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VERIFICATION OF STATIC AND IMPACT LOAD OF LGS
SECTIONS AND FERRON PANELS IN COMPARISON WITH
230 MM BRICK WALL

Project details: Proposed modification in walling system of a building at Kabul.

INTRODUCTION

The proposed walling system consists of composite made of LGS channel sections along with
Ferron panel. The composite system of LGS panel along with ferrocement panel known as
“Ferron” propose good advantage over conventional material in terms of improved bending
capacity and very large impact energy absorbing capacity. Ferron is ferrocement panel of cement
mortar reinforced with two steel weld meshes sandwiched in cement mortar. This is factory made
precast panel unit ,manufactured under strict quality control to get casting with good finish and
dense ,light weight ,slender cross-section. The ferrocement panel being reinforced with steel

exhibits better bending strength and elasticity.

Ferrocement use for architectural shapes has been in construction practice for more than 150 years.
The major use was in constructing circular water tanks and also making canoes and ships upto 20
meter length. The Ferro cement section showed very large tensile capacity and excellent crack
resistance. The material also exhibits large impact resistance due to closely spaced steel
reinforcement in the form of steel weld mesh. These properties useful in the making of structural
forms like slab panels, beam sections, hollow column sections. This project proposes use of
ferrocement panels along with LGS channel section to make hollow wall panels to get advantage
as thermal insulation, along with structural strength, high impact resistance.

The proposed Ferron sections were cast in steel molds with weld meshes of sizes and numbers as

per recommendations of the ACI guidelines. The design stresses were taken from those obtained



in the experimental work, Special mix design was made to get M-30 compressive strength of the
mortar. The ferrcasting system refereed as “Ferron” has several advantages over conventional
RCC construction. They are enumerated below.

a) Factory made elements.

b) High quality and structural performance

c) Light weight, leading to ease of handling in the casting yard, transportation etc.

d) Needs smaller capacity cranes for erection.

e) Reduction in Dead Load leading to structural cost reduction in all members.

MATERIALS AND PROPERTIES

Light gauge steel section when combined with Ferron panel of 25 mm thickness, acting as

composite flange with LGS section.

The Ferron panel consists of two layers of steel mesh mild steel, 250 MPa yield strength. The cover
to mesh is 2.5 mm. The two layers of weld mesh, 1.4 mm diameter, and 40 mm center to center on
either side are encased in mortar of M33 grade.The thickness of steel weld mesh and mortar
composite is 18 mm. This makes Ferron panel a light weight and sleek wall unit, easy to be fitted,

reducing construction time. The Ferron panels are mostly maintenancefree but replacement is easy.

The section of Ferron panel is as shown in figure.1
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Fig 1: Cross section of LGS channel and Ferron panel mounted on either side
METHODS

Finite Element Analysis

The models analyzed are as following cases .

. 600 mm by 900 mm burnt brick of 9 inch by 4 inch by 4 inch thick, constructed as single

brick wall. Total wall thickness used as fagade to interior structure is 230 mm. Density
1800 kg/m3.

Light gauge steel channels fitted with Ferron panel of 18 mm thickness at one side of LGS.
Total wall thickness 107 mm.

Light gauge steel channels fitted with Ferron panel 18 mm thickness on either side of LG§

section to make composite hollow wall unit of 125 mm thickness.as shown in fig 1.
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Fig2: Ferron panel section

For FEM analysis using ANSYS 16.0, the modeling is done for LGS sections and Ferron panel
fixed on LGS section with help of self-tapping screws and Polymer Glue. The element type used
for LGS section and Ferron panel is SHELL 181 which is available with in ANSY'S library, which
allows out of plane bending. It has six degrees of freedom, three translations and three rotations.
The shell element is modelled as layers of mortar and steel weld mesh, with input of material
properties of mortar and steel weld mesh. This panel is considered as simply supported at two sides

which are supported by LGS panel.

Table No 1: Material properties.

Allowable
Modulus ;
: 1 . . | Yield flexural
Material ) Density of Poison’s -
Material 3 Gt A Strength tensile
ID Kg/m Elasticity | Ration
MPa MPa strength
MPa
1 Mortar 2000 4000 0.22 33 0.2
4 Burnt brick 1800 4500 0.20 1.4 0.2-0.5
wet condition
2 Light Gauge | 7800 200000 0.29 250 165
Steel strength
3 Ferron Panel | 2400 Orthotropic | 0.23 35 25
25 mm thick( composite
5 layer property
properties)




Casel: Brick wall with mortar joints. 600 mm * 900 mm *230 mm thick wall.

The force transverse load capacity of brick wall panel with no pre compression, the flexural
capacity is 0.023N/m2.That accounts for 0.023*600*900= 12720 N, 12.7 KN , 1.2

tonesstatic force.

Case 2: LGS section with One Ferro Panel attached as wall unit. The Ferron panel resting
on LGS section is treated as simply supported on two sides . Dimensions 600 mm *
900mm. Thickness of panel 18 mm.

The ultimate flexural stress in Ferron panel is 25 MPa , where cracking is initiated, and
material starts showing elastic plastic behavior. The bond between mortar and steel is
assumed to break at 25 MPa flexural stress. The flexural capacity is found to be 35 KN,
3.5 Tones

~ ANSYS

R16.0

Fig 3: Meshed FEM Model showing nodes on which load is applied.
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Fig 5: single Ferron panel with LGS , vonmises failure stress.

Case 3: LGS section with Two Ferron panels on either side of channel.

The load is applied on one panel as transverse load to object hitting the panel. The flexural
capacity is found to be 140KN = 14 Tonnes. The capacity calculation is based on the fact
that cracking starts due to flexure at 25 MPa. There after Ferron is no longer linearly elastic

.There after the mortar starts cracking, and steel mesh starts taking major load.
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Table No 2: Flexural load capacity

. Maximum Flexural | Equivalent impact load(
il Db load capacity striking velocity)

1 Brick wall 12.72 KN 2843 N (20KMPH)
1562 N (S0KMPH)

2 LGS with one Ferron panel | 35 KN 8293 (20KMPH)
4557 (50KMPH)

3 LGS with two Ferron panels | 140 KN 33175 (20KMPH)
18229 (50KMPH)

2. Empirical analysis for Impact load capacity

For idealization of equivalent static load for expected impact load, the theory presented by

Prof.J.E.Akin of Rice University USA , is used. For calculation of load capacity of brick wall

empirical relation as presented by Dr.KSN Rao, [ISC Banglore, is used. This relation gives fairly

correct value of flexural capacity of brick masonry wall along with mortar joints.

The bending force is considered on contact area on which impact due to object hitting the wall

unit is assumed.

1. Static load Defelction =8static =( W L)/ (48 EI )
2. Striking velocity of object assumed to be lowest 20 Kmph highest 50 Kmph.

3. Impact load conversion factor as per prof. Akin , University of Rice ,as below.

Impact factor = \/(vz/(g- Ostatic)

Pmax @ Impact load = Impact factor * mg.

v striking velocity of object.

dstatic © static deflection of panel

The striking velocity of object is assumed as approximately from 20 Kmph( 5.5 m/s)

and 50 (10m/s) Kmph.




Table No 2: Comparison of Impact resistance of wall panel

flange.

Static
Static flexural s ; Impact
Wall Flexural | strength of D : fgllé(éig Egul\;i?m Strength of
Case -l load LGS+Ferron Bl Y YRamiC | 1 GS+Ferron
Description ; factor 1 of load :
capacity | panel w.r.t, . w.r.t Brick
. object N
N Brick masonry
masonry
1 Brick wall | 3500 N | -- n=28.35120 12346 N | ---
600 mm * velocity | KMPH
900 mm striking
230 mm velocity
thick -- n=51.52 | 50 61.94 N -—--
for KMPH
striking
velocity
2 LGS 35000 10 times n=3.51 for 20 9971.5 N | 80.76 times
channel N KMPH
with one striking
Ferron n=6.391 | 50 5476.45 N | 88.41 times
panel KMPH
striking
velocity
3 LGS 142000 | 40 times n=2.483 | for 20 56383 N 456.69
channel N KMPH times
section striking
with two n=4.5152 | 50 31006.38 | 500.58
Ferron KMPH | N Times.
panels , striking
each velocity
attached to
channel




CONCLUSION:

Ferron panel along with LGS section, is much stronger to resist static as well as impact

loading.

For static loading

1.Single Ferron panel is 3 times stronger than brick wall.

2. Double Ferron panel makes hollow section of 89 mm external thickness, is 11 times stronger
than brick wall. The lateral load resistance is eleven times more than brick wall. Also note that
because of reinforced nature of Ferron panel, the failure of panel with bending or impact will
not create debris. At failure multiple cracking on surface will be seen but mortar will remain
entangled with steel mesh. This poses better solution with respect to rescue operation and

prevention of loss of life in case of failure of structure.

For Impact load

3. LGS channel with single Ferron panel is 80 times stronger than brick wall for instantaneous

impact load.

4. LGS channel section with Ferron panel on either side of channel creates section that can be
treated as LGS web and Ferron flanges. This improves sectional modulus of wall panel,
imparting great enhancement in bending capacity. The close spacing of steel reinforcement in
ferrocement panel imparts impact energy absorption making it impermeable ductile material
that absorbs impact energy without crushing failure that is exhibited by brick masonry wall. It

is therefore a better alternative to a conventional brick wall.

5.Thus LGS channel section ,to which Ferron panels are bolted by self-tapping screws and also
glued by polymer bonder, makes a very strong wall panel to resist static as well as transverse
Impact loads due to horizontal objects hitting the panel with large striking velocity. This can be

simulated condition for construction in area where military activities are observed.

6.1t should be noted that Ferron panel mounted on LGS section gives light weight, fast
construction. Small capacity crane is sufficient for lifting the panels. Transportation is easy.

Replacement of panels is easy, if in case required.



7. Factory manufactured product with better quality control. Saving in construction time. Overall

cost effective construction.

The detail calculations and simulation files are available with undersigned. If required, will be

made available.

Design Verification done and submitted by :

m\’
vuran)

Prof..Dr.MrudulaS Kulkarni

Professor and Head Civil-Structural Engineering

Formerly Maharashtra Institute of Technology

Transformed to MIT World Peace University. Pune 38
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