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Abstract

This paper presents a study of the flexural behavior of strengthened and repaired
reinforced concrete slabs by ferrocement. The study includes testing 17 simply
supported slabs, which include 2 control slabs, 3 strengthened slabs and 12 repaired
slabs. In the strengthened slabs the effect of number of wire mesh layers of ferrocement
on the ultimate load, mid span deflection at ultimate load and intensity of cracks were
examined. In the repaired part the slabs were stressed to (70 %) of measured ultimate
load of control slab. The effects of number of wire mesh layers, ferrocement thickness
and the connection method between repaired slabs and ferrocement jacket on the
ultimate load, mid span deflection at ultimate load and intensity of cracks were
examined.
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1. Introduction:

Reinforced concrete is the most frequently used structural material because of its good
durability, and it has been used for many years to build a wide variety of structures.
Consequently little maintenance or repair work is usually required on concrete structures that
have been designed and built well with materials of controlled quality, unless they are
exposed to particularly aggressive conditions. A period of dynamic growth in its use came
during the 1960s as a result of chronic shortage of housing. The commonly held view, that
concrete is a durable, maintenance-free construction material has been changed in recent
years. Several examples can be shown where concrete did not performs it was expected.
Although hundreds of thousands of successful reinforced concrete structures are annually
constructed worldwide, there are large numbers of concrete structures that deteriorate, or
become unsafe due to inadequacy of design detailing, construction and quality of concrete,
overloading, chemical attacks, corrosion of rebar, foundation settlement, abrasion, fatigue
effect, atmospheric effects, abnormal floods, changes in use, changes in configuration and
natural disaster, etc. All of these factors affecting the durability of concrete structures and
made engineers thought about methods for repairing and rehabilitation of deteriorated
concrete structures [1].This study present preliminary investigations of structural behavior of
strengthen and repaired concrete slab by ferrocement.

2. Test Program

Seventeen simply supported slabs were tested. All slabs were rectangular with 500
mm width, 100-130 mm total depth and a total length of 1400 mm. Each reinforced concrete
slab is reinforced with @10@125mm c/c as a main reinforcement and @10@350mm as a
secondary reinforcement. The specimens were arranged in three groups; (A-C) as follow:-
e GroupA
This group consisted of two specimens; these specimens were the control specimens with
normal concrete cover and tested up to failure.
e Group B
This group includes three reinforced concrete slabs strengthened with ferrocement cover. The
purpose of this group is to investigate the effect of varying the number of wire mesh in the
ferrocement cover. For this purpose three specimens, (B1, B2 & B3) with (1,2& 3) layer of
wire mesh respectively, were cast and tested. The thickness of these slabs is (100 mm) in
which the (20 mm) cover of reinforced concrete is replaced by ferrocement layer.
e GroupC
This group consisted of twelve reinforced concrete slabs with (100 mm) thickness. These
specimens are loaded (70 %) of the failure load, then these slab repaired by adding a
ferrocement jacket. Specimens of this group divided as below:
1- six specimens are repaired by adding ferrocement with (20 mm) thickness, the connection
method between slab and ferrocement are as follows:-
a) In three of these specimens ferrocement is connected to the bottom face of the slab by (10
mm) diameter bolts spaced at (150 mm c/c) and reinforced with (either 2, 3 or 4) layers of
wire mesh.
b) In the other three specimens, ferrocement is connected to the bottom face of the slab by

epoxy and the ferrocement jacket is reinforced by (2, 3 or 4) layers of wire mesh.

2- The other six specimens repaired by (30 mm) ferrocement jacket and these slabs are
divided into the following two groups:-
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a) In three of these specimens ferrocement is connected by bolts (10 mm) diameter bolts
spaced at (150 mm c/c)and reinforced by (either 2, 3 or 4) layers of wire mesh.
b)In the other three specimens ferrocement is connected by epoxy and reinforced by (either

2, 3or 4) layers of wire mesh.

The symbol of strengthened slabs is explained as follow:-

S:slab
B: group B

<+«— SB—

No ——»

mesh

No. of wire

Whereas the symbol of repaired slabs isexplained as follow:-

S:slab Connection
— _+—_ B—»
C:groupc +—— SC—No—t E — by bolts
Ly Connection
No. of wire  Thickness of by epoxy
mesh ferrocement
Fig. 1 &Table 1 show the details of tested specimens.
I 100 mm
0 & (n] Oy
g
100 @ 125 mm g/t 1200 mm 350 mm ¢jc
* 1200 mm >
Group A
B —
i o 0 0 I 100 mm
s - ()
Feracement cover TI00 mm *
) 1400 mm -
Group B
C—
/L,_’l____; ______ TH | B — T - PR PR I 120-120 mm
c— +—
Connection I:n,r'lllil"'_= 150 mm (."}
Bolts or by epoxy 1200 mm
1400 mm
106 @ 125mm ¢/t Group C z l::fhlfﬁ': mm o
\ 100 mm
g | [oom
e :IJ:In'_ﬂ: R § §
Farsmoemant R e
20-30 =
" li_Wire mesh coNet mr—
) 500 mm o Wire m=s=|1 500 mm "
Section B-B Section C-C

Fig. 1: Details of specimen

80



Al-Rafidain Engineering Vol.21 No. 2 April 2013

Table 1: details of specimen

No. of Ferrocement | total slab | No. of Connection
Croup | The purpose s ecﬁnens thickness | thickness wire method
P (mm) (mm) mesh
Al
A control H——— - 100 | e | e
A2
SB-2 2
B strengthened SB-3 20 100 3 monolithic
SB-4 4
Sc-2-20- B 2
Sc-3-20- B 20 120 3 B{eggt;)or
. Sc-4-20- B 4
C Repaired =
56230 2 By bolts or
Sc-3-30- B 30 130 3 (epoxy)
Sc-4-30- B 4
3. Materials

Iragi Portland cement (Badoosh) satisfied the specification (1QS:5/1984)[2] (table 2 and table
3 contain the chemical and physical properties of cement respectively), natural sand and
aggregate with the (10 mm) maximum aggregate size that satisfied the specification (ASTM
C33-03)[3](see table 4 and table 5)are used for the concrete (cement: sand: gravel/water) in
the ratio of (1:1.6:2.7/0.5 by weight). The concrete mix was design to give 28-days cylinder
strength of 30 MPa. The main reinforcement used in all slabs consisted of four (10mm
diameter) high tensile steel bars with yield strength of 565 MPa. For ferrocement mortar,
Portland cement and natural sand satisfied ACI 549R-97 [4] were used in the ratio of 1:2/0.4
by weight. This mortar gives 28-days strength of (50 MPa) with the aid of using super
plasticizer (Sika Viscocrete-5W) with a dosage of (1 % of cement weight). The ferrocement
chicken wire was a galvanized welded square mesh of (0.6 mm) diameter and (12.5 mm)
openings, the choice of square mesh was related to many studies stated that the type of mesh
with square opening is better than any other types of mesh [5]. The mesh tested according to
the method described in reference [6] to get its yield strength and it was found to be 350
MPa.

All specimens were cast in molds made of plywood. For strengthened slabs the ferrocement
cover was first placed at the bottom with the required number of wire mesh layers followed
by placing the slab reinforcement directly on top of the ferrocement cover and then the
concrete instantaneously placed (see Fig 2 and Fig 3). For the repaired reinforced concrete
slabs (without ferrocement cover), after it was loaded up to (70%) of the failure load which
was predicted by the control specimens, was then repaired by ferrocement layer which either
fixed to bottom face of the slab by (10 mm) diameter bolts, placed as grid with (250x150
mm) dimension, or by epoxy resin (see Fig 4 and Fig 5) because it has been found that
roughening the face of slab was not enough to connect the ferrocement and slab tension face
[7]..

With each specimen, three cylinders (150mm diameter and 300mm height) were cast to
determine the concrete compressive strength [8] and three (50x50x50mm) cubes were cast to
determine mortar compressive strength [9], Table 6 include the compressive strength of
concrete and mortar for all slabs.

The specimens, were kept covered with wet sacks for 28-day.
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Table 2: Chemical properties of cement

Table 4: specification of used sand

Table 3: physical properties of cement 3] |
r1icooT O 7V 1V 70U
Composition %) Specification limit l Time of setlting
of cement (1QS,5/1984)[23] Primary _
AL,O; 5.6 3-8 (minute) 140 45 minute>
SiO; 21.52 17-25 finally
Fe,O3 2.74 0.5-6 . 200 > 600 minute
SO, 2.54 2.8%> (minute) .
MgO 323 506> Compressive strength (MPa)
compound of cement 3 days 18.9 (16 MPa)=
CsS 36.44 31.03- 41.05 7 days 26 (24 MPa)>
C.S 34.20 28.61 —37.9 Tensile strength (MPa)
C:A 10.20 11.96-12.3 3 days 1.7 (1.6MPa)=>
C.AF 7098 7.72-8.02 7 days 2.5 (2.4 MPa)>

Table 5: specification of used gravel

Sieve size Passing % Standard _ i _
No. 8 100 100 Sieve size Passing Standard
No. 4 98 95-100 In. % %
No. 8 80 80-100 2 100 100
No. 30 44 25-60 3/4 57 35-70
No. 50 16 5-30 3/8 10 10-30
No. 100 6 2-10 3/16 0.7 0-5
F.M. 2.9 Pan 0
M.A.S No.4 F.M. 7.3
ASS. No.30 M.A.S 1.51in
Table 6: Properties of concrete and mortar
ropertie$ f fon"” E® En'”
Slabs (MPa) (MPa) (GPa (GPa
A 33 | - 26
SB-2 33 53 26 33.6
SB-3 32 52 24 34
SB-4 29 53 26 32
SC-2-20-B 30 51 25 33
SC-3-20-B 32 50 24 33.6
SC-4-20-B 29 52 25 34
SC-2-30-B 33 54 26 325
SC-3-30-B 29 49 24 33
SC-4-30-B 29 50 24 33.6
SC-2-20-E 30 52 25 33
SC-3-20-E 33 50 26 34.3
SC-4-20-E 33 55 26 34
SC-2-30-E 32 54 27 32
SC-3-30-E 30 51 25 32.5
SC-4-30-E 29 49 24 34
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Fig 3: Placing the reinforcement

Fig.4: Placing the bolts to connect Fig.5: Placing the ferrocement cover
the ferrocement cover and repaired slabs connected to repaired slabs by epoxy

4. Test procedures

All slabs were tested under four-point flexural loading over a clear span of 1200mm and
instrumented for measuring mid span deflections. Fig. 6 and Fig. 7 show the position of
transducer, loading point on the slabs.

All the slabs were tested using an incremental loading procedure. Linear variable
displacement transducer (LVTD) was used to measure the mid span deflection of the slab.
Portable electronic data logger was used to record the reading of deflections and slip. The
initial values for deflections, slips and loads were zeroed on the measuring device and the
loading system and transducers was the assembled in position. These conditions were then
considered to represent the initial state of the slabs. Out of these seventeen slabs two are
control slabs which are tested after 28 days of curing to find out the load carrying capacity,
three strengthened slabs were tested to failure, rest of twelve slabs are loaded up to 70
percent of the ultimate load obtained from testing the control slabs.
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2 point load
400 mm c/c

slab _ Transducer

Ferrocement
cover

R

Fig. 7: Test setup

5. Results and discussion
5.1 Strengthened slabs:

Fig.8shows the load-deflection curves for strengthened slabs and table 7 shows the results of
strengthened slabs. In general, slabs with ferrocement cover exhibited greater stiffness than
the control specimens and greater ultimate load. This ultimate load increased with the

increase of wire mesh layers 90

by (2.3, 9, 16.6 %) when 80 1

using (2, 3 &4) wire mesh 20 )

layers respectively. From €0 //Mé

Fig. 8 it can be noticed that | = M

the Increase of wire mesh % 20 1 -

layers did not significantly | 8 %°

reduce the total deflection 30

and the deflection increase 20

due to the increase of 10 /

ultimate load but it was still o ; .

less than the deflection at 0 5 10
Deflection (mm)

ultimate load in control

slab. Fig. 8: Load-deflection curve of strengthened slabs
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5.2Repaired slabs

Fig. (9-12) Show the load-deflection curves for repaired slabs.

Table 7: results of strengthened slabs

total No. of Ultimate | % increase | Deflection
specimen thickness wire mesh load e at ultimate
(mm) layer (KN) LA load
2:SB-2
A 100 | - 66 3:5B-3 10.35
SB-2 100 2 67.5 4384 8.8
SB-3 100 3 71 7.5 9
SB-4 100 4 77 16.6 9.7
|
ag 90
&0 '_| Chart Area J 4’\ 2 80
70 70 ‘i 2
Z Z 5o
-uéa N . B a0 m‘ !
g0 4 T:5C-2-20-B = 50 g/ a 1:SC-2-20-E
30 2:5C-3-20-B 20 2:5C-3-20-E
2 3:5C-4-20-B 10 4 3:5C-4-20-E
10 7 TA 2 . . a:A
a T T 1 0 5 10 15
0 5 Deflection (mm) 10 15 Deflection (mm)

Fig. 9: Load-deflection curve of group1

Fig. 10: Load-deflection curve of group2

S0
S0
B BO
= ]
- /‘% “ :
[#]
[ 3 —_ 3
Z 0 MA - Es0 S
= -
A0
Fao 7 I TSC2-30-8 g - y/ /4 4 1:30-2-30-E
307 ) TEC3-30-B 20 Z:5C-3-30-F
0 IECE-20-B TSC-4-30-F
10 q:h 10 1 ..
cl T T T T
? i ' o 5 10 15
° Deflection (mm)  *° Defiection [mm)

Fig. 11: Load-deflection curve of group3
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5.2.1Ultimate load

The ultimate load of repaired slabs are given in Table 8.

Table8: Ultimate load of repaired slabs

group Speci Steel | Minimum Vol_ume Ultimate % increase of
No. pecimen ratio steel ratio fI’E_lCtIOI‘I of load ultimate load
wire mesh (kN)
A | 66 | -
SC-2-20-B 0.002262 68 3
1 SC-3-20-B 0.003393 74 12
SC-4-20-B 0.004524 78.5 19
SC-2-20-E 0.002262 69 4.5
2 SC-3-20-E 0.003393 76 15
SC-4-20-E 0.0084 0.002 0.004524 78 18
SC-2-30-B 0.001508 70 6
3 SC-3-30-B 0.002262 74.4 12.7
SC-4-30-B 0.003016 78 18
SC-2-30-E 0.001508 70 6
4 SC-3-30-E 0.002262 76 15
SC-4-30-E 0.003016 79 19.7

The results above show that the addition of ferrocement not only restored the strength of
deteriorated slab but also caused to increase its ultimate strength. The table shows that the
increase of ultimate load compared with the control specimens (A) is mainly affected by the

number of wire mesh layers, while the
thickness of ferrocement and method
of connecting the ferrocement with the
reinforced concrete slabs has only a
marginal effect on the ultimate load of
repaired slabs. By comparing the
results of group 1 with group 2 and
that of group 3 with group 4 it may be
noted that using epoxy to adhere the
ferrocement jacket to the bottom face
of the slab gave a higher ultimate load
compared with that in which the
ferrocement jacket is fixed by steel
bolts. Figl3 shows the
percentageincrease of ultimate load
compared to control slab.

25

N
o

=
(%2}

w

% Increase of ultimate load

o

=
o
I

=4—group 1
=@—group 2
efe=—croup 3

4

[uny

2

No. of wire mesh layers

3

Fig. 13: Effect of number of wire mesh
layers on the ultimate load
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5.2.3Cracks intensity

Cracks intensity of slabs computed by taking a photo for slab at failure load using HD digital
camera with 16 megapixels and create a diagram of cracks pattern by Photoshop 7.0 program
(see Fig 14). Then the cracks intensity was computed by calculating the area of cracks using

(Moticlmagee 2.0 program) divided by the area of slab face.
The cracks intensity for the repaired slabs is given in Table 9.

" ‘ Gy l v o
L&’ A Z — #d ik

b e |

Fig 14: Cracks Pattern of Control Slab (A)

Table 9: Cracks intensity for repaired slabs

Total . NO.' of Cracks %

group Specimen thickness Connection wire intensity Decrease
No. method mesh 2 2 of cracks
(mm) layers (mm/mm?) intensity

A 100 0.0162 | --------
SC-2-20-B b 2 0.013 19.75

1 | SC-3-20-B | 120 bolts 3 0.01 38
SC-4-20-B 4 0.007 56.8
SC-2-20-E 5 2 0.01 38

2 [ SC-320E | 120 | N [ 3 [ 00093 | 426
SC-4-20-E 4 0.0062 61.7
SC-2-30-B 5 2 0.014 13.6

3 | SC-3-30-B | 130 bolts 3 0.013 | 19.75
SC-4-30-B 4 0.0086 47
SC-2-30-E o 2 0.012 25.9

4 | SC-3-30-E | 130 ep(){(y 3 0.011 32
SC-4-30-E 4 0.0074 54

It is clear from the results above that the addition of ferrocement jacket, using different
number of wire mesh layers and thickness with any connection method, caused a significant
reduce the cracks intensity. And to show the effect of every parameter (No. of wire mesh,
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ferrocement thickness and
connection method) on the cracks
intensity it is necessary to draw
the relation between number of
wire mesh layers with the
percentage decrease of crack
intensity of all groups as shown in
Fig.15.

The conclusion that can be
stated from the figure above is
that by increasing the number of

~N
o

D
o

vl
o
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——group 1

—@—group 2
== group 3
‘// —f—group 4

IS
o
1

w
o

N
o

=
o

% decrease of cracks intensity

wire mesh layers in any group led 0 ; ; ; .

to decrease cracks intensity. And 1 2 3 4 5

this due to the increase in specific No. of wire mesh layers

surface of ferrocement - -

reinforcement (Spec|f|C Surface |S Flg 15 EffeC'[ Ofnumber Of wire meSh |ayerS
the total bonded area of on cracks intensity

reinforcement (interface area) per

unit volume of composite).On the other hand; increasing of ferrocement thickness from 20
mm to 30 mm caused a reduction in the percentage of cracks intensity due to the reduction in
specific surface of ferrocement reinforcement caused by increasing ferrocement volume and
that can be clearly noticed by comparing between (groupl with group3 and group2 with
group4).The connection method was also had also clear effects on cracks intensity and this
can clearly be shown when making a comprehension between (groupl with group2 and
group3 with group4). As shown in table 9 the reduction in cracks intensity for slabs repaired
by ferrocement using epoxy resin as a connection method was higher than that when bolts are
used as connection tools.

6. Conclusion

Based on the test results obtained from the experimental study, the following conclusions
may be drawn out:-

1- The preliminary investigation reported in this study indicates that replacing the concrete
cover of steel in reinforced concrete slab with ferrocement cover which is constructed
monolithically has a significant effect on increasing the strength of slabs in terms of ultimate
load and deflection.

2- The major factor that affects the strength of strengthened and repaired slabs is the number
of wire mesh layers of ferrocement.

3- Increasing the thickness of ferrocement has only marginal effects in enhancing the
ultimate load of slabs.

4- Increasing of wire mesh layers considerably decreased the cracks intensity.
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