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é Abstract %
R In :
5 the present work, the properties of ferrocement mi i %
® wool fibers are studied. Rock wool e ®
3 : ool u ' 3
@ replacement of fine aggregate to estimat 'Sed e %
% o -e its effect on different properties @
& : ess In i s
% rock wool fibers (0, 2, 4 and 6 %) with ICIUdeS bt g
: , 2, 0) with lengths (5, 10) m %
% two types of curing (water and CO2) were used (f e %
2 or mixtures. Co i &
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(@ Introduction g
% American concrete institution (ACI 549R)[1] defined ferrocement as a @
\A : : : e
% form of reinforced concrete using closely spaced multiple layers of mesh @
@ and/or small diameter rods completely infiltrated with, or encapsulated, in a @
% hydraulic cement mortar matrix. An application of ferrocement in %
\Q %)
R construction is vast due to the low self-weight, lack of skilled workers, no P
Q L . _ )
@ need of framework etc. It is highly versatile form of reinforced concrete, g
=) '\ J
% it’s a type of thin reinforced concrete construction, in which large amount %
% of small diameter wire meshes uniformly distributed throughout the cross @
% : : : : )
@ section. Constituent materials for ferrocement are cement, fine Aggregate, ||
=) '\ J
% water, admixture ,skeletal steel reinforcing mesh, and coating. Strength of %
\Q &
% ferrocement depends on two factors quality of sand/cement mortar mix and g
A _ : : : a)
R quantity of reinforcing materials used. &)
% The most important features of ferrocement are: It’s Basic raw materials @
R are available in most countries, ease of construction, low weight and long |
R I : : : : )
é lifetime, low construction material cost, better resistance against g
% earthquake, it can be punctured by collision with pointed objects, it is %
R 4
@ difficult to fasten to ferrocement with bolts, screws, welding and nail, and @
R . 4
@ large number of labors required. [2] %
) i . . ..
% Rock wool is a general name for fiber materials that are formed by spinning @
A : : : el
@ or drawing molten minerals. Rock wool is a furnace product of molten rock &;3
S
% at a temperature of about 1600 °C, through which a stream of air or steam %
)
% is blown. More advanced production techniques are based on spinning t{—%
R a
@ molten rock in high-speed spinning heads somewhat like the process used @
R . . . . X
@ to produce cotton candy. The final product is a mass of fine, intertwined g
: . : . . i S
@ fibres with a typical diameter of 2 to 6 micrometers. Mineral wool may @
@ contain a binder, often a terpolymer, and an oil to reduce dusting [
N el
E 3 .



®
®
%‘Q'
® Applications of mi
. s of
® insulati mineral wool i
R ation and pipe i include the _ ©
. pipe insulati rmal i . &)
® temperature i sulation, tho ) nsulation (as b QK
@ e insulation w ugh it is not as fi oth structural t?_\)
@ grOWth medium OOl)’ filtration fire-resistant _ ®
® [3]. , soundproofing as high- [
% Gambhir [4] reco ! and hydropomc @
A
R ferroc mmended mi 9
\Q eme IX . A
- nt are: propo &)
\ wa men or \
sch tra ref .
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R ith cement conte strengths of mo tion industry %
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® [6] investigated usi vary [
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® activi ars. The resul rtial replace , 20, &
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@ Table (3) Some physical properties of rock wool @
% Property Test result S%
\Q e
® Color Yellow &)
R Absorption, % <1 &)
R . g
(@ Density ,kg/m?3 40 g
! '\ J
@. Melting point ° C > 1200 &
% Thermal conductivity W/mK 0.04 @
YA\ a
8 &
® : : X
@ Table (4) Chemical analysis of rock wool %
R . — . R
é Oxide composition % by weight %
A : 4
@ Sio; 50 g
® CaO 18 )
K MgO 8 R
R &)
® Fe,05 5 g
\ ot
% AlLO; 12,6 g
% K,0 1.2 %)
3 )
% Na,O 3.1 %
R A
3 &)
® TIO; 3 o
N A
3 &)
% Mixing, Casting, compaction and curing of cement mortar samples %
) : o : : @
% First stage, Trial mixtures with varying percentages of water were made to @
R i : 4
@ get the normal consistency according to ASTM C230 [11]. The water g
% cement ratio is shown in Table (5). g
)
% Second stage is mixing mortar cement mixtures of ferrocement. The ratio @
R A
@ 1:2 was chosen to meet good economical and physical properties. Mortar g
- - - k
% specimens were prepared from mixing OPC, well-graded dry sand, rock %
(‘/.Q wool and water. ®
) S
i %
@ S



® &)
@ Table (5) Water /Cement ratio of mortar for different rock wool percentages ®
® Water / Cement ratio &
.@, rock wool @
® Length of rock wool &)
V) percentage ) &)
R Reference fiber K
5 09 5
@- 5mm 10mm 2
% 0 0.35 %
p ) \
R 2 0.37 0.35 &)
® 4 0.375 0.395 @3
® 6 --- 0.385 0.4 )
R The following mixing procedure was carried out compliance to ASTM C ]
3 %)
é 305[12]. %
% 1-Add all mixing water in the bowl of the mixer. @
\A &
] &
~®- 2-Add the cement to the water and start mixing for 30 sec. @
® &)
\3 ha)
% 3- Add sand and rock wool at slow speed for 30 sec. @
\& : : : )
@ 4- Stop the mixer and change for medium speed and mix for 30 sec. E?_\)
R i . i i
é 5- Stop the mixer for 90 sec. During first 15 sec. scrape down into the batch g
i . . S
% any mortar and for reminder time, close the mixer enclosure or cover the g
%ﬂ bowl with the lid. 5
N A
@ 6- Finish by mixing at medium speed for 60 sec. %
S
% Three steel molds were used to cast mixtures. The first mold was with g
)
® dimensions (50x50x50) mm to test compressive strength, bulk density and ®
& ;
& : . : . : el
@ absorption test. The quantities of materials used for mixing is as in Table g
R . . .
L/'\ (6). The second mold was with dimensions (160x40x40) mm to test the @
& %
% flexural strength. The quantities of materials used for mixing is as in Table @
R %)
@ (7).The third mold was cylinder with (45) mm in diameter and (10 mm) in @
R : . 3
L@ height for thermal conductivity. @)
® S
g &)
3 S
® 5 &)
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k R 1eS
Q epl of m .
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\O) L-\
% Tabl 1004 - 5 %
N e (7 2 o \
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® o (@ by sed in the mixi &
® wool (% Sand IXing m &
& 0) = ortar (6 pri )
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® 2 24 @m " g
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) 8 5
: . ol 1.0 83 %)
% 5185 2.0 883 %
i 3 R
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@ ing, compacti 883 &)
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I, e
R two laye ortar after h ces were th &
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in the carbonation chamber and closed it firmly. The chamber will be 8
discharged of air then the machine starts to pump CO, to the chamber with [
a concentration of 100% CO, and for two hour. Then the samples were kept t?_\)

in plastic bags till testing date. K

Fig. (2) Carbonation chamber machine &)

Testing Hardened Mortar &)

1. Compressive Strength Test ®
Compressive strength test is carried out according to ASTM C109 [13]. @
Cubes of (50x50x50 mm) were tested for each mix and determination the [
average compressive strength. The specimens were tested at ages of 7, 14 &‘/_\)
and 28 days. The specimens are placed in the loading machine and loaded
until failure as in Fig. (3). Compressive strength is then calculated as @

follows: A

f m= compressive strength in psi or [MPa], ®
P= total maximum load in [N], and @

A= area of loaded surface [mm?]. &)




2. Flexural Strength Test R

This test was performed for prism with dimensions (40*40*160) mm at [y
ages 7, 14 and 28 days according to ASTM C348[14]. The specimens are @
placed in the loading machine and loaded until failure as in Fig. (4).The &)
average of three prisms are taken, flexural strength is then calculated as Y

follows: R
Sr=0.0028 Prreeeeeeeereeeerereeesneeessneesnan 2) &
Where: &)

St= flexural strength, [Mpa], and &)

P = total maximum load, [N]. &)

10kN Bexrg ] E{\)
Tensl 1o i @
aah FUTIINY, | | ®

Fig.(3) Compressive Strength Test Fig.(4) Flexural Strength Test @
3. Density Test @

This test was performed according to BS EN 1015-10[15]. Three cubes ®
were tested with dimensions (50*50*50) mm at ages 7, 14 and 28 days @
using formula: &)
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® by removing surface moisture with a towel, and weighted and designated as
r/Q (B). These cubes were tested at ages 7, 14 and 28 days using formula:

® Absorption, % = [(B- A)/ A] x 100

® Where:

® A= mass of oven-dried specimen in air, [g]

® B= mass of surface-dry specimen in air after immersion, [g]

® Results and Discussion

® General

® The final results from the experimental work will be analyzed to show the

R effect using rock wool and different curing methods on ferrocement mortar.

® Results
® 1. Bulk density

® The density values of ferrocement composite at various ages using different

@ lengths and percentages of rock wool fibers using water curing are showed
® in Fig. (6).

@ Generally, it can be seen from the results in Fig. (6) that the density of the
@ specimens cured in water with different lengths and percentages of rock
% wool fiber increases with the progress of the age; this is due to the fact of
@ the continuous hydration process. Also, the results showed that reference
R specimens have density value more than other specimens for all ages

® except for specimens with (6)% replacement and (10) mm in length.

(‘Q The results indicate that for using (5mm) of fiber length, using different
@ rock wool percentages of (2, 4 and 6)% compared with using only the

)
(L? natural sand as a fine aggregate in reference mixture (0% rock wool), the

&)
&

:E./J).



density is increasing until (4)% rock wool and begins to drop gradually by @
increasing this percentage for all ages. When using (10) mm fiber, the &)

density is increasing until (6) %. &)

Generally, the percentages of increment (improvement) in density values of &)
mixtures with (10) mm are more than for (5) mm for all percentages of [

replacement and ages. K

2340.0 - &)
= 0% &)
W 2% - 5mm &)
¥ 4%- 5mm @
W 6%- 5mm &)

B 2%- 10mm @
o
M 4%- 10mm -Q\)

2300.0 -

2260.0 -

2220.0 -

2180.0 -

Density (kg/m3)

2140.0 -

2100.0 -
7 14 28 6%- 10mm @

Age (Days) @

Fig. (6) The effect of rock wool on density of ferrocement mortar with water @
curing. 2
When using CO, curing, there were improvements in the results compared Q)

with using water curing as showed in Fig. (7). S

2360 - 2
0% E“)

2330 - )
H2%-5mm &3
B 4%- 5mm @

B 6%-5mm @
B 2%- 10mm Q\)
M 4%- 10mm ('/_\)

7 14 6%- 10mm Q))
Age (Days) @

2300 -

2270 -

Density (kg/m3)

2240 -

2210 -

2180 -

Fig. (7) The effect of rock wool on density of ferrocement mortar with CO, %
curing.




2. Compressive strength ®

The results in Fig.(8) indicate that compressive strength of reference ®
specimens, which used only the natural sand as a fine aggregate and water &
curing are generally less than that of other specimens used the same curing

for all ages. ®

Reference specimens results were less than specimens with (5) mm rock [
wool. This may be because of, at 2 % replacement, fiber work as a bridge K
for cracks which consequently increases compressive strength of &
ferrocement mortar especially for first ages. It is observed that the [
compressive strength of specimens with (5) mm rock wool suffer from a |
decrement with the increase of the rock wool percentages. This decrement @
may be because of conglomerate phenomena inside specimens which lead &)
to weakness spots. For mixtures with (10) mm fiber replacement, []
compressive strength increased as percentages of replacement increasing R
until (6) %. This action may be referring to increment in the interfacial &)
bond between the matrix and fiber which gave integrity to specimens. At [
(6) %, balling of fiber will make an opposite effect on compressive &7_\)
strength. @

40.0 - &)

30.0 - = 0% ®
H2% - 5mm ®
20.0 - 4%- 5Smm &)
m6%- 5mm E{\)

10.0 - H2%- 10mm @
. 4% Q\)
6- 10mm \c

0.0 - 6%- 10mm @

S
7 14 28 k{\
Age (Days) &3

Compressive Strength (MPa)

Fig. (8) The effect of rock wool on compressive strength of ferrocement mortar @
with water curing. &4‘




S
A progress was noticed in compressive strength when used CO, curing %
compared with water curing due to accelerated action of CO, curing, as &)

shown in Fig.(9). &)

S
50.0 + @
45.0 - g/_\)
40.0 - = 0% @
35.0 7 2% - 5mm &)
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Fig. (9) The effect of rock wool on compressive strength of ferrocement mortar %
with CO, curing. @

Compressive Strength (MPa)

3. Flexural strength &)

S
Figure (10) show results of flexural strength testing of ferrocement g
mixtures at 7, 14 and 28 days with different lengths, percentages of &)

volumetric rock wool replacement using water curing. &)

Specimens with (10) mm, perform considerably better than the @
corresponding reference and (5) mm specimens except specimens [
containing (4) % replacement percentages. This improvement in flexural )

strength may be as a result of interfacial bond between the matrix and fiber. @

At percentage (4) % for both specimens with (5) and (10) mm, there are R
increment in the results compared with other specimens because of cracks ®
arresting. For specimens with (5) mm the flexural strength decrease at (2) @

% because the little bonding force and balling at (6) %. &)
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than that of specimens with (5) mm. The other thing, the value of thermal %
conductivity of specimens with (6) % replacement, was greater than others. &)
This behavior may goes back to the small voids inside specimens, the 4
arresting act of fiber to cracks and the high percentage of rock wool which @

. . )
IS an igneous rock. &)

m 0%
1.35 - M 2%-5mm ®
) 4%-5mm '\7)
E 1.10 - M 6%- 5mm b
S ., &)
= B 2%- 10mm ®
0.85 4%- 10mm @
6%- 10mm @

Rockwool Content % o
&)

Fig. (12) The effect of rock wool on thermal conductivity of ferrocement mortar @
using water curing. @
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Fig. (13) The effect of rock wool on thermal conductance of ferrocement mortar C/_\)
using water curing. @

. . .. A

Due to using CO, curing, the values of thermal conductivity and thermal %
conductance showed a development in the results by compared it with @

water curing for the same mixture, as noticed in Figs. (14) and (15) [

respectively. ®
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Fig. (14) The effect of rock wool on thermal conductivity of ferrocement mortar @
using CO, curing. K
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Fig. (15) The effect of rock wool on thermal conductance of ferrocement mortar @
using CO, curing. @

5. Absorption &)

The results obtained from measuring water absorption of the ferrocement [
mortar specimens are shown in Fig. (16). All percentages of absorption of ®
all specimens decrease with age because of continuity of cement hydration. @
Also, with water curing, it can be seen that the percentage of the absorption &)

of reference specimens is less than other specimens with progress of the &‘4)
age. @

The absorption percentage of (4) % for both specimens with (5) and (10) )
mm were the highest value among other specimens. For all mixtures, the ®

: : : : IS
absorption percentages increase with the increment of replacement until @

percentage (4) % and begin to decrease. The reason for increment of [
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.@, crack from the surface of specimens. &)
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R Fig. (16)The effect of rock wool on absorption of ferrocement mortar using water @
R . R
® curing. ®
R n same time, the properties of the ferrocement mortar showed a progress in  ©4
R I time, the properties of the f t mortar showed a prog &)
% the results when using CO, compared with using water curing, as shown in @
X Fig. (17). &)
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