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ABSTRACT 

This study aims to investigate the behavior and strength of self-compacted ferrocement slabs under 

punching shear load. Experimental results of thirteen square ferrocement slabs of 500×500 mm 

simply supported on all edges are presented.  The main parameters investigated include the volume 

fraction of reinforcement, slab thickness and size of load-bearing plate. The load deflection and 

cracking characteristics of the tested slabs are studied and compared.  The test results showed that 

the volume fraction of wire mesh has significant effect on both ultimate load and displacement. The 

increase of slab thickness leads to decrease in deflection values and increase in stiffness of slabs. 

Both ductility and stiffness increase as the loaded area size is increased.  

 

Key words: self compacting mortar, ferrocement, punching shear, slabs, volume fraction 

 

طات الفيروسمنتيه راتية الرصلامقاومة القص الثاقب للب  

 
د.   سعذ فهذ رسن                                             د.عبذالخالق عبذاليمه جعفر      

 مدزض                                                                        مدزض    

 جامعت مٍسان - ميٍت اىٍىدست                                          عت مٍسان جام -ميٍت اىٍىدست                                         

 

 الخلاصة

ححسي سيُك َمقاَمت اىبلاطاث اىفٍسَسمىخًٍ ذاحٍت اىسص ححج حاثٍس حمو اىقض اىثاقب. اسخعسضج  اىى حٍدف ٌري اىدزاست

ميم(  َبسٍطت الاسىاد مه جمٍع اىجٍاث.  055×055اىدزاست وخائج عميًٍ ىثلاثت عشس بلاطت فٍسَسمىخًٍ مسبعت اىشنو بابعاد )

حضمىج دزاست اىمخغٍساث اىسئٍسٍت ًٌَ اىىسبت اىحجمًٍ ىيخسيٍح, سمل اىبلاطت َحجم ىُحت اىخحمٍو. َمرىل حم دزاست خظائض 

حاثٍس مبٍس عيى مو مه  ااىخشُي َخظائض اىخشقق ىيبلاطاث اىمفحُطت. بٍىج اىدزاست ان اىىسبت اىحجمًٍ ىيخسيٍح ىٍ-مىحىى اىحمو

ان ملا مه  َ. اىٍطُهمما ان اىصٌادة فً اىسمل حؤدي اىى شٌادة فً جساءة اىبلاطت َوقظان فً  اىحمو الاقظى  َاىخشُي الاقظى.

 اىمطٍيٍت َاىجساءة ٌصدادان بصٌادة ابعاد ىُحت اىخحمٍو.
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1. INTRODUCTION 

Ferrocement is a type of thin wall reinforced concrete commonly constructed of hydraulic 

cement mortar reinforced with closely spaced layers of continuous and relatively small size wire 

mesh. The mesh may be made of metallic or other suitable materials ACI Committee 549, 1999.  

Ferrocement has a very high tensile strength-to-weight ratio and superior cracking behavior in 

comparison to conventional reinforced concrete. This means that thin ferrocement structures can 

be made relatively light and watertight. Hence, ferrocement is an attractive material for the 

construction of prefabricated housing units, boats, barges, and other portable structures ACI, 

Committee 549, 1999.  

Also, ferrocement can be utilised in a number of practical application such as repair, 

rehabilitation and strengthening of different concrete structural members Lub and Van, 1989, 

Fahmy and Shaheen, 1994, Romualdi et al., 1998, Fahmy et al., 1999, Razali et al., 2005, 

Dongyen et al., 2006, Jeyasehar and Vidivelli, 2006, and Shannag 2009. 

Recent and interesting applications are related to the adoption of self compacting mortar in the 

field of retrofitting and strengthening of reinforced concrete structures Kazim, 2012. It is 

preferred due to the easiness of application and mechanical advantages. The applied mortar to 

the structural members is usually hard to consolidate and vibration is not possible in most cases 

Rathish and Srikanth, 2008. In addition to these, the self-compactability of mortars may 

provide considerable advantages such as reducing the construction time and labor cost, 

enhancing the filling capacity of highly congested structural members Kazim, 2012. 

Therefore, an experimental study is performed on self compacted cementitious slabs and 

reinforced with welded steel wire mesh to investigate its strength and behavior under patch 

loading.  There are limited investigations that have been carried out to study the behavior of 

ferrocement members under punching shear.  These include Paramasivam and Tan, 1993, Al-

Kubaisy and Jumaat, 1999, Mansur et al., 2000 and  2001, Ibrahim, 2011. 

Due to the limited studies, this paper is aimed to investigate the behavior and strength of self-

compacted ferrocement slabs under punching shear load. The main parameters considered in this 

study include the volume fraction of reinforcement, overall thickness, and the size of the load 

bearing plate. Thirteen ferrocement slabs are tested. The results of these tests are presented and 

the influences of various parameters on the punching shear strength are discussed. The load-

deflection of these slabs is also discussed in this paper. 

 

2. EXPERIMENTAL PROGRAMS 

2.1. Specimen Details and Test Parameters 

A total of thirteen ferrocement slabs of identical length and width but different depths have been 

tested in the Construction Materials Laboratory of the College of Engineering at University of 

Misan. The casted slabs were 500 mm long × 500 mm wide with two different depths of 30 and 

45 mm.   The specimens comprised of two control ferrocement slabs cast with ordinary mortar 

and the other eleven made with self compacting mortar. Specimen details and main study 

parameters are summarized in Table 1.  The slab specimens were simply supported along the 

four edges with corners free to lift and free to rotate about the support axes as shown in test setup 

in Fig. 1. The support-to-support span (l) for all the slabs was 400mm in each direction.  The 

load has been applied by means of a hydraulic jack as shown in Fig. 1. A square rigid steel plate 

with side (w) of (40 and 80 mm) was placed between the jack and slab to apply the load in the 

center of the slab. A mechanical dial gauge was placed at the center of the slab to measure the 

vertical displacement while a calibrated load cell was used to record the load as shown in Fig. 1. 
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2.2. Materials and Mixing Proportions 

Welded square wire mesh with a wire diameter of 1.0 mm and 12.5 mm spacing was provided as 

an internal reinforcement for ferrocement slabs. The mesh was tested according to the design 

guide on construction and repair of ferrocement reported by the ACI committee 549, 1999. The 

yield strength of the wire mesh was determined to be 405 MPa.  The average ultimate strength of 

the wire mesh and modulus of elasticity was found to be 600 MPa and 95 GPa, respectively as 

shown in Table 2. Mortar matrix consisted of ordinary Portland cement locally available and 

natural sand with specific gravity of 2.60. In the mix, 10% by weight of cement was replaced by 

silka fume. The water and sand to binder ratios by weight were chosen to be 0.3 and 1.0 

respectively.  Supperplastcizer type Sika Viscocrete ,2010, was used as high range water 

reducer. The dose of superplasticizer used to obtain self compacted mortar was 3% by total 

binder weight. Potable water was used in the experimental work for both mixing and curing. 

 

2.3. Mortar Mixing and Fresh Properties Tests 

The batch of mortar was produced using rotating drum type of half bag capacity. The Portland 

cement and silica fume were initially dry mixed at low mixing speeds prior to the addition of 

other constituent materials. Further mixing sequences and durations were performed in 

accordance to standard procedures prescribed in ASTM Standard C305, 1999.  

After the mixing was completed, tests were conducted on fresh self compacting mortar to 

determine mini slump flow diameter and mini V-funnel flow time as shown in Fig. 2. The mini 

slump flow diameter and mini V-funnel flow time of self compacted mortar were presented in 

Table 3. Segregation and bleeding were visually checked during the slump flow test and was not 

observed. 

 

2.4. Fabrication of Test Specimens 

The wooden moulds dimensions were (500x500x30 or 45mm). The desired mesh layers were 

tied by fine steel wires and then placed inside the moulds. Fresh mortar mix was then poured into 

the wooden mould as shown in Fig. 3. Along with the slabs, a total of six (50x50x50 mm) mortar 

cubes and three (40x40x160 mm) mortar prisms were moulded. The mortar specimens were used 

for compressive and flexure strength tests. The matrix characterised by an average compressive 

and flexural strength of 70 and 7.7 MPa, respectively.  Moulded specimens were cured in mould 

for 24 hour and then removed from their moulds, and immersed in the curing tank for 28 days. 

Before the testing day, the slab was cleaned and painted with white paint on both surfaces, to 

achieve clear visibility of cracks during testing. The slab was carefully placed on the simple 

supports. The point load was applied at the centre of the top surface of the slab and the dial 

gauge was positioned under the centre of the bottom surface of the slab, so that a precise set-up 

of the testing equipment was achieved.  

 

3. TEST RESULTS AND DISCUSSION 

3.1. General Behavior 

The general behavior of self compacting ferrocement slabs and normal ferrocement slabs are all 

nearly identical as shown in Figs. 4 and 5. When the load is applied to the slab specimen, the 

first visible crack (bending cracks) was observed at the tension face of the tested slab and the 

relationship between load and displacement is linear till flexural cracks occur. In all slabs, 

cracking on the tensile face began near the center and radiated towards the edges (semi-random 

phenomena). As the load is increased the cracking propagated to the opposite face. At higher 



[Type text] 

Journal of Engineering Volume   21  February  2015 Number 2 
 

 
 

51 

 

loads, the already formed cracks got widened while new cracks started to form. The new formed 

cracks are roughly semi-circular or elliptical in shape and occurred in the tension surface of the 

slab. Failure of the slab occurred when the cone of failure radial outward from the point of load 

application pushed up through the slab body (brittle failure with limited warning). At failure, 

the slab was no longer capable of taking additional load. 

 

3.2. Cracking and Failure Patterns 

Fig. 6 presents general patterns cracking and failure on the top and bottom faces of the self 

compacted and normal specimens after failure. No cracks are observed in the compression face 

of any slab, except those which are observed around the loaded area at failure, which are almost 

the same as that of the loading plate dimensions. The cracks on the bottom face of specimens are 

radial, propagating from the centre of slab. These patterns are occurred at the center of slabs and 

propagated across the slab to the sides in the redial direction. Different cracking patterns may be 

noticed in Figs. 7 to 9 such as spacing, extent of cracks and perimeter of failure cone. These 

variations depending on the volume fraction of wire mesh, the thickness of specimens and size of 

loading plate. It can be noticed that combined flexural-punching failure mode is found in slabs 

with small amount of reinforcement ratio and pure punching shear failure is found in specimens 

that have moderate and high volume fraction. The crack patterns at failure became more closely 

spaced with increasing the reinforcement content. 

 

3.3. Load-Deflection Response 

The load-displacement relationships for self compacted ferrocement slabs and corresponding 

control (normal ferrocement) slabs are presented in Figs. 4 and 5. It can be noticed from these 

figures, that relationships are approximately identical at all loading stages.  Fig. 10 shows load-

displacement relationship of the control slab (0-45-S) that it tested under patch load to determine 

the ultimate load carrying capacity of plain mortar specimen. When adding wire mesh of volume 

fraction (0.77, 1.154, 2.31 and 3.464 %) for slabs (2-45-S, 3-45-S, 4-45-S, 6-45-S and 9-45-S) 

respectively, the ultimate load increases (155, 188,366, 533 and 658%) respectively, as shown in 

Fig. 11 and Table 4.  It may be seen from Fig. 11 that the specimen (9-45-S) with the high 

volume fraction has highest ultimate shear load and stiffness but less ductility when it is 

compared with the specimen with lower reinforcement ratio (2-45-S). This proves that the 

volume fraction of wire mesh has significant effect on both ultimate load and displacement at 

ultimate load.  

Figs. 12 and 13 illustrate the load-deflection relationships of slabs with different size of 

loading plate. As it is clear from these figures, the increase of the loading plate size leads to 

increase of ultimate loads. The effect of the loading plate size on the ultimate shear load with 

various volume fractions is shown in Fig. 14. As shown in this figure, the increase of size causes 

an increasing in the ultimate strength of slabs. For slabs having volume fraction (1.154 and 2.31 

%), the ultimate capacity is increased by (24 and 29%) respectively, when loading plate changed 

from 40 to 80 mm, respectively. The behavior of slabs of different thicknesses and reinforced 

with same volume fraction is denoted in Figs. 15 to 17.  

The increase of slab thickness leads to decrease in deflection values at each stage of loading. Fig. 

18 shows the effect of the volume fraction on ultimate load of self compacted ferrocement slab.  

It is obvious from this figure that the ultimate capacity of the slabs increases with the increase of 

the thickness of slab at the same amount of reinforcement ratio.  
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4. PREDICTION OF PUNCHING SHEAR STRENGTH 

Many codes and researchers have presented different formulas for predicting the 

punching shear strength of concrete slabs but no any code provision for punching shear in 

ferrocement. For concrete slabs, most codes present formulas, where the design punching load is 

a product of design nominal shear strength by the critical punching shear perimeter and the 

effective depth of the slab. The critical perimeter of punching shear depends on the shape of 

critical perimeter and its distance from loaded face. The characteristics of critical punching shear 

perimeter that considered in different codes such as ACI 318-11Code, Eurocode 2-2004, and 

BS8110-1997 are shown in Fig 19. 

In the ACI 318M-11 Code, the punching shear strength should be taken not greater than 

any of the following three equations: 

 

       (  
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where,     = 4(c + d), as shown in Fig.19;   = 40 for symmetric punching;   = the ratio of the 

long side to the short side of the concentrated load or reaction area, 

 

The equation presented in BS8110-97, is as follows: 

 

              
 

   
   

 
 
 

  
  

   

  
 
 

  
                                                                                                (4) 

 

where;     = 4(c + 3 d) as shown in Fig.19;  
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The Eurocode 2-2004, recommends the following expression to estimate punching shear 

strength of concrete slabs: 

 

                     
 

                                                                                                            (5) 

 

where:     = 4(c + π d) as shown in Fig.19;      √
    

 
         ;      ≤ 50 MPa;      

  

In the case of ferrocement slab Mansur and Ong, 1987, suggested that the effective depth 

of slab (d) is replaced by thickness of slab (h) for the simplicity. 

 The above code provisions are used to calculate the ultimate punching load of normal and 

self compacted ferrocement slabs and the test and calculated values are summarized in Table 5. 

From this table, it can be observed that the experimental values are smaller than these calculated 

by ACI, Euro and BS codes.  The ratio of experimental result to that calculated by ACI, BS8110, 

and Eurocode 2 codes range from (0.28-0.98), (0.27-0.57) and (0.45-0.79), respectively.  
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Based on the test results and the above discussion, it can be concluded that these codes 

are unsafe and this is leaded to define specific procedure of punching shear of self compacted 

ferrocement slabs. For this purpose, the proposed model for punching load is given as: 

 

                                                                                                                                            (6) 

 

 An empirical relation was proposed by Mansur et al., 2001, is used to predict the 

punching shear strength of ferrocement slabs (    . The following exponential form of equation 

has been selected. 

 

             
 

 
                                                                                                                        (7) 

 

The critical punching shear perimeter (    of ferrocement slabs as defined by ACI code is 

considered as.  

 

                                                                                                                                        (8) 

 

Substituting Eqs. (7) and (8) in Eq. (6), gives a model for predicting shear load as: 

 

              
 

 
                                                                                                               (9) 

 

A comparison of the ultimate punching shear loads predicted by Eq. (9) with 

experimental values is given in Fig. 20 and Table 5. From Table 5 it can be noted that the ratio 

of test to predicted ultimate loads                      ranges from 0.84 to 1.34, with an average 

1.12 and a standard deviation of 0.16.  Thus the proposed equation is able to predict the ultimate 

punching shear load of self-compacted ferrocement slabs.  

 

5. CONCLUSION 

In this paper the experimental test is made on ferrocement slabs with normal and self-compacted 

mortar, subjected to patch loads. Based on the results obtained from the experiments, the 

following conclusions may be drawn: 

The load-displacement relationships for self-compacted ferrocement slabs and corresponding 

normal ferrocement are approximately identical at all loading stages. 

The specimen with high volume fraction specimen has highest ultimate shear load and stiffness 

but less ductility.  

Failure mode of self-compacted ferrocement slabs mainly depends on volume fraction of 

reinforcement and combined flexural-punching failure mode may be changed into pure punching 

shear with increasing the reinforcement ratio.  

The ultimate shear capacity of self compacted slabs is increased by (24% and 29%) respectively, 

when loading plate is changed from 40 to 80 mm, respectively. 

The increase of slab thickness leads to decrease in deflection values at each stage of loading and 

increasing in stiffness of self-compacted ferrocement slab. 
The code provisions for punching shear of structural concrete are not suitable for predicting the 

punching shear strength of self-compacted ferocement slabs.  
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NOMENCLATURE 

c = side length of column, mm 

  = effective depth, mm 

    = the compressive strength of the mortar, MPa 

h = thickness of slab, mm 

k = factor accounting for size effect, dimensionless 

l = length of slab, mm 

   = the ultimate punching shear load, kN 

    = the perimeter of the critical section, mm  

    = ultimate shear stress, MPa 

    volume fraction of reinforcement 

w = side length of loaded plate, mm 

  = a factor for slab column connections based on the location of the column (40 for interior, 30 

for exterior, 20 for corner columns), dimensionless. 
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  = the ratio of the long side to the short side of the concentrated load or reaction area, 

dimensionless. 

  = bending reinforcement ratio. 

 

 

Table 1.  Details of specimens. 
 

Slab no. 

Thickness 

(h) 

(mm) 

Volume 

fraction 

Vf  % 

No. of 

wire 

mesh 

layers 

Width 

of loading 

plate (w)  

(mm) 

Compressive 

strength 

(f’c) 

(MPa) 

Mortar type 

 

0-45-S 

45 

0 0 

40 70 

Self 

compacting 

mortar 

2-45-S 0.77 2 

3-45-S 1.154 3 

4-45-S 1.54 4 

6-45-S 2.31 6 

9-45-S 3.464 9 

2-30-S 

30 

1.154 2 

40 71 4-30-S 2.31 4 

6-30-S 3.464 6 

2-30-L 
30 

1.154 2 
80 70 

4-30-L 2.31 4 

2-30-S-con 
30 

1.154 2 
40 68 

Normal  

mortar 4-30-S-con 2.31 4 

 

Table 2. Properties of wire mesh. 

Specimens 

Wire 

diameter 

(mm) 

Yield strength 

(MPa) 

Ultimate 

strength (MPa) 

Modulus of 

elasticity (GPa) 

S1 1.0 409 598 95.1 

S2 1.0 392 586 94.3 

S3 1.0 414 616 95.6 

Average 1.0 405 600 95.0 
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Table 3.  Fresh properties of self compacting mortar. 

 
Tested value of fresh 

mortar 

EFNARC Specification 

(2002) 

Mini Slump (mm) 259 Between (240 – 260) mm 

Mini V-funnel (sec) 8.6 Less than 11 seconds 

 

  

Table 4. Test results of slabs. 

Slab no. 

Mortar compressive 

strength 

(MPa) 

 

Thickness 

(mm) 

Load 

(kN) 

Deflection 

( mm) 

0-45-S 67 42 6.0 1.25 

2-45-S 69 44 15.3 8.1 

3-45-S 69 43 17.3 7.5 

4-45-S 72 47 27.9 7 

6-45-S 72 48 38 6.6 

9-45-S 71 48 45.5 6.1 

2-30-S 67 27 7.43 13.75 

4-30-S 72 30 13.5 11 

6-30-S 74 33 23.2 10 

2-30-L 66 28 9.2 14.5 

4-30-L 74 32 17.4 12 

2-30-S-con 67 28 7.6 12.75 

4-30-S-con 69 32 13.6 10.5 
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Table 5. Comparison of test results with codes of practice and proposed model. 

Slab no. 

Ultimate load (kN) 
Ratio 

(1)/ (2) 

Ratio 

(1)/(3) 

Ratio 

(1)/(4) 

Ratio 

(1)/ (5) Exp. 

(1) 

ACI 

(2) 

B.S 8110 

(3) 

EC-2 

(4) 

Pred. 

(5) 

2-45-S 15.3 40.53 43.5 29.91 13.9 0.38 0.35 0.51 1.10 

3-45-S 17.3 39.13 48.5 32.84 16.3 0.44 0.36 0.53 1.06 

4-45-S 27.9 42.54 57.54 39.12 23.0 0.66 0.48 0.71 1.21 

6-45-S 38.0 47.31 73.1 50.23 29.4 0.80 0.52 0.76 1.29 

9-45-S 45.5 46.32 79.31 57.34 35.8 0.98 0.57 0.79 1.27 

2-30-S 7.43 19.55 24.6 14.7 6.4 0.38 0.30 0.51 1.16 

4-30-S 13.5 23.52 36.27 22.1 11.6 0.57 0.37 0.61 1.16 

6-30-S 23.2 27.35 45.07 29.7 17.3 0.85 0.51 0.78 1.34 

2-30-L 9.2 32.43 34.22 20.51 10.9 0.28 0.27 0.45 0.84 

4-30-L 17.4 40.70 51.55 31.7 20.7 0.43 0.34 0.55 0.84 

2-30-S-con 7.6 20.57 25.88 15.63 6.9 0.37 0.29 0.49 1.10 

4-30-S-con 13.6 25.26 33.32 24.66 12.8 0.54 0.41 0.55 1.06 

Average 0.56 0.40 0.60 1.12 

Standard deviation 0.22 0.10 0.12 0.16 

Min. value 0.28 0.27 0.45 0.84 

Max. value 0.98 0.57 0.79 1.34 

 

 

 

                   (a) Specimen detail.                                                                    (b) Test setup. 

Figure 1.  Specimen detail and test setup. 
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(a)  Mini slump cone.                                      (b)  V-funnel apparatus. 

 

Figure 2.  Mortar flow and funnel tests. 

 

 

 

 

 

Figure 3.  Fabrication and cast of self compacting specimens. 
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Figure 4. Comparison of load-central deflection response of self-compacted and normal slabs 

reinforced with Vf = 1.154%. 

 

 

Figure 5. Comparison of load-central deflection response of self-compacted and normal slabs 

reinforced with Vf = 2.31%. 
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Figure 6. Punching failure mode of self-compacted and normal slabs. 

 

              

  

                                                                     

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Failure mode of self compacted 

slabs with same volume fraction and 

different loading plate size. 

Figure 8. Failure mode of self compacted 

slabs with same volume fraction and 

different thickness. 

          

(a) 4-30-S-top face (b) 4-30-S-bottom face.            (c) 4-30-S-con-top face.     (d) 4-30-S-con- bottom face. 

 

        

(a) 2-30-S-bottom face.     (b) 2-30-L-bottom face.             (a) 4-30-S-bottom face.      (b) 6-45-S-bottom face. 
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Figure 9. Failure mode of self-compacted slabs with same thickness and different volume 

fraction. 

 

 

Figure 10. Load-central deflection response 

of plain self-compacted mortar. 

 
 

Figure 11. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with different volume fraction. 
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(a) 0-45-S-bottom face. 

 

(b) 2-45-S-bottom face. 

 

(c) 3-45-S-bottom face. 

 

(d) 4-45-S-bottom face 

 

(e) 6-45-S-bottom face 

 

(f) 9-45-S-bottom face 
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Figure 12. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 1.154% and different 

loading plate size. 

 

Figure 13. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 2.31% and different 

loading plate size. 

 

 
 

Figure 14. Effect of loading plate size on 

ultimate shear capacity of self-compacted 

slabs. 

 

Figure 15. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 1.154% and different 

slab thickness. 
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Figure 16. Comparison of load-central 

deflection response of self-compacted 

slabs reinforced with Vf = 2.31% and 

different slab thickness. 

Figure 17. Comparison of load-central 

deflection response of self-compacted slabs 

reinforced with Vf = 3.464% and different 

slab thickness. 

 

Figure 18. Effect of volume fraction on ultimate capacity of slabs. 



[Type text] 

Journal of Engineering Volume   21  February  2015 Number 2 
 

 
 

65 

 

 

 

 

Figure 19. Critical section and perimeter of punching failure in different codes for square 

column. 

 

Figure 20. Comparison of experimental punching loads with prediction. 
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