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 : ملخص البحث

تم إجراء ھذا البحث بھدف دراسة تأثیر إضافة ألیاف الحدید وألیاف البازلت والكوارتز للخلطة الخرسانیة وذلك  
 اداء وذلك للحصول على المزید من الخصائص المرغوبة ، وتحسینعلي سلوك الكمرات الخرسانیة العمیقة 

. تم حویل السلوك الكلي إلى أكثر لیونة وقوة محسنة للخرسانةالعناصر الخرسانیة لتحمل أحمال أكبر ولتعزیز أو ت
كلیة الھندسة بالمطریة جامعة حلوان  –بقسم الھندسة المدنیة  –اجراء االختبارات المعملیة في معمل الخرسانة 

)مم (عرض*ارتفاع*طول). قد تم استخدام 1000*400*100وتم اختبار اربعھ كمرات  ذات قطاع مستطیل بأبعاد (
من حجم الخرسانة. العینة األولي ال یوجد بھا اى اضافات %)1.50سبھ ثابتھ من جمیع اإلضافات السابقة وھي (ن

حیث یوجد. الثالث كمرات  أالخري بھا تم اضافة ألیاف الحدید وألیاف البازلت والكوارتز  الي الخلطة الخرسانیة 
واستنتج من ھذه الدراسة حجم  الخلطة الخرسانة .  %) من1.5كإضافة داخلیھ فى الخلطة الخرسانیة بنسبة وھى (

٪ من الحجم  1.5بنسبة  الحدیدألیاف  اإلضافات لھ تأثیر ایجابي علي سلوك الكمرات العمیقھ ولكن إلى أن استخدام
 .  على سلوك الخرسانة المسلحةاألعلى تأثیر اللھ 

   
ABSTRACT: 
 The shear behavior of deep beams cast with ordinary and fibrous concrete were studied 

experimentally. The main parameters were the types and ratio of additions to the concrete 
mix used, whether basalt fiber, end hooked steel fiber, and quartz powder. There were 4 deep 
reinforced concrete beams cast. One of them were made of the concrete mix without any 
additions, other 3 were made of basalt fiber, end-hooked steel fiber, and quartz powder added 
to the concrete mix. All specimens had the same top, bottom, and vertical RFT. The 
experimental results show the ductile behavior of (RC) deep members characterized by 
diagonal splitting. Steel fiber deep beams exhibit higher strength than steel fiber or quartz 
powder deep beams. When the additions ratio is increased, the mid-span deflection is 
decreased at the same loads. Moreover, the addition of steel fiber has an impact on the values 
of vertical mid-span displacement of deep beams.  
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1. Introduction   
         When the obvious shear span-to-depth ratio is less than 2.0, structural elements are 
defined to be deep beams [1-3]. High shear forces are required to build the flexural behavior 
of deep beams because of the limited shear span, which is sufficient to destroy the shear 
resistance mechanism before they reach their flexural capacity. Deep beams' shear capacity, 
therefore, is a critical consideration in their design. A compression strut transmits a large 
amount of load straight to the supports, according to the results of tests. International codes 
and standards, like as ACI 318 [5], incorporate the strut and tie model (SATM) for 
determining the shear capacity of RC deep beams. The SATM is too difficult for design 
professionals to use. It is also possible to use the strut and tie model (SATM) to analyses the 
behavior of deep beams [6-8].  
  

2. Previous Research   
      Several experimental results have been reported on the shear behavior of RC deep beams 
[9–12]. Several methods were employed to examine the performance and failure mechanisms 
of deep reinforced concrete beams. The impact of concrete intensity, levels of shear span– 
depth and reinforcement, load plate, and other parameters on deep beams’ shear capability 
was investigated based on research in reference [13-16]. Wu et al. [17] Fifteen shear tests 
have been conducted for lightweight deep beams reinforced concrete aggregates. The 
members' failure process and the applicable calculation models have been studied. Gao, 2002 
and Zhao, 2003 studied how the shear performance of deep beams affected by the steel fiber 
content.  
  

3. Experimental Work  

3.1. Materials Characteristics   
    Two main reinforcements were used; mild steel for stirrups with grade 240/350 and 

high- tensile steel for top and bottom reinforcement in deep beams with grade 400/600. Table 
1 shows the properties of the reinforcement. The coarse aggregate was 20 mm in maximum 
nominal size. The specific gravity and void ratio of the fine aggregate were 2.5 and 0.5, 
respectively. Tables 2 and 3 represent the grading of coarse aggregate and fine aggregate. 
Figure 1 a, b, and c reveals the different additions utilized in our study (chopped basalt fibers, 
end-hooked steel fibers, and quartz powder). The chopped basalt fiber was 12mm in length, 
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the end-hooked steel fiber was purchased from the Nassar group (M.F.) in Qalboubieh, 
Egypt, 35 mm in length and 0.8 mm in diameter.  
 All (RC) deep beams were cast at the same day using normal weight concrete with a targeted 
28-day compressive strength of 25 MPa. 6 concrete cubic (150 × 150 × 150 mm) were cast 
for each specimen and kept under the same environmental conditions and tested on the day of 
specimens testing.   
 

 
Table 1. Tensile properties of the reinforcement  

Bar designation  Steel type  Diameter (mm)  Area (mm2)  Yield strength (MPa)  Ultimate strength (MPa)  
#8  M.S  8  50.3  240  350  

#12  H.T. S  12  113  400  600  
#16  H.T. S  12  113  400  600  

 
 

Table 2. Sorting of the coarse aggregate.  
Sieve Size(mm)  40  20  10  5  pan  

%Passing  100  96  26  6  0  
 

  
Table3. Grading of fine aggregate.  

Sieve Size(mm)  10  5  2.5  1.25  0.63  0.31  0.16  pan  
%Passing  100  98  94  90  75  26  4  0  

 
 
 
 

  
a)  Basalt fiber        b) End-hooked steel fiber      c) quartz powder  

  Figure 1. Used Basalt fiber, end-hooked steel fiber and quartz powder.  
 
 
  

b) E
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3.2. Concrete Mix.  
      The proportions of these mixes are listed in Table 4. Sand, coarse aggregate, and 
amount of basalt/ steel fibers and quartz were added to the mechanical mixer and mixed 
for about one minute. Cement and the rest amount of the fibers were added without 
adding water for another one minute to ensure better dispersion of the fibers throughout 
the mix, then water is added gradually to the mixer and continued in mixing for about 5 
minutes to obtain a homogenous mix for all constituents. It was observed that mixes 
with different fibers content were less workable than those without fibers, this may be 
due to the absorption of a certain amount of moisture by the fibers. Therefore, a super 
Plasticizer additive was added to the mix to enhance with 0.3 by water volume for 
enhancing the workability of the mix.  

Table (4): Quantities by Weight for m3 Concrete.   

Mix No. 
  

% Of steel 
fiber  

Cement Content 
(kg/m3)  

Coarse  
Aggregates  

(kg/m3)  

Fine  
Aggregates  

(kg/m3)  

  
  

Addition type   

Volume  
additions  
(kg/m3)  

  
Water (kg/m3)  

1   0.0%   350   1320   660   -----  0.0   175   

2   1.5%   350   1320   660   Steel fiber  8.7   175   

3   1.5%   350   1320   660   Basalt fiber   8.7   175   

4   1.5%   350   1320   660   Quartz powder   8.7   175   

   

3.3. Test Specimens   
       Experimental work consists of four deep beams, six cubes and six cylinders. The beams 
with dimensions 100 mm width, 400 mm height, 1000 mm length and 800 mm  
Centre-right support to Centre-left support. The four beams classified into two groups as 
listed in Table 5. First group consists of one concrete beam without any additions to concrete 
mix, beam with 4Y16 bottom, 2Y12 top reinforcement and 5Ф8/m stirrups. The second 
group consists of three concrete beams with steel fiber, basalt fiber, quartz powder added to 
concrete mix with constant ratio equal to 1.50% from volume of concrete mix. Each of the 
three beams has the same top and bottom RFT, the reinforcements of beams are 4Y16 bottom 
RFT, 2Y12 top reinforcement, and 5Ф8/m stirrups Figure 2 shows the detail of specimen and 
locations of strain gauge and displacement gauge measuring points. All beams tested under 
two-point shear test.   
 
 
   



162 
 

Table (5): Specimens Details.   

Beams   Bottom RFT  Top RFT   Stirrups     
Fiber Ratio %  

BC  4Y16  2Y12  5 ϕ 8/m  0  

BS5  4Y16  2Y12  5 ϕ 8/m  1.50  

BB5  4Y16  2Y12  5 ϕ 8/m  1.00  

BQ5  4Y16  2Y12  5 ϕ 8/m  1.50  

  

  

  
Figure 2. detail of tested deep beams.  

  

3.4. TEST SETUP   
  
     Specimen setup is as shown in Figure.3, all specimens subjected to concentrated load 
using hydraulic jack at the middle of a distribution beam (I-sec). The distribution beam was 
supported on the tip of two bars that were fixed with the beam specimen at its ends.  
Two LVDT for measuring deflections were located at mid span of the beam, 200 mm apart 
from support.   
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Figure. (3): Test setup of experimental work.   

4. RESULTS OF EXPERMENTAL PROGREM   
  

4.1. General Behavior and Cracking Patterns  
  
    As Figure 4, failure of all tested beams was only occurred after the first transverse 
crack entirely industrialized between the support plate and load. Meanwhile, direct 
diagonal crack, which like compression struts axis, was noted for all deep beams. It was 
noticed that the specimen with a steel fiber added to concrete mix diagonal crack in 
compression web is more than the one with quartz and/or basalt fiber. The final failure 
mode in this specimen experiment could be classified to only one type of failure pattern 
entitled failure by shear compression in the strut [18]. The compression strut failure was 
found in all deep beams (Figure 4). During the initial loading stage, diagonal cracks and 
flexural sequentially improved at the flexural shear portion and mid-span. The flexural 
cracks width is comparatively tiny, and hardly expanding after gently transmitted to 
1/3–1/5 of the beam height along the upright route. All test samplings have various 
diagonal cracks equal to the connect line between the loading points and bearing, 
showing in figure 4. Finally, strut solidity failure was happened, mostly due to pounding 
the concrete among inclined cracks [18].   
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Figure 4. Failure mode for all specimen. Marked load(ton)  

  
4.2. Failure Load  

Figure 5 and table 6 shows the ultimate load for all specimens. Failure load for 
specimens is equal to beam (BC) was 400 KN, while maximum capacity load for beam 
(BS5) was 670 KN, maximum capacity load for beam (BB5) was 450 KN, and 
maximum capacity load for beam (BQ5) was 420 KN. By comparing results, it obvious 
that the steel fiber had high effect on deep beams than basalt fiber and quartz. Beam 
(BS5) increased by 67.50% of the controlled beam capacity, while beam (BB5) 
increased by 12.50 % of the controlled beam capacity and beam (BS3) increased by 
5.00% of the controlled beam capacity of beam.   
4.3. Crack Load to Failure Load Ratio  

           Figure 6 and Table 6 show the experimental crack load. Crack load to failure load ratio 
(BC) was 32.00 %; BS5 was 37 %; BB5 was 27.00 %; and BQ5 was 29.00 %. It was found 
that the crack load to failure load ratio of the BS5 beam increased by 2% when compared to 
BC, which indicates that steel fiber enhanced the section in order to reduce cracking. BC is 
more brittle than BB5 because BB2 reduced by 5.00% when compared to BC. When BQ5 
was compared to BC, the difference was 3.00 percent, indicating that BC is more fragile. In 
order to get the best warning time before collapse, steel fiber should be used rather than 
basalt or quartz fibers.  
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Table 6: Results of Tested Specimens 

Beam  
No.  

Cracking 
Stage   

 Failure Stage     
  

Pcr/Pu    Pcr (KN)   Pu (KN)   δ at mid span (mm)  

BC   128  400   5  0.32  

BS5  250  670  6.65  0.37  

BB5  120  450  5.92  0.27  

BQ5   120  420  3.51  0.29  
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Figure 5: Failure Load for Specimens.   
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Figure 6: Crack Load for Specimens.   

 

4.4. Load-Deflection Curves  

The load-deflection charts from experimental work for all deep beams are 
presented in Figure 7. The response to load deflection is often well predicted. As shown 
in the figures, the sudden increase in deformation due to the formation of first flexural 
cracks can be detected. The figures show that increasing the amount of steel fiber, basalt 
fiber, and quartz powder leads to an increase in load-carrying capacity at various levels. 
The formation of the first diagonal crack reduced the beam stiffness significantly. All 
studied beams showed a certain ductility. The degree of ductility depended on the type 
and the ratio of additions. Figure (7) and Table 6 show the value of deflection at 
midspan for deep beams (BC, BS5, BB5, and BQ35).  Moreover, for specimen BS5, the 
critical crack widened with the snapping of steel fibers. The bottom steel of all 
specimens are not yield. The vertical RFT are yield in all deep beams. Nonlinearity was 
seen in the mid-span load-deflection curves. After the maximum load, the mid-spanload 
deflection curves stayed at a constant level. Then, the loading of specimens was rejected 
slowly with an increase of mid-span vertical deflection. The ductile nature of load-
midspan deflection curves was observed. The concrete could not bear the applied 
loading due to cracking in the filled concrete. Moreover, the stiffness of the specimens 
increased with an increase in the addition’s ratio. Finally, tension failure of the 
specimens occurred.  
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Fig. (7): Deflection at mid span for specimens (BC, BS1, BS2 and BS3) 
  

5. CONCLUSION   
 

1. Having steel fiber in mixture of tested beam with 1.5% percentage of volume 
made the beam carry a large amount of stress but didn't reach to the yield value of 
stress of steel.  
2. Steel fiber in mixture improves the capacity of beams for deflection and 
failure load which had a higher failure load and minimum deflection at mid-span.  
3. Having steel fiber in a mixture of the tested beams with 1.5% 3. percentage 
of volume made the stiffness of the beam better than beams with basalt or quartz 
additions.  
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