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In addition, the verification of the compressed resistance near the 
column ends can be obtained with Equation 3.13.

(3.11)VR,c=0,18.	ξ.(100.ρ.fc	)
1
3/ .	u1.d 

(3.12)VR,cs=	0,75.VR,c+ (1,5. dsr .	Asw.fyw,ef) 

(3.13)VR,max=0,27.αv.fcd.u0.d 

The  value  𝑢𝑜𝑢𝑡  is  the  control   perimeter length far  2𝑑  from  the  
most  external  shear reinforcements, observing a  2𝑑  limit for  the 
maximum distance between two reinforcement element in concen-
tric lines. In the case of this limit not being attended, the effective 
external perimeter control is used (𝑢𝑜𝑢𝑡,𝑒𝑓). 𝑓𝑦𝑤 ,𝑒𝑓 is the  
 
effective strength of the shear reinforcements and αv= (1- fck

250) 

with fck in MPa.

Figure 10 – Critical punching perimeter definitions for Eurocode 2 (2004) [3]

Figure 11 – Critical punching perimeter definitions for ABNT NBR 6118 (2007) [4]
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3.4 CEB-FIP MODEL CODE 2010

The calculation of the resistance to shear by Model Code 
2010 [5] has as a basis The Critical Shear Crack Theory – 
CSCT (MUTTONI, 2008) [12]. The CSCT evaluates the shear 
strength from the assumption that the shear strength in mem-
bers without transverse reinforcement is governed by the width 
and roughness of a shear crack that develops due to the in-
clined compression strut carrying shear. The model can be ap-
plied to slabs with or without shear reinforcement verifying the 
possibility of break inside the reinforced area, out of this area 
or the crush of the compressed strut.
The shear strength, 𝑉𝑅𝑑 ,𝑐 , for a slab without shear reinforcement 
is stablished by Equation 3.14.

(3.14)VRd,c=kΨ·
fc
γc

·b0·dv				(fc	em	MPa) 

where b0 is the control perimeter (Figure 12) and 𝛾𝑐 , the factor of 
the material resistance.
The 𝑘𝛹   parameter is calculated by Equation 3.26 and depends on 
the slab rotation, ψ, at  the support area. (Figure 13).

(3.15)kΨ=
1

1,5+0,9kdgΨd
≤0,6				(d	em	mm) 

(3.16)kdg=
32

16+dg
	≥0,75						(d	em	mm) 

where dg is the maximum size of aggregate (accounting for the 
roughness of the lips of the cracks).
For a slab with shear reinforcement, the resistance to punch-
ing is given by the sum of the portions resisted by concrete, 
VRd,c, and for the shear reinforcements, VRd,s, as Equation 
3.17 shows:

(3.17)VRd=VRd,c+VRd,s 

The resistance provided by the shear reinforcement, VRd,s, is ex-
pressed by Equation 3.18:

(3.18)VRd,s=∑Aswkeσswd 

where ∑ 𝐴𝑠 𝑤 is the sum of the transversal section area of the whole 
shear reinforcement, properly anchored that, in the model, is inter-
cepted by the rupture surface (conical surface with a 45º angle).
The term 𝜎𝑠 𝑤 𝑑 represents the shear reinforcement mobilized 
stress, according to Equation 3.19.

(3.19)σswd=
EsΨ

6
( 1+

fbd
fywd

·
d

ɸw
) ≤fywd 

𝝓𝒘 indicates the shear reinforcement bar diameter and fywd  its 
strength of shear reinforcements. Adherence tension 𝑓𝑏𝑑 can be 
taken, simplified, for 3,0 MPa or for Equation 3.20:

(3.20)fbd=η1η2η3η4 ( fck 25
/ )

0,5

/γc 

 

Figure 12 – Critical punching perimeter 
definitions for Model Code 2010 [5]

Figura 13 – Rotation (y) of a slab 
Model Code 2010 [5]
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where:
𝜂1 is a coefficient taken as 1,75 for ribbed bars (including galva-
nized and stainless reinforcement),
1,4 for fusion bonded epoxy coated ribbed bars and 0,90 for plain 
(unribbed) surface bars;
𝜂2 represents the casting position of the bar during concreting:
𝜂2 = 1,0 when good bond conditions are obtained, as for:
n all bars with an inclination of 45º – 90º to the horizontal during 

concreting, and;
n all bars with an inclination less than 45º to the horizontal which 

are up to 250 mm from the bottom or at least 300 mm from the 
top of the concrete layer during concreting (but see also ‘special 
circumstances’ section later);

𝜂2 = 0,7 for all other cases where ribbed bars are used, or
𝜂2 = 0,5 where plain (unribbed) bars are used
𝜂3 represents the bar diameter
𝜂3 = 1,0 for Ø ≤ 25 mm;
𝜂3 (25/Ø) 0,3 for Ø > 25 mm (Ø in mm);
𝜂4 represents the characteristic strength of steel reinforcement be-
ing anchored or lapped;
𝜂4  =  1,2 for 𝑓𝑦𝑘 =  400𝑀𝑃𝑎;
𝜂4  =  1,0 for 𝑓𝑦𝑘 =  500𝑀𝑃𝑎;
𝜂4  =  0,85 for 𝑓𝑦𝑘 =  600𝑀𝑃𝑎;
𝜂4  =  0,75 for 𝑓𝑦𝑘 =  700𝑀𝑃𝑎;
𝜂4  =  0,68 for 𝑓𝑦𝑘 =  800𝑀𝑃𝑎;
Lastly,  the  rotation  calculation  (ψ)  can  be  carried  out  in  four  
approximation  levels.  The approximations are used in the evalua-
tion of the resistance to punching and vary as the complexity level 
of the analysis and the result accuracy degree.
The approximation level I refers to the slabs analyzed by elastic 
theories and that do not present substantial redistributions of inter-
nal forces. Equation 3.21 gives a secure estimation  of  the rotation 
in the ruin moment.

(3.21)Ψ=1,5·
rs
d
·
fyd

Es
 

where rs indicates the position, in relation to the column axis, in 
which the radial bending moment
is zero. The value of rs can be considered equals to 0,22∙L (in the 
directions x, Lx, and y, Ly) in slabs where the relations between the 
spans, Lx/Ly, is limited in 0,5 and 2,0.
The approximation level II refers to the slab that present substantial 
redistribution of moment in the calculation of the flexure reinforcement. 
For these cases, Equation 3.22 gives the rotation calculation of the slab.

(3.22)Ψ=1,5·
rs
d
·
fyd

Es
· (msd

mRd
)
1,5

 

where msd represents the value of the project requester medium 
bending moment and mRd the value of the project resistant me-
dium bending moment. Both are calculated for a length range  
𝑏𝑠 , being 𝑏𝑠  = 1.5 · (𝑟𝑠 ,𝑥 · 𝑟𝑠 ,𝑦 ) 0.5  ≤  𝐿𝑚𝑖𝑛
The approximate value of msd depends on the location of the col-
umn in the building. The referred

regulation considers three possible locations for the columns: in-
ternal to the building, edge or corner. In the case of an inside col-
umn, msd is calculated by Equation 3.23.

(3.23)msd=
Vd
8

 

In the approximation level III, the coefficient 1,5 of Equation 3.22 
can be replaced by 1,2 if the values of rs  and msd  are extracted 
from a linear elastic model. In the approximation level IV, the rota-
tion calculation ψ must be obtained in nonlinear analysis.

3.5 ACI 440.2R:2008

This document provides orientation for the selection, project and 
installation of the reinforcement systems with Fiber Reinforced 
Polymers (FRP) externally installed in concrete structures. It pres-
ents the information on the material properties, project, installation, 
quality control and FRP systems maintenance used as external re-
inforcement. This information can be used to select a FRP system 
to increase resistance and rigidity of concrete reinforced beams or 
the ductility of columns and other applications.
For verifying to the shear on the rupture surface cutting reinforcement 
shears with CFRP, in this study called VR,c PRFC, Equation 3.24 is used.

(3.24)VR,cPRFC=ɸc.VR,c+ɸsVR,PRFC 

VR,C  and VR,PRFC  are respectively, the contributions of the con-
crete and the CFRP reinforcement for the resistance capacity to 
the punching shear.
The contributions in the shear reinforcements area can be calcu-
lated with Equations 3.25, 3.26, 3.27 and 3.28 for ACI 318 [2], 
Eurocode 2 [3], ABNT NBR 6118 [4] and Model Code 2010 [5]. 
The recommendations of ACI 440.2R [6] project and the studies 
of PRIESTLEY et al (1996) [13], limit the deformation value of the 
FRP deformation in 0,004 for materials used in the shear reinforce-
ment, due to keep the concrete integrity confined by it.

(3.25)VR,PRFC= ( dsr .	APRFC.fPRFC) 

(3.26)VR,PRFC= (1,5.	 dsr .APRFC.fPRFC) 

(3.27)VR,PRFC= (1,5.	 dsr .APRFC.fPRFC) 
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(3.28)VR,PRFC=(APRFCσPRFC(Ψ)) 

where APRFC is the sum of the shear reinforcements type CFRP 
area, by layer; 𝑓𝑃𝑅𝐹𝐶 is CFRP tension and 𝜎𝑃𝑅𝐹𝐶 is the tension 
resisted by CFRP, in function of the slab rotation, ψ.
Replacing the equations above in the punching reinforcement 
verifications, shown in the previous chapters, we obtain Equa-
tions 3.29, 3.30, 3.31 and 3.32, which will be used to verify the 
tension in the CFRP reinforcement. For the other consider-

ations, the punching regulations were followed without changes.

(3.29)
VR,		CPRF=	 ( (1

4
.	 f 'c.	u1.d) )+

d

sr
.	APRFC.fPRFC

ACI 318:2008 [2] 

(3.30)
VR,CPRF=	0,75.VR,c+ (1,5. dsr .	APRFC.fPRFC) 

Eurocode 2 [3] 

Table 1 – Experimental database

Author Specimen d
(mm)

c
(mm)

r
(%)

A /cam.PRFC
2(mm )

Nº of
Layer

s0

(mm)
sr

(mm)
dg

(mm)
fc

(MPa)

Sissakis 
(2002) [1]

Binici 
(2003) [14]

Control 1
A 4' 

Control 2
A3'
B3'
B4'
C3'
C4'
D3'
D4'

Control 3
A3
A5
B3
B5
C3
C5
D3
D5

Control 4
A4
A6
B4
B6
C4
C6
D4
D6

Control 1
Control 2

A4-1
A4-2
A4-3
A4-4
A6
A8
B4
B6
B8

120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
114
114
114
114
114
114
114
114
114
114
114

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
305
305
305
305
305
305
305
305
305
305
305

1,50
1,50
1,50
1,50
1,50
1,50
1,50
1,50
1,50
1,50
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,34
2,04
2,04
2,04
2,04
2,04
2,04
2,04
2,04
2,04
2,04
2,04

–
814
–

506 
748 
748 
924 
924 
924 
924
–

462 
849 
616 
792 
792 
1188 
792 
792
–

638 
924 
660 
924 
924 
1276 
858 
1254

–
–

800 
400 
200 
400 
600 
600 
800 
800 
800

–
4
–
3
3
4
3
4
3
4
–
3
5
3
5
3
5
3
5
–
4
6
4
6
4
6
4
6
–
–
4
4
4
4
6
8
4
6
8

0
30
0
30
30
30
30
30
30
30
0
30
30
30
30
30
30
30
30
0
30
30
30
30
30
30
30
30
0
0
29
29
29
29
29
29
29
29
29

0
60
0
90
90
60
90
60
90
60
0
60
60
60
60
60
60
60
60
0
60
60
60
60
60
60
60
60
0
0
57
57
57
57
57
57
57
57
57

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

42,6
42,6
36,1
36,1
36,1
36,1
36,1
36,1
36,1
36,1
34,5
34,5
34,5
34,5
34,5
34,5
34,5
34,5
34,5
26,6
26,6
26,6
26,6
26,6
26,6
26,6
26,6
26,6
28,3
28,3
28,3
28,3
28,3
28,3
28,3
28,3
28,3
28,3
28,3
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(3.31)
VR,CPRF=	0,75.VR,c+ (1,5. dsr .	APRFC.fPRFC)
ABNT NBR 6118 [4]  

(3.32)
VR,CPRF=	1,0.VR,c+(APRFCσPRFC(Ψ)) 

Model Code 2010 [5]

 4. Analysis of the code provisions

Initially, it will be presented a database, formed by the experimen-
tal results of 39 slabs of research of strengthening to punching with 
CFRP sheets in stitch technique. There are 28 slabs essayed by 
Sissakis (2002) [1] and 11, by Binici (2003) [14].
In relation to the test scheme, all the slabs subject to symmetric 
loading, which simulates the situation of building internal columns, 
without the action of flexural moments. For the database slabs, the 
resistance to concrete compression (fc), varies between 26,6 and 
42,6 MPa and the reinforcement ratios (ρ) varies between 1,50 and 
2,34. The relation between the space between the stregthening 
layers and the slab effective depth (s/d) is 0,50 or 0,75. Table 1 
and Figure 14 bring the general features of the slab tests.
The result analysis will be always carried out for the ratio between 
the ultimate loads obtained in the tests and the calculated resis-
tant load, Vexp/VNorma. The charge Vexp corresponds to the  last 

Figure 14 – Dimension and details of reinforced specimens

Sissakis (2002) [1]A Binici (2003) [4]B

punching load measured in laboratory and the force VNorma is the 
resistance value, according to the normative criteria in study.
In determining the rupture loads by the regulations, no coefficient 
of material resistance or increase of request was used. The formu-
las are presented in items 3.1, 3.2, 3.3 and 3.4 with the adaptations 
described in 3.5.
For ACI 318 [2], we used the dimensioning recommendations o 
studs type shear reinforcement, for it considers better anchorage 
conditions in relation to the stirrup type reinforcement, also set by 
the regulation.
CEB-FIP Model Code 2010 [5] equations take into account the slab 
ruin criterion for characteristic value. So that the evaluation of this 
regulation can be equivalent to the considerations set for the oth-
ers, Equations 3.15 and 3.16 will be replaced by Equations 4.1 and 
4.2, which, according to Fernández Ruiz and Muttoni (2009) [15], 
take into account the characteristic value of the slab ruin criterion.

(4.1)kΨ=
2

3
·

1

1+Ψdkdg
 

(4.2)kdg=
20

16+dg
 

In the calculation by the regulations, the CFRP system properties 
(fiber/resin) used for each one of the authors are presented on 
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Table 2 – CFRP laminate material
properties (manufacturer datasheet)

Author E  (MPa)CFRP f  (MPa)(4,0 ‰) 
Sissakis(2002) [1]
Binici (2003) [14]

78600
72400

314
290

 

Figure 15 – Comparison of code estimations and experimental results

ACI 318 (2011) [2]A

ABNT NBR 6118 (2007) [4]C

Eurocode 2 (2004) [3]

Model Code 2010 [5]

B

D

Table 2. The resistance parcel of the composite system, Equations 
2.29, 2.30, 2.31 and 2.32 are presented on Chapter 2.6. For the 
other materials, the properties were taken by the medium experi-
mental values.
Figure 15 and Table 3 represent the relation between the experi-
mental loads and the set by the regulations.
It can be observed that ABNT NBR 6118 [4] was the regula-
tion which relation Vexp/VNorma is closest of the unit, besides  
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Table 3 – Calculated and experimental punching strength of test specimens

Author Specimen Vexp

(kN) V /exp

VACI

V /exp

VEC02

V /exp

VNBR

V /exp

VMC10

Failure
ACI

Failure
EC02

Failure
NBR

Failure
NBR

Failure
mode

ACI 318:2008 Eurocode 2:2004 NBR 6118:2007 Model Code (2010)

Sissakis 
(2002) [1]

Binici 
(2003) [14]

Control 1
A 4' 

Control 2
A3'
B3'
B4'
C3'
C4'
D3'
D4'

Control 3
A3
A5
B3
B5
C3
C5
D3
D5

Control 4
A4
A6
B4
B6
C4
C6
D4
D6

Control 1
Control 2

A4-1
A4-2
A4-3
A4-4
A6
A8
B4
B6
B8

575
632
439
591
659
638
612
673
550
605
476
646
671
744
791
775
858
616
617
479
595
631
701
791
781
872
634
639
494
510
595
668
618
600
721
744
756
752
778

1,72
2,12
1,43
2,16
2,25
2,18
1,69
1,85
1,52
1,67
1,58
2,85
2,18
3,04
2,42
2,61
2,08
2,07
1,50
1,81
2,53
2,06
2,79
2,45
2,51
2,11
2,04
1,55
1,46
1,51
2,11
2,37
2,20
2,13
2,07
1,80
2,24
1,74
1,48

1,44
1,75
1,16
1,73
1,35
1,31
1,23
1,35
1,61
1,77
1,16
1,74
1,81
1,46
1,50
1,43
1,59
1,66
1,67
1,28
1,75
1,86
1,45
1,63
1,58
1,76
1,87
1,88
1,18
1,22
1,13
1,27
1,27
1,14
1,37
1,41
1,66
1,65
1,70

1,25
1,28
1,01
1,27
1,04
1,01
0,94
1,04
1,18
1,30
0,95
1,21
1,26
1,06
1,09
1,05
1,16
1,15
1,16
1,05
1,22
1,29
1,05
1,19
1,15
1,28
1,30
1,31
1,00
1,03
0,86
0,97
1,13
0,87
1,05
1,08
1,25
1,24
1,28

1,58
1,48
1,28
1,57
1,65
1,60
1,47
1,62
1,32
1,45
1,27
1,62
1,59
1,83
1,89
1,85
1,92
1,47
1,48
1,42
1,62
1,64
1,90
2,05
2,02
2,12
1,66
1,56
1,44
1,49
1,41
1,78
1,73
1,60
1,82
1,88
1,79
1,78
1,84

–
out
–

out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–
–

out
out
out
out
out
out
out
out
out

–
out
–

out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–
–

out
out
out
out
out
out
out
out
out

–
out
–

out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–

out
out
out
out
out
out
out
out
–
–

out
out
out
out
out
out
out
out
out

–
in
–
in
in
in
in
in
in
in
–
in
in
in
in
in
in
in
in
–
in
in
in
in
in
in
in
in
–
–
in
in
in
in
in
in
in
in
in

–
out
–

out
in

out
in

out
in
in
–
in

out
out
out
in

out
in
in
–
in
in

out
out
out
out
in
in
–
–

in/out
out
in
in

out
out
out
out
out

Average
CV

2,05
0,20

1,51
0,16

1,13
0,11

1,65
0,13

presenting the lower Coefficient of Variation, which can be seen 
in the points dispersion along the straight line of coefficient one 
(Figure 15 (c)).
Using the ACI 318 estimations we obtain an average of the relation 
𝑉𝑒𝑥 𝑝/𝑉𝐴𝐶 𝐼   equals to 2,05 and Coefficient of Variation – CV of 
0,20. Eurocode 2 [3] also had its appropriate results, with average

relation 𝑉𝑢/𝑉𝐸𝐶 2 of 1,51 and CV, 0,16. Model Code results were 
slightly more conservative than the ones from Eurocode 2 [3], with 
relation 𝑉𝑢/𝑉𝐸𝐶 2 equals to 1,65 and CV, 0,13.
For the result dispersion analysis, besides the average of the rela-
tions Vexp/VNorma, we used the median analysis, which repre-
sents the measure of a central trend and has the advantage on the
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average for being less susceptible at extreme values of the sample. 
Figure 16 shows Boxplots with two rectangles representing sample 
quartiles. Quartiles are values in the scale that divide the set data
in four parts, all of them with the same number of observations.
The lightest rectangle of each sample in Figure 16 represents the 
space between the inferior and the middle quartile. The darkest 
rectangle represents the difference between the median and the 
superior quartile. These rectangles, together, represent the range 
of 50% of the most typical values of the distribution. The lines 
above and below the rectangles compose the other two quartiles.
For this analysis it is more evident and stronger the correlation 
ABNT NBR 6118 [4], with lower dispersion of the data in relation to 
the median. ACI 318 [2], besides being the regulation with the most 
conservative Vexp/VNorma average, was the one that presented 
the higher data dispersion in relation to the median.
For the evaluation of the conservatism level, we used an adap-
tation from the penalty criterion proposed by Collins (2001) [16], 
Demerit Points Classification –DPC. This criterion considers 
the quotient between the experimentally resistance to punching 
and the prevision to the project codes (Vexp/VNorma). Collins 
(2001) [16] considers the safety, accuracy and economic aspects 

Figure 16 – Boxplots of database results

and classifies the different dimensioning procedures in terms of 
a demerit scale. A score is given to each range of the relation  
Vexp/VNorma. This score has as a basis the idea that a relation 
Vexp/VNorma< 0,5 is more damaging in safety terms than the re-
lation Vexp/VNorma> 2,0. However, according to DPC, extremely 
conservative values, for being uneconomic, must also receive pe-
nalization. Table 4 shows penalty criteria:
Each model DPC is obtained by summing the percentage results 
of the values Vexp/VNorma existing in each interval, by its cor-
responding score. The higher the total sum value, the worse is the 
regulation process. Table 5 and Figure 17 bring the evaluation of 
the demerit scale for the evaluated regulations.
By the demerit Criterion, the regulation that best adapted to the 
application suggested in this research was ABNT NBR 6118 [4], 
which presented the lower demerit value, 35, with prevalence of 
results in the ranges of Appropriate Safety and Conservative.
Eurocode 2 [3], ACI 318 [2] and Model Code 2010 [5] also had re-
sults in favor of safety, however, were penalized for having several 
values predominantly in Conservative and Extremely Conserva-
tive ranges. In this case, ACI 318 (2011) was the most penalized 
among the rules and, consequently the one that obtained the worst 
performance according to the criterion adopted.
All the regulations, however, presented problems in determining 
the rupture surface position. This fact is evident in Figure 18 graph-
ic, by which the percentage of correctness vary between 45,45% 
(Model Code 2010 [5]) to 57,58% (NBR 6118) [4].
It occurs due to a strong trend of three, from the four regulations, in 
estimating the slab rupture as out of the reinforced area to the shear. 
The rules ACI 318 [2], Eurocode: 2002 and NBR 6118 [4] pointed, 

Table 4 – Demerit point classification 
(adapted from Collins (2001) [16])

V /Vexp Norma Score Classification   
<0,5

[0,50 – 0,85]
[0,95 – 1,15]
[1,15 – 2,00]

≥2

10
5
0
1
2

Extremely dangerous
Dangerous

Appropriat e safety
Conservative

Extremely conservative

   

Table 5 – Demerit point classification – analysis

Status (DPC) Score
Amount Amount Amount AmountDPC DPC DPC DPC

ACI EC2 NBR6118 MC2010

Extremely dangerous
Dangerous

Appropriat and safety
Conservative

Extremely conservative
Totral demerit score

Average
Coefficient of variation (CV)

10
5
0
1
2

63
2,05
0,20

37
1,51
0,16

34
1,13
0,11

42
1,65
0,13

0
0
0
15
24

0
0
2
37
0

0
3
17
19
0

0
0
0
36
3

0
0
0
15
48

0
0
0
37
0

0
15
0
19
0

0
0
0
36
6
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Figure 17 – Evaluation of the demerit scale Figure 18 – Estimation of failure modes

predominantly rupture type out. On the opposite of the others, Model 
Code 2010 [5] showed rupture in the reinforced area (in).

5. Conclusion

This study deals with a recent technique of flat slab strengthening 
against the punching phenomena, using CFRP sheets as shear 
resistant element. In the research, we compared the application of 
enshrined regulations in the technical environment with the experi-
mental results of 39 slabs that simulate the area next to the internal 
columns of a building and without the action of flexural moments.
All the regulations evaluated in this study are applicable at the 
slab shear reinforcements calculation and are not specifically ad-
dressed to the type of strengthening informed.
In a general way, the adoption of the maximum deformation limit 
for the shear strengthening of 0,004 (ACI 440.2R [6]) show appro-
priate as complement of three of four of the regulations evaluated 
– Eurocode 2 [3], ACI 318 [2] and Model Code 2010 [5] – which 
presented appropriate safety, conservative trend and values of 
Vexp/VNorma relation very representative in areas Conservative 
and Extremely Conservative.
For NBR 6119 [4], despite the lower value according to the demerit 
criterion adopted and the result prevalence in the range Appropri-
ate Safety and Conservative, we verified that 12,8% of the relation 
values Vexp/VNorma were under 1,0, which does not enable the 
immediate application of this code.
The most conservative results and with higher dispersion were ACI 
318 [2]. This fact is the consequence for the formulation of this 
regulation not taking into account important factors like the flexure 
reinforcement ratio (ρ) and the size effect parameter, which cor-
relates the reduction of the resistant tension with the increase of 
the effective depth.
Eurocode 2 [3] and NBR 6118 [4] are regulations that, for being 
conceived from the same origin, tend to present similar results. 
However, for the evaluated slabs, NBR 6118 [4] presents results 
inferior to the one o Eurocode 2 [3], due to not considering Brazil-
ian code of the limitations of the flexure reinforcement rate and 
the size effect. Moreover, Brazilian regulation considers a superior
distance than the European reference of the rupture surface posi-
tion, 𝑢𝑜𝑢𝑡, in relation to the last strengthening layer.

The two regulations, Eurocode 2 [3] and NBR 6118 [4], did not 
evaluate in a satisfactory way the rupture surface either, fact due to 
a strong tendency of both in estimating rupture as out of the shear 
strengthening area. For this case, we suggest formulation chang-
es, especially to reduce the strengthening element (VR, PRFC) in 
the verification of the punching in the reinforced area, which the re-
duction of the deformation limit in the strengthening may achieve, 
which, in this study, was considered 0,004 (ACI 440.2R [6]).
Model Code 2010 [5] differs from the other regulations by the semi-
empiric ruin criterion adopted. This method has shown good results 
in shear strengthening researches and, for the  present research, 
also presented satisfactory safety result and dispersion level.
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