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 وذج جديد لمقاومة القص لعتب خرساني عميق بسيط الإسنادمن
 

 د.حيدر كاظم عماش

 جامعة القادسية/كلية الهندسة/قسم الهندسة المدنية

 

 

 :الخلاصة

 

قدجص القد  مد  ل نيداج مقارندة ال ت. تمدةلعميقدالخرسدانة المسدلدة ا للأعيدا  تهدف الدراسة إلى تقددمم نمدج ج جدمدد ليددمدد قدجص القد  

قدع علدى تحمدا  مركد ص بأ المدملدة، وبسديةة اسسدناد عيب خرساني عميق 94اليي تم جمعها م   عملية ج المقيرح مع البيانات الالنمج

للاعيدا  العميقدة  ات نسدبة مسدافة القد  الدى قجص القد  الالينبؤ بدقة  ه. المقارنة تبي  أن النمج ج المقيرح ممكنالمسند م  وجه مسافة

قديم مخيلضدة مد  مقاومدة ، نسدبة الضاداإ إلدى العمدقمثد   مدؤرراتالاعيبدار بعدا البنظدر أخد  منمج ج الددالي (. ال1.89-0.38) العمق

المسيدصدلة مد  نيداج  ال. وك لك المسافات الأفقية والعمجدمة لددمد الج ع وتأرير حدمدد اليسدليا الخداا بالانثنداإ، للخرسانة الاناغاط

 .خرىلأأ الةرق م  العمليةمع النياج   تجافق جيد عةيالنمج ج الدالي ت

 

 أعيا  عميقة، خرسانة مسلدة، مقاومة الق  الكلمات الدالة:

 
 

Introduction: 

 

     The classical definition of a deep beam is the member which has a depth much greater than the 

normal in relation to its span, while the thickness in the perpendicular direction is much smaller 

than either the span or the depth. Deep beam occur in engineering structures such as in bunkers and 

water tanks where the walls act as vertical beams spanning between column supports 

[Khalaf,(1986), Mahmoud,(1992)]. In some multistory buildings, it is often desirable to have the 

lower floors free of columns, therefore; these beams may be designed as beams spanning across the 

column free space (EL-Hashimy et al (1989)). ACI-2008 building code classified deep beams as 

those with span to depth ratio about (4) or less, or a shear span less than about twice the depth. 

Because of its proportions, the strength of deep beam is usually controlled by shear, rather than 

flexure, provided normal amounts of longitudinal reinforcement are used. On the other hand, shear 

strength of deep beams is significantly greater than that predicted using expression developed for 

shallow beams because the deep beams have behavior more complex and differ from it in many 

items:   
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1- In deep beams the transverse sections which are plane before bending does not remain 

plane after bending.  

2-The neutral axis does not usually lie at mid-depth and moves away from the loaded face of 

the member as the span to depth ratio decreases. 

3- Flexural stresses and strains are not linearly distributed across the beam depth (Winter and 

Nilson (1978)). 

The shear strength of reinforced concrete deep beams had been predicted by Tang and Tan 

(2004); Russo et al. (2005); and Hwang et al. (2000).  The model proposed by Hwang et al. (2000), 

termed as the softened strut-and-tie (SST) model, is developed from the strut-and-tie concept and is 

derived to satisfy equilibrium, compatibility, and constitutive law of cracked reinforced concrete.  

The strength analysis of the extent of softening involves five unknowns. Zhang et al. (2009) were 

investigated the effects of unsymmetrical loadings on the strength and behavior of simply supported 

deep beams. An experimental program consisting of 14 specimens has been carried out. Test results 

including crack patterns, load deflection responses, steel and concrete strains, and failure loads are 

presented and discussed with the effects of load inequality and load asymmetry. Brown and Bayrak 

(2007) were used experimental program to examine the effects of load distribution and shear 

reinforcement on the strength of deep beams. Additionally, the strength of these specimens was 

calculated with a simple strut-and-tie model based on the provisions of two U.S. codes. Tan et al. ( 

2001) This study deal with the analysis of prestressed concrete deep beams by strut-tie model. The 

model can be used for both pre and post-tensioned deep beams. Ashour (2000) carried out a 

mechanism analysis of shear failure of simply supported reinforced concrete deep beams. Concrete 

and steel reinforcement were modeled as rigid perfectly plastic materials. The failure modes were 

idealized as an assemblage of rigid blocks separated by yield line. Comparison of the predicted 

shear capacity of numerous deep beams showed good agreement with the results obtained from 

experiments. A parametric study of main variables affecting shear strength of deep beams was 

conducted. Siao (1995) used the strut-tie approach for the analysis of shear strength of simply 

supported and continuous reinforced concrete deep beams. In this analysis he illustrated that there 

was no difference in shear behavior of single and double span deep beams. Mahmoud (1992) 

Presented nonlinear analysis of reinforced concrete deep beams under static load by using the finite 

element method. Concrete was represented by 8-noded plane stress isoparametric elemenl for two 

dimensional analysis and 20-noded brick element for three dimensional analysis. Bar elements were 

used to represent the reinforcement in this analysis. Perfect bond between the concrete and 

reinforcement was   assumed. An elastic-perfectly plastic model was used for plane stress analysis, 

and a strain hardening model was used in the three dimensional finite element analysis. AL-Taan 
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and Ali (1998) presented a nonlinear finite element analysis of fibrous concrete deep beams with 

conventional reinforcement under static load. The constitutive models of nonlinear materials 

behavior were presented to take into account the nonlinear stress-strain relationship of concrete, 

cracking, pullout of the steel fibres, yielding of the reinforcement, and post-cracking shear 

transferred by aggregate interlock. EL-Hashimy et al. (1989) investigated the cracking load of 

reinforced concrete deep beams with openings by two dimensional finite element method. The 

study includes beams subjected to uinform and concentreted loads. Concrete and main steel 

reinforcement were simulated by rectangular plane stress elements which behave as elastic 

materials. Cervera et al (1987) used a three dimensional analysis to study plates, shells and deep 

beams. His study adopted the 20-noded isoparametric element and the effect of shear and normal 

stresses were included in this analysis. In concrete, the nonlinear behavior and crushing were 

considerded in compression. In tension, cracking and tension stiffening were considered. 

 This paper proposes a new model to determine the shear strength of reinforced concrete 

deep beams. The shear strength predictions of the proposed model are compared with the 

experimental data collected from 49 simply supported reinforced concrete deep beams, loaded with 

concentrated loads located at a distance a from face of support. 

 

Methods of R.C. deep beam: 

 

Method 1 

 

According to Section 11.8 of the ACI 318-2008 Code, the sectional shear strength for deep 

flexural members is calculated by adding the contributions from the concrete and the 

distributed vertical and horizontal reinforcement. The concrete contribution can be computed by 

using: 
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5.25.3 is to be kept less than or equal to 2.5,Vu  = Shear force at the critical 

section, Mu = Moment at the critical section,  ρw = Ratio of flexural tensile reinforcement, Ln = 

Clear span of beam., d =Effective depth of tension region., bw=   Width of beam, a = Shear span 

from face of support to point load, cf 
=Compressive strength of concrete. 



Kufa Journal of Engineering, Vol.3, No.1, 2011 

 

 

 
129 

This Equation should not be greater than the upper bound dbf wc49.0 ,  Furthermore the 

shear strength Vu for the deep beam should not be greater than dbf wc66.0  when Ln/d < 2.0 but 

when  Ln/d  is between 2.0 and 4.0, then   dbfdL wcn 10055.0  is to be used. 

The use of shear reinforcement is required whenever the factored shear force at the critical 

section exceeds the shear strength (Vc /2). The contribution from the shear reinforcement is 

computed with: 
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Where  

Ah  = Area of the horizontal stirrups, Av =Area of the vertical stirrups, s2 = Horizontal spacing of 

stirrups,  s = Vertical spacing of stirrups. 

     

 
csACI VVV  75.0  (3) 

 

Method 2 

On the basis of the softened strut-and-tie model, Hwang and Lee(2002) were proposed new model 

for calculating the shear strength of reinforced concrete deep beams. Figure (1) shows the loads 

acting on a deep beam and the force transferring mechanisms. By considering the distances between 

force couples, it will be sufficiently accurate to express the following relationship between vertical 

and horizontal shears. 

 

 

 

 

 

 

 

 

 

 

(8)rcetie model for internal fo-and-Softened strut :Figure(1) 
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a

jd

V

V

bh

bv   (4) 

where Vbv is the vertical shear force, Vbh is the horizontal shear force, jd is the length of the lever 

arm from the resultant compressive force to the centroid of the flexural reinforcement, and a is the 

shear span measured center-to-center from load to support. According to the linear bending theory, 

the lever arm  jd can be estimated as: 

 3/kddjd   (5) 

where coefficient k can be derived as: 

       )1(/)1(2)1(
2

nnddnnnnk  (6) 

 

Where kd is the depth of compression zone at the section, n the modular ratio of elasticity, ρ is the 

ratio of tension reinforcement, ρ' is the ratio of compression reinforcement, and d' is the effective 

depth of compression region. 

 

The diagonal mechanism is a diagonal compression strut whose angle of inclination θ is 

taken as: 











a

jd
ant

1-  (7) 

The effective area of the diagonal strut (Astr) can be estimated as: 

ssstr btA   (8) 

where ts is the thickness of the diagonal strut and bs is the width of the diagonal strut which can be 

taken as the width of the beam web. The thickness of the diagonal strut ts depends on its end 

condition, which is provided by the compression zone at the section and the bearing plate (Hwang 

et al. 2000). It is intuitively assumed that: 

22
)( bs lkdt   (9) 

 

where lb is the width of the bearing plate, measured parallel to the axis of the beams. 

The horizontal mechanism consists of one horizontal tie and two flat struts (Hwang et al. 

2000, Hwang and Lee 2002). The horizontal tie is made up of horizontal hoops. When computing 

the area of the horizontal tie (Ath), it is roughly assumed that the horizontal hoops within the center 

half of the height are fully effective, and the rest at 50% effectiveness (Hwang et al. 2000, Hwang 

and Lee 2002). If the horizontal hoops are uniformly distributed within the length of the lever arm, 

then Ath = 0.75 Ah, where Ah is the area of horizontal hoops. The vertical mechanism consists of one 
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vertical tie and two steep struts. The vertical tie is made up of vertical hoops. The area of the 

vertical tie (Atv) is computed in the same way as that of the horizontal tie. If the vertical hoops are 

uniformly distributed within the shear span, then Atv = 0.75 Av ; in which, Av is the area of the 

vertical hoops. According to Hwang et al (2010), the shear strength of deep beams can be estimated 

as follows: 

 sin)1( strcvhbv AfKK (wang)HV   (10) 

 

Where Vbv is the predicted shear strength, Kh is the horizontal tie, Kv is the vertical tie index and ζ is 

the softening coefficient of concrete. The horizontal tie index can be estimated as follows: 
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Here 
hK  is the horizontal tie index with sufficient horizontal hoops, fyh is the yield stress of 

horizontal hoops, γh is the fraction of horizontal shear transferred by the horizontal tie in the 

absence of the vertical tie and hF  is the balance amount of horizontal tie force.  The vertical tie 

index can be estimated as follows: 
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where vK  is the vertical tie index with sufficient vertical hoops, fyv is the yield stress of vertical 

hoops, γv is the fraction of vertical shear transferred by the vertical tie in the absence of the 

horizontal tie and hF  is the balance amount of vertical tie force. 

 

Method 3 

Siao (1995) used the strut-tie approach for the analysis of shear strength of simply supported deep 

beams. Figure(2) shows the conventional load path in deep beam. In Figure (3), the compression 

strut AB has been replay by a refined strut-and-tie system. 
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Figure(2): Forces in Concrete deep beams 

Compression 

Figure(3): Refined model of compression strut in deep beams(13) 
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Hence, tensile stress at right angles to AB 
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       (assume z = 0.9d) (21) 

Hence, 

bdfVu sp8.1         (22) 

where  

2
/52.0 mmNff cusp          (23) 

Equation (23) is arrived at assuming that cuc ff 8.0 , but where steel reinforcement is present in 

the web: 

   22
cossin196.6 vhcsp nff          (24) 

   22
cossin105.1 vhcu nbdfV        (25) 

where 

:spf Concrete tensile stress, :cuf Cubic strength of concrete, :h  Horizontal steel ratio, :v  

Vertical steel ratio. 

Figure (4) postulate the load transmission paths for each load case. It would appear that the 

two-point load case is less troublesome where diagonal splitting is concerned, as splitting stresses 

due to each point loads are applied, Eq.(25) ought to be modified : 

Vu (single point load) = 0.83 × Vu (double-point load) = 

   22
cossin187.0 vhc nbdf            

(26) 

 

 

 

 

 

 

 

 

 

 

 

 Figure(4): Load transmission paths for deep beams with double and single point loads(13) 
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Proposed model 

The proposed model for the shear strength of reinforced concrete deep beam takes into account 

several effects such as (span/depth) ratio, (shear span/depth) ratio, reinforcement ratio, vertical and 

horizontal reinforcement ratio, vertical and horizontal spacing of stirrups, and compressive strength 

of concrete]. The proposed model takes the following form: 

   22
cossin08.085.0 vhwccalc ndbf
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Where 

a = Shear span from face of support to point load,  

sh = Horizontal spacing of stirrups, 

sv = Vertical spacing of stirrups. 

The computer program (SSRCDB)(Shear Strength of Reinforced Concrete Deep Beams) is 

designed to deal with reinforced concrete deep beam with different dimensions and parameters . 

The computer program is coded in FORTRAN90 language. The properties and abilities of this 

program may be summarized as follows: 

1- Different section of members,2-Various parameters,3- Using three different types of methods. 

 

Numerical Examples: 

A total of 49 test specimens of simply supported deep beams and their results were employed to 

verify the reliability of the proposed model; properties of all beams are listed in Table (1). All 

beams had rectangular cross section and loaded directly on the top compressive face with two equal 

concentrated loads as shown in Figure(5). 



Kufa Journal of Engineering, Vol.3, No.1, 2011 

 

 

 
135 

 

In selecting these data, the test specimens satisfying the following variables were considered 

as follows: 

1. Span-to-depth ratio (Ln/d = 2.3, 2.75, and 3.3) 

2. Shear span-to-depth ratio (a/d = 0.83, 1.0, 1.34) 

3. Compressive strength of concrete. 

4. Different value of vertical and horizontal shear reinforcement ratio. 

5. Different value of vertical and horizontal stirrups. 

The test results presented by Smith and Vantsiotis (1982) that are listed in Table (2) and 

compared with proposed model,  ACI-metod, Siao 1995 model, and Hwang and Lee model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(5): Simply Supported reinforced concrete deep beams geometry details 
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Specimen 

 

Ln/d 

 

b 

(mm) 
d 

(mm) 
a/d 

fc' 

(MPa) 
ρ 

% 

ρ´ 

% 

d´ 

(mm) 
fyh 

(Mpa) 
fyv 

(Mpa) 
ρh 

% 

ρv 

% 

sh 

(mm) 
sv 

(mm) 

Series A beams 

0A0-44 2.33 101.6 304.8 0.83 20.5 1.94 0.1 25.4 0.0 0.0 0 0 0 0 

0A0-48 2.33 101.6 304.8 0.83 20.9 1.94 0.1 25.4 0.0 0.0 0 0 0 0 

1A1-10 2.33 101.6 304.8 0.83 18.7 1.94 0.1 25.4 460.9 460.7 0.23 0.28 139.7 228 

1A3-11 2.33 101.6 304.8 0.83 18.0 1.94 0.1 25.4 460.0 460.7 0.45 0.28 69.85 228 

1A4-12 2.33 101.6 304.8 0.83 16.1 1.94 0.1 25.4 460.3 460.7 0.68 0.28 93.98 228 

1A4-51 2.33 101.6 304.8 0.83 20.6 1.94 0.1 25.4 460.3 460.7 0.68 0.28 93.98 228 

1A6-37 2.33 101.6 304.8 0.83 21.1 1.94 0.1 25.4 460.4 460.7 0.91 0.28 69.85 228 

2A1-38 2.33 101.6 304.8 0.83 21.7 1.94 0.1 25.4 460.9 460.3 0.23 0.63 139.7 101.6 

2A3-39 2.33 101.6 304.8 0.83 19.8 1.94 0.1 25.4 460.0 460.3 0.45 0.63 69.58 101.6 

2A4-40 2.33 101.6 304.8 0.83 20.3 1.94 0.1 25.4 460.3 460.3 0.68 0.63 93.98 101.6 

2A6-41 2.33 101.6 304.8 0.83 19.1 1.94 0.1 25.4 460.4 460.3 0.91 0.63 69.85 101.6 

3A1-42 2.33 101.6 304.8 0.83 18.4 1.94 0.1 25.4 460.9 456.0 0.23 1.25 139.7 50.8 

3A3-43 2.33 101.6 304.8 0.83 19.2 1.94 0.1 25.4 460.0 456.0 0.45 1.25 69.85 50.8 

3A4-45 2.33 101.6 304.8 0.83 20.8 1.94 0.1 25.4 460.3 456.0 0.68 1.25 93.98 50.8 

3A6-46 2.33 101.6 304.8 0.83 19.9 1.94 0.1 25.4 460.4 456.0 0.91 1.25 69.85 50.8 

Series B beams 

0B0-49 2.75 101.6 304.8 1 21.7 1.94 0.1 25.4 0.0 0.0 0 0 0 0 

1B1-01 2.75 101.6 304.8 1 22.1 1.94 0.1 25.4 460.9 458.3 0.23 0.24 139.7 266.7 

1B3-29 2.75 101.6 304.8 1 20.1 1.94 0.1 25.4 460.0 458.3 0.45 0.24 69.85 266.7 

1B4-30 2.75 101.6 304.8 1 20.8 1.94 0.1 25.4 460.3 458.3 0.68 0.24 93.98 266.7 

1B6-31 2.75 101.6 304.8 1 19.5 1.94 0.1 25.4 460.4 458.3 0.91 0.24 69.85 266.7 

2B1-05 2.75 101.6 304.8 1 1.2 1.94 0.1 25.4 460.9 459.5 0.23 0.42 139.7 152.4 

2B3-06 2.75 101.6 304.8 1 19 1.94 0.1 25.4 460.0 459.5 0.45 0.42 69.85 152.4 

2B4-07 2.75 101.6 304.8 1 17.5 1.94 0.1 25.4 460.3 459.5 0.68 0.42 93.98 152.4 

2B4-52 2.75 101.6 304.8 1 21.8 1.94 0.1 25.4 460.3 459.5 0.68 0.42 93.98 152.4 

2B6-32 2.75 101.6 304.8 1 19.8 1.94 0.1 25.4 460.4 459.5 0.91 0.42 69.85 152.4 

3B1-08 2.75 101.6 304.8 1 16.2 1.94 0.1 25.4 460.9 460.3 0.23 0.63 139.7 101.6 

Series C beams 

0C0-50 3.33 101.6 304.8 1.33 20.7 1.94 0.1 25.4 0.0 0.0 0 0 0 0 

1C1-14 3.33 101.6 304.8 1.33 19.2 1.94 0.1 25.4 460.9 461.1 0.23 0.18 139.7 355.6 

1C3-02 3.33 101.6 304.8 1.33 21.9 1.94 0.1 25.4 460.0 461.1 0.45 0.18 69.85 355.6 

1C4-15 3.33 101.6 304.8 1.33 22.7 1.94 0.1 25.4 460.3 461.1 0.68 0.18 93.98 355.6 

1C6-16 3.33 101.6 304.8 1.33 21.8 1.94 0.1 25.4 460.4 461.1 0.91 0.18 69.85 355.6 

2C1-17 3.33 101.6 304.8 1.33 19.9 1.94 0.1 25.4 460.9 461.3 0.23 0.31 139.7 203.2 

2C3-03 3.33 101.6 304.8 1.33 19.2 1.94 0.1 25.4 460.0 461.3 0.45 0.31 69.85 203.2 

2C3-27 3.33 101.6 304.8 1.33 19.3 1.94 0.1 25.4 460.0 461.3 0.45 0.31 69.85 203.2 

2C4-18 3.33 101.6 304.8 1.33 20.4 1.94 0.1 25.4 460.3 461.3 0.68 0.31 93.98 203.2 

2C6-19 3.33 101.6 304.8 1.33 20.8 1.94 0.1 25.4 460.4 461.3 0.91 0.31 69.85 203.2 

3C1-20 3.33 101.6 304.8 1.33 21 1.94 0.1 25.4 460.9 460.7 0.23 0.56 139.7 114.3 

3C3-21 3.33 101.6 304.8 1.33 16.6 1.94 0.1 25.4 460.0 460.7 0.45 0.56 69.85 114.3 

3C4-22 3.33 101.6 304.8 1.33 18.3 1.94 0.1 25.4 460.3 460.7 0.68 0.56 93.98 114.3 

3C6-23 3.33 101.6 304.8 1.33 19 1.94 0.1 25.4 460.4 460.7 0.91 0.56 69.85 114.3 

4C1-24 3.33 101.6 304.8 1.33 19.6 1.94 0.1 25.4 460.9 459.7 0.23 0.77 139.7 82.55 

Table (1): Geometrical and material properties of experimental concrete beams 
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Specimen 

 

Vexp Vpres Vsiao VACI Vhwang 

0A0-44 139.5 132.9 116.4 86.6 119.2 

0A0-48 136.1 134.1 117.5 87.0 121.5 

1A1-10 161.2 145.2 114.0 111.4 121.0 

1A3-11 148.3 146.9 113.0 127.0 119.5 

1A4-12 141.2 133.5 108.1 142.7 109.5 

1A4-51 170.9 149.2 121.7 147.4 134.6 

1A6-37 184.1 155.2 124.2 165.7 138.4 

2A1-38 174.5 154.8 125.1 131.1 136.3 

2A3-39 170.6 158.7 120.4 139.2 138.6 

2A4-40 171.9 153.0 122.9 157.5 142.0 

2A6-41 161.9 154.3 120.6 174.0 135.0 

3A1-42 161.0 155.0 118.7 139.2 126.7 

3A3-43 172.7 166.4 122.3 157.1 134.9 

3A4-45 178.5 164.2 128.1 176.4 145.1 

3A6-46 168.1 169.0 126.7 85.9 140.0 

0B0-49 149.0 116.1 119.7 70.4 111.1 

1B1-01 147.5 132.5 123.4 95.6 125.0 

1B3-29 143.6 130.6 118.7 110.0 116.7 

1B4-30 140.3 126.4 121.6 127.5 119.9 

1B6-31 153.3 126.3 118.7 143.2 113.5 

2B1-05 129.0 126.1 116.4 99.0 119.2 

2B3-06 131.2 129.9 116.8 115.0 120.0 

2B4-07 126.1 119.2 113.1 130.5 113.6 

2B4-52 149.9 131.4 125.6 134.5 133.8 

2B6-32 145.2 129.1 120.0 132.6 124.1 

3B1-08 130.8 119.1 108.7 103.1 106.3 

3B1-36 159.0 133.4 122.3 111.8 126.1 

3B 3-33 158.4 135.0 119.2 126.7 120.0 

 

 

 

 

Specimen 

 

Ln/d 

 

b 

(mm) 
d 

(mm) 
a/d 

fc' 

(Mpa) 
ρ 

% 

ρ´ 

% 

d´ 

(mm) 
fyh 

(Mpa) 
fyv 

(Mpa) 
ρh 

% 

ρv 

% 

sh 

(mm) 
sv 

(mm) 

Series C beams 

4C3-04 3.33 101.6 304.8 1.33 18.6 1.94 0.1 25.4 460.0 460.3 0.45 0.63 69.85 101.6 

4C3-28 3.33 101.6 304.8 1.33 19.2 1.94 0.1 25.4 460.0 459.7 0.45 0.77 69.85 82.55 

4C4-25 3.33 101.6 304.8 1.33 18.5 1.94 0.1 25.4 460.3 459.7 0.68 0.77 93.98 82.55 

4C6-26 3.33 101.6 304.8 1.33 21.2 1.94 0.1 25.4 460.4 459.7 0.91 0.77 93.98 82.55 

Table (2): Shear strength comparison of the present study with other methods for concrete deep beam 
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Specimen 

 

Vexp Vpres Vsiao VACI Vhwang 

3B4-34 155.0 128.9 120.7 143.7 121.0 

4B1-09 153.5 129.1 115.8 124.8 110.4 

0C0-50 115.4 99.4 116.9 52.1 91.1 

1C1-14 119.0 113.8 114.7 73.6 96.7 

1C3-02 123.4 113.3 123.1 90.6 108.2 

1C4-15 131.0 119.9 125.9 106.9 111.0 

1C6-16 122.3 120.5 124.1 121.9 107.2 

2C1-17 124.1 116.6 117.8 79.1 110.8 

2C3-03 103.6 108.1 116.4 93.6 107.9 

2C3-27 115.3 108.4 116.7 93.7 107.7 

2C4-18 124.5 116.0 120.6 110.2 112.1 

2C6-19 124.1 119.8 122.3 126.2 113.8 

3C1-20 140.8 122.1 122.9 89.6 114.4 

3C3-21 125.0 115.1 110.5 101.1 96.9 

3C4-22 127.7 118.0 116.4 118.2 103.8 

3C6-23 137.2 129.3 119.2 134.5 106.4 

4C1-24 146.6 120.8 120.6 96.6 120.1 

4C3-04 128.6 121.3 117.2 105.4 115.8 

4C3-28 152.3 124.6 120.1 111.4 118.0 

4C4-25 152.6 127.1 118.7 126.5 115.6 

4C6-26 159.5 133.1 126.5 128.6 126.5 

 

From this table, can be noticed that the present method gives agreement values and nearest to 

experimental study from other methods.  This is because of the present study take into account the 

effect of horizontal and vertical reinforcement with their spacing and so the flexural reinforcement 

was taken. 

 Table (3) present the ratio of the present study and other studies to the experimental studies. 

This table gives the range of accuracy of the present study to the experimental study compared with 

the other studies. 
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Specimen Vtest/calc Vtest/Siao Vtest/ACI Vtest/Hwang 

0A0-44 1.05 1.20 1.61 1.17 

0A0-48 1.01 1.16 1.56 1.12 

1A1-10 1.11 1.41 1.45 1.33 

1A3-11 1.01 1.31 1.17 1.24 

1A4-12 1.06 1.31 0.99 1.29 

1A4-51 1.15 1.40 1.16 1.27 

1A6-37 1.19 1.48 1.11 1.33 

2A1-38 1.13 1.40 1.33 1.28 

2A3-39 1.07 1.42 1.22 1.23 

2A4-40 1.12 1.40 1.09 1.21 

2A6-41 1.05 1.34 0.93 1.20 

3A1-42 1.04 1.36 1.16 1.27 

3A3-43 1.04 1.41 1.10 1.28 

3A4-45 1.09 1.39 1.01 1.23 

3A6-46 0.99 1.33 1.96 1.20 

0B0-49 1.28 1.24 2.12 1.34 

1B1-01 1.11 1.20 1.54 1.18 

1B3-29 1.10 1.21 1.30 1.23 

1B4-30 1.11 1.15 1.10 1.17 

1B6-31 1.21 1.29 1.07 1.35 

2B1-05 1.02 1.11 1.30 1.08 

2B3-06 1.01 1.12 1.14 1.09 

2B4-07 1.06 1.11 0.96 1.11 

2B4-52 1.14 1.19 1.11 1.12 

2B6-32 1.12 1.21 1.10 1.17 

3B1-08 1.10 1.20 1.27 1.23 

3B1-36 1.19 1.30 1.42 1.26 

3B 3-33 1.17 1.33 1.25 1.32 

3B4-34 1.20 1.28 1.08 1.28 

4B1-09 1.19 1.33 1.24 1.39 

0C0-50 1.20 0.99 2.22 1.27 

1C1-14 1.05 1.04 1.62 1.23 

1C3-02 1.09 1.00 1.36 1.14 

1C4-15 1.09 1.04 1.22 1.18 

1C6-16 1.01 0.99 1.01 1.14 

2C1-17 1.06 1.05 1.56 1.12 

2C3-03 0.96 0.89 1.11 0.96 

2C3-27 1.06 0.99 1.24 1.07 

2C4-18 1.07 1.03 1.13 1.11 

2C6-19 1.03 1.01 0.99 1.09 

3C1-20 1.15 1.15 1.58 1.23 

3C3-21 1.08 1.13 1.24 1.29 

3C4-22 1.08 1.10 1.08 1.23 

3C6-23 1.06 1.15 1.02 1.29 

 

 

 

Table (3): Shear strength ratios of the experimental study to the present study and other studies 
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Specimen  
V test/calc Vtest/Siao Vtest/ACI Vtest/Hwang 

4C1-24 1.20 1.22 1.52 1.22 

4C3-04 1.06 1.10 1.22 1.11 

4C3-28 1.22 1.27 1.37 1.29 

4C4-25 1.20 1.29 1.20 1.32 

4C6-26 1.19 1.26 1.24 1.26 

 

Parametric Study: 

a- Effect of span-to-depth ratios on shear strength predictions. 

A simply supported deep beam (1B1-01) subjected to two concentrated load was analyzed with a 

range of span to depth ratio (Ln/d) (2.3-3.3). The following properties of the beam (1B1-01) are 

(Ln=838.2 mm, d=304.8 mm, a=304.8 mm, b=101.6 mm, fc'= 22.1 MPa, ρv = 0.24 %, ρh = 0.23 %). 

Figure (6) shows the relation of shear strength and span-to-depth ratios (Ln/d) with range of 

span shear to depth ratio (a/d) ranging from 0.83 to 1.34.  

  From this figure can be noticed that the shear strength is decreasing with increasing the span 

to depth ratio.  The decreasing percentage about (9%) for span shear to depth ratio (1.34) while  the 

decreasing percentage about (6%) for span shear to depth ratio (0.83). 
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Table (3): Continued 

Figure (6): Shear strength-span to depth ratio curve of reinforced concrete deep beam 

with a range of shear span to depth ratios 
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b- Effect of compressive strength on shear strength predictions. 

A simply supported deep beam (1A1-10) subjected to two concentrated load was analyzed with a 

range of (fc') from (18.7-40) MPa. The following properties of the beam (1A1-10) are (Ln=710.8 

mm, d=304.8 mm, a=254 mm, b=101.6mm,   fc'= 18.7 MPa, ρv = 0.28 %, ρh = 0.23 %). 

Figure (7) present the shear strength and compressive strength of concrete curve of a simply 

supported reinforced concrete deep beam under two concentrated loads with range of shear span to 

depth ratio (a/d) ratios ranging from (0.83) to (1.34).  From this figure, it can be noticed that the 

shear strength increase with increasing compressive strength of concrete where the shear strength 

increase about (42%) for the range of compressive strength of concrete from (18.7 MPa to 40.0 

MPa) and for shear span to depth ratio (0.83). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c- Effect of Shear span-to-depth ratio on shear strength predictions. 

A simply supported reinforced concrete deep beam (1C1-14) subjected to two concentrated load 

was analyzed with a range of vertical reinforcement (ρv') from (0.18%-0.63%). The following 

Figure (7): Shear strength-compressive strength curve of reinforced concrete deep 

beam with a range of shear span to depth ratio 
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properties of the beam (1C1-14) are (Ln=1016 mm, d=304.8 mm, a=406.4 mm, b=101.6mm, , fc'= 

19.2 MPa, ρv = 0.18 %, ρh = 0.23 %). 

Figure (8) shows the shear strength and shear span curve of a simply supported reinforced 

concrete deep beam with a range of vertical reinforcement. From this figure can be noticed that the 

increasing shear span (a/d) ratios will decrease the shear strength of beam, where the decreasing 

percentage about (28%) for vertical reinforcement ratio(0.18) and so the decreasing percentage 

about (9%) for vertical reinforcement ratio(0.63). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions: 

 

1. A simplified model for determining the shear strength of deep beams state was proposed in this 

study. Comparisons with the available test results and other method in the literature reveal that 

the proposed model can accurately predict the shear strength of simply supported deep beams at 

ultimate state for a range of shear span-to-depth ratios (0.83-1.34), compressive strengths of 

concrete, as well as horizontal and vertical hoops.  

2. The shear span-depth ratio a/d has a significant influence on the ultimate shear strength, as a/d 

increasing the shear strength is decrease.  

Figure (8): Shear strength-shear span to depth ratio curve of reinforced concrete deep 

beam with a range of vertical reinforcement ratio 
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3. The effective span-depth ratio ln/d has a qualitative influence on the shear strength, as Ln/d 

increase the shear strength is decrease. 

4. The shear span to depth ratio has more influence on the shear capacity than the span to depth 

ratio and as the former increases, the shear strength decreases.  
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