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Abstract

This paper presents the results of assessments shear design models with experimental data, included in the current and developed standards for

the design of reinforced concrete structures.
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BE3 MOMEPEYHOIrO APMUPOBAHWA MO PA3NIMYHBIM NMPOEKTHLIM KOOAM
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Pedepar

B 4aHHoM cTaTbe NpefcTaBneHbl pesynbTaTbl OLEHOK PaCHETHbIX MOZENei Ha CABMI C 3KCNEPUMEHTaNbHBIMU JaHHbIMU, BKITOYEHHbIE B ,EIEI;ICTBy-
fouine n paspa6aTb|BaeMb|e CTaHOapTbl HAa NPOEKTUpoBaHue Kene306eTOHHbIX KOHCprKLlI/IVI.

KnioueBble cnoBa: xene3obeToH, COonpoTMnBNeEHne casury, Bankm, OLeHKa, pacyeTHble MoAdenu, CTaTUCTUKa 3aka3oB, YPOBEHb JOCTOBEPHOCTH,

5% -KBaHTUMb.

Introduction

As shown in [10], the application of Eurocodes allows to development
of a common understanding of the design problem and provides, on the
one hand, the applying of harmonized design strategies for European
countries, and on the other hand, opens up broad opportunities for inter-
national cooperation.

With the influx of a new generation of engineers in the countries of
the united Europe and considering the fact that in the overwhelming ma-
jority of countries, national standards do not receive further development
(funding for the development of national-level regulatory documents and
research carried out for the purpose of normalization has been discontin-
ued), in the design practice of Europe. There is practically no alternative
to Eurocodes. But here, the absence of an alternative with broad harmo-
nization creates serious problems. So, according to the current strategy in
European standardization, the second generation of Eurocodes (EC - G2)
was to be introduced in 2020. The fib Model Code 2010 forms the basis
for the new reinforced concrete code. However, despite a rather exten-
sive version of a new fib MC 2010, developed to replace MC 90, the new
code for the design of reinforced concrete and pre-stressed structures
(prEN 1992-1-1) was not accepted and implemented in 2020. Judging by
the report of the chairman of the TG4 / TC250 working group on EC2
A. Muttoni, made in November 2019 at the 26th — Concrete Days (Czech
Republic), the introduction of these codes may not take place by 2024.

One of the most open to question due to which a consensus among
the scientific community has not been reached is still the problem of
shear, including local shear (punching shear). So, according to [11], only
based on the analysis of the results of the application of EN1992 (EC2),
1168 remarks and comments related to shear resistance models were
collected. At the same time, until now, the thematic group TG4 / TC250
cannot choose for one of the considered variants of the shear resistance
model and, accordingly, the local shear (punching shear).

Shear resistance models of elements without stirrups: a brief
review

We accepted the following design models of the shear resistance of
elements without stirrups for the analysis (see table 1):
1. The shear resistance design model according to the actual EC 2;

2. The shear design model according to fib Model Code 2010 (for two
levels of approximation LoA | and LoA Il) based on the Modified
Compression Field Theory (MCFT) and Critical Shear Crack Theory
(CSCT), that was recommended to introduce in a new version of the
EC2. This model largely strives to get closer to understanding the
physical phenomenon of the shear;

3. Semi-empirical shear resistance model based on the Critical Shear
Crack Theory (CSCT), introduced in the prEN 1992 project.

Not so long ago, at conferences and seminars at various levels, pas-
sionate debates took place, in which the following issues were consid-
ered: for example, which model of resistance in bending, shear, punching
shear is adequate, makes it possible to better describe the physical be-
havior of a structural element under load, etc.

As a rule, in the process of discussion, the results of verification of the
proposed model against the background of experimental data obtained both
in their own research and by various researchers are cited as an argument.

Let us briefly explain this using the example of the design models for
calculating the shear resistance of elements without stirrups introduced in
fib MC2010 [5] and prEC 2 [6] (see table 1). The design model equations

are such that they consider one basic variable ﬁfck or wffck , Which

expresses the characteristic shear strength of concrete as a function of
the characteristic compression strength. The transition to the design val-
ues performs by dividing the characteristic values of the shear resistance

by a partial coefficient 7y, =1,5. In this situation, it should be noted

that, ideally, the ratio Vipeo / Viest = 1 is in the position corresponding

to the 5% quantile of the distribution of the ratios of theoretical and exper-
imental resistance, not the average value. Obviously, in this case, the
average value must be a priori higher than 1.

It should be borne in mind that determining the position of the 5%
quantile from the ratio of calculated and experimental values is also as-
sociated with certain problems. First of all, the estimation accuracy is due
to the reasonable choice of the probability distribution function for the
obtained empirical sample. As a rule, highly asymmetric distributions are
obtained, for which the required quantile must still be calculated accord-
ingly. In these cases, it can be very useful to use the method of order
statistics [2], which was used in our analysis.
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Table 1 - Shear resistance models of RC- elements without stirrups

Codes Design equations Note
1
Vrde = CRd,c'k’(lOO'pl'fck)3+k1'6cp ‘b, -d, c 0,18
but not less ey
VRdc (len+k "0y )b d k=1 200<20
=0,035-k*/2 f12 I
EC2[1] Vimin
p = A <0,02;
if 0,5-d <a, <2-d thevalue Vg, is reduced by the coefficient b, -d
B= v=0,6.[1-
2-d 250
Ved <05 bbv V-
VRd c = v
. _ 180
fib Model Code 2010 | ™~ 1000 +1,25-z _
(LoA 1) [5]
ifd<a, <2-d thevalue Vi, is reduced by the coefficient
_ %
B=2
ok
Veae =k, Y 2.h,,
Ye
_ 040 1300
Y 1+1500-g, 1000 +Kky, -Z
fib Model Code 2010 1 Me 1_Ae k =32 5075
(LoA I1) [5] “T2E A (— +Veg +Neg (5"‘?}] “ 16+d,
if d<a, <2-d thevalue Vi, is reduced by the coefficient
_ %
b 2-d
if f,, <60MPa;
Vede _0.6 (100, . .Y Yo Oy =16+ Dy, <40
TRd,c_qN_d_z' 'pl'ck'T ' if f,, > 60MPa;
TRd,C 2 TRd ,c,min ! ddg =16+ Dlower : (60 / fck )2 <40
d _ AL
prEC 2 [6] P L L P= g
' Ye fyd d Y
. . , if &, <4d
if d<a, <2-d thevalue Vi, is reduced by the coefficient
5o B d=a, = %-d
2-d
when a =|Mgy / Vig| > d

Despite the different methods for obtaining the design equations of
the shear resistance models included in the current EC2 and the project
prEC2, the latter are quite similar both as recording and in the list of basic
variables included in these models. The main difference should be con-
sidered that the prEN1992 model attempts to take into account the scale

factor (through the ratio Cgyq / d ). At the same time, in prEC2, the
value of the coefficient Cry . was changed and a different form of

notation Trye min Was proposed.

Some problems associated with estimating the accuracy of the
shear resistance models

The shear resistance models included in the actual structural codes
are still empirical or semi-empirical. They are based on different types of
tests performed under different conditions (in particular, calibrations of

empirical coefficients Cry ¢ ).
We should bear in mind that the databases of experimental results

used for statistical assessment of the model uncertainties are not always
homogeneous and represent the complete sets of input basic variables
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necessary for performing calculations by theoretical models. For exam-
ple, at present, extensive databases have been collected containing the
results of shear resistance tests of reinforced concrete beams Instance,
at present, extensive databases have been collected containing the re-
sults of shear tests of the different reinforced concrete beams. However,
most of the recent database comprises the results of tests of rectangular
beams with the section depth up to 600 mm, tested by concentrated forc-
es applied in the span (only about 8% of test data are beams tested with
a uniformly distributed load). To eliminate bending failure mode, most of
the beams have, as a rule, so high values of the longitudinal reinforce-

ment ratio p; that they are unrealistic for practice.

Of course, the methodological approaches taken during testing do
not fully simulate the physical behavior of an element during shear (for
instance, plane stress-strain state).

Another, and even more serious problem relates to the development
of empirical models of shear resistance against a background of sets of
test results. Moreover, it should be borne in mind that most of the test
results from the analyzed databases were obtained on specimens that
are not representative of respect to structural elements used in engineer-
ing practice, the behavior of which they should model.

As a typical example, we can present the model for estimation of the
shear resistance of deep elements without stirrups, included in the cur-
rent standards EN1992 [1].

Obviously, the proposed model can indeed be most suitable for
checking the ultimate limit state of punching of the solid slabs under con-
centrated (local) load, which, for practical and economic reasons, do not
have shear reinforcement (stirrups).

Table 2 - Parameters of beam elements subjected to point loading in span

At the same time, actual structural code requirements prohibit rein-
forced concrete beams without stirrups for practice. In structural elements
subjected to bending moments and shear forces, according to the stand-
ards [1, 5-6], we have to set the minimum amount of stirrups, even when

the condition Virg ¢ > Vg is met.

As noted in [10], the sensitivity of slabs to local defects and damages
(for example, caverns, unconsolidated places, etc.) is much lower than
that of beams. In addition, tests of beams are almost always performed
by concentrated forces applied in the immediate vicinity of the support

(as a rule, the shear span a/ d is from 2.0 to 6.0). With such a test
scheme, the maximum shear force coincides with the maximum moment,
and, in fact, in the slabs on the supports, the maximum shear force Vg
acts, which decreases to zero in the section with the maximum bending
moment Mgy under a uniformly distributed load.

Database containing test results for beam elements without stirrups

We carried the estimation of the uncertainties of the shear models
with the usage of test results from our own experimental database, which
included 377 beams without stirrups with a wide range of the investigated
basic variables. The experimental database was compiled based on the
results of laboratory studies, described in detail in the article [8].

The ranges of variation of the main parameters of the analyzed beam
elements are presented in Tables 2 and 3.

All beams included in the database (see tables 2 and 3) have a rectan-
gular cross-section, single-span and simply supported, subjected to one or
two concentrated forces applied in the span or uniformly distributed load.

Autor Number of samples | b, mm d, mm P, % fem, MPa a/d Vexp, kKN
Morrow, Viest (1957) 12 305 363-375 |1,24-383| 147-457 | 2,76-7,86 [ 88,96-177,9
Kim, Park (1994) 16 170-300| 142-915 [1,01-4,68 53,7 3-45 39,34 - 332,1
Collins, Kuchma (1999) 21 169-300| 110-925 | 0,5-1,03 36-99 25-3,07 40 - 249
Kani, Huggins, Wiltkopp (1979) 32 155 135-1097 | 05-2,84 | 17,7-345 25-7 24,5 -165,1
Johnson, Ramirez (1998) 1 305 610 2,49 55,8 31 191,3
Elzanaty, Nilson, Slate (1986) 11 1778 273 1-25 206-79,2 4-6 44,81-78,53
Mphonde, Frantz (1984) 12 152 298 232-336| 224-1018 | 25-36 | 646-117,9
Islam, Pam, Kwan (1998) 10 150 205 202-322| 266-833 | 29-394 | 455-969
Ahmad, Khaloo, Poveda (1986) 14 127 184-208 [1,77-6,64| 60,8-67 2,7-4 44,48 - 75,63
Yoon, Cook, Mitchell (1996) 3 375 655 28 36-87 3,23 249 - 327
Ahmad, Park, El-Dash (1995) 4 102-127 | 178 -2159 11,04 -2,07 | 40,3-89/1 3-3,7 19,79 -43,39
Bazant, Kazemi (1991) 18 381 40,6 — 1651 1,65 46,8 3 2,95-10,14
Thorentfeldt, Drangsholt (1990) 16 150-300| 207-442 [182-323| 54-977 3-4 56,16 — 280,7
Cladera (2002) 4 200 359 2,24 499-87 3,01 99,69 -117,9
Adebar, Collins (1996) 6 290-360| 178-278 | 1-3,04 | 462-589 |288-449 | 743-128
Xie, Ahmad, Yu, Nino, Chung (1994) 2 127 2159 2,07 37,7-989 3 36,68 — 45,72
Salandra, Ahmad (1989) 4 101,6 1714 1,45 521-691 |259-3,63 | 20,02-29,8
Kulkarni, Shah (1998) 3 102 152 1,37 41,9-45 35-5 19,52 — 24,24
Gonzalez-Fonteboa (2002) 4 200 306 2,87-2,93(39,65-46,77 3,28 83,88 —100,5
Hou, Chen, Xu (2015) 3 120 146 3,25 48,85 2,06-4,11 129,15 - 94,16
Moody, Viest, Elstner, Hognestad (1954) 21 152 -178 | 262-533 [162-425| 17,3-36,7 | 152-341 | 51,2-436/1
Mathey, Watstein (1963) 16 203 403 0,75-3,05| 219-27 1,51 180 - 313
Kani (1967) 17 154 132-1097 |2,58-284 | 248-315 1-25 51,4-585,6
Papadakis (1996) 8 140 200 08-12 25 15-25 | 426-10338
Leonhardt, Walther (1961-1962) 8 190 274 2,04 30 1-583 | 60,3-3883
Van Den Berg (1962) 30 229 359 4,53 19,1-50,3 | 2,76-4,88 | 99,2-177,9
Cao 3 300 1845-1925 | 0,36 - 1,52 27-34 29 224 - 402
Niwa 3 300-600 | 1000-2000 | 0,14-0,28 | 254-28 2,98 227 - 804
Quach 1 250 3840 0,66 43,2 3,13 342,3
Sherwood 2 300 1400 0,83 39 2,90 242 — 265
Table 3 - Parameters of beams subjected to uniformly distributed loading
Autor Number of samples b, mm d, mm P, % fem, MPa L, mm Vexo, KN
Krefeld, Thurston (1966) 51 152,4 — 254 | 239,8-4826 | 1,31-4,28 | 11,2-37,2 | 1829-4877 | 48,7-636,5
Shioya (1989) 8 158 — 1500 | 200 -3000 04 21,2-28,5] 2161 -232805 | 36,1 - 1927,5
Brown, Bayrak (2006) 1 203 406 3,07 26,9 2439 336,7
Stanik, Bentz, Collins (2007) 3 113 -300 230-617 0,76 -1,15|31,3-35,8| 1007 -5815 | 64,1-2555
Smith (1970) 3 150 200 2,01 28-36,2 | 2452-3664 | 50,5-59
de Cossio, Seiss (1960) 6 152 252-276 [1,01-135[192-412] 1674-2795 | 59,9-135
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Estimation methodology and results of estimation
We carried the estimation of the shear resistance models from Table

1 based on random samples made up of the ratios Vtheo / Vtest . Con-
sidering the fact that the shear strength depends mainly on the variation
in the concrete compressive strength m , we checked the require-
ments declared by the researches, according to which the 5% - quantile
of the distribution of the ratio Vtheo / Vtest should be close to 1. At the
same time, at the first stage, a suitable probability distribution function
was established for the samples N =35 of results using the Kolmogo-
rov — Smirnov test, and then for the selected distribution the value of the
5% -quantile of the statistical distribution of the ratio Vieq / Viest was

calculated. Additionally, the 5% quantile of the statistical distribution was
calculated using the method of Order statistics detailed in [2, 4]. The
method of Order (non-parametric) statistics allows calculating the quantile
of a given order without determining the probability density distribution
function (pdf) and for a required confidence level (y = 0,5; 0,75; 0,9).

The results of estimations of 5 % quantiles using both the empirical
distributions and the method based on Order statistics theory are shown
in Table 4.

Table 4 - Calculation results of the 5% -quantile of the distribution of the
shear resistance ratio Vi,eo / Vies; according to various models

The value of the 5% -quantile
of the distribution of the Vineo / Vexp ratio

Prediction model Empirical Method based on Order
distribution statistics for confidence level
pdf | Value | y=05 | y=0,75 | y=0,9

Beam elements subjected to uniformly distributed loading at L/d < 10,0

Model Code 2010

(LoA I G 0,146 0,143 0,135 | 0,122
(’\ﬂgf\el'l)cc’de 2010 LN | 0338 | 0325 | 0307 | 0,276
prEN 1992-1-1 N 0,353 0,354 0,334 | 0,301
EN 1992-1-1 N 0,208 0,205 0,194 | 0,174

Beam elements subjected to uniformly distributed loading at L/d = 10,0

Model Code 2010

(LoA I LN 0,248 0,299 0,283 | 0,256
(’\ﬂg‘j\el'lf"de 2010 G | 0859 | 0701 | 0673 | 0,625
prEN 1992-1-1 LN 0,824 0,838 0,834 | 0,826
EN 1992-1-1 G 0,501 0,563 0,546 | 0,517

Beam elements subjected to point loading at a/d < 2,0

Model Code 2010

(LoA I G 0,144 0,144 0,142 | 0,139
("ﬂgf\el'l)c"de 2010 G | 035 | 0339 | 0334 |0325
prEN 1992-1-1 N 0,375 0,381 0,371 | 0,353
EN 1992-1-1 N 0,307 0,303 0,299 | 0,293

Beam elements subjected to point loading at a/d = 2,0

Model Code 2010

(LoA I LN 0,323 0,381 0,313 | 0,255
("ﬁgf\el'l)c"de 2010 N | 0560 | 0673 | 0650 | 0,639
prEN 1992-1-1 N 0,628 0,749 0,689 | 0,622
EN 1992-1-1 LN 0,614 0,711 0,686 | 0,653

Note: LN — lognormal distribution; N — normal distribution;

G — Gumbel distribution.

As seen from the results shown in Table 4 for various cases of load-
ing, including slender and rigid beams subjected to uniformly distributed
loading, practically none of the analyzed models gives the expected value

of the ratio Vipeo / Viest 11,0 in the 5 % -quantile, which was de-
clared, for example, in [9]. The closest to unity values of the ratio
Vineo ! Viest are given by the prEC2 design model for the slender

beams (L / d >10) subjected to uniformly distributed loading (0.824 -

with an empirical N-distribution and 0.826 with an estimate by the method
of order (non-parametric) statistics with confidence level 7y = 0,90).

If we rely on the obtained results, we can conclude that almost all the ana-
lyzed models provide quite significant reserves (in particular, for the beams
with shear span to depth rao a/ d <2,0 and rigid beams with
L / d <10 analyzed models underestimate the shear resistance by up to
7 times!). The following question arises: how it can be explained? Is the
result obtained random or are the empirical coefficients in the models spe-
cially selected in this way? These questions require additional analysis,
considering the previously shown errors associated with the estimation,
starting with the formation of reliable samples of experimental data.

However, we can make some preliminary remarks. So, according to
prEC2, the shear resistance model has the following formulation:

0.6 FERNE
1 d
TRdc = y—'(loo'Pl fox TQJ 2 Trae,mins (1)

c

The coefficient (partial factor for concrete) is used to transform from
the characteristic value of the shear resistance Ty . =f(fy ) toits

design value Tgq ¢ -It should be noted that when equation (1) was de-
rived, the authors of [9] obtained a coefficient equal to 0.87. If we assume
that the transition to the design value of shear resistance Trq o is
equivalent to the application of the design value of concrete compressive
strength (T, / v ) in the design model (1), then the characteristic value

of the shear resistance should correspond to a 5% quantile of the re-
sistance distribution.

The estimation of the reliability of the design shear resistance models
was carried out on the basis of samples of experimental data that have

the same or very close parameters with variable values f_,, . Next, a

sample of experimental data with close values f,, is estimated (select-

ed experimental values of shear stress in Figure 1). We applied the
method based on the order (non-parametric) statistics for assessing the
shear stress value corresponding to the 5% quantile shear resistance
distribution with a required confidence level. The experimental values of
the shear stress in 5% quantiles are compared with the dependence

function Tre theo = f(fex ) of the estimated design model (see Figure

1). We may consider the shear resistance model conditionally accurate
with  an  assigned  confidence level if the ratio

TR theo / TRe exp,5%-—K8. [J1,0. Otherwise, the model is adjusted by

changing the value of the coefficient until the model is suitable for the
accepted criterion.

experimental value

prediction model

Figure 1 — Estimation of the shear resistance model uncertainty

Some problems of this method are in the difficulty of selecting exper-
imental data with the same or close parameters and variable values f,,, .

Figures 2-4 show the diagrams of the estimation of the shear resistance
models according to the EC2, prEC2 and fib Model Code 2010 (LoA 1l),
for beams subjected to point and uniformly distributed loadings.

The results of estimating the reliability of shear resistance models
according to the described method based on non-parametric statistics for
various types of loading are presented in Tables 5-13.
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o *  exp X 1exp - 5% (y=0.5)
° o X Texp- 3% (y=0.3) texp - 3% (y=0,75) MC 2010
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————— prEN 1992 —-—EN 1992 rexp- 5% (y=0.73)

Figure 2 - Estimates of various shear resistance modelsat a / d > 2,0
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Figure 3 - Estimates of various shear resistance modelsat a / d < 2,0
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L/d<10,0 L/d=10,0
, ~2,04% ,
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Figure 4 - Estimates of various shear resistance models (uniformly distributed loading)

Table 5 - The results of estimating the reliability of the shear resistance
model according tothe EC2 (a/ d > 2,0)

Table 6 - The results of estimating the reliability of the shear resistance
model according to the EC2 (a/ d < 2,0)

Ratio . Ratio
5% - - /T P ) % ) T /7
Pre- | Reinforcement | f_, | Confidence |quantile| ¢ theo ! Trest| | Pre- | Reinforcement | | Confidence |quantile| r, | ‘theo © test
diction i % level heo for diction| 14 O Y |z oo for
model ratio p MPa Y T,\t/lepst /| MPa | 59 quatie model Pi MPa ’ |\t/|T:S; '| MPa | 59 quatile
a
Ttest Ttest
= =0,5] 1% 0,38
111 ¥=05 ot 068 0.6 p =0,77% (165 i 0,75
"lv=0.75 ' 1 =0,75| 154 0,48
0.79% y=0, 0,66 ,04 Y
Pr =" 1970 — =0,5 | 243 036
83 =05 073 o8 1,12 £C2 | py = 118% | 173 y=0, : 087 ,
y=0,75| 061 134 y=0,75]| 2,02 0,43
=0,5| 071 0,84 y=0,5] 309 0,31
P =10% |298 v 0,59 p =1,86% | 16,8 0,97
y=0,75]| 065 0,92 y=0,75| 281 0,34
y=0,5] 086 1,26
21 v=0,75| 067 1,09 162 Table 7 - The results of.estimating the religbility of'thel shear resigtance
0 model according to the EC2 (uniformly distributed loading)
=0,51 0,70 1,69 Rati
EC2 | py =1,85% | 267 ! 118 59% - ] a/lor
y=0,75] 057 2,09 diF;?iac;n Reinforcement | f,  |Confidence quantie| ¢, theofor test
— i level
571 0,5| 1,27 " 111 model| 0PI |mpa| 'evel ¥ Tl\;lepst '| MPa | 59 quatile
v=0,75] 120 117 @ Tiest
04 y=0,5] 117 - 1,04 L/d <10,0
“ly=0,75| 116 | 1,05 27 y=0,5] 163 007 0,59
y=0,5| 129 117 "ly=0,75] 119 | 0,81
p=21% |422 1,51 EC2 |p =2,04%
vy=0,75| 1,21 1,24 03 vy=0,5] 282 ‘13 0,40
sosl Y= 0,5 1,23 69 1,38 “ly=0,75] 266 | 043
“ly=075| 097 | 1,74 L/d>10,0
135 y=0,5 037 043 1,15
“ly=0,75] 020 | 2,14
EC2 | p =0,4%
o 1= 0,5 033 040 1,48
y=0,75] 027 | 1,78
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Table 8 - The results of estimating the reliability of the shear resistance
model presented in the prEC2 (a/ d > 2,0)

Table 10 — The results of estimating the reliability of the shear resistance model
presented in the prEC2 (uniformly distributed loading)

Ratio Ratio
5%- / S Ttheo / Ttest
d'?;?' Reinforcement |, | Confidence | quantle |, Ttheof Trest dli::;rt%n Reinforcement | f | Confidence (quantlle| ¢, for
ol 0P |wpal evel Y| Tiegt | \Pa 5% _é’Jame model| 0PI |mPa| '&VeL T | Tiesto| MPa | 59%-quatie
MPa MPa
Ttest Ttest
"1 y=0,5] 071 056 0,79 L/d<10,0
p =0,79% "|y=0,75| 066 | 085 7l 1= 0,5 163 078 048
-0,5 "ly=0,75] 119 | 0,66
18,3 Y 078 0,66 00 prEC2| p; = 2,04% !
y=0,75| 061 1,08 03l = 0,5 282 092 033
y=0,5] 071 0,83 “ly=0,75| 266 Y 0,35
p =10% |298 0,59
y=0,75| 065 0,91 L/d=>10,0
o LV T 0,5 08 088 1,02 135"~ 0.5 | 0% 027 07
— * "ly=0,75| 020 | 1,35
v=0,75| 067 131 oEC2| py = 0,4% v
=0,5 y=05]03 0,91
£c2| py =1.85% | 267> | 010 | ggg | 1 2 0.30
P P = I 075 0sr | 167 v=0,75] 027 1,11
457 v=05] 127 114 0,80 Table 11 - The results of estimating the reliability of the shear resistance model
"ly=0,75| 120 ’ 0,95 according to the fib Model Code 2010 (LoAll)(a/ d = 2,0)
gl V= 0,5 117 01 0,86 5% - Rat/io
“ly=0,75| 116 | 0,87 P;ﬁ)‘:ic' Reinforcement | £, . | Confidence thJi;n- Tiheo » Ttheofor Ttest
v=0,5| 129 096 model|  "OP1  (Mpa| VLY | MPa | 5o, quatie
P =2,1% [422 1,24
y=0,75| 1,21 1,03 MPa Trest
=0,5| 123 1,13 y=0,5] 07 0,79
596 y_o 75 1,39 =075 0es | *° [ oms
v=0,75| 097 143 oy = 0,79% 75] 0, ,
83l )" 0,5 073 065 0,90
Table 9 - The results of estimating the reliability of the shear resistance model “1y=0,75]| 061 ’ 1,08
presented in the prEC2 (a/ d < 2,0) v=0,5] 071 0.90
Ratio p =10% (298 0,64
59 - teo | T y=0,75| 065 0,99
Pre- | Reinforcement f uantile co "~ tes _
diton| o || Corence (B Tneo | or L | 7=05 0| | om
model P |MPa = test) MPa | 5% quatle y=0,75] 067 | 125
Ttest fibMC =0,5 0,70 1,30
v=05 | 104 031 2010 | p; =1,85% | 26,7 Y_ 075 : 091 :
pl — 0,77% 16,5 ’ ! 0,60 ’ (LOA”) Y - Y 0,57 1,60
vy=0,75| 154 0,39 57 v=0,5|127 00 0,86
=0,5| 243 0,29 I ’
prEC2| py =1,18% (17,3 Y 0,70 y=0,75| 1,20 091
Y= 0,75| 2,02 0,35 4 Y= 0,5 117 - 0,81
=0,5 309 025 Y= '
o =1,86% | 168] 0,76 ¥=0,75] 116 082
vy=0,75| 281 0,27 y=0,5]129 0,92
P =2,1% |422 1,18
y=0,75] 1,21 0,98
y=0,5|123 1,07
59,6 1,32
v=0,75] 097 1,36
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Table 12 - The results of estimating the reliability of the shear resistance
model presented in the fib Model Code 2010 (LoA I1)

(a/d<20)
Ratio
' 5%- L
Predic-| Reinforcement | f | Confidence |quantile| ¢ theo * “test
fion ratio ek level, Y |t theo for
model P MPa ’ test'| MPa | 59, -quatile
MPa
Trest
=0,5| 1,4 0,37
b =0,77%| 165 | 072
y=0,75| 1,54 0,47
fib MC =0,5| 243 034
2010 | p; =1,18% | 17,3 Y 0,83
(LoAll) y=0,75| 202 041
y=0,5] 309 0,29
=1,86% 168 0,89
3 y=0,75| 281 0,32

Table 13 - The results of estimating the reliability of the shear resistance
model according to the fib Model Code 2010 (LoA II)
(uniformly distributed loading)

0 Ratio
. 0"
P?edlc- Reinforcement | f | Confidence |quantile| ¢, Ttheof/ frest
ion - or
model| P |MPa| LT | Trest| MPa | g, -quatile
MPa T
test
L/d<10,0
7 y=0,5| 163 05 0556
fib MC "ly=0,75] 1,19 | 0,77
2010 | pr = 2,04% =0,5| 28 039
(LoA ) 203 Y ) ) 111 '
y=0,75| 266 0,42
L/d=>10,0
sl Y= 0,5 | 037 0s |0
fib MC “ly=0,75] 020 | 18
2010 | p; =0,4% 05 03 197
'Y = H i) ’
y=0,75] 0,27 1,56
Conclusions

Based on the results of evaluating the reliability of the calculated
shear resistance models presented in this work, the following conclusions
can be drawn:

1. One of the key characteristics affecting the accuracy of estimating
the reliability of prediction models is the need for a reasonable choice
of the probability distribution function based on the empirical sample
obtained. Due to the asymmetric distribution, difficulties arise in cal-
culating the 5% quantile.

2. Since in most prediction models the conversion from the characteris-

tic value of concrete strength at shear «ffck is performed by dividing

by a partial coefficient y, = 1,5, it would be methodologically correct
for the ratio of theoretical and experimental resistance
Vineo ! Viest =1 to correspond to the 5% quantile of the distribu-

tion, and not to the average value.

3. Taking into account the above remarks, a proprietary method for
estimating the reliability of shear resistance models was proposed,
based on the method of ordinal statistics, which does not require the
determination of the probability and density distribution function, and
also allows calculating the quantile of the required order for a prede-
termined security.

The results of estimating the reliability of the models according to the
generally accepted and proposed methods show that practically none of

the analyzed models gives the expected ratio Vipeq / Viest L0 in

the 5% quantile. The closest to unity values of the ratio Ve / Viest
are given by the considered design models for flexible beams subjected
to uniformly distributed loading (L / d >10) and beams with shear
span to depth ratio a/ d > 2,0, subjected to point loading. For rigid

beams (a/ d <2,0 and L/ d <210), all the models under study

provide a fairly significant margin. Based on the results obtained, the
question arises about the applicability of these models to the required
level of reliability.
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