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EXPERIMENTAL STUDY FOR THE VERIFICATION OF THE
CONSTRUCTIVE SYSTEM WITH SANDWICH PANELS
GOOD HOME INTERNACIONAL E.I.LR.L. VOLCAN WALL

1. BACKGROUND

Engineer Bob Angen, project manager of VolcanWall and Doctor Julio Cesar
Alvarez Giraldo, representative of Good Homes International in Peru, requested
the presentation of a technical and economic proposal on June 24, 2008, for the
execution of laboratory tests of the materials, components and a full scale model of
the constructive system with sandwich panels. On June 27, 2008 the proposal was
accepted through the engineer Bob Angen of VolcanWall panel manufacturing.
This report presents the results of the tests performed under axial tension of
samples of the wire mesh structures, compression of sections of panels, cyclic test
of three walls by lateral load and constant confinement, bending test on three
panels, the test of the resistance to fire in 4 panels, and the test of a two-story full
scale model. These tests did not include tests for durability, p rotection or
environmental comfort.

2. ABOUT THE VOLCANWALL CONSTRUCTION SYSTEM

The main structural component of the system is the sandwich panel made by three
dimensional steel wire truss, isolating the expanded polystyrene foam of variable
thickness and height. These panels are assembled with mesh and wire to be later
covered by a layer of concrete 1 - 1% inches thick. When finished, the panel has a
rigid appearance very similar to the finish of our conventional walls. The panels can
be used as partition wall, structural walls and slabs of ceiling.

3. WORK PLAN

For the execution of the study we developed the following tests in order to
determine the performance of the VolcanWall panel and its components under
different loads effects.

A) Axial tension test of the three-dimensional wire truss

B) Compression test of sections of panel

C) Cyclic test of wall formed by two panels

D) Static bending test in panels

E) Test of the panel fire resistance

F) Test of a full scale two-story model
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4. AXIAL TENSION TEST OF THE THREE-DIMENSIONAL REIN FORCEMENT
TRUSS

This test was developed in order to know the mechanical characteristics of the
material such as modulus of elasticity, yielding load and maximum breaking load.
We tested samples with 45 cm. length for the diameter used in the three-
dimensional structure.

Table 1: Transversal section of the spatial sample of the mesh

Quantity | Location Diameter Unit area Area
mm cm2 cm2

4 Extreme 3.44 0.093 0.371

4 Mesh 2.04 0.033 0.130

2 sides 3.48 0.095 0.190

Total transversal section 0.692

Photo 1: Typical specimen of 3D truss

Table 1 presents the calculation of the sections of mesh that were tested in
tension. We found that on average the area of the transversal cross section is
0.692 cm?.
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Using a hydraulic jack of 20 tons, the specimen was tested under axial tension,
measuring the strain in one wire of the mesh, using and strain gauge of 120 Ohms.

Photo 2: Tension test of the electro welded 3D mesh

Photo 2 shows the ML-01 specimen during the execution of the test. As a result of
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the test, we obtained the strain load curve shown in Figure 1.
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Figure 1: Strain load curves of the mesh
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The summary of the results of the tests is presented in Figure 1, where it can be
seen that the yielding occurs for a deformation of 0.0008, under an average load of
1.515t.

Table 2 presents the values of yielding stress generated in the samples during the
test. We found that the average yielding stress is the in order of 2191 kg/cm?.

Table 2: Yielding Stress in the samples

Yield load|  ©70SS vield
ID section stress
tf cm2 Kglcm2
ML-01 1.625 0.69 2350
ML-02 1.375 0.69 1988
ML-03 1.550 0.69 2241
ML-04 1.525 0.69 2205
ML-05 1.500 0.69 2169
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Figure 2: Stress strain curves

Considering the values shown in Figure 2, we found the slope of the distortion
force curve, finding that the average modulus of elasticity of 1,652,806.61 Kg./cm?,
for a range of elastic values less than 1500 Kg./cm?, corresponding to the average
slope shown in Figure 2.
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5. AXIAL COMPRESSION TEST OF SECTIONS OF PANEL

a.) Sections of three-dimensional truss + Styrofoam

In order to study the characteristics of the composed material (three-dimensional
truss + Styrofoam) of the panels, to know of modulus of elasticity, yielding limit and
maximum breaking load, sections of panels were experimented upon. For this
purpose we took three samples of the 30cm. high by 15cm wide.

P

|

Figure 3: Specimen of 3D structure + Styrofoam

Photo 3: Specimens Tested of 3D structure + Styrofoam
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Table 3: Results of specimens of 3D structure + Styrofoam

Dimensions (cm) Area | Pmax Compression
D strengt?
a b h cm?2 Kg. Kg/cm
1 10.0 15.5 39 |[155.00| 210 1.35
2 10.0 15.5 39 |[155.00| 250 1.61
3 10.0 15.5 39 |[155.00| 260 1.67
b. Samples with mortar + three-dimensional truss + Styrofoam

To study the characteristics of the material formed by the 3D truss, the Styrofoam
and the mortar, form samples of the material that represents the structure of the

panels.

These samples of material are 30cm. high by 18cm. wide and 15cm. thick. Photo 4
shows the configuration of the sample under compression load.

Photo 4: (a) Sample under compression (sample 1)
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Photo 4: (b) Sample under compression (sample 2)

Photo 4: (c) Sample under compression (sample 3)

Table 4: Results of the mortar + three-dimensional structure + Styrofoam

specimens
D Dimensions (cm) Area | Pmax Cosr?r[;rnegstsr,:on
a b h cm2 Kg. Kg/cm?
1 14.8 18.8 33 |278.24 | 1250 45.6
2 14.8 18.8 33 | 278.24 | 16925 55.1
3 14.8 18.5 32.8 | 273.8 | 11375 52.9
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Table 4 presents the results of the compression tests considering the dimensions
shown in the chart. Next are shown the results of the stress strain curves found in
the specimens subjected to compression.

Figure 4: Stress strain curves of the compose material under compression

6. CYCLIC TEST OF WALL FORMED BY TWO PANELS

The objective of this test is to determine the structural behavior of the compose
panel structure under critical conditions. In this test we also determine the
resistance properties like the elastic stiffness and the inelastic stiffness, the values
of maximum elastic load and the ultimate load resistance of a wall made by two
panels. This shows us the pattern of failure under a predetermined pattern of
lateral drift and its evolution; the displacement and lateral drift will also be
measured, to suggest drift limits for the system. A set of three walls were tested.
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6.1 DIMENSIONS OF THE WALL SPECIMEN

Using the study panels, the Good Home International staff built a wall 2470 mm.
long by 2600 mm. high with a superior repartition beam of 30 cm. by 15 cm. with
squared sections. The wall was placed over a concrete section 90 cm. wide by 30
cm. high which is used as anchorage against the ceiling of reaction. This wall is 13
cm. thick and the configuration of sensors for this test is presented in Figure 6.
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Figure 6 — Geometric Characteristics & Position of the Sensors

6.2 DEVELOPMENT OF THE TESTS

6.2.1 ABOUT THE TESTS

In order to evaluate the structural behavior of the wall, we accomplished the cyclic
tests with lateral load and constant vertical confined load, considering different
levels of inter story drift, with increasing variables from approximately 1/1000
reaching till reach a drift of 1/100.

A confined load was assumed as confinement pressure that this specimen
considering that is a wall on the first floor of a home. For this effect the weight
requirement for the wall to hold was kept under 0.78% of the force of compression
of the mortar (175 kg/cm?). For a wall area of 13cm. by 247cm. a load of 4.3 t. is
estimated to be applied on the panel simulating the effect of a floor placed
vertically on top of a wall.
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6.2.2 SET UP AND INSTRUMENTATION FOR THE PANEL TEST

To know the behavior of the wall under lateral load, a load frame and
instrumentation mechanism should be used. To reach this objective, a steel frame
is placed around the specimen, so it will be used as reaction frame for a vertical
actuator which applies the confinement pressure. The reaction wall will serve as
support for the lateral actuator which applies the lateral load to this confined wall.
To apply this load a Shimadzu electro-hydraulic actuator, able to produce a
displacement +/- 200 mm, operating under a range of pressures of +/- 25 t. was
used. The electro-hydraulic actuator is controlled with a Shimadzu 9525 controller
and an IBM computer using an analogical/digital and digital/analogical signal
conversion card. In this way the command signals are sent from the computer to
the controller, which will perform the displacement command.

For the acquisition of data, in the case of the cyclic test of the wall, we used a
system of 15 sensors of pressure and displacement connected to a signal panel,
which transfers the data to the IBM computer where after each step of application
of load, the data stores each measurement of the sensors. Figure 6 of the
experiment shows the position of the sensors during of the cyclic test of the wall.
Likewise, Table 5 shows the type of sensor utilized.

Table 5 — Utilized Sensors

Canats Rango NSensor C dilaan Consane
LOAD4 25 Actiador4 15V as0t
STRO4 [ 200mm Actiador4 4-5vVd200mm.
LOAD-2 10t Actiador2 +5V di¥50t
STRO-2 [ 200mm Actiador2 -5V dii200m m
CH-4 100mm YB 7890003 2701 3702102
CH5 100mm YB 7890007 2717 3$B81X10-2
CH-6 50mm YA6350026 27117 3$81X102
CH-7 50mm YA6350038 2673 341x10-2
CH-8 30mm YA6350003 341x10-3
CH-9 30mm EM 7840083 1000x10-2
CH-10 30mm EM 7840088 10000 1000x10-3
CH-11 50mm EM 7840080 1000x104
CH-12 50mm EM 7840087 2866 1000x10-5
CH-13 30mm EM 7840081 1000x10-6
CH-14 30mm EM 7840085 1000x10-7
CH-15 10mm CDP-10 (D03#/10x10-7
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The axial confinement pressure was applied with an electro-hydraulic actuator,
under load control, using a target load of 4.39 t. and applied through a steel beam
supported by the superior repartition beam of the specimen.

6.2.3 METHODOLOGY OF THE CYCLIC TEST

After reaching the confined load, the specimen was submitted to the action of
lateral displacement was applied cyclically through an electro-hydraulic actuator
with 200 mm. stroke range of the piston working under a load range of 25 Tf.

With the goal of measuring the displacements that originate that produce a lateral
load on the sample using a measuring system with sensors located in the positions
shown in Figure 6. The cycles of application of pressure were applied trying to
reach the following levels of angular distortion of the wall, as it is observed in Table
6. Each cycle was executed twice, to obtain stable values in the drift load curve.

Table 6: Drift Patterns

Cycle drift

1/ 2700
1/ 1350
1/ 675
1/ 350
1/ 200
1/ 125

OO |WIN|F-

Three cyclic tests were performed in specimens of similar dimensions with 2470
mm. length by 2600 mm. height and 130 mm. thickness. The characteristics of the
specimens show the location of sensors as illustrated in Figure 6.

6.3 RESULTS
6.3.1 Panel Test — 01

Following the drift pattern presented in Table 6 the cyclic test of the specimen Wall-
01 was performed. Figure 7 presents the hysteretic curve of the wall, where a
displacement for the maximum pressure on the wall reached 13.16 mm. for a
maximum load of 18.00 t.
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Using the pattern of the hysteretic curve it is possible to express it in terms of the
originated drift by the displacement in the panel, which is presented in Figure 7.
The wall was submitted to controlled displacements until reaching a drift of 0.0071
(1/240) approximately 17 mm, the value in which the wall failed by separating itself
from the base and breaking the cement that connected it.

Figure 7 — Hysteric Curve

Through a regression of the curves in the elastic range, the elastic rigidity is
determined in the studied panel, 74.64 t/cm. Likewise, for the inelastic range we
measured an inelastic rigidity of 15.05 t/cm.

Using the results of the hysteretic curve and the maximum values in each cycle,
the behavior curve of the panel is built in terms of the shear stress, which is
presented in Figure 8.

During the test, interior noises generated in the specimen started with under a drift
of 1/1350, when the cracking of the base began. Under a drift of 1/675 more cracks
were generated in the panel. Under a drift of 1/350 the wall loses verticality,
leaning towards one side. Under 1/350 drift the beginning of the separation
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developed at the base until reaching a drift of 1/125 when the wall completely
separates from the base.

(a) Drift Load

(b) Stress Drift

Figure 8 — Hysteric Curve of Wall-01
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Figure 9 presents the results of the test on Wall-02 with similar characteristics to
Wall-01. From this figure it can be read that the maximum displacement reached
was 20.49mm. for a lateral load of 20.03 t. Through a regression of the curves in
the elastic range, the elastic stiffness of the studied wall was determined to be
69.47 t/cm. Likewise, performing a regression in the inelastic range, the inelastic
rigidity was determined to be 18.43 t/cm.

6.3.2 Panel Test — 02

Using the results of the hysteretic curve and the maximum values in each of the
cycles, we build the behavior curve of the wall in terms of shear stress, which is
presented in Figure 10.

This curve can be expressed in terms of displacement of the wall, presented in
Figure 10 (a), where it was found that the maximum displacement reached was
20.55 mm., corresponding to a pressure of 15.22 t.

Figure 9 — Hysteric Curve of the wall with Wall-02
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Figure 10 — Hysteric Curve Pressure Distortion

The results are synthesized in the behavior curve of Wall-02 and are presented in
Figure 10 (b). In this figure it can be read that for the maximum drift of 0.0079 it
obtained a maximum shear stress of 4.74 kg/cm?. During the test interior noises
began between a drift of 1/1350 to 1/675. When it reached this last drift cracking in
the base began, which continued until a distortion of 1/350 where wider cracking in
the base occurs, which continued deteriorating until it reached 1/125 where it
separated approximately 1 cm. producing the failure of the specimen.
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Figure 11 presents the results of the test of Wall-03 with similar characteristics to
Wall-01 and Wall-02. From this figure it can be read that the maximum
displacement reached was 16.23mm under the maximum load of 18.08t. Through
a regression in the curves in the elastic range, it was determined that the elastic
stiffness of the component wall to be 62.89 t/cm. Likewise, performing a regression
in the inelastic range, the inelastic stiffness was determined to be 15.18 t/cm.

6.3.3 Test of Wall-03

Using the result of the hysteretic curve and maximum peaks values in each cycle
we build the behavior curve of the wall in terms of shear stress and drift, which is
presented in Figure 12.

This curve can be expressed in terms of displacement of the wall, presented in
Figure 12 (a), where we found that the maximum displacement reached was 20.45
mm., corresponding to a maximum pressure of 7.28 t.

Figure 11 — Hysteretic curve of Wall-03
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Figure 12 — Hysteretic curve of distortion pressure

The results are synthesized in the behavioral curve of Wall -03 and are presented
in Figure 12 (b). In this figure it can be read that a maximum drift of 0.0063
obtained a maximum shear stress of 5.63 kg/cm?. During the test, the cracking
started under a drift of 1/1350. Subsequently between a drift of 1/675 and 1/350
diagonal cracks begin, which continue developing until they reach the base, where
finally, under a drift of 1/125 the base of the wall separates approximately 1.3 cm.
separating itself completely and failing the specimen.
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7. FLEXURE TEST OF PANELS

According with the specifications ASTM C-78, three tests of panels supported and
placed horizontally were executed. In this case panels of the usual width were
tested used as roof system for the longest length that the system theoretically
supports. In each test it is possible to determine the behavior curve of the
specimen, determining its capacity of admissible load and its failure point.
Likewise, this test is equivalent to a live load on roof or wind load over a perimeter

wall.

The samples studied have a length of 3.0 m., 0.15 m. thick and 1.27 m. wide, and
were loaded continually with pressure concentrated at the center of their length.

Figure 13: Sample 001
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Figure 14: Sample 002

Figure 15: Sample 003

The maximum pressure applied to the center of the panel and transmitted through
the rigid beam and tubes located at one third of the specimen’s length as is shown
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in the (see Photo 5) with the following values 6.3t., 6.6t and 6.3t in the samples
001, 002 and 003.

From the result of the tests, we present in Figures 13, 14 and 15 the moment
curvature curves measured during the experiments performed on the samples.
From the curves it can be concluded that the maximum elastic moment was 8 t.m.,
for a curvature of 0.03 rad., developing the non-linearity of the samples from this
point.

Photo 5: Flexure test
8. FIRE-RESISTANCE TESTS ON THE PANELS

In order to determine the critical time of exposure of the structural system to
extreme fire, a fire resistant test on panels is performed, to ensure the occupants of
a building the maximum time of resistance of the system. The tests were
performed following the recommendations of the ASTM E-119, Standard Test
Methods for Fire Tests of Building Construction and Materials, determining the
critical time of exposure to extreme temperatures. Each specimen must be placed
covering a chamber of fire, to experience the extreme fire. Four specimens were
tested.
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The exposure to fire of structural elements in flooring systems is a problem of great
importance for the safety of the occupants and neighborhood area of the structure,
because the occurrence of a fire affects the building and its surroundings, due to
the existence of the possibility of the fire propagation creating a greater disaster.
Considering the safety of the occupants, it is very important to ensure a time of
evacuation and survival of the structure so in the case of a fire; it is possible to
affirm the maximum time for a safe evacuation of the occupants.

It is necessary that the properties of the material and its components be measured
according to a specification in case of a fire. This standard applied a controlled fire,
observing a period of resistance to the exposure to fire before reaching a critical
point or collapsing due to the fire.

ABOUT THE FIRE-RESISTANCE TEST

ABOUT THE SPECIMENS

For the execution of tests of resistance to fire exposure, four specimens have been
considered with similar characteristics to the ones tested for bending with 3.10m. in
length, 0.98 m width and 0.15m thickness. The specimens are similar to the
bending ones as seen in Table 7, where is presented the geometric characteristics
of each of the specimens.

Table 7: List of specimens for the fire test

Length Clear width | thickness | Date of
span
test
m m m m
M-01 3.10 2.65 0.97 0.15 16/10/08
M-02 3.10 2.65 0.97 0.15 16/10/08
M-03 3.10 2.65 0.98 0.15 17/10/08
M-04 3.10 2.65 0.97 0.15 17/10/08

TEST PROCEDURE

For the execution of the test, ASTM E-119 Standard Test Methods for Fire Test of
Building Construction and Materials was used, in order to determine the critical
time of exposure to extreme temperatures. The specimen should be placed
covering the fire chamber where a gradient of temperature is applied. For this
purpose a hole was dug with the same length and width as the specimen, where
we placed a fire blower, fed by liquid fuel, which is called the chamber of fire.
Inside the hole, two temperature sensors were located (thermocouple) placed
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symmetrically in respect to the center of the specimen, so the temperature
generated can be measured inside the chamber. The specimen was located
covering the hole and the specimen was weighted incrementally until reaching the
service load.

Once the service load was reached, the specimen was exposed to a gradient of
temperature, until the critical time of exposure was reached.

Photo 6: Interior of the fire chamber and fire blower

Photo 7: Specimen in contact with the fire chamber
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Photo 8: Service load on top of the specimen with fire in the chamber

The service load over the specimens was 300 kg/m?, making the instantaneous
vertical displacement 3mm. on average.

RESULTS OF THE FIRE EXPOSURE TEST

Figure 16 presents the curves of temperature exposure in the totality of panels
tested according to the time of exposure. In Figure 16, the temperature curves
used in the fire test are shown for each sensor (1 and 2) in the four specimens.
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Figure 16: Curves of exposure time and temperature in panels tested
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Figure 17: Displacement curves and temperature in panels tested

Figure 17 presents the displacement curve demanded by the temperature in the
chamber. Considering a maximum deflexion for the service load in elements of
concrete of L/300, it is possible to affirm that for deflexions in the order of 10 mm.
the panels are within the admissible ranges and without alteration in its elastic
capability. Observing Figure 17 it can be inferred that this deflexion is reached
under a temperature of 250°C (which is reached after approximately 25 minutes of
exposure).

Photo 9: Condition of the panel during the test
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Photo 10: View of the panel during the test

In Photo 9 the phenomenon produced in the panel are shown during the exposure
to fire. During the test we noticed the appearance of moist areas on the surface of
the panel beginning at 450°C approximately; this due to the cooling of the
Styrofoam in its gaseous state that would escape through the cracks developing on
the upper surface of the panel. Similarly, zones of combustion of the Styrofoam
developed in the fissures of the lower surface of the panel which were in contact
with the fire, which are shown in Photo 11.

Photo 11: Combustion Photo 12: Final state of the panel

In picture 12 the panel is shown after the test was complete. The Styrofoam inside
the panel was melted away due to the heat and escaped entirely, in a gaseous
state, through the cracks developed in the upper and lower surfaces of the
specimen.
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9. TEST OF THE TWO-STORY SCALE MODEL

9.1 ABOUT THE SPECIMEN

This type of test provides information about the behavior of the structural system
due to the full scale. It allows us to look at the behavior of the union of the
components and its interaction under controlled displacements; thus it is possible
to observe its behavior among panel roofing, panel — profile, panel — panel and
panel — foundation. This allows us to recommend limits of drift and lateral load to
the structural model.

Photo 13: Four states of the specimen: (a) preparation, (b) construction,
(c) Completion, (d) ready for test
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Photo 13 presents four stages of the construction of the specimen. Observe that
the preparation initiates with the shaping of the panels and its placement in
modular size (13a). The next step is the assembly of the panels (13b) where each
of the components is fixed through steel wires of the three-dimensional structure
forming the unfinished structure then the final step to finish the specimen, (c)
through the covering with cement mortar. Finally a steel frame is fixed around the
structure to apply pressure (d), leaving the model ready for its experimentation.

Photo 14: View of the mesh anchorage of the specimen

One particularity of the system is the way it is fixed to the cement base, this is
accomplished with the ductile steel rebar with a length of approximately 60cm.
above the base. By this means the three-dimensional frame is attached to the
ductile steel rebar joining the panels to the base floor, as is observed in Photo 14.

9.2 RESULTS OF THE CYCLIC TEST ON THE TWO-STORY MODEL

Following the drift pattern presented in Table 6 the cyclic test was performed on
the two-story specimen considering the drift at each level. Figure 18 presents the
hysteric curves of the two-story building, where it reached a displacement for the
maximum displacement for the building of 21.02 mm. for a maximum load of 13.72
t. on the second floor and 19.34 mm. on the first floor with a base shear of 29.25 t.

Using the hysteretic curves it is possible to express in terms of distortion originated
by the displacement in each level of the model, which is presented in Figure 19.
The model was submitted to controlled displacements until reaching a distortion of
0.0074 (1/140) approximately 19.3 mm, value in which the specimen failed by
separating from the base as is described in Photo 15.

AV. TUPAC AMARU N°1150 — LIMA 25 — PERU — Apartado Postal 31-250 Lima 31
Teléfono (51-1) 482-0777, 482-0804, 482-0790 FAX: 481-0170
e-mail: director@uni.edu.pe http://www.cismid.uni.edu.pe



Photo 15: Elastic Stage until 1/675, Inelastic Stage from 1/350,
Limit 1/200~1/150 separation and failure of base
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Figure 18 — Hysteretic curves for floors 1 and 2

Through a regression of the curves in the elastic range, we determine the elastic
stiffness of the studied model, for the first floor of 222.77 t/cm. and for the second
floor a rigidity of 63.58 t/cm. Likewise for the inelastic range we measured an
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inelastic stiffness of 25.0 t/cm. in the first floor and in the second floor a stiffness of
12.44 t/cm.

Using the results of the hysteretic curve and the maximum values in each cycle the
behavior curve was build in terms of the shear force and shear stress, as shown in
Figure 19.

During the test under a drift of 1/650 the cracking around the door frame initiates,
with fissures of approximately 1.5mm. thick. Subsequently, under a distortion of
1/350, a crack in the floor base occurs of approximately 3 mm. lifting one of the
base corners on the west side. Under a drift of 1/200 the wall on the southeast side
experiences a failure in the base of the floor near the door. Starting with this
distortion the degradation of the base develops until reaching a drift of 1/150 when
the wall on the west side was lifted 7 mm., separating completely from the base.

(a) Distortion load
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(b) Drift stress
Figure 19 — Hysteretic curve

The curves in figure 19 summarize the behavior of the test of the two-story
building. Observe that in Figure 19 (a) it can be read that the elastic behavior
remains the same up to 5 t. for the second floor and 15 t. for the first floor. The drift
shear stress curve is presented in Figure 19 (b), showing that the second floor
does not reach a small non-linearity, while the first level develops a high non-
linearity for shear stress above 4 kg/cm?*
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Quality control tests were performed on materials that form the Good Home
International VolcanWall sandwich panels, according to the ASTM
regulations. At the beginning, three-dimensional sections of wire mesh were
tested; they were submitted to tension test in order to know the yielding
point of the steel and its maximum capacity. It was found an average
yielding stress of 2190.6 kg/cm?. Using a regression of the elastic range of
the curve a modulus of elasticity of the samples was 1.652.806.61 kg/cm2,
for a range of elastic stresses values below 1500 kg/cm?.

Considering the expanded Styrofoam as a material used in the panels
besides the three-dimensional mesh used as a base, we experimented
samples made of these two materials. For this test, in absence of a national
regulation for this type of structure, we followed the recommendation ASTM
C-1314 for the test of compression of panels. We found that for three
samples tested an average stress value of f=1.54 kg/cm? was found. This
value shows that the contribution of the three-dimensional mesh and
Styrofoam in the resistance of the compose structure is non significant.
Immediately after we tested specimens with mortar, in adition to the mesh
and Styrofoam. Figure 4 shows the results of the tests, finding that on
average stress value for the compose material of 51.2 kg/cm?, that confirm
the resistant of the mesh and Styrofoam is non significant, and the resistant
of the compose better than a handmade brick block.

For the determination of the seismic behavior of the walls using the system
under review, three walls were tested under cyclic lateral load and constant
confinement (assuming the weight of a floor over the wall). The panel
specimens were tested, under controlled cyclic displacement to reproduce
the approximated distortions presented in Table 6 under a constant
confinement pressure of 4.3 t. This load condition of a wall represents a two-
story building first floor wall.

In Annex 1 we present a photo album where is shown the generated
degradation of the walls during the test. From this observation it can be
concluded the cracking on walls starts with a distortion of 1/1350, which also
spreads the cracks to the base under a distortion of 1/675. Under the
distortion of 1/350 the base continues the cracking until the toes of the wall
deteriorates between distortion range of 1/200 and 1/125.

From the tests of the walls we evaluated the results of stiffness in the elastic
range, which on average gave an approximate value of 69t/cm. Also the
evaluation of average inelastic stiffness could be deduced with a value of
16.2t/cm.

5. CONCLUSIONS
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We tested a two-story full scale model, finding a very similar behavior to the
one reached by the individual wall components, seeing as the type of failure
generated was very similar. So with a distortion of 1/650, the cracking starts
around the door frames, with cracks approximately 1.5mm. thick.
Subsequently, under a distortion of 1/350, begins in the first floor a cracking
on the slab and at the same time a cut in the base with a fissure of
approximately 3mm. lifting the toe of the wall on the west side. Under the
distortion of 1/200 the wall on the southeast side experiences a failure on
the of the wall in the base near the door. Starting with this distortion it
develops a separation of the base until reaching a distortion of 1/150 when
the wall on the west side raises 7mm. separating itself completely from the
base. This failure is the same that occurs with the walls.

In this two-story full scale specimen we perform a regression analysis of
curve on the elastic range. We measured the elastic stiffness in the studied
model, finding for the first floor an stiffness of 222.77 t/cm. and for the
second floor an stiffness of 63.58 t/cm. Likewise for the inelastic range an
inelastic stiffness was measured of 25.0 t/cm. on the first floor and for the
second floor an stiffness of 12.44 t/cm.

Figure 19 (b) presents the curve of shear - distortion in the two-story
specimen. It can be read that the maximum elastic shear stress develops
between 3 and 4 kg/cm?, for distortions between 0.001 and 0.0015. For
distortions above 0.002 the model enters the inelastic range with a shear
stress limit of 4 kg/cm?®. These values are quite similar with the values of
limit stress in the walls, where the shear stress limit of 3kg/cm?. On the other
side the walls individually give maximum shear stresses in the order of
5.5kg/cm2.

From test of walls and two-story model it is recommended to take as
maximum limit of distortion with a value of 0.003 which assures the
reparability of the specimen. On the other side, for design purposes, to limit
the shear stress for a maximum value of 4 kg/cm? that assures a moderated
incursion in the nonlinear range.

We executed a test of bending resistance on the specimens of 3.0m. long
by 0.15m. thick and 1.27m. wide. It was found the in specimens incursion in
the nonlinear range when the rotation is in the order of 0.03 and the
momentum is in the order of 8.0t.m. Then its maximum capacity is reached
under a rotation of 0.08 and a momentum of 9.8t.m.

To identify the available time for escape in case of a fire, a test of fire
resistance was performed on four panels, submitted to a temperature
gradient from 50 to 800 degrees. The specimens reached nonlinearity under
a temperature of 550 °C, which corresponds to a exposure time of 40
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minutes. Nonetheless, the panels reached their limit at 60 minutes of
exposure to the fire, with a temperature of 800 °C. but we need to remember
that the maximum deflexion for service condition in this panel is in the order
of 10 mm., a value that is reached at 25 minutes of exposure and with a
temperature of exposure of 300°C, a value where the panel is still
repairable. For this reason it is recommended that the time of exposure to
fire in this kind of edification be limited to 25 minutes of exposure, because it
assures the life of the occupants and their safe escape.
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