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INFLUENCE OF REINFORCEMENT ORIENTATION
ON THE BEHAVIOR OF FERROCEMENT SLABS

By

Ayman A. Shaheen ', Akram M. Torkey ’, and Ibrahim G. Shaaban ]

ABSTRACT

An experimental investigation was cartied out on five slabs reinforced with steel wire mesh
(ferrocement) 1o siudy the effectof rinforcement orientation on the behavior of the slabs, The slabs had
the same overall dimensions and were subjected to uniformly distributed load. Four slabs had different
relnforcement orientation, while the fifth one was a conventional reinforced concrete slab and was

considered as a conirol one. The general behavior,

deflection, cracking and ultimate load capacities of

the slabs were recorded. In addition, strains in the concrete section and crack patterns were monitored,
It was found that the reinforcement orientation had 2 significant effect on the behavior of the siudied
dlahs, O the basis of the test results, a design approach for the feerocement flexurnl members wis

proposed for the Egyptian Code of Practice ECC-89.

INTRODUCTION

Ferrocement is a form of reinforced concrete using
closely spaced muliiple layers of wire mesh andfor
small diameter bars completely encapsulated in moriar
{1]. Recently, a great deal of interest has been created
on the potential application of ferrocement in the ficld
of housing. Cenerally, the use of ferrocement in CoNSt-
sucting new buildings can be classified info two classes,
The first one is devoted for the use of ferrocement in
small housing developments, while the second class
involves oof covering of long spans and public
buildings [2]. The most common type of ferrocement
applications involves roofing in various fermms and is
located primarily in the developing areas of the world
[3]. The modern technique for applying ferrocement
includes multiple layers of wire mesh encapsulated in
mortar. This has been used successfully for a wide
variety of structural repairs and has proven o be impact
and corrosion resistant [4]. The true value of ferroce-
ment comes when i1 is used a3 & thin wall liner for
rehahilitation and strengthening of structures [5]. In
addition, it has inherent properties of wughness and
crack Tesistance that make it superior 1o conventional
concrete for the application in water structures [6].

The lack of use of ferrocement as a structural
material has been due primarily to the fact that it has
ot been regulated, in many areas, by a formal code of
practice [7]. Codes of ferrocement have been defined
recently; for cxample, in Russia since 1957 and o
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tentative code was written by the ACI Committee 549
in 1988 1,7].

In Egypt, it is belicved that the use of ferrocement
in the construction can be a competitive modern
huilding material than the conventional concrele
material. ‘This is because of its low cost in compatison
with conventional concrete. Therefore, §1 can be
considered one of the ideal solutions for the housing
problem. This can be achieved by using it im (he
ponstruction of low cost housing for youth.

In recent years, & tremendous research work has
been carried out into ferfocement properties and
applications{8]. Earlier experimental studies [4.6.9.10]
dealt with varying percentages of sieel content, types of
mesh, wire size and number of cast layers. n the
ather hand, there were studies carried out in order o
optimize the use of ferracement for repair of reinforced
concrele strectures [4,5,9,10]. It was found that casting
ferrocement in multiple layers is an appropriate methed
for repair of concrete members since it does not requine
any formwork. Furthermore, this rechnigue slightly
improves the behavior by reducing the deflection and
sirains in the concrete section [10].

The objective of this investigation is 1o study Lhe
influcnce of reinforcement anisoiropy on the behavior
of ‘slahs newly cast or those repaired using ferrocement.
In addition, it was intended 1o propose a design
approach for the flexoral members made 4 oF repaingd
with ferrocement.  This design approach was aimed to
be incorporated in the Egyptian Code ECC-839 as a
helpful ool for structural engineers.
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DETAILS OF TESTED SLABS

The experimental program included five slabs ol
Ofcm length and S0cm widih. All slabs were reinforced
with a traditional reinforcement of ste¢l bars §3/5cm in
baoth langitudinal and transverse directions (see Frg. 1)
The control specimen, P-cont, was cast at one layer of
70cm  thickness, as shown in Fig. 1, 10 ropresem
conventional concrete slab. The remaining four slabs
were cast in two lavers to simulate the Gase of repaired
glahs. The first layer has S50cm thickness and
reinforced with the same reinforcement of the control
slab. The second layer which represents the repair layer
his 2.0cm thickness and reinforced with an additional
high tensile sirength welded steel wite mesh with
square opening @0.64cm 1o resist the applied loads
{see Fig. 1)- The difference between these slabs was the
angle of orientation of the sieel wire mesh placed in the
second layer. The angle of inchination was measured
with respect to the longitudinal direction. The plates
were designated as P- 0, P-30, P-45 and P-6l as an
indication for the chosen arlentation angles (see Fig. 1).
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Fig, |- Cherall dimwestsioms and reinfofeement dzlils of slabs

TEST PROGRAM

Testing was vonducted using a 30 ton Shimadzu
universal testing machine as shown in Fig. 2oa It was
chosen similar 1o that used earlier [10]. A photograph
for the arrangement of test equipment is shown in Fig.
2.b. Slabs were spanned in the S0cm direction with a
distance of 24¢m  between supports.  Loading was
applied 1w the top surface of the slabs by means of &
prramid system of wood blocks 1o achieve a uniformly
distributed load.  The load was applied incrementally
with # constant rate. After each increment of about 250
kg.. the load was kept steady until deformation readings
hecame almest stcady, then siraing, deflection and
crack pattern were recorded.

Three dial gauges with accurkcy of BUF mm wen
positioned at the locations shown in Fig, b fo measune
the resulting deflection. Mechanical demec strain
points with distance 10cm apart were placed on bath
sides of the slab thickness 10 measure the flexural
strains in the concrete section by means of strain gauge
of aceuracy 0.002mm.
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Fig. 2- Tesl setup; o) brling machine , by arangement of 11 pquipmenis
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DISCUSSION OF RESULTS
Load-Deflection Relationship

The lood deflection relationship for the tested slubs
i5 shown in Fig. 3. It is clear from the figure that

before cracking, slabs reinforced with wire mesh have  «

greater sliffness than conventfional concrete slab (P-
conth,  This may be atirtbuted to the addition of steel
wite mesh o the original steel reinforcement of the
repaired  slabs,  As @ result, the deflection within
service load for the ferrocement slabs was less than that
of the control slab by aboul 23,8%. Alzo, it was found
that the deflection decreased with the increase of
orientation angle.  For example, the increase of
orentation angle Trom 07 1w 0" lead 1w a reduction n
the deflection by about 24%.
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Fig. 3- Loac-Deflemion relationship for the tessed slahs,

After cracking, it was noticed thai deflection of all
slabs was almost the same with a margin of vamation of
abwout 79, How ever, slab P-60 sustained a greater value
of deflection Gl failure {about 1.46 times that of control
slabd. Figures 4- and 4-b show the deflection profile of
the stabs in botk longitwdinal and wransverse directions.
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Flg 4-a- Deelection peofihe of the contned slab,

Fig. d-b- Dellecmon profile of the wested ferrocemen slabs

Crack Pattern and Ullimate Capacity

The oheerved crack pattern for the fested slabs s
shown in Fig. 5. I can be seen from the figure that
wsing ferrocement improved the cracking performance
by increasing the number of closely spaced cracks with
narrow  crack  width, For ferrocement  slabs, the
maximum crack width was less than 0.053mm, whilc
it was more  than thal for the control slab.  In
addition, the penctration depth of cracks in the slab
thickness was  approximately 4.0cm for the control
slab, while it ranged from Z0em o 2.ecm for the
ferrocement slabs, The first crack load and the ultimate
capacily of the slabs as well as the corresponding
deflection  are listed in Table 1. It was Found that,
generally, the cracking Ioad imcreased with the use
of ferrocement.  The amount  of incredse was aboul
58% ol the control slab deflection.  Moreover, the
increase of orentation angle up to 30" increased
cracking load byabout 19.5%. After that the cracking
load decreased. The same observation was found for the
ultimate boad capacity of the tested slabs.  Tr was
increased by aboul 11.3% with the increase of the
orientation angle up 1 30° and decreased again for
grealer angles.

Tahle 1= Deflection and bnad capacay of the wesied slabs
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Frg. 5- Crack paiiers for the fested sfabs

Strains

The measurzments of the horizontal sirain scross
the thickness of the fested slabs were recorded and
plotied as shown i Fig. 6, Wcan be noticed from the
figure that the tensile strains.are much higher than the
compressive sirains,  This finding reflected the ductile
behavior of the slabs as the lensile reinforcement
reached its  yeld strength. Before cracking, sirains
ingreased with o small rate as the load increased, while

after cracking the rate of increase was much higher
until failupe.  The sirain distribution was almost linear
except at the top of slab section. This was attributed
earlier [10] to the loading scheme using wood blocks
and the friction beoween them which may  have
restrained the upper zone.

Proposed Design Approach

It is aimed inthis section o suggest o desigin guide
lines to help structural engineers and provide them with
a procedure to check the acceplability of a ferrocement
section. This procedure may be considered as i basis
for the design of ferrocement members o be
incorporated in the Egyptian Code ECC-8Y, The design
approach was hased on the design guides presented hy
AC] Committee 549[7]. However, it was modified o
include the effect of reinforcement orienfation angle. 1t
can be carried out using either working stress method
or ultimate limit stale method.  The design steps are
summarized in Appendix-1 and detailed elsewhere [ 7).

The resulls from the experimental program, the
design method of ACI [7] and the proposed design
approach are listed in Table 2. It was found that the
results obtained from the modified design approach
were in good agreement with those of the experimental
lests, The difference between the load capacity
calculated by the proposed method (Pa) and that
obtained experimentally (Fy) ranged from 6.9% asa
miniAsum value o a maximum value of 16.9%,

Within the limited scope of this résearch work, the
results  from  the  proposed design approach  ang
satisfactory.  However, & thorough investigation of this
new lechnique (ferrocement) must be done on vanous
applications to check the presented design approach.
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Fig. fi- Straen dksiimsion for ihe sested slahs.
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Tabia 2 Ultrmase load capacity of the lealod slabs

<l5h Moo, Test resalts ACT methed Proposed methaod
(L} i2h | [Ps-By ¢ Py
micment lcaadd mament boad moment Lewndd i
(1.mj) Py _(ton} {t.m}) Ps (lon) {r.m} Py (1on}
P-coml 375x10° 1.912 43010 2,449 &R0 10 2.449 21.9
P- 1) araxiot 2412 2425107 2.255 a4zx10” 2.255 .00
P-30 s26x10" 2.685 442x10° 2.255 B32x107 3,225 16.7
P-43 shax10” 2572 442x107 2255 SeBx 10" 3.051 15.7
LB 4585107 2.340 442510° 2,255 553107 2816 16.9 |
SUMMARY AND CONCLUSION APPENDIX-1

Test  results of fve  investigated  ong  way
ferrocement  slabs  are presented. Crack patterns,
deflection, deflected profile, concrete sirains as well as
eltimate capacity were discussed in details. In addition,
a design approach for this type of elements was
proposed, Within the limits of this investigation, the
following conclusions are drawn:

1, Ferrocement was found to be a low costtechnigque
for constryction  andior repair of concrele structures
especially for developed countries.

2 The deflection within  service load for  the
ferrocement slabs was  small compared with that of
conventional concrete slab.  Also, it was found that
the deflecton decreased with the increase of
arientation angle.

3. Using  ferrocement  improved  the  cracking
performance by increasing the number of closely
spaced cracks with narrow crack width. The increase
of orienation apgle up o 307 increased both
cracking and ultimate londs.  However, they were
decreased for higher angles.

4, A design procedure for ferrocement members was
proposed 10 be incorporated fn the Egyplian Code
FCC-8%, The design approach was based on the
design  guides presented by ACI Committes 549 and
it was modified @ include the effect of reinforcement
orientation angle. Within the limited scope of this
reseprch work, the resulis from the proposed design
approach were satisfaciory.

5. A thorough investigation is needed for the
accepiance of this new technigue (ferrocement) as a
huilding maicrial, especially, development of a guide
ot tecommended practice and  development of
simplified muthods of analysis.

The steps of the proposed design approach are
summarized herein after. A more detailed informition
about the used parameters and. expressions is found
elsewhere(7],

Step 1: Caleulation of wolume fraction of mesh
reinforeement (Vg ) according to the number of
layers, thickness of the section, wire mesh diameter
and spacing between wires in both directions.

Step 2: Determination of the wire mesh reinforcement
properties { Fy . E, , 7)) based on standard
recommended values in Ref[7]. These wvalues are
the wire mesh yield strength, the effective modulus
of steel mesh and the efficiency factor of the mesh
reinforcement in the loading direction, respectively.

Step 3= Modifying the previously determined factor
asccording 1o the angle of reinforcement orientation
s

Hm=1 for B =00 or W
Me=n{1+0.5Cos8) for 90 = 8 > Q.0
Step 4: Determination of the effective area of

reinforcement for each layer as:

-'q-g.l'= Tim vl 3*'-:
where: A, is the concrete ¢ross sectional area,

Step 5: Calculating the depth of each reinforcing layer
a3 shown in Fig. 7.

Step 6: Determination of the distance from the extreme
compression fiber o the peutral axis ¢ by trial and
errar to satisfy equilibrium conditions.

Step 7: Calculating the strain £ in each reinforcement
laver, as shown in Fig. 7, and the corresponding
tensile siress £,

Step 8: Calculating the moment capacity of the section
from the equilibrium of the total forces on the
section.
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