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Abstract: Self-compacting concrete (SCC) is one of the most recent high-performance concrete innovations. The 

behavior of self-compacted concrete deep beams reinforced with polypropylene fibers herein investigated. Within 

an experimental program comprising thirteen simply supported beams tested to failure. The parameters in 

perspective are polypropylene fiber ratios (0.0, 0.30, 0.60, and 0.90 %), vertical web reinforcement, and horizontal 

web reinforcement. Mid-span deflection, cracks, and strains are measured for each specimen. According to the test 

results, the polypropylene fibers improved the cracking load, ultimate capacity, displacement, and energy absorption 

of the tested SCC deep beams. A polypropylene fiber content of 0.90 % resulted in the most significant improvement 

as regards the performance of deep beams. The improvement in ultimate capacity reached a 30% magnitude 

compared to specimen B1. Test results showed that both vertical and horizontal web reinforcement are effective in 

enhancing the shear capacity of SCC deep beams. The test results were compared with the ACI design method to 

show the impact of web reinforcement ratio on deep beam load capacity.
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1. INTRODUCTION 

ACI 318-19 [1] defines a deep beam as a structural member 

having a clear span no more than four times the overall 

depth or with concentrated loads applied at a distance no 

greater than two times the depth from the face of the 

support. When removing a lower column from a structure, 

a deep beam or transfer girder is used. To transmit the 

strong axial forces of the columns above to the supporting 

columns below, it is occasionally necessary to use the 

complete depth of the floor-to-floor height [2–4].  

Deep beams are typically narrow in width and contain 

congested shear reinforcement. Therefore, during pouring, 

traditional concrete does not flow well and does not fill the 

bottom portion fully. This results in several problems with 

the concrete, including voids, segregation, poor bonding 

with reinforcing bars, and surface holes. So, SCC is an 

ideal casting material for these members. Due to its liquid 

nature, self-compacting concrete offers distinct advantages 

over traditional vibrated concrete, such as elimination of 

the issues mentioned above, low level of noise in 

construction, faster building, and improvement in quality 

and durability, as well as no need for vibration where it can 

fill all spaces in the formwork and moves by its weight 

through reinforcing bars [5–7]. Okamura was the first to 

develop self-compacting concrete (SCC) in 1986 [8]. 

Several significant studies have been published on the 

structural shear behavior and performance of RC structures 

built using SCC [9–13].  

Increasing the percentages of horizontal and vertical grids or 

integrating or partly replacing shear reinforcements with 

fiber-reinforced concrete (FRC) boosts the strength and 

decreases the brittleness of deep beams [14–17]. For 

centuries, short fibers have been used to strengthen fragile 

materials such as cement and concrete composites. Steel, 

glass, synthetic materials, and some natural fibers are among 

the many fiber kinds now available for commercial 

application [18]. Polypropylene fiber (PP fiber) is often 

utilized in cement and concrete composites to increase the 

toughness and ductility of the matrix composite owing to its 

low modulus of elasticity, high strength, outstanding 

ductility, significant durability performance, and -cost

effectiveness [19]. An abundance of earlier research efforts 

used various PP fiber percentages to investigate the influence 

of this fiber on a variety of parameters [20–26]. 

Experimentally studying the behavior of self-compacted 

concrete deep beams with and without Polypropylene 
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Fibers is the main objective of this paper. The fundamental 

purpose herein is to explore the impacts of the factors 

included in this analysis, such as the content of 

Polypropylene fibers, (Vpp), and the vertical and 

horizontal transverse reinforcement ratios 

 

 

   2.  EXPERIMENTAL PROGRAM 

   2.1.  Test specimens 

The experimental program consisted of thirteen deep beams 

with simple support. All beams were constructed in the 

reinforced concrete laboratory of Helwan University's El-

Mataria Faculty of Engineering. All beams had dimensions 

of 650 mm in depth, 120 mm in width, and 1200 mm in 

length. The reinforcement and concrete dimensions of beams 

are depicted in Fig. 1. The details of all tested deep beams 

are shown in Table 1. 

 

Table 1. Details of tested beams 

 
 

 

2.2.  Materials 

The materials used to cast the specimens are coarse 

aggregate, natural clean sand, Ordinary Portland cement, 

potable water, polypropylene fiber, Silica fume, and a 

superplasticizer. Table 2 displays the proportions of the 

concrete mixture utilized in this study. Cementitious 

materials consist of Ordinary Portland Cement of the type 

CEM I 42.5 N and Silica Fume. The coarse aggregate was 

natural dolomite with a maximum nominal size of 10 mm. 

Master Glenium RMC  315 from BASF Company was used 

as the super-plasticizer in all of the mixes. Master Fiber 249 

was used as the polypropylene fiber. The length of fiber was 

48mm.  The diameter was 0.85mm and the Modulus of 

elasticity was 4.7 GPa. In the experimental tests, two types 

of reinforcing steel were utilized. The first material utilized 

as vertical and horizontal shear reinforcement was mild steel 

(grade 24/35). The second type, grade 40/60 high-tensile 

steel, was used for the main bottom and top reinforcement. 

During the pouring of deep beams, three 150×150×150 mm 

cubes were taken from each mix to measure the concrete's 

strength. 
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Fig 1. Details of beams 

Table 2. proportions of the concrete mix 

 

 

 

 

 

 

 

 

% ( kg / m3 ) 

Mix No. Super 

Plasticizer ppV Water 
Silica 

Fume 
Dolomite sand cement 

1.5 0 192.5 55 780 870 495 1 

2.1 0.3 192.5 55 780 870 495 2 

2.7 0.6 192.5 55 780 870 495 3 

3.3 0.9 192.5 55 780 870 495 4 
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2.3.  Tests on self-compacting concrete 

As depicted in Figs. 2 and 3, the slump flow test, the T50 cm 

slump flow test, and the L-box were used to evaluate the 

material properties of fresh concrete. Table 3 displays the 

results of fresh Self Compacting 

Concrete property tests. These results meet the criteria for 

SCC as  established by ACI committee-363 [27]. 

 

Fig 2. Concrete  measurement diameter 

 

          Figure 3. L- Box test setup 

 

Table 3. proportions of the concrete mix 

 

           A compression test for standard cubes was used to 

measure the concrete strength of test specimens at the time 

of testing. Table 4 displays the results of the cube strength 

test. 

Table 4. The cube strength test results 

 

2.4.  Instrumentation and test procedure 

On test specimens, the applied load, deflection, bottom 

reinforcement strain, and vertical and horizontal stirrup 

strains were measured. The deflection of the tested concrete 

deep beams was monitored using linear variable differential 

transducers (LVDTs). During testing, the deep beam's 

deflection was measured with LVDTs. Two LVDTs were 

placed between the point of loading, support from the left 

and right sides of the deep beam, and one LVDT was placed 

in the middle of the deep beam. All of the LVDTs were 

attached to the bottom of the deep beam. Fig. 4 depicts a 

typical test setup for tested specimens. The LVDT, load cell, 

and strain gauge measurements are acquired automatically 

and shown on a digital display device. During the test, the 

crack developed on the deep beam surface were noted and 

documented till failure. 

 
Fig 4. Test Setup 

        3.  TEST RESULTS 

 

        3.1.  Crack of pattern and mode of failure 

Fig. 5 depicts the typical behavior of beams. crack pattern 

distributions recorded at applied load increments. All of the 

tested beams behaved elastically at low load levels, with no 

defects in their structure or cracks appearing anywhere, and 

midspan deflections that are small and proportional to the 

applied load. In general, The first flexure crack is noticed in 

the beam's lower part between load locations at a loading 

level ranging from 31% to 38% of the ultimate load. The first 

diagonal crack develops in the middle third of the load- and 

support-bounded diagonal zone. As the load increases, the 

inclined cracks enlarge and extend toward the support and 

L-Box 

(H2/H1) 
T50 (sec) 

Slump 

flow (mm) 
Mix No. 

0.85 4 660 1 

0.93 3 730 2 

0.96 2.5 750 3 

0.89 3.5 710 4 

 0.8 - 1 2 - 5 650 – 800 
Limit ACI - 

363 
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load locations, and more parallel cracks develop near the 

support. 

            In deep beams, a substantial percentage of the load is 

transmitted directly to the support using compression struts 

placed between the load and the supporting points. This kind 

of load transmission results in the most common form of 

failure in deep beams. As depicted in Fig. 5, shear failure was 

detected in all specimens. Specimens B1 to B5 revealed a 

shear failure mechanism by cracking the web concrete along 

the line that connects the load pad and the beam support. The 

shear splitting failure occurred when the main crack formed 

and split the beam from top to bottom without crushing the 

concrete. Additional parallel diagonal cracks created a series 

of concrete struts in specimens that failed because of shear 

crushing. As shown in Fig. 5, one of the struts, containing 

horizontal stirrups only, failed due to diagonal shear 

crushing. Failure of beams B6 to B13 revealed the function 

of horizontal and vertical stirrups in changing the failure 

mechanism and raising the ultimate load. 

 

        3.2.  Load-deflection relationship 

The load-deflection responses of four different beam series 

are shown in Fig. 6. Deep beam deflections are generally 

small when compared to slender beams. The primary 

purpose of incorporating fibers into a cement matrix is to 

enhance the composite's crack and deformation resistance by 

boosting its tensile strength. As depicted in Fig. 6a, 

increasing the proportion of Polypropylene fibers improves 

the ultimate load-carrying capability of Polypropylene fiber 

reinforced concrete due to its increased post-cracking 

strength. The ultimate load of beams with no shear 

reinforcement was increased by 14%, 25%, and 30%, 

respectively, for specimens B2 with 0.30%, B3 with 0.60%, 

and B4 with 0.90% polypropylene fiber content, as shown in 

Table 5. As shown in Table 5, increasing the percentage of 

Polypropylene fibers from 0 to 0.9% increased the ultimate 

displacement from 3.60 mm to 5.22 mm. 

Table 5. Test results 

 

 

 

 

 

 

 

 

 

 

Failure mode 

Absorbed 

energy 

(KN.mm) 

Pu 

(KN) 

Δu 

(mm) 

Pcr 

(KN) 

Δcr 

(mm) 

Beam 

No. 

Shear splitting 1411 770 3.60 240 1.20 B1 

Shear splitting 2231 880 4.50 300 1.56 B2 

Shear splitting 2618 960 4.90 340 1.69 B3 

Shear splitting 2939 1000 5.22 352 1.79 B4 

Shear splitting 2998 990 5.25 368 1.80 B5 

Shear crushing 3333 1000 5.60 376 1.85 B6 

Shear crushing 3637 1020 5.92 385 1.92 B7 

Shear crushing 2949 1009 5.18 365 1.76 B8 

Shear splitting 3259 1030 5.50 370 1.82 B9 

Shear crushing 3900 1090 6.00 396 1.95 B10 

Shear crushing 3816 1080 6.12 375 2.00 B11 

Shear crushing 4074 1100 6.30 390 2.10 B12 

Shear crushing 4481 1165 6.54 415 2.22 B13 
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                                          Fig 5. Crack pattern and mode of failure 
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Fig 6. Load-deflection curve for tested beams 

The load-displacement shown in Fig. 6b for specimens with 

a polypropylene fibers ratio of 0.6 percent and vertical 

reinforcement only, demonstrated that increasing the 

vertical stirrups content slightly increased the ultimate 

load. For specimen B7, the maximum increase in ultimate 

load was 6.25 %, while the maximum increase in ultimate 

displacement was 21%. Beam 10, on the other hand, with 

horizontal stirrups, demonstrated enhanced ultimate load 

and post-peak behavior. the maximum increase in ultimate 

load was 13.5%, while the maximum increase in ultimate 

displacement was 22.4%, as shown in Fig. 6c and table 5. 

Concerning the horizontal and vertical stirrups, 

significantly enhanced the ultimate load. For specimen 

B13, the maximum increase in ultimate load was 21.35 %, 

while the maximum increase in ultimate displacement was 

33.5%, as shown in Fig. 6d. 

        3.3.  Ductility 

 

Failure due to brittleness severely affects the capacity and 

ductility of structural parts. The ability of specimens to 

disperse inelastic deformation energy is one of the most 

critical variables in determining their ductility. Mohammad 

Hassani et al. [28,29] determined that the total dissipated 

energy was equal to the sum of the areas contained by the 

displacement.  As depicted in Fig. 6, the dissipated energy 

grew as the level of displacement rose. Specimens 

reinforced with polypropylene fibers dissipated much more 

energy, as seen by the load-displacement zones contained 

by these specimens. The specimens strengthened with 

polypropylene fibers showed the greatest energy 

dissipation, as indicated in Table 5 and Fig. 7. The energy 

dissipation of specimens with polypropylene fibers 

increased by 58 %, 85.5 %, and 108 %, respectively, for 

specimens with 0.3 %, 0.6 %, and 0.9 % polypropylene 

fibers content compared with the control specimen 

containing no shear reinforcement. In addition, the 

ductility of the specimen increased as the spacing between 

horizontal and vertical stirrups reduced 

 
                   Fig 7.  Absorbed energy of tested specimens 
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        3.4.  Strains in main reinforcement 

To observe the variation of strain in flexural reinforcement, 

strain gauges were attached to the bottom steel bar of 

specimens. Fig. 8 depicts the load-strain relationship in the 

18 mm-diameter primary reinforcing bar. 

A strain gauge is located in the center of the main bar. The 

relationship was linear until the first flexure crack  in 

experimental deep beams. The strain values were eventually 

increased until they reached the failure load. The maximum 

strain in longitudinal tension bars was less than the yield 

value. All of the specimens' flexure modes of failure were 

secured, allowing for the shear mode of failure, as indicated 

by the measured strain in the bottom reinforcement. 

3.5.  Strains in vertical and horizontal stirrups 

The strain in vertical and horizontal stirrups was 

plotted, as shown in Fig. 9 and Fig. 10. Shear stirrups 

began to pick up strains once the inclined cracks 

occurred, indicating that the vertical and horizontal 

stirrups both contributed to shear resistance. 

Measurements of strain in stirrups showed that the 

transverse reinforcement yielded before the specimen 

broke reached the strain hardening range with strains 

much higher than the yield strain. This means that the 

vertical and horizontal stirrups were able to resist shear 

stresses in deep beams. 

         

Fig 8. Load-strain curve in bottom bars 

 

                        Fig 9.Load-strain curve in vertical stirrups              Fig10. Load-strain curve in horizontal stirrups 

   4.  THE EFFECT OF STUDY PARAMETERS 

        4.1.  Polypropylene fiber content 

 

The impact of polypropylene fiber content on the 

behavior of SCC deep beams was determined by testing 

four specimens. The test results demonstrate that the 

cracking and ultimate load-carrying capacity of SCC 

deep beams have improved significantly. As shown in 

Table 5, the cracking load increased by 25%, 42%, and 

47% for specimens B2, B3, and B4, and the ultimate load 
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increased by 14%, 25%, and 30% for specimens B2, B3, 

and B4, respectively, compared to specimen B1, 

containing no shear reinforcement. In addition, raising 

the percentage of polypropylene fibers from 0% to 0.90 

% raised the ultimate displacement to around 45 %. The 

estimated absorbed energy validates the enhanced 

performance of the polypropylene fiber-reinforced 

specimens. The greatest increase in energy absorption 

was roughly 108%. Polypropylene fibers increase the 

biaxial strength of SCC deep beams, which improves 

their resistance to cracking and ultimate load-bearing 

capability, in the absence of shear reinforcement. 

 

4.2.  Vertical shear reinforcement 

To avoid strut splitting failure, ACI 318 [1] recommends 

providing minimum shear reinforcement in both vertical 

and horizontal directions. The influence of vertical 

stirrups alone on the behavior of SCC deep beams was 

determined by testing three beams. Fiber content was 0.6 

% in all specimens. Clearly, the use of vertical stirrups 

decreases deflection and increases the  ultimate capacity 

of specimens B5, B6, and B7, as shown in Fig. 6b. As the 

number of stirrups increases and their distance decreases, 

the deflection slightly decreases. In comparison with the 

control Specimen B3, the cracking load increased by 

about 8%, 11%, and 13% for B5, B6, and B7, 

respectively. The maximum increase in the ultimate load, 

on the other hand, was about 6.25 %. The absorbed 

energy increased by about 14.5%, 27%, and 39% for B5, 

B6, and B7. 

 

  4.3.  Horizontal shear reinforcement 

 

Both vertical and horizontal web reinforcements are 

effective for enhancing the shear capacity of deep beams. 

three specimens evaluated the influence of horizontal web 

reinforcement on deep beam performance. the cracking 

load increased by about 8%, 9%, and 17% for B8, B9, and 

B10, respectively, as shown in Fig. 6c. The maximum 

increase in the ultimate load, on the other hand, was about 

14%. The horizontal and vertical web reinforcements were 

obviously similarly efficient in providing shear strength to 

the tested beams. The absorbed energy increased by about 

13%, 24.5%, and 49% for B8, B9, and B10. 

 

5. PREDICTION OF THE DEEP BEAM BASED 

ON EQUATIONS 

   5.1.  Kong et al. (1978)  

 

Kong et al. [30] conduct an experiment to predict the 

ultimate shear strength of a solid deep beam. Equations for 

calculating the ultimate shear strength of a solid deep beam 

are offered. Using Eq .(1), the web reinforcement ratio of 

solid beams with varying web reinforcement ratios is 

determined. 

  

𝑉𝑛 = 𝑄𝑢𝑙𝑡 = 𝐶1 [1 − 0.35
𝑋

𝐷
 ] 𝑓𝑡𝑏 𝐷 + 𝐶2 ∑ 𝐴 

𝑦

𝐷
 𝑠𝑖𝑛2 𝛼       (1) 

Where 𝐶1 is an empirical coefficient (𝐶1 = 1.40 for 

normal weight concrete); C 2 is an empirical coefficient 

(𝐶2 = 300 N / mm 2 for deformed bars, and 130 N / mm 2 

for plain round bars); D is the overall depth of the deep 

beam; 𝑓𝑡  is the concrete's cylinder splitting tensile strength 

(0.6 √𝑓𝑐𝑢    N/mm 2); y depth at which a typical bar 

intersects a potential critical diagonal crack; α angle of 

intersection between a typical bar and a potential critical 

diagonal crack; b is the width of the deep beam; 𝑓𝑐𝑢 Cube 

strength of concrete; A area of a web bar and longitudinal 

bars. Table 6 presents the expected result for ultimate shear 

capacity, which was determined by updating the equation 

used by Kong et al. to provide the best estimate for 

specimens examined with  

and without web reinforcement. Furthermore, the modified 

equation is as follows: 

𝑉𝑛 =
1

10
[ 1 − 0.35

𝑋

𝐷
 ] 𝑓𝑐

′ 𝑏 𝐷 + 𝐶2 ∑ 𝐴 
𝑦

𝐷
 𝑠𝑖𝑛2 𝛼           (2) 

5.2.  ACI 318-19 STM model 

The following formula is used to represent the strut's 

nominal compressive strength 𝐹𝑛𝑠   according to ACI 

318-19:  

 𝐹𝑛𝑠 = 𝑓𝑐𝑒  𝐴𝑐𝑠                             (3) 

Where: 𝐴𝑐𝑠 is the cross-sectional area of the strut, and 

𝑓𝑐𝑒  is the concrete's effective compressive strength.  

𝑓𝑐𝑒 = 0.85 𝛽𝑐  𝛽𝑠 𝑓𝑐
′                          (4) 

Where:  𝛽𝑠 , 𝛽𝑐; is defined by ACI 318-19. Tables 

23.4.3(a) and 23.4.3(b), respectively. The effective concrete 

strength under compression force is represented by the 

coefficient 0.85 𝑓𝑐
′. 

The nominal tension strength of the tie 𝐹𝑛𝑡 is given by the 

formula: 

 𝐹𝑛𝑡 = 𝑓𝑦 𝐴𝑡𝑠                                 (5) 

The nominal compressive strength of the nodal zone, 

𝐹𝑛𝑛, is calculated by: 

     𝐹𝑛𝑛 = 𝑓𝑐𝑒  𝐴𝑛𝑧                           (6) 

𝑓𝑐𝑒 = 0.85 𝛽𝑐  𝛽𝑛 𝑓𝑐
′                        (7) 

Where:  𝛽𝑛 , 𝛽𝑐; is defined by ACI 318-19. Tables 23.9.2 

and 23.4.3(b), respectively. 

 

6.  COMPARISON OF PREDICTED AND 

EXPERIMENTAL RESULTS 

Table 6 displays the calculated ultimate shear strengths for 

the tested beams with various web reinforcement ratios 
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based on the models and equations stated in the preceding 

section. The predicted ultimate strength of deep beams using 

ACI 318-19 is quite conservative. The excessive 

conservatism necessitated the introduction of new phrases. 

The updated equation created by the authors and produced 

by Kong et al. based shear strength prediction produced the 

most accurate assessment of ultimate shear capacity for 

deep beams with various web reinforcement ratios. 

      Table 6. Prediction of ultimate shear strength 

 
        

        7.  CONCLUSION 

The main conclusions of the current investigation 

could be stated as follows: 

 As anticipated, the failure mode for all tested SCC 

deep beams was a shear failure. 

 The insertion of polypropylene fibers enhanced the 

cracking load, ultimate capacity, displacement, and 

energy absorption of SCC deep beams with no web 

reinforcement that were put to the test. Based on the 

range of examined values, a 0.9% polypropylene fiber 

content led to the largest improvement in beam 

performance with no web reinforcement. The ultimate 
capacity and displacement increased by approximately 

30% and 45%, respectively. The increase in energy 

absorption capacity was around 108%. 

 Addition of horizontal web reinforcement to the 

beam containing polypropylene fibers resulted in 

an increase of 13.5 % in the ultimate load capacity 

and an increase of 22.4 % in ultimate 

displacement. 

 Addition of vertical web reinforcement to the 

beam containing polypropylene fibers resulted in 

an increase of 6.25 % in the ultimate load capacity 

and an increase of 21 % in ultimate displacement. 

 As vertical and horizontal web reinforcement 

increased, the tested deep beam's energy 

absorption increased. 

 Comparing the experimental shear strengths to 

the predicted values using the available 
equations, the modified equation for Kong et al. 

based shear strength methods generated the most 

accurate results. 

Shear splitting failure was observed in SCC deep 

beams without horizontal stirrups, but shear crushing 

failure was observed in the same beams with horizontal 

web reinforcement  
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