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                   Abstract - Strengthening of slab is needed to 

be explored that could strengthen and make them 

fit for serviceable conditions. The present research 

has been made to determine the performance of 

preloaded slabs strengthened with three-layered 

wire mesh polymer-modified ferrocement (PMF) 

with 15% - latex (SBR) polymer. Five real-size 

slabs were -used in this experimental work. First 

as a control slab and 4 as strengthened slab.they 

are tested at different damage levels of 45%, 75%, 

and 95% of the ultimate load values and then 

strengthened with 20mm thick PMF. 

Strengthened slabs were then again tested .the 

failure modes ,crack patterns , midspan 

deflections and strain responces were investigated 

by testing with loading frame. The test result 
showed that the performance of PMF jacketing is 

very consistent for slab . Application of PMF 

jacketing filled the cracks which were developed  

during the initial damaging of slabs and also 

helped to arrest the formation of such deformities 

during retesting of damaged strengthened slabs. 

The strengthened slab having the initial stress 

level of 75% (S3:SBR:75) showed the maximum 

improvement in their ultimate load value by 56% 

.The results of strengthened Slabs with an initial 

damage of 45% (S2:SBR:45) and 95% 

(S4:SBR:95) also showed a similar trend of 

improvement in their ultimate load values by 42% 

and 53.54% , respectively, over the controlled 

Slab. 

Keywords: polymer-modified ferrocement (PMF), 

SBR , Strengthening, preloaded 

 

I.INTRODUCTION 
 

A large number of civil infrastructures around the 
world are in a state of serious deterioration today due 
to carbonation, chloride attack, etc. Moreover many 
civil structures are no longer considered safe due to 
increase load specifications in the design codes or 
due to overloading or due to under design of existing 
structures or due to lack of quality control. In order to 
maintain efficient serviceability, older structures 
must be repaired or strengthened so that they meet 
the same requirements demanded of the structures 
built today and in future. Ferrocement over the years 

have gained respect in terms of its superior 
performance and versatility, and now is being used 
not only in housing industry but its potentials are 
being continuously explored for its use in retro-fitting 
and strengthening of damaged structural members. As 
per Ferrocement Model Code, ferrocement is a type of 
reinforced concrete commonly constructed of 
hydraulic cement mortar reinforced with closely 
spaced layers of relatively small wire diameter mesh. 
The mesh may be made of metallic or other suitable 
materials. Thinking ferrocement as a material to be 
applied to thin walled it is necessary to adjust the 
material properties to the construction type and acting 
forces in the structures, to obtain the proper strength, 
stiffness, cracking control, ductility and impact 
resistance.  

Water soluble polymers and aqueous polymer 
dispersions are often used to improve the properties of 
mortar. Polymer modified mortars are being used as a 
popular construction material because of their 
excellent performance. Polymer-modified mortars are 
generally superior in the resistance to oxygen diffusion 
to unmodified mortar. Consequently the use of 
polymer-modified mortars as repairing and finishing 
materials can be recommended in order to inhibit the 
wet corrosion of reinforcing bars in concrete structures 
. Even powdered polymer-modified mortars can be 
used in the same manner as those of aqueous polymer-
modified mortar for practical application . The water 
retention of the powdered and aqueous polymer-
modified mortars increases with a rise in polymer-
cement ratio, however the magnitude of the 
improvement depends upon the types of cement 
modifiers used, polymer-cement ratio or both. 
 

II.LITERATURE REVIEW 
 
John N.Karadelis , YouguiLin(2015)[7]  Reveal the 
flexural performance ,including the equivalent 
flexural strength of  PVA (Polyvinyl Alcohol)  
modified concrete by comparing it primarily with that 
of   SBR (Styrene Butadiene Rubber) concrete.  Two 
types of polymers ,SBR (Styrene Butadiene Rubber ) 
and PVA (Polyvinyl Alcohol) and two types  of steel 
fibre,  35mm and 50mm long were used in mortar and 
concrete mixes .Concrete specimens (beams of 
80_100_500) were fabricated in steel mould using a 
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purposely made  v ibrating  compactor . SBR  beams 
were cured in water for  five days . PVA beams were 
cured in water for seven days , followed by aircuring 
to testing .The ages of specimens  prior to testing 
were 28–40 days. Rajinder Ghai , Prem Pal Bansal, 
and Maneek Kumar(2018)[12] Strengthening of such 
beams is needed to be explored that could strengthen 
and make the fit for serviceable conditions. The 
present research has been made to determine the 
performance of predamaged beams strengthened with 
three-layered wire mesh  polymer-modified  
ferrocement  (PMF)  with 15% styrene-butadiene-
rubber latex (SBR)  polymer. Forty-eight shear-
designed  and shear-deficient real-size beams  were  
used in this experimental work .Ultimate shear load-
carrying  capacity of control beams was  found  at 
two different  shear-span (a/d)  ratios 1 and 3 . The 
sets of remaining beams were loaded with different  
predetermined damage levels of 45% ,75% ,and 95% 
of the ultimate load values and then strengthened 
with 20mm  thick PMF .The strengthened  beams 
were then again tested for ultimate load-carrying 
capacity by conducting the shear load test .As a result 
, the  PMF-strengthened beams showed restoration 
and enhancement of ultimate shear load-carrying 
capacity by 5.90% to 12.03%.The ductility of 
strengthened beams was improved  ,and hence ,the 
corresponding deflections were prolonged .On the 
other hand ,the  cracking  pattern of PMF-
strengthened beams was also improved remarkably. 
YanjunTang, Dingding Zhou, and Junhua 
Zhang(2013)[13] Novel poly vinyl alcohol (PVA) / 
styrene butadiene rubber (SBR) latex / carboxy 
methyl cellulose (CMC) / halloysite nanotubes 
(HNTs)  nano composites were successfully prepared 
through physical blending. The  
as-obtained PVA/SBR/CMC/HNTs nano composites 
were coated on the surface of old corrugated 
container (OCC)-based paper in an effort to improve 
the mechanical properties of paper. To improve the 
dispersion of HNTs and enhance the compatibility 
between HNTs and polymer matrix, HNTs were 
modified with titanate coupling agent (TCA). FT-IR, 
together with TGA, confirmed that TCA was grafted 
onto the surface of HNT ssuccessfully.XRD 
demonstrated that the crystal structures of HNTs 
remained almost unchanged.(TEM showed that 
modified HNTs exhibited good dispersion and 
possessed nano tubular structures with an outer 
diameter of around 50nm and an inner diameter of 
about 20nm. SEM gave an indication that modified 
HNTs were dispersed more uniformly than 
unmodified HNTs within PVA/SBR/CMC matrix. 
Rheological measurement exhibited that surface 
modification process enhanced the compatibility 
between HNT  sand polymer matrix, thus resulting in 

the decreased viscosity of nano composites. In 
comparison with unmodified HNTs, modified HNTs 
were found to contribute more to the enhancement in 
mechanical properties, which might be attributed to 
the better dispersion and compatibility of modified 
HNTs evidenced by TEM, SEM, and rheological 
measurement. 
Xiaoling Qu, Xuguang Zhao(2017)[15] A study was 
carried out, using heat flow calorimetry, XRD, FTIR 
and SEM imaging analysis, of different influences 
which were exerted by the type of polymer, on the 
hydration behaviors of cement pastes. It is shown that 
both styrene-butadiene rubber latex (SBR latex) and 
hydroxypropylmethyl cellulose (HPMC) can cut down 
the cement  hydration  heat  evolution  rate  and total 
heat between 5 hand 20 h.The former has a weaker 
influence but can play a positive role in enhancing the 
latter. XRD and FTIR analysis show that SBR latex 
and HPMC have played a negative role on the contents 
of Ca(OH)2 in cement pastes cured for 24 h, and there 
is a relationship of mutual  promotion  between  SBR  
latex and HPMC in terms of inhibiting the formation  
and  growth  of Ca(OH)2,  but  this  inhibiting effect 
becomes weaker at 72 h. HPMC has the superior 
inhibiting  effect owing to its special OeH groups 
compared to SBR latex. 
workability of concrete. 
 
III.EXPERIMENTAL PROGRAMME 
 

A. Description of test specimens and parameters 

4 slabs of dimension 1m x 1m x 0.1 m are casted. First 
the control slab is casted (CS). Then it is cured for 28 
days. The reinforcement detailing is shown in Fig  1.  
 

Table 1. Preloading load values 
 

 
 
 
 
 
 
 
 
 
 
 

The design is as per IS: 875 (Part III), IS: 456[7, 9]. 
Then 3 other slabs of same dimensions are casted. 
Each of them is cured for 28 days. After that The 
ultimate load carrying capacity of control slab was 
found out . the three slabs were preloaded with initial 

Specimen Preloading load 
values 
(kN) 

S2:SBR:45 25.33 

S3:SBR:75 42.22 

S4:SBR:95 53.48 
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damage of 45% , 75% and 95% of ultimate load of 
control slab. And after that a 20 mm thick overlay is 
palced over the slab. The overlay consist of three 
layer of square woven wire mesh and with 15% 
replacement of cement with SBR polymer. They’re 
tested in loading frame with central load. The average 
cube compressive strength at 28 days for CS is 
29.1N/mm2. After the slab hardened, the top surface 
of the concrete is purposefully roughened in order to 
create good bonding surface for overlay layer. 
throughout the concrete substrate. 

A. Test setup and instrumentation 

All the slab specimens are simply supported and 
subjected to loading at the centre. The Linear 
Variable Differential Transducers (LVDTs) are 
placed at the centre portion of the slab at the bottom 
for measuring deflection. The measured displacement 
will be  displayed in the digital indicator and further 
it is connected to Data Acquisition system (DAQ). 
The load is applied  
 
 
 

 
 

 
continuously until the specimen breaks. To measure 
the load applied to the specimen, compression type 
load cell is used. 

The load cell gives proportional output in 
electrical parameters under the given load. The 
failure load is the load that caused the specimen to 
fail in flexure or that caused failure at the interface 
between the substrate and overlay. The specimens 
are whitened by applying white cement for better 
observation of the cracks. The test setup is shown 
below in Fig 3. 

IV.PRELOADING OF SPECIMEN 
 

The table 1 gives the preloading load values of all 
specimen. According to the test results of controlled 

slab ,the other slabs were loaded on the same setup 
and predamaged for three different levels of initial 
stresses corresponding to 45%, 75%, and 95% of the 
ultimate load. These damaged Slabs were then 
unloaded and strengthened with 20mm thick shaped 
polymer-modified ferrocement jacketing which 
contained 15% SBR latex and three layers of square 
woven steel wire mesh. Strengthened slabs were then 
again tested.The failure modes ,crack patterns , 
midspan deflections and strain responces were 
investigated by testing with loading frame. The 
specimen S2:SBR:45 was predamaged for a load of 
45% of ultimate load of control slab. 45% load value 
which corresponds to 25.33kN which is the elastic 
limit of control slab. The maximum central 
deflection at 25.33 kN is 1.8mm. Specimen S3:SBR 
:75 was preloaded with 42.22 kN load which is 75% 
of ultimate load of control slab . The load at first 
crack was developed at 25 kN . The load vs 
deflection graph is linear . Maximum central 
deflection at 42.22kN is 3.44 mm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Fig. 2 Crack pattern of preloaded S2:SBR:45 

Fig.1 Reinforcement details of specimen 
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Specimen S4:SBR :95 was preloaded with 53.48 kN 
load which is 95% of ultimate load of control slab . 
The load at first crack was developed at 28 kN . The 
load vs deflection graph is linear . 
 
 

 
 

Fig . 3 crack pattern of preloaded S3:SBR:75 

 

 
Fig.4 crack pattern of S4:SBR:95 

 
V.STRENGTHENING PROCEDURE 

 
The behaviour of strengthened slab is highly 
dependent upon the surface preparation and 
application of the strengthening material. The 
repaired surface of the slab should be free from dirt, 
oil, dust, existing matter, and curing compounds. An 
improper preparation of the surface can result in 
debonding of PMF jacketing. Before the 
strengthening procedure, the slabs were turned upside 
down to expose their soffit. The particular portion of 
all the predamaged slabs was cleaned with a wire 
brush. The surface was cleaned with such a way to 
expose the aggregates and to make the surface 
sufficiently rough for application of repairing mortar. 
Water was sprayed on the prepared surface to make it 
wet. The another study done by the authors resulted 
that the three-layered square woven steel wire mesh 
PMF having an optimum percentage of 15% SBR 
showed better strength properties and hence adopted 
in this present investigation to strengthen the 
predamaged RCC slab. The polymer modified 
repairing mortar was constituted with cement, sand, 

SBR, and water in the ratio of 1:2:0.15:0.35 . Cement 
slurry was used as a bonding agent. First of all, three 
layers of wire mesh were affixed over the specified 
length of slab, and then, SBR modified mortar was 
applied. 

.  

 
Fig.5  Detail of PMF Jacketing 

 

 
 

Fig .6 placing of PMF jaketing 
 

 
Fig .7 specimen after strengthening procedure 

 
A total of 20mm thick PMF jacketing was applied 
Different slab specimens were prepared for each level 
of initial damage. The repair material was accurately 
positioned with the help of wooden forms. After 24 
hours of application of PMF jacketing, the 
strengthened portion of the slab was cured with gunny 
bagsfor further 28 days 
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VI.OBSERVATIONS, RESULTS AND 
DISCUSSIONS 
 
All the specimens are tested using loading frame. 
Test results included ultimate load at failure and 
central deflection. a total of  four slabs were tested. 
The testing was aimed to achieve many objectives by 
comparing the behaviours of these slabs. The 
controlled and strengthened slabs were loaded up to 
ultimate failure. Most of the slabs showed diagonal 
cracking patterns and the shear mode of failure. The 
effects of different levels of initial stresses, and 
failure modes, cracking pattern, ductility ,and 
deflection of strengthened slabs are discussed in the 
subsequent section 
 

VII.RELOADING OF  STRENGTHENED SLABS. 
  
The PMF( Polymer modified ferrocement)-
strengthened Slabs were again placed on the same 
loading frame setups to find their ultimate shear load-
carrying capacities, deflection, and cracking pattern. 
The locations of LVDTs were kept the same as in the 
case of controlled slab. The specimen was whitened        
by applying a thin layer of white cement for better 
observation of cracks. The specimen were simply 
supported and subjected to point load at center  
bottom and diagonal bottom of slab .The load- 
deflection behaviour of all sets of tested slabs was 
recorded for conclusive study .The detail of observed 
loads, deflections, and failure modes is founded out 

A. Load vs deflection 

The load vs deflection graph was plotted for all 
specimens.The deflection behaviour of these slabs 
was also changed after strengthening , and the slabs 
exhibited more ductility as campared to controlled 
slabs. Hence , higher deflection values were observed 
for all the strengthened slabs at the ultimate failure 
level. For camparitive study the deflection value 
under the load ponit are only discussed 
 
B. Comparison of parameters 

 Ultimate load at failure 

From Table 2, it’s clear that the ultimate load at 
failure and the maximum deflection of the 
strengthened slab having the initial stress level of 
75% (S3:SBR:75) showed the maximum 
improvement in their ultimate load value by 56% 
.The results of strengthened Slabs with an initial 
damage of 45% (S2:SBR:45) and 95% (S4:SBR:95) 
also showed a similar trend of improvement in their 
ultimate load values by 42% and 53.54% , 
respectively, over the controlled Slab. Polymer 

Modified Ferrocement  is fully effective to restore and 
enhance the original strength of initially stressed slabs 
even after 95% damage. All the strengthened slabs 
showed a complete restoration of original strength  
irrespective of ,the level of initial damage. Maximum 
enhancement in the ultimate load value was observed 
for S3:SBR :75By overlaying , the strength and 
ultimate load got increased. 

 Crack pattern 

A few number of cracks of varying width and spacing 
were observed in all slabs. The slabs ultimately failed 
because of the widening of any of these cracks. On 
the other hand, the predamaged strengthened slabs 
showed fewer hairline cracks during testing. The 
strengthened slabs ultimately failed due to the 
formation of inclined shear cracks. These slabs  
showed minor cracks when compared with the control 
slab. 
 
 
 
 
 
 
 
 
 

Fig.8 crack pattern ofS2:SBR:45  
 

 
 

Fig. 8 crack pattern of S3:SBR:75 and 
S4:SBR:95 

Table 2 Values of parameters obtained for all    
specimens 

 
 

 
Specimen Ultimate 

load 

value(kN) 

Maximum 

deflection 

(mm) 

S1:CONTROL 56.3 18 

S2:SBR:45 74.6 26.3 

S3:SBR:75 99.3 27.97 

S4:SBR:95 95.1 34.3 
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VIII.COMPARISON BETWEEN CONTROLLED 
AND STRENGTHENED SLAB 

 
 From the table 2 it is clear that the ultimate load 
carrying capacity is greater for S3:SBR:75 after 
strengthening. And the non linearity of load vs 
deflection graph is increased after strengthening. 

    Failure load detail for all the tested Slab specimens is 
given in Table 2. Almost shear mode of failures was 
observed in all the slab specimens. No debonding of 
jacketing appeared when the PMF-strengthened slabs 
were tested up to an ultimate failure level. These 
strengthened slab showed a significant improvement 
in their load-carrying capacities, ductility behaviours, 
and cracking patterns. As the initial stress level of 
strengthened slabs increased, the percentage 
improvement in the strength was also increased. Load 
enhancement behaviour was also observed for the 
strengthened slab Graphical  comparison of ultimate 
load values of slab is shown in Figure 9. The failure 
loads of strengthened slabs were also considerably 
improved .It is concluded that the PMF jacketing 
restores and improves the original strength of 
predamaged slabs. However, it was observed that 
some cracks appeared even through jacketing, which 
indicates a good bond of PMF jacketing with the 
existing concrete structure. 

 
 

 Fig .9 ultimate load carrying capacity of specimen 
    

                   Stresses All the strengthened Slabs which were initially 
damaged with 45%, 75%, and 95% of the ultimate load 
had showed a complete restoration and further 
enhancement of the original strength  after 
strengthening .The deflection behaviour of these slabs 
was also changed after strengthening ,and the slabs 
exhibited more ductility as compared to controlled The 
strengthened slab having the initial stress level of 75% 
(S3:SBR:75) showed the maximum improvement in 
their ultimate load value by 56% .The results of 
strengthened Slabs with an initial damage of 45% 
(S2:SBR:45) and 95% (S4:SBR:95) also showed a 
similar trend of improvement in their ultimate load 

values by 42% and 53.54% , respectively, over 
the controlled Slab. 

 

 
 

Fig.10 .percentage of increase in strength after 
strengthening 
 

Table 3 percentage of increase in strength of ultimate load 
carrying capacity after strengthening 

 
IX. DISCUSSIONS 

   For comparative study, the deflection values under the 
load point are only discussed in this article.The load 
deflection plots for all the Slab specimens are plotted. 
The ductility of slabs was improved after strengthening 
.The main reason for the increase of ductility is the 
strengthening technique only.  Strengthening of slab 
improved the section modulus of slabs and made the 
slabs more ductile to resist deflection even after initial 
damages , and hence , the slabs  showed  higher 
deflection values as compared to controlled slabs  at any 
particular load level. It is concluded that the PMF 
increases the ductility of predamaged strengthened slabs 
which further imparts to sustain higher deflection and 
applied loads. And it was found that the jacketing 
neutralised the opening of cracks. The strengthened 
Slabs behaved stiffer as compared to the 
corresponding slabs without strengthening, and the 
rate of crack development was also reduced. PMF 
strengthened slabs  further displayed a lesser number of 
cracks when loaded to failure. This strengthening 
technique helps to improve the ductility of slabs and  
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                causes to delay the formation of cracks. Spalling of 

concrete in the vicinity of the support point also 
reduced because of strengthening. PMF jacketing 
acted monolithically with the RCC slabs specimens, 
and no bond failure was observed during the testing 
process. However, the PMF jacketing technique leads 
to achieve the ductile failure of strengthened slabs 
specimens. From the above mentioned experiments, it 
is concluded that the PMF strengthening technique has 
improved the deformation  behaviour , the cracking 
pattern , and the ultimate load carrying capacity of the 
initially damaged 

 
X.CONCLUSIONS. 

 
Predamaged slabs strengthened with three-layered wire 
mesh polymer-modified ferrocement (PMF) with 15% 
styrene-butadiene-rubber latex (SBR) polymer 
strengthened slab they are tested at different damage 
levels of 45%, 75%, and 95% of the ultimate load 
values. 
1) The strengthened slab having the initial stress level 

of 75% (S3:SBR:75) showed the maximum 
improvement in their ultimate load value by 56% 
.The results of strengthened Slabs with an initial 
damage of 45% (S2:SBR:45) and 95% 
(S4:SBR:95) also showed a similar trend of 
improvement in their ultimate load values by 42% 
and 53.54% , respectively, over the controlled Slab 

2)  Polymer Modified Ferrocement  is fully effective 
to restore and enhance the original strength of 
initially stressed slabs even after 95% damage. All 
the strengthened slabs showed a complete 
restoration of original strength  irrespective of ,the 
level of initial damage. Maximum enhancement in 
the ultimate load value was observed for S3:SBR 
:75 

3) Test results showed that the performance of PMF 
jacketing is very consistent for slab . Application of 
PMF jacketing filled the cracks which were 
developed  during the initial damaging of slabs and 
also helped to arrest the formation of such 
deformities during retesting of damaged 
strengthened slabs.  

4)   The Polymer Modified Ferrocement  
strengthening technique increased the ductility of 
predamaged slabs and caused to delay the shear 
failure by resisting and distributing the applied 
loads. The slabs behaved  more elastically, and 
deflection behaviour also improved after 
strengthening.  

5)  The rate of crack development was also 
reduced,and the strengthened slabs displayed a less 
number of cracks as compared to the corresponding 
slabs without strengthening. No bond failure of 
jacketing was observed which reflects the proper 
bonding and compatibility of polymer-modified 
ferrocement with the concrete structures. 
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