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Abstract:

Introduction:

The present work presents experimental and analytical investigation of the effect of steel fiber ratio of behavior of high strength
hybrid reinforced concrete deep beams under monotonic and repeated two point load.

Methods:

The experimental work included casting and testing of six deep beams, three of which were tested under monotonic loading (control
beams) and other beams were tested under repeated loading at level of 75% of ultimate load of control beams. The effect of different
SF ratios (0%,1% and 2%) with constant amount of web reinforcement (pw) were studied in terms of crack patterns, ultimate load and
load versus mid span deflection.

Results and Conclusion:

From the experimental test results, it was observed the percentage increase ultimate load for hybrid beam cast with SF ratio 1% is
9.62% as compared with hybrid beam with SF ratio 0%. Also, the ultimate load for hybrid beam cast with SF ratio 2% is 28.85% as
compared with hybrid beam with SF ratio 0% and 17.54% as compared with hybrid beam with SF ratio 1% under monotonic loading.
Strut and Tie Model (STM) procedures were used to analyze the experimentally tested hybrid deep beams under monotonic loading
of the present investigation.
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1. INTRODUCTION

The deep beam could be defined as associate load on the face and the inversion face. The compression elements can
expand among the support and loads under ACI-Code 318R-14. The clear span and total depth ratio less than four and
the shear span to depth ratio less than two [1]. There are many applications for reinforced concrete deep beams such as
buildings, bridges, offshore structures and foundations. There are many structural elements which behave as a deep
beam  such  as  transfer  beams,  load  bearing  walls  and  coupling  beams  in  buildings,  pile  caps  in  foundations,  plate
elements in the folded plates and bunker walls [2]. Beams in general are classified as shallow beams, moderate deep
beams, and deep beams according to their span to depth ratios. Beams whose depths are comparable to their spans may
be described as deep beams. There is a distinct change in behavior of deep beams and moderate deep beams because of
the presence of local lateral normal forces in addition to usual bending moments and shear forces. This is not true for
shallow beams. There is gradual transition from shallow beam behavior to deep beam behavior. In construction, deep
beams are widely used in water tanks, underground bunkers, silos, nuclear reactors, where walls act as vertical beams
spanning between column supports. Sometimes pile caps are also designed as deep beams. Deep beams and moderate
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and dial gages were fixed at their right and suitable positions. Loading process commences by application of two point
load from the testing machine to the higher face of beam.

All beam specimens have been loaded until failure for monotonic test and five cycles in repeated loading test. The
beam samples have been loaded in increases of 10kN, the rate of load increase was around 1.5kN/sec. The locations and
expansion of cracks for each cycle were noticeable on the surface of the beam. Failure happened, while the beam failed
abruptly at simultaneity with the load index stopped in record or reoccurrence back and the deflection increased very
quick. The ultimate load has been noted, and the load has been removed to permit taking some photographs of the crack
pattern and the mode of failure

3. EXPERIMENTAL RESULTS

In monotonic loading, At low load levels, the faults in this structure and the cracks did not appear at any spot and
the deflections at mid span are slight proportionate to the applied load, because the beams tested behaved in an elastic
manner. After the initial flexural cracks was detected and many other flexural cracks, the first diagonal cracks (web
shear crack) appears at the diagonal region bounded by load and support positions. Because of the large depth of the
beams, observation of the two types of cracking are plainly concurrent, where the flexural crack foregoes the shear
crack in most beams while it  was delayed in other beams. Since the crack propagates in a manner perpendicular to
direction of tension stress, then spread of the flexural cracks through a vertical direction though spread of the shear
cracks through a diagonal direction. As the load is otherwise increased, the inclined cracks develop and spread toward
the support and load locations. Also, new cracks form similar to the initial shear crack and new cracks form nearer
support were appeared. In repeated loading, at the first cycle, the behavior of deep beam specimens were like to the
behavior of beams under monotonic loading until the load reached the required load level. Failure occurs by splitting
the  beam into  two  parts  approximately  along  the  line  connecting  the  brink  of  steel  blocks  at  the  support  and  load
locations expect B-HS-M-Hy2-ρw  0 failed in flexural(crushing compression chord). Details of the tested beams and
results obtained are shown in Table 4. Fig. (3a-f) shows mode of failure and the crack pattern of the tested deep beams.

Table 4. Summary of Test Results for Tested Deep Beams.

Beam Designation Type of Beam fʹc w SF (%) Type of Loading No. of
Cycles Pu (kN) Mode of

Failure
*B -HS-M-Hy1-ρw 0 Hybrid 60 0.0 1 Monotonic - 570 Diagonal Shear Failure
B -HS-R-Hy1-ρw 0 Hybrid 60 0.0 1 Repeated (75% of *B Ultimate Load) 5 440 Diagonal Shear Failure
**B -HS-M-Hy2-ρw 0 Hybrid 60 0.0 2 Monotonic - 670 Shear-Flexural Failure
B -HS-R-Hy2-ρw 0 Hybrid 60 0.0 2 Repeated (75% of **B Ultimate Load) 5 530 Diagonal Shear Failure

***B -HS-M-HSC 0-ρw
Non-Hybrid

(HSC) 60 0.0 0 Monotonic - 520 Diagonal Shear Failure

B -HS-R-HSC 0-ρw 0 Non-Hybrid
(HSC) 60 0.0 0 Repeated(75% of ***B Ultimate

Load) 5 420 Diagonal Shear Failure

3.1. Effect of SF Ratio

Three volumetric ratios of SF (0%, 1% and 2%) were used in this experimental work to investigate the behavior of
shear strength for hybrid deep beams under monotonic and repeated loading. These amounts of SF were added to shear
span regions of hybrid deep beams. The effect of this variable is studied for beams without web reinforcement and for
constant a/h ratio.
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CONCLUSION

Experimental Stage

The presentage of steel fibers in (HSC) beams increases the ultimate load. It was found that using SF in shear span
of the tested deep beams under monotonic loading for hybrid beam with a/h=1.14 for all beams and (SF 1%) increased
by 9.62% as compared with non-hybrid beam (SF 0%) , Also, increases in ultimate load for hybrid beam ( SF 2%)
28.85% as compared with non-hybrid beam were found (SF 0%) and the increases in the ultimate for hybrid beam (SF
2%)  17.54%  as  compared  with  hybrid  beam  (SF  1%)  were  found.  In  repeated  loading  for  hybrid  beam  (SF  1%)
increased by 4.76% as compared with non-hybrid beam (SF 0%). Furthermore, it was found that increases in ultimate
load for hybrid beam (SF 2%) 26.19% as compared with non-hybrid beam (SF 0%) and the increases in the ultimate for
hybrid beam (SF 2%) 20.45% as compared with hybrid beam (SF 1%). Therefore, we conclude the presence of steel
fiber with ratio 2% in shear span which led to increase tensile strength, prevent or reduce the appearance of cracks and
increase capacity of beam.

Analytical Stage

Results of ultimate loads ACI 318R-14 Code are conservative values compared to the conforming experimental1.
ones but it can be noticed that the STM underestimates the load capacity for some beams and overestimate for
other beams. The average amount (X') for the analytical/test ratio ultimate loads results (PAn/PExp) is 1.25, the
Standard Deviation (SD) is 0.07 and the Coefficient of Variation (CV) is 0.073.
The modified STM developed by Zhang and Tan in March 2007 overrate ultimate loads as compared to test2.
results expect B-HS-M-Hy 1-ρw 6 gives in test result higher than modified STM. The X' is 1.17, the SD is 0.26
and the CV is 0.22.
The modified STM developed by Zhang and Tan in November 2007, that includes the effect of size factor,3.
overrate ultimate loads as compared to test  results except B-HS-M-Hy1-ρw  6 gives in test  result  higher than
modified STM. The X ' is 1.32, the SD is 0.27 and the CV is 0.2.
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ACI = American Concrete Institutes

CHSC = Conventional High Strength Concrete

M = Monotonic
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FHSC = Fibrous High Strength Concrete
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SF = Steel Fibers

STM = Strut and Tie Models

CV = Coefficient of Variation
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