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Abstract

The main aim of this investigation is to produce high performance lightweight concrete
sandwich panels consisting of two layers of mortar having different mesh reinforcement
and feeded polystyrene concrete core in between. Locally pozzolanic material (ultra —
fine feldspar) is used to produce the high performance mortar as partial replacement of
cement. The effect of various factors such as core thickness, volume fraction and type of
reinforcement (polyimide grids, polypropylene meshes and chicken wire meshes) has
been investigated. The work covers the physical properties of the mortar and polystyrene
concrete core. Also the structural properties and behaviour of eight series of 1000mm
length and 200mm width concrete sandwich panels with two reinforced mortar faces of
20 mm in thickness and core of 30 and 50mm in thickness from polystyrene concrete
were investigated by nondestructive and destructive methods.

The nondestructive tests included the density and dynamic modulus for mortar and
polystyrene concrete. Also the density and dynamic properties of the concrete sandwich
panels as a whole (dynamic modulus of elasticity, Poisson’s ratio and stiffness constant)
were determined by ultrasonic pulse velocity. Flexural properties such as, first crack and
ultimate loads, moment capacity, modulus of rupture, resilience, ductility and toughness
of the concrete sandwich panels were investigated from the destructive tests

The results show that the ultimate moment increases as the core thickness and the
volume fraction of different types of reinforcement increase and the modulus of rupture
increases as volume fraction of reinforcement increase. Also it was shown that concrete
sandwich panels with high toughness and ductility can be obtained by using polyimide
grids or polypropylene meshes to reinforce the compression and tension faces of the
panels.
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1-Introduction

Sandwich panels are extensively used in
roofing. They offer a number of
desirable properties such as good
thermal insulation, enhanced sound
absorption, and reduced dead load. The
simple structural  idedlization  of
sandwich system is that the core
provides shear transfer between the
faces which provide flexura and
compression resistance™.

Previous studies *¥ indicate that the
polypropylene fibres as a mesh provide
a continuous reinforcing network in a
mortar matrix, so it offersrelatively high
strength. A relatively high volume
fraction of reinforcement (up to 7%) is
used and the bond is substantially
improved mechanically because
continuous mesh is used instead of
discrete fibres. In general polypropylene
fibres are considered to be an effective
material for improving the shrinkage
cracking characteristics, toughness and
impact resistance of cement pastes,
mortars and concrete.

Very little work has been done to
investigate the behaviour of ferrocement
sandwich pands™®, and no detailed
studies are found on the behaviour of
concrete sandwich panels with faces of
high strength cement — sand mortar
reinforced with polypropylene meshes
or polyimide grids and core of

polystyrene concrete. This investigation
is suggested to study the properties of
this type of sandwich panels, and to try
to improve their properties by using
local and low cost materials.

2. Experimental Work

2-1 Materials

2-1-1 Cement

Ordinary Portland cement was used. It
conforms to the provisions of Iragi
specification N0.5-1985.

2-1-2 Fine Aggregate

Natural sand of maximum size 4.76mm
was used. It was brought from Al-
Ukhaider region and its gradation lies in
zone 4. The grading test results conform
to Iragi specification N0.45-1984.

2-1-3 Feldspar

Feldspar taken from Bahar Al-Najaf was
used throughout this work, it was
grounded by pulverizing by air plast,
and then it was grounded using
"Porceain Ball Mill" for 20 hours. The
specific surface area of feldspar powder
(FP) was 12200cm?gm which was
found by Blain method according to
ASTM C-204. The specific gravity of
feldspar powder was 2.733 determined
according to ASTM C-188 and the
pozzolanic activity index was 98.9%
determined according to ASTM C-311.
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The chemical and mineralogical
analysis by using X-ray diffraction
showed that fddspar is mainly consists
of high percentage of potassium feldspar
(KALSIO30g) and silica (SiOp) as
shown in Table (1) and Fig.(1).

2-1-4 Super plasticizer

A high range water reducing (HRW)
admixture  (superplasticizer) was
used. Chemically it is Naphthalene
formaldehyde sulphonate, and it is
known commercially as Sikament N-
N. It was used in its liquid state as a
percentage of cement content (by
weight).

2-1-5 Expanded Polystyrene Beads
The sieve anaysis of the expanded
polystyrene beads used in this work is
givenin Table (2).

2-1-6 Reinfor cement

Three localy available types of
reinfforcement were used in this
investigation: Polyimide grids (GP) with
3x3 mm size of opening, Polypropylene
meshes (PL) with 5x5 mm size of
opening and galvanized hexagonal
chicken wire mesh (H) with an average
wire diameter of 0.72mm.

2-2 Mixes and Mixing

Several trial mixes were carried out in
previous work in order to obtain a high
performance mortar. The mix proportion
of the mortar used to produce the faces
of sandwich pands was 1:1 cement: sand
by weight with 17% of feldspar powder
as a partial replacement of cement by
weight, water — cement ratio 0.249 and
superplasticizer dosage 4% by weight of
cement with 28 days compressive
strength of 79.5 N/mn?.

Mixing of cement — feldspar mortars
was carried out according to ASTM C-
305. Before mixing, the required amount
of feldspar powder (FP) was added to the
quantity of cement, and then the

materials were mixed dry by using
porcdain ball mill for a period of 15
minutes to make FP particles thoroughly
dispersed within the cement particles.
The core of sandwich pand was
prepared from polystyrene concrete with
cement to polystyrene ratio of 1.4 by
volume. The water — cement ratio was
0.38 by weight. Polystyrene and cement
was mixed first by hand, and then the
water was gradually added. Mixing
lasted six minutes to ensure a uniform
distribution of polystyrene beads in the
mix.

2-3 Preparation of Specimens

Wooden moulds  with internal
dimensions of 200x1000mm and depth
of 70 and 90mm were used in order to
cast sandwich pands. The mould sides
and the base were oiled dlightly, then the
bottom layer of the mortar mix was first
cast and polystyrene concrete mix was
placed over it, then the upper layer of the
mortar mix was placed over polystyrene
concrete. Each layer was compacted by
knocking the sides of mould by a sted
rod. Control specimens were prepared
from the same mortar, polystyrene
concrete and reinforcement meshes used
in sandwich pand specimens. After
casting, all specimens were covered with
polyethylene sheet for about 24 hours
and then the specimens were demoulded
and cured by covering them with burlap
and spraying water on them every day.
The specimens were cured for 60 days
after that they were kept in the
laboratory for 7 days to be normaly
dried until the time of testing .Only the
polystyrene concrete specimens were
cured by covering them with sealed air —
tight polyethylene sheets.

2-4 Details of the Tests

Indirect  transmisson  method  of
ultrasonic pulse velocity test for
concrete sandwich pands was carried
out according to (ASTM C-597) and to
(B.S.188L:part 203) to determine the
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dynamic properties of the concrete
sandwich panes by using an equipment
commercially called PUNDIT (Portable
Ultrasonic  Non-destructive  Digital
Indicating Tester) with transducers of
variable frequencies of 37, 54, 150 and
200 kHz. A minimum of ten readings
were taken for each distance of three
specified distances located on the pand
surface. The dynamic Poisson's ratio
(u) was determined for the concrete
sandwich pands according to the
following expression'®:

Vp_  1+u

2
) )
Vs 087+113 \ 1.y

The dynamic modulus of elasticity for
concrete sandwich panels ( E; ) was

calculate[d] by using the following
5)

equation :

By =rVp2(1-U2) o )

where:

Vp: plate wave velocity (km /sec)
Vs: surface wave velocity (km /sec)
u : dynamic Poisson's ratio

r :density (kg /m3)

E, : dynamic modulus of easticity (GPa)

Also the cube and cylinder specimens
were tested nondestructively by direct
transmission ultrasonic pulse velocity to
determine pulse veocity and dynamic
modulus of mortar and concrete using
equation (2), ignoring Poisson's ratio!™:

E, =rV.°

The pands in static flexural test were
simply supported on 900mm span and
two concentrated line loads were applied
at third points. A dial gauge of =+
0.01mm accuracy was used at the mid —
span in order to calculate the deflection.
Modified unconfined compression test
apparatus with a proving ring dial gauge
of maximum capacity 20kN was used,

the specimen was covered with a thin
layer of gypsum under the concentrated
loads to ensure full contact and uniform
distribution of load aong the pand
section width. The specimen was placed
on the supports, then the first readings of
al gauges were recorded and the
specimen was loaded with a constant rate
of loading. Readings of deflection were
recorded at each interval of load as wdll
as recording the first crack load and the
failure load consequently.

The following destructive tests were
carried out for the control specimens of
mortar and polystyrene concrete:

1-Three cylinders of 150x300mm to
evaluate the compressive strength of
concrete.

2- Three cylinders of 150x300mm to
evaluate the static modulus of concrete.

3-Six cubes of 50mm to determine
the compressive strength of mortar.

4- Three prisms of 100x100x400mm
to evaluate the modulus of rupture of
concrete.

5- Three prisms of 40x40x160mm to
evaluate the modulus of rupture of
mortar.

6- Three cylinders of 150x300mm
reinforced with the same volume fraction
and type of reinforcement used in pand
specimens, to evaluate the static modulus
of reinforced mortar.

2-5Test Variables

Test specimens were classified to eght
series, for all specimens the thickness of
both faces was 20 mm. The variables
studied in the test series were the
thickness of polystyrene concrete core,
type and volume fraction  of
reinforcement meshes used to reinforce
the faces of the panels. Details are shown
in Table (3).

3- Results and Discussions

3-1 Properties of Mortar and
Polystyrene Concr ete

Table (4) shows some of the mechanical

properties of the mortar and polystyrene
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concrete used in this investigation at age
of 60 days. It can be seen that the mortar
is dense and has high compressive
strength and modulus of rupture, this is
because of the reduction in water —
cement ratio due to incorporation of
superplasticizer and the activity of
feldspar powder as a result of its high
fineness, resulting in reducing porosity,
in producing homogeneity and reducing
microcracks in the system leading to an

extremely dense matrix 6l

Also Table (4) indicates that the
density, compressive strength and
modulus of rupture of polystyrene
concrete are low. Consequently this
lightweight concrete is classified as very
light nonstructural concrete (insulating
concrete) which is employed primarily
for high thermal resistance 78 The
results also show that the modulus of
dadticity is also very low and this is
attributed to the very low modulus of
polystyrene beads, so the gross modulus
depends primarily on the cement content.
These results are in agreement with those

of other invstigatorsw'g].

Table (5) shows the results of static
and dynamic moduli of dasticity for
plain mortar and mortar reinforced with
various types of reinforcement. It can be
noticed that there is a decrease in static
and dynamic moduli for the mortar
reinforced with polyimide grids and
polypropylene meshes as volume content
of reinforcement increases, while the
static and dynamic moduli for the mortar
reinforced with chicken wire meshes
increases as volume content increase.
This may be due to the fact that
polypropylene meshes and polyimide
grids possess a very low modulus of
easticity when compared with that of
hardened matrix and chicken wire
meshes (sted). This affects directly the

modulus of dasticity of the mortar [0}

3-2 Nondestr uctive Tests of

Concrete Sandwich Panels

3-2-1 Density

The results in Table (6) indicate that the
density of all concrete sandwich pands
significantly decreases as compared with
the density of the high performance
mortar which is used to produce the

faces of the pands (2360 kg/m3). This
may be due to the low density (470

kg/m3) of the core material (polystyrene
concrete). Also it can be noted that for
specimens with similar type and volume
content of reinforcement there was an
average reduction of about 8% in density
as the core thickness increases, from 3 to
5cm.

3-2-2 Determination of Poisson's Ratio
The ultrasonic pulse veocity test was
applied to the concrete sandwich panes
using the indirect (or surface)
transmission arrangement. It is appear
that the vedocity of plate waves is
obtained as the frequency of transducer
approaches 37 kHz, while the velocity of
surface waves was obtained when the
frequency approached 200 kHz, so these
two frequencies were used throughout
the testing. The reationship between the
veocity of plate waves and surface
waves for all types of pand specimensis
shown in Fig. (2). The slope of the fitted
line passing through the origin was
found to be 1.76, which represents the
ratio Vp/Vs. By substituted this value in
Equation (1), the Poisson's ratio of the
pands is found to be 0.244.

3-2-3 Dynamic Modulus of Elasticity

The dynamic modulus of dasticity for
the panels was obtained by substituting
the value of the dynamic Poisson's ratio
(v= 0.244) in Equation (2). So the
experimental relationship between the
dynamic modulus and the gtiffness

constant for plate wave veocity (p sz)
is:
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E=0.94 p V,’

Table (6) and Fig. (3) indicate that the
increase of volume fraction of polyimide
grids and  polypropylene  meshes
decrease the dynamic modulus, also it
can be seen that by using chicken wire
meshes instead of polyimide or
polypropylene meshes to reinforce the
tension face of the panels in series 6, 7
and 8, the dynamic modulus was
increased as compared with specimen in
series 2, 3 and 4 respectivdy and the
increase in volume fraction of chicken
wire meshes increases the dynamic
modulus. This may be attributed to the
high dynamic modulus of the chicken
wire meshes as compared with
polyimide grids and polypropylene
meshes according to the rule of mixture.
It can be noted from Table (6) that the
dynamic modulus of specimens with
similar type and volume fraction of
reinforcement  decreases as  the
polystyrene concrete core thickness
increases, the average percentage of
reduction is about 7%. This is attributed
to the fact that the dastic modulus of

polystyrene beads is much lower than

that of ordinary cement — sand mortar &

3-3 Behaviour of the Concrete
Sandwich Panelsin Flexure
3-3-1 L oad — Deflection Relationship
The load — deflection curves of the
concrete sandwich panel specimens are
presented in Figures (4) to (7). It is clear
from these curves that these pands
generally exhibit three stages in load —
deflection redationship, the dastic or
uncracked stage at which the deflection
increases almost linearly with load, the
matrix and the reinforcement in this
portion act as a continuum. Further
increase in the load above the point of
deviation from linearity, causes the first
crack to occur and beyond the first crack
load, there is a high increase in
deflection. The second stage is a quasi —
dastic stage, it is associated with

cracking of matrix and the stress in the
matrix is progressively transferred to the
reinforcement. The third stage is the
plastic stage which represents the failure
of all specimens corresponding to the
failure of tensile face of the pands
caused by ether debonding or yieding
of the reinforcement.

3-3-2 Moment Capacity

Table (7) indicates that there is a
significant increase in ultimate moment
capacity for the pands reinforced with
gither polyimide grids or polypropylene
meshes as the core thickness increases.
This may be attributed to the increase in
section modulus of the pane specimens
with the increase in core thickness.
Generally, it can be seen that the first
crack and ultimate moments improved
for most specimens when chicken wire
meshes are used instead of polyimide
grids or polypropylene meshes to
reinforce the tension face of the pand.
Also the first crack and ultimate moment
increase as volume content of chicken
wire meshes increases. This is probably
because of the high bonding strength of
chicken wire meshes as compared with
polyimide grids and polypropylene
meshes.

3-3-3 Modulus of Rupture

Table (7) and Fig.(8) show that the
modulus of rupture for the specimens
reinforced with either polyimide grids or
polypropylene meshes increases as the
volume fraction of reinforcement
increases, also it can be observed that the
core thickness has very little effect on
the modulus of rupture for both pand
specimens  reinforced with  polyimide
grids or polypropylene meshes. The
results also indicate that there is a
considerable increase in the modulus of
rupture for most of specimensin series 6,
7 and 8 relative to specimens in series 2,
3 and 4 respectively, this is because of
the increase in ultimate moment as a
result of using chicken wire meshes to
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reinforce the tension face of pand
specimens in series 6, 7 and 8 instead of
polyimide grids or polypropylene
meshes used in series 2, 3 and 4.

3-3-4 Resilience

Table (8) shows the values of resilience
of the concree sandwich pands.
Generally it is noted that the resilience
value for specimens with the same
volume content and type @ of
reinforcement increases with the increase
in core thickness from 3cm to 5em. This
increase in resilience may be attributed
to the low modulus of dasticity and the
high strain capacity of the core material
(polystyrene concrete) due to high
compressibility of expanded polystyrene
aggregate. It can be observed aso, that
the increase in volume content of
polyimide grids from 2.8% to 5.6%
decreases the resilience, while for
specimens reinforced with
polypropylene meshes the resilience
increases, this may be due to the low
bonding strength of polyimide grids with
mortar especially at high volume content
and this low bonding strength causes a
decrease in the value of first crack load.
The results also show that there was a
very considerable increase in resilience
by about 167%, 121% and 137% for
specimens in seies 6, 7 and 8
respectively when the volume fraction of
chicken wire reinforcement increases.

3-3-5 Ductility
Ductility gives an indication to the
amount of deflection just before

failurd™. In general, it can be observed
from Table (8) that the ductility of
reinforced specimens is greatly enhanced
relative to the unreinforced specimens
and the increase becomes high as the
volume fraction of al types of
reinforcement increases. The concrete
sandwich  pands reinforced  with
polypropylene meshes show a very
considerable increase in ductility by
about 3043% for both specimens 1PL3

and 2PL3 in comparison with the
reference specimen P3. The ductility of
most specimens  with tension faces
reinforced with chicken wire meshes
decreases in comparison with those of
the same core thickness but with tension
face reinforced with ether polyimide
grids or polypropylene meshes. This may
be attributed to the fact that synthetic
fibres such as nylon and polypropylene
possess low interfacial bond strength
relative to sted fibres and therefore
substantially  increase the impact

resistance of the unreinforced matrix (12

3-6- 3T oughness of Concrete Sandwich
Panels
3-3-6-1 Measurement of Toughness
Indices
The toughness index values were
calculated by using ASTM (C1018

method™, which based on determining
the amount of energy required first to
deflect and crack a fibre reinforced
concrete beam loaded at its third points
and then to sdect multiples of the first
crack deflection. In general, the end
point deflection for an index Iy is (N+1) /
2 times the first crack deflection, so the
toughness indices Is, 110 and Iy are then
calculated as ratios of the area under the
load — deflection curve up to 3, 5.5, 10.5
times the first crack deflection divided
by the area up to the first crack
deflection respectively. It should be
pointed out that the value Iy is unity for
an dagtic perfectly brittle material
behaviour. The subscripts N in these
indices are based on the dastic — plastic
analogy such that for a perfectly dastic —
plastic material the index Iy would have
avalueequal to N.

3-3-6-2 Toughness | ndices Results

The areas under the load — deflection
curve up to the first crack deflection and
at sdected multiples of first crack
deflection of concrete sandwich panes
were calculated by integration after
fitting the curves to a polynomial
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equation of third up to fifth degree
depending on the best value of the
coefficients of correation ( from 0.98 to
0.99).

The values of toughness indices of
al the tested specimens have been
presented in Figures (9) and (10) and in
Table (8). Generally, it can be seen that
the toughness of al renforced
specimens is considerably enhanced over
that of unreinforced specimens. This
enhanced performance of reinforced
specimen's results from their improved
capacity to absorb energy during
fracture, while the unreinforced
specimens fail in a brittle manner at the
occurrence of cracking stresses. The
ductile reinforcement in reinforced
Specimens continues to carry stresses
beyond matrix cracking, and this helps to
maintain  structural  integrity  and
cohesiveness in the material. Further, the
reinforcement undergoes pullout
processes, and the fractional work
needed for pullout leads to a
significantly  improved energy -
absorption capability 4,

It can be also noticed that the values

of Is, lypand Iy for specimens 2GP5 and
2PL3 were higher than the standard
values (5, 10 and 20 respectively). These
represent that up to 10.5 times the
cracking deflection, the post — cracking
performance of these specimens is better
than the dastic —plastic behaviour. The
vaue of Is and 10 for specimens
1GP3, 2GP3, 1GP5 and 2PL5 are higher
than the standard values 5 and 10
respectively.
This indicates that up to 5.5 times the
cracking deflection the post — cracking
performance of these specimens is better
than the dastic — plastic behaviour.
Specimens in series 6, 7 and 8 (except
specimen 2HGP5) have |s value more
than 5, this indicates that post — cracking
performance of these specimens up to 3
times the cracking deflection is better
than the dastic — plastic behaviour

4-Conclusions

1- The dynamic Poisson’s ratio for
concrete  sandwich  panels  was
determined from the slope of the fitted
line passing through the origin for the
relationship between plate and surface
wave velocities of all panel specimens. It
was found to be 0.244.

2- The dynamic modulus of easticity of
concrete sandwich panels with both core
thickness (3 and 5cm) and reinforced
with  ether polyimide grids or
polypropylene meshes decreases with
increasing of the volumetric content of
reinforcement.

3- An empirical relationship is derived
between the dynamic modulus of
elasticity(Ey) and the stiffness constant

(prz) of the concrete sandwich panels:

E=0.94 p V,’

4-The ultimate moment of concrete
sandwich pands increases as the core
thickness and the volume fraction of
different types of reinforcement are
increased.

Thisis dueto the increased bending forces
and the arm in the section.

5- The results show that using chicken
wire meshes instead of polyimide grids
or polypropylene meshes to reinforce the
tension face of the concrete sandwich
pands increases the ultimate moment
(due to increased bending force

capacity).

6- The modulus of rupture for the
concrete sandwich panels increases as
the volume fraction of different types of
reinforcement used in this work
increases.

7- The resilience of the concrete
sandwich panels increases with the
increase in  core thickness. The
percentage of increase depends also on
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the type and volume fraction of
reinforcement.

8- A high ductile concrete sandwich
pands has been obtained by using
polyimide grids or polypropylene
meshes to reinforce the compression and
tension faces of specimens. The ductility
increased with the increase in volume
fraction of reinforcement.

9- The results show that superior ductility

is exhibited by the concrete sandwich
pands reinforced with polypropylene
meshes.

10- The toughness of al renforced
concrete sandwich panes is
considerably enhanced relative to
unreinforced specimens; the values of
toughness index Is for all concrete
sandwich pands are higher than the
standard value 5. This indicates that up
to 3 times the cracking deflection the
post — cracking performance of the
concrete sandwich pands is better than
the dastic- plastic behavior.
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Sieve size
mm
6.7
4,75
2.36

Substance
Sio,
Al,Oq
Na,O
K,O

2.0
1.7
1.18
1.0
0.85

Fe,0,
Cao

Table (1) Chemical analysis Table (2) Polystyrene beads sieve analysis
of feldspar powder
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Fig. (1) X —ray diffraction analysis of feldspar
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Table (4) Properties of mortar and polystyr ene concrete used in this work

Property Mortar Polystyrene Concrete
Compressive strength
(N/mm?) 84.4 0.76
Modulus of rupt
odulus o r2up ure 0.8 0.37
(N/mm¢)
Static modulus of easticity 224 0.45
Gpa
Pulse velocity
KIm/sec 4.36 231
Dencity
kg /e 2360 470.2
Dynamic modulus of
elasticity 449 13
Gpa

Table (5) Static and dynamic modulus of elasticity for reinforced mortar

Volume | Pulsevelocity ?n%r(‘fl‘;ru'g m%t;tj Il(fj .

Type of reinforcement fraction (Ve)
V1% Kim/sec (Ea) (Es)
GPa GPa

Without reinforcement 0 4.36 449 22.4
2.8 4.3 405 21.8
5.6 4.2 38.1 20
2.8 4,25 39.2 14
5.6 4.1 35.9

0.32 4.47 47.3
0.64 4.5 48.2

Polyimide grid

Polypropylene mesh

Chicken wire mesh
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Table (6) The ultrasonic pulse velocity results of concr ete sandwich panels

Plate wave | Surfacewave Dynamic

velocity velocity modulus of
Designation (Vp) (Vo elacticity
m/sec m/sec (Ed)
GPa
P3 4890 2739 33.75
P5 5000 2725 32.2

4770 2732 33.56
4580 2673 32.46

4750 2684 30.1
4600 2656 29.6

4664 2627 32.67
4348 2624 29.34
4700 2654 29.9
4400 2652 28

4817 2698 35.53
4820 2689 36.1
4800 2694 32.5
4900 2680 35.9
4860 2704 35.96
4910 2700 37.4

5300 -

y = 1.7662x

5100

4900 ~ + . a

4700 - 0

4500 A

Velocitty of platewaves- m/ sec

4300 T T T 1
2600 2650 2700 2750 2800

Velocity of surface waves- m/ sec

Fig. (2) Relationship between plate and surface wave
velocities for concrete sandwich panels
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Fig. (3) Relationship between volume fraction of reinforcement and dynamic modulus of concrete

sandwich panels
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Fig. (4) L oad — deflection curves at mid — span for concrete sandwich panelsin

series (2) and (3)
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Fig. (5) L oad — deflection curves at mid — span for concrete sandwich panelsin
series (4) and (5)
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Fig. (6) L oad — deflection curves at mid — span for concrete sandwich panelsin
series (6) and (7)
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Fig. (7) Load — deflection curves at mid — span for concrete sandwich
panelsin series (8)
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- Fig. (8) Relationship between volume fraction of reinforcement and modulus of
rupture for concrete sandwich panels
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Table (8) Resilience and ductility of concrete sandwich panels

Designation

Resilience
N.mm

Ductility
mm

Toughnessindices

l10

P3

92.3

1

P5

266.6

1

155.6

134
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