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ABSTRACT 

This paper presents the impact behavior of high performance concrete (HPC) two way 

slabs under all four edges fixed condition. 18 numbers of HPC slabs and 3 numbers of 

reinforced cement concrete (RCC) slabs as control specimens were cast and tested. All the 

slabs were tested under a drop weight of 50 N of 100 mm diameter through a guiding barrel 

from a height of 450mm. The results showed that the HPC slabs possess higher number of 

blows for first crack and ultimate failure, higher impact load and energy absorption. 

Keywords: High Performance Concrete, Normal Concrete, Super plasticizers, Silica Fume, 

Two-way Slabs, impact load and Energy absorption.   

 

 

I.INTRODUCTION 

High performance concrete (HPC) exceeds the properties and construct ability of 

reinforced cement concrete (RCC). Normal and special materials like silica fume and 

superplasticizers are used to make these specially designed concrete that must meet a 

combination of performance requirements. High performance concretes are made with good 

quality ingredients and optimized mix designs. HPC are having low water cement ratio of 0.2 

to 0.45. Superplasticizers are usually used to make these concretes fluid and workable. The 

characteristics of the impact load are a high loading rate and very short period that cause high 
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strain rate in the structure. This implies that the statically determined properties of concrete, 

meanwhile, the mechanical properties of materials are different under impact loading 

compared with static loading. Due to the complexity of the dynamic response of concrete 

structures, the traditional computational methods and design tools may not be much help to 

understand the behaviour of materials and structural elements under impact loading. This 

deficiency has been paid attention by many researchers in the past few years and 

investigations have been carried out to understand the behaviour of concrete and concrete 

based composites under impact loading. Clifton and Knab (1983)
1
 developed 3 test methods 

to determine the resistance of concrete subjected to low velocity single and repeated impact 

to failure and to higher velocity small projectiles. Isao Kojima (1991)
2
 describes a series of 

missile impact tests of reinforced concrete slabs. David Z Yankelevsky (1997)
3
 presented a 

model to predict the penetration and perforation of concrete slabs impacted by low velocity 

missiles. Sudarsana Rao et al., (2010)
4
 investigated the behaviour of slurry-infiltrated fibrous 

concrete (SIFCON) slabs under impact loading. Elavenil and Samuel knight(2012)
5
 

conducted experimentation on steel fiber reinforced concrete plates with respect to 

displacement, velocity and acceleration under impact loading. Deepa shri and Thenmozhi 

(2013)
6
 studied the impact energy absorption on hybrid ferrocement slabs of self compacting 

concrete of size 300x300 mm with varying depth of 25 and 30 mm. Yousry et al., (2013)
7
 

conducted experiment on reinforced ferrocement concrete plates under impact load. 

Madheswaran et al (2014)
8
 studied the behaviour of concrete slab under repeated low 

velocity impact loading on ordinary Portland cement concrete (OPCC) slabs and geopolymer 

(GPC) concrete slabs. 

II.RESEARCH SIGNIFICANCE 

 In this investigation, the experiments were conducted to provide a comprehensive 

understanding of the structural behavior of HPC slabs under impact loading. The tests were 

mainly focused on the impact load test of all the four edges fixed condition with reinforced 

HPC slabs under impact testing machine with drop weight test. This paper is presented the 

number of blows required for first crack stage, ultimate stage, impact load and energy 

absorption at first crack and ultimate stage.  

III.EXPERIMENTAL PROGRAM 

3.1 Cement: Ordinary Portland cement of 43 grade, confirming to IS 8112:1989 of 43 

grade was used, specific gravity of the cement was 3.06. The initial and final setting 

times were found as 120 and 360 minutes respectively. 

3.2 Fine aggregate: The locally available pennar river sand confirming Zone-II was used. 

The specific gravity of the sand was 2.62 and that of fineness modulus was 2.68.  

3.3 Coarse aggregate: Locally available crushed granite as been used as coarse aggregate 

and the specific gravity was 2.66. 

3.4 Silica fume: Silica fume manufactured by Elkem was used in the present investigation 

with the following physical properties. Colour appears to be grey, bulk density as 70-

150 Kgs/m
3
, specific surface as 15-30 m

2
/gm and average particle size is 0.2 microns. 

3.5 Water: Water is the key ingredient in producing concrete clean potable fresh water 

which is free from concentrations of acid and organic substances has been used for 

mixing and curing the concrete. 
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3.6 Super Plasticizer: To improve the good workability of HPC, CONPLAST 430 a high 

range water reducing agent has been used. 

3.7 Reinforcement: All the slabs are reinforced with 6mm diameter of Fe 415 grade high 

yield strength deformed bars are used. 

3.8 Mix proportions: The targeted designed strength for 28 days of HPC are 68.25 MPa 

and that of RCC as 31.60 MPa. 

IV. CASTING OF TEST SPECIMEN 

 Steel moulds of size 1100x1100x50 were used to cast the test specimens. Two L-

shaped angle frames with a depth of 50mm are connected to a flat plate by using bolt and nut 

at the bottom. Cross stiffeners were provided at the bottom to prevent deflection while 

casting the slab specimens. The gaps were sealed by using wax and thin card boards to 

prevent leakages. The slab specimens were casted and were cured in curing pond for 28 days. 

After taken out the slab specimens from the pond, they were coated with white paint, to 

achieve clear visibility of cracks during testing. 

V. LOADING ARRANGEMENT AND TESTING 

The impact test had been carried out under impact testing machine. The impact test 

machine was fabricated in construction site accordance to the drop weight test. To give 

better fixidity the  loading  platform  have  been  provided  with  nut  and  bolt  system.  To 

perform the test, a drop weight load was  applied through an iron ball of diameter 100 

mm and weight of 50 N, free falling on the top at the centre of the slab specimen through a 

guiding barrel from a height of 450mm. This guiding barrel is connected to the loading frame 

to guide the ball so that it falls exactly at the specified location (center) for all blows. The 

iron ball is connected to pulley by a flexible iron rope of 3mm diameter. The loading frame is 

shown in Figure 1. 

VI. RESULTS AND DISCUSSION 

4.1 General  

The no of blows required for first crack and ultimate are shown Table 1, it reveals that 

the mechanical properties of the HPC are better when compared to the reinforced cement 

concrete. 

4.2 First crack load:  

The number of blows required to cause the first crack is presented in Table 1 . 

Number of blows for HPCF-0 to HPCF-15 slab specimens increased from 215 to 255 and for 

HPCF-15 to HPCF-25 the no of blows decreased from 255 to 218, where as RCCF-0 

recorded 125 blows only to attain the first crack stage. HPCF slab elements showed 72 to 

104% increment over RCCF-0 in impact. From the above discussion it is clear that HPC slabs 

are superior to RCC slabs at first crack stage. 

4.3 Ultimate load: 

The number of blows required to cause the ultimate failure is presented in Table1 .  

Number of blows for HPCF-0 to HPCF-15 slab specimens increased from 2660 to 2889 and 

for HPCF-15 to HPCF-25 the no of blows decreased from 2889 to 2703, where as RCCF-0 

slab element recorded 1050 blows only to attain the ultimate failure stage. HPCF slab 
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specimens showed 153.33 to 175.14% increment over RCCF-0 in impact. From the above 

discussion it is clear that HPC slabs are superior to RCC slabs at ultimate stage. Typical top 

view and bottom view of the slab specimens are shown in figure 2 and figure 3. 

 

4.4 Energy Absorption 

Total energy absorption capacities of different slab specimens at first crack and at 

ultimate failure are presented in Table 2 and Table 3. Energy absorption capacity is obtained 

by using the following formula. 

Energy absorption = Weight of ball x Fall of height x Number of blows 

From Table 2, it can be observed that HPC slab specimens possess high amount of 

energy absorbing capacity than RCC slab specimens at first crack. From Table 2, the Energy 

absorption of HPCF-0 to HPCF-15 slab elements increased from 4.837 to 5.737 kJ and for 

HPCF-15 to HPCF-25 the energy absorption decreased from 5.737 to 4.905 kJ, where as 

RCCF-0 slab elements recorded 2.812 kJ. HPCF slab elements showed 72.00 to 104.00 % 

increment over RCCF-0 at first crack stage in impact. 

From the Table 3, it can be observed that HPCF slab specimens possess high amount 

of energy absorbing capacity than RCCF slab specimens. At ultimate failure Energy 

absorption of HPCF-0 to HPCF-15 slab specimens increased from 59.850 to 65.002 kJ and 

for HPCF-15 to HPCF-25 the energy absorption decreased from 65.002 to 60.817 kJ, where 

as RCCF-0 slab specimens recorded 23.625 kJ. HPCF slab specimens showed 153.33 to 

175.14 % increment over RCCF-0 at ultimate stage in impact. This proves that superior 

performance of HPC slabs than the RCCF-0 under impact loading. 

CONCLUSION: 

 The following observations and conclusions can be made on the basis of the current 

experimental results. 

 

1. All the slabs RCC and HPC behave similar in the aspect of failure patterns under 

impact. 

2. The presence of silica fume increases the first crack and ultimate loads of slab 

specimens in HPC.  

3. Energy absorption of HPC slab specimens is higher when compared to RCC slab 

specimens. 

4. The first crack, ultimate and energy absorption were maximum at 15% replacement of 

cement by the silica fume. 
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Table.1 Number of blow required for first crack stage and ultimate failure in impact 

Nomenclature 

No of blows to 

cause  first 

crack 

No of  blows to 

cause ultimate 

% increase 

with respect  

to RCC slab at 

first crack 

% increase 

with respect  

to RCC slab at 

ultimate 

RCCF-0 125 1050 - - 

HPCF-0 215 2660 72.00 153.33 

HPCF-5 222 2716 77.60 158.67 

HPC-10 236 2793 88.80 166.00 

HPCF-15 255 2889 104.00 175.14 

HPCF-20 238 2796 90.40 166.28 

HPCF-25 218 2703 74.40 157.42 

  Table 2: Energy absorption of HPC and RCC slabs at first crack stage in impact 

S.No Nomenclature 

Number of 

blows to 

cause first 

crack 

Energy 

absorption 

(kJ) 

% increase of energy 

absorption with respect 

to RCC 

1 RCCF-0 125 2.812 - 

2 HPCF-0 215 4.837 72.00 

3 HPCF-5 222 4.995 77.60 

4 HPCF-10 236 5.310 88.80 

5 HPCF-15 255 5.737 104.00 

6 HPCF-20 238 5.355 90.40 

7 HPCF-25 218 4.905 74.40 
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Table 3: Energy absorption of HPC and RCC slabs at ultimate stage in impact 

 

S.No Nomenclature 

Number of 

blows to 

cause 

ultimate 

Energy 

absorption 

(kJ) 

% increase of energy 

absorption with respect 

to RCC 

1 RCCF-0 1050 23.625 - 

2 HPCF-0 2660 59.850 153.33 

3 HPCF-5 2716 61.110 158.67 

4 HPCF-10 2793 62.842 166.00 

5 HPCF-15 2889 65.002 175.14 

6 HPCF-20 2796 62.910 166.28 

7 HPCF-25 2703 60.817 157.43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Overall view of a specimen in position ready for testing 
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Fig 2: Typical top view of HPCF slab specimen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Typical bottom view of HPCF slab specimen 


