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ABSTRACT

The paper presents experimental results of nine ferrocement one way

slabs with openings subjected to two point loads taking into consideration

number of mesh layers and size of the openings as variables.

The results showed that by increasing number of mesh layers the slabs'

Jlexural strength increased and size of the openings have negative effect

on flexural strength of the slabs.

Finally emperical equations are suggested to calculate cracking and

ultimate loads in terms of width of the openingsandnumberofmesh
layers and the results sltowed good ogreement with experimental values.

INTRODUCTION

Ferrocement is a term glven by "Nervi" to describe a thin slab which
consists of portland cement mortar reinforced with multiple layers of steel

wire mesh on both sides of the slab, usually with steel reinforcing bars

called skeletal steel sandwitched in the middle of the slab (1).

Ferrocement has many advantages over conventional reinforced

concrete, such as improvement in tensile and flexural sfrengths, duetility,

impact resistance and crack arresting properties (2,3). Although the

concept of ferrocement is almost as old as reinforced concrete, the real

developement took place in recent yea$. The mechanical properties, and

hence the technical information are now fairly well established (4,5,6).

This has gtven an impetus to its application in various structures and

structural elements such as boats, shell and folded plate structures, silos,

water tanks (7,8), slabs (9,10) etc.

The present study was primarily aimed to study experimentally the

behavior and flexural sfrength of ferocement one way slabs with square

openings under two point loads taking into consideration number of wire
mesh layers and size of the openings as variables.

No.1



Journal of Zankoy Sulaimani No.1 VoLl

EXPER.IMENTAL WORK

The experimental work consisted of casting nine ferrocement ore way
slabs of dimensions 25x300x750 mm. The slibs were devided into threegoups according to the size of openings. Each soup consists of three
slabs reinforced with 0, 4 and z iayers of wire mlsn. G;t;;e has no
openings while group two contarns 30x30 mm opening, *d soup three
contains 60x60 mm openings, see Table 1.

ordinary portland cement (type r) within haqi specifications and
natural sand of 2.6 mmmaximum size were used for the mortar. The mixproportions were 1:2 [cement- sand (by weight)] and the water/cement
ratio of 0.55 by weight. Galvanizea Hlxagoiul *orr.n wire meshes ofyield sfength 310 Mpa were used. The geimetry and dimensions of the
mesh are shown in Fig. (l) .

Four cylinders r00x200 mm and two prisms75xr5x400 mm were also
casted with each slab in order to determine the compressive, splitting
tensile and flexural strengths of the mortar.

The slabs were casted in a wooden mould in three layers and each layer
was compacted on a large vibrating table. Two days iater the speci*ens
were demoulded and after 28 dayscuring in water the slabs were tested
under two concentrated roads using a hydraulic jack of r0 tons maximum
capacity' The dimensions and loading arrangmlnt of the specimens are
shown in Fig.(2). position of the opening is sho"ram in platel 

.

TEST RESULTS AND DISCUSSION

Behavior of the Slabs:
The load- deflection curyes of the three groups of slabs are presented inFigs' 3 , 4 and 5 . It can be seen that the slabs behaved in an elastic

manner at early sfpes of loading. The slope of this initial straight portionof the curve, which is a measure of uncracked stiffiress, depends
significantly on size of the openings and number of wire mesh layers.
- At early stage-s of loading the deflection increased by ircreasing size ofthe openings and decreasing number of wire mesh layers, but at"ultrmate

stage the deflection increased with increasing number oimesh layers.

First Cracking Load :

The load at first crack was affected primarily by the size of openings.
The results showed by increasing size of the op.rring, from 0 to 30x30 mmthe load at first crack decriased by U.s}%'and fi.fi% for srabsreinforced with 0, 4 and 7 rayers of wire mesh, respectively. while by
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changlng size of the opening from 0 to 60x60 mm the load at first crack

decreased by 25.00%, 18.60% and 20.00%o, see Table 1 and Fig. 6.

The results also slrowed the load at first crack was affected by number

of mesh layers. When the number of mesh layers varied from 0 to 4, the

first cracking load increased by 7 .50%, 12.12o/o and 16.67Yo for solid slabs

and slabs with 30x30 mm and 60x60 mm openings, respectively. While by

inceasing the number of mesh layers from 0 to 7, the load at first crack

increased by 12.50%,21.21o/o and}AYo, see Table 1 and Fig. 7.

Ultimate Load Capacity:
As for cracking load the ultimate load decreased by increasing size of

the openings. When the size of the openings varied from 0 to 30x30 mm,

the ultimate load decreased by l7.5Aoh, L4.28% and Ll.Ll%forslabs
reinforced with 0, 4 and 7 layers of wire mesh, respectively . While by

increasing size of the openings from 0 to 60x60 mm the ultimate load

capacity decreased by 25.00%, T8.57oh and 16.67o/o, see Table t and Fig.

8. The results also showed that by increasing nurnber of mesh layers from

0 to 4, the ultimate load increasedby75.00%,81.81%and90.00ohfot
solid slabs with 30x30 mm and 60x60 nrm openings, respectively. While

by increasing number of mesh layers from 0 to 7 the ultimate load

increased by l25o/o,142.42% and 150%, see Table 1 and Fig. 9.

ANALYSTS OF RESULTS

A simple relation in the form of:-
Y: oo* 31X1* U.xz . (1)
was proposed where:-
Y: Predicted value of cracking load (P.J or ultimate load (Pu), kI'I,
xr: Side length of the openings, mm,

x2: Number of wire mesh layers and

oo, ?r and W are constants to be determined.

By applying the least- square principles (11), the error function is:-

n
E:I (Y-y)'

1

..(2)

Where:-
E. Error frurction,
y: Experimental value of P.. or Pu in k]'I and

n: Number of tested slabs.

The error function can be written as:
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n
E : I (a" + or. Xr + aa. xz - y)2

1

The error function (E) wili then
constants such as:

AE

VoLl

. (3)

be minimized to find the value of the

No.1

AE

----:0
oat

----:0
0u

AE

----:0
oaz

"....{4)

.. (5)

(6)

This leads to a set of simultaneous equations which can be wtitten in a
matrix form:-

n

Ix,
I*,

\--.L^l
Ixr2
Ixrx,

Ix,
Ixrxz
Z,,a'

Iy
Iyxr
Iyxz

ao

&1

aa

These equations were solved and the following relations were found:-
P..: 1.9078 + 0.0073x , + 0.0432x2, correlstion coeff.: r: 0.9g . (g)
Pr: 1 .9693 + 0.0097x1+ CI.3407x2, coroloton coeff.: r:0.997 (9)
Theoreticatr results obtained from equations g and 9 showed good
agreement with those obtained from tests, see Fig. l0 and l l.

CONCLUSIONS

Based on the experimental tests concluded in the present study the
following conclusions can be drawn.-
l 'The load- deflection curve of one way forrecement slabs at early stages
of loading is nearly a straight line and the slope which is a measure of
uncracked stiffiress decreased by increasing size of the openings and
decreasing number of mesh layers.
2.The load at first crack and the ultimate load of the slabs decreased
significantly by increasing size of the openings and increased by increasing
number of mesh lavers.
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3.The effect of number of mesh layers on first cracking load and ultimate
load capacity ile more pronounced when the sizes of the openings are
increased.

4.Emperical equations a.re proposed to calculate cracking load (p) and
ultimate load capacity (PJ depending on the dimensions of the openings
and number of wire mesh layers and the results showed good agreements
with experimental vah: r:s.
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