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Abstract  
The NBR 6118:2003 introduces significant changes in the shear design criteria for reinforced concrete (RC) beams. Two 
design models are presented and in one of them allowance is given to the designer to vary the angle θ of the concrete 
struts between 30º and 45º. The objective of this paper is to evaluate these shear design procedures in terms of safety, 
precision and economy with respect to test results of RC beams, with and without stirrups built with normal strength 
concrete (fc ≤ 50MPa). EUROCODE 2:2003 and ACI 318:2005 shear design criteria are also analyzed. The comparative 
analysis strongly suggests a revision of NBR 6118 design equation for the concrete contribution in the shear strength 
of RC beams. For beams with web reinforcement and concrete with fc ≤ 50MPa, the best correlation with respect to test 
results was achieved with NBR 6118 design criteria (model II  with θ equals to 30°).

Keywords: reinforced concrete beams, shear design criteria, codes.

Resumo
A NBR 6118:2003 apresenta modificações significativas nos critérios de dimensionamento ao esforço cortante para 
vigas de concreto armado. Dois modelos de cálculo são propostos sendo que um deles permite a variação do ângulo 
q de inclinação das bielas de concreto entre 30° e 45°. Dentro deste cenário, o objetivo deste trabalho é analisar a 
segurança, precisão e economia destes critérios por meio da comparação com resultados experimentais de vigas, com 
e sem armadura transversal, e executadas com concreto convencional (fc ≤ 50MPa). Os procedimentos de cálculo pre-
conizados pelo EUROCODE 2:2004 e pelo ACI 318:2005 são também analisados. O estudo inclui ainda vigas fabricadas 
com concreto de alto desempenho (fc > 50 MPa). Os resultados da análise indicam que a equação da NBR 6118 corre-
spondente à parcela resistente atribuída aos mecanismos complementares ao de treliça necessita de ajuste. Nas vigas 
com armadura transversal e concreto com fc ≤ 50MPa, a melhor correlação obtida foi com o modelo II da NBR 6118 e 
ângulo q igual a 30°. 

Palavras-chave: vigas de concreto armado,dimensionamento ao cisalhamento,normas.

Análise Comparativa dos Critérios Normativos de 
Dimensionamento ao Cisalhamento em Vigas de 
Concreto Armado
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1 Introduction

With respect to its previous edition, NBR 6118:2003 
[1] presents significant changes in the shear design 
criteria for reinforced concrete beams. Based on the 
generalized truss model developed by Mörsch, two de-
sign procedures are prescribed which differ in terms 
of the concrete strength contribution ct  and on the 
value of the angle θ corresponded to the concrete 
struts. In the model I, these values are fixed, while 
in the model II  the portion ct  is a function of the 
predicted strength and the angle θ can vary between 
30° and 45°. In this scenario, the objective of this 
paper is to analyze with respect to safety, precision 
and economy these criteria through the comparison 
with experimental results of beams, with and with-
out traverse reinforcement and built with conven-
tional concrete (fc ≤ 50 MPa). The design procedures 
of EUROCODE 2:2004 [2] and ACI 318:2005 [3] are 
also analyzed. The investigation also includes beams 
fabricated with concrete having compressive strength 
above 50 MPa since the Brazilian construction indus-
try is already producing it and this range of strength 
is allowed by both EUROCODE 2 and ACI 318. For 
the comparative study a database was created [4] 
containing the results of beams tested in laboratories 
worldwide. Partial analyses, considering the beams, 
effective depth, the concrete compressive strength, 
and the amount of flexural and shear reinforcement 
are also included.

2 Methodology

2.1	 Shear	design	code	criteria	for		 	
	 reinforced	concrete	beams

The shear design criteria for beams (bw ≤ 5d) of the 
three codes under appraisal include two verifications: 
concrete web crushing and diagonal tension failure. 
The verification of the web crushing mode is made by 
comparing the conventional shear stress (Vu/bw.d) 
to a prescribed value. The strength to diagonal ten-
sion failure is equal to the sum of the concrete con-
tribution stress ct  plus tsw 

corresponded to the 
shear reinforcement part. The concrete contribution 
includes the effects of aggregate interlocking, dowel 
action and the concrete strength above the diagonal 
cracks [5, 6]. 
NBR 6118:2003 [1] permits the angle θ of the con-
crete struts to vary between 30° and 45°, while EU-
ROCODE 2:2004 [2] allows the variation from 21.8° 
to 45°. The designer can choose freely the value of θ 
in the prescribed intervals. In the ACI 318:2005 [3] 
criteria this angle is constant and equal to 45°. Table 
[1] presents the design equations corresponded to the 
two verifications for beams with vertical stirrups. 
The analysis of table [1] reveals, for beams with 
shear reinforcement, the lack of consensus of these 
code procedures with respect to the diagonal tension 
failure. While NBR 6118 and ACI 318 consider both 
the concrete and the transverse reinforcement con-
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tributions, EUROCODE 2 takes into account only the 
shear reinforcement part. On the other hand, in the 
evaluation of the concrete contribution ct  both Bra-
zilian and American codes rely only on the concrete 
strength, ignoring the dowel action and size effects 

considered by EUROCODE 2. It is worth mentioning 
that each code has a limited value of the concrete 
compressive strength: for NBR 6118 the upper value 
is 50 MPa, while ACI 318 and EUROCODE 2 allow val-
ues up to 69 and 90 MPa, respectively. 
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2.2	 Reinforced	concrete	beams	database

The database for this analysis was originally assembled by 
RIBEIRO [4] as part of her master’s dissertation. It consists 
of 526 beams tested in laboratories worldwide (references 
[7] to [41]) with reported shear failures. All beams have 
longitudinal reinforcement, d/bw  ratio smaller or equal 
to 5 and no web openings. There are 308 beams with web 
reinforcement consisting of vertical stirrups. Beams fabri-
cated with concrete containing light aggregates or fibers 
are not included. The beams were tested under single or 
two point transverse loads as well as uniformly distributed 
loading. Axial loads were not present. The shear span-to-
depth ratio ( d/a ) was always greater than 2. 
The most important characteristics of the beams in the data-
bank are shown in tables [2] to [6]. Each table corresponds to 
a shear failure mode, the presence or not of web reinforcement 
and a range of concrete compressive strength. Each table also 
presents the number of beams tested by each research team, 

their respective geometrical characteristics, the longitudinal 
and web reinforcement ratios as well as the material mechani-
cal properties. The indicated concrete compressive strength 
corresponds to 15 x 30 cm cylinder specimens. 

2.3	 Comparative	study	methodology

The comparative study between the actual and pre-
dicted shear capacities can be quantified based on the 
ratio of the test shear strength testt  to the predicted 
one. The test shear failure stress testt  provides close esti-
mate of the true capacity; it is the ratio between the shear 
failure force divided by the effective web cross-sectional 
area ( wb  times d ). For the evaluation of the predicted 
strength predt , all material resistance factors were set 
equal to one. Further, the measured concrete compressive 
strength cf  and steel yield stress yf  of each test speci-
men were used in determining predt . 
For each beam the ratio testt / predt  was calculated. Sta-
tistical analyses of this ratio include its average M, the 
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median Md, the standard deviation SD, the coefficient of 
variation CV as well as the maximum and minimum val-
ues. The average of testt / predt  is used as a measure of 
the conservative bias of the procedure while the coefficient 
of variation is taken as an indication of accuracy. 
With the objective of evaluating the reliability and of com-
paring the performance of shear design code equations 
for reinforced concrete beams, COLLINS [42] developed a 
demerit point scale methodology. Considering safety, pre-
cision and economy, a score is attributed for each range of 

testt / predt  ratio: these scores are shown in table [7]. In 
this methodology a score value smaller than 0,5 is worse 
in terms of safety than one greater than 2. On the other 
hand, a score value equal 2, corresponded to the low safe-
ty zone, is attributed to an extremely conservative ratio 
for being not economical. The total demerit point score of 
each design code equation is calculated by summing the 
products of the percentage of testt / predt  obtained in each 
range times the demerit points attributed to that range. 
The largest the total demerit point score is the worst is the 
performance of the design equation. 
In order to verify its future use in NBR 6118 design proce-
dures, a angle θ  of the concrete struts equal to 21,8° was 
included in the comparative study.

3 Test Results and Analysis

3.1	 Beams	built	with	concrete
	 of		fc	≤	50	MPa

3.1.1	 Beams	with	web	crushing	failure	

It is important to point out that, in the literature review, 
web crushing failures were only found in beams with high 
ratios of web reinforcement as shown in  table [2].
The results of comparative study for this failure mode are pre-
sented in table [8]. The NBR 6118:2003 criterion becomes 
more conservative as the angle θ decreases. In terms of accu-
racy, the equation is equally precise independently of the value 
of θ , since the coefficients of variation are practically the same. 
With respect to safety, the results (part B of table [8]) are of 
concern for θ equals to 45°: 26% of the testt / predt   values 
are in the low safety range (between 0.65 and 0.85) and 2% 
in the dangerous zone (between 0.5 and 0.65). Overall, the 
analysis shows that NBR 6118 model II procedure with θ = 30° 
provides better predicting results in terms of safety, precision 
and economy for web crushing failures. The possible reduc-
tion of θ  to 21.8° needs more investigation: no testt / predt  
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values were found below the appropriate safety range; on the 
other hand, the procedure becomes less economical with 12% 
of testt / predt  values above 2. 
EUROCODE 2 criterion is also more conservative and safer 
as the angle θ  decreases, but equally precise (very similar 
values for the coefficient of variation). ACI 318 procedure is 
even more conservative and safer: it presents the largest 
average among all codes under appraisal with all testt / predt  
values above the appropriate safety range. In terms of econ-
omy, ACI has the worst performance with 74% of the values 
in the conservative and extremely conservative regions.
For web crushing failure, EUROCODE 2 (with θ = 21.8°) 
and NBR 6118 (with θ = 30°) criteria provide the best pre-
dicting results in terms of safety, precision and economy. 

The total demerit point score also reveals this fact: 48 
points for EUROCODE 2 and 53 points for NBR 6118. On 
the other hand, ACI 318 has a total score of 90 points. The 
large percentage (74%) of testt / predt   values above the 
appropriate safety region is the reason for this result.

3.1.2	 Beams	with	diagonal	tension	failure

The strength corresponded to diagonal tension failure is 
equal to the sum of the concrete contribution plus the web 
reinforcement part. In spite of the fact that the presence 
of web reinforcement boosts the concrete contribution [5, 
6] in resisting shear, an accurate quantification of this in-
crease in the concrete contribution is difficult to obtain. 
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For this reason, ACI-ASCE 426 committee [5] and ACI 318 
[3] assume explicitly that the value of the concrete con-
tribution to the shear strength is the same for beams with 
or without web reinforcement. Based on this premise, the 
comparative study with respect to diagonal tension fail-
ure is divided into beams without web reinforcement and 
beams with vertical stirrups. This way an evaluation of the 
code design equations for the concrete contribution ( ct ) 
can be accomplished.

3.1.2.1	Beams	without	web	reinforcement

In beams without web reinforcement, the shear strength 
is reduced to the concrete contribution part ct . Conse-
quently, a single value for the shear strength is predicted 
according to NBR 6118 procedure. This value is indepen-
dent of the concrete strut angle θ. EUROCODE 2 has a 
distinct formulation for beams without web reinforce-
ment (table [1]) which is also independent of the angle θ. 
Therefore a single value for the shear strength was also 
obtained according to EUROCODE 2.
The results of the testt / predt  ratio are shown in table [9]. 
They were obtained from the comparison with test results 
of 117 beams without stirrups. The analysis of these results 
reveals that ACI 318 design procedure is the most conser-
vative one, with the largest average value for testt / predt  
ratio. NBR 6118 and EUROCODE 2 criteria have similar aver-
age values; but EUROCODE 2 is more precise since it pres-
ents a significantly smaller coefficient of variation (14,1% 
versus 29,7%). The demerit scale (part B of table [9]) con-
firms these results: the percentage values, obtained with 
the Brazilian code procedure, below the appropriate safety 
range are much larger in relation to the others codes. This 
fact is also reflected in the total demerit point score of NBR 
6118 equation, which is much larger. This finding reveals 
that the equation prescribed by NBR 6118 for the concrete 
contribution to shear strength is not satisfactory in terms 
of safety. Partial analyses, shown in table [10] and in figure 
[1], indicate a poorer performance in terms of safety of 
NBR 6118 equation for beams with effective depth larger 

than 60 cm, with longitudinal reinforcement ratio smaller 
than 2% and with concrete compressive strength above 30 
MPa. These results show the influences of the size effect 
and longitudinal reinforcement ratio which are not consid-
ered in NBR 6118 design criteria. The inclusion of these ef-
fects in the Brazilian code equation is recommended.
A careful analysis is necessary when comparing EUROCODE 
2 and ACI 318 results. While ACI has 14% of testt / predt  
values in the dangerous and low safety ranges, EUROCODE 
2, in spite of not having any result in the dangerous zone, 
has a large percentile (23%) of results in low safety range.  
The sum of the dangerous and low safety region demerit 
scale score of EUROCODE 2 sums up to 46 against 37 of 
ACI 318. On the other hand, 48% of the ACI results are 
above the appropriate safety zone against only 1% for EU-
ROCODE 2, which leads to a much smaller partial demerit 
scale score for EUROCODE 2: 1 versus 51 for ACI 318. 
The overall analysis of the results indicates EUROCODE 
2 criteria as the best ranked; it is also the only one that 
explicitly considers the effects of size and longitudinal re-
inforcement ratio in the design equation. NBR 6118 formu-
lation, on the other hand, is not suitable; it has the worst 
performance among the appraised codes. 

3.1.2.2	Beams	with	vertical	stirrups

The comparative results are presented in table [11]. More 
conservative values of testt / predt  ratio are obtained with 
NBR 6118 design criteria as the angle θ increases. In terms 
of precision, the Brazilian code equations are equally accu-
rate (very similar values for the coefficient of variation) in-
dependent of the model or θ  value used. With respect to 
safety, 88% of the testt / predt  results are larger than 0.85 
when model I or II with θ = 45° are employed. A similar 
percentile (86%) is also obtained with model II and θ = 30°. 
But with θ = 30°, a larger percentage of testt / predt  val-
ues was found in dangerous (6%) and extremely dangerous  
(2%) range against 7%  in the dangerous zone for θ equal 
to 45°. The use of model II with θ = 45° has proven to be 
not economical: 66% of the values of testt / predt  ratio are 
above 1.3. The overall analysis of these results indicates NBR 
6118 model II procedure with θ = 30° as the most appropri-
ate. This fact is also shown in the total demerit point score, 
proposed by COLLINS [42]. Based on the obtained results, a 
possible reduction of the angle θ to 21.8° into current NBR 
6118 design criteria is not justified.
EUROCODE 2 and ACI 318 results are also shown in table 
[11]. The analysis indicates a similar behavior between ACI 
318 and NBR 6118 criteria with θ = 45°; which take into 
account the concrete contribution part ct . EUROCODE 2, 
on the other hand, provides extremely conservative results, 
since it does not consider the concrete contribution part in 
the design equation. The EUROCODE 2 conservativeness 
becomes even more evident when comparison is done with 
respect to NBR 6118 results for θ equals to 30° or 45°.
Partial analysis results (table [12]) reveal significant in-
creases in the percentage values of testt / predt  below the 
appropriate safety range when NBR 6118 criteria are used 
in beams with effective depth d > 60 cm or longitudinal 
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reinforcement ratio ≤ 2%. These results show the value of 
the concrete contribution part ct  also affects the perfor-
mance of NBR 6118 criteria in beams with web reinforce-
ment. Similar response, but in a smaller scale, was also 
observed when the EUROCODE 2 and ACI 318 criteria are 
analyzed.
The relationship between web reinforcement ratio wρ  and 
concrete compressive strength is also observed in partial 
analysis results (parts C and D of the table [12]), when 
NBR 6118 design criteria are used. For beams fabricated 
with concrete having compressive strength above 30 MPa, 
larger percentages of testt / predt  results were found in the 
ranges below the appropriate safety zone. Therefore more 

web reinforcement is needed in this case. This fact suggests 
a possible modification in the minimum web reinforcement 
ratio prescribed by NBR 6118 for beams built with concrete 
having compressive strength above 30 MPa. 
In spite of being less conservative, NBR 6118 model II 
procedure with θ = 30° is the most appropriate criterion, 
followed by ACI 318 and EUROCODE 2 with θ = 21.8°. This 
finding is also illustrated in figure [2], where the NBR cri-
terion has the largest percentage of results in appropriate 
safety range (between 0.85 and 1.3). The demerit point 
scale evaluation (table [11]) also confirms this result since 
it attributes the smallest value of total demerit point score 
to this criterion. 
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3.2	 Beams	built	with	concrete
	 of		fc	>	50	MPa	

Since EUROCODE 2 and ACI 318 procedures allow the use 
of concrete with compressive strength above 50 MPa and 
the Brazilian construction industry is already capable of 
producing it, a comparative analysis of shear design cri-
teria for beams built with concrete compressive strength 
above 50 MPa is presented. For this study, the NBR 6118 
design criteria were extrapolated. The beam test results 
found in the literature review showed a single failure mode 
in shear: diagonal tension. Consequently only this failure 
mode is analyzed next.

3.2.1	 Beams	with	diagonal	tension	failure

3.2.1.1	Beams	without	web	reinforcement

Table [13] presents the results of the comparative study 
corresponded to 101 beams with no web reinforcement 
tested in laboratories worldwide. The analysis of the testt
/ predt  ratios reveals that ACI criteria provides more 

conservative results with the largest average and the 
smallest percentage of values (10%) below the appropri-
ate safety zone. EUROCODE 2 procedure, on the other 
hand, has the smallest dispersion of the results around the 
average and therefore is the most precise. The results ob-
tained with the extrapolation of NBR 6118 design criteria 
are of concern: it produces the smallest average value 
(0.86) and the largest percentage of results (> 50%) be-
low the appropriate safety range. This is also reflected in 
the total demerit point score of NBR 6118 equation: 229 
versus 84 and 121 for EUROCODE 2 and ACI 318, respec-
tively. These findings reaffirm that the equation prescribed 
by NBR 6118 for the concrete contribution to shear strength 
is not satisfactory in terms of safety also for beams built 
with concrete having compressive strength fc > 50 MPa.

3.2.1.2	Beams	with	vertical	stirrups

The results for diagonal tension failures in beams with ver-
tical stirrups are shown in table [14]. With respect to the 
results obtained for beams with fc ≤ 50 MPa (table [11]), 
the extrapolation of the NBR 6118 criteria provides less 
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conservative and accurate values. Independent of the em-
ployed Brazilian design criterion, a larger percentage of 
results exists in the zones below the appropriate safety 
range. A reduction in the angle θ to 21.8° produces even 
larger percentage of results in the low safety, dangerous 
and extremely dangerous ranges. This strongly suggests 
that this reduction is not appropriate. Overall, NBR 6118 
model II procedure with θ = 45º is more suitable in terms 
of safety and economics; it also has the smallest value in 
the total demerit point score.
EUROCODE 2 provides results which are the most conser-
vative, imprecise and anti-economical in relation to the 

other codes under appraisal. This finding is due to the fact 
that EUROCODE 2 does not take into account the concrete 
contribution part in the shear strength of beams with web 
reinforcement. Similar performance was found between 
ACI 318 and NBR 6118 with θ = 45° with a slight conser-
vativeness in the American code procedure. 
The results of partial analyses (table [15]) reveal, also in 
this case, significant increases in the percentage values of 

testt / predt  below the appropriate safety range when NBR 
6118 criteria are used in beams with effective depth d > 60 cm 
or longitudinal reinforcement ratio ≤ 2%. These effects influ-
ence also ACI 318 performance.



31IBRACON Structural Journal • 2007 • vol. 3  • nº 1

J. M. F. CALIXTO | A. B. RIBEIRO

The relationship between web reinforcement ratio wρ  and 
concrete compressive strength is also observed in partial 

analysis results when NBR 6118 design criteria are used. 
The analysis reveals a significant improvement of NBR 
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6118 criteria for larger web reinforcement ratios. 
The overall analysis of the results (table [14]) indicates that 
ACI 318 and NBR 6118 model II criterion with θ = 45º are 
the most suitable procedures when safety, precision and 
economy are lumped together. EUROCODE 2 criterion is ex-
tremely safe and consequently not economical since it has 
the largest percentage of testt / predt  results in the con-
servative and extremely conservative zones. These find-
ings are also illustrated in figure [3] which shows the  larg-
est percentage of testt / predt  values in appropriate safety 
range (between 0.85 and 1.3) when the NBR 6118 model II 
criterion with θ = 45° is used as well as the large dispersion 
of the results obtained with EUROCODE 2 procedure.

4 Conclusions

The objective of this paper was to analyze with respect to 
safety, precision and economy NBR 6118:2003 shear de-
sign criteria for reinforced concrete beams. The study was 
done through the comparison with experimental results 
of beams, with and without traverse reinforcement and 
built with conventional concrete (fc ≤ 50 MPa). EUROCODE 
2:2004 and ACI 318:2005 shear design criteria are also 
analyzed. Beams fabricated with high-performance con-
crete (fc  > 50 MPa) are also investigated. Partial analyses, 
considering the beams, effective depth, the concrete com-
pressive strength, and the amount of flexural and shear 
reinforcement are also included. The main conclusions of 
the comparative study are presented next.

4.1	 Beams	built	with	concrete
	 of		fc	≤	50	MPa

4.1.1	Web	crushing	failure	

For the web crushing failure, EUROCODE 2:2004 with θ = 
21,8° and NBR 6118:2003 with θ =30° procedures are the 
most suitable ones in terms of safety, precision and econ-
omy. ACI 318:2005 criterion is very conservative, since it 
produces 74% of testt / predt  results above the appropri-
ate safety zone.

4.1.2	Beams	with	diagonal	tension	failure

For the beams without web reinforcement, EUROCODE 
2:2004 criterion is the best ranked. The comparative 
analysis also shows that the NBR 6118:2003 formulation 
for the concrete contribution stress tC is not suitable. The 
equation needs adjustments which should include explic-
itly the influences of the effective depth of the beams and 
the flexural reinforcement ratio.
For beams with vertical stirrups, NBR 6118:2003 model II 
criterion with θ = 30° is the best ranked, in spite of being 
less conservative. Similar performance was achieved when 
ACI 318:2005 and EUROCODE 2:2004 with θ = 21.8° cri-
teria were used. This Brazilian code criterion provides even 
better results for beams fabricated with concrete having 
compressive strength up to 30 MPa. The analysis revealed, 
on the other hand, a poorer performance for beams with 
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effective depth larger than 60 cm or with longitudinal re-
inforcement ratio smaller than 2%. 

4.2	 Beams	built	with	concrete
	 of		fc	>	50	MPa

4.2.1	 Beams	with	Diagonal	Tension	Failure

In the case of beams without web reinforcement, EURO-
CODE 2:2004 has the best ranked criterion. The extrapola-
tion of NBR 6118 procedure is not suitable when compared 
to the other design code procedures under appraisal.
For beams with web reinforcement, the overall analysis of 
the results indicates ACI 318:2005 and NBR 6118:2003 
model II criterion with θ = 45° as the most appropriate. 
It is important to point out that the extrapolation of NBR 

6118:2003 procedures produced less conservative and 
precise results in relation to beams built with concrete of 
fc  ≤ 50 MPa. 

5 Notation

a = shear span;
bw = web width;
d = effective depth;
fc = concrete compressive strength;
fy = shear reinforcement yield strength;
s = stirrups spacing;
Vu = test failure shearing force;
θ =  angle of concrete struts;
ρw =  shear reinforcement ratio= Asw / (bw.s);
ρl =  longitudinal reinforcement ratio = Asl / (bw.d);
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ct  = concrete contribution stress to the shearing strength;
tsw =  web reinforcement contribution stress to the shear-
ing strength;

testt  = test failure shear stress = Vu / (bw.d);

predt = predict shear stress 



37IBRACON Structural Journal • 2007 • vol. 3  • nº 1

J. M. F. CALIXTO | A. B. RIBEIRO

6 Acknowledgments

The authors would like to thank professors Giuseppe 
Barbosa Guimarães and Sebastião Salvador Real Pereira 
for the valuable suggestions and CNPq for the financial 
support.

7 References

 [01]  ASSOCIAÇÃO BRASILEIRA DE NORMAS  
  TÉCNICAS, Projeto de Estruturas de Concreto  
  – Procedimento - NBR 6118, Rio de Janeiro,  
  2003, 221 p.
 [02]  EUROPEAN COMMITTEE FOR STANDARDIZATION, 
  EUROCODE 2: Design of Concrete Structures  
  – Part 1: General Rules and Rules for Building,  
  Brussels, 2004, 225p.
 [03]  AMERICAN CONCRETE INSTITUTE (ACI),  
  Committee 318: Building Code Requirements  
  for Structural Concrete and Commentary
  (ACI 318-05), Detroit, 2004, 490 p.
 [04]  RIBEIRO, A. B., Análise Crítica sobre o   
  Dimensionamento ao Cisalhamento em Vigas
  de Concreto Armado segundo a NBR 6118/2003,
  Belo Horizonte, 2005, Master´s thesis, Escola  
  de Engenharia - Universidade Federal de Minas  
  Gerais, 193p. http://www.dees.ufmg.br
 [05]  ACI-ASCE Committee 426 Shear Strength of  
  Reinforced Concrete Members, (ACI 426R-74  
  reapproved 1980), ASCE Structural Journal,  
  1973, vol. 99, nº 6, p 1091-1187.
 [06]  PARK, R. and PAULAY, T. Reinforced Concrete  
  Structures, John Wiley & Sons, 1ed, 1975, 769p.
 [07]  PLACAS, A. and REGAN, P.E., Shear Failure of
  Reinforced Concrete Beams, ACI Journal,  
  1971, vol. 68, nº 10, p.763-773. 
 [08]  HADDADIN, M.J., HONG, S. and MATTOCK,  
  A.H., Stirrup Effectiveness in Reinforced  
  Concrete Beams with Axial Force, Journal of  
  Structural Division Proceedings of the ASCE,  
  1971, vol. 97, n° 9,  p.2277-2297.
 [09]  RAMIREZ, J.A. and BREEN, J.E., Evaluation of  
  Modified Truss-Model Approach for Beams in  
  Shear, ACI Structural Journal, 1991, vol. 88,  
  n° 5, p 562-571.
 [10]  RANGAN, B.V., Web Crushing Strength of  
  Reinforced and Prestressed Concrete Beams,  
  ACI Structural Journal, 1991, vol. 88, n° 1,
  p 12-16.
 [11]  LEE, J. and WATANABE, F., Shear Design of
  Reinforced Concrete Beams with Shear   
  Reinforcement Considering Failure Modes, ACI  
  Structural Journal, 2000, vol. 97, n° 3,
  p. 477-484.
 [12]  MORROW, J. and VIEST, I.M., Shear strength  
  of reinforced concrete frame without web  
  reinforcement, ACI Journal, 1957, vol.28, n° 9,  
  p.833-869.

 [13]  MPHONDE, A.G. and FRANTZ, G.C. Shear  
  Tests of High and Low-Strength Concrete  
  Beams without Stirrups, ACI Structural   
  Journal, 1984, vol.81, n° 4, p.350-357.
 [14]  ELZANATY, A. H., NILSON, A. H. and SLATE,
  F. O., Shear Capacity of Reinforced Concrete  
  Beams Using High-Strength Concrete, ACI  
  Journal, 1986, vol. 83, no 2, p.290-296.
 [15]  BAZANT, Z.P. and KAZEMI, M.T., Size Effect on
  Diagonal Shear Failure of Beams without  
  Stirrups, ACI Structural Journal, 1991, vol.88,  
  no 3, p.268-276.
 [16]  XIE Y., AHMAD, S. H., YU, T., HINO, S. and  
  CHUNG, W., Shear Ductility of Reinforced  
  Concrete Beams of Normal and High-Strength  
  Concrete, ACI Structural Journal, 1994,
  vol. 91, nº 2, p.140-149.
 [17]  ADEBAR, P. and COLLINS. M. P., Shear   
  Strength of Members without Transverse  
  Reinforcement, Canadian Journal of Civil  
  Engineering, 1996, vol.23, nº 2, p.297-305.
 [18]  YOON, Y.S., COOK, W. D., and MITCHELL, D.,
  Minimum Shear Reinforcement in Normal,  
  Medium and High-Strength Concrete Beams,  
  ACI Structural Journal, 1996, vol.93, nº 5,  
  p.576-584.
 [19]  KULKARNI, S.M. and SHAH, S.P., Response  
  of Reinforced Concrete Beams at High Strain  
  Rates, ACI Structural Journal, 1998, vol. 95,  
  nº 6, p.705-715.
 [20]  COLLINS, M. P., and KUCHMA, D., How safe  
  are our large, Lightly Reinforced Concrete  
  Beams, Slabs and Footings?, ACI Structural  
  Journal, 1999, vol.96, nº 4, p.482-490.
 [21]  ANGELAKOS, D., BENTZ, E. C. and COLLINS,  
  M. P. Effect of Concrete Strength and Minimum  
  Stirrups on Shear Strength of Large Members,  
  ACI Structural Journal, 2001, vol.98, no 3,  
  p.290-300.
 [22]  CLADERA, A.B., Shear Design of Reinforced  
  High-Strength Concrete Beams, Ph.D. thesis,  
  2002, Departamento d´Enginyeria de la  
  Construcción, Universitat Politècnica de  
  Catalunya, Barcelona, Espanha, 284p.
 [23]  GARCIA, S.L.G., Taxa de Armadura Transversal  
  Mínima em Vigas de Concreto Armado, Ph.D.  
  thesis, 2002, Engenharia Civil, Universidade  
  Federal do Rio de Janeiro, Rio de Janeiro, 207 p. 
 [24]  TOMPOS, E.J. and FROSH, R.J., Influence of  
  Beam Size, Longitudinal Reinforcement, and
  Stirrup Effectiveness on Concrete Shear  
  Strength, ACI Structural Journal, 2002,
  vol. 99, n° 5, p.559-567.
 [25]  JONHSON, M.K. and RAMIREZ, J.A., Minimum  
  Shear Reinforcement in Beams with Higher  
  Strength Concrete, ACI Structural Journal,  
  1989, vol. 86, n°  4, p.376-382.
 [26]  BELARBI, A. and  HSU, T. T. C., Stirrups  
  Stresses in Reinforced Concrete Beams, ACI  



38 IBRACON Structural Journal • 2007 • vol. 3  • nº 1

Comparative Analysis of Design Code Criteria for Shear Strength of Reinforced Concrete Beams



39IBRACON Structural Journal • 2007 • vol. 3  • nº 1

J. M. F. CALIXTO | A. B. RIBEIRO

  Structural Journal, 1990, vol.87, no 5,
  p.530-538.
 [27]  SARSAM, K.F. and AL-MUSAWI, J.M.S., Shear  
  Design of High and Normal Strength Concrete  
  Beams with Web Reinforcement, ACI Structural  
  Journal, 1992, vol. 89, n° 6, p. 658-664.
 [28]  FURLAN JR., S., Vigas de Concreto Armado
  com Taxas Reduzidas de Armadura de   
  Cisalhamento: Influência do Emprego de  
  Fibras Curtas e de Protensão, Ph.D. thesis,  
  1995, Escola de Engenharia de São Carlos,  
  Universidade de São Paulo, São Carlos,
  São Paulo, 373 p.
 [29]  CASTRO, F.A.B., Cisalhamento em Vigas de
  Concreto Armado Estudo Paramétrico,   
  Master´s thesis, 1997, Engenharia Civil,  
  COPPE, Universidade Federal do Rio de   
  Janeiro, RJ, 162 p
 [30]  VIDAL FILHO, L.S., Influência da Adição de  
  Fibras Curtas de Aço no Comportamento e  
  Resistência ao Esforço Cortante em Vigas  
  de Concreto Armado, Master´s thesis, 1999,  
  Escola de Engenharia, Universidade Federal de  
  Minas Gerais, Belo Horizonte, 130 p.
 [31]  ETXEBERRIA, M.L., Experimental Study on
  Microstructure and Structural Behavior of  
  Recycled Aggregate Concrete, Ph.D. thesis,  
  2004, Departamento d´Enginyeria de la  
  Construcción, Universitat Politécnica de  
  Cataluña, Barcelona, Espana, 230p.
 [32]  AHMAD, S.H., KHALOO, A. R., and POVEDA,  
  A., Shear Capacity of Reinforced High-Strength  
  Concrete Beams, ACI Journal, 1986, vol.83,
  no 2, p.297-305.
 [33]  SALANDRA, M.A. and AHMAD, S.H., Shear  
  Capacity of Reinforced Lightweight High- 
  Strength Concrete Beams, ACI Structural  
  Journal, 1989, vol. 86, n° 6, p. 697-704.
 [34]  AHMAD, S.H., PARK, F. and EL-DASH, K. Web
  Reinforcement Effects on Shear Capacity of  
  Reinforced High-Strength Concrete Beams,  
  Magazine of Concrete Research, 1995, vol.47,  
  nº 172, p.227-233.
 [35]  THORENFELDT and DRANGSHOLT, Shear  
  Capacity of Reinforced High-Strength Concrete  
  Beams, ACI Special Publication SP 121-8,  
  p.129-154.
 [36]  ROLLER , J.J., and RUSSEL, H.G., Shear  
  Strength of High Strength Concrete Beams  
  with Web Reinforcement, ACI Structural  
  Journal, 1990, vol.87, nº 2, p. 191-198.
 [37]  FERNANDES, G.B., Cisalhamento em Vigas de  
  Alta Resistência, Revista Téchne, 1994, n° 13,  
  p.27-30.
 [38]  GOMIERO, P.F. and FERNANDES, G. B.   
  Armadura Reduzida para Cisalhamento em  
  Vigas de Concreto de Alta Resistência, XXVII
  Jornadas Sudamericanas de Ingenieria   
  Estructural, Argentina, 1995, v.1, p 229-240.

 [39]  KONG, P.Y.L. and RANGAN, B.V. , Shear  
  Strength of High-Performance Concrete  
  Beams, ACI Structural Journal, 1998, vol. 95,  
  nº 6, p.677-688.
 [40]  OZCEBE, G., et al, Evolution of Minimum  
  Shear Reinforcement Requirements for Higher  
  Strength Concrete, ACI Structural Journal,  
  1999,  vol.96, n° 3, p.361-368.
 [41]  TEOH, B.K., MANSUR, M.A. and WEE, T.H.,  
  Behavior of High-Strength Concrete I-Beams  
  with Low Shear Reinforcement, ACI Structural  
  Journal, 2002, vol. 99, n° 3, p.299-307
 [42]  COLLINS, M. P., Evaluation of Shear Design  
  Procedures for Concrete Structures, 2001,  
  Report prepared for the CSA Technical   
  Committee on Reinforced Concrete Design,  
  Ottawa, Canada, 50p.


