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Abstract: This paper presents two design equations to predict the shear strength of reinforced concrete 

shallow beams without shear reinforcements. The proposed equations were derived from two techniques: 

nonlinear regression analysis and artificial neural network analysis. The analysis were carried out using 

279 test results of shallow beams available in the literature with wide range of geometrical and material 

properties. The proposed equations consider the influence of concrete compressive strength, flexural 

reinforcement, shear span-effective depth ratio, and the beam’s size. The calculations of the proposed 

equations are compared with those of the current codes of practice and those available in the literature, 

and they result as the best fitting to the available tests results.  
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 الخبلية من حديد تسليح القص واطئة العمقالمسلحة التنبؤ بمقبومة القص للاعتبة الخرسبنية 
 

انزً لا رحزىي عهى حذٌذ رسهٍح  واطئخ انعًقرقذو هذِ انذراسخ يعبدنزٍٍ نحسبة يقبويخ انقص نلاعزبة انخزسبٍَخ انًسهحخ   الخلاصة:

انعصجٍخ  بدانشجكوانًعبدنخ انًقززحخ انثبٍَخ يسزًذح يٍ رحهٍم الاَحذار انلاخطً انقص. انًعبدنخ انًقززحخ الاونى يسزًذح يٍ رحهٍم 

عزجخ خزسبٍَخ يسهحخ يُشىرح يسجقب.  729هٍلاد انًسزخذيخ فً هذِ انذراسخ عهى َزبئج انفحىصبد انًخزجزٌخ ل . اجزٌذ انزحالاصطُبعٍخ

نهخزسبَخ, حذٌذ رسهٍح الاَحُبء, َسجخ فضبء انقص انى انعًق انفعبل  طانًعبدلاد انًقززحخ ربخذ ثُظز الاعزجبر رأثٍزاد يقبويخ الاَضغب

رَبد ثٍٍ َزبئج حسبة انقص انخبصخ ثبنًعبدنزٍٍ انًقززحزٍٍ ورهك انخبصخ ثًعبدلاد يذوَبد انجُبء نهعزجخ, وحجى انعزجخ. اظهزد انًقب

وانًعبدلاد انًُشىرح يسجقب اٌ انًعبدنزٍٍ انًقززحزٍٍ هًب الاَست فً حسبة َزبئج يقبويخ انقص نلاعزبة انخزسبٍَخ انحبنٍخ انعبنًٍخ 

  .انًزىفزح واطئخ انعًقانًسهحخ 

 
1. Introduction 

 

 Reinforced concrete shallow beams can be defined as beams with a shear span to 

effective depth ratio equal to, or greater than 2.5 [1]. Despite of being widely used in 

constructions, their shear strength equations available in current code of practice: the 

American code [2], ACI318-14, the British Standard [3], BS8110-97, and the European 

code [4], EC2, are empirical in nature, and they were derived from statistical analysis to 

fit the test results available at the time of derivation. 
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Furthermore, the equations in these codes consider various parameters with their 

limitations, causing inconsistency in the shear capacity predictions [5-7].  

The objective of this study is to use a large number of previous test results of shallow 

beams without shear reinforcements to propose reliable equations that agree favorably 

with the test results. Two approaches are employed to fit the test results: the nonlinear 

regression and the artificial neural network. Form which, to derive two simple equations 

to predict the shear strength of shallow beams without shear reinforcements. Both 

equations account for the concrete compressive strength, longitudinal reinforcement, the 

effective depth of a beam, and the shear span-depth ratio. To examine the performance 

of the proposed equations, their predictions are compared with the existing equations for 

shear strength of shallow beams with no shear reinforcements. 

 
2. Application of Artificial Neural Networks (ANNs) 

 

The artificial neural networks (ANN) is a powerful mathematical tool that operates in 

a manner similar to that of biological neurons system. Scholars have implemented the 

artificial neural networks (ANNs) as an alternative to conventional analytical techniques 

which are frequently constrained by firm assumptions of normality, linearity, 

homogeneity, etc. Several neural networks models were found in the literature built to 

investigate the shear strength of reinforced concrete beams shallow beams without shear 

reinforcements [7-17]. Elsanadedy et al. [7], Oreta  [8],  Cladera  and  Mari  [9],   El-

Chabib  et  al.  [10],  Seleemah  [11],  Jung  and  Kim  [12], and Keskin [17] applied the 

artificial neural networks (ANNs) to predict  the  shear behavior of reinforced concrete 

shallow beams without shear reinforcements. While, Cladera and Mari [13], El-Chabib 

et al. [14], Abdalla et al. [15], and Mansour et al. [16] applied the artificial neural 

networks (ANNs) to predict the shear behavior of reinforced concrete shallow beams 

with shear reinforcements. 

 It is important to note that all of these studies were conducted to investigate the 

shear behavior of shallow beams by carrying out a parametric study to examine the 

effect of the geometrical and material properties on the shear strength. 

Unlike the aforementioned studies, the present neural network model is built to 

determine the functional relationship between test parameters (input parameters). That 

is, the weight of each input is calculated using the connecting weight algorithm [18] to 

determine its contribution with respect to the other inputs and the corresponding shear 

strength. From which, to derive a simple design equation to predict the shear strength of 

shallow beams without shear reinforcements.  

 
3. Existing Shear Equations For Shallow Beams 

 

Table 1 summarize the selected design expressions provided by the current codes of 

practice for the shear strength of shallow beams with the material safety factor being set 

to unity. In addition to codes’ equations, selected design expressions from literature are 

also included in this table. A critical review about the design expressions provided by 

the current codes indicates that each expression has adopted significantly different 

parameters along with their limitations. To be precise, ACI318-14 [2] shear equation 
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considers the influence of concrete strength only. Equations provided by BS8110 [3] 

and EC2 [4], however, consider the influence of concrete strength, the flexural 

reinforcement, and the beam’s depth. While, all of these codes ignored the influence of 

shear span to effective depth ratio. Such differences in considering the influencing 

parameters would probably cause inconsistency in the shear strength predictions. 

Furthermore, the imposed limitations on the influencing parameters indicate that they 

were derived from limited range of test results.  

Similar to codes’ equations, the existing equations in the literature are also varied in 

terms of influencing parameters. The equation of Niwa et al. [19] consider the influence 

of concrete strength, the flexural reinforcement, the beam’s effective depth, and the 

shear span-effective depth ratio. While, the equation of Collins and Kuchma [20] 

ignores the influence of flexural reinforcement, Rebeiz’s equation [21] ignores the size 

effect on shear strength, and that Tureyen and Frosch [22] ignores the effect of size and 

the shear span-effective depth ratio. 

 

Table 1. Selected shear strength equations 

Reference Shear strength equation Note 

ACI318-14[2]         √       for normal concrete 

              for lightweight 

concrete 

BS8110[3] 

       √     
  √

   

 

 

 
√
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EC2[4] 
          √    
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  ,        

Niwa et al.[19] 
        

√    
 

√
 

    

 
(     

   
 

 ⁄
)  

 

Collins and 

Kuchma[20] 
   

   

       
√       

    
(    )⁄ ,          

 

Rebeiz [21]        √    
 

 
 (         ) 

 

           
 ⁄      

Tureyen and 

Frosch [22] 
   

 

  
 √      √(  )  (   )     

        ,                 

       √  
 
 [2] 

 

4. Shear Strength Database 
 

A total of 279 test results of reinforced concrete shallow beams with no shear 

reinforcements were collected from previous experimental investigations [20, 23-56]. 

All beams were simply supported and subjected to point loadings. The test results were 

initially employed in the nonlinear regression analysis to derive the first shear equation. 

Then, they were employed to train, test, and validate the neural network model to derive 

the second shear equation. 

The collected beams cover wide range of test variables. The concrete compressive 

strength ranged from 14 MPa to 110.9 MPa, the flexural reinforcement ratio ranged 

from 0.25% to 6.62 %, the effective depth of beams ranged from 110 mm to 1200 mm, 

and the shear span to effective depth ratio ranged from 2.5 to 8.04. Table 2 provides 

detailed information about the beams used in this study. 
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Table 2. Database used in this study 

Reference No. of beams   

(mm) 

   

(MPa) 

  

(%) 

 
 ⁄  

Collins and Kuchma [20] 1 925 89.3 0.5 2.92 

Ahmad and Kahloo [23] 9 184-208 59.3-65.5 1.77-6.62 2.7-4.0 

Aster and Koch [24] 7 250-750 18.9-29.5 0.42-0.91 3.65-5.5 

Bhal [25] 4 600-1220 24.5-26.7 0.63-1.26 3.0 

Bresler and Scord [26] 2 461-466 21.4-23.3 1.81-2.27 3.97-4.91 

Chana [27] 3 356 31.2-34.9 1.74 3.0 

Cossios and Siess [28] 8 252 21-29.9 0.98-3.33 3-6.03 

Elzanaty and Nilson, [29] 7 269-272 19.7-75.3 1.0-2.5 4.0 

Feldman and Siess [30] 4 252 24.5-34.9 3.35 3.02-6.04 

Grimm [31] 10 152-746 32-89.7 0.83-5.0 2.5-3.9 

Hallgren [32] 13 191-196 29.5-80.4 2.2-4.0 3.6-3.66 

Hamadi and Regan [33] 2 370 20.9-28.8 1.7-2.2 3.46-3.64 

Hanson [34] 12 267 21-55.1 2.49-4.99 2.5 

Kani [35] 25 133-1097 23.5-28.7 2.5-4.51 2.5-8.04 

Krefeld and Thurston [36] 22 240-456 18.3-36.4 1.57-4.35 2.89-6.09 

Podgorniak-Stanik [37] 6 110-925 35.2-94.1 0.76-0.91 2.92-3.07 

Laupa and Siess [38] 6 263-269 14.0-30.7 1.9-4.21 4.45-4.65 

Leonhardt and Walther [38] 25 140-600 24.2-37.2 0.91-1.62 2.5-4.07 

Mathey and Walstein [39] 11 403 22.3-27.8 0.47-2.55 2.48-3.78 

Morrow and Viest [40] 8 356-372 23.7-43.4 1.28-3.92 3.8-5.87 

Mphonde and Frantz [41] 10 298 20.3-91.7 2.34-3.36 2.5-3.58 

Rajagopalan and Fergrison 

[42] 

6 265-268 22.5-31.4 0.25-1.73 3.86-4.27 

Remmel [43] 3 160-165 80.3-80.8 1.87-4.09 3.0-4.0 

Ruesch and Haugli [44] 1 262 23.1 2.64 3.62 

Scholz [45] 2 362-372 76.6-92 0.81-1.94 3.0 

Taylor [46] 4 370 36.8-40.8 2.47-3.02 2.5-3.02 

Taylor [47] 3 465 23.0-27.0 1.35 3.0 

Thorenfeld and Dranshold [48] 15 207-414 51.3-92.8 1.82-3.24 3.0-4.0 

Walravena and Lehwalter [49] 2 420-720 22.9-23.2 0.74-0.79 3.0 

Angelakoes et al. [50] 3 925 30.4 0.5-2.09 2.92-3.02 

Salandra and Ahmad [51] 3 171 49.5-63.6 1.48 2.59-3.63 

Islam et al., [52] 7 203-207 25.3-68.6 2.02-3.22 2.96-3.94 

Kulkarni and shah [53] 3 152 39.8-42.8 1.37 3.5-5.0 

Moody et al. [54] 20 262-272 14.6-39.1 1.6-2.37 2.96-3.41 

Hallgren [55] 2 208-211 86.7-87.8 0.74-1.05 2.61-2.64 

Konig et al. [56] 10 152-718 90.1-110.9 1.34-4.22 3.53-3.9 

 Total No. 229     

 Min 110 14.0 0.25 2.5 

 Max 1200 110.9 6.62 8.04 

 AVG 324.7 39.7 2.3 3.7 

 STDEV 188.4 21.7 1.1 1.0 

 

5. Building the Neural Network Model 
 

The present neural network (NN) model is built to predict the shear strength of 

shallow beams without shear reinforcements using MATLAB R2013b [57]. In general, 

The architecture of a NN model composed of input layer, one or more hidden layer(s), 

and output layers. The input layer composed of a number of neurons (usually represents 

the independent test parameters) plus one neuron have a value of one termed bias [58]. 
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A trial and error approach is used to find the suitable number of hidden layers and 

their neurons that give best predictions. It is important to note that increasing the 

number of hidden layers or increasing the number of neurons in these layers increases 

the training time, prevent the model to generalized, and do not improve the predictions 

[58]. 

 

 
Figure 1. Architecture of NN model. 

 

This model adopts the feed-forward, back propagation algorithm with one input 

layer, two hidden layers, and one output layer, see Fig 1. The input layer composed of 

four neurons and the hidden layers composed of fourteen and five neurons, respectively. 

The model adopted the tan-sigmoid transform function in hidden layers and the linear 

transform function in the output layer. Early stopping technique is also adopted to 

maintain generalization of the NN model and to avoid over-fitting [58]. The test data is 

divided into three subdivisions: training, validation, and testing. The training 

subdivision composed of 70% of the test data, and the remainder are equally divided 

between validation and testing subdivisions. 

All variables influencing the shear strength are considered [7-17]. The test variables 

include the concrete compressive strength, the flexural reinforcement ratio, the effective 

depth of a beam, and the shear span-depth ratio. The NN model agreed very well the test 

results. The correlation coefficient (R) between predicted,      , and test results,      , 

was 0.975, as shown in Fig 2. 
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Figure 2. Training process of NN model 

 

6. Proposed Equations  
 

Two design equations are proposed to predict the shear strength of shallow beams 

without shear reinforcement using nonlinear regression analysis and neural network 

analysis. The first equation is derived from the nonlinear regression analysis conducted 

using SPSS Statistics 22 [59]. The shear strength is made a function of concrete 

compressive strength, flexural reinforcement ratio, effective depth of a beam, and the 

shear span-depth ratio. The contribution of these parameters is calibrated with the test 

results of 279 concrete shallow beams from literature. This equation is expressed as 

follows: 

 

          
√    
 

√  
         Eq. (1) 

 

The second equation is derived from the neural network analysis. It also consider the 

same test variables in equation (1). The contribution of each parameter with regards to 

other is determined using the connecting weights algorithm conducted after the 

achieving the successful NN model. This equation can be expressed as follows: 

 

             
         (

 

 
)
     

            Eq. (2) 

 

For both equations, the predicted shear strength,      , and concrete compressive 

strength,    are in MPa, the shear span,  , and the effective depth of a beam,  , are in 

mm, and the flexural reinforcement ratio,  , in percentage. 
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7. Validation of The Proposed Equations 
 

Both equations were applied to predict the test shear strength of 279 concrete beams 

from literature. Both equations achieved good agreements with the test results, as shown 

in Fig 3. For equation (1), the mean of predicted strength to test was 1.00 with a 

standard deviation of 0.14. For equation (2), the mean of predicted strength to test was 

1.00 with a standard deviation of 0.13. 

 
8. Comparison Between The Proposed and Existing Equations  
 

The proposed equations are applied to predict the shear strength of 279 reinforced 

concrete shallow beams from literature along with the seven existing equations listed in 

Table 1. The results are presented separately for each equation in Fig 3 in terms of 

predicted strength to test. It can be inferred that the existing equations provide 

inconsistent predictions, scattered on each side of the equality line. In general,            

the ACI318-14 [2], BS8110 [3], EC2 [4], Niwa et al. [19], Collins and Kuchma [20], 

and Tureyen and Frosch [22] equations were conservative; and the equation of Rebiz 

[21] was unsafe. Unlike the existing equations, the proposed ones agreed well with the 

test results. This would be expected since the proposed equations consider all governing 

variables that influence the shear strength of shallow beams and they were calibrated 

with large number of test beams covering wide range of test variables.  

To examine the effect of the governing variables on the predictions of the existing 

and proposed equations, each of governing variables is plotted against the ratio of 

predicted strength to test, see Figs 4 to 7. 

 

 

Eq. (1) 

 

Eq. (2) 

 

ACI318-14 [2] 

 

BS8110 [3] 

 

EC2 [4] 

 

Niwa et al. [19] 
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Collins and Kuchma [20] 

 

Rebiz [21] 

 

Tureyen and Frosch [22] 

Figure 3. Comparison between predicted shear strength by the proposed and existing equations  

 

 

Eq. (1) 

 

Eq. (2) 

 

ACI318-14 [2] 

 

BS8110 [3] 

 

EC2 [4] 

 

Niwa et al. [19] 

 

Collins and Kuchma [20] 

 

Rebiz [21] 

 

Tureyen and Frosch [22] 

Figure 4. Effect of concrete compressive strength on the shear predictions of the proposed and 

existing equations. 

 
8.1. Effect of Concrete Compressive Strength 
 

Fig 4 shows the effect of concrete compressive strength on the strength predictions of 

the existing and the proposed equations. The majority of the test beams (76%) were cast 

from normal concrete with compressive strength below 45 MPa (210 of 277). This 

indicates that the equations of ACI318-14 [2] and Collins and Kuchma [20] were 

scattered with the concrete strength. The BS8110 [3] and EC2 [4] equations provided 

consistent predictions with the strength predictions for concrete strength below 40 MPa 
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and scattered predictions for concrete strength above than 40 MPa. The equations of 

Niwa et al. [19] and Tureyen and Frosch [22] provided conservative predictions with 

the concrete strength, while, the equation of Rebieiz [21] provided unsafe predictions 

with the concrete strength. In contrary, the proposed equations provided consistent 

predictions with the concrete strength. 

 

 

Eq. (1) 

 

Eq. (2) 

 

ACI318-14 [2] 

 

BS8110 [3] 

 

EC2 [4] 

 

Niwa et al. [19] 

 

Collins and Kuchma [20] 

 

Rebiz [21] 

 

Tureyen and Frosch [22] 

Figure 5. Effect of shear span-effective depth ratio on the shear predictions of the proposed and 

existing equations 

 
8.2 Effect of Shear Span-Effective Depth Ratio 

 

The shear span to effective depth ratio, a/d, is another governing variable that have 

significant effect on the strength predictions. Fig 5 indicates that, the ACI318-14 

equation [2] was scattered with (a/d) ratio, the equations of Niwa et al. [19] and Tureyen 

and Frosch [22] were conservative with the (a/d) ratio, while, the equation of Rebieiz 

[21] was unsafe with the (a/d) ratio. The strength predictions of BS8110 equation [3] 

and EC2 equation [4] were conservative for beams tested with (a/d) below 5, and the 

strength predications were consistent with the strength predictions of beams tested with 

(a/d) above 5. Unlike the above equations, the predictions of the proposed equations and 

that of Collins and Kuchma [20] were consistent with the (a/d) ratio. 
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Eq. (1) 

 

Eq. (2) 

 

ACI318-14 [2] 

 

BS8110 [3] 

 

EC2 [4] 

 

Niwa et al. [19] 

 

Collins and Kuchma [20] 

 

Rebiz [21] 

 

Tureyen and Frosch [22] 

Figure 6. Effect Of Flexural Reinforcements On The Shear Predictions Of The Proposed And Existing 

Equations. 

 

8.3 Effect of Flexural Reinforcement 
 

The effect of the flexural reinforcement ratio, ρ, on the strength predictions of 

existing and proposed equations is also examined. As can be seen from Fig 6, the shear 

strength predictions of the ACI318-14 equation [2] and that of Collins and Kuchma [20] 

were unsafe for beams having flexural reinforcement ratio smaller than 1%, and 

conservative for beams having flexural reinforcement ratio larger than 1%. The strength 

predictions of BS8110 [3] and EC2 [4] were consistent for beams having flexural 

reinforcement ratio smaller than 3%, and conservative for beams flexural reinforcement 

ratio larger than 3%. The equations of Niwa et al. [19] and Tureyen and Frosch [22] 

provided conservative predictions with the flexural reinforcement ratio, while, the 

equation of Rebieiz [21] provided unsafe predictions with the flexural reinforcement 

ratio. The proposed equations, though, were consistent with the flexural reinforcement 

ratio. 

 
8.4 Effect of Beam Size 

 

Last, the effect of the beam’s size on the shear strength predictions is examined. It 

can be inferred from Fig 7 that the equations of ACI318-14 [2] and Collins and Kuchma 
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[20] provided scattered strength predictions for beams with an effective depth, d, below 

600 mm, and provided unsafe predictions for beams with an effective depth above 600 

mm. The equations of BS8110 [3], EC2 [4], Niwa et al. [19], and Tureyen and Frosch 

[22] provided conservative predictions for beams with an effective depth below 300 mm 

and provided consistent predictions for beams with an effective depth above 300 mm. 

The proposed equations, however, were consistent with various effective depths. 

From the comparisons made above between the proposed and the existing equations 

in terms of shear strength predictions and the influencing variables, it was found that the 

proposed equations provided better predictions than the other existing models. This 

would be attributed to the well recognition of the governing variables on the shear 

strength of shallow beams without shear reinforcements.   

 

 

Eq. (1) 

 

Eq. (2) 

 

ACI318-14 [2] 

 

BS8110 [3] 

 

EC2 [4] 

 

Niwa et al. [19] 

 

Collins and Kuchma [20] 

 

Rebiz [21] 

 

Tureyen and Frosch [22] 

Figure 7. Effect of the beam’s size on the shear predictions of the proposed and existing equations 

 

9. Conclusions 
 

     The following conclusions can be drawn from this study: 
 

1. Two equations were proposed to predict the shear strength of shallow beams without 

shear reinforcement. The first equation was derived from nonlinear regression 

analysis and the second equation was derived from neural network analysis. The 

proposed equations achieved good agreements with the test results of 279 beams 
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from literature. Both equations consider the effect of concrete compressive strength, 

the flexural reinforcement, the shear span to the beam’s effective depth, and the size 

effect. 

2. The neural network analysis proved again to be a powerful mathematical tool in 

solving engineering problems. The equation derived from the neural network 

analysis (equation 2) provided a better prediction to the test results than that derived 

from the non-linear analysis (equation 1).  

3. The proposed equations showed better agreement with the test results of 279 shallow 

beams from literature than the existing equations. This would be expected since the 

existing equations do not account for all the parameters that affect the shear strength. 

4. Comparisons between the shear strength calculations of the current codes of practice 

(ACI318-14 [2], BS8110 [3], and EC2 [4]) and the test results of 279 shallow beams 

revealed that the ACI318-14 shear equation [2] is the most conservative and 

scattered, while the BS 8110 [3] shear equation is the most consistent.   

5. Comparisons between the shear strength calculations of the existing equations from 

literature and the test results of 279 shallow beams revealed that the shear equations 

of Niwa et al. [19], Collins and Kuchma [20], and Tureyen and Frosch [22] were 

conservative, while that of Rebieiz [21] was unsafe. 

 

Notation 

  Shear span. 

  Effective depth of a beam. 

    Shear span to effective depth ratio 

   Modulus of elasticity for concrete.  

    Modulus of elasticity for steel. 

   Cylinder concrete compressive strength. 

    Cube concrete compressive strength. 

  Derived from bending theory for a singly reinforced beam. 

   Depth factor in EC2 [4]. 

  Modification factor accounts for types of concrete in 

ACI318-14 [2]. 

  Ratio of steel modulus of elasticity to concrete modulus of 

elasticity. 

  Flexural reinforcement ratio. 

      Test shear strength.  

      Predicated shear strength. 

  



           Journal of Engineering and Sustainable Development Vol. 22, No. 06, November 2018                                                  www.jeasd.org (ISSN 2520-0917) 

 

97 
 

10. References 
 

1. Wight, J.K. (2016). ―Reinforced Concrete: Mechanics and Design‖. 7
th

 ed., Global 

Edition, Pearson Education Limited. 

2. ACI Committee 318. (2014). ―Building Code Requirements for Reinforced Concrete 

(ACI 318-14) and Commentary (ACI 318M-14)‖. American Concrete Institute, 

Farmington Hills, MI, USA, pp. 519.  

3. BS8110-1:1997. (1997). ―Structural Use of Concrete—Part 1: Code of Practice for 

Design and Construction‖. British Standards Institution, London, UK, pp. 120. 

4. EN 1992-1-1. (2004). ―Eurocode 2—Design of Concrete Structures – Part 1: 

General Rules and Rules for Buildings‖. European Committee for Standardization, 

Brussels, Belgium, pp. 225. 

5. Reineck, K. H., Kuchma D.A, Kim K.S, and Sina M. (2003). "Shear database for 

reinforced concrete members without shear reinforcement." ACI Structural Journal, 

Vol. 100, No. 2, pp. 240-249. 

6.  Reineck, K. H., Bentz, E., Fitik, B., Kuchma, D. A., and Bayrak, O. (2014). ―ACI-

DAfStb databases for shear tests on slender reinforced concrete beams with 

stirrups‖. ACI Structural Journal, Vol. 111, No. 5, pp. 867-875. 

7. Elsanadedy, H. M., Abbas, H., Al-Salloum, Y. A., and Almusallam, T. H. (2016). 

―Shear strength prediction of HSC slender beams without web reinforcement‖. 

Materials and Structures, Vol. 49, No. 9, pp. 3749-3772. 

8. Oreta, A. W. C. (2004). ―Simulating size effect on shear strength of RC beams 

without stirrups using neural networks‖. Engineering Structures, Vol. 26, No. 5, pp. 

681-691. 

9. Cladera, A., and Marí, A. R. (2004). ―Shear design procedure for reinforced normal 

and high-strength concrete beams using artificial neural networks. Part I: beams 

without stirrups‖. Engineering Structures, Vol. 26, No. 7, pp. 917-926. 

10. El-Chabib, H., Nehdi, M., and Said, A. (2005). ―Predicting shear capacity of NSC 

and HSC slender beams without stirrups using artificial intelligence‖. Computers 

and Concrete, Vol. 2, No. 1, pp. 79-96. 

11. Seleemah, A. A. (2005). ―A neural network model for predicting maximum shear 

capacity of concrete beams without transverse reinforcement‖. Canadian Journal of 

Civil Engineering, Vol. 32, No. 4, pp. 644-657. 

12. Jung, S., and Kim, K. S. (2008). ―Knowledge-based prediction of shear strength of 

concrete beams without shear reinforcement‖. Engineering Structures, Vol. 30, No. 

6, pp. 1515-1525. 

13. Cladera, A., and Mari, A. R. (2004). ―Shear design procedure for reinforced normal 

and high-strength concrete beams using artificial neural networks. Part II: beams 

with stirrups‖. Engineering structures, Vol. 26, No. 7, pp. 927-936. 

14. Chabib, H. E., Nehdi, M., and Said, A. (2006). ―Predicting the effect of stirrups on 

shear strength of reinforced normal-strength concrete (NSC) and high-strength 

concrete (HSC) slender beams using artificial intelligence‖. Canadian Journal of 

Civil Engineering, Vol. 33, No. 8, pp. 933-944. 

15. Abdalla, J. A., Elsanosi, A., and Abdelwahab, A. (2007). ―Modeling and simulation 

of shear resistance of R/C beams using artificial neural network‖. Journal of the 

Franklin Institute, Vol. 344, No. 5, pp. 741-756. 

https://www.google.iq/search?tbo=p&tbm=bks&q=inauthor:%22James+K.+Wight%22


           Journal of Engineering and Sustainable Development Vol. 22, No. 06, November 2018                                                  www.jeasd.org (ISSN 2520-0917) 

 

98 
 

16. Mansour, M. Y., Dicleli, M., Lee, J. Y., and Zhang, J. (2004). ―Predicting the shear 

strength of reinforced concrete beams using artificial neural networks‖. 

Engineering Structures, Vol. 26, No. 6, pp. 781-799. 

17. Keskin, R. S. O. (2017). ―Predicting shear strength of reinforced concrete slender 

beams without shear reinforcement using artificial neural networks‖. Pamukkale 

University Journal of Engineering Sciences, Vol. 23, No. 3, pp. 193-202. 

18. Garson, D. G. (1991). "Interpreting neural network connection weights". AI Expert, 

Vol. 6, No. 7, pp. 47-51. 

19. Niwa J，Yamada K，and Yokozawa K. (1986) ―Reevaluation of the equation for 

shear strength of ＲC beams without web reinforcement‖. Proceedings of the 

Japanese Society of Civil Engineers, Vol. 5, No. 372, pp. 1986-1988. 

20. Collins, M. P., and Kuchma, D. (1999). ―How safe are our large, lightly reinforced 

concrete beams, slabs, and footings?‖. ACI Structural Journal, Vol. 96, No. 4, pp. 

482-490. 

21. Rebeiz, K. S. (1999). ―Shear strength prediction for concrete members‖. ASCE 

Journal of structural engineering, Vol. 125, No. 3, pp. 301-308. 

22. Tureyen, A. K., and Frosch, R. J. (2003). ―Concrete shear strength: Another 

perspective‖. ACI Structural Journal, Vol. 100, No. 5, pp. 609-615. 

23. Ahmad, S. H., Khaloo, A. R., and Poveda, A. (1986). ―Shear capacity of reinforced 

high-strength concrete beams‖. ACI Journal Proceedings, Vol. 83, No. 2, pp. 297-

305. 

24. Aster, H., and Koch, R. (1974). ―Schubtragfähigkeit dicker Stahlbetonplatten‖. 

Beton-u Stahlbetonbau. Vol. 69, No. 11. (in German) 

25. Bhal, N.S. (1967). ―Über den Einfluss der Balkenhöhe auf die Schubtragfähigkeit 

von einfeldrigen Stahlbetonbalken mit und ohne Schubbewehrung,‖. Ph.D. Thesis, 

Stuttgart University, 125 pp.  (in German) 

26. Bresler, B., and Scordelis, A. C. (1963). ―Shear strength of reinforced concrete 

beams‖. ACI Journal Proceedings, Vol. 60, No. 1, pp. 51-74. 

27. Chana, P.S. (1981). ―Some aspects of modelling the behaviour of reinforced 

concrete under shear loading‖. Cement and Concrete Association, Technical Report 

No. 543. C&CA, Wexham Springs, United Kingdom. pp. 22. 

28. De Cossio, R. D., and Siess, C. P. (1960). ―Behavior and strength in shear of beams 

and frames without web reinforcement‖. ACI Journal Proceedings, Vol. 56, No. 2, 

pp. 695-736. 

29. Elzanaty, A. H., Nilson, A. H., and Slate, F. O. (1986). ―Shear capacity of 

reinforced concrete beams using high-strength concrete‖. ACI Journal Proceedings, 

Vol. 83, No. 2, pp. 290-296. 

30. Konig, G., Grimm, R., and Remmel, G. (1993). ―Shear Behaviour of Longitudinally 

Reinforced Concrete Members of HSC‖. Darmstadt Concrete, Vol 8, pp. 27-42. 

31. Grimm R. (1997). ―Influence of fracture mechanics parameters on the bending and 

shear bearing behavior of high-strength concretes‖. Ph.D. Dissertation, 

Construction Engineering of the Technical University of Darmstadt, Berlin. (In 

German). 

32. Hallgren, M. (1994). ―Flexural and Shear Capacity of Reinforced High-strength 

Concrete Beams without Stirrups‖. Licentiate degree, Royal Institute of 

Technology, Stockholm, Sweden. 



           Journal of Engineering and Sustainable Development Vol. 22, No. 06, November 2018                                                  www.jeasd.org (ISSN 2520-0917) 

 

99 
 

33. Hamadi, Y. D. and Regan, P. E. (1980). ―Behavior in shear of beams with flexural 

cracks‖. Magazine of Concrete Research, Vol. 32, No. 111, 67-78. 

34. Hanson, J. W. (1961). ―Tensile strength and diagonal tension resistance of 

structural lightweight concrete‖. ACI Journal Proceedings, Vol. 58, No. 7, pp. 1-40. 

35. Kani, G. (1967). ―How safe are our large reinforced concrete beams?‖. ACI 

Journal Proceedings, Vol. 64, No. 3, pp. 128-141. 

36. Krefeld, W. J. and Thurston, C. W. (1966). ―Studies of the shear and diagonal 

tension strength of simply supported reinforced concrete beams‖. ACI Journal 

Proceedings, Vol. 63, No. 4, pp. 451-476. 

37. Podgorniak-Stanik, B. A. (1998). ―The influence of concrete strength, distribution 

of longitudinal reinforcement, amount of transverse reinforcement and member size 

on shear strength of reinforced concrete members‖. MASc thesis, Department of 

Civil Engineering, University of Toronto, Toronto, Ontario, Canada. 

38. Laupa, A., Siess, C. P., and Newmark, N. M. (1953). ―The shear strength of simple-

span reinforced concrete beams without web reinforcement‖. University of Illinois 

Engineering Experiment Station, College of Engineering, University of Illinois at 

Urbana-Champaign. 

39. Mathey, R. G., and Watstein, D. (1963). ―Shear strength of beams without web 

reinforcement containing deformed bars of different yield strengths‖. ACI Journal 

Proceedings, Vol. 60, No. 2, pp. 183-208. 

40. Morrow, J., and Viest, I. M. (1957). ―Shear strength of reinforced concrete frame 

members without web reinforcement‖. ACI Journal Proceedings, Vol. 53, No. 3, pp. 

833-869. 

41. Mphonde, A. G., and Frantz, G. C. (1985). ―Shear tests of high-and low-strength 

concrete beams with stirrups‖. ACI Special Publication, SP87, 179-196. 

42. Rajagopalan, K. S., and Ferguson, P. M. (1968). ―Exploratory shear tests 

emphasizing percentage of longitudinal steel‖. ACI Journal Proceedings, Vol. 65, 

No. 8, pp. 634-638. 

43. Remmel, G. (1992). ―Influence of the Tensile Behaviour on the Shear Strength of 

Longitudinally Reinforced Concrete Members‖. Darmstadt concrete, Vol. 7, 257-

266. 

44. Ruesch, M., Haugli, O., and Mayer, M. (1962). ―Schubversuche an Stahlbeton-

Rechteckbalken mit gleichmäkig verteilter Belastung‖. Deutcher Ausschuss fur 

Stahlbeton, Berlin, pp. 4-30. (in German) 

45. Scholtz, H., (1994).―Ein Querkrafttragmodell fürBauteile onhe Schubbewehrung im 

Bruchzustand aus normalfestem und hochfestem Beton‖. (in German) 

46. Taylor, H. P. (1968). ―Shear stresses in reinforced concrete beams without shear 

reinforcement‖. Cement and Concrete Association. 

47. Taylor, H. P. (1972). ―Shear strength of large beams‖. ASCE Journal of the 

Structural Division. Vol. 98, No. 11, pp. 345- 355. 

48. Thorenfeldt, E., and Drangsholt, G. (1990). ―Shear capacity of reinforced high-

strength concrete beams‖. ACI Special Publication, SP121, pp. 129-154. 

49. Walravena, J., & Lehwalter, N. (1994). ―Size effects in short beams loaded in 

shear‖. ACI Structural Journal, Vol. 91, No. 5, pp. 585-593. 

50. Angelakos, D., Bentz, E. C., and Collins, M. P. (2001). ―Effect of concrete strength 

and minimum stirrups on shear strength of large members‖. ACI Structural Journal, 

Vol. 98, No. 3, pp. 291-300. 



           Journal of Engineering and Sustainable Development Vol. 22, No. 06, November 2018                                                  www.jeasd.org (ISSN 2520-0917) 

 

100 
 

51. Salandra, M. A., and Ahmad, S. H. (1989). ―Shear capacity of reinforced 

lightweight high-strength concrete beams‖. ACI Structural Journal, Vol. 86, No. 6, 

pp. 697-704. 

52. Islam, M. S., Pam, H. J., and Kwan, A. K. H. (1998). ―Shear capacity of high-

strength concrete beams with their point of inflection within the shear span‖. 

Proceedings of the Institution of Civil Engineers: Structures and Buildings. 

53. Kulkarni, S. M., and Shah, S. P. (1998). ―Response of reinforced concrete beams at 

high strain rates‖. ACI Structural Journal, Vol. 95, No. 6, pp. 705-715. 

54. Moody, K.G., Viest, I.M., Elstner, R.C., and Hognestad, E. (1954) ―Shear Strength 

of Reinforced Concrete Beams Part 1 -Tests of Simple Beams‖. ACI Journal 

Proceedings, Vol. 51, No. 12, pp. 317-332. 

55. Hallgren, M. (1996). ―Punching shear capacity of reinforced high strength concrete 

slabs‖. PhD, KTH Byggvetenskap. 

56. Konig, G., Grimm, R., and Remmel, G. (1993) ―Shear Behaviour of Longitudinally 

Reinforced Concrete Members of HSC‖. Darmstadt Concrete, Vol. 8, pp. 27-42. 

57. The Math Works. (2013). ―User Manual Guide‖. 

58. Demuth H., Beal M., and Hogan M. (2009). ―Neural Network Toolbox™ 6 User’s 

Guide with MATLAB‖. The Math Works, Inc., USA. 

59. IBM SPSS Statistics 22. (2016). ―SPSS Statistics 22 Manual‖. Version 22. 

 

 

 


