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ABSTRACT

Concrete shear resistance capacity is a serious problem despite the several improvements attempts through different models.
Certainly, improvement in concrete shear assessment will prolong the structural service life. Thus, the need for more research
works in order to improve on the drawback in the current European code formulation. Therefore, this paper presents a suggestion
for mitigation of shear failure through the improvement of shear performance enhancement that employs a more rational scheme
to the development of concrete shear resistance factors. The result from the numerical examples given herein shows a
considerable improvement in the concrete shear resistance estimation of about 11%. This shows that the developed shear
resistance factors will significantly improve the EC2 shear formulation when applied.
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INTRODUCTION

Improvements in proper concrete shear assessmelht wi

Several slab design cases have shown that sheess str prolong structural service life. Over the years ttifferent

concentration at the column-slab interface can beeraritical
than the flexural failure, and under such casersjp@eerns the
design (Park and Gamble, 2000). In a slab memhswsexd to
concentrated load, punching shear problem is udabbe;
and this may result into punching failure (Balomgebal.,

2014; Qian and Li, 2013). Hence, the necessityhafcking
slab for shear performance, and the need for ingonant in
method that formulates slab shear capacity is {fitahtsoght,

assessment methods and proposals presented, aimed t
provide working tools in that respect. Howevergeaent study
shows the underestimation of shear capacity byEim@pean
code formulations (that is concrete shear resistaix
insufficient and low), despite the additional irese in shear
capacity due to gain in concrete strength becafibgdration.

This is true because the development of the enapiric
formulae for shear strength capacities is found be

van der Veen, de Bogat al., 2015). Concrete shear resistanceconservative (Juet al., 2015). Hence, the underestimation

is a cause of concern in slab designs and as sewirad
attempts have been made to suggest models throffghredt
empirical studies (Antonicet al., 2013; Juet al., 2015;

expressed concern in the European code approactR@or
slabs concrete shear resistance capacity is adetback that
requires attention. Therefore, this study addrestes

Shehata and Regan, 1989). These attempts were loaised challenge by suggesting an approach to developihgrses

previous development by many authors (Hewitt anttiBzlor,
1975; Kinnunen and Nylander, 1960) that sprungromfthe

for the concrete shear performance enhancement.

late 1960. Their work led to proposals and subsegue In flat slabs, the estimation of shear failure deéi its ultimate

formulations in various codes and standards thatiges for
empirical calculation of shear parameters with ¢éigua. It is
important to note that, many of these empiricalatigms are
found to predict shear performances conservati@bllins et
al.,, 2008), and this may be connected to the presefice
uncertainties in both the input and output desigmables.

Significantly, the geometric input properties ghganfluence
the shear performance of Reinforced Concrete (R&b s

strength capacity, while the slab depth and colg®aometry
have great influence on their shear strength capaci
(Theodorakopoulos and Swamy, 2002). The conseevativ
nature of the current European code shear failvegigtion
places more emphasis on the flexural failure (Lagttset al.,
2011; Pilakoutas and Li, 2003): however the comcdiear
resistance value is largely underestimated. Thiztause the
prediction fails to capture the presence of an taufdil
increase in shear capacity overtime due to conagtngth

(Mostafaeiet al., 2011), while enhancing the ultimate capacity gain which is necessitated by the hydration pracds$ss

of RC structures shear capacity primarily dependthe slabs
depth and flexural reinforcement provisions. Théevant

European code (EC2, 2008) places much emphasish@®n t(2003) study demonstrated

flexural reinforcement ratio, and this may be thason why
EC2 (2008) methodology is more precise in comparisih

other code formats like the American code (ACI 2085)

that does not evaluate the steel reinforcemen.ritbwever,
it is noteworthy that there is no known shear valestimation
flaws from the use of other design codes other thenEC2
(2008) formulations (Vaiminaset al., 2015).
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scenario is generally understood because of theeggte
locking capacity (Lantsoght al., 2011). Pilakoutas and Li
the inadequacy of shear
reinfforcement in curtailing shear failure, becausige
reinforcement bars may not have reached its yiglginint
before failure (Wanget al., 2008). All these show the
deficiency of the present empirical concrete shestimation
method.

Lantsoght, van der Veen, and de Boer (2015) predeat
reliability-based expression for RC slab shear ciypa
according to EC2 (2008) provision and the findisgew the
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underestimation of the resisting shear capacity.is Th
corroborates the statement that shows that thela@went of
the empirical formulation for concrete shear stthrig flawed
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The

appropriate recommended values ﬁgg are illustrated in that

the column orientation and position (Figure 1).

(Ju et al., 2015). The shear resistance check found in ECZigure, for example. Therefore, the shear resigatapacity

(2008) is clear. For example, the concrete shesisteace
shall be at least equal ®.03%"*f,, .

However, the reported result fails to take into sidaration
this particular requirement. In this study, the o$dhe code
extension that takes into account the minimum aetecshear
requirement is followed.

Generally, concrete compressive strength, longitaidi
reinforcement ratio, and slab effective depth iefloes the

shear capacity of RC slab. Shehata and Regan (1989())l

investigation in the early 1960 reveals that a joney work by
the authors Kinnunen and Nylander shows that siédition,

X . is factor that influences the shear capacity @@ R

structures. Thus, when increasing té value, the punching

shear capacity considerably decreases even withulj¢cting
the structure to additional load increment.

METHODS

Loadings presence on slabs necessitates the neesisdsses
check near the support (Boretl al., 2006). Generally, it is
required to ensure that the concrete shear strepacity,

Vra o 1S sUfficient enough to counter the applied sheagss,

Vgq » and this forms the basis for the shear capaailptions

for this study. Hence, concrete shear capacitycistiaal issue
when dealing with flat solid slab either with ortiwut drop
panels. In other words, checking of shear stressohtmn
is of paramount

perimeter in solid slabs
(Narayanaret al., 2000).

Comer

Edge column 8 coumn
Internal

(iolumn.l umn & =14 =1.15

=14 =1 1%

Figure 1: Critical column perimeter

Figure 1 shows the critical perimetef{ , where there is

much higher shear stress concentration at the colfaoe.
The critical perimeter plays a role in the detemion of RC
slab shear, and it is normally withgsd to 2ifrom the column
face. Hence, the maximum design shear stvess is from:

Tmax
— ﬁcVEd
Ed,max ,Ud

In Equation 1,V, is the applied shear stress value at th

@)

support, and the moment transfer facﬁg solely depends on
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for a RC slavadyc,

Equation 2, and the value of maximum concrete shear

without shear reinforcement is given by

resistanca/Rdymax, is also shown in Table 1.
Vi =0.1% (100, f, ¥°= 0.036"°f,, )
and the steel ratio

Wherg =1+ f% <2

=./p, + p, <0.02. For situations where thgd, value

exceeds 0.4%, the value is modified by the modificas
factor (M) as shown in Table 2.

Table 1: Maximum concrete shear resistance

e

importance

fck(MPa) VRd,max
25 4.0t
30 4.75
35 5.42
40 6.05
45 6.64

Table 2: Modification factor

f..(MPa) M
25 0.94
30 1.0z
35 1.05
40 1.10
45 1.14

Punching shear reinforcement steel becomes negeffsa
Veg > Vgg o » @nd its provision is very seldom. However, if

otherwise, then the slab needs to be re-designeteé in this
study, the provisions of shear reinforcement isitédy and
more information on the computational guide for ghing
shear reinforcement for slab designs that requshksar
reinforcement are available from literature and ated
textbooks.

Shear Capacity Violation

This study framework for shear capacity determoratis in
accordance with the deterministic principle outliria
European code (as shown in Figure 2). There isiderable
safety if the concrete shear resistance is gredi@n the
applied shear, which is rational. Intuitively faiu is
unavoidable if otherwise. Hence, the presentatiofigure 2
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that shows the shear capacity violation functioshiewn with

the expression in Equation 3.

[N

Shear capacity
violation

A 4
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Figure 2: Shear capacity violation

23

Concrete !



Nigerian Journal of Engineering

g(X) —] VRic Ved (_ifVRd,c?Vmin)

Vinin~Veg  (f Vg ,c'<Vmin) 3)
where v, =0.03%"°f, and v, is previously given
using the expression in Equation 2. Accordinglye timit

state performance function in Equation 3 has fivasib
stochastic variables, and these inclfidgNormal, 0.03,

h (Normal, 0.05), fd< (Log-normel, 0.17,

Yion (Normal, 0.03 and q (Log-normal, 0.2. The values
in the parenthesis shows the statistical distrisutiype and
co-efficient of variation. Hence, modifying the coate shear
capacity limit-state function with shear enhancetrfactor,

A prop + IVES:

f =30MPa
ck

0.5
0.45
0.4
0.35

22?)'3

0.5

10[

0.4

0.3

f40 160 180 200 22?)'2
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g(x) = { Ve c* Aprop ~Vea (I Ve 2Vimin)

vmin*/lpmp—vEd (if Vrg ¢=<Vmin) (4)
Since shear verification for concrete slab withahear
reinforcement is characterized by the concretengtre f, ,
and reinforcement ratigp, values (Porcoet al., 2013;

Vainianaset al., 2015), and this work includes the change in
span length in addition to the two main influencfagtors as
mentioned previously.

RESULT AND DISCUSSION
Figure 3 and 4, show the general behaviour forojstemised
under different parametric conditions.

£, =35MPa
10 : 0.6

140 160 180 200 22%25

h (mm) 0By —o—B o —Bys Pso—o=" Yo =t %

h (mm)

30

Figure 3: Shear ratio safety performances for fiteérased section
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Figure 4: Steel ratio and safety valuetiefeship at different optimised RC design depths
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In Figure 3, the safety performance decreases deétineasing
thickness, and the longest span shows a lower valogared
to other span lengths. However, the ratio of tregieshear to

the resistance shear or the shear ratio, formulation

increases with increasing span length. This sinfiketnaviour
happens with decreasing slab depth thickness. €hawbour
can be attributed to the working load that resulted much
higher design shear value than the resistanceedffey the
concrete. Similarly, there is an observed uniforeesrdase in

structural safety valuef3 value as depicted in Figure 4

irrespective of span and concrete stren@&b,, values. This

behaviour can also be attributed to the declinifgpas
resistance value. Studies have shown that thetieffedepth
influence on slabs can result in about a 12% deer@ashear
resistance capacity (Pora al., 2013). Hence, this might
explain the reported decrease in shear resistaiae.v

Influencing O factor
The longitudinal reinforcement ratio is an influerg factor
for concrete slab shear resistance. For this reB&#h (2008)

Punching-sheer strength

according to
ACI 318-08) —

Concrete Shear Resistance Enhancement Factor Development

methodology is adjudged to be precise comparedhier code
formats like the ACI 318 (2005), which does notlaate the

O value even though results from the use of codesr dhian
European code will not result in shear errors (Waiaset al.,
2015). The omission of0 value evaluation by ACI 318-05 is
primarily due to its contribution in propagatingttie failure
mode (Robertt al., 2013). Critics of the EC2 (2008) approach
believe it limits slab strength with lowO , because of the
inclusion of slab depth and flexural reinforcem@atiandalini
et al., 2009). A good example is shown in Figure 5, whhee
load capacity increases with higher reinforcemeattor as
shown by the dashed line. The¢D value influence on
deterministic shear strength is well documentedit@nature,
specifically works by Muttoni (2008) and Rizk al. (2011).
However, its relationship with3 is not fully understood;
hence, the safety performance of the optimisediseds
shown in relation to0 value as depicted in Figure 4.

Punching-sheer strength
according to EC2 (2004)
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Figure 6: The limits characterisatiofteamuttoni (2008)
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Figure 4 shows that decreasing the slab depthtsesula

marginal increase in value, which similarly incresswith

increasing span length. In general, increasing vadue

decreases the safety value for the optimised sectithough

the safety threshold in terms of flexural failuseniot violated,
with the decreasing concrete thickness, increadiexural

reinforcement value not necessarily translates imjoroving

concrete shear resistance for the given sectionweier,

studies have shown that higher reinforcement ratioeases
shear capacity, but with associated consequencegshen
deformation requirement (Muttoni, 2008).

A clear distinction for value limits is not clelbecause of the
complex nature of shear capacity. In most casebaer

value, shear failure occurs before yielding of skdten shear
strength is lower than the flexural capacity. Hoemrvas

mentioned previously, brittle failure mode is asatad with

high value, and this behaviour is depicted inuFég6. This
resulted in the development of several semi-engifigilure

criteria. Since then, different adjustments androwpments
have been proposed in many scholarly articles.

As a general note, the structural reliability value shear are
much higher than that in flexure; ranging from 6 Qoon
average. Similar values within that range are regbusing
experimental procedures; the specific values ranfges
6.028 — 8.645 (Vaimhaset al., 2015). The author attributed
the range of the values to the high quality of gineduction
process of specimen, which means low Standard Dewia
(SD) values. It is logical to suggest from the fings
presented herein that the concrete shear capastityage can
be enhanced significantly if flexural capacity tfeld in
failure is to be adopted on minimum for shear cdpac
violation.

Concrete shear resistance enhancement

Lantsoght, van der Veen, and de Boer (2015) woriec
reliability-based shear expression for shear cépaui RC
slabs (bridge deck) under concentrated loads ieasupport,
where an enhancement factor, is sought in achiehiagarget
safety index of 3.6. This value is the requirecesafevel for
existing structure under class 3. However, the asth
considers the ratio of the experimental test todipted
capacity for the concrete resistance influence, levhi
considering the Limit State Function (LSF) and thee of
Monte Carlo simulation rather than the First OrRetiability
requirement. the same for

Applying principle

the state function.

Vol. 25, No. 1, Sept. 2018
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Figure 7: Shear capacity enhancement with two etacr
strengths class: (A) 30 MPa (B) 35 MPa

Figure 7 shows the behaviour of the several valires
conjunction with the LSF given in Equation 4. Atiog

similar literature reliability safety level of 3.§for the

assessment of class 3 structures) as obtainedhtisaght, van
der Veen, and de Boer (2015) for the basis of corspa

Therefore, in achieving the adopted safety levieé (dotted
lines in Figure 7 a factors of about 2.0 and&e found to
be associated with the use of concrete streng8setaof 30
and 35 MPa, respectively. In comparison to othedifigs in

literature, similar analysis but according to thetierlands
specification, yields 1.78 for the shear enhancenfactor

(Lantsoght, van der Veen, de Boer, 2015). By ingplian

from the result in Figure 7, the concrete sheaistasce
capacity can be increased significantly with actda of 2.0.

This shows about 11% improvement on the previdesdiure
finding, and which is substantial enough for admpti

CONCLUSIONS

Literature survey reveals the underestimation conde the
Eurocode approach for RC slab for concrete sheastamce
capacity. The concern mitigation is through theedepment
of performance enhancement schemes employing
probabilistic safety performance to provide improeat
measures to the concrete shear resistance funetiuie

the

maintaining an acceptable closed form solution. aBhe
Method (FORM) according to the Netherlands designresistance, factors are introduced to modify thistieng limit-

The numerical results from destggamples

enhancement, but with the use of FORM and the sheaesult on the implemented limit state performanbevs an

estimate requirement to European code formulatitve
required is sought herein.
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improvement of about 11% to the design estimatidn
concrete shear resistance, because the concrete catpacity
can be increased significantly with a shear enhaeoé factor
of 2.0.
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