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ABSTRACT

A monopanel system is a new building material systé ferrocement that consists of two
thin ferrocement block-like faces and thick layétaw strength, density and cost polystyrene foam
insulation between them as a core. The simpletstreicddealization of monopanel system is that the
core provides shear transfer between the facesptbatde flexural resistance. Transverse trusses
made of steel bars having diameter of (3.5) mm wkg&rve as tie reinforcement to prevent the thin
ferrocement layer from local buckling, have beeadum this research and they are connected by
inclined steel bar forming trusses shape makingragie equal to 60° with the longitudinal bars.
The core material can be made of low cost matesiath as aerated concrete, expanded polystyrene
concrete, polystyrene foam, which is used in tles@nt research work.

Monopanel systems can be constructed on site afupsal as precast units with very
accurate and controlled dimensions. They can bd asewalls, slabs, beams, columns and other
types of similar construction. Such panels shon&tdfore offer an excellent structural system not
only for low cost housing but also for low-rise lolimgs (up to three stories) such as residential
units.

The main object of this research is to presentx@em@mental investigation on the behavior
and load carrying capacity of monopanel columnse €Rperimental work includes testing nine
monopanel columns, and has been investigated fleet eff a different depths of monopanel
columns on the behavior and the ultimate load dapaklso comparisons of these results with the
ACI-318M-08 code formulations have been made.
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INTRODUCTION

Construction materials have a vast concerning efethgineering within the end of the™9
century and were developed quickly within the pdsgears. This development considers the cost,
construction time and safety to product the idemistruction materials; the monopanel system is
one of solutions.

A monopanel system is a new building type havitigt#weight and a low cost with respect
to alternative systems. This system has an isolataye made of polystyrene foam and contains
trusses shape, called lacing made of steel baiaghdiameter of 3.5mm making an angle equals to
60° with the longitudinal skeletal bars, which is usuallyd@af the same material. This lacing
system resists the shear effects.

The core material can be made of aerated conceseanded polystyrene concrete,
polyurethane foam, no fines concrete, polystyreveen, etc. The density of polystyrene foam is
very low equals 16 kg /fn This low density and porous structure give theecexcellent thermal
and sound insulation properties. Also the monopaystiem can be made in site or precast to very
accurate and controlled dimensions.

Expanded polystyrene concrete is onee tgp lightweight concrete which consists of
expanded polystyrene beads used as aggregate darah&aement as binding material. Expanded
polystyrene is made by polymerizing styrene to femall beads with spherical shdpewith a
very low bulk density ranging from 12 to 18 kg/m&davery low water absorption. These properties
of polystyrene beads are considered as disadvantagmncrete, causing difficulties in mixing by
floating and segregation. A number of investigagitglied the properties of polystyrene concrete.

(Al-Shawaf'®, 1987) showed that the compressive strength of polystycemerete increases
as the density is increased and the porosity oédpanded polystyrene concrete increases with the
increase of polystyrene content as well as the matisorption which indicates the open void —
content of the concrete due to polystyrene addititenfound a relationship between the dry density
and water-cement ratio for expanded polystyrenecred@ which shows that an increase in the
water— cement ratio causes a significant decreegderisity.

(Fauzzi®, 1997), reported that the density of lightweight concreerdases when the
expanded beads to cement ratio is increased, sesihg various expanded polystyrene beads to
cement ratios, lightweight concrete with densitimsging from 350 to 580 Kgffoan be obtained.
She also concluded that the compressive strenghurél strength, modulus of elasticity and
Poissors ratio are directly proportional to the densityg avater cement ratio.
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Several investigations were carried outhe behavior and strength of ferrocement members.
The most notable studies can briefly be summaresidllows:

(Kalitaet al.®®,1986) presented a work to study the behavior of W-shap@éement folded
plate units. The folded plate specimens were desigfor an effective width of 640 mm
longitudinal and cross bars were 90 mm and 300 espactively, with two layers of galvanized
wire mesh hexagonal opening, one on either sidihefskeletal reinforcement. The folded plate
roofing element was tested over an effective spi32%50 mm and subjected to a uniformly
distributed load by placing burnt clay bricks inydas. The amount of loading to produce a
maximum allowable deflection was found to be edqadl.47kN/m2.

(Mansur,et al.), 2001) studied the punching shear strength of simply stpgo
ferrocement slabs. The study represented the sesiltpunching shear tests on 31 square
ferrocement slabs were it is simply supported dnfa@lr sides and tested under a central
concentrated load. The parameters investigatedided the width square loaded area, mortar
strength, volume fraction of reinforcement, andttey slab and the effective span length. All slabs
failed first in punching without total separaticend then exhibited a second peak in the load-
deflection history. Both the cracking load and fhenching shear load are increased with the
increase in the width of square loaded area, msttangth, volume fraction of reinforcement, and
depth of slab. The perimeter for punching shedurawas found to be located at a distance of 1.5h
(where h is the thickness of slab) from the edginefoading plate.

(Ravindrarajah et al. © % 1997 and 2003) concluded that partial replacement of normal
weight coarse aggregate with polystyrene aggregateces the unit weight, compressive strength
and modulus of elasticity depending on the leveleplacement, the compressive strength is more
sensitive to the change in the unit weight thanrtteeulus of elasticity. They also showed that
concrete mixture with the largest amount of polyety beads produces a peak temperature of
85.6'C compared to 70% for the control concrete mixture.

EXPERIMENTAL WORK

This section presents the materials used for aectstg the monopanel column and describes the
method adopted in the preparation and testing ef rttonopanel structural elements. It also
includes details of the testing procedures.

MATERIALS

1-Cement:

Ordinary Portland cement type (I) manufactured magl designated as Kufa was used
throughout this investigation. It was stored intaght plastic containers to avoid the effect of
dampness and to maintain uniform quality. The pesge oxide composition and physical
properties of the cement are showrniable 1 andTable 2 respectively. The results conform to the
Iraqgi specification No. 5/1984.

2- Fine aggregate:

Natural sand with maximum size of 2.36 mm was usdtiis investigation. It was brought from
Al-Najaf region. The sand is separated by sieviitg; grading satisfies the fine grading in
accordance with B.S. specification N0.882/1992 #imel Iragi specification N0.45/1984. Results
indicate that the sulfate content and the fine matecontent are within the requirements of the
Iragi specification N0.45/1987.ables 3 and4 show the properties of fine aggregate used in
the present research work.

3-Reinforcement:

Locally available mild galvanized steel welded wireshes of 12.0 mm square opening with a
diameter0.6 mm have been used throughout the experimental .wiaaml Smooth mild steel bar
with of 3.5mm was used for the lacing and skeletaforcement.Table 5 shows the physical
properties of reinforcement.
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4-Polystyrene Foam:
Polystyrene foam with low densiof (16 kg / nf) was used as a core filling material.

S-Water:
Ordinary tap water was used throughout this ingasiton for mixing and curing test specimens.

MIXING AND CONTROL SPECIMENS
The mixing process of mortar was performed in a pge mixer. The specified dry materials
(cement and sand) were well mixed to attain unifarixing. The required amount of tap water was
then added and the whole mix ingredients were mige8-minutes.

One type of mix proportion was considered throughba research. The sand and cement
were thoroughly mixed in a ratio of one part by gieiof cement to two and half parts of sand (1:
2.5). The water cement ratio used to maintain englef (1005 mm) was 0.5. To establish the
mortar mechanical properties shownTable 6, a number of control specimens were cast and
tested, three cylinders of 100 x 200 mm, threeesudf 50 x 50 x 50 mm and three cylinders of 150
x 300 mm were used to estimate the compressieagtty, themodulus of elasticity anthe split
tensile strength. Three prisms of 100 x 100 x 400 have been used to estimate thedulus of
rapture These tests were in accordance with the Britisimdard BS.1881 and the American
standards ASTM-C39, ASTM-C109, ASTM-C469 and ASTM8C

RESULTS OF MONOPANEL COLUMNSTESTS

The experimental work of the nine monopanel columas divided into three groups (I, Il and IlI).
Table 7 shows the column specimen details of groups knidl Ill. Also Figure 1 shows the
geometry of groups I, Il and Ill of Monopanel colarspecimens. The experimental results included
the measured failure loads, the buckling (lateedlledtion) at the center of height of column.

All monopanel columns were tested under a compedsrce applied at a centre of column
face up to failureTable 8 gives the details of the ultimate loads of eacmopanel column groups.
The ratios of ACI-Code 318 M-08 ultimate load te thalue of experimental ultimate loads are
listed inTable 8 too.

According to the experimental results, when thetldép width ratio is increased from 1 in group |
to 3 in group Il , the ultimate load increases moant 1.11 of the load in group I, and the buaklin
at the center of height of column at ultimate loledreases by 13.02 percent. Also when the depth
to width ratio increased from 1(in group I) to 4 group 1ll), the ultimate load increases by amount
1.67 of the load in group I, and the buckling ainuhte load decreases by 21.3 percent. While,
when the depth to width ratio of specimen is inseghfrom 3 to 4, the ultimate load increases by
amount 0.263 of the load in group II, and the bingkhat the center at ultimate load decreases by
9.52 percentFigures 2, 3 and4 show the load —central buckling behavior obtaiaédlifferent
loading stages for monopanel column specimErgur e 5 presents the crack pattern for monopanel
column specimens and the loading testing machine.

CONCLUSIONS
The conclusions emerged from the experimental moeksummarized as following:-

1-Experimental results of testing monopanel coluspecimens reveal that they are acceptable
structural elements for rushed construction praegsand they may safely be used to construct
small housing units and small structures.

2- The failure load increased by increasing thetldedpnension of monopanel column, as the depth
to width ratio increasing from 1 to 3 the ultimddad increased by 111 percent. Also the ultimate
load increased by 167 percent as the depth to walib increasing from 1 to 4. While, when the
depth to width ratio increased from 3 to 4, themdite load increased by 26.3 percent.
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3- The experimental results show that when theldepspecimen increases in a ratio from 1 to 3,

the buckling at ultimate stage decreases by 130&pt. In addition, when the depth of a specimen
increases in a ratio from 1 to 4 the buckling (&tnate stage) decreases 21.3 percent. While, when
the depth of specimen increases in a ratio from &, the buckling at ultimate stage decreases by
9.52 percent. Hence by increasing the depth of mpamel column specimen, the buckling at the

center of height decreased.

4- It can be noticed that the ratio between therttecal to the experimental ultimate load is (0.3)
compared with the ACI-Code 318 M-08 provisions teguments. Area of steel for columns of
group | is (9.8mr), for group Il is (23.7mr), and for group IIl is (31.1mf The gross area for
columns, properties of reinforcement and the meichaproperties of mortar mix is the same as for
monopanel column specimens.
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Table 1 Percentage oxide composition* and compounds of nemsed in this

investigation.

Oxide composition

Percentage, by

Limit of Iraqi

weight specification No. 5/1984
CaO 612 | -
SiOp 2187 | e
MgO 2.6 5.0(max)
FeoO3 304 | e
Al203 58 | -
SO3 2.21 2.80 (max)
Loss on ignition 1.5 4.0(max)
Insoluble residue 1.1 1.5(max)
Lime saturation factor 0.85 0.66-1.02
Main compounds Percentage, by Limit of Iraqi
weight specification No. 5/1984
C3S 5365 | -
C2S 1873 | e
C3A 9.33 5.0(min)
C4AF 1012 | e
Table 2 Physical properties of the cement used in this tvork
Limit of Iraqi specification
Physical property Test result No.5/1984
Specific surface area
(Blaine method), fikg
322 230 (minimum)
Setting time (Vicat’'s method)
Initial setting, hrs: min 2:15 1 hr(minimum)
Final setting, hrs : min 4:35 10:00hr(maximum)
Compressive strength of
Mortar, N/mnf
3-days
7-days 19.5 15.0 (minimum)
28.45 23.0 (minimum)
Autoclave expansion, % 0.23 0.8 (maximum)

* Chemical and physical tests were conducted bydNat Center for Construction  Laboratories

and Research (NCCLR).
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Table 3 Grading of natural sand used in this research.

Sievesize Cumulative of Limits.of Limits of Iraqi Specification
(mm) tes;zgssiﬁg‘f, ] O%;'jl?gr'algi?é No.45/1984 foZone No (3)

9.52 100 100 100

4.75 98.7 89-100 90-100

2.36 92 60-100 85-100

1.18 88 30-100 75-100

0.600 78.3 15-100 60-79

0.300 28.6 5-70 12-40

0.150 5 0-15 0-10

Table 4 Physical properties of fine sand used in thisytud

Physical properties

Test results

Limits of Iragi specification

No0.45/1984
Specific gravity 2.61 -
Sulfate content, % 0.4 <0.5%
Absorption, % 1.5 -
Materials finer than75um, % 2.8 <5%

Table5 Properties of reinforcement.

Year 2012

Modulusof
Measured elasticityE Yield stressy | Ultimate stressf
diameter (mm (MPa) (MPa) (MPa)
0.6 175000 350 580
3.5 200000 400 690
Table 6 Mechanical properties of mortar mix (average oééhspecimens).
. Splitting Modulus of | Modulus of
: . Compressive .
Mix proportion strength(MPa) strength rupture elasticity
(Cement-Sand g (MPa) (MPa) (MPa)
f'c fcu fct fr Em
1:2.5 20.3 26.6 2.12 2.71 22646
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Table 7 Details of groups |, Il and Il of monopanel coluspecimens
Grou Depth | Width | height | Face thickness  No. of Core
P D(mm) | W(mm) | H(mm) t(mm) lacing(ties) | depth(mm)
I 150 150 900 25 5 130
Il 450 150 900 25 5 430
1 600 150 900 25 5 580
Table 8 Ultimate loads for Monopanel column specimens
Ultimate load (kN) Paci
Group | D Ul tIiEr);z(taerel(r)naednEﬁll\l) according to —Pep.
ACI-Code 318 M-08
I 15C 9 2.62 0.314
[l 45(C 19 6.56 0.345
[ 60C 24 8.521 0.355
Ladng
Shelatal sted

VWire rvesh shedd

H=200

Figure 1 Geometry and reinforcement details of monopanelmal specimens used for groups |, 1l
and III.
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Figure 2 Buckling at center of height of monopanel columithvid=150 mm.

20

14
12

10 A

Applied load {kN)

= (=] o
|

0 T T T T T T 1
0] 0.5 1 1.5 2 2.5 3 35

Buckling at center of height {mm)

Figure 3 Buckling at center of height of monopanel columithvid=450 mm.
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Figure 4 Buckling at center of height of monopanel columihvid=600 mm.
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Figure5 Buckling crack pattern for monopanel column speasnand the loading testing machine.
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