaHBl METOJIBI BEPOSATHOCTHOTO MPOTHO3UPOBA-
HUSL.

Pesyabrarel: PazButue METONOB KOHTPOJS KauecTBa CTPOUTEIBHBIX MAaTEepUaAlIOB, B
YaCTHOCTH O€TOHA M 7Kene300€TOHa, MMOCTENEHHO MEPEXOANT K Hepa3pyllaroliuM METoiaM KOH-
TposA. s OLIEHKM M3MEHEHMs JOBEPUTEIbHON BEPOATHOCTU M HANEKHOCTH IIPOEKTUPYEMBIX
KOHCTPYKIIMH OOOCHOBAH IEPeX0]l Ha BEPOSTHOCTHOE HOPMHUPOBAHME IMPOYHOCTHBIX CBOMCTB
OETOHHBIX U KENE300€TOHHBIX KOHCTPYKIIUI C UCHOIb30BAaHUEM KJIACCOB U MPEATIOKEH MEPexol
Ha Hepaspyllarolye MeTojbl KOHTposis. OJHAKO HEpa3pyIIAIOIIME METO/bl KOHTPOJIS UMEIOT
psI HEIOCTATKOB, OCHOBHOM M3 KOTOPBIX — CHHYKEHUE JOBEPUTEIBHON BEPOSITHOCTU IIPU IIOCTPO-
€HUM TPaJyHpOBOYHON KPHBOM, YTO KAPJAWHAIBHO BIMSET HA PE3YJbTAThl KOHTPOJS KadecTBa.
Pemute 31y npobiaeMy MOXKHO 3a CHET CO3JIaHUsI KOMIUIEKCa KOHTPOJIBbHBIX HCIIBITAaHUH, BKIIIO-
YAIOIIMX KaK pa3pyLIAoIIne, TaK M HEPA3PYyIIAOIINE METOABI KOHTPOJISI KA4ECTBA. DTO MO3BOJIAT
OpraHu30BaTh COOp UCIBITATEILHON HH(OPMAIIUH MTOBBIIIIEHHON TOYHOCTH.

Kntouesvle cnosa: NOBEpUTENbHBIN WHTEPBAN, METOJbl KOHTPOJS KauecTBa, OETOH,
xKene300eToH, Ko GUIMeHT 3anaca, HaJe)KHOCTb.

Introduction

The development of theory and practice of construction science leads to
necessity to improve basics of design, construction and operation of concrete
and reinforced concrete structures. Despite significant progress, there is risk of
collapse of structures at various stages of their lifecycle. The literature sources
based analysis of the quantity of collapses shows that concrete and reinforced
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concrete structures collapse during their operation. In the fig. 1, the common
reasons for destruction of concrete structures are shown [1].

At first stage, the reasons for destructions are mistakes in construction, de-
viation from normative documents and poor quality of reinforced concrete assem-
bly elements, which is connected with lack of quality control, as at the right quality
control organisation all mistakes must be duly eliminated. The principled scheme
of the quality control triad of the structures erected is given in the fig. 2 [2].
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calculated loads of ’ operation rules of

construction 4 % buildings and
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Fig. 1. Reasons for destruction of common types of structures
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Fig. 2. The principled scheme of the quality control triad of the structures under erection
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Setting the task

To realise this task, one would have to consider joint deformation and
crack formation processes in construction materials, which lead to destruction
(fig. 3), as well as the real structure of materials, physical and chemical indices
and their variability [3].

Mechanical stress at various stress-strain states

/ \

Deformation Crack formation

In case of creep Local
deformation, long period
of mechanical stress Large-scale

Resilient

Tough

Plastic

\: v
DESTRUCTION

Fig. 3. Scheme of connection between character of deformation and crack formation
in composite materials

Assumptions

The destruction of materials takes place due to external impacts, connect-
ed with excessive energy: mechanical loads, cyclic freezing and defrosting,
chemical reactions and physical processes, etc. After exerting critical amount of
energy, the destruction of internal connections of the structural elements of the
material. Reliability comprises indices of failure-free operation, durability,
repairability, retentivity. One of the defining factors in increase of durability is
the principle of mechanical units’ control.
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Materials and methods of research

The increase of reliability of structures may be achieved by two ways:

e the first — study of the structure and the properties of materials for en-
hancing stability of properties with the use of the probabilistic methods and their
application in design works and in materials’ acceptance test methods;

e the second — increase of quality of inspection and repair systems on
the basis of character and speed of crack development in the material under the
actual level of load [4].

This results in necessity of improvement of quality control methods, as an
important part of ensuring reliability of the buildings and structures erected,
primarily in terms of mechanical properties’ assessment [5—7]. The development
of constructional methods of test and control leads to relevance of substitution of
conventional selective destructive control methods of structural behaviour and
deformation properties of concrete with all-round non-destructive control. The
transition to non-destructive methods allows a substantial effect in terms of
quality and labour intensity of control:

e it allows using all-round control, thus detecting defective structures
and elements, which cannot be detected by means of selective destructive con-
trol methods (e.g. technology violations, improper transportation, gravitational
segregation);

e it reduces the time spent for tests and control costs, yet all-round non-
destructive control should have influence on reliability of the obtained infor-
mation.

Let us consider the influence of transition to all-round non-destructive
control in erection of concrete and reinforced concrete structures on veracity of
the information and reliability of buildings and constructions.

Results

The authors have assessed the influence of the change of confidence of in-
formation and reliability on the example of the assessment of concrete grade,
which forms a significant amount of safety factor of concrete and reinforced
concrete structures. During the assessment, it was assumed that the number of
tests was quite significant and was subject to the normal distribution law. The
reason for that is quite a large variability of concrete mechanical properties and,
primarily, concrete strength. The index of strength is regulated when
determining the concrete grade:

B=R(@1-wt).
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For standard and destructive methods, the scheme of test results distribu-
tion is given in the fig. 4 (reliability rate is P = 0,95 since the acceptable con-
crete variability coefficient is 13,5 %, with Student’s coefficient making
t=1,64)[8, 9].

P=0.95

04 S

Rmin R
Fig. 4. The relation of basic indices in assessment of strength properties of concrete

Further, the example of application of B30 concrete is given

(R= 30 =36,8 MIla). For a sequence of significant number of B30
1-1,64-0,135

concrete samples, the minimum acceptable strength index, considering the ac-
ceptable variability coefficient 13.5 %, should make no less than:

R, =R-164S =R —164Rv = 36,8(1-1,64 - 0,135) = 30 MITa.

The variation will make 6.8 MPa whereby the deviation towards the min-
imum is dangerous for construction and decreases the reliability of structure.
With the reduction of strength within acceptable limits, the safety factor of
concrete structures also decreases. Practically, on the example of B30 concrete
the calculated limit of strength in the first group of limit state will make 17 MPa
[8-11].

In normal conditions the calculated safety factor will make Sgctor= 36,8 /
17 = 2,13. So, on average, the constructions are designed with ample strength
which ensures the required level of safety and failure-free operation. Additional-
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ly, reliability is characterised by reliability index and probability of failure-free
operation, making [12]:

P
Jsi+sg

where R, Q — strength and load effect values;

Sr; So — Squared deviation from the mean (SDM) of strength properties of
materials and loads;
The probability of failure is determined by formula [9, 10]

1 1 1 ¢ X
P = r D(P) = 5 EL eXP(—?)dX-

The asymptotic formula of probability of failure-free operation is ex-
pressed [9]

1 pP-1_ —Pp?
P =——" “exp(—),
f 27_[ Bg p( 2)

S factor — 1

2 2y
\/(VRSfactor +VQ)
Vr, Vo — Variability coefficient of strength properties of materials and
loads.

where =

Discussion of the results

Transition to non-destructive control methods should positively change
the situation by means of increasing control points and transitioning to all-round
control. In accordance with normative documents, during preparation of calibra-
tion curve, the squared deviation from the mean (SDM) is accepted, which
equals S,,, = 12 %, except for the separation methods [13]. For separation meth-
od with shearing, SDM S = 4 % for 48 mm long anchor and S,,, = 7 % for
20 mm long anchor are accepted [14]. The authors have studied how the
additional tolerance of non-destructive methods affects the resulting accuracy of
control, hence the reliability of the erected structures with this level of control.
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The increase of SDM leads to reduction of the accuracy of the obtained
information, which in its turn leads to enhanced variation of the obtained results
of mechanical properties’ tests.

To ensure the required confidence interval, one would have to change
Student’s coefficient, hence to reduce the accuracy of tests. To secure the
average strength of concrete, corresponding to the B30 grade of concrete, one
would have to reduce Student’s coefficient, causing the reduction of confidence
probability:

tS = t'(S + S.),

where t u t' — Student’s coefficient at the given confidence probability (at stand-
ard test P=0.95);

S, S.x — SDM of the standard test during the preparation of calibration
curve by means of non-destructive methods.

Then, the results of calculations show that the corresponding coefficient
considering SDM will make t'= 1,46. To secure the strength index with the con-
fidence interval corresponding to the concrete grade, the accuracy of tests makes
P = 0,92, which contradicts the normative documents’ requirements [15].

Conclusion

The research carried out shows that transition solely to non-destructive
methods should change the approach to determination of acceptable values of
mechanical characteristics, considering their guaranteed strength. The existing
approach lays decrease of accuracy obtained as a result of the tests from the con-
fidence index P = 0,92 to 0,95, which in its turn decreases the safety factor,
hence the reliability indices of the erected structures. It follows then that it is
obligatory to more substantially approach the choice of final inspection of the
construction process. The solution to the problem is possible by virtue of
establishing a set of control tests, including both destructive and non-destructive
methods. This approach will allow creating systems of accumulating high-
accuracy test information.
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