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In order to avoid accumulation of moisture due to 
condensation, an opening is created between the 
element and the building structure. 

 
These ventilation openings are realized by placing  
3 mm EPDM-rubber strips between the element and 
the building during mounting. 

The elements have been produced from polyes-
ter moulds using hand lay-up. For stiffening of the 
element in width direction aluminum profiles have 
been incorporated in the back-side of the elements. 
These aluminum profiles also have been used to 
release the product from the mould and for further 
handling and transportation. 

Façade elements La Place Amsterdam

The old façade of the building had to be replaced. 
First the old façade has been scanned by 3D-laser-
scanning. In this manner the façade could be rebuilt 
exactly in the same dimensions and with the same 
details. From the scanned data, a 3D-model has been 
made with all 35 A1-elements to be made. 

For each element to be made a direct mould has been 
produced by NedCam. The direct moulds were made 
of an EPS-base with a PU-paste layer that was milled 
to the exact dimensions. 

In the moulds the elements have been produced using 
A1. These were build up by starting with a non-reinfor-
ced resin layers, followed by laminating four layers of 
triaxial glass reinforcement of 160 g/m2. After curing 
an aluminum mounting structure is connected to the 

back of the panel by laminating. Including the moun-
ting structure the elements have a surface weight of 20 
kg/m2. 

Because of the low weight the elements were easy to 
install. In this manner the façade of La Place in Amster-
dam has been built. 

3D-model of the elements of the façade to be made
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Bridge elements Amersfoort

For a fly-over over the railway in Amersfoort the side 
elements have been designed as concrete elements.  
However, such elements would weigh 900 kg per 
meter bridge-edge. Because the total length of 
elements is 200 meter this would result in a weight of 
180 tonnes. This was not acceptable. Therefore the 
elements have been made of A1 with a surface that 
has a concrete look. By using an integrated aluminum 
mounting structure the element made of A1 weighs 
only 150 kg per meter. This is more than 80% lighter 
than the concrete elements. 

Additional advantages occurred as a result of the low 
weight of the A1-elements. Significant savings on the 
complete mounting system became possible because 
of the low weight. Moreover, the transportation to the 
building site and the mounting of the elements was 
significantly cheaper as a result of the low weight. The 
mounting time of the elements was 50% shorter than 
it would be the case when concrete elements would 
have been used.  

The A1 elements have been laminated in a mould, 
see photo below. Still in the mould, the aluminum 
mounting frame is connected to the A1 elements by 
laminating. In this manner the aluminum frame could 
be positioned accurately, which was important for the 
mounting of the assembly at the steel structure on the 
bridge edge. The second photo below shows how this 
aluminum structure can be connected to the bridge 
edge.  

It was very important that the steel structure on the bridge edge was adjusted accurately. In this manner, the 
aluminum structure could be connected directly to it and resulted in a perfect alignment of the elements. The 
photo’s below show the process of mounting of the elements at the bridge edge in Amersfoort.

The final result is a bridge edge built up from elements that are accurately aligned. A concrete look is realized by 
using A1 that has 80% less weight than a bridge edge that would be made of concrete. 

A1 element laminated in the mould

Aluminum structure mounted to the steel structure (without A1 element)
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7. SUMMARY OF DESIGN METHOD FOR A1

Field of application

Relatively dry and no permanent loading
•	 Maximum temperature of application: 115 º
•	 Inside applications: areas with mean Relative 

Humidity (RH) below 75%
•	 Outside applications: no permanent moisture, no 

direct soil contact

A1 laminate with reinforcement
•	 First layer on mould: non-reinforced layer of 0.5 to 

1.0 mm
•	 Reinforcement layers with triaxial glass fabric of 

160 g/m2

•	 Minimum 3 layers and maximum 7 layers of rein-
forcement in a laminate

Controlled lay-up: design values for 0º direction can 
be used (for the reinforced direction)

Other lay-up (alternating, random): design values for 
90º direction to be used (can be used always, in any 
direction)

The coefficient of linear thermal expansion reinforced 
A1 laminates is 5·10-6 -/°C . 

Design details
•	 Moulded edges must have a radius of R ≥ 5 mm
•	 Verify the span of flat surfaces, free span length 

and unsupported total length
•	 Check detailing of flanges, joggles and inserts
•	 Use of wood-based core materials only for A1 

products in indoor applications.

A. Design method according to Eurocode

In Eurocode EN 1990 the generally accepted design 
method for structural parts is described. For the struc-
tural evaluation the incorporation of loads is described 
in Eurocode EN 1991.The incorporation of the materi-
al behaviour is only standardised for traditional materi-
als like steel, concrete, wood, aluminum and masonry 
in Eurocodes EN 1992 to EN 1999. For A1 there is 
no description in the Eurocodes how to deal with this 
material specifically. However, EN 1990 describes a 
methodology how to determine material properties 
for the structural evaluation of a design by doing tests. 
For this, Annex D of this Eurocode is used: Annex D 
(informative) Design assisted by testing. 

When following the assessment of a material property 
via the characteristic value (D7.2) for a certain material 
property X, a design value Xd can be determined from 
tests data in the following manner: 

Xd = ηc · Xk(n) / γm =  ηc · mX · { 1 – kn · VX } / γm 

In this formula the parameters represent the following:

Xd = design value of material property X

ηc = conversion factor

Xk(n) =	 5% characteristic value measured values

γm = material factor

mX = mean value of measured values

kn = factor for 5% characteristic value

VX = coefficient of variation ( = sX / mX )

sX = standard deviation of measured values 

The value of kn depends on the number of test 
samples that have been tested. These values are listed 
in Table D1 of the standard. In the following table 
some of these values are given assuming that the 
coefficient of variation (Vx) is unknown beforehand.

*) The value of kn determined by linear interpolation between n = 10 and n = 20.

Two factors need more explanation: the conversion 
factor, ηc , and the material factor, γm . The conversion 
factor is material specific and incorporates external 
effects on the material: 
1) temperature, 2) moisture, 3) creep and 4) fatigue. 

1. Conversion factor for temperature
As is customary for composites the conversion factor 
for temperature is set to 1 (no additional effect) in case 
the design temperature remains below 40 ºC under 
the glass transition temperature (Tg) of the material 
(see also CUR-96). Thus: 

ηc,T = 1	 for design temperature Td < Tg – 40 

For A1 the glass transition temperature,Tg , is deter-
mined to be 155 ºC and therefore it is recommended 
to allow for design temperatures up till 115 ºC. In that 
case the conversion factor for temperature is 1. 

2. Conversion factor for moisture
In case of A1 the scope for structural applications is 
limited to relatively dry environments. However, A1 is 
known to be sensitive for variations in moisture. A test 
series has been performed to compare mechanical 
performance of A1 laminates that have been stored 
at 50 % RH with laminates that have been stored at 
86 % RH until equilibrium (both at room temperature). 
These results are listed in Appendix B. 

For A1 it has been found that strength and stiffness 
will be lowered when stored at 86 % RH as compared 
to storage at 50 % RH. However, there is a difference 
in effect between 0º tested properties and 90º tested 
properties. This is evaluated in Appendix B and results 
in the following conversion factors for moisture.  

ηc,M = 0.75	 For 0º properties
  
ηc,M = 0.60	 For 90º properties

Design values Property and unit 0º direction 90º direction

In-plane tension E-modulus, stiffness (MPa) 1228   215

E-modulus, glob. stab. (MPa)   812   142

E-modulus, loc. stab. (MPa)   625   105

Tensile strength (MPa)     29       7

Bending E-modulus, stiffness (MPa) 1363   477

E-modulus, glob. stab. (MPa)   901   315

E-modulus, loc. stab. (MPa)   693   233

Flexural strength (MPa)     11       6

ILSS Shear strength (MPa) 1.50

Transverse strength Tensile strength (MPa) 0.27

8.  APPENDIX

Number tests (n) 5 8 10 16 (*) 20 Infinite

Value of kn 2.33 2.00 1.92 1.82 1.76 1.64
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3. Conversion factor for creep
In case of A1 the scope for structural applications is 
limited to situations with no significant permanent 
loading. Allowed loadings are non-permanent, e.g. 
wind loading. It must be checked that permanent 
loading because of weight is negligible. In these cases 
no creep effects are to be expected and the conversi-
on factor for creep is set to 1: 

ηc,C = 1 

4. Conversion factor for fatigue
For composites it is customary to use the following 
conversion factor in case of cyclic (fatigue) loading (see 
also CUR-96): 

ηc,F = 0.9

Thus, for the design for applications where the tempe-
rature remains under 115 °C, that are relatively dry 
and impose no significant permanent loading on the 
structure, the conversion factor can be calculated from 
the above conversion factors to be: 

ηc = ηc,T · ηc,M · ηc,C · ηc,F    = 1 · 0.75 · 1 · 0.9    = 0.68

For 0º properties and for direction-independent (inter-
laminar) properties

ηc = ηc,T · ηc,M · ηc,C · ηc,F    = 1 · 0.60 · 1 · 0.9    = 0.54	

For 90º properties

In the same manner the material factor is evaluated. 
This factor consists of a part that takes into account 
the possible uncertainties in the determination of the 
property. For the determination of the property from 
tests this factor is: 

γM1 = 1.15	 (when determined from tests)	

When the property is determined from theoretical 
models or literature references this factor would be 
1.35 (more uncertainty than with testing). But this is 
not the case here.

For the variations in the manufacturing method it is 
assumed that the product is made by means of hand 
lay-up. Furthermore, it is assumed that the product is 
fully cured. It then depends on the expected coeffi-
cient of variation what material factor is to be used. 
Because it is clear from the tests that the coefficient of 
variation is generally larger than 10 %, the values from 
the CUR-96 are adopted for the higher coefficient of 

variation. Then, with this manufacturing method the 
factor is (see also CUR-96, Table 2.2): 

γM2 = 1.0	 For stiffness

γM2 = 1.5	 For strength and global  
		  stability (buckling)

γM2 = 2.0	 For local stability (wrinkling)

Combining the two factors, the material factor becomes: 

γm = γM1 · γM2 = 1.15 · 1.0 = 1.15	  
	 (stiffness)	

γm = γM1 · γM2 = 1.15 · 1.5 = 1.73  
	 (strength, gl. stability)

γm = γM1 · γM2 = 1.15 · 2.0 = 2.30	  
	 (local stability)

Taking above parameters in consideration and using 
the data from a test series of n tests (with accompan-
ying value for kn ), the formula for the design property 
becomes: 

Xd 	 = 	 (ηc / γm) · Xk(n)  

	 =	 (ηc / γm) · mX · { 1 – kn · VX }

Because the conversion factor depends on the direc-
tion of the property considered (0º and 90º) and the 
material factor depends on the type of mechanical 
analysis considered (stiffness, strength, global stability 
and local stability), first a table is made of the coeffi-
cient (ηc / γm). 

The design method is specifically worked out for 
the following laminate properties of a reinforced A1 
composite product: 

• �In-plane tensile properties (E-modulus and strength):	
in 0° and 90° direction

• �Bending properties (E-modulus and strength): in 0° 
and 90° direction

• �Interlaminar shear strength (ILSS, *)
• �Interlaminar tensile strength (*)
*) Interlaminar strengths do not 
depend on reinforcement directi-
on. 

Above properties have been 
tested on fully cured laminates (at 
least seven days after producti-
on, stored in a dry and ventilated 
room). Before testing the samples 
have been conditioned to labora-
tory conditions (23 °C and 50 % 
RH). The test results are described 
in Appendix B. The properties are 
based on the testing of a series of 
specimens, where the number of 
specimens (n) depends on the type 
of test. In the following table the 
results of the tests are summarized. 
Both mean value (mx) and coeffi-
cient of variation (Vx) are given.
Using the design method the 
test results are used to determine 
the design parameters that are 
summarized in the table below. For 
the E-modulus in tension, only 7 
measurements could be used, thus 
kn = 2.08 is used in this case (*).   

B. Test programme and results

For the determination of the 
mechanical performance of A1 
composite laminate panels have 
been made by hand lay-up of 
glass fibre reinforcement with A1 
mixture:

Glass fibre reinforcement:	
Triaxial Fibre 300, 160 g/m2  
A1 mixture:			 
A1 Liquid and A1 Powder (1 : 2 by 
weight)

The laminate panels have been 
made without a gelcoat-layer 
(non-reinforced resin layer) and 
without any other additives. 
Laminate panels were built up on 
a flat, smooth panel as a mould. 
All reinforcement layers have been 
stacked with the same orientation: 

Coefficient (ηc / γm)
0 ºand 

interlaminar
90 º

Stiffness 0.59 0.47

Strength and global stability 0.39 0.31

Local stability 0.30 0.23

Design values Property and unit 0º direction 90º direction

In-plane tension E-modulus, stiffness (MPa) 1228   215 (*)

E-modulus, glob. stab. (MPa)   812   142 (*)

E-modulus, loc. stab. (MPa)   625   105 (*)

Tensile strength (MPa)     29       7

Bending E-modulus, stiffness (MPa) 1363   477

E-modulus, glob. stab. (MPa)   901   315

E-modulus, loc. stab. (MPa)   693   233

Flexural strength (MPa)     11       6

ILSS Shear strength (MPa) 1.50

Transverse strength Tensile strength (MPa) 0.27

Test (AM) Property and unit
0º direction 
mx  /  Vx (%)

90º direction 
mx  /  Vx (%)

In-plane tension 
(n=8)

E-modulus (MPa) 2312    /    5.3   550 (*) /   8.2

Tensile strength (MPa)     57    /    6.4     18     /   6.0

Bending
(n = 16)

E-modulus (MPa) 3726    /  21.3 2984     / 35.5

Flexural strength (MPa)     43    /  17.6     32     / 22.7

ILSS  
(n = 16)

Shear strength (MPa)                 4.5    /    8.2

Transverse tension 
(n = 20 )

Tensile strength (MPa)                 0.8    /    7.4
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In a preliminary test programme different laminate 
thicknesses have been tested but the laminate thick-
ness did not appear to have a significant influence on 
mechanical properties. Therefore, for the determinati-
on of the mechanical properties for this design guide 
test laminates have been made using 5 reinforcement 
layers. As described in the chapter on the laminate 
structure, these laminates have been build up by hand 
laminating, starting with a non-reinforced A1 layer of 
0.5 to 1.0 mm thickness, followed 
by laminating the reinforcement 
layers.  

In this manner 4 laminates have 
been made by means of hand 
lay-up on a flat plate with dimensi-
ons 600 x 1000 mm. After soli-
dification the plates have been 
released and stored in a manner 
that both sides could ventilate 
for evaporation of moisture in the 
laminate. 

Specimens for testing have been cut by means of 
water jetting, see photograph of specimens that are 
cut from one of the plates. 

In the following the type of tests performed is descri-
bed and the summary of the results. A detailed report 
on the tests and the test results is given by SHR (report 
18.0387). 

Conditioning

All specimens have been conditioned for 1 month at 
SHR Research. Half of the specimens were conditioned  
in the standard laboratory conditions (23 °C, 50% RH) 
and the other half in a relatively humid condition  
(20 °C, 86% RH). 

Tensile tests

The tensile tests have been performed according to 
ISO 527-4 by testing strips of 50 x 250 mm. For clam-
ping, tabs have been applied on the ends of the strips. 
Testing is performed with a speed of 1 mm/min until 
fracture. Sets of n = 8 specimens have been tested, 
both in 0° and 90° directions and conditioned in two 
ways. The results are given in the table below.  

*) For this test series only 7 measurements for E-modulus could be used. 

The percentage of property loss when the results are 
compared of conditioning at a high humidity level with 
conditioning at a standard humidity level is given in 
the table below. 

Flexural tests

The flexural tests have been performed according to 
ISO 14125 by testing strips of 50 x 100 mm in three-
point bending with a support length of 64 mm. The 
results are given in the table below.

The percentage of property loss when the results are 
compared of conditioning at a high humidity level with 
conditioning at a standard humidity level is given in 
the table below. 

Generalisation of the effect of humidity

Considering the analysis of the effect of humidity both 
in the tensile tests and in the flexural tests the follo-
wing conclusions are made. 

Clearly the loss in properties due to a higher humidity 
is higher in case of the 90°- direction than in case of 

the 0°-direction. Moreover, the effect is stronger for 
the flexural properties than for the tensile properties. 

These results are generalized in the following, pragma-
tic approach.  

The loss in strength and stiff-
ness in the 0° - direction is at 
the order of 25 % when going 
from a standard condition to a 
relatively humid condition. This 
results in a conversion factor 
ηc,M of 0.75 for the 0° properties 
(75 % retention). 

The loss in strength and stiff-
ness in the 90° - direction is in 
the order of 40 % when going 
from a standard condition to a 
relatively humid condition. This 
results in a conversion factor 

ηc,M of 0.60 for the 90° properties (60 % retention). 

Interlaminar shear tests (ILSS)

The interlaminar shear tests have been performed 
according to ISO 14130 by testing strips of 30 x 40 
mm in three-point bending with a short support length 
of 20 mm. Only samples conditioned in the laboratory 
condition and oriented in 90° direction have been 
tested. The results are given in the table below. 

(n = 8 per set) Strength E-modulus

Mean value 
(MPa)

V.C. (%)
Mean value 
(MPa)

V.C. (%)

23 ºC , 50% RH

0º - direction 56.54 6.4 2312 5.3

90º - direction 18.13 6.0       550 (*) 8.2

20 ºC , 86% RH

0º - direction 47.36 4.5 2138 9.0

90º - direction 13.24 4.9   473 6.8

Property in humid 
condition

Test
Loss compared to 
standard condition

Strength
  0º 16 %

90º 27 %

E-modulus
  0º   8 %

90º 14 %

(n = 16 per set) Strength E-modulus

Mean value 
(MPa)

V.C. (%)
Mean value 
(MPa)

V.C. (%)

23 ºC , 50% RH

0º - direction 43.05 17.6 3726 21.3

90º - direction 31.97 22.7 2984 35.5

20 ºC , 86% RH

0º - direction 33.92 15.9 2705 24.8

90º - direction 20.67 22.4 1700 20.2

Property in humid 
condition

Test
Loss compared to 
standard condition

Strength
  0º 21 %

90º 35 %

E-modulus
  0º 27 %

90º 43 %

(n = 16) Strength (ILSS)

Mean value (MPa) V.C. (%)

23 ºC , 50% RH

90º - direction 4.53 8.2
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Interlaminar tensile tests (‘dolly test’) 

The interlaminar tensile tests have been performed 
according to the so-called ‘dolly test’. This done on 
four test strips of 50 x 300 mm on which five metal 
cylinders were glued. Only samples conditioned in 
the laboratory condition and oriented in 90° direction 
have been tested. The results are given in the table 
below. 
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EN 1991: 2002-2006 
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Classification to Reaction to Fire Performance 
in Accordance with EN 13501
Efectis-report: 2006-CVB-R0565 (2006)

Duurzaamheid van Acrylic One gevelbekleding
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2007+A1:2009
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Mechanical properties of Acrylic One laminates
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(n = 20) Strength (interlaminar tension)

Mean value (MPa) V.C. (%)

23 ºC , 50% RH

90º - direction 0.81 7.4
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