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Original: Ferrocement is one of the construction materiaézius reduce both crc-section and
18 January 2016 eliminate coarse aggregates. In this experimentalysthe impact strength and str:
Revised: 10 April 2016 energy of thin laminated mortar specimens werestigated. Five series of ferement
éic,fpt'?d'zom sandwich panels with 400mmX400mmX50mm in dimensiwaee cast and subjected
PuinF')s,rr:ed online: drop impact loadings. The results simply supported tested panshowed that using
20 September 2016 plastic instead of galvanized wire mesh increadssl impact resistance of pane
Including a thin row of Styrophoam between the tmortar layers increased stri
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Introduction

Ferrocement is an important laminated unit of boddconstructions in developed countries. Ferrocg!
may be used as an independent element of strudikeewater tankswalls, infill frames, chemises, silt
and marine structures. Ferrocement constituentengnsand, wire mesh and water have some attre
properties such as fimresistance, antirust, seismic resistance, andrrblosv down in hurricanes. It is us
also in repairing of damaged buildings or retrofijtinFerrocement possess large tensile strengtr
supreme cracking behavior if compared to ordinamyforced concrete. Many buildings may be subjette
impact loads resulting from a mass drop. Difft types of test instrumentations have been usec
researchers, to predict the impact loads due ttattkeof stindard method for impact testi [1,2,3,4]Murial
et al[5]conducted an experimental study on the ferrocemlam¢s with different type of nrsh under impact
load. The results laid stress on higher energyrakisa in expanded metal mesh as they were effedt
controlling the cracks. Atadithi et a[6] investigated an experimental program on the proggerof
ferrocement specimens consistfsplastic fibers under impact lo:z. They explained that the number
blows wasincreased with the addition of both waste plastiers and mesh layers. Kandasamy
al.[7]conducted a comparable study between theoreticdl experimental tests for flash concrete
specimens subjected to impact loads. The resulteesth a good correlation between the experimenta
predicted esults. The number of blows v increased to produce the first crack and failuracks by
increasing polymer content (SBR) anumber of mesh layers. Thirumal, @udied the effect of galvaniz
steel mesh and synthetic polyofin fiber on thegdad250mmX 250mmX25mm in dimensions, ferrocer
results showed that the increase of polyofin andber of mesh layers increashe alsorption of energy

Aim of experimental study
The main goal of this experimental study is to Btigate the behavior of sandwich ferrocement pe
under impact loading in which galvanized and ptastiesh has been used. Styrophoam grains was
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between the two reinforced mortar layers of theetgmrThe significant out comes of the following ialtes
were considered in this work:

1- Influence of material of the mesh used on the irmfmating.

2- Influence of Styrophoam on the impact strain-energhe sandwich panels.

3- Influence of number of mesh layers on the numbdlais of the sandwich panels.
Using the results from this experimental investmatmay be used to improve the impact resistance of
structures or in rehabilitation of damaged building

Experimental program

This work includes preparing and testing okfiseries of sandwich ferrocement panels subjeicted
impact loading. The main variables were galvaniptastic mesh materials and Styrophoam contentleTab
1 shows the details of tested specimens.
Materials:

Cement:
Ordinary cement type | was used accordingramilspecification No.5 [9] which was produced in

Kurdistan region-Iraqg.

Sand:
River sand with maximum size of 2.36mm andlwehded was used according to Iraqgi specifications

N0.45.[10]

Water:
Ordinary drinking water used for mixing anding.

Mesh:
Galvanized wire mesh of 0.70mm diameter aadtjg mesh were used.

Styrophoam:
Styrophoam grains available in local markegseanused for intermediate layer of panels.
Table 1: Details of panels

Sandwich panels detail

Seri . . Wire mesh
1€ Galvanized mesh Plastic Styrophoam details
layers mesh layers content
C-0.00 0.00%
Control panel
P1- 0.00 One 0.00%
Plastic type with
P1- 0.50 One 0.50% large hexagonal
openings
P2- 0.50 Two 0.50%
S1-0.00 One 0.00% Galvanized type
with large
S2-0.50 Two 0.50% hexagonal
openings

Mix proportion and casting

The matrix consists of cement-sand ratio Water cement ratio 0.45. The cement and sand wieredm
well. The water was added to the dry mix and a ablé& mortar was obtained. Steel angles fixed watksb
and nuts were used to build a frame of the moldodf¢a rods and 4mm thick glass were used to cattteol
base of the mold. The lamination process started placing first layer of prepared mortar into tineld.
The measured mesh layer was placed in the moldStyrdphoam grains dispersed to form a thin row
followed by the final mortar layer. According to A8 Y a standardtemplate was used for hand compaction
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of each layer of mortar. The upper surface of thieefs were straightened and smoothened by speoial t
as shown in figures 1 to 4.
Curing

The panels were demolded after 24hours ofrzpand placed into a water tank for curing up8adays.

Figure 2: Surfacing of the panels

Figure 4: Impact test arrangement

Figure 3: Smoothen surface panels before impatt tes

Impact test

Each sandwich panel was placed simply suppantethe steel frame designed for impact drop rogsli
as shown in figure 4.Five series of sandwich feznoent panels were tested at age of 28days and cednpa
to a control panel (mortar without meshes and $bgm). Dropping of 3.0kg mass steel ball from aghei
of 1.3m was used as an impact load testing. THerbahch drop was in contact with the upper smdatie
of the panel. The first crack occurred by repatitid the loading then number of blows were recorddiis
procedure was continued with reporting all changethe panels (new cracks, increasing width of ksac
separating of layers), until failure blow (collapsfehe panels).

Test resultsand discussion

In this experimental tests, both the masshefliall and height of falling were fixed, 3.0kg ah@m
respectively. The results are shown in table Zisvgerage of three tested panels. The first crackrs due
to the impact load is nominated as the first claekl and the final load is the failure load of faBocement
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panels. As the ball impacted the surface of theofement panel, the strain energy is absorbed &
hardened maar. The capacity of strain energy of - 0.00, P1- 0.50, P2- 0.50, S1.00 and S-0.50) panels
were (10, 16, 25, 4 and 7) times that of contrahgbarespectively. The optimum capacity of ene
absorption is in sandwich ferrocement pane-0.50 dueto both high plastic mesh and percentag:
Styrophoam content as shown in table 2 and figt

Crack Pattern

Test results showed that the number of blows talyre cracks (first or failure) increased when
number of meshes increased, meanwcombined plastic mesh layers and percentage ob@tpam, had
significant effect on increasing number of blowseach the failure load. Most of cracks startethatcente
of the impact face at point of dropped ball andppigated towards the edgef the panels. The panels w
plastic meshes and Styrophoam had greater numbewider cracks than the panels with galvanized
An impact dent occurred on the upper surface ofpédaeels, while did not penetrate to the lower s
especially in pagls with galvanized meshes. Separation of the tawich layers were noticed at 1
failure load with split of some pieces from upperface. All crack patterns are shown in figures1@ @

Table 2: Average of drop test results

Number of blows Strain energy Strain energy
Series first crack failure crack
First crack Failure N.m N.m
C-

Control panel e 38.26
P1- 0.00 3 10 114.78 382.60
P1- 0.50 3 16 114.78 612.16
P2- 0.50 5 25 191.30 956.50
S1-0.00 2 4 76.52 153.04
S2-0.50 2 7 76.52 267.82

Energy = number of blows X weight of the ball Xgheiof droj
Where: weight and height are constant ( 3.0kg naask1.30m)respective
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Figure 5: Impact strength relationst
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6b: P2-0.50
6a: P1-0.00
6c: P1-0.50
6e: $1-0.00
6d: S2-0.50

Figure 6: Crack failure at lower face of ferrocertnpganels
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7a: P1-0.00 7b: P2-0.50

7c: P1-0.50

7d:S2-0.50 7e: $1-0.00

Figure 7: Crack failure at upper face of ferrocatrmanels
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Conclusion
The effect of wire mesh and Styrophoam contdreén added to plain mortar panels was experimgntal
investigated as subjected to impact loadings. ®Heviing conclusions can be drawn:

1. The impact resistance of sandwich ferrocement pawéh plastic mesh and Styrophoam is higher
than that of the control panel and panels with gaiked mesh.

2. Each panel type has a specialfailure mode diffefemh other panels for the same arrangement of
impact loadings, this is due to the variety of mate response to impact load.

3. Panels with higher mesh content have more visitaeks.

4. Styrophoam content increased the number of blowlseoimpact loading.

5. The strain energy required for first crack of moithe panels were small numbers due to the simply
supported of the panels.

Practical Utility

This product may be used in strengtheningetnofitting of the structures applied to dynamic
stresses. The impact resistance of buildings maymipeoved with the tested units in economic
method. This work will be a main concept of thejgcofor military resistance utilities.
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