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Behavior of deep beams is different than that of ordinary beams. In 

addition the effectiveness of the biaxial state of stresses is more 

pronounced in deep beams. So, sixteen reinforced concrete deep beams 

with compressive strengths from 250 to 650 kg/cm
2
 were tested to study 

their shear behavior under two-point static loading. The tested beams 

have shear span to depth ratio a/d from 0.5 to 1.25. All beams was singly 

reinforced with ratio ρ from 0.0113 to 0.0254, vertical reinforcement ratio 

ρv from 0.1 to 0.31, and horizontal reinforcement ratio ρh from 0.19 to 

0.56.  

The patterns of cracks were traced, the modes of failure were observed, 

and the deformations were recorded as well as both cracking and ultimate 

loads were also measured. Test results indicate that both the concrete 

compressive strength and shear span to depth ratio have a pronounced 

effect on the cracking and ultimate load of high strength concrete. The 

values of the cracking shear strength of the tested beams show a 

remarkable difference in comparison with the corresponding 

recommended values given in ACI Code equation (11-29).  
 

KEYWORDS: High strength concrete, Shear span to depth ratio, 

Longitudinal steel ratio, Web reinforcement ratio.    
     

INTRODUCTION 

Reinforced concrete deep beams are used as load-destributing structural elements such 

as transfer girders, pile caps, and foundation walls. According to span-depth ratio, the 

strength of deep beams is usually controlled by shear rather than flexure if normal 

amounts of longitudinal reinforcement are used. In addition, shear strength of deep 

beams is significantly greater than predicted values using equations developed for the 

selender beams because of their special capacity that redistributes internal forces befor 

failure and developing mechanisms of force transfer quite differently from slender 

beams. A number of parameters affecting shear behavior have led to a limited 

understanding of shear failure mechanisms and predicting of exact shear strength of 

deep beams. These parameters include concrete compressive strength fc, shear span to 

depth ratio a/d, amount of reinforcement, arrangement of tensile, compressive, and 

shear reinforcement ρ, ρv, ρh, respectively, as well as the shape of beam, loading and 

support conditions. 
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Among these parameters, the effects of a/d, and ρv, ρh were considered and 

tested as important variables in the previous investigations. Currently, with increasing 

the use of high-strength concrete on modern construction, additional information on the 

behavior of deep beams made of high-strength concrete is needed for a better 

understanding of the effect of  fc , a/d, and others. 

In ACI Building Code [1], shear contribution of concrete Vc in beams with a/d 

higher than 2.5 is given by ACI Eq. (11-5). ACI Eq. (11-29), the design equation for 

deep beams, is the equation multiplying term 3.5-2.5(Mu/Vu.d) to account for the 

increase of shear strength due to arching action in beams with an a/d less than 2.5. ACI 

Eq. (11-5) is based on the testing results of beams with compressive strengths range of 

14 to 40 Mpa (140 to 400 kg/cm
2
). As a result, ACI Eq. (11-29) seems to be based on 

test results of beams with relatively lower compressive strengths. 

Previous works [2] and [3], studied the effect of fc on the shear strength of 

beams restricted to tests of the slender or short beams. Test results of experimentaly 

investigation [6], showed much greater variation on the measured ultimate shear 

strength and evaluated the effect of concrete strength by using strength of lower bound 

only. Experimental investigation [8], studied the effect of fc on shear strength of deep 

beams showed compressive strength ranges from 160 to 230 kg/cm
2
. Another previous 

investigation [10], for deep beams has not shown the effect of fc in spite of test 

specimens with high-strength concrete. Susanto Teng, and others [9] concluded that 

performance or strength of damage deep beams can be fully restored as long as their 

damaged failure mode is the diagonal splitting shear failure. This type of failure mode 

is most common for deep beams with little to moderate web reinforcements. 

Ramakirshman, V. [7], get that the mode of shear failure in deep beams are nearly the 

same as those in shallow beams under low shear span depth ratio (a/d>2). The shear 

failure in deep beams is always initiated by splitting action, the phenomenon of failure 

being similar to that in a cylinder under diametral compression. Jung.K., and 

Sung.W.S. [4], concluded that ultimate shear strength was determined predominantly 

by the a/d, but that of deep beams was slightly affected by the le/d. ultimate shear 

strength of tested beams was increased slightly due to web reinforcement. In deep 

beams with high strength concrete, ultimate shear strength was increased slightly with 

addition of vertical shear reinforcement as a/d increased. Kong [5], conducted an 

experimented investigation using 35 simply supported deep beams, he concluded that 

in general, the primary cause of failure was diagonal cracking; crushing of concrete 

was usually only a secondary effect and failure in compression of the concrete “strut” 

between diagonal cracks occurred a few times only. 

Effect of longitudinal steel reinforcement on shear strength is another 

important parameter in deep beams. An experimental investigation [2], that studied the 

effect of longitudinal steel reinforcement in beams with a/d less than 2.5. Test results 

of the investigation were compared to ACI Eq. (11-5) for short beams, without any 

comparison with ACI Eq. (11-29) for deep beams. As a result, there has been relatively 

little information on the effect of concrete strength fc and longitudinal steel content ρ 

on shear strength of deep beams made of high-strength concrete.  

This work was initiated to find more information about the effect of concrete 

compressive strength fc, shear span to depth ratio a/d, longitudinal reinforcement ratio 

ρ, and web reinforcement ratio ρv, ρh, on shear strength of deep beams with 
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compressive strengths up to 650 kg/cm
2
. Test results were compared with current 

design equations to assess the adequacy of ACI Eq. (11-29) for deep beams and 

Zsutty’s
 
equation using high strength concrete.  

 

TEST PROGRAM, MATERIALS, FABRICATION OF THE 
TESTED BEAMS AND TEST PROCEDURE 

TEST PROGRAM 

Through testing sixteen deep beams, the shear behavior of high strength R.C deep 

beams under two point static loading were studied. Beam specimens were planned in 

five series according to studied parameters: concrete compressive strength fc, shear 

span to depth ratio a/d, longitudinal reinforcement ratio ρ, vertical and horizontal 

reinforcement ratios ρv and ρh, respectively. Concrete compressive strength was 250, 

400, 650 kg/cm
2
, a/d at 0.5, 0.75, 1.0, and 1.25, Longitudinal reinforcement ratio ρ at 

1.13, 1.69, and 2.54 %, Vertical shear reinforcement ratio ρv at 0.1, 0.15, 0.21, and 0.31 

%, and horizontal shear reinforcement ratio ρh at 0.19, 0.34, 0.45, and 0.56 %. Figure 1 

shows the details of beam specimen. All beams tested in this study have a rectangular 

cross section with 14 x 70 cm. Longitudinal steel reinforcement consisted of a straight 

bar with a 90 degree hook to provide adequate anchorage. Vertical shear reinforcement 

has closed stirrups with 6 mm bars, while the horizontal shear reinforcement consisted 

of straight 8 mm bars. For the restraining of local failure, in the top compressive face 

and support of tested beams, steel plates with widths of 18 and 13 cm, respectively, 

were used.   
 

MATERIALS 

Assiut Portland cement and river fine aggregate were used to prepare the specimens. 

Maximum aggregate size was 16 mm (0.63 in.). The mixture proportion by weight per 

m
3
 is presented in Table 1. A concrete mixes were designed and cast to produce 

concrete of compressive strength 250, 400, and 650 kg/cm
2
 at 28 day. Deformed bars 

of high tensile steel were used as tension and compression reinforcements, as well as 

plain bars of normal mild steel were used as a web-reinforcement. 
 

 
 

 

 

 

 

 

 

 

 

 

Fig. 1: Details of beams A1, A2, A3 
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Table 1 : Amount of constituent materials for the different mixes. 

Mix 

No. 

Amount of constituent materials/m
3
 by weight 

fc 
Cement 

 ( kg) 

Sand 

(kg) 

Coarse Aggr. 

(kg) Water 

 ( liter ) 

Silica 

fume 

(kg ) 

Add. 

( kg) 
Gravel Bazalt 

1 350 618 1237 - 192.5 - - 250 

2 450 591 - 1200 152 67.5 6.5 400 

3 500 496 - 1240 160 75 9.5 650 

 

Table 2 : Details of the tested beams 

Series 

No. 

Beam 

No. 

l 

Cm 

lb 

Cm 

a 

Cm 

a/d fc 

Kg/cm
2

 

ρ ρv ρh 

A 
A1 

A2 
A3 

172 

172 

172 

13 

13 

13 

48 

48 

48 

0.75 

0.75 

0.75 

250 

400 

650 

1.69 

1.69 

1.69 

0.15 

0.15 

0.15 

0.34 

0.34 

0.34 

B 

B1 

B2 

B3 

140 

204 

236 

13 

13 

13 

32 

64 

80 

0.5 

1.0 

1.25 

650 

650 

650 

1.69 

1.69 

1.69 

0.15 

0.15 

0.15 

0.34 

0.34 

0.34 

C 

C1 

C2 

C3 

172 

172 

172 

13 

13 

13 

48 

48 

48 

0.75 

0.75 

0.75 

650 

650 

650 

1.69 

1.69 

1.69 

0.1 

0.21 

0.31 

0.34 

0.34 

0.34 

D 

D1 

D2 

D3 

172 

172 

172 

13 

13 

13 

48 

48 

48 

0.75 

0.75 

0.75 

650 

650 

650 

1.69 

1.69 

1.69 

0.15 

0.15 

0.15 

0.19 

0.45 

0.56 

E 
E1 

E2 

172 

172 

13 

13 

48 

48 

0.75 

0.75 

650 

650 

1.13 

2.54 

0.15 

0.15 

0.34 

0.34 

F 
F1 

F2 

204 

236 

45 

61 

32 

32 

0.5 

0.5 

650 

650 

1.69 

1.69 

0.15 

0.15 

0.34 

0.34 

 

Where : 

 l Length of the beam.  

lb  Length of anchorage length beyond the support to the end of the beam. 

a     Shear span. 

a/d     Shear span to depth ratio. 

fc        Concrete compressive strength, average of 3 cubes.  

ρ     Longitudinal main steel ratio, = 
db

AS


 

ρv         Vertical reinforcement ratio, = 
lb

Ast


.  

ρh       Web reinforcement ratio, = 
db

Ash


. 

 



SHEAR BEAHAVIOR OF HIGH STRENGTH REINFORCED ………. 547 

FABRICATION OF THE TESTED BEAMS 

The concrete was mixed mechanically and cast in steel forms. Control specimens 

including cube of 15 cm side length were cast from each mix. The beams and control 

specimens were sprayed with fresh water two times daily until the day before testing; 

all beams were tested at age of 28 days. Complete details of the tested beams are given 

in Table 2.  
 

TEST PROCEDURE 

Each tested beam was loaded directly with two equally concentrated loads according to 

the considered a/d. The load was applied in increments, before cracking each 

increment was 2.0 ton but after cracking each increment was 5.0 ton. The load was 

kept constant between two successive increments for about five minutes. During this 

period cracks were traced, the mid span deflection and strains in both main steel and 

concrete were recorded. 
 

ANALYSIS AND DISCUSSION OF THE TEST RESULTS 

Pattern of Cracks and Mode of Failure 

All beams failed in shear, in spite of the tested beams are reinforced with different 

amount of reinforcement. In the early stages of loading, no flexural cracks were 

observed in the region of pure bending moment. With a further increase of load, 

diagonal cracks formed in the shear span zone and developped towards the loading 

points and supports. 

All beams failed in diagonal tention, the inclination of the major crack making 

an angle between 38
o 
to 63

o 
depend on shear span to depth ratio. The inclination of the 

main cracks decreases by 9.0 degrees as a/d ratio increases from 0.5 to 0.75 as shown 

in Fig. 2. 

The failure modes of the tested beams are presented in Table 3. The most 

common failure for the tested beams is a diagonal tension failure. The failure of the 

beams is always initiated by splitting action, and no significant change in the failure 

mode was observed. 

The concrete compressive strength has a considerable effect on pattern of 

cracks, especially for beam having higher longitudinal steel ratio. For normal strength 

concrete, there was a crushing of concrete under the load points. For high strength 

concrete, there was a vertical sliding between the two adjacent portions of the beam 

just to the left and right of the two load points preceded by diagonal crack. The 

inclination of the major crack is not effected by the concrete strength. 

The number of cracks decreases as the amount of longitudinal steel ratio 

increases, and hence affects the inclination of the main crack in the manner that the 

later increased slightly as it increased as shown in Fig. 2.  

The presence of web reinforcement has a considerable effect on pattern of 

cracks. The web reinforcement importance once already appeared at instant of the first 

inclined crack formation. Once the crack opens, web reinforcement works to prevent 

the crack widenning and propagation in the shear zones. Web reinforcement must be 
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arranged to ensure that any potential diagonal tension crack encounters and does not 

open excessively and consequently the risk of the beam at the level of tention steel or 

the sudden failure without warning is prevented. 

A shear failure in the tested deep beams took place through the destruction of 

the inclined strut that formed between the load point and the support. The failure of this 

strut in compression was accompanied by the shearing off of the unloaded part of the 

beam. The observed failure which accompanied by a vertical displacement as well as 

vertical sliding between the two adjacent portions of the beam just to the left and right 

of the two load points preceded by diagonal crack is denoted by diagonal tention 

failure. 

       

Table 3 : Results of the beams tested under vertical static loading 

Series 

No. 

Beam 

No. 

pcr 

(ton) 

pu 

(ton) 

δcr 

(mm) 

δu 

(mm) 

ξc 

x 10
 -5 

ξs 

x 10
 -5 

Mode Of 

Failure 

A 

A1 

A2 

A3 

33 

40 

45 

48 

65 

85 

1.62 

1.51 

1.2 

2.15 

1.93 

1.67 

30 

37 

48 

27 

56 

67 

D.T. 

D.T. 

D.T. 

B 

B1 

B2 

B3 

47 

43 

38 

102 

80 

72 

0.95 

1.3 

1.5 

1.63 

2.1 

2.65 

71 

51 

46 

60 

75 

83 

D.T. 

D.T. 

D.T. 

C 

C1 

C2 

C3 

43 

45 

47 

82 

89 

92 

1.07 

1.35 

1.48 

1.62 

1.75 

1.8 

16 

20 

35 

55 

74 

79 

D.T. 

D.T. 

D.T. 

D 

D1 

D2 

D3 

43 

45 
47 

75 

87 

90 

1.09 

1.33 

1.42 

1.65 

1.72 

1.85 

43 

48 

58 

56 

72 

77 

D.T. 

D.T. 

D.T. 

E E1 

E2 

43 

47 

67 

92 

1.6 

1.0 

2.15 

1.40 

34 

56 

73 

50 

D.T. 

D.T. 

F 
F1 

F2 

48 

50 

87 

92 

1.4 

1.62 

2.15 

2.91 

34 

41 

79 

49 

D.T. 

D.T. 

 

Note that the values of strains are measured at 85 % of the ultimate loads. 

Where: 

Pc Initial cracking load. 

Pu Ultimate load. 

δ cr Deflection at cracking load. 

δ u Deflection at ultimate load. 

ξc Concrete strain. 

ξs Steel strain. 

D.T.    Diagonal tension failure. 
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Cracking and ultimate loads   

The experimental values of recorded cracking and ultimate loads for the tested beams 

are given in Table 3. These results indicate that, the cracking shear strength depends 

on the shear span to depth ratio, percentage of main steel reinforcement as well as 

concrete compressive strength. From investigation of Fig. 3a, it is clear that, the 

cracking and ultimate loads increases with the increase of concrete compressive 

strength. Increasing concrete compressive strength from 250 to 650 kg/cm
2
, increasing 

the cracking and ultimate loads by 36.36% and 77.08% respectively, for a/d ratio of 

0.75. That indicates, the primary cause of failure was diagonal cracking; crushing of 

concrete was usually only a secondery effect in high strength concrete beams. The 

concrete compressive strength had a significant effect on the cracking and ultimate 

shear strength.  

Also, test results show that, beams with small a/d ratios have higher values of 

cracking and ultimate loads than that for beams having larger a/d ratios. From Fig. 3b, 

it appears that as shear span to depth ratio increased from 0.5 to 1.25, the cracking and 

ultimate load decreased by 23.68% and 41.67% respectively, for high strength 

concrete. The cracking and ultimate loads are dependent on the a/d ratio. This can be 

illustrated by the fact that the tied arching action becomes less effective with an 

increasing of a/d ratio, because of the reduced angle between the inclined strut and 

longitudinal axis of the beam.  

The effect of longitudinal steel ratio on the cracking and ultimate loads is 

shown in Fig. 3c. Increasing of longitudinal steel ratio increases the cracking and 

ultimate loads. Increasing longitudinal steel ratio from 0.0113 to 0.0254 increasing the 

cracking and ultimate load by 9.3% and 37.31% respectively. The increasing of 
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cracking and ultimate loads is mainly due to the fact that the increasing of longitudinal 

reinforcement in the beam increase the elastic stiffness of the beam. Increasing 

longitudinal steel ratio usually increases both the dowel capacity of the member and 

the aggregate interlock capacity. Beams with low longitudinal steel ratio had wide 

cracks in contrast to the narrow cracks found in beams with high longitudinal steel 

ratio. Since the aggregate interlock mechanism depends on the crack width, an increase 

in the aggregate interlock force is to be expected with an increase in longitudinal steel 

ratio. Also, increasing longitudinal steel ratio increases the shear strength, which 

carried by compression zone. As the area of tension reinforcement increases, the 

neutral axis moves towards the steel, hence the area of compression zone increases, 

and then, the shear force increases. 

The relationship between measured cracking and ultimate loads versus amount 

of vertical reinforcement ratio is shown in Fig. 3d. With an increasing ratio of vertical 

reinforcement, the cracking and ultimate load tends to increase slightly due to shear 

contribution of vertical reinforcement. Additional amount of vertical reinforcement 

ratio have a small effect on the ultimate load, and seems to have a relatively small 

effect on the strength of the tested beams. 

Variation of cracking and ultimate loads versus horizontal reinforcement ratio 

for tested beams with constant ρv is shown in Fig. 3e. The effect of horizontal 

reinforcement ratio on the cracking and ultimate loads in deep beams is less than the 

effect of vertical reinforcement ratio. As a result, it seems that shear capacity due to 

dowel action by horizontal reinforcement has a little effect on ultimate load of deep 

beams. The maximum increase in cracking and ultimate load was about 9.3% and 20%, 

respectively as the horizontal reinforcement ratio increased from 0.0019 to 0.0056. The 

increasing of cracking load is mainly due to the fact that the existing of bars in the side 

face of the beam delayed the appearance of cracks and increasing the elastic stiffness 

of the cross section. In general, this is because providing the beam with horizontal bars 

affected the crack pattern and helps to stop the growth of diagonal cracks and hence 

increasing the ultimate loads of the tested beams. 
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on cracking and ultimate loads.to depth ratio. 

P
cr

 , 
P

u
   

  
(t

o
n

) 

 fc      kg/cm2 

 
 

a/d = 0.75 

 ρ = 1.69 % 
 ρv = 0.15 %   

 ρh = 0.34 % 

Fig. 3a : Effect of concrete strength 

on cracking and ultimate loads. 

 
Cracking load 

Ultimate load 
 

 



M. H. Ahmed, Y. A. Hassanean, A. A. Elsayed, and A. M. Eldeep 

 

552 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3f, indicate that bond length have a minor effect on the cracking and 

ultimate load. The cracking and ultimate loads are increased slightly as the bond length 

increases. 
 

 
 
 
 
 
 
 

 

 

 

 
 

Maximum Deflection 

Figure 4, shows the relationship between the applied load and the recorded deflection 

at position of maximum deflection, (mid span deflection), while in Table 3. the 

maximum values of deflection are presented for all tested beams. Generally the 

maximum deflection at different loads changed distinctly by changing concrete 

strength, shear span to depth ratio, longitudinal steel ratio, vertical reinforcement ratio, 

and bond length. 

 
 

Fig. 3f : Effect of anchorage length 

on cracking and ultimate loads. 
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Fig. 3e : Effect of horizontal reinforcement ratio 

on cracking and ultimate loads. 
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Fig. 3d : Effect of vertical reinforcement 

 ratio on cracking and ultimate loads. 
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Fig. 3c : Effect of steel reinforcement ratio 

on cracking and ultimate loads. 
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Figure 4a, show how the cracking and ultimate deflection are influenced by 

concrete strength. The maximum deflection decreases as the concrete compressive 

strength increases. The maximum deflection was increased from 1.67 mm to 2.15 mm, 

when the concrete compressive strength (fc) decreased from 650 kg/cm
2
 to 250 kg/cm

2
. 

Increasing of concrete compressive strength increases the modulus of elasticity which 

means that the increase of stiffness of the beam decreases the corresponding maximum 

deflection.  

The maximum deflection at any load depends mainly on the shear span to 

depth ratio. For constant load, the maximum deflection increases as shear span to depth 

ratio increases. Also, it is noticed that as a/d ratio increased from 0.5 to 1.25, the 

inclination of the tangent of the curve at the origin decreases by 62.58% for high 

strength concrete. When the shear span to depth ratio increased, the maximum 

deflection increased as a result of reduction in flexural stiffness of the beam due to the 

increased numbed of formed cracks and their widening. See Fig. 4b.   

The maximum deflection of the tested beams decreased as the longitudinal 

reinforcement ratio increased. The maximum deflection decreased by 34.88%, as the 

longitudinal reinforcement ratio increased from 0.0113 to 0.0254. Increasing 

longitudinal steel ratio means increasing the stiffness of the beam. This is true since, 

increasing (ρ), increases the neutral axis depth that caused a reduction in the strain in 

the tention reinforcement and consequently decrease the number, length, and width of 

the cracks and consequently the corresponding deflection. See Fig. 4c. 

Figure 4d, indicates that, the maximum deflection increases slightly as the 

vertical reinforcement ratio increases. The slope of midspan deflection curves seems to 

be independent of the amount of vertical reinforcement. This is because the vertical 

reinforcement contributes in the shear rigidity of the beam and the shear deformation is 

very small. 
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The maximum deflection increases slightly as the horizontal reinforcement 

ratio increases. The slope of midspan deflection curves seems to be independent of the 

amount of horizontal reinforcement. When the horizontal reinforcement ratio increases, 

the ductility of the beam increases. Usually the crack numbers and maximum 

deflection increase as a result of increasing the ductility. See Fig. 4e.  

The maximum deflection increases, by the increase of bond length of the beam 

beyond supports for lb >20 dp. This is because the increase of the ultimate load. See 

Fig. 4f. 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 

Fig. 4f : The relation between cracking and 

ultimate deflections with anchorage Length 
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ultimate deflections with steel reinforcement ratio. 
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Strain in both Main Steel and Concrete 

The values of strain in both main steel and concrete at extreme fibers of compression 

zone were measured under loading point of the tested beams and shown in Fig. 5. The 

values of the induced strain at load level about 85% of the ultimate load were given in 

Table 3.  

From the relations between the applied load and induced concrete compressive 

strain of all tested beams, it can be noticed that, the concrete strain increases with the 

increasing of concrete compressive strength, longitudinal steel ratio, web 

reinforcement ratio and decreases with the increase of shear span to depth ratio. While 

no clear relation in the observed results with the change of bond length. The effects of 

the studied parameter are shown in Figs. 5a. to 5f. 

From the relations between the applied load and induced main steel strain of 

all tested beams, it can be noticed that, the maximum main steel strain increases by 

increasing concrete strength, shear span to depth ratio, web rainforcement ratio. 

Meanwhile decreases by increasing of longitudinal steel ratio. The effects of the 

studied parameter are shown in Figs. 5a. to 5f. 
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Fig. 5a : The relation between concrete and 

main steel strain with concret strength. 
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Fig. 5d : The relation between concrete and 

main steel strain with vertical reinforcement 

ratio. 
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Fig. 5c : The relation between concrete and 

main steel strain with steel reinforcement ratio. 
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Comparison of Shear Strength of the Tested Beams with Important 
Equations 

The aim of this part is to make a comparison between the obtained results and those 

proposed in ACI-code [1], and Zsutty
,s
 [11]. 

 

a – American concrete institute [1] 

In the ACI Code [1], the value of  υcr is calculated from the formula ; 

υcr =  (3.5 – 2.5 
dV

M


) (1.9 

cf `  + 2500   
M

dV 
) 

or   Vcr = (3.5 – 2.5 
dV

M


) (1.9 

cf `  + 2500 w  
a

d
) bw d       ACI Eq.(11-29) 

Where υcr and fc`  are in p.s.i. 
 

b – Zsutty equation   [11] 
Zsutty derived an equation for predicting the cracking shear strength for ordinary 

beams. The derived equation is given below in p.s.i. 

υcr = 59 

33.0

` 









a

d
f c    

or    Vcr = 59 

33.0

` 









a

d
f c   bw d 

If Zsutty equation multiplied by a constant term (3.5 – 2.5 
dV

M


)  which is in the ACI 

Eq.(11-5) to obtain ACI Eq.(11-29) for deep beams. The derived equation will be: 

 
 

Fig. 5f : The relation between concrete and 

main steel strain with anchorage Length. 
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Fig. 5e : The relation between concrete and main 

steel strain with horizontal reinforcement 

ratio.ratio. 
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Vcr =  (3.5 – 2.5 
dV

M


)  59 

33.0

` 









a

d
f c    bw d 

 

The values of (Pcr) from test results, the predicted values by ACI. Code, and 

modefied Zsutty
,s 

equation are given in Table 4. From Table 4, and Fig. 6, it appears 

that ACI Code equation (11-29) is conservative for most values and underestimates the 

importance of concrete compressive strength, longitudinal steel ratio, web 

reinforcement ratio, and it tends to be unconservative for high values of shear span to 

depth ratio. Also it can be noticed that Zsutty`s equation is conservative for most 

values and underestimates the importance of concrete strength, longitudinal steel ratio, 

web reinforcement ratio, and it tends to be unconservative for high values of shear span 

to depth ratio. 

Comparing the test results by the predicted results, it appears that ACI Code 

equation (11-29) and Zsutty`s equation is unconservative for a/d ratio > 0.75 for high 

strength concrete. While it is conservative for 0.5   a/d ratio < 0.75 for high strength 

concrete. The difference between experimental and theoretical values given by ACI 

Code and Zsutty`
s
 equation may be attributed to the effect of vertical, horizontal 

reinforcement ratios and anchorage length ( ρv %,  ρh %, and lb ) respectively which is 

not included in the theoretical equations. However, the vertical, horizontal 

reinforcement ratios and anchorage length has a minor effect upon the cracking load. 
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Fig. 6a : Influence of concrete streength on 

the cracking load. 

 
 

P
cr

   
  

(t
o

n
) 

a/d 

fc = 650 

 ρ = 1.69 % 

 ρv = 0.15 

%   

 ρh = 0.34 

% 

Fig. 6b : Influence of shear span to depth ratio on 

the cracking load. 



M. H. Ahmed, Y. A. Hassanean, A. A. Elsayed, and A. M. Eldeep 

 

558 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 
 

Fig. 6f : Influence of anchorage length on the 

cracking load. 
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Fig. 6e : Influence of horizontal reinforcement on 

the cracking load. 
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Fig. 6d : Influence of vertical reinforcement 

ratio on the cracking load. 
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Fig. 6c : Influence of longitudinal steel ratio on 

the cracking load. 
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Table 4 : Comparison between the experimental values of Pcr of the test and that 

expected by ACI equation and Zsutty
,s 

equation. 
 

Series 

No. 

Beam 

No. 

Pcr test 

(ton) 

(1) 

Pcr ACI 

(ton) (2) 

Pcr zsutty 

(ton) (3) 

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

Pcr(3) 

A 

A1 

A2 

A3 

33 

40 

45 

17.58 

20.70 

24.80 

25.97 

30.42 

35.71 

1.88 

1.93 

1.81 

1.27 

1.31 

1.26 

B 

B1 

B2 

B3 

47 

43 

38 

38.37 

14.37 

5.19 

56.39 

19.94 

6.95 

1.22 

2.99 

7.32 

0.83 

2.16 

5.47 

C 

C1 

C2 

C3 

43 

45 

47 

24.80 

24.80 

24.80 

35.71 

35.71 

35.71 

1.73 

1.81 

1.90 

1.20 

1.26 

1.32 

D 

D1 

D2 

D3 

43 

45 

47 

24.80 

24.80 

24.80 

35.71 

35.71 

35.71 

1.73 

1.81 

1.90 

1.20 

1.26 

1.32 

E 
E1 

E2 

43 

47 

22.88 

27.71 

31.27 

40.85 

1.88 

1.70 

1.38 

1.15 

F 
F1 

F2 

48 

50 

38.37 

38.37 

56.39 

56.39 

1.25 

1.30 

0.85 

0.89 

   

CONCLUSIONS 

In this study the effect of compressive strength (fc), shear span to depth ratio (a/d), 

longitudinal steel ratio (p), web reinforcement ratio (pv, ph), and bond length (lb) on the 

shear strength of high strength reinforced concrete deep beams under static loading was 

investigated experimentally. 

1- The concrete compressive strength has a pronounced effect on the cracking and 

ultimate load of high strength concrete. Increasing concrete compressive strength 

from 250 to 650 kg/cm
2
, increasing the cracking and ultimate loads by 36.36% 

and 77.08% respectively, for a/d ratio of 0.75.  

2- The shear span to depth ratio (a/d) has a pronounced effect on the cracking and 

ultimate load of high strength concrete tested deep beams. The ultimate shear 

strength is increased significantly with a decreasing of a/d.  

3- The longitudinal steel reinforcement have a significant effect on the diagonal 

cracking and ultimate loads. 

4- Additional amount of vertical reinforcement ratio seems to have a relatively small 

effect on the strength of the tested beams, no effect of development of inclined 

crack. 

5- Horizontal reinforcement has relatively minor effect on the cracking and ultimate 

loads, as well as the detailing of the main steel since mainly vertical tensile forces 

are required to be carried. 

6- No significant change in the failure mode was observed between normal and high 

strength concrete deep beams. 
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7- Ultimate shear strength of tested beams was increased slightly due to web 

reinforcement ratio. In deep beams with high strength concrete, ultimate shear 

strength was increased slightly with increasing of web reinforcement. 

8- The maximum measured deflection decreses, with the increase of concrete 

compressive strength and longitudinal steel ratio. Also the maximum measured 

deflection increases, with the increase of shear span to depth ratio and web 

reinforcement ratio. 

9- The higher the shear span to depth ratio, the smooth the load-deflection curve, i.e, 

with increasing a/d, the beam becomes flexible. With an increasing of a/d, the mid 

span deflection tends to decrease due to increase of moment span. 

10- Horizontal reinforcement ratio has a pronounced effect in controlling deflection; 

widely spaced horizontal reinforcement was not effective in controlling deflection.  

11- The maximum concrete strain increases, with the increase of concrete 

compressive strength and longitudinal steel ratio, and decreases with the increase 

of shear span to depth ratio. Also the maximum steel strain increases, with the 

increase of concrete compressive strength, shear span to depth ratio, and decreases 

with the increase of longitudinal steel ratio. 

12- The values of the cracking load of the tested beams show a remarkable difference 

in comparison with the corresponding recommended values given in ACI Code 

equation (11-29). 

13- The predicted values of Vcr by modified Zsutty’s equation slightly agree with that 

achieved from the tests. If Zsutty`
s
 equation multiplied by a constant term of (3.5 

– 2.5 
dV

M


), it can better predict the trend, for 0.5   a/d ratio < 0.75 for high 

strength concrete.  
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 سلوك القص للكمرات الخرسانية المسلحة العميقة عالية المقاومة
 

من المعروف أن المنشآت الخرسانية المعرضة لإجهادات عالية كما هو الحال فى المنشآت المقامة أسفل 
سطط ا اضر و والمنشططآت عاليططة الإرحفططاإ حححططاا  لططى ي اعططات خرسططانية كريططر و وكميططات كريططر  مططن حديططد 

لحصميم هذه الق اعات.لذلك كان من الضروري لزاما على الراحثين أن ححوجه اهحمامطاحهم الحسليا اللازمة 
الرحثية  لى هذه المشكلة وهى حقليطل حجطم الق اعطات الخرسطانية المسطحخدمة فطى مثطل هطذه المنشطآتو وكطذا 

ضطافات الحطى حقليل كميات حديد الحسليا المسحخدمة. ويد حم الحوصل فى الآونة اضخير   لى العديد مطن الإ
حضاف للخل ة الخرسانية لححسين خصائص الخرسانة عادية المقاومة ولحقليل حجم الق اعطات الخرسطانية 
والحى حم حسميحها رالخرسانة عالية المقاومة. وحسحخدم الكمرات الخرسطانية المسطلحة العميقطة فطى العديطد مطن 

آت ذات اضلطططوال الم ويطططةو الخزانطططات المنشطططآت مثطططل المنشطططآت عاليطططة الإرحفطططاإو حطططوائ  اضساسطططاتو المنشططط
 الرأسية و وغيرها.

والغر  من هذه الدراسة الويوف على سلوك القص للكمرات الخرسانية المسطلحة العميقطة عاليطة  
نسطرة حديطد و المقاومة ومدى حأثرها ركل مطن مقاومطة الخرسطانة والنسطرة رطين رحطر القطص  لطى العمط  الفعطال 

 لحسليا الرأسي واضفقي و ول الررا  لحديد الحسليا الرئيسي.نسرة حديد او الحسليا الرئيسي 
كمر  خرسانية مسلحةو مقسمة  لى ست مجموعات  رقاً لدراسة كل عامل من  61ولهذا الغر  حم صب 

 العوامل السارقةو ويد رينت الاخحرارات ما يلى : 
. فرزيطططاد  مقاومطططة مقاومطططة الخرسطططانة لهطططا حطططأثير واضطططا علطططى كطططل مطططن حمطططل الحشطططري  والحمطططل اضيصطططى -6

يططططزداد حمططططل الحشططططري  والحمططططل اضيصططططى رنسططططرة  0كجم/سططططم 152 لططططى  0كجم/سططططم 052الخرسططططانة مططططن 
% رالحرحيططبو ويرجططب سطططرب الانهيططار الرئيسطططي فططى الكمططرات المخحرطططر   لططى الشطططرو  00.27% و 61.61

 الق ريةو حيث أن حفحت الخرسانة من العوامل الثانوية للخرسانة عالية المقاومة.  
نسطرة رحطر القطص  لطى العمط  لهطا حطأثير واضططا علطى حمطل الحشطري و والحمطل اضيصطى للكمطرات العميقططة  -0

 عالية المقاومة.
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زياد  حديد الحسليا الرئيسي له حأثير هام على حمل الحشري  والحمل اضيصىو ويزيد من حمل الحشري   -6

 والحمل اضيصى.

حزويططد الكمططرات العميقططة رحديططد رأسططي لططه حططأثير صططغير نسططرياً علططى مقاومططة الكمططرات المخحرططر و ولا يطط ثر  -4
 على ح ور الشرو  المائلة.

الحديططد الجططانري لططه حططأثير يليططل علططى حمططل الحشططري و والحمططل اضيصططى للكمططرات مقارنططة رحفاصططيل حديططد  -5
 ير واضا على عر  الشر .الحسليا الرئيسى الحي ححمل يوى الشد الرأسيةو وله حأث

 لا يوجد حغير فى شكل الانهيار للكمرات المخحرر  رحغيير مقاومة الخرسانة  لى خرسانة عالية المقاومة. -1

ييمطططة أيصطططى حطططرخيم حطططادث فطططى الكمطططرات حقطططل رزيطططاد  مقاومطططة الخرسطططانةو ورزيطططاد  نسطططرة حديطططد الحسطططليا  -0
رزيططاد  نسططرة رحططر القططص  لططى العمططط و  الرئيسططى. كططذلك ييمططة أيصططى حططرخيم حططادث فططى الكمططرات يططزداد

 ورزياد  نسرة الحسليا الجذعى. 

الحططرخيم أيططل حططد . أى أن رزيططاد  -كلمططا زادت نسططرة رحططر القططص  لططى العمطط و كلمططا كططان منحنططى الحمططل -7
نسرة رحر القص  لى العم  يكون المنحنى أكثر مرونة. ورزياد  نسرة رحر القص  لى العم  حقل ييمطة 

 اد  العزوم.الحرخيم نحيجة لزي

نسرة حديد الحسليا اضفقي للكمرات العميقة لها حأثير واضا على الححكم فى الحطرخيم الحطادث للكمطراتو  -9
 رينما نسرة الحسليا الرأسي ليس لها حأثير يذكر فى الححكم فى الحرخيم الحادث للكمرات.

مططة الخرسططانةو ييمططة أيصططى انفعططال حططادث فططى الخرسططانة فططى الكمططرات يططزداد رزيططاد  كططل مططن مقاو  -62
ونسططرة حديططد الحسططليا الرئيسططىو وحقططل رزيططاد  نسططرة رحططر القططص  لططى العمطط . رينمططا ييمططة أيصططى انفعططال 
حادث فى حديد الحسليا الرئيسي فى الكمرات يزداد رزياد  كل من مقاومة الخرسانةو ونسرة رحر القص 

  لى العم و ويقل رزياد  نسرة حديد الحسليا الرئيسى. 

اضا رين ييم النحائج المعملية والقيم المحسورة  رقاً للمواصفات الخاصة رطالكود هناك اخحلاف و  -66
 اضمريكي.

أمكن الحوصل  لى معادلة حجريريطة والحطي عطن  ريقهطا يمكطن الحنرط  رحسطاب يطيم اجهطادات القطص  -60
 عند رداية ظهور الشر  اضول.
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