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EXPERIMENTAL INVESTIGATION OF WALL AND ROOF SANDWICH PANELS OF
THE “ALUTERM” SERIES

The results of an experimental investigation of wall and roof sandwich panels with mineral fibre insulation
core are presented in this paper. Features of the stress-strain state of sandwich wall and roof panels made by
various enterprises in Ukraine are covered. An analysis of the deformation and failure of the investigated

constructions is given.
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1. Introduction

The problems of the construction industry
inextricably linked with the reduction of material, labor
and energy resources for the construction and
exploitation of buildings and structures are the cause of
the constant search for new design solutions and for
improvement of existing ones. Particularly on purpose
achieving a substantial reduction of the weight of
buildings and structures, while maintaining high
strength and stiffness characteristics, it is expedient to
implement in construction practices use of lightweight
external protections in the form of sandwich panels with
a high prefabrication level.

The efficiency of constructions based on thin faced
materials and nonflammable lightweight cores is
defined by their low weight, canonicity of
manufacturing process, easy and quick assembling and
high exploitation reliability. Buildings, constructed with
the use of light wall and roof coverings, are already
widely applied in building practices around the world so
that in a certain degree determines the relevance of their
use. Nevertheless, the experience of designing and
exploitation of the discussed structures has outlined a
number of issues that may provide the improvement of
the construction itself. Primarily, it relates to the
development of calculation and rationalization methods
of these systems, as well as experimental verification of
new solutions and methods of their calculating.

Fig. 1. The geometrical dimensions of the wall
panel of the “AluTerm” series (cross section) submitted
for testing.

Moreover, in the research of sandwich panels with a
metal face the priority is to study the behavior of the
panels with the core of hard flammable foams and
oriented mineral wool. Certain questions have been
halfway considered in the works of native and foreign
researchers [1,2]. They have shown that the applied core
substantially determines the stiffness of the entire panel.
Based on the known results of theoretical and
experimental studies we can also argue that the
polystyrene foam core (especially an extrusion one)
provides minimal compression in the supporting
sections of the panel. It was also revealed that spreading
of strength and deformation properties of mineral wool
is incredibly high and it is the reason for a more detailed
experimental investigation of the behavior of the
mineral core in the sandwich panel.

Mentioned above, together with other unresolved
problems, was an occasion to conduct a series of full-
scale experimental studies of roof and wall panels with
mineral fibre insulation core. The studies were
conducted at the O.M. Beketov National University of
Urban Economy in Kharkiv. Considering the high
budget of the ongoing studies only three specimens of
the panels were provided for the tests: two wall panels
and a roof one. The length of each panel was equal to
7,2 m (Fig .1,2).
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Fig. 2. The geometrical dimensions of the roof
panel of the “AluTerm” series (cross-section) submitted
for testing.
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2. Design features of the investigated object

Three-layer wall and roof panels are composed of
two steel faces (inner and outer) with a thickness of 0.5
mm each between which the insulating layer of mineral
wool is located. These layers are interconnected with
the help of a bicomponent polyurethane adhesive. Metal
faces may have the form of shaped, corrugated or flat
painted steel sheets. The longitudinal edges of the
panels are designed as elements of the lock connection

Fig. 3. General view of the specimens submitted for
testing (wall panel).

3. The procedure of tests

Tests of sandwich panels are made under the
action of the transitional and extended uniformly
distributed loadings in accordance with the method of
hydraulic testing of slabs and membranes based on
DSTU B V.2-6-7-95 [3, 4]. Furthermore, during the
preparation of the test program account was taken of the
instructions which define four types of limited states of
considered constructions of sandwich panels [5]:

) on the shear resistance of the insulation;

. by wrinkling (an axial compression of the

metal faces);

. on the resistance of the compression at the

support ;
. on the ultimate deflection.
The investigated panels were tested according to
the following schemes:
) Three-span scheme, with a span of 2.4
meters (Fig. 9);

) Two-span scheme, with a span of 3.6 meters
(Fig. 10);

) One-span scheme, with a span of - 7.2 m
(Fig. 11).

Special metal structures (jacks) with a height of 1
m, width of 1.2 m and with a width of the bearing part
of 100mm were used as the supports (Fig. 5). Loading
was applied through degrees by means of filling the
tank with water. The size of each degree of loading was
determined stepwise and was taken in the range of 0.1-

4.  Theoretical modeling

The simulation (structure - load) and the
calculation of the considered sandwich panels with the

which ensures tightness of joint between panels. Each
face has a protective anti-corrosion layer of color
covering made of polyester which is placed on the
surface of the hot rolled output sheet. Modular panel’s
width - 2000mm, length - 7200mm. General view of the
studied sandwich panels is presented on Fig. 3,4.

Fig. 4. General view of the specimens submitted for
testing (roof panel).

1.0 KN/m2 depending on the nature of the deformation
of the panel.

In order to establish the range of elastic resistance
of the panel, after each stage of loading, unloading took
place (draining the tank). Thus, the nature of the loading
was low cycle that simulates actual work of the
construction.

In addition to the tests described above,
conditional wind loading was examined. In real
conditions, the panel is placed in an upright position so
the dead weight of the panel (qgqw. = 0.251 KN/m2) was
considered as an additional component to the payload.

Fig. 5. Supports — special metal structures (jacks).

help of a PC program “Lira- CAD” [6,7] based on the
finite element method was produced before the tests in
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this paper. The object of the study was wall and roof
sandwich panels with steel faces and a mineral fibre
insulation core presented in a full-scale experiment. All
of the accepted geometric dimensions of the model and
its physical and mechanical properties corresponded to
the actual attributes of the studied panels. The main

results of the calculation are given in Table 1. The
analysis of the field components of the stress- strain
state (SSS) shows their complete qualitative agreement
with the representation of the deformation behavior of
the considered structures.

Table 1. Main results of calculation of sandwich panels in “Lira-CAD”.

!

D
isplacement contour plots in Z direction, mm

Finite element model of the three-span sandwich panel

B I ) ) ) ) ) ) ()
49 6 4 L8 098 QT 94 0237 Q06 0056 027 04 0 08 18 136

Ny tension contour plots, MPa

NX tension contour plots, MPa

Following information is considered as addition to
the Table 1:

. the maximum normal stress along the panel:
* in the face: compression stress - 17.2 MPa , tensile
stress - 17.4 MPa;
* in the insulation: compression - -0.01 MPa , tensile: -
0.01 MPa;

) the maximum stress across the panel:
« in the face: compression - -0.31 MPa , tensile - 0.39
MPa;

5. Principal definitions

The objective of the study was to establish
experimentally the character of deformation (including
the failure phase) of wall and roof sandwich panels of
the “AluTerm” series with mineral wool insulation and
to determine their bearing capacity (TU U V.2.6-28.1-
32564237-001:2007).

* in the insulation: compression - 0,013 MPa , tensile -
0.013 MPsg;

. normal stress of the compression (along z

axis):

« in the face: compression - 0.2 MPa , tensile - 0.02
MPa;
* in the insulation: compression - 0.02 MPa , tensile -
0.003 MPg;

. deflection - 10.4 mm.

The object of the study was wall and roof
sandwich panel of the “AluTerm” series (TU U V.2.6-
28.1-32564237-001 : 2007) with “lzovat 110” mineral
wool insulation (density 110 kg/m3). Thickness of each
panel was 150mm and length was 7.2m.
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The subject of the study was the deformation and
destruction character of the object of the study under the

6. Loading system

The method of research based on hydrostatic
loading when the load is measured by the weight of
water and its value is adjusted by the height of water
column was tested [8,9]. The functional scheme of the
method is shown on Fig 6.

Loading Mode

1
Hydraulic Software

1

Loading System

i

Object of Study
i

Measurement
System

i

L] Estimation of
Deformation Character

|

Adjustment of the
Water Level

= = =1

System of Shields

Feedback

Registration

Numerical
Analysis

Fig. 6. Functional diagram of the hydraulic test method.

According to the selected program of the
experiment the monotonically increasing, active, cyclic
mode of loading with following discharge was set (stair-
step mode, to estinate the bearing capacity and
deformability, in  accordance with  applicable
regulations). The level of loading was determined by the
height of the water column in the tank. The required

action of uniformly distributed transitional and extended
loadings.

level of loading was provided by a system of supplying
and discharging water in and out of the tank. For
registering the measured displacements, special sensors
were hooked up to the object of the study. They also
established the characteristics of the stress - strain state
of the object of study. The sensors were connected to
the measuring system SIIT-3, which provides for
measurements of the signals and converts the result into
a digital form.

This load-measuring system functions according to
the specificity predetermined by the fact that during the
deformation of the object the water level changes,
which leads to a change of the value and, possibly, of
the nature of the load (tracking loading). Each step of
the loading is corrected by the obtained measurements.
Thus, as a result of the growing of the displacements
over time, the level of loading is constantly changing
(because of the previously mentioned tracking nature of
loading). Therefore, due to the specialties of such tests
the level of water was controlled and corrected not only
at each step of the loading, but also during the whole
time of the experiment (Fig. 8,9).

The basis for the designated investigations was a
device for full-scale tests of slabs and membranes under
the action of vertical transitional and extended loads
(fig. 7) [10]. This setup includes the investigated
structure which is mounted on the supports; shields
which create a reservoir and are installed on a circuit
area of loading; a waterproof membrane inside of the
tank; inlet and outlet sockets. This setup is simple and
cheap and it is easy to fit it with the system of
measurement.

Fig. 7. Setup for a full-scale tests.
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Fig. 8. The specimen under the loading.

1. Measurement system

As indicated above, the three specimens provided
for investigation were tested on three-span, two-span
and one-span schemes. The deformation parameters
were measured by the electronic and mechanical
devices. Schemes of arrangement of measuring devices
are shown on Fig. 10-12.

Fig. 10. Schematic arrangement of the devices on a
three-span panel.

Fig. 11. Scheme of arrangement of the devices on a two-
span panel.

Fig. 13. PDI -100 sensors.

Fig. 9. The determination of the height of
water column.

Fig. 12. Scheme of arrangement of the devices on a one-
span panel.

The measurement system is represented by the
following elements:

e D1 .. D8 - Inductive sensors 100 DPI (Fig.
13) interacting with electronic strain gauge measuring
system SIIT - 3 (Fig. 15);

e |1 .. 18 — dial indicators ICH10 with a
division scale of 0.01 mm (Fig.14);

e P1 - deflectometer 6PAO with divisions of
0.01 mm (Fig. 15).

Electrical inductive sensors PDI -100 and
deflectometer 6PAO measured deflection at the center
of the span. Indicators ICH10 were installed in the
places of maximum value of the lateral force in order to
evaluate the compression of mineral wool and at the
ends of the panel to control displacement of the upper
and lower faces relative to the insulation core.

Fig. 14. Dial indicator ICH -10.
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Fig. 15. Deflectometer 6PAO. Fig. 16. Strain gauge measuring system SIIT -3.

8.  The investigation of sandwich panels of the “AluTerm” series under the action of
transitional and extended uniformly distributed loadings
Specimens of wall (2 pc.) and of roof panels (1  with the test program described above. The results of
pc.) were tested under the action of transitional and the experimental study of wall and roof panels are
extended uniformly distributed loadings in accordance  demonstrated by the following plots (Table 2-5).

Table 2. Plots of the relation between deflection and loading for wall panels (three-span scheme).

Ne Plot Characteristics

1 K, Maximum temporary load was 200kN/m2, time
: — of loading - 30min.
H ) - T The maximum value of the deflections in the
3 - Unlondlne extreme span (sensors D1 ... D3) was 71 % of its

assumed value. 20 hours after the removal of the
load the residual deflection was 20.3% of its
maximum value.

Deflections, f (mm)

2 ) Maximum temporary load was 250kN/m2, time
of loading - 20 hours.
The maximum value of the deflections in the

Loading, q (kN/m2)

—— Load line extreme span (sensors D1 ... D3) was 71 % of its
=e=Unoud assumed value. 24 hours after the removal of the
, load the residual deflection was 20.3% of its
° * Dc;ecrions. f(x:;m) ; = maximum Value
3 ' ) Maximum temporary load was 225kN/m2, time

of loading - 20 hours.
The maximum value of the deflections in the
4 extreme span (sensors D7 ... D8) was 71 % of its
. ey assumed value. 20 hours after the removal of the
load the residual deflection was 30.5 % of its
maximum value.

Loading, q (kN/m2)
N

. s
Defloctions, f (mm)

Table 3. Plots of the relation between deflection and load for the roof panel (three-span scheme)

Ne Plot Characteristics

1
Maximum temporary load was 250kN/m2, time of

loading - 20 hours.
The maximum value of the deflections in the extreme
i span (sensors D7 ... D8) was 73.8 % of its assumed
. - value. 72 hours after the removal of the load the
e residual deflection was 15.7% of its maximum value.

Loading, q (WN/m2)
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Table 4. Plots of the relation between deflection and load for wall panel (two-span scheme)

No Plot

Characteristics

1

q (N/m2)

Deflections, f (mm)

Maximum temporary load was 175kN/m2, time of
loading - 30min
The maximum value of the deflections in the extreme
span (sensors D7 ... D8) at the moment of the applying
of the load of 175kN / m2 was 87.2% of its assumed
value. 20 hours after the removal of the load the
residual deflection was 29.9% of its maximum value.

Table 5. Plots of the relation between deflection and load for roof panel (two-span scheme)

Ne Plot

Characteristics

1

Loading. q (KN/m2)

Maximum temporary load was 180kN/m2, time of
loading - 21 hours.
The maximum value of the deflections in the extreme
span (sensors D4 ... D6) was 96.1% of its assumed
value. 20 hours after the removal of the load the
residual deflection was 29.9% of its maximum value.

Mentioned earlier the modeling of wind loading
experienced by wall panels was produced as follows:

- Panels are installed on the seven
supports arranged with a step of 1.2m that basically
allowed it to exclude its vertical displacement;

- Taking into account the symmetry of
the bearing relative to the center of the panel,
intermediate supports were cleaned consistently.
According to the testimony of the device inclusion of
gravitational loading was recorded;

Table 6. Testimony of gauges during the wind loading

- Finally, the panel presented a beam
element with a span of 7.2m relying only on the
extreme supports. Vertical displacements of the
panel, in a sense, reflected the loading of its own
weight.

This loading simulated 1st step. The hydraulic
load of 0.45 kN/m2 was added at the second step.
Testimony of the gauges are summarized in Table 6.

Temporary loading, At Testimony of DPI D1-D8 (mm).

kN/m? D-1 D-2 D-3

0 16,51 17,72 16,74

15 min 18,75 19,03 18,81

30 min 17,75 18,1 17,77

Qo =0,251 1 hour 18,64 19 18,52
- 1,5 hour 18,75 19,09 18,65

2 hours 18,88 19,23 18,81

3 hours 18,99 19,31 18,93

24 hours 19,26 19,32 19,17
Qaw. + 20 0 30,02 30,05 29,94
Qaw. + 30 0 35,02 34,77 34,92
Quw. + 45 0 40,5 40,16 40,66
0 25,08 25,01 24,98

Gt 30 min 23,95 23,76 23,81

Table 7. Plots of the relation between deflection and current loading for wall panel (wind loading).

Ne

Plot

Characteristics

1

The total load was 0.7 kKN/m2.

+— Load line

Loading, q (kN/m2)

Unload
line

The maximum value of deflection has accounted
84.7% of the acssumed value (L / 150 = 48mm).

Reflecting the real conditions, after the application
of the total load its forbearing over time was not held.
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The output from the normal exploitation state of
the panel occurred on the fourth type of the limited
states, i.e. on the ultimate deflection. The other types of
the limited states were not fixed. Furthermore, the
analysis of the failure behavior of the panels revealed

that the weakest link in the investigated constructions
was the insulation core that has entailed the need of the
additional research for determination its physical and
mechanical characteristics.

9. Determination of strength and deformation characteristics of the mineral wool

used in the tested panels

The objective of the study was to establish
experimentally strength and deformation characteristics
of “lzovat” mineral wool insulation under transitional
loading.

The object of the study was the “Izovat” mineral
wool insulation presented in the form of 9 cubes cut
from sandwich panels of the “AluTerm” series (TU U
V.2.6-28.1-32564237-001 : 2007).

The subject of the study was the deformation and
failure behavior of the insulation under the action of
uniformly distributed transitional loadings.

Normative support: tests were conducted in
accordance with [11].

9.1. Determination of density

Specimens cut from the lamellas of insulation were
set for tests (Fig. 17).

The dimensions of
100x150x500mm.

Number of specimens - 5pcs.

each

specimen

were

Fig. 17. Lamellas of insulation from which the
specimens were cut

Selected specimens were measured and weighed
with following calculations of their volume and weight
in kilograms per cubic meter. The arithmetic mean

The kind of diagram predetermined the
opportunity of approximation of each of its two sections
with pieces of straight line. In particular, on the first
area (1):

1 Go
o=E ¢, E =—"_Y 21 (1)
red red (n _1);: 8i
wherein n — is the number of measuring points; oi, ¢, -

stress and strain in the i - th point (Fig. 19).
On the second area (2):

value of density obtained from parallel tests was
considered as ultimate result.

9.2.Detemination of deformation modulus

In order to determine the deformation modulus of
the 1st kind (E) of the tested material the additional
investigations of specimens with construction of the
“stress — strain” diagram were conducted on the basis of
the laboratory of building constructions of Kharkiv
National Automobile and Highway University.
Specimens cut from the lamellas of insulation were used
for tests. The dimensions of each specimen were
100x100x100mm. Number of specimens - 9 pcs.

Loading of the specimens was carried out via R-5
press. The specimens were placed between the jaws of
press (Fig. 18) with the orientation along the fibers of
mineral wool. Measurement of deformation parameters
was produced via electronic sensor.

On the first steps of loading (0.001-0.003 kN /
cm2) visible deformations were not observed. At the
following steps of loading the testimony of the sensor
were recorded at the moment of their stabilization.

On the basis of the test results of nine specimens
the averaged "stress - strain" diagram was constructed
(Fig. 19).

Fig. 18. The specimen placed between the jaws of the
press

Op—0y
o=—f—"¢ 2)
Ep =&y

wherein O, & - tension at A and B points; O ;,Ep -
deformation at A and B points.

Built diagram was the basis for determination the
actual strength and deformation characteristics of the
tested material (Table 8).

The characteristic feature of this diagram is its
bilinear nature  (diagram  for material  with

18



quasihardening). This circumstance allowed to
determine in a very easy way the approximate values of:

- Modulus of deformation of the 1st kind via
formula (3):

E= Ered ®3)
- Tensile strength (4):
c=0, (4)

wherein o-;- the tension at the A point of the
approximated diagram.
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Fig. 19. The "stress - strain" diagram: 1- actual
dependency (OA'B ); 2- theoretical dependency (BAO )

Table 8. Actual strength and deformation characteristics of the tested material

Parameter Specifications for calculating Specifications for calculating,
MPa MPa
Compressive Strength 0.105
Modulus of the deformation of the 1st kind 3.1 11.6
Shear modulus 1.07 4
Shear strength 0,052

The coefficient of the transverse strain was taken
equal =045 . As a consequence, the modulus of

deformation of the 2nd kind - G, assumed to be G =
0.345E, and shear strength - ¢ =05¢,, wherein 7,0,

are the ultimate characteristics.

These tests allowed to define the behavior of the
insulation material under the loading and to determine
its strength and deformation characteristics. Up to 0,009
kN/cm2 tension material has worked linearly and

10. General conclusions

1. Adopted theoretical isotropy of the insulation
core and construction in general is confirmed by the
established results of measured deformations and
displacements of the specimens in the form of cubes.
Nevertheless, it is noticed that the orientation of the
fibers of insulation has a fundamental importance. In
this connection, the hypothesis of conditional isotropy
has an integral character.

2. Hypothesis of the nondeformable cross sections
of the panel in its plane, within acceptable limits, was
confirmed experimentally (the difference between
measured deflections on opposite edges of the panel
does not exceed 15 %).

3. There is a strong influence of the characteristics
of the insulation to the characteristics of deformation of
the structure. This conclusion determines the necessity
of a more careful selection of the element before
running it in production.

elastically. Installed modulus of deformations of the 2nd
kind (shear modulus) is 3.74 times lower than
recommended in [4]. The latter explains the increasing
deformability of the tested panels.

It was also observed the orthotropic nature of the
structure of mineral wool. This fact leads to a well-
defined orientation of the lamellas in the process of
manufacturing of the panels.

4. The difference between the values of deflections
under the action of a uniformly distributed loadings of
250 kN/m2 based on the actual values of physical and
mechanical characteristics and recommended in [10], as
well as the actual characteristics, fully substantiate the
previous conclusion.

5. The obtained values of bearing capacity within
the real values of the physical and mechanical
characteristics on the criterion of a maximum deflection
(L/200), should be supplemented (at the detailed design)
with the verification by the previously mentioned three
limited states and taking into account the effect of
temperature (if it’s necessary).

6. On the basis of the topology of the panels and
mineral wool insulation the finite element models were
created. This allowed adequately evaluate the behavior
of these structures.
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Astop: IIIMVYKIJIEP Banepiit CemeHOBIY

JlokTop TeXHIYHMX HayK, mpodecop, 3aBiTyIOUHid
kadenpu OyIiBeNbHUX KOHCTPYKLiH XapKiBCHKOTO
HalliOHAIBHOTO YHIBEPCHUTETY MICBKOTO T'OCIIO/ApCTBa
imeni O.M. bekeroa

Asrop: JIVI'UEHKO Onena IBaniBHa

Kanpnpar  TexHIUHMX  HayK, JOHEHT Kadeapu
OymiBeBHIX KOHCTPYKIIH XapKiBCBKOTO
HalliOHAJBHOTO YHIBEPCUTETY MICBKOI'O TOCIIOJApCTBA
imeni O.M. bekeroa

Astop: [IETPOBA Omena OnekcanapiBHa

AcmipanT  kadeapu  OymiBeNbHUX  KOHCTPYKIH
XapKiBCHKOTO HAIIOHAJIBHOI'O YHIBEPCUTETY MICHKOTO
rocrogapcTia imeHi O.M. bekerosa

EKCHEPUMEHTAJIBHI JOCJIJI>KEHHS CTIHOBUX TA TOKPIBEJIbHUX CEH/IBIU-TIAHEJIENA
CEPIi «<AJIIOTEPM>»

B.C. HImyxknep, O.1. JIyraenko, O.O. IletpoBa

B cmammi npusedeno pesyrbmamu ekcnepumMeHmanibHux HAmypHux OOCHLONCeHb CMIHOBUX MA NOKPIGEIbHUX
CaHOGiu-naHenel 3 MIHEepalo8aAmHUM CepeOHiM wapom. Busnaueni 0cobausocmi HanpytceHo-0eghopmosano2o
Cmany mpuuiapo8ux CMIHOBUX MA NOKPIGEIbHUX NAaHenel, WO SU2OMOSISIIOMbCs RIONpueMcmeamu Ykpainu.
Haoano ananiz oegpopmysantisi ma pyinyeants 00CHioNCy8aHol KOHCMPYKYIL.

Kniouosi cnosa: canogiu-nanens, Minepano8amuuli 3an08HIO8AY, 1aMenb, 2iOpAGIIYHUL MemOO OO0CTIONCEHD,

Hanpyoicero-0egpopmosanuti cman (HIC).

SKCHEPUMEHTAJIBHBIE UCCIEJOBAHUA CTEHOBBIX 1 KPOBEJIBHUX COHABUY-
MMAHEJEN CEPUM «AJTIOTEPM»

B.C. llImyknep, E.N. JIyruenko, E.A. IletpoBa

B cmameve npu@e()enbl pesyiomanibl IKCNEPUMEHMATIbHbIX HANMYPHbIX UCCAe008AHULL CMEHOBLIX U KpOBE/IbHbIX

COHOBUY-NAHenell ¢ MUHEPANLoBAMHbIM — CDEOHUM

Clloem.

Obo3nayenvt  0COOEHHOCMU — HANPSAACEHHO-

0ehopMUpPOBAHHO20 COCMOANUA MPEXCIOUHBIX CMEHOBbIX U KPOBEIbHbIX NaHeiell, NPoU3800UMbIX NPEONPUAMUAMU
Yxkpaunwl. [{an ananuz oeghopmuposanus u paspyuienus ucciedyemou KOHCmMpYKyuu.
Kniouesvie cnosa: conosuu-nanenb, MUHEpAIOBAMHbIN 3ANOIHUMENb, JAMeNb, SUOPABIUYECKUll Memoo

UCNBIMAHULL, HANPAHCEHHO-0ePOPMUPOBAHHOE COCIOSHUE.
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