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Abstract—Recent developments in construction 

materials technology have yielded new cementitious composites 

such as ultra-high performance fiber reinforced concrete 

(UHPFRC). Ultra-high performance fiber-reinforced concrete 

(UHPFRC) is a cementitious composite with outstanding 

mechanical and durability properties. Accordingly, this study 

focuses on the behavior of reinforced concrete (RC) beams that 

were strengthened with UHPFRC. An intense matrix, and 

optimized fiber and aggregate phases are essential to reach 

extraordinary performance much higher than traditional 

concrete. The behaviour of control and UHPC overlaid beam 

under 2 point loading is studied. Total five 

1500mmx150mmx200mm concrete beams were tested. Three 

models were developed, 50 mm layer in the tensile side, 50 mm in 

the compressive side, and three side jackets with 50 mm 

thickness. Main aim of the study is to evaluate the effectiveness of 

the addition of UHPFRC layers or jackets to RC beams and to 

conduct a critical comparison of the effectiveness of this novel 

technique with traditional strengthening methods using RC 

layers. Based on the study, the scheme which provide greater 

improvement in performance for strengthening of RC beams are 

identified. For all strengthened beams, superior performance was 

observed for strengthened beams with UHPFRC three side 

jackets with steel fiber, and the efficiency of this technique was 

highlighted by comparisons with other strengthening techniques. 
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                        I.INTRODUCTION  
Ultra-High Performance Concrete (UHPC) is one of the 

latest advances in concrete technology and it addresses the 
shortcomings of many concretes today and is a 
combination of high strength concrete and fibres. In 
particular, it is a super plasticised concrete, reinforced with 
fibres, with an improved homogeneity because traditional 
coarse aggregates are replaced with fine sand. The 
performance characteristics for high performance concrete 
are freeze-thaw durability, scaling resistance, abrasion 
resistance, chloride penetration, compressive strength, 
modulus of elasticity, low shrinkage and creep. In general, 
the first four can be termed as durability properties. UHPC 
consists of binder materials like Cement, Silica fume, 
Quartz powder, fine aggregates like Quartz sand and River 
sand combined with Steel fibre and Super plasticizer. A race 
to increase concrete compressive strength began in the mid-
20th century as it also increased other properties such as 
shear strength or bond strength. In the 1980s, the way to 
produce high strength concrete became known by using low 
water to binder ratios, special selection and gradation of 
aggregate particles and water-reducer additives. It was then 
that researchers worldwide coined the terms HSC and HPC, 
meaning High-Strength Concrete and High-Performance 
Concrete respectively.  

 

The term High-Strength Concrete referred to a concrete 
with characteristic compressive strength between 50 and 120 
MPa; while the term High-Performance Concrete included 
those HSC with improved durability properties. However, the 
higher the compressive strength, the brittle the matrix 
becomes. This is an undesirable effect in concrete which can 
be solved by adding fibres to the mixture. In the early 1970s, 
the term Fibre-Reinforced Concrete (FRC) was first used to 
refer to a concrete with any type of fibre reinforcement, no 
matter what the fibre shape, aspect ratio, amount or material 
used. Investigations on fibre-reinforced concrete have never 
stopped since then, dealing with different types of fibres 
(shape, aspect ratio, type of material) and amounts, and 
showing that the use of fibres increases tensile resistance, 
ductility, stiffness, crack control, durability, and both fatigue 
and impact performance. The term Ultra High Performance 
Concrete (UHPC) was first used in 1994 to refer to an 
optimized particle-packing material, using a special selection 
of fine and ultrafine particles which led to low porosity, high 
durability and self-compactability. The optimized particle-
packing allowed an increase in the concrete compressive 
strength (above 120 MPa) leading call it as Ultra High 
Strength Concrete (UHSC), and also has increase in the 
durability performance of concrete. That is the reason why 
the term HPC coined in the 1980s evolved into UHPC in the 
1990s. It was developed in Europe and first it was used for 
specialized applications that demand superior strength and 
corrosion resistance, such as for marine applications or 
seismic structures. More recently, the use of UHPC has 
expanded to applications requiring its high strength in narrow 
profiles such as bridge spans and building facades in which 
the material’s strength, wear resistance, lighter weight 
and lower life cycle costs have been the driving 
determinates. 

 
II.EXPERIMENTAL PROGRAMME 

A. Material properties 

The various materials that are used in this study and its 
material property tests are carried out as per IS specification. 
The material that are used in this study are Ordinary Portland 
Cement of 3.14specific gravity, M sand as fine aggregate 
with 2.65 specific gravity, crushed granite of 20mm size as 
coarse aggregate with 2.85 specific gravity, The flexural 
reinforcement of all beam considered of two steel bars of 8 
mm diameter in the tension side and two steel bars of 8 mm 
diameter in the compression side. Shear reinforcement is 
adopted 6 mm steel bar having 120 mm spacing. The cement 
to fine aggregate to coarse aggregate proportions by mass 
was 1:1.56:2.72with a water-cement ratio of 0.45 for normal 
strength concrete. UHPC material proportion is shown in 
Table I. 
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                    TABLE I.     UHPC  MATERIAL PROPORTION 
 

Constituent Mix proportion by 

weight of cement 

Cement 1 
Silica fume 0.25 

Quartz powder 0.25 
W/C ratio 0.2 
Steel fiber 3% by Volume 

Super plasticizer 0.05 
River sand 0.8 
Quartz sand 0.5 

B. Specimens 
Cubes of sizes 150x150x150 mm were used to investigate 

the compressive strength of concrete. The beam specimen 
consists of a conventional RCC beam functioning as a 
reference specimen (CB), beam with 50 mm thick UHPFRC 
layer with steel fiber in the tensile side as specimen I (UTS), 
beam with 50 mm thick UHPFRC layer with steel fiber in the 
compressive side as specimen II (UCS). Beam with 50 mm 
thick UHPFRC three side jacket with steel fiber as specimen 
III (UTS3), Beam with 50 mm thick UHPFRC three side 
jacket with glass fiber as specimen IV (UTG3).Specimens 
detailing is shown in Fig.1. 

.  
Beam specimen size: 1.5mX :0.15mX:0.2m 
 

 
 

               Fig.1 Geometry of strengthened beams with UHPFRC in  
                       (a) the tensile side,  (b)  the compressive side, and  
                       (c) three side jacket 
 
C.    Test Setup 

The specimens were tested using loading frame where 
the specimens were lifted and placed. The specimens were 
whitened by applying a thin layer of white cement for 
better observation of the development of cracks. The 
specimens were simply supported and subjected to point 
load at the center. Linear variable differential transducers 
(LVDT) were placed at center bottom and at diagonal of the 
slab bottom. LVDT is used to measure the displacement of 
the test specimens. The measured displacement is displayed 
in the digital indicator and further it is connected to the 
Data Acquisition system (DAQ).The load is applied at each 
step and continued until failure. Compression type load 
cells are used to measure the load applied on the test 
specimen, in which it is fixed to the ram of the hydraulic 
jack, which will be pressing the specimen under the given 
load. The failure load was defined as a load that caused the 

specimen to fail in flexure. Mid-span deflections were 
recorded for every load increment. The DAQ software, used 
to take the reading should be set to zero in order to find out 
the maximum load and the deflection coming to the beam as 
a result of gradual load application. The fig. 2 shows the test 
set up of the specimen UTS. 

 
 

Fig. 2. Experimental test set up for Specimen I (UTS) 
 
                                   III.     RESULTS ANDDISCUSSIONS 

The control beam and UHPC overlaid beam were 
casted. The ultimate load and the corresponding ultimate 
deflection at the mid span and at L/3 distance for all the 
tested beams have been determined. The experimental test 
results of all specimens will be discussed in this section 
with respect to load deflection response curves, failure 
modes and crack patterns. 
A. Load Vs Deflection Behavior 

After the testing of different specimens under loading 
frame machine, different test results are obtained. During 
testing, the load corresponding to the first crack point is 
noted as well. The loading frame machine automatically 
tabulates the test results in the system associated with the 
machine. From these data the failure load and the 
corresponding deflection for each specimen is noted down 
and is shown in Table II. 

 
                                       TABLE II.  TEST RESULTS 

 
 

Beam 

 

Ultimate 

load 

 

(kN) 

 

Deflectio 

n at mid 

span 

(mm) 

 

Deflec 

tion at 

L/3 

(mm) 

 

Load 

at 

first 

crack 

 

Ultim ate 

load gain 

factor 

 
CB 

 
48.7 

 
21.41 

 
17.74 

 
29.1 

 

 
1 

 
UCS 

 
68.5 

 
18.83 

 
13.13 

 
34.5 

 

 
1.40 

 
UTS 

 
51.3 

 
27.58 

 
21.85 

 
34.2 

 
1.05 

 
UTS3 

 
89.2 

 
8.71 

 
8.37 

 
47.4 

 
1.83 

 
UTG3 

 
77.3 

 
15.73 

 
12.14 

 
43.2 

 
1.58 

Load Vs. Deflection graph   for   each   specimen   is 
plotted based on the results obtained from loading frame 
machine. From these plotted graphs, the comparison graph 
between each specimen is also drawn and is shown in Fig.8 
and 9. 
 

(a) 

(b) 

(c) 
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.  
            Fig 3.Load Vs deflection graph for control beam (CB) 

 
              Fig 3 shows the Load Vs deflection graph for 
Control Beam. The deflection increases with increasing load. 
The beam specimens designed as per IS code provisions 
showed flexural failure with an ultimate load carrying 
capacity 48.7 kN with maximum central deflection of 24.92 
mm and deflection on L/3 distance is 19.91. 

 
 
      

Fig4. Load Vs deflection graph for UHPC compression 
               side overlaid beam(UCS) 

          From Fig 4 the deflection increases with increasing 
load. The load at first crack for the UHPC compression side 
overlaid beam was found as 34.5 kN and the maximum 
central deflection was found to be 18.83 mm for mid span 
and 13.13mm for l/3 distance corresponding to the maximum 
load 68.5kN.  

 
 
                          Fig 5. Load Vs deflection graph for UHPC 

                  tension side overlaid beam(UTS) 

           From Fig 5 the deflection increases with increasing 
load. The load at first crack for the UHPC tension side 
overlaid beam was found as 34.2 kN and the maximum 
central deflection was found to be 27.58 mm for mid span 
and 21.85mm for l/3 distance corresponding to the 
maximum load 51.3kN.  

                         

                           Fig 6. Load Vs deflection graph for UHPC three  

                                    sides jacketing with steel fiber(UTS3) 

          From Fig 6 the deflection increases with increasing 
load. The load at first crack for the UHPC three side jacketing 
beam with steel fiber was found as 47.4 kN and the maximum 
central deflection was found to be 8.71 mm for mid span and 
8.37mm for l/3 distance corresponding to the maximum load 
89.2kN.  

 

      
       Fig 7. Load Vs deflection graph for UHPC three 
                 sides jacketing with  glass fiber(UTG3) 

          From Fig 7 the deflection increases with increasing 
load.  The load at first crack for the UHPC three side 
jacketing beam with glass fiber was found as 43.2 kN and the 
maximum central deflection was found to be 15.73 mm for 
mid span and 12.14 mm for l/3 distance corresponding to the 
maximum load 77.3 kN.  
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Fig 8. Load-Deflection graph for all specimens 

                        (Mid span) 

 

                       Fig 9.  Load-Deflection graph for all specimens 
                      (L/3 distance) 

It can be observed from the load deformation 
behaviour that the deflection corresponding to ultimate load 
89.2 kN of UHPC three side jacketing beam with steel fiber  
specimen was lesser than all other types of overlaid 
specimens and control beams. 
          Based on Table II, the bar chart for test results are 
plotted and compared is shown in figure 10: 

 
 
    Fig10. Ultimate load carrying capacity of control and  
               strengthened beams 

It can be observed that the load carrying capacity of 
strengthened beams increase with UHPC overlaying. The 
specimen UTS3 of three side jacketing beam with steel fiber 
showed the highest load carrying capacity at a strength gain 

of about 83 %. The specimen UCS of UHPC overlaying in 
the compression side showed load carrying capacity at a 
strength gain of about 40%.The specimen UTS of UHPC 
overlaying in the tension side showed load carrying capacity 
at strength gain of about 5 %. The specimen UTG3 of three 
side jacketing beam with glass fiber showed load carrying 
capacity at strength gain of about 58 %. 
       The load carrying capacity of beam with UHPC three side 
jacket with steel fiber is 89.2 kN whereas, conventional beam 
has 48.7 kN. This may be due to the overlaying with the steel 
fibers.  Steel fibers in concrete are isotropic in nature that 
improves the resistance to fracture, disintegration, and fatigue. 
Also, steel fiber reinforced concrete is able to withstand heavy 
loads. 
       The load at first crack for the beam with UHPC three side 
jackets with steel fiber is 47.4 kN and is maximum among the 
specimens, which may be due to the presence of steel fiber 
which improves resistance to crack. The load at first crack for 
the control beam is 29.1 kN and is minimum for the 
specimens. 
 
B. Crack Propagation 

        It is observed that only flexural cracks were formed in all 
beams. In case of UHPC overlaid beams the cracks were 
initiated from the bottom of the beam and cracked all the way 
to the top of the specimen. Here all cracks are propagated 
from bottom to top almost vertical direction. First crack is 
occur in mid span of the beam. UHPC three side jacketing 
beam with steel fiber has less numbers of cracks compared to 
other strengthened beams and control beam. 
 

                                            III.      CONCLUSIONS 
Control beam and four beams which are overlaid by 

UHPC in different configurations were casted with beam 
breadth of 200 mm and width was 150 mm tested using the 
loading frame. Here thickness of 50 mm UHPC was 
provided. From the testing of specimens using loading frame 
following conclusion can be made. 
1) Load carrying capacity of specimens with different 

configurations of UHPC was found and increasing 
compared with control specimen. 

2) Central deflection for the specimens decreased as 
compared with control beam. 

3) Load carrying capacity is found on 50 mm thick UHPC 
three side jackets with steel fiber is 89.2 kN with 83% 
load increment compared to control beam. 

4) Load carrying capacity is found on 50 mm thick UHPC 
three side jackets with glass fiber is 77.3 kN with 58% 
load increment compared to control beam. 

5) Load carrying capacity is found on 50 mm thick UHPC 
tension side overlaid beam is 51.3 kN with 5% load 
increment compared to control beam. 

6) Load carrying capacity is found on 50 mm thick UHPC 
compression side overlaid beam is 68.5 kN with 40% 
load increment compared to control beam. 

7) By comparing these four specimens with control beam, 
50 mm thick UHPC three side jackets with steel fiber 
was shows better load carrying capacity. 

8) Centraldeflectionofbeamwith50 mm thick UHPC three 
side jackets with steel fiber is 8.71 mm, that 
ofbeamwith50 mm thick UHPC three side jackets with 
glass fiber is 15.73 mm and that of beam with 50 mm 
thick UHPC compression side overlay is 18.83 mm 
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The control beam had central deflection 21.41 mm, 
which is the highest reading than 50 mm thick UHPC 
three side jackets. That may be due to the absence of 
overlay that result in reduction in thickness and less 
resistance to failure. 

9) L/3 distancedeflectionofbeamwith50 mm thick UHPC 
three side jackets with steel fiber is 8.37 mm and that 
of beam with 50 mm thick UHPC three side jackets 
with glass fiber is 12.14 mm. The control beam had 
central deflection 17.74 mm, which is the highest 
reading than 50 mm thick UHPC three side jacket. 
That may be due to the absence of overlay that result 
in reduction in thickness and less resistance to failure. 
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