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Abstract
The ffictiveness of the member should not take onlyfrom strength point af view,

but also from other considerations. A cost analysi,s of two-way concrete slabs v,as

studied. The variables were type of reinforcement (bars,fibers, qndwire meskes),and

cost of materials (including cost of labors).
The results indicated that the variation of steel content and labor prices seems to

have a significant contribution in the cost objective function. Cost afferrocemnt slab

panels is high relative to its performance, while fibrous slab panels have more ductility
with less cost.

Keywords : slabs, cost, ferrocement, steeltiber, two-way slabo labor eost, rluctility,
reinforced concrete.

Introduction
Steel fibers and chicken rvire

meshes were more be used in trvo-
dimensional thin mcmbers than other

members (beams and columns) beeause of
their effectiveness of them in resisting

crack propagation and their contribution to
increase stiffness and strength. Since

fibers and wire meshes have nearly a

planar distribution, and the forces have to

be resisted in two directions[1].
The clear understanding of fiber

and wire mesh reinforcement is relatively
new. A number of investigation on various

mechanical properties of concrete slabs

reinforced with different types of
reinforcement have provided technical
information (flexural , shear

,deflections, . . . ).

Muspart[2] tested six full seale tu,o-way
simply supported conerete slabs reinforced
conventionally. Jain and Kennedy t3l
explained the yield criteria for
coventionally reinforced conerete slabs.

Ghalib[4] studied the effeet of steel flber
on reinfr:reed eoncrete slabs. Austriaco
etal[S] showed the inelastic behavior of 39

ferroeement slabs. Al-Rit-rai and T'rikha

[6]" and Azizl7l presented the behavior of
ferrocement strabs of different sizes

subjected to distributed load.

Square precast slab elements rnade

from steel fiber eonerete have been used

for the car park at L,onelon (F{eattrrow)

airport[8]. The slab element dirnensions
were 1.1 x i.l x .064 m. A trial tests on
panels 50 nlrn thick have also been

done,It was shown that pres€nce of
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Fibers lead to a reduction in crack yridth at optimum design based on ACI code
failure and increase in load carrying provisions of singly reinforced
capacity. rectangular beams.

Steel fibers and wire meshes will The main purpose of this study is
tend to find their major applications. The to show the overall effect of the type of
direct and indirect economic advantages reinforcement on the strength, ductility,
can be gained frorn their properties, serviceability, andconstructioncost,and
where their adaptabllity, convenience, and to obtain the effective performance related
Labor savings can be fully exploited. to the nature of the structure with

The effectiveness of members optimum cost.
should not take only from a strength point
of view (specially in the researches), but
also from other considerations like
serviceability, ductility, energy absorption,
time of construction, and one of the most
important factor is the cost ofmaterials
and Labors to obtain a better state between
the performance of the structures and the

cost. However, containing experience with
steel fibers and wire meshes will increase
the acceptance to growth, The economic
of the them should become more favorable
as the market expand since fiber
production technoiogy and efficiency will
develop along aparallel path.

Cost of reinforced concrete

members reported in the literafure, related
the problem with avariety of design
variables. Iornsf9] shrdy ^ cost

comparison between structures either
fabricated from ferrocement shortcrete
laminating in precost concrete or from
welded steel. Cf{akrabartyfl0J oultines
the design economics, @s function, and

modeling of optimal design ofreinforced
concrete beanns for different design
conditions. F;zeldilo. and Hsu[ll] showed
the contribution of steel fibers to flexural
and shear strengths of fiber reinforced
concrete beams, and related this
contribution of fiber to cost analysis of
materials of the beams. Recently AL-
Salloum and Siddiqi[l2] presented a cost

Research Signifteance
Steel fibers and wire meshes is

slight increasingly used as a construction
materials" This paper presents the effect
of different types of reinforcement on the
cost and efficiency of performance of two-
way concrete slabs. The incorporation of
cost factor in the design procedure is
needed to detennine the most economical
situation satisfring structural and

technieal requirements.

Moterials and prepuration of
specimens

The experimental prograrn
incorporated studies carried out with three
diffbrent types of reinforcement :

l. Conventional bar reinforcement (plain)
of 2-S mm diameter, average yield
strength of 269MPa and rnodulus of
clastieity of 200 GPa.

2. " Galrtalnrizrd Hexagonal woven wire
mesh of 0.7 mm wire diameter, three
volume fractions 0"138 x 0"08 ,0.218 x
0"218, and 0.356 x 0-298 percent in bcth
longitudinal and transverse directions
were used to make ferrocement slabs S21 ,

522 ,aurtd S23. They were equivalent in
steel content to conventional
reinforcementof slabs Sl1 , Sl2, and Sl3
, respectively .The geometry and
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dimensions of the wire mesh are shown in
Fig.(l). The average yield and ultimate
tensile stresses were 410 and 497 MPa,
respectively. The modulus of elasticity in
both longitudinal and transverse direction
were equal to 104 and 69 GPa

respectively[7].

Seorretry fleperting Section

lL( i}lrtri,B,{tr ilt tH n6
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3. Plain steel fibers of 20 mm length and

0.25 mm diameter (aspect ratio equal 80),

three volume fractions 0.218 ,0.436 , and
0.654 percent were used to make three
fibrous slabs S31 , S32 , and S33. They
were equivalent in steel content to the
conventional reinforcement ratio of slabs

Sl l, S12, and S13, respectively.
The plain bars were cut into the

required lengths and positioned in the

mould with specified spacing, see Table 1.

While the ferrocement slabs (were taken
from Ref. L71, the material properties,
casting and testing conditions of the

conventional and fibrous slabs were

similar to those of the ferrocement slabs)

consist of Hexagonal woven wire mesh

layers cut to required size, held in
position, and fixed to the sides of the

mould by tightening wires.
The dry materials were first mixed

thoroughly, then water was added, and

mixing was continued until uniformity
was achieved. When fibers were used,

they were sieved continuously into the

^.-
tt
"r'
+*tlt -_-l

matrix while the mixer was in operation.
The size of each mix designed to make
one slab, three cylinders, and two prisms.
The 850 x 850 x 35 mm (span-to-depth
ratio is equal 23, which is allowed
according to ACI- Code 318-95 [3] ).
Slabs were cast in nonabsobent oiled
mould, and compacted carefully in three
layers by a large vibrating table.
The control speciments of 100 mm
diameter x 200 mm length cylinders, and
100 x 100 x 500 mm prisms were cast also
with each slab to determine the
compressive and modulus of rupture. The
slab and control specimens were
demolded after two days and cured for 28
days after which they were tested.

Testing equipment and procedures

A rigid steel frame was used to
support the slab in both directions with
clear spans of 800 mm. A steel box 800 x
800 x 250 mm which was opened from the
upper and lower ends was used to hold a
layer of sand 100 mm in thickness to
distribute the load which comes on it from
a hydraulic jack of 2A tons capacity.
Details of loacling arrangement are shown
in Fig.(2).
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All the slabs were tested under the sophistication regarding limit andsame type of loading and the szlme earthquake design, *a *ltt increasing use
boundary conditions. ofconcrete for nuclear reactor[l].
First cracking load andultirnatecarrying Ductility may be defined as the

The load u,as applied in increments until
failure. The central deflection, first
cracking load and ultimate load were
recorded.

Discussion of test results

capacity:
As shown in Table 2 , with

increasing the reinforcement ratio, fibrous
slabs were more efficient than the other
types in delaying the onset of first cracks.
The increase in the first cracking load
reached about 44"5 percent of, the
reference slab (i.e. slab SOO) for the
largest volume fraction of fibers (i"e. slab
S33). While the effectiveness of the bars
and wire meshes in delaying the first
cracks was less, reached 22.2 percent and,
l3-9 percent of the reference slab,
respectively, for the largest steel content in
the table.
The ultimate load is the peak point on the
load deflection curve. As shovrn in Tahle
2, the conventional reinforcement was the
most effective gpe of the reinforcernent in
increasing the ultirnate load capacity. The
ultirnate carrying capaciry increased by
126 , 239 , md 350 percent of the
reference slabs forthe steel contests.l3B
x .08 , .218 x .218, ffid "356 x .Z9g
percent (in both direction), respectively.
While the ferrocement and frbrous slabs
had nearly the same ultimate
resistance for the sarne rate ofincreasiag
of steel content in the Table 2.

Ductiligt
The main reason for studying

ductitiry is that in some members the
ductility may be far more citicalthan the
strength considerations. The importance of
ductility is increasing with an increased

ratio of defleciion at uitimate load to that
at frst visible crack (as used herein),or to
the value at &e design working
loadfl4,15,1].

For all slabs, increasing in steel
content led to decrease in central
deflection for the same applied load, see
Table 2 and Figs (3),(4),and (5). This
means that the ductility decreases with
increase in steel content. While the final
deflection increased
with increase in reinforcement ratio and
according to this definition the final
ductility increased with increase in steel
content, since slabs in practice have a
few arnount of reinforcernent content
re,lative to bearns, rnore under-reinforced
mernber (i.e p is too iess of p balance)"

After onset of irst cracks, the
slabs reinf,orced with ptrain bars or fibers
have undergoing trarge defornnations
befare reachireg the ultimate load, while
the ferroce.ment slabs failed at the critical
sections near tlre cracking load, as shown
in Fig. {3} , (4) , a*rt (5)"

This means that the latts
(ferrocement siabs) had too less ductility
than the other trxra t}?es, seeTable 2.
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Cost Comparison
The optimum design of any

structure or members must not be taken
cost and strength points of view ,atthe
same tie. For example conventional and
chicken wire meshes reinforcement
require relatively high labor cost (input
fixed the reinforcement in its place as
specified), while fiber may significantly
reduces the construction time and labor
costs, especially in an area of high labor
costs.

formulates a cost-design procedure for
direct proportioning of different amount of
reinforcement for concrete slabs .For the
purpose of this study, the objective
function is the combined cost of concrete,
flexural reinforcement, and form cost
(included cost of labor), expressed as a
function of two design variables. These
variables are the amount of reinforcement
and the thickness of the slabs. The cost
objective function (Z) per unit area of the
slab will be given by the following
expressions :

Z: C"t + C, (A.r + Ar) + Cu ...(l)
Z:C"t*CcnN*C,

C, :cost of steel per unit area of steel per
unit area of the slab, $/mm/m2 .

C, : cost of forming (including cost of
labor) per unit area of the slab, $/m2 .

Cch : cost of one layer of chicken wire
mesh per unitarcaof the slab, $/m2 .

Cr : cost of steel fiber per unit arcaper
unit thickness of the slab, $/mm/m2.

The cost of the materials, forming,
and labor differ from a country to another.
The calculations were made in U.S.
dollars for market prices in united state as
included in Refs. [l l,l6l,see Table I for
details. The following unit costs were
used : $ 0.05/mm/m2 ($ 501m3), $
0.02lmm2lm2 for conventional steel, $
2lm2 for form work (including cost of
positioning of reinforcement), $ 1.5/m2 for
form work (excluding cost of positioning),
$ 70201m' ($ o.+ftt) for firbers, and $
0.58lmt for a layer of chicken wire mesh.
The relative value of unit cost could be
used for situation, taken cost of steel,
fiber, chicken wire, and formwork to
concrete.
Effects of the type of reinforcement on
concrete ductility, serviceability, and
ultimate strength were included in this
study as shown in Table 2. Ttre table
contains the values of cost per unit area of
the slabs, the percent increase in the first
visible cracking loads, ultimate loads, and
times of increase in ductility. The
following can be achieved from the
inspection of tables:

1. The fiber panels delay the
formation of the first cracking load by an
amount of about 2.2 , 31.3 , and 44.5
percent of the reference slab (SOO), while
the cost increased 16.6 , 32.9,and49.5
percent of the cost ofthe reference slab,

...(2)
Z: C"t + Cr. V1. t * f,u ...(3)

Equations (l),Q),and (3) are for concrete
slabs reinforced with conventional, wire
meshes, and steel fiber reinforcement,
respectively.
Where:

t : thickness of the slab, mm.
Asl : area of reinforcement in the

longitudinal direction, mm2.
Arr : area of reinforcement in the

transverse direction, mm2.
N : number of mesh layers.
Vs : volume fractions of fibers percent .

C, : cost of concrete per unit areaper
unit thickness of the slab, $hrun/n] .

23



(JZS ) Journal of Zankoy Sulaimani, June 2002,Vo1.5(2) Part A A ,i+ ( r) o.lto f..t uilt.jr u,l4t-a$:ti ati6

for slabs with Vr of 0.218 , 0.436 , and

0.654
2. percent, respectively. This means that

less cost of members with higher

cracking load, relative to other types'

2. The cost of ferrocement slabs was

relatively high in cornparison with fibrous

or plain slabs. The percent increase in cost

reached 33.2 , 511 , and 68.9 Percent of
that of the reference slab. While the

increase in the first cracking load, ultimate
load, and ductility of the ferrocement slabs

were less than those of the fibrous slabs'

(wire meshes may be more effective in
other methods of construction or other

structurcs).
3. The ductility of the fibrous slabs 9.2, 16

and 18.1 times the ductility of reference

slab, while the increase in cost were 16.6,

32.9 and 49.5 percent of the reference, for
lower, medium, and higher volume

fraction (Herein used), respectively. For

conventional slab the ductility equal to 12,

18 and 25.9 percent for S 1 1, S 12 and S 13

with cost increase 41.2, 66.8 and 92.6

percent, respectively.
4.If the ductility or serviceability
(cracking load) for example, is the major

limitation in the design, the best panel

situation (according to specimens tested in

this research) could be chosen built on

lower cost, was fibrous slab S33, the cost

increase reached 49.5 percent of the

reference slab with 44.5 percent increase

in first crack load and 18.1 time the

ductility of the reference.

Sensitivit)' analysis was performed

to' establish the effect of parameter's

variation on the cost objective funetion

values, as shown in Figs.(6),(7) and (8).

The included parameters were type of
reinforcement and concrete cost($ 50/m3,

$ 100/m3, or $ 150/m3). The results of the

analysis indicate that the labor cost has

significant effect on the cost objective
function.

If conventional bars with fibers or

bars with wire meshes are used in the slab

to obtain the optimum use of the steel

content, the combined objective function
(Equations (1)+(2) or (1)+(3)) can be used

directly).

Conclusion

l. Fibers reinforcement for slabs were

more effrcient than bars and wire meshes

in delaying the onset of first cracks'

2. Fibers and conventional bars have a

significant role in enhancing the ductility
of the slabs. The ductility reached 18.1

and 25.9 times the ductility of refereuee

slab(i.e SOO) for slabs rvith higher steel

content, with increase in cost relative to

the reference slab of about 49.5 and92.5

percent, respectively.(i.e. the fibrous slatr

has too less cost).

3. The variation of steel content, type, and

labor prices seems to have a significant

contribution in the cost objective function.

4. Further studies are required to include

the combined effect of the conventional

bars with fiber or the conventional bars

rnith wire meshes in slab panels to obtain

the most optimum use of reinforcement,

gained economic solution.

5. In each research cost of the materials

and labor must take into account with

other limit state consideration (first crack,

ultimate load, deflection, ductility, energy

observation, ...) because the latter did not

give ample information to the designer'

24
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