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Abstract: This paper examines the feasibility of replacing 
natural aggregate with recycled crushed ceramics in R.C flat 
slabs. Nowadays, many researchers are trying to use recycled 
ceramics as coarse aggregate in manufacturing concrete 
structures to decrease waste construction materials, and save raw 
materials. The experimental work was carried out on six slabs 
measuring 1650 x 1650 x 150 mm with a connected central 
column tested for punching shear. One slab was control without 
recycled ceramics aggregate; five slabs with recycled ceramics 
aggregate with different ratios of 20%, 35%, 50%, 60% and 70% 
were used. 
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I. INTRODUCTION 

Many construction and development activities today 
consume large amounts of concrete. The amount of 
construction waste is also increasing because of the 
demolition process. Much of this waste can be recycled to 
produce new products and increase the sustainability of 
construction projects. As recyclable construction wastes, 
concrete and ceramic can replace the natural aggregate in 
concrete because of their hard and strong physical properties. 
Punching failure occurs in the flat slab due to the slab having 
large span-to-depth ratio [1]. Ceramic waste has been 
classified non-biodegradable waste that is very difficult to be 
recycled. Environmental and economic factors increasingly 
encourage higher utility of industrial waste [2], recycling by a 
systematic investigation of the possible use of these wastes in 
concrete production. The compressive strength for Concrete 
Ceramic Waste Slab (CCWS) varied from 15MPa - 30MPa 
[3], CCWS has lower density compared to conventional 
concrete [3]. Investigation on ceramic waste and stone dust as 
aggregate replacement in concrete showed that the optimum 
percentage for replacement of stone dust with fine aggregate 
along with 20% replacement of coarse aggregate by ceramic 
waste was found to be 40% [4]. The punching resistance of 
RC slabs made of recycled aggregates concrete is similar to 
the control RC slabs and the displacement and the punching 
strength of the recycled aggregates concrete slabs was similar 
to the control RC slabs. In addition, the cracking load slightly 
decreases [5]. Regardless of the replacement percentage of 
natural coarse aggregate with recycled coarse aggregate, 
crack pattern under punching shear failure in all the slabs are 
similar. Up to 40% replacement of NCA with RCA there is a 
marginal  
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decrement in compression and split tensile strength when 
compared with natural coarse aggregate concrete. The 
experimental program was carried out using six R.C slabs 
with different ratios of recycled crushed ceramics to study the 
punching capacity, failure mode, and cracking pattern of R.C 
flat slabs manufactured using recycled crushed ceramics. 

II.  EXPERIMENTAL PROGRAM 

A. Experimental program matrix 

The experimental program matrix consists of six RC flat 
slabs. The six slabs were cast with central column; one as a 
control slab without adding crushed ceramics, five specimens 
with ratios of 20%, 35%, 50%, 60% and 70% see Fig 1. The 
slabs with dimension 1650 x 1650 x 150 mm with bottom 
reinforcement fay 10@100 mm and top reinforcement fay 10 
@ 200 mm. 

 
Fig. 1. Slab layout and reinforcement arrangements. 

B. Material Properties 

The average compressive strength of the normal / recycled 
concrete based on ASTM C 39 [6] is 25 MPa and the average 
tensile strength is 2.50 MPa. The average yield strength of 
steel reinforcement is 400 MPa with a modulus of elasticity 
of 200 GPa (DIN 50145) [7] and the ultimate strength is 600 
MPa. The mix composition of the studied normal and 
recycled concrete is shown in Table I & II. 

 
Table- I: Normal concrete mix composition. 

Sand (kg/m3) 450  
Gravel (kg/m3) 1100  
Cement (kg/m3) 350  

Water (L/m3) 175  

W/C 0.50 
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Table- II: Recycled concrete mix composition. 
Sand (kg/m3) 450  

recycled ceramics 
(kg/m3) 

1100  

Cement (kg/m3) 350  
Water (kg/m3) 175  

W/C 0.50 

 
Porous ceramic coarse aggregates" (PCCA) used in this 

study were obtained from ceramic industries in Egypt. 

C. Test Set-up 

Loading was applied at the column till failure occurs. Load 
versus deflection and ductility index and absorbed energy 
were calculated. The overall view of the test setup is shown in 
Fig. (1). 

 
Fig. 2. Test Set-up for loading slabs. 

III. RESULT AND DISCUSSION 

From Fig.3 and Fig.4, it is clear that the load vs. 
displacements curves of the various concrete slabs were 
qualitatively similar, the punching strength of the (PCCA) 
slabs was similar to that of the RC slabs and the cracking load 
slightly decreases like. Also, as the (PCCA) increases, the 
load increases till 35% that get the maximum punching load 
see Fig.3 then. Any increase in (PCCA) more than 35% 
decreases the load. From Fig.4 it is clear that the minimum 
deflection was for the specimen contains 35% PCCA the 
maximum deflection was for the specimen contains 60% 
PCCA. 

 
Fig. 3. Load–displacement relationship for slabs. 

 
Fig. 4. Load capacity for slabs. 

A. Ductility Index, Stiffness and Absorbed Energy 

Ductility measures obtained from the deflection at 70% of 
the maximum loads. The energy absorption based on 
displacement was calculated as the area under the 
load-deflection curve for the plastic zone only. Absorbed 
energy is a factor that represents the amount of energy being 
absorbed by the slab; it’s directly proportional with the 

ductility index, so as the ductility index increases the 
absorbed energy also increases see Fig.5 and Fig.6. 

Initial stiffness Ki is defined as the slope of the 
load-deflection curve at load value less than the cracking 
load. The stiffness degradation ratio was calculated as the 
ratio between ultimate stiffness Ku and the initial stiffness Ki. 
The stiffness degradation ratio may be used to assess the 
ductility of the specimen on a way that the lower the stiffness 
degradation ratio, the higher is the ductility. The higher the 
crushed ceramic ratio was up till 35% the higher the stiffness 
degradation and the lower the ductility index. Table III 
illustrates the calculations of ductility index, Initial, ultimate 
stiffness, stiffness degradation and absorbed energy of all 
slabs. 

 
Fig. 5. Ductility index for test specimens. 

 
Fig. 6. Absorbed energy for test specimens. 
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Table- III: Calculated loads for test specimens. 

 

B. Code provisions 

 
ACI code [8] 
ACI 318 code for punching shear strength derived from 
Moe’s work on low strength concrete. The ultimate shear 
strength for slabs is given by Equation (1). 
Vuo = u. d. (vn)                                                                        (1) 
Where; 
(u) is the length of the critical perimeter, taken at a distance 
of d/2 from the column, mm. 
(d) is the effective depth of slab, mm 
(vn) is the punching shear strength, MPa 
 
British code [9] 
The punching shear capacity of concrete based on British 
code is calculated by the by Equation (2).                      
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Where; 
γm is safety factor =1.25 
As is effective main steel area of critical shear section. 
It is to be noted that in the British code, the critical section for 
shear is considered at 1.5 d from the face of the column. 

 
CEB-FIP MC-90 model code [10] 
The punching shear resistance based on British code is given 
by Equation (3).   

 
FSd = 0.12 ξ u1 d                                            (3) 

 

Where; ξ =1+            
u1 is the length of perimeter at 2d from the face of the 
column. 

 
Euro code 2 [11] 
The punching shear resistance based on Euro code 2 is given 
by Equation (4).   

 
VRd1=τRd k (1.2+40ρ1) d                                                 (4) 
 

Where; 
τRd is shear strength equal (0.25fctk/γc) 
k is factor equal (1.6 – d)  
ρ1 is ratio equal (ρx + ρy)/2 ≤ 0.015 

d is effective depth of the slab equal (dx+dy)/2 
 
Egyptian code [12] 
The punching shear resistance based on Egyptian code is 
given by Equation (5).   

 

q =   ≤                                                           (5) 

Where; 
Q        is the design shearing force. 
β         is a factor depending on the location of the column. 
d         is effective depth of slab. 
bo        is the critical perimeter length. 

 
In this section, the experimental failure loads obtained in this 
set of experimental tests are compared with the predictions of 
different codes. The calculated punching shear values for all 
the slabs specimens are reported in Table IV. From the results 
presented in Table IV, it may be observed that CEB-FIP 
MC-90 model code, considering in the last one the real 
maximum aggregate size, provides predicted punching 
resistance values close to those obtained experimentally, with 
an average ratio for Vexp/Vcode of 0.97 and 1.08, respectively. 
 

 Table- IV: Calculated punching shear capacity for slabs. 

 

IV. FINITE ELEMENT 

The computer program ANSYS [13], was used to carry out 
the analyses. The punching behavior of two-way reinforced 
concrete slabs was modelling by the Solid 65, was used to 
model the concrete, link 8 was used to model the steel 
reinforcement and solid 45 was used to model steel plate. The 
symmetry boundary conditions were set first. The model 
being used is symmetric about two planes. 
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Fig. 7. Crack pattern and mode of failure S1-0. 

A. Punching shear capacity and deflection 

 
Fig. 8. Load deflection curve S3-35. 

Table- V: Calculated punching shear capacity for slabs. 

 
It’s clear from Fig.7 that failure mode by ANSYS model was 
punching failure around column. Fig.8 and Table V show the 
load deflection curve of S3-35 and the predicted values 
computed using ANSYS model show better estimate of 
punching slabs load capacity, closer to the experimental 
failure loads and with a percentile of 1.06. 

B. Crack pattern and mode of failure 

The crack pattern of slab S2-20; the first crack under column 
at mid span, the cracks seem to be rounded than that of the 
control slabS1-0. Similar the crack pattern of slabs S3-35, 
S6-50 and S5-60 was the first crack at mid span under 
column. The first crack of slab S7-70 was at mid span under 
column at load 139 KN, and then cracks propagate till failure 
occurred between three major orthogonal cracks see Fig.9. 

 
Fig. 9. Crack pattern and mode of failure S2-20. 

 
Fig. 10. Crack pattern and mode of failure S3-35. 

 
Fig. 11. Crack pattern and mode of failure S6-50. 

 
Fig. 12. Crack pattern and mode of failure S5-60. 

 
Fig. 13. Crack pattern and mode of failure S7-70. 

V. CONCLUSION 

1. It can be noticed that as the crushed ceramics 
percentage increases, the load increases until 35% ceramics 
percentage then the load decreases. 

2. Recycled ceramics concrete aggregate prevented large 
cracks and enabled the slabs to maintain their shear punching 
capacity. 

3. It was conclude that performance of recycled ceramics 
concrete was identical to that of the normal concrete. 

4. Although the difference in the percentage of crushed 
ceramics and the failure load, the failure mode, and the crack 
pattern didn’t change than the control specimen. 

5. The results of specimen agree with the CEB-FIP 
MC-90 model code more than other codes. 

6. The finite element model predicted the ultimate shear 
punching load capacity. 

7. The finite element model predicted the mode of failure 
and crack pattern observed in the experiments accurately. 
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