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Abstract 

In practice, in high-rise buildings, especially in reinforced concrete deep beams bearing 

high axial loads, openings may be located in the zone of maximum shear force and zero bending 

moment (shear control), and this may be a serious problem if the shear strength of these beams is 

not predicted. Therefore, this study aimed to investigate the ultimate shear strength in this case 

(shear control) experimentally and compare the results with analytical equations to make it easier 

for those working in this field to use these equations when needed. In this research, the 

experimental deep beam specimens were divided into two groups. The first group consists of 

three reinforced concrete deep beams as normal concrete beams; the first is solid, and the second 

and third have square openings of 200 mm and 300 mm, respectively. The second group has the 

same arrangement as the first group, with the addition of 0.75% steel fibers to the concrete mix 

as fibrous concrete deep beams. The experimental results indicated that the presence of square 

openings with sharp corners leads to a reduction in the ultimate shear strength of the beams due 

to the interruption of the load transfer path. Steel fibers improved the performance of the beams, 

increased the cracking load, and delayed the failure load. The Kong and Sharp equation was used 

for reinforced concrete deep beams (solid and with opening), the ratio of experimental to 

analytical ultimate shear strength for the fibrous reinforced concrete deep beams was 0.998 for 

the solid beam, 1.162 and 1.585 for beams with 200 mm and 300 mm square openings, 

respectively. For the normal reinforced concrete deep beams, the ratios were 0.871 for the solid 

beam, 1.167 and 1.245 for beams with 200 mm and 300 mm square openings, respectively. In 

general, the analytical results were close agreement with the experimental results. Therefore, 

these equations can be reliably used to predict the ultimate shear strength of normal and fibrous 

reinforced concrete deep beams with openings located in the region of maximum shear forces 

and zero bending moments (shear control). 

Keywords :  Deep beam , Web opening , Shear control , Fibrous concrete. 

1. Introduction 

Reinforced concrete deep beams are of great importance in structural engineering. They 

are used in bridges, tanks, pile caps, and high-rise buildings. Their importance is especially 
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significant in high-rise buildings because they transfer high axial loads from the upper floors to 

the foundations and soil [1,2]. According to ACI Code 318-19, deep beams are "members loaded 

on one face and supported on the opposite face such that strut-like compression elements can be 

developed between the loads and supports" and the clear-span-to-total-depth ratio is less than 

four, and concentrated loads are located at a distance of 2h from the support face [3].  

In practice, openings in reinforced concrete deep beams are used for the passage of some 

services such as electrical, mechanical, internet networks, etc. The problem with these openings 

is that they lead to significant weakness in these beams and a decrease in stiffness and strength, 

especially if the location of these openings intersects with the natural load transfer path [4,5]. 

Therefore, in recent years, researchers have developed various technologies to enhance the 

efficiency and performance of structural members, such as carbon fibers, glass fibers, steel 

fibers, etc. Steel fibers play an effective role in enhancing mechanical properties, such as 

compressive and tensile strength. They also play an effective role in delaying the appearance of 

cracks, increasing stiffness and maximum load, etc. [6,7]. 

Many previous studies have investigated the effect of adding steel fibers in reinforced 

concrete deep beams with openings, as well as the effect of the shape, size, and location of the 

openings and the effect of the shear span-to-the depth ratio (a/d) on the behavior and 

performance of reinforced concrete deep beams. 

Waleed A. Jasim et al. (2019) [8] conducted an experimental and numerical investigation 

of five simply supported reinforced concrete deep beams with square openings in shear span. 

The result showed  that moving the openings from the mid-span of the shear region to the inner 

boundaries results in stiffer behavior and reduced deflection. Zeinab Reda et al. (2021) [9] 

conducted a numerical study on the performance of reinforced concrete continuous deep beams 

with openings using different sizes of square openings (250 x 250) mm and (350 x 350) mm. 

Moreover, three types of steel fibers were used (end-hooked fibers, end corrugated rounded 

fibers, and end corrugated segmented fibers). The researchers concluded that the end-hooked 

steel fibers gave better results compared to the other types. In addition, it is preferable that the 

openings be located along the center line of the beam. 

Mohammed R. Khalaf et al. (2021) [10], Al-Mahbashi et al. (2023) [11] conducted an 

experimental investigation on reinforced concrete continuous deep beams with openings located 

in (external shear span, internal shear span, and mid-span under load). The experimental results 

indicated that creating large openings in the external or internal shear span leads to a significant 

decrease in the ultimate load and stiffness. Therefore, it is preferable for these openings to be 

located in the mid-span region. 

Mona Saleh et al. (2023) [12] conducted a numerical study using the Abaqus program. 

Several parameters were tested, including the shear span to the depth ratio (a/d), the opening size 
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and location, concrete compressive strength, the main and web reinforcement ratio, researches 

concluded the ultimate load increased with a decreasing shear span to the depth ratio (a/d), and 

that an opening located in the shear zone significantly reduces ultimate load due to high 

concentration of shear cracks at the corners of the opening. 

Mazura et al. (2025) [13] conducted an experimental study on fibrous reinforced concrete 

deep beams with mid-span opening, the results indicate that steel fiber reinforced concrete 

exhibits superior compressive and flexural strength compared to normal concrete, incorporating 

just 1% steel fiber by volume can increase the load at which first crack appears in a deep beam 

with web opening by at least 50%. 

However, there are many studies on the behavior and performance of reinforced concrete 

deep beams with openings and the effect of many parameters such as the presence of steel fibers, 

shear span to the depth ratio (a/d), the shape, size, and location of the openings, and the concrete 

compressive strength. Researchers have not studied the reinforced concrete deep beams when the 

openings are located in a region with maximum shear force and zero bending moment (shear 

control), this condition may be in reinforced concrete continuous deep beams, where in a region 

with maximum shear force and zero bending moment, as shown in Fig.(1). 

This research paper aims:  

 Conduct an investigation of the ultimate shear strength of fibrous reinforced concrete deep 

beams with various sizes of square openings located in the region of maximum shear force 

and zero bending moment (shear control), as shown in Fig (2). 

 To estimate the ultimate shear strength of fibrous reinforced concrete deep beams with 

various sizes of square openings located in the region of maximum shear strength and zero 

bending moment (shear control) using the equations developed by previous researchers and 

comparing the analytical with experimental results. 

2. Research Methodology  

The plan of this research paper, as shown in Fig (3), is: 

 Experimental testing of fiber-reinforced concrete deep beams with different sizes of square openings lo

cated in the region of maximum shear force and zero bending moment (shear control), finding the ultim

ate load for these beams, and then determining the ultimate shear strength. 

 Testing the mechanical properties of fibrous concrete and normal concrete (compressive strength and sp

litting tensile strength). 

 Estimating the ultimate shear strength of fibrous reinforced concrete deep beams tested experimentally 

using some equations from previous researchers, and compare the experimental with analytical results. 
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Fig. 1 Continuous deep beam with an opening located in the zone of maximum shear force 

and zero bending moment 
 

 

Fig. 2 Load application under shear-control loading 
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Fig. 3 Summary of the work in this paper 

3. Speciemn Details  

In this study, six reinforced concrete deep beams with and without square web openings 

were prepared and tested. The beams were divided into two groups: the first group contained 

three beams of normal concrete, and the other group had three beams containing steel fibers with 

0.75% of the mix volume. 

In each group, there was a solid deep beam as a reference, and the other beams had a 

square opening 200 x 200 mm and 300 x 300 mm, respectively. The dimensions of each beam 

are (2000 mm) in length,   (600 mm) in depth, (150 mm) in width. Table (1) shows the details of 

the beams in this study. The beams are named as follows: (FC) for fibrous concrete and (NC) for 

normal concrete, (WO) for solid beam (without opening), (W200) and (W300) for the beams 

with openings (200 x 200 mm) and (300 x 300 mm), respectively 

Table .1 Specimens details 

Group Opening Size (mm) Specimens Designations 

Normal 

Concrete 

----------- NC-WO 

200 x 200 NC-W200 

300 x 300 NC-W300 

Fibrous 

Concrete 

---------- FC-WO 

200 x 200 FC-W200 

300 x 300 FC-W300 
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All beams were designed based on ACI-Code 318-19 [3]. Deformed steel bars with 

diameters Ø12 mm and Ø10 mm were used, the yield stress and ultimate strength for Ø10 mm 

are 522 MPa and 760 MPa, and for Ø12 mm are 610 MPa and 803 MPa respectively, 3Ø12 mm 

are used for flexural reinforcement, and 2 Ø10 are used for top reinforcement; the horizontal and 

vertical shear reinforcement are Ø10@275 mm and Ø10@300 mm, respectively. Vertical shear 

reinforcement was intensified at a distance of 50 mm at load application point and supports to 

avoid crushing of the deep beam during testing. In addition, 2Ø10 mm with (L=70 cm) is added 

at top and bottom of openings as additional reinforcement. Fig. (4) shows the reinforcement 

details of specimens. 

 

Fig. 4 Reinforcement layout for tested beams 
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4. Material Properties  

Crimped steel fibers with properties shown in Fig. (5) were used in this study. The fiber 

tensile strength is up to 1100 MPa, ordinary Portland cement was used in this study. The physical 

and chemical properties were tested according to Iraqi specification (IQS NO.45/1984) [14], fine 

aggregate and coarse aggregate with a maximum size of 12.5 mm were used and tested according 

to Iraqi specification (IQS.NO.45/1984) [15]. 

The concrete mix was designed according to ACI 211 [16] with a compressive strength of 

up to 30 MPa, and the mix proportion is (1 : 2.1 : 2.76) for cement, sand and gravel and the 

water/cement ratio is (0.48). Table (2) shows the weights of materials used in the casting process.   

The wooden formworks for casting reinforced concrete deep beams were made of 

plywood with dimensions of (2000 x 600 x 150 mm). Six cubes (150 x 150 x 150 mm) and six 

cylinders (150 x 300) of fibrous concrete and normal concrete were cast. The compressive 

strength and splitting tensile strength were tested at the age of 28 days and also during the testing 

of reinforced concrete deep beams. 

 

Fig. 5 Properties of crimped steel fibers 

5. Casting and Testing Deep Beam  

A central mixer was used for casting the reinforced concrete deep beams. A vibrator was 

used for the compacting process. The specimens were also leveled using a leveling tool, as 

shown in Fig. (6-a). After one day of casting, the wooden formwork was opened, and the 

specimens were covered with burlap to maintain moisture in the specimens as shown in Fig. (6-

b). After that, the beams were painted and prepared for testing in the Construction Materials 

Testing Laboratory at the University of Mosul at the age of 28 days as shown in Fig. (6-c). The 

beams were tested with a device that can withstand 1000 kN as shown in Fig. (6-d). 
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(a) Casting (b) Curing 

 

 
 

(c) Panting (d) Testing 

Fig. 6 Casting, Curing, painting and Testing 

6. Results and Discussions  

6.1 Mechanical Properties  

6.1.1 Compressive Strength 

Compressive strength cubes were tested according to BS-1881-116 [17]. Six cubes of 

fibrous concrete (FC) and other six of normal concrete (NC) were tested. For each normal and 

fibrous concrete, three cubes were tested at 28 days, and other three testing during the testing of 

reinforced concrete deep beams. Table (2) shows the results of the compression cubes test. The 

average compressive strength of normal and fibrous concrete at 28 days was 31.75 MPa and 

33.35, respectively. The results indicate that the inclusion of fibers led to an approximate 5% 

increase in compressive strength. This improvement can be attributed to the role of fibers in 

restricting the propagation of micro-cracks within the concrete under compressive loading, 

improving stress distribution capacity, and delaying failure. The results further demonstrate that, 

at advanced ages, the steel fiber enhances the ductility and load-carrying capacity of concrete, 

even after prolonged curing periods. 
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Table .2 Result of Compressive Strength Test 
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fcu : Cube compressive strength  

6.1.2 Splitting Tensile Strength  

Splitting tensile strength of six cylinders of fibrous concrete (FC) and another six of 

normal concrete (Nc) was tested according to ASTM C496-17 [18]. Table (3) shows the results 

of the splitting tensile strength test of the cylinders. The average results at 28 days and during 

deep beam testing were 1.86 MPa and 2.26 MPa for normal concrete, 2.41 MPa and 3.13 MPa 

for fibrous concrete. The average increase in splitting tensile strength was 29.5% at 28 days and 

38.4% during the testing of reinforced concrete deep beams. These results confirm the role of 

steel fibers in improving the tensile strength and controlling diagonal cracks of these cylinders.  

Table. 3 Result of Splitting strength test 
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Ft : Splitting tensile strength 
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6.2 Ultimate Shear Strength of Deep Beam 

The results of the ultimate load values for all tested beams are summarized in Table (4). 

The ultimate load values for the normal reinforced concrete deep beams NC-WO, NC-W200, 

and NC-W300 were 462.7 kN, 287.0 kN, and 210.0 kN, respectively. As for the fibrous 

reinforced concrete deep beams, the ultimate loads for beams FC-WO, FC-W200, and FC-W300 

were 657.1 kN, 313.0 kN, and 272.0 kN, respectively. The steel fibers increased the ultimate 

load by 42%, 9%, and 29%. This demonstrates the role of steel fibers in improving the 

mechanical properties of deep beams, delaying the appearance of initial shear and flexural 

cracks, and increasing the ultimate load. 

The ultimate shear strength (Vu) for all the beams tested experimentally was calculated 

from the shear force diagram as shown in Figure (2), where the value of the ultimate shear 

strength is          (Vu = 0.5 Pu). Table (4) shows the ultimate shear strength for all beams tested. 

Creating openings in reinforced concrete beams leads to a significant decrease in the 

ultimate load of these beams, especially if openings are located in the natural load transmission 

path. For normal reinforced concrete deep beams, the presence of openings (200 x 200 mm) and 

(300 x 300 mm) led to a decrease in the ultimate load by 38% and 55%, respectively, compared 

to the solid beam. As for the fibrous reinforced concrete deep beams, the presence of openings 

(200 x 200 mm) and (300 x 300 mm) led to a decrease in the ultimate load by 53% and 59% 

respectively. Table (5) shows the percentage of decrease in the ultimate load of the deep beam 

with openings compared to the solid beam. 

Table. 4 ultimate shear strength of reinforced concrete deep 

Beam (Normal) Pu 
Vu (exp) = 0.5 

Pu 

Beam 

(Fibrous) 
Pu Vu (exp) = 0.5 Pu PF / PN 

NC-WO 462.7 231.35 FC-WO 657.1 328.55 1.42 

NC-W200 287.0 143.50 FC-W200 313.0 156.50 1.09 

NC-W300 210.0 105.00 FC-W300 272.0 136.00 1.22 

Pu : ultimate load (kN) 

PF : ultimate load fibrous concrete deep beam (kN) 

PN : ultimate load Normal concrete deep beam (kN) 

Vu (exp) : ultimate shear strength (kN) 

Table. 5 Percentage decrease in ultimate load due to opening 

Beam (Normal) Pu Po  / Ps Beam (Fibrous) Pu Po / Ps 

NC-WO 462.7 1.00 FC-WO 657.1 1.00 

NC-W200 287.0 0.62 FC-W200 313.0 0.47 

NC-W300 210.0 0.45 FC-W300 272.0 0.41 

Pu : ultimate load (kN) 

Po  : ultimate load of beam with opening (kN) 

Ps  : ultimate load of solid beam (kN) 
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6.3 Crack Pattern and Failure Mode  

         Fig (7) shows the crack pattern of the tested beams at ultimate load. Cracks started 

to appear at the top and bottom corners of the openings and were mostly diagonal cracks (shear 

cracks). These cracks continue to expand diagonally along the axis connecting the support and 

the applied load points. Moreover, flexural cracks started to appear in the midspan of the deep 

beams and gradually increased. With increasing loads, the width of shear cracks around the 

openings started to increase significantly. The final failure of these beams was a shear failure due 

to the formation of diagonal tensile stresses resulting from the combination of horizontal and 

vertical flexural stresses and diagonal shear stresses. Square openings lead to a decrease in the 

ultimate load. The increase in the size of square openings led to a reduction in the shear and 

flexural cracking load for all beams compared to solid beams. On the other hand, the geometric 

characteristics of square openings lead to a high concentration of stresses at sharp edges and 

corners, thus creating a large weak area around the openings. Steel fibers play a role in reducing 

the width of cracks through crack bridging, thus improving the performance of reinforced 

concrete deep beams. Steel fibers also reduce the crack propagation, thus reducing the 

concentration of stresses and improving mechanical properties. In general, steel fibers played a 

role in delaying the appearance of cracks in the beams, whether shear or flexural cracks. Table 

(6) shows the values of the first flexural and shear cracking loads and modes of failure for all 

tested reinforced concrete deep beams. 

  

(a) NC-WO (b) FC-WO 

  

(c) NC-W200 (d) FC-W200 
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(d) NC-W300 (d) FC-W300 

 

Figure (7) Crack Pattern of Deep beams 

Table (6) Cracking load and Mode of Failure 

Beam Code            
    

  
 

    

  
 

Failure  

Mode 

NC-WO 180 302 462.7 0.38 0.65 Shear 

NC-W200 103 135 287.0 0.35 0.47 Shear 

NC-W300 85 105 210.0 0.40 0.50 Shear 

FC-WO 200 287 657.1 0.30 0.43 Shear 

FC-W200 185 120 313.0 0.59 0.38 Shear 

FC-W300 138 166 272.0 0.50 0.61 Shear 

     = First flexural cracking load (kN) 
     = First Shear cracking load (kN) 
    = Ultimate load (kN) 

6.3 Analytical equations   

Kong and Sharp (1977) [19] conducted an experimental investigation on reinforced concrete deep 

beams with web openings. They cast thirty-two reinforced concrete deep beam specimens. Based on the 

experimental results, the researchers proposed an empirical equation to estimate the ultimate shear 

strength of reinforced concrete deep beams. The researchers assumed that the load is transmitted in deep 

beams with openings from the point of load application to the support point through paths ABC and AEC, 

as shown in Fig (8). As for solid beams, the load is transmitted radially without any interruption. The 

shear strength of solid and deep beams with openings was calculated using some definitions related to the 

size and location of the opening and the shear-span-to-depth ratio. 
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Fig. 8 Structural idealization of deep beam with web opening according to Kong and 

Sharp [19] 

The ultimate shear strength equations for solid reinforced concrete deep beams are: 

𝑉 = 𝐶1 [1 − 0.35 (
𝑋

𝐷
)] 𝑓𝑡 𝑏 𝐷 + 𝐶2  ∑𝐴

𝑦

𝐷
 𝑠𝑖𝑛2 𝛼  

 

and the ultimate shear strength equations for reinforced concrete deep beams with web opening 

are: 

 

𝑉 = 𝐶1 [1 − 0.35 (
𝑘1𝑥

𝑘2𝐷
)] 𝑓𝑡 𝑏 𝑘2𝐷 +  ∑  ʎ 𝐶2 𝐴

𝑦1
𝐷
 𝑠𝑖𝑛2 𝛼  

where 

Vu ∶ ultimate shear strength (kN) 

ft ∶ Splitting tensile strength (MPa)  

X ∶ Clear shear span (mm)   

D ∶ beam depth (mm)  

b ∶ beam width (mm)   

y ∶ depth at which a typical steel bar intersect the potential critical  crack (mm)  

y1 ∶ The depth of the intersection between the typical steel bar and the  
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diagonal crack represented by the paths 𝐂𝐁 and 𝐄𝐁, as shown  in  Figure (8) 

C1: Emperical Cofficent ( 1.4 for Normal strength concrete  

                                        and  1.35 for light weight concrete )  

C2: Emperical Cofficent ( 300 N/𝑚𝑚
2 for deformed steel bar  

                             and 130 N/𝑚𝑚2 for plain steel bars ) 

ʎ ∶ Emperical Cofficent ( 1.5 for web bars  

                                    and  1 for main bars ) 

k1x & k2D ∶ Coefficients to define the coordinates of the opening location  

                     in  the beam a𝑠  shown in the Figure (8)  

A ∶ Area of reinforcement bars (mm2) 

α  α1: angle between the intersection of the reinforcing steel and the diagonal crack. 𝑎𝑠  shown in the Figure (8)   

This equation will be applied to all experimental deep beam specimens as shown in Figures (9), 

(10), and (11) and compare the analytical with the experimental results. Table (7) shows the ratio between 

experimental and analytical results. 

 
(a) Natural load path of beams (NC-WO, FC-WO)  
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W200)-W200, FC-(a) Natural load path of beams (NC 

 

 

W200)-W200,FC-top of beams (NC (b) Distance of each bar to the 

W200) according to Kong -W200,FC-Fig. 10 Structural idealization of deep beams (NC

and Sharp 
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W300)-W300, FC-ath of beams (NCural load p(a) Nat 

 
W300)-W300,FC-top of beams (NC (b) Distance of each bar to the 

W300) according to Kong -W300,FC-Fig. 11 Structural idealization of deep beams (NC

and Sharp 
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between experimental and analytical resultsTable. 7 Comparing  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C1 = 1.4 

C2 = 300 

ft  = average value of six tested cylinders: (2.06 MPa) for normal concrete and (2.77 MPa) for 

fibrous concrete. 
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 7. Conclusion  

       Based on the experimental and analytical results, the following can be concluded: 

 The addition of steel fibers improved the mechanical properties of the concrete (compressive st

rength, splitting tensile strength). The steel fibers enhanced and increased the results and delaye

d the failure of cubes and cylinders even after long curing periods. 

 The average increase in splitting tensile strength due to steel fibers was 29.5% at 28 days and 3

8.4% during the deep reinforced concrete beam testing; these results confirm the role of steel fi

bers in improving the tensile strength and reducing diagonal cracking of these cylinders. 

 Creating square openings within the shear span of reinforced concrete deep beams, intended for

 the passage of electrical, mechanical, and other services, led to the weakening of the load-carry

ing capacity of these beams and interrupted the natural load transfer path from the top of the be

am to its supports. 

 When it is necessary to create openings within reinforced concrete deep beams, circular openin

gs are preferable to square or rectangular ones, as the latter have sharp edges and corners that si

gnificantly weaken the shear strength of the beams. 

 The addition of steel fibers resulted in a 42% increase in shear strength in the solid beam compa

red to beams with square openings (200 mm and 300 mm), where the increase in shear strength

 was 9% and 29%, respectively. The significant increase (42%) in the solid beam is due to the a

bsence of the influence of square openings, which allows for normal load transfer and optimal 

performance of the steel fibers. 

 An increase in the size of square openings led to a reduction in the shear and flexural cracking l

oad for all beams compared to solid beams. On the other hand, the geometric characteristics of 

square openings lead to a high concentration of stresses at sharp edges and corners, thus creatin

g a large weak area around the openings. Steel fibers play a role in reducing the width of cracks

 through crack bridging, thus improving the performance of reinforced concrete deep beams. St

eel fibers also reduce crack propagation, thus reducing the concentration of stresses around ope

nings. 

 The ratio between the experimental and analytical results for beams (NC-WO, FC-WO) was 0.

871 and 0.998 respectively. As for beams with the square opening (NC-W200, FC-W200), the 

ratio was 1.167 and 1.162. The analytical results show a good agreement with the experimental 

results. Therefore, these equations can be reliably used to predict the ultimate shear strength of 

normal and fibrous reinforced concrete deep beams with openings located in the region of maxi

mum shear forces and zero bending moments (shear control). 

 The ratios of experimental to analytical results for beams NC-W300 and FC-W300 were 1.245 

and 1.585, respectively. Due to the presence of the large square opening (300 mm), the analytic

al equation underestimates the beam's actual load-bearing capacity. This conservative predictio

n is a highly desirable attribute for ensuring safe structural design. 
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تحت مقاومة القص للعتبات الخرسانية المدلحة الليفية العميقة ذات الفتحات المربعة بمقاسات مختلفة 
 تأثير حمل الفذل بالقص

 جاسم علي عبد الله        ضياء عبد الدتارفاضل

 ، المهصل، العخاق، جامعة المهصل، كمية الهنجسةقدم الهنجسة المجنية
dhyaa.23enp47@student.uomosul.edu.iq 

 الخلاصة :

في الجانب العممي، في المباني العالية، ولا سيما في العتبات الخخسانية المدمحة العميقة والتي تتعخض لأحمال 
، ويمكن (التحكم بالقص) قهة قص بأعمى مايمكن وعدم انحناء مقارب لمرفخذات محهرية عالية، قج تقع الفتحات في منطقة 

ة القص لهحه العتبات. لحلك، هجفت هحه الجراسة إلى التحخي عن مقاومة القص أن تدبب مذكمة خطيخة إذا لم يتم التنبؤ بمقاوم
في هحه الحالة )التحكم بالقص( ، )مختبخياً( ومقارنة النتائج بالمعادلات التحميمية لتدهيل استخجام هحه المعادلات من  القرهى 

الخخسانية المدمحة العميقة إلى مجمهعتين؛ تتكهن في هحا البحث، تم تقديم نماذج من العتبات  .قبل العاممين في هحا المجال
، والثانية والثالثة تحتهيان عمى  المجمهعة الأولى من ثلاثة عتبات من الخخسانة الإعتيادية )بجون ألياف( ؛ العتبة الأولى صمجة

هعة الأولى، مع إضافة ممم عمى التهالي. أما المجمهعة الثانية فمها نفذ تختيب المجم 022ممم و 022فتحات مخبعة بأبعاد 
% إلى الخمطة الخخسانية.أظهخت النتائج المختبخية إلى أن وجهد فتحات مخبعة ذات زوايا حادة 0..2بندبة  ألياف فهلاذية

نت الألياف الفهلاذية من أداء تمك  يؤدي إلى انخفاض مقاومة القص القرهى لمعتبات بدبب انقطاع مدارانتقال الحمل. وقج حدَّ
، وأخَّخت حمل الفذل. تم تطبيق معادلات الباحثين )كهنغ وشارب( عمى العتبات الخخسانية  لعتبات، وزادت من حمل التذققا

المدمحة العميقة ، وكانت ندبة مقاومة القص القرهى المختبخية إلى التحميمية لمعتبات الخخسانية المدمحة العميقة الميفية هي 
ممم عمى التهالي ، ولمعتبات  022ممم و 022لمعتبات ذات الفتحات المخبعة  1.000و 1.1.0لمعتبة المرمتة، و 0...2

لمعتبات ذات الفتحات  1.0.0و ..1.1لمعتبة المرمتة، و 2.0.1الخخسانية المدمحة العميقة الاعتيادية، كانت الندب 
قة مع النتائج المختبخية. ويمكن الاعتماد بذكل عام، جاءت النتائج التحميمية متهاف. ممم عمى التهالي 022ممم و 022المخبعة 

عمى هحه المعادلات لمتنبؤ بمقاومة القص لمعتبات الخخسانية المدمحة العميقة الاعتيادية والميفية ذات الفتحات الهاقعة في 
 منطقة ذات قهة قص بأعمى مايمكن وعدم انحناء مقارب لمرفخ )التحكم بالقص(

 .، الخخسانة الميفية، التحكم بالقصتحة الهيب، فعتبة عميقة  الكلمات الدالة :
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