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Abstract 

 

Structural standards and codes of practice are reviewed continuously and improvements are 

implemented as research findings reveal more accurate method of design. Design for shear unlike 

design for bending and axial forces, which have been perfected over the years, because of its 

behavior is difficult to predicate accurately. In spite of many decades of experimental research and 

the use of highly sophisticated analytical tools, it is not yet fully understood.  

This paper reviews the provisions of the current standards in relation to shear of reinforced 

concrete beams, highlights their weaknesses and strengths and compares their predictions with 122 

test beams failing in shear (from existing tests). It was found that five codes [ACI, BS, NZ, EUR, 

NOR] lead to some, unsafe strength predictions. In other cases these methods could lead to 

excessively conservative predictions. To examine the accuracy of the existing methods, statistical 

analysis [Mean (
−

X ), Standard Deviation (SD), and Coefficient of Variation (COV)] of shear failure 

strength to predicted design value are used. 
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Introduction  

 

The shear strength of reinforced concrete beams with stirrups has been a highly controversial matter 

since Morsh
 (10)

 proposed the first truss models. Since then, different analytical models have been 

discussed, such as truss models with concrete contribution, shear/compression theories, truss 

models with variable angle of inclination, and compression field theories. However, some of these 

models were too complex to be implemented in a code of practice and they had to be simplified. As 

Regan
 (13)

 has pointed out, for simpler models the problem is mostly that of the need to neglect some 

factors, considered secondary. However, what is secondary in one case may be primary in another. 

Dealing with shear in today`s codes of practice is very primitive and need to more elaborate 

technique. Predications of current standards for ultimate shear capacity of R.C beams are found to 

be either too conservative or slightly risky for certain compressive strength of concrete, ratio of 

tension reinforcement, ratio of web reinforcement, and ratio of shear span to effective depth. 

In order to have a closer view to the above mentioned. This paper firstly presents a brief 

review of the provisions of well-known international standards in relation to the design of 

reinforced concrete beams against shear. The chosen standards are from United States (ACI 318-

2005)
 (1)

, Britain (BS 8110)
 (5)

, Europe (European Standards, Euro code 2)
 (8)

, New Zealand (NZS 

3101)
 (14)

 and Norwegian (NS 3473 E)
 (11)

. Secondly, the accuracy of the standards in predicting the 

ultimate shear of R.C beams is examined by comparing their predictions against experimental 

studies available in the literature.   

 

Treatment Of Shear In The Standards   

 

Provisions for shear design of reinforced concrete members appear in majority of international 

standards of concrete design. In all Standards, the shear strength is based on an average shear stress 

on the full effective cross section (bw.d). In member without shear reinforcement, shear is assumed 

to be carried by the concrete web (Vc). In member with shear reinforcement, a portion of the shear 

strength is assumed to be provided by the concrete (Vc) and the remainder by the shear 

reinforcement (Vs). 

The shear strength provided by concrete is assumed to be same for beams with and without 

shear reinforcement and is taken as the shear causing significantly inclined cracking. 

These assumptions are similar for most Standards but there are differences in the manners of 

calculating (Vs and Vc) that produce different results. Provisions of some of more well-known 

standards are reviewed here in this section. 

 

1. ACI Standard  

 

A: shear strength provided by concrete  
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B: shear strength provided by shear reinforcement   
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However, sV should not be taken greater than wc
bf

'
66.0 d.  

where cf ' is the design compressive cylinder strength of concrete at 28 days (MPa), wb is web 

width(mm), d is  the effective depth of beams (mm), wρ is the ratio of tension reinforcement, vA is 

the area of shear reinforcement within a distance S (mm
2
), yvf  is the yield strength of shear 

reinforcement(MPa) , S  is the spacing of shear reinforcement (mm) , vρ is the ratio of vertical shear 

reinforcement , a is the shear span(distance between concentrated load and face of support ,mm),   V 

is applied shear force (N) and M is applied bending moment that occurs simultaneously with  V at 

section considered(N.mm). 

 

2. British Standard  

A: shear strength provided by concrete  
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Where Eq. (3) substitutes cf '25.1 for cuf -the latter being concrete cube strength. 

B: shear strength provided by shear reinforcement  

 

dbfV wyvvs ...ρ=

                                                                                                                             

(4) 

 

3. European Standard 

Europe code neglects the concrete contribution to shear strength, therefore, the nominal shear 

strength for R.C beams with web reinforcement in accordance with Euro code 2 is: 
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where θ is the angle of the inclined struts and v is a coefficient that takes into account the increase 

of fragility and the reduction of shear transfer by aggregate interlock with the increase of the 

compressive concrete strength. It may be taken to be 0.6 for  MPaf c 60' ≤  , and 

5.0200'9.0 ≥− cf  for high strength concrete beams (HSC). 

The recommended limiting value for θcot  are given by  5.2cot1 ≤≤ θ  

 

4. New Zealand Standard 

A: shear strength provided by concrete  

 

( ) dbfdbfVc wcwcw '2.0'1007.0 ≤+= ρ                                                                                    (6) 
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B: shear strength provided by shear reinforcement   

dbfVs wyvvρ=
                                                                                                                              

(7) 

5. Norwegian Standard 

A: shear strength provided by concrete  
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B: shear strength provided by shear reinforcement   

 

dbfVs wyvvρ=
                                                                                                                              

(9)
  

                                                                                                                     

Where ftn  is the tensile strength and d in meter . Norwegian – code reported Table 1 for ftn and fc`. 

 

Comparison Of The Standards Predictions With Test Results  

 

In order to investigate the accuracy of codes` provisions for shear, they are compared with 122 

experimental results in this section. Appendix contains the chosen test beams extracted from 

different sources [Adebar and Collins
(2)

, Ahmad, Khalloo, and Poveda
(3)

, Angelakos, Bentzand 

Collins
(4)

, Cladera, and Mari
(6,7)

, Kong, and Rangan
(9)

, Ozcebe,Ersoy, and Tankut
(12)

, Tan, Kang, 

Teng, and Weng
(15)

, Yoon, Cook, and Mitchell
(16)

, and Zararis
(17)

]. All these beams were reported to 

have failed in shear. These beams were simply supported and loaded with one or two point loads. 

The longitudinal reinforcement was constant along the beam. The shear span to depth ratio (a/d) for 

all these beam specimens was greater than 2.49, this means that all beams were slender beams (a/d 

>2). Beams are identified using the notations used in the original papers. The ranges of the different 

variables in these beams are summaries in Table 2. 

The results of the shear strength of the beams predicted by different codes and the 

corresponding strength obtained from the test are presented in Appendix. Ratio of RSSV ( Relative 

Shear Strength Value of the ratio Vfail/Vpred ) are calculated from these and recorded in Appendix, 

then the values of  
−

X ,SD and COV are also calculated for each codes and listed in Table(3). 

Table 3 shows that European code (EUR) has higher values of 
−

X ,SD and COV than other 

codes in which this values are 1.64 , 0.53 , and 32.19% respectively. This means that EUR-code has 

lower representation of shear strength than other codes. 

Norwegian code (NOR) has lower values of statistical results than others. However, it has 

higher number of unsafe values of RSSV (Vfail/Vpred) less than one, which are 41. These numbers of 

failing beams are due to the lower values of 
−

X  , which is 1.06. The values of SD and COV are 0.22 

and 21.02% respectively. 

New Zealand code (NZ) has statistical results (
−

X , SD and COV) which are equal to 1.22, 

0.29 and 23.85% respectively. 

American code (ACI) and British code (BS) have nearest values of 
−

X ,SD and COV, but BS-

code has lower values of 
−

X , and unsafe values of RSSV ( less than one), which are 1.26 , and 13 

respectively than ACI-code.  

It is clear from Table 2 that, British code (BS)  and ACI-code are more safety than other 

codes used in this paper because they have lower values of failing beams (RSSV <1.0). The values 

of Mean (
−

X ) for ACI and BS codes are 1.29 and 1.26, respectively. This means that they have 
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acceptable conservatism in comparison with other three codes. Therefore, using ACI and BS codes 

in shear design is recommended. 

 

Factors Affecting Shear Strength 

 

The same previous 122 beam test results are used to investigate the reasons behind the weak 

representation of code design equations for the shear strength. to do so, a series of graphs [ Fig. 1- 

4] were plotted using the main factors affecting shear strength (fc`,ρw,,a/d, ρv fyv) as X-axis and the 

value of RSSV [V fail/Vpred] as Y-axis the predications of code equations. 

The horizontal line at Vfail/Vpred=1.0 represents a reference point where the actual shear 

strength Vfail equals the shear strength predicted using different design equations Vpred. Data points 

that fall below this line represent beams that had a measured shear strength that was less than that 

predicted by design equation. The line of average and conservative of RSSV values (dispersion 

line) for each code observed in these Figures. 

The maximum average of RSSV is an indictor of dispersion. The positive slope (average 

RSSV increase with increasing the factor that plotted RSSV with it) means that rise of safety 

(underestimate) values will be obtained with increasing this factor. The negative slope (average 

RSSV decrease with increasing the factor that plotted RSSV with it) means that drop of safety 

values will be obtained with increasing this factor. 

A nearly horizontal line with less rise or drop in the slope indicates better representation. 

 

1 Effect of Compressive Strength of Concrete (fc َ) 

Fig. 1, shows that existing codes of shear design lead to large spread of the RSSV values for tested 

members. The unsafe values of RSSV (V fail/Vpred<1) are clear in the Figures. 

The line of average and conservative values for 122 test results with fc′ values are plotted and 

the statistical equations of effect fc` on RSSV for all five codes are shown below. 
'00125.0215.1 cACI fRSSV +=
          

'00577.0923.0 cBS fRSSV +=
 
'00339.0837.1 cEUR fRSSV −=
 

'0005.025.1 cNZ fRSSV −=
  

'0015.097.0 cNOR fRSSV +=
 

Positive slopes with increasing fc` indicate a rise in safety (conservative) with fc`. Negative 

slopes indicate lower safety with rising fc`. 

Maximum average value is 1.837 for EUR- code, this mean that this code is much more 

conservative than others. The minimum average value is 0.923 for BS- code, that indicating the 

unsafe values of RSSV   (Vfail<Vpred) in normal strength concrete (NSC). 

Figure 1, shows that ACI-code has high dispersion and this dispersion increases from 1.241-

1.371 for fc` values from 21-125.2 MPa at an average rise of 0.13% for each 1 MPa. This means that 

this dispersion will increase with increasing fc`. 

The BS-code has unsafe values especially for normal strength concrete. It gives an average 

value of 1.044 at fc` of 21 MPa and this value increases at average rise rate equals to 0.58% for each 

1 MPa to give an average value of 1.645 for fc` equals to 125.2 MPa. This means that BS-code gives 

safe values and much dispersion with increasing fc`. 

EUR and NZ codes have negative slope with increasing fc` (a drop in conservatism with 

increases fc`). These codes have RSSV drop from 1.766 to 1.413 and 1.24 to 1.187 at an average 

drop of 0.34 % and 0.05% respectively, Figure 1. 

The ratio of RSSV for NOR-code increases from 1.002 to 1.158 with fc` of 21 MPa and 125.2 

MPa respectively at an average rise of 0.15% [Figure 1]. 
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2 Effect of Ratio of Tension Reinforcement (ρw) 

The nominal strength results of the 122 test beams are plotted with rising ρw . The effect of ρw on the 

different design codes will be shown in Figure 2. The statistical equations of the effect of ρw on 

RSSV for existing codes are shown below:- 

 

wACIRSSV ρ131.0919.0 +=
 

wBSRSSV ρ115.0936.0 +=
  

wEURRSSV ρ025.0568.1 +=
 

wNZRSSV ρ095.095.0 +=
 

wNORRSSV ρ087.0813.0 +=
 

 

From above equations, maximum average rise is 13.1% for ACI methods, where its RSSV 

rises from 1.019 to 1.679 for ρw of 0.76% to 5.8% respectively. Minimum average rise for code 

equations is 2.5% for EUR method, but this method has maximum average value (1.568) from 

others. Its RSSV rises from 1.587 to 1.713 for ρw ranging from 0.76% to 5.8% respectively. 

BS and NZ methods have nearest values of average of RSSV equal to 0.936 and 0.95 

respectively. BS code has RSSV rises from 1.023 to 1.603 for ρw of 0.76% and 5.8% respectively at 

an average rise of 11.5% while NZ code has RSSV rises from 1.022 to 1.501 for ρw of 0.76% and 

5.8% respectively at an average rise of 9.5%. 

NOR method has minimum average value of RSSV equals to 0.813. This ratio rises from 

0.879 to 1.318 with ρw ranging from 0.76% to 5.8% respectively at an average rise rate equals to 

8.7%. 

3 Effect of a/d 

RSSV results of the 122 test beams are plotted with rising a/d. The effect of a/d on the different 

methods will be discussed in Figure 3. The statistical equations of the effect a/d on RSSV for all 

five methods are shown below:- 

 

daRSSVACI /052.0454.1 −=
 

daRSSVBS /145.0717.1 −=
 
daRSSVEUR /007.0662.1 −=

 
daRSSVNZ /071.0442.1 −=

  
daRSSVNOR /062.0254.1 −=

 
 

Figure 3, shows that RSSV for all methods drop with increasing a/d . Maximum average drop 

is 14.5% for BS method and minimum average drop is 0.7% for EUR method. 

ACI and NZ methods have average drops 5.2% and 7.1% for each 1 of a/d respectively. With 

respect to NOR method, the ratio of RSSV drops from 1.1 to 0.944 with a/d of 2.49 and 5 

respectively at an average drop of 6.2%. 

 

4 Effect of ρvfyv 

RSSV results of all the 122 test beams are plotted with rising ρvfyv . the effect of ρvfyv on the different 

methods will be discussed in Figure 4. The statistical equations of the effect of ρvfyv on RSSV for all 

five methods are shown below:- 

 

yvvACI fRSSV ρ229.0514.1 −=
 

yvvBS fRSSV ρ185.0443.1 −=
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yvvEUR fRSSV ρ412.0043.2 −=
 

yvvNZ fRSSV ρ218.0433.1 −=
 

yvvNOR fRSSV ρ159.0214.1 −=
 

 

From above equations, all methods decrease with increasing ρvfyv . 

Maximum average value is 2.043 for EUR code. This indicator that this method gives much 

more conservative than others. At the same time, it has maximum average slope is 41.2%, where its 

RSSV drops from 1.915 to 0.387 for  ρvfyv of 0.3096 MPa to 4.0183 MPa respectively . 

The NOR method has minimum average value, which is 1.214. Its RSSV values drop from 

1.165 to 0.575 for ρvfyv of 0.3096 MPa to 4.0183 MPa respectively, at an average drop 15.9% for 

each 1 MPa of ρvfyv. 

ACI code has average value of RSSV equals to 1.514 and this ratio drops from 1.443 to 0.594 

for ρvfyv ranging 0.3096-4.018 MPa respectively at an average drop 22.9% 

BS and NZ codes have close average values of RSSV equal to 1.443 and 1.433 respectively. 

However, BS method has lesser slope value, which is 18.5% for each 1 MPa of ρvfyv. This method 

drops from 1.386 to 0.7 for ρvfyv of 0.3096 to 4.018 MPa. 

 

Conclusions 

 

The main conclusions to be drawn from this paper are: 

1. None of the codes were successful in predicting the ultimate shear accurately for all beams. 

For some beams, codes` predictions were too conservative and for some too risky ( unsafe 

design ) especially for beams with high shear reinforcement ( stirrups) , high shear span to 

depth ratio (a/d), low longitudinal steel ratio (ρw),and low strength of concrete. 

2. Design by Norwegian code leads to the largest percentage of unsafe design that equals to 

33.6% , while design by British and European codes lead to the least percentage of unsafe 

design that equals to 10.66  for each code. 

3. For all 122-test result of beams taken from the literature, accurate, safe and simple 

representations are proposed for predicting the nominal shear strength in normal rectangular 

beams.   

4. BS and ACI codes are more safety than other codes used in this paper, at the same time, they 

have acceptable statistical values (
−

X , SD and COV) in comparison with others. These 

values are 1.22, 0.29, and 23.85% respectively for BS-code and 1.29, 0.31, and 24.35% 

respectively, for ACI-code. 
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Table (1) Concrete Strength in MPa 

 

fc`
 

12 20 28 36 44 54 64 74 84 94 

ftn
 

1.0 1.4 1.7 2.00 2.25 2.5 2.6 2.7 2.7 2.7 

 

Table (2) Range of Parameter in the Database 

Parameter d( mm) ρw% Ρv fy (MPa) fc` (MPa) a/d Vfail  (KN) 

Minimum 95 0.76 0.3096 21 2.49 15.6 

Maximum 1200 5.8 4.0183 125.2 5 1172.2 
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Table (3) Comparison between Vfail and Vpred for 122 Beams 

Code 
−

X  SD COV% NO.<1 Max. value Min. value 

American code (ACI) 1.29 0.31 24.35 17 2.58 0.20 

British code (BS) 1.26 0.31 24.94 13 2.64 0.20 

European code (EUR) 1.64 0.53 32.19 13 3.69 0.70 

New Zealand code (NZ) 1.22 0.29 23.85 18 2.43 0.21 

Norwegian code (NOR) 1.06 0.22 21.02 41 1.99 0.20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure (1) fc` versus the relative shear strength predictions 
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Figure(2) % ρw versus  the relative shear strength predictions 
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Fig.(3) a/d versus  the relative shear strength predictions 
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Figure(3) a/d versus  the relative shear strength predictions 
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Figure (4) ρvfyv versus  the relative shear strength predictions 
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Appendix Details of Experimental Beams  
 



                Al-Qadisiya Journal For Engineering Sciences                                                 Vol. 2      No. ٢      Year 2009 

 ٢٢٦

  
 

 



                Al-Qadisiya Journal For Engineering Sciences                                                 Vol. 2      No. ٢      Year 2009 

 ٢٢٧



                Al-Qadisiya Journal For Engineering Sciences                                                 Vol. 2      No. ٢      Year 2009 

 ٢٢٨

 


