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Acoustic Barriers - Introduction PALRAM

Acoustic barriers are walls made of transparent plastic panels. They propose an excellent solution for blocking noise and
environmental disturbance from traffic highways and transportation paths, as well as other acoustically polluting factors.

The wall’s transparency neutralizes the shortcomings of opaque barriers by allowing admittance of sunlight, a clear view
of the countryside or urban landscapes, preventing a sense of closure or disconnection and a significant reduction of
acoustic and environmental pollution.

Transparent acoustic barriers' main purposes are:

Creating noise barriers between high traffic and populated
areas

Maintaining the landscape sequence
Lightweight and efficient solution for bridges

Lightweight extension for concrete walls

|

«d © PALRAMSflat acrylic and polycarbonate sheets (PALGLAS®
. and PALSUNB) are especially suitable for transparent acoustic
b SN Dbarriers:

Lightweight - Less than half the weight of glass with similar
thickness

High transparency - Matching that of the clearest glass

|
U I.I.I'I|.'|I||I|
il High resistance to impact and pounding

Excellent resistance to UV radiation, direct sunlight and

extreme conditions

Flexibility that allows curving, bending and shaping
without any special treatment

Compliance with the most stringent international
standards in the field of plastics

On Sound insulation

It is accpted to follow the German standard for transportation ZTV-LSW 88. The standard requires noise reduction measure
of no less than 25dB. The sound level generated on a busy 6-lane highway can reach 110-115 dB, and is unbearable to
humans for long term exposure. Sound levels above 85dB require ear protection aids, whereas a background noise level
of 70-75 dB is considered comfortable enough for conversation.
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PALGLAS®

Flat Acrylic (PMMA) Sheet

Main Features

« Extruded acrylic sheet

© Thickness 15-25mm

Inherently UV resistant

« Transparent- Above 90% light transmission
« Easily formed or fabricated

© Thermoformable

Sound Insulation

Real life measurements have shown true noise reduction offered by PALGLAS | Thickness (mm) | Insulation Index (dB)
to be 30-40 dB, depending on sheet thickness and the installation details. 8 28
PALGLAS has a sound insulation factor as describe in the attached table. 15 35

18 36

20 37

*Tested according to 1S-1034 part 6, 1S-985 part 1, ISO-140
part 6, ISO-717 part 1, DIN-52210, DIN-4109

Transparency

Light transmission

The light transmission of clear PALGLAS is 90-93%, depending on thickness. In certain
cases where a limited light transmission is preferred, the sheet can be tinted with
transparent colors to lower light transmission levels. Typical tints are 50% LT Bronze
or solar Grey.

Clarity (haze %)

The Haze level of the virgin sheet is very low (~1%). Haze level of all transparent sheets,
including Acrylic and glass, is highly effected by smog, dust and chemicals in the
environment. In order to maintain low haze (high clarity) certain guidelines have to be maintained in the installation.
Following these guidelines will allow the transparent wall to maintain its optical properties for many years.

Impact resistance

Maximum impact parameters should be taken into consideration when designing an Acoustic Transparent Barrier.
Anticipated scenarios should include automotive accidents and various collisions, as well as vandalism (Break from stone
impact, hammers, etc.).

Acoustic Barriers
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PALRAM

Life expectancy

How long should the wall serve? How long will it serve maintaining its properties?

What is the UV resistance requirement ?

What is the chemical resistance to the highway environment and to vandalism (graffiti)?

a. UV resistance

PALGLAS is manufactured from high quality extruded acrylic that offers excellent resistance to UV radiation. In fact, this
property is a natural part of the acrylic sheet, with no requirement to any UV coating layer.

b. Chemical resistance in a highway environment

The main chemicals present in the highway environment are Sulfuric compounds: NOy, CO, and H»O. Trace quantities of
O3 (Ozone) from ignition systems are also found.

In addition to these chemicals there are continuo’s clouds of particulate matter such as dust (usually silicates), soot (partly
oxidized hydrocarbons) and salt from anti freeze powders. Fortunately, PALGLAS is not particularly sensitive to these.

The main damage to the sheet is surface coating by particulate matter and acidic etching that might make the sheet hazy.

The main issue of maintaining the glazing clear is protecting it from a “Highway soup” of dust, smoke and water.

c. Graffiti

All plastic materials are sensitive to chemical solvents found in graffiti spray, and that includes
PALGLAS. Solvents attack the polymer surface and impregnate the sheet in such a manner
that is not fully restorable. The use of strong organic solvents and paint thinners to remove
the graffiti will only cause deterioration of the situation.

The solution must be limiting the access to the transparent sheet:

Physical barriers: green fences, trenches, drain channels etc.

Elevation of the panels 2-3 meters above ground level.

4
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Installation considerations

Frame size

We recommend limiting the width of a single glazing panel to 2 meters due to several reasons:
The strength requirement of the metal frame: Above 2m the forces induced by the sheet on each individual post is so
high that a very thick, unattractive and heavy metal frame is required.
Rabbet depth has to be increased in order to avoid “pop out” during high wind loads.

Framing Method

The sheet must be installed floating in a frame, as glass. It is not allowed to fix the sheet with screws or rivets due to the
stresses that such methods induce.

Standard glazing frames and profiles for PALGLAS can be suitable, using adaquate EPDM profiles (Shown on page 36-37).
For safety reasons it is possible to attach one screw to every sheet to secure it in cases of extreme impact. This screw should
be 10-12 mm diameter and the hole should be well oversized.

The safety screw should not touch the sheet or limit its thermal expansion!

Architectural Considerations

To reduce light transmission a tinted sheet can be used. This will also help to hide the dust and smoke contaminating the
sheet.

We recommend 50%-60% LT.

In Germany “Glass Green”is popular.

Other colors can be supplied upon request.

Install the sheets as far away from pollution sources as possible.

The heavy smog on jammed intersections and bridges or in polluted industrial areas will cause any transparent sheet to
loose its transparency very rapidly.

Cleaning
As for today we do not know of any successful method to clean plastic Acoustic Barriers from pollution and graffiti. So for
the time being the best method is preventive care as explained above.

Summary
The following guidelines should be considered when planning a transparent acoustic barrier:
The Sheets width should not be more than 2 meters.
Install the sheets at least 5, preferably 10 meters away from traffic, the further the better.
Provide physical barriers of green fences, protection walls or trenches between the sheet and the road.
Where severe graffiti and vandalism is expected, lift transparent parts of the wall 2-3 metes above ground.

12-25mm
—P—ﬁ
2-4m
< 10m >l |< 30m
Road Green Barrier Residence
Fence
Trench

B
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Physical Properties and Test Reports Reference List PALRAM
Category Property Unit Data Control Code (referred test)
Transparency Colourless % 92 EN 2155 (@)
Transparent brown R7053 % 34 EN 2155
Transparent blue R7015 % 64 EN 2155
Transparent green R7022 % 92 EN 2155

Transparency Transparency change % 925-923  ASTM D1925/DIN EN-410 (@)

after 10Years  Yellow Index change % 0.55-047  ASTM D1925/DIN EN-410 (@)

Mechanical Tensile Strength B by 23C N/mm< 82 DIN 53 455/ISO 527/-2/1B/50  (b)

Properties Tensile Elongation at break R (v=5 mm/min) % 55 DIN 53 455/1SO 527/-2/1B/50  (b)
Tensile Modulus of elasticity N/mms 3652 DIN 53 457/ 1SO 527/-2/1B/50  (c)
Flexural Strength N/mm< 103 DIN 53 452/1SO 178 (d)
Impact strength Kj/m< 16.6 DIN 53 453/ISO 179-1 (e)
Impact strength after 10Year aging Kj/m< 154 DIN 53 453/ISO 179-1 (e)
Bending Resistance mPA 110 DIN 53 452/1SO 178 (f)
Resilience J/m< 1590 DIN 53 453/1SO 180 (9)
Density g/cm= 1197 DIN 53 479/UNI 7093 (h)

Thermal Vicat softening temp IC 123 DIN 53 460/1SO 306/A120 0)

Properties Thermoforming temperature IC 160 -
Resilience temperature IC >75
Coefficient of thermal expansion 1/JC 6.1 E-5 DIN 53752/ASTMD-696 )

Weight 15mm kg/m< 17.9

by Thickness 20 mm kg/m< 238

Noise Stability under wind load passed DIN 20 140/ ZTW-Lsw 88 )]

Protection Deflection under load and heat passed DIN 20 140/ ZTW-Lsw 88 (m)

Wall Test Resistance to Stone Throwing passed DIN 20 140/ ZTW-Lsw 88 (k,n)
Fire resistance passed DIN 20 140/ ZTW-Lsw 88 0)

Noise 8mm: Sound reduction range 100-3150Hz  dB 28 ISO 140 6 & DIN 52210 (t)

reduction 15mm: Sound reduction range 100-3500Hz dB 32 1ISO140/3/1995 & 1SO717/1/1996 (p)
20 mm: Sound reduction range 50-5000Hz  dB 30 DIN 20 140-3 (a)

Toxicity Toxicity of decomposition effluences Complies with  DIN 53 436 (n

* Test reports consequent for the table above appear on the next page

Test, Institute and Certificate no. Pages

a) ASTM D1925-DIN EN 410, Ist. Giordano, test no. 143086

b) 1SO 527-1, Ist. Giordano, test number 145353

¢) 1SO 527-1, Fugro Technical Services, Report no. 053506ST51467(1) .............covvvns 7

d) ISO 178, Fugro Technical Services, Report no. 053506ST51467 .............c.coovvviin, 8

e) 1SO 179-1 (CSTB) Test no. CPM 05-006/1

f) UNIENISO 178, Ist. Giordano, test no. 145352

g) UNIISO 180, Ist. Giordano, test no. 141839

h) UNI 7092, Ist. Giordano, test no. 141749

i) 1SO 306/A120, Ist. Giordano, test no. 142059

j) UNI9730, Ist. Giordano, test no. 143472

k) BSEN 1794-1, Fugro Technical Services, Report no. 053506ST51467(03) ................ 9

[) DIN 20 140 /ZTV-LSW 88, MPA NRW, Certificate no. 220002172-02 section 7.2.3 ....... 11-16

m) DIN 20 140 / ZTV-LSW 88, MPA NRW, Certificate no. 220002172-02 section 7.24 ........ 11-16

n) DIN 20 140/ ZTV-LSW 88, MPA NRW, Certificate no. 220002172-02 section 7.25 ........ 11-16

0) DIN 20 140/ ZTV-LSW 88, MPA NRW, Certificate no. 220002172-02 section 7.26 ........ 11-16

p) 1SO 140-3, Ist. Giordano, test no. 145352

g) DIN 20 140-3 / ZTV-LSW 88, MPA NRW, Certificate Nr. 220002172-25.................... 17-22

r) DIN 53436, epa GmbH, Report Nr.3/2006 ..........ccoiiii e 25

s) BS 6206, Fugro Technical Services, Report no. 053506ST751467(03) .................... .. 10

t) 1SO 140 6 & DIN 52210, SlII, Report no. 053506ST51467(03)  .....ovvviiiiiiiinnnn, 23-24
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PALGLASR® Tensile Strength Test (ISO 527-1)

FUGRO TECHNICAL SERVICES UMITED

Material ab Dindsion, Tad 1 +B52-2450 B233
Fugro Deveapment Cerire, Fax 485224506138 MateriaLab
5 Lok i Street, 17 M.5. Castle Peak Rioad, E-mail : matiab@ fugro.com.hk

Tal Lam, Tuan Mun, H.T., Hong Kong Wabgite : weifugro.com

Clienl Ref. : - Page 1 of 8
Report No. 0535065T51467(1)
REPORT ON THE DETERMINATION OF TENSILE STRENGTH OF PMMA SHEET
Information Supplied by Client
Client : Palram Industries Limited
Project i Testing of PMMA Shest
Sample Description “Palglas” PMMA extruded acrylic sheet R7000 Clear and
"Plazcryl® PMMA, extruded acrylic sheet R7000 Clear
Mominal Thickness : 15mm
Laborat In n
Lab. Sample 1.D. : ST51467/6-10
Date Received : 09 November 2005
Date Tested ¢ 13 November 2005
Gauge Length : S50mm
Loading Rate : S0mm/min
Test Method IS0 527-1: 1993
Tast Results
Width of Thickness of Maximum Tensile Modulus
Sarrll.:: \D. A Sample | Applied Load Tﬂm:!:qpa} 9 of Elasticity
{mm) (mm) (M) (MPa)
ET51467/8 9.97 14.59 10675 734 3129
ST51487/7 10.20 14.59 11538 77.5 3804
ST51467/8 8.88 14.59 8580 589 3493
ST51467/9 10.21 14.60 11863 80.2 3808
ST5146710 10.16 14.59 12250 826 3931
i Average 74.5 3651
o . —
Deviation 9.4 339
Remarks

1.) The test results relate only to the samples tested.

2.) The force-extension graphs are shown on pages 2 to 6 of this report.
d.) The test configuration, sample before test and failure modes are shown in the pholographs
on pages 7 and 8 of this repart.
Checked by ; _% Date : f1-f/-2vex Cerified by : (_‘Q é Date: /57t /%
Gary Winstanley

The copyright o e cooument is cemed by Fugro Tectwical Services Limiled. B may not bs marduosd sscepl s prior srifien approval rom the Company
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PALGLASR Flexural Strength Test (ISO 178)

FUGRO TECHNICAL SERVICES LIMITED

Divizion, Tel  :+852-2450 8233
ke et MateriaLab
5 Lok i Stroat, 17 M.5. Caslle Peak Road, E-mail : maliab & lugro.comuhk e —— .
Tal Lasm, Tuon Mun, N.T., Hong Kong. Wiebaite : www fugro.com
Client Ref. Page 1 of 8
Report No. 0535065T51467
REPORT ON THE DETERMINATION OF FLEXURAL STRENGTH OF
PMMA SHEET
Information Supplied by Client
Client :  Palram Industries Limited
Project Testing of PMMA Sheet
Sample Description "Palglas” PMMA extruded acrylic sheet R7000 Clear and
"Plazcryl® PMMA extruded acrylic sheet R7T000 Clear
Mominal Thickness : 15mm
Laboratory Information
Lab. Sample |.D. : ST5146711-5
Dale Received 09 November 2005
Dale Tested 12 November 2005
Support of Support 240mm
Loading Rate Gmm/min
Test Mathod SO 178 : 19893
Test Results
Width of Thickness of Maximum
- m";:'l 5 Sample Sample Applied Load F""‘”{::F?;'}""““’
42 {mm) {mm) (N}
ST51467/1 20.07 14.57 1189 100.4
ST51467/2 19.88 14.59 1204 101.9
ST51467/3 19.91 14.57 1259 107.2
ST51467/4 20.01 14.58 1230 104.1
ST51467/5 19.78 14.59 1221 104.4
Average 103.6
"""" | Standard Deviation 26

Rermarks : 1.)

The test results relate only to the samples tested.
2.) The force-deflection graphs are shown on pages 2 to B of this report.

3.) The lest configuration, sample before test and failure modes are shown in the photographs
on pages 7 and 8 of this report.

Checked by _@_

The copyright of ihis Socamen i owned by Fugro Techrcal Servicon Limasd. 1| may not b8 egrocuced

Date: /5-//-2e005 Certified by :

Date: /5 /i /0§

il L -

RENGARTA

-
e

PALRAM
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PALGLAS® Stone Impact Resistance Test (BS EN 1734-1)

FUGRO TECHNICAL SERVICES LIMITED

Material.ab Drvisios, Tel  ;+852-2450 8233
Fugeo Davelopment Contre, Fax - +BS3-24508128 m..lialllh
5 Lok i Strent, 17 M.5, Castio Peak Acad, E-mall  matiab & fugro. com.ik

Tai Lam, Tusn Mun, N.T.. Hong Kong. Winbalte : weanw fugro com

Client Ref. : - Page 1 of 2
ReportNo. : 053506ST51467(3)

ON THE STONE IMP ISTANCE TEST OF PMM EET

Suppl 1
Client : Palram industries Limited
Project ¢ Testing of PMMA Shest
Sample Description  : "Palglas" PMMA extruded acrylic sheet R7000 Clear and
"Plazeryl” PMMA extruded acrylic sheet R7000 Clear
Nominal Thickness : 15mm

Laboratory Information

Lab. Sample I.D. : ST51467TM1A-11F

Date Received : 08 November 2005

Date Tested : 12 November 2005

Test Impact Energy  : BONm

Test Method : BSEN1794-1: 1988

Test Resuits

Lab. Impact Height

Sample 1.D. (mm) Observation
5T51467/11a 2000 No breakage
ST51467/11b 2000 No breakage
ST51467/11c 2000 No breakage
ST51467/11d 2000 Mo breakage
ST51467/11e 2000 No breakage
ST514B7/111 2000 Mo breakage

Remarks: 1.) The test results relate only to the samples tested.
2.) The test configuration and samples after test are shown in the photographs
cin page 2 of this report.

cmmdby;_%& Date : _/f-//-2es5 _Certified by : %Dm:m
Gary Winstanley

Thar cogyright of this document is cened by Fugro Techmical Sennces Limised. 1l mily 1ol Be rprotuond exmept with pricr witen approval from the Compaey

CERG DA
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PALGLAS® Impact Test (BS 6206)

FUGRO TECHNICAL SERVICES LIMITED

Materialab Division, Ted +B52-2450 BZ33
Fugra Developmant Cantre, Fax 1 +052-2450 6118 Hﬂt“iﬂhﬁ
5 Lok i Streed, 17 M.S. Castle Peak Road, E-mall  : matiab @ fugro.com.hi
Tal Lam, Tusn bun, N.T., Hong Kong. Wiabadie | www iLugrocom
ClientRef. : - Page 1 of 4

Report No. : 0535065T51467(2)
REPORT ON IMPACT TEST ON LAMINATED GLASS

Information Supplied by Client

PALRAM

Client :  Palram Industries Limited
Project :  Testing of PMMA Shest
Location :  Kam Tin Laboratory of MateriaLab
Sample Description :  "Palglas" PMMA extruded acrylic sheet R7000 Clear and
"Plazeryl" PMMA extruded acrylic sheet R7000 Clear
Nominal Thickness : 15mm
Laboratory Information
Lab. Sampie |.D. + 5T51467TM12-15
Date Recaived : 07 November 2005
Date Tested ;12 November 2005
Nominal Size ;1830 x B65Smm
Test Method :  BS 6206 : 1981 (Class A)
Test Results
a) Test for Behaviour on Impact
Mass
Equivalent
Drop Height Lab Araa of 10 Specification of BS 6206 : 1981
TestClass | =irm) | Sample LD. Comervedon || arcest Crack (Clause 5.3b)
Fee Particles
(mm?)
1.) Numerous cracks or fissures appaar in the
STE1467/12 Mo breakage - test piace, but no shear, or opening,
devalops through which a T8mm diameter
sphere can ba passad frealy.
2.) When breakage occurs which results in the
ST51467/13 Mo breakage = production of saparata fragments
containing pointed protrusions, then such
A 1219 fragments shall be permitted provided that
any pointed protrushon satisfies the
ST51467114|  No broakage = following.
The length of the chond batween the two
points which are established when an arc
deZMMHMIIFﬂm:
wrems| tanwen | - | JSapmnmcseessroseton
25mm.
Remarks : The test results relate only to the samples tested.

1.)
2.) The test results comply with the requirements of BS 6206 : 1981, Class A.
3.) The test configuration and sample after test are shown in the photographs on

pages 2 to 4 of this report. /

Chmmw;g@mm: /5-f/-200 Cerlified by : Date: {40 s0

ry Winstanley

Tha cofyrghl o B Socument i cwned by Fugro Technical Sevvicss Limaed. 1| may ndl be feproduced exced with prior eritlan sporoval trom T Company

GENGER
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» Mechanical Properties Test (ZTV Lsw-88)
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MDA NEW.

Materialpriifungsamt Nordrhein-Westfalen

Marsbruchsiralle 186 - 44287 Donmund - Posttach: 44265 Donming - Talalon (0@ 31) 45 02 - 0 - Telefax (02 31) 4585 45 - E-Mall:inlo @ mpantw. de

Test Certificate No. 220002172-02 20.05.2003
Customer Date of commission
Palram Israel Ltd 11.10.2002
Ramat Johanan 30035

Date samples received
Israel 18.11.2002

Date of tests

05.02.2003 (fire-resistance)
14.01.-17.02.2003 (remaining)

Commission

Performance tests of noise protection walls (elements of noise protection walls made of
thermoplastics) in accordance with ZTV-Lsw 88:

1.)  7.2.3 Stability under wind load

2)  7.2.4 Deflection under load and heat

3)) 7.2.5 Resistance to stone throwing

4) 7.286 Fire resistance

Test object/sample type/sample quantity

Noise protection walls made of PMMA, designated "Plazcryl” 20 mm thick, transparent, col-
ourless, including the appropriate constructive elements (accessories: IPB bearer 160; stee
angle section L 70 x 7 and L 100 x 10; EPDM U-section, approx. 2 mm thick

On 1 and 2.) 5 elements and accessories in accordance with Sections 2, 3 and Annexes 9
1o 11

On 3.)1 element and accessories in accordance with Section 4 and Annex 8 to 11
On 4.)2 elements and accessories in accordance with Section 5, Fig. 2 and 3

Description of sampling

The customer supplied the samples.

1 Test of stability under wind load (ZTV-Lsw 88, 7.2.3)
1.1 Applicable regulations/description of the test

Additional technical regulations and guidelines for constructing noise protection walls along
roads (ZTV-Lsw 88) issued by the Federal Minister of Transport, Highways Construction De-
partment, 1988 edition.

Acoustic Barriers

This tesi cerificals axpires on 31,05.2008

The results of the tests rafer solely to the sample(s)itesi object(s) described above

Tesi cerlificates may not be published or reproduced with changes to their form and contents without the approval of MPA
NRW. The abbreviated reproduction of a test cerificats requires the approval of MPA NREW

This test cerfificate contains & pages and 11 annexas
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Test Certificate No. 220002172-02 dated 20.05.2003 Page 2 of 6

The tests took place in accordance with Section 7.2.3 in combination with Section 2.1 ZTV-
Lsw 88, According to the customer the construction of the test setup corresponded to the
planned construction. The dimensions can be seen in the drawings in Annexes 9, 10 and
11. The deflection measurements were carried out at 5 measuring points with the largest as-
sumed deflections on the middle line between the clamps on both sides. The loads took the
form of concrete cubes and other suitable masses to generate an even surface load corre-
sponding to the wind load (calculation of the load masses, distribution or load schema, see
Annexes 6 and 7.
Load application points  : Width 1/8-1/4 -1/4 - 1/4 - 1/8

: Height 1/10-1/5-1/5 - 1/5 - 1/5 - 1110)
The load and the measuring of the deflection were chosen in the current form because the
planned frame reinforcement of the construction at the upper and lower edge of the elements
excludes the use of line loads in accordance with Fig. 5 of ZTV-Lsw B8,

Weighing an element made of PMMA (2000 x 2000 x 20) mm) resulted in the mass of 91.3
kg. Fig. 1 shows the element as available for weighing.

12
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Maiariniprifungsami Nardrhein-Westalan

Test Cerificate No, 220002172-02 dated 20.05.2003 Page 3 of 6

1.2 Testresults
See Annexes 1 to 4.

1.3 Evaluation in accordance with ZTV-Lsw 88
The tested system complies with the requirements of Section 7.2.2 of ZTV-Lsw 88,

2 Test of stability under load and heat (ZTV-Lsw 88, 7.2.4)
21 Applicable regulations/description of the test

Additional technical requlations and guidelines for constructing noise protection walls along
roads (ZTV-Lsw 88) issued by the Federal Minister of Transport, Highways Construction De-
partment, 1988 edition.

The tests took place in accordance with Section 7.2.4 in combination with Section 2.1 ZTV-
Lsw B8, For other data see Section 1.1 of this test certificate or Annexes 6, 8, 9, 10 and 11.
Load application paints: Width 1/4 — 1/2 - 1/4

Height 1/10-1/5-1/5-1/5-1/5-110
The test set-up was documented with Fig. 6.

2.2 Testresults
See Annex 5.

2.3 Evaluation in accordance with ZTV-Lsw 88
The tested system complies with the requirements of Section 7.2.4 of ZTV-Lsw 88.

3 Test of resistance to stone throwing (ZTV-Lsw 88, 7.2.5)
3.1 Applicable regulations/description of the test

Additional technical regulations and guidelines for canstructing noise protection walls along
roads (ZTV-Lsw 88) issued by the Federal Minister of Transport, Highways Construction De-
partment, 1988 edition.

The test was carried out in accordance with Section 7.2.5 ZTV-Lsw 88. The mass of the
element made of PMMA (2000 x 2000 x 20) mm was 91.4 kg on weighing. See Annexes 9
to 11 for the test set-up and dimensions. The element shown stood for at least 18 hours at
an ambient temperature of -10°C. At this temperature the impact test was carried out with the
cancrete test hammer "Schmidt", model M (approx. 30 Nm) at the impact points stipulated in
ZTV-Lsw 88, p. 49,

3.2 Testresults

After the impacis applied horizontally to the built-in element made of PMMA (2000 x 2000 x
20) mm) no damage was detected on a visual inspection of the impact points.
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Test Certificate No. 220002172-02 dated 20.05.2003 Fage 4 of 6

3.3 Evaluation in accordance with ZTV-Lsw 88
The tested system complies with the requirements of Section 7.2.5 of ZTV-Lsw 88.

4 Test of a noise protection wall in accordance with ZTV Lsw 88, Section 7.2.6

4.1 Description of the noise protection wall

The tested noise protection wall consisted of an element (PMMA) designated "Plazeryl”, di-
mensions 3860 mm x 1500 mm (width x height). The element was 20 mm thick. It was trans-
parent and colourless. The panel was fitted with an EPDM U-section on three sides and then
mounted in a suitable frame made of a steel U-section.

The element weighed 140 kg.

Before the tests a 25 cm high pedestal was made of foam mortar stones. The noise protec-
tion wall for the fire tests was placed on this pedestal flush with the front edge of the U-
section. For more details see Figs. 2 and 3.

Fia. 2: Test wall during the fire tests

PALRAM
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Test Certificate No. 220002172-02 dated 20.05.2003 Page 5 of 6

4.2 Fire test

Test date: 05.02.2003

Ignition source 600 g wood shavings no. 20, spruce in accordance with DIN 4077
in a wire basket {300 mm x 200 mm x 300 mm)

Ambient temperature at start of fest: 18 °C

Course of test

First of all a block of wood shavings was placed directly in front of one side of the test wall in
gach of the thirds and ignited. Approx. 1 hour after the first two wood shavings blocks that
were ignited simultaneously had burnt out, two additional wood shavings blocks were placed
on the other side of the wall and ignited

Observations during the fire tests
During the two fire tests no ignition of the test wall was seen. A slight brown colouring of the
surfaces of the test wall was detected in the area of the primary flames

'-"E. =AY T ey
e

U
T

row

Fig. 3. Test wall after the fire test Zrgrhs e

4.3 Evaluation

No ignition of the examined noise protection wall occurred during the tests. The static and
noise protection reliability performance of the test wall was not impaired by the effect of the
fire load. No holes and cracks appeared during the tests

The tested system complies with the requirements of Section 7.2.6 of ZTV-Lsw 88
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Test Certificate No. 220002172-02 dated 20.05.2003 Page 6 of 6

5 QOverall evaluation in accordance with ZTV-Lsw 88

The tested system complies with the requirements of Sections 7.2.3, 724, 72 5and 7 2.6 of
ZTV-Lsw 88.

6 Expert's statement

According to the customer's information the PMMA elements described in Sections Test
Object/..., 1.1, 2.1, 3.1, and 4.1 are also manufactured and installed in larger thickness.

In the experience of MPA NRW on the basis of the test results described in Sections 1to 4
and Annexes 1 to 5 it may be stated that the tested noise protection wall system also con-
forms to the requirements of Sections 7.2.3, 7.2.4, 7.2.5 and 7.2.6 of ZTV-Lsw 88 even if
thicker elements made of PMMA are used.

Dortmund, 20.05.2003
pp. ==

Dipl.-ig. Jessen

In the event of any disputes the German version shall prevail.
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Materialpriifungsamt Nordrhein-Westfalen

Marsteuchsiralle 188 - 44287 Dodmund - Postfach: 24255 Dortmiund - Telafon (02 31) 45 02 - 0« Telafax (02 31) 45 85 49 - E-Mait infof@mpantw de

Test Report No.: 220002172 - 25

Test laboratory: Department 2
Building science

Customer
Palram Israsl Itd. Date of commission: 11.10.2003
Ramal yohanan 30035 Material received: 05.12.2002/13.01.2003
Israel Date of test: 21.03.2003
Sampling: Delivery by customer
without official sampling
Commission

Measuring the airbarne sound insulation of a noise protection wall with palyacrylic panels.
Calculating the characteristics for the airborne sound insulation and evaluating in accordance with
ZTV-Lsw 88,

Description of the test object | quantity and designation

Noise protection wall made of two "Plazeryl” polyacrylic panels, 20 mm thick, an |PB steel beam
160 with base plate, a steel frame made of angle and U-sections and U-section seals (sectioned),
approx. 4 mm thick

Description of the test / of the basic test procedures

Additional technical regulations and guidelines for constructing noise insulation walls along roads
{ZTV-Lsw BB) issued by the Federal Minister of Transport, Highways Construction Department,
1988 edition, Section 7.2.1,

Measuring the airborne sound insulation of the noise protection wall was carried out in accordance
with DIN EN 20 140 — 3, Edition May 1995. DIN 52 210 quoted in ZTV-Lsw 88 was replaced by
DIN EN 20 140 -3,

This test report eapires on 21,01.2008

The results of the fasf refer exclusively o the test object described above, Test reports may nol be published of reproduced with
changes fo theit foem and contents withou the approval of MPA NRW., The abbrevialad reproduction of & test repon mequanes the
appreval of MPA NRW.

This test report contaings € pages and 1 annex and a form wih 5 annexes. The form with the appopriste annexes may be used
separatedy from the test roport.
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Matorialprifungsamt Nordriein-Westfalen

Test Report No.: 220002172 - 25 dated 21.05.2003 Page 2 of 6

The material was supplied to the agency without any markings from an official sampling and was
installed by the customers in the test room of the building acoustics labaratory.

The size of the noise protection wall was 4.01 mx 2.01m.

Structure of the test object

The structure of the wall construction and the installation in the test room can be seen in the 4
drawings made by the customer which are attached o the form for this test report. The drawings are
designated as follows: "3.1 view, 3.2 Cross section view, 3.3 JOINTING TO THE WALL AND IN THE
MIDDLE IPB 160 and Black EPDM 65 % + 5 36"

A 3 mm thick and 50 mm wide foam tape was inserted between the steel angle sections and the
concrete pedestal (below), the side-mounted steel U-sections and the walls. In addition, the wall
outlets and the ceiling outlet were stuffed with rock wool and sealed on both sides with a permanently
elastic material. The U-section seals were cut through and mitred at the comers of the acryl panels.
The contact depth of the polyacrylic panels in the centre posts was 59 mm and 66 mm and approx.
77 mm in each of the wall autlet sections (stee! U-sections).

Ascertained dimensions and masses:

"Plazcryl" polyacrylic panels

Height 1967 mm
Length 1940 mm
Thickness 196 mm
Total mass of panels 1788 kg
Mass per unit area 230 kg/m?

Centre posts IPB steel beam 160 with base plate,
threaded bolts welded on and steel angle sections

Length 2013 mm
Width 162 mm
Depth 153 mm
Material thickness B5/87 mm
Mass 95.0 kg
Base plate 240 mm x 320 mm
Thickness of the base plate 10.3 mm
Angle sections (with drill holes) TOmmx 70 mm
Material thickness of the angle section 7.2 mm
Mass per metre of the angle section 7.2  kg/m
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Steel angle sections with welded-on threaded bolts

Length

Fiange length
Material thickness
Mass per metre

Steel angle sections with drill holes

Length

Flange length
Material thickness
Mass per metra

Steel U-sections with base plate and

welded-on threaded bolts

Length

Width

Height

Matarial thickness

Mass

Base plate

Thickness of the base plate

U-section seals sectioned
Material thickness
Height

Width (outside)
Mass per melre

Foam tape (self-adhesive)

Thickness
Width
Mass per meire

1800

100 mm x 100
a5
14.6

1800 mm / 2000

70 mmx 70
7.2
7.2

2000

155

89
6.8
426

203 mm x 150
12.0

mm
mm
mm

kg/m

£333

mm
mm
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Muterialprifungsamt Nordrhein-Westfalon

Test Report No.: 220002172 - 25 dated 21.05.2003 Page 4 of &

Implementation of the trials

The airborne sound insulation was measured in accordance with DIN EN 20 140-3 - Measurament of
sound insulation in bulldings and of building elements, Part 3; Measurement of the airborne sound
insulation of building elements In test rooms (IS0 140-3; 1995) German version EN 140-3; 1995 -
May 1985,

The sound reduction indices were determined in accordance with DIN EN 20 140-3, Section 3.2, in
relation to the test area of 8.1 m® in dependence on the frequency.

The measuring apparatus was a class 1 two-channel real-time third-octave analyser, make: Norsonic,
type: 830-2, with two 5" capacitor microphones, make: Briel & Kjaer, type: 4185, and the appropriate
pre-amplifier, type: 1201, make: Norsonic. The measuring apparatus with the accessories was last
calibrated by the State Office for Surveying and Calibrating, NRW, Office for Special Commissions,
Calibration Agency in Dortmund in July 2002. The calibration is valid until 31.12.2004.

The loudspeaker, designed as a dodecahedron type: 229, was supplied with pink noise and moved
alang an approx. 1.8 m lang path during the measuring. Third-octave filters in accordance with IEC

— 225 were used as filters in the measuring apparatus. The microphones were maved on 2 inclined
circuits with a radius of 1.1 m. The sound pressure levels were averaged energetically from 4
measuring series.

The test room conformed to the requirements for test rooms in DIN EN 1SO 140-1 - Acoustics,

measurement of sound insulation in buildings and of building elements, Part 1: Requirements for

gaabumtury test facilities with suppressed flanking transmission (ISO 140-1: 1997), edition 1897,
ction 3.

The volume of the source room was 49,3 m’.
The volume of the receiving room was 52.4 m”.

The calculation of the sound reduction index AL » s, was carried out in accordance with ZTV-Lsw B8,
Section 7.2.1.

—_
e ——————————————————————————————————————————————————————————————————————
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Re No.: 220002172 -

Test results

The following diagram and the form in accardance with DIN EN 20 140-3, May 1995 each show the
sound reduction index of the test object in dependence on the frequency.

=R
— - Reference curve in accordance with IS0 717

i
&
{

smmmmma—-

63 125 250 50 1000 2000 Hz 4000
Frequency f -

The reference curve for 1/3 octaves in accordance with DIN EN 1SO 717-1 - Rating of sound
insulation in buildings and of building elements, Part I: Airborne sound insulation (ISO 717-1: 1988)
German version EN 1SO 717-1: 1996 - January 1997 is included in the diagram for rating the
achievad sound insulation.
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Test Report No.: 220002172 - Page G of 6

The sound reduction indax R, and the spectrum adaptation terms C and C, measured and rated in
accordance with DIN EN ISO 717 Part 1. January 1887, Section 4, are shown below.

Noise protection wall made of two "Plazeryl” polyacrylic panels, 20 mm thick, an IPE steel beam 160
with base plate, a steel frame made of angle and U-sections and U-section seals (sectiond), approx,
4 mm thick

R. (C; Cy) =31 (0;1) dB

The maximum weigted sound reduction index R', 5. of the test room, in relation to the surface area
of the test object was 55 dB on instaliation of a lightweight wall.

The sound reduction index A Lag.gs; for the tested system measured in accordance with the
"Additional Technical Provisions and Guidelines for Constructing Noise Protection Walls along
Roads” (ZTV-Lsw 88), Edition 1988, Section 7.2.1, is 30 dB.

The form may be used separately from the test report but only with the 4 drawings made by the
customer and belonging to this form and with the annex "Measured dimensions and masses”. The
drawings are designated as follows: "3 1 view, 3.2 Cross section view, 3.3 JOINTING TO THE WALL
AND IN THE MIDDLE IPB 160 and Black EPDM 85 % + 5 %"

The individual values and the sound reduction indices R in the frequency range 50-5000 Hz may be
seen in the enclosed labaratory report.

Evaluation under ZTV-Lsw 88

Under Section 7.2.1 of the ZTV-Lsw 88 the sound reduction index A L p = must be at least 25 dB.
The tested system conforms to the requirements of Section 7.2.1 of the ZTV-Lsw 88 with
A Lapse =30 dB.

Note:

The single value for airborme sound insulation DLz that is to be determined in accordance with DIN

EN 1793-2 - Road traffic noise reducing devices - Test method for determining the acoustics

performance, Part 2: Intrinsic characteristics of airborne sound insulation, German version EN 1793-

2: 1997 - November 1897, Section 5.2, for the above-mentioned noise protection wall is 31 dB.

In accordance with DIN EN 1783-2, Annex A, the airborne sound insulation characteristics of the

lBaslad nofse pratection wall with 20 mm thick "Plazeryl" polyacrylic panels are to be classified in group
3,

mund, 21 Mai 2003
P-P. -

!élf-’:n
Dmpl.-Ing. Teschner
Scientific Assistant

In the event of any disputes the German version shall prevail.
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PALGLAS® Acoustic Insulation Properties (ISO 140 6 & DIN 52210)

Yuly Eeller, D.Sc.

" ACOUSTIC and ELECTRO-ACOUSTIC DESIGN
NOISE & VIBRATION CONTROL

SAVION STREET 18 C, P.0.BOX 5030, QIRYAT YAM, 29500, ISRAEL

TEL: 972-4-8759875 FAX: 972-4-87600079

e T T T S S o L L L L L e RS e e e s e e e EmE e s e e s ==

To: 22-11-1998
Mr. Amir Sade  mmmme e
Paltough - Palram Ltd. :
Kibutz Ramat-Yohanan 30035

—————————————————————————— AKRIL XT

Due to vour order, measurements 0f acoustic insulation properties
of the Palglas sheets manufactured by the Paltough Palram factory
have been carried out.

The acoustic measurements have been conducted in accordance with
the Israeli standard 1034 part 6 (compatible teo IS0 140 part 6,
DIN 52210).

The calculation of the insulation index Ia has been carried out
in accordance to the Israeli standard 985 part 1 (compatible to
IS0 7E7 park L., DIN £109).

The noise insulation values as a function of 1/3 octave band
frequencies and the values of the insulation indexes for
Palglas sheets of several thickness are presented in the table.

Acoustic Barriers
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Table — Insulation Values of Palglas Sheets.

$mm thickness | Freguency,
Hz
16 100
17 125
18 160
19 200
21 250
22 315
23 400
24 500
25 630
26 800
28 1000
30 1250
31 1600
31 2000
30 2500
33 3150
Insulation
28 Index, dB
Sincer ours,
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Decomposition Effluents Toxicity (DIN 53 436)

CERTIFICATE

The decomposition effluents at 400°C (VKT) according to DIN 53 436
from

PALGLAS

of

Palram Germany
Westdnner Hellweg 11
59457 Werl

documented with test report-no: 3/2008, corresponding to the valid test conditions are
considered — with regard to the acute inhalation toxicity — to be

non toxic.

The certificate is valid until 14.02.2008. The product may be marked with the sign

Im Brandfalle
rauchgastoxikologisch

unbedenklich
PB-Nr. 3/20086

Elektro-Physik Aachen GmbH
Jilicher Strasse 338

52070 Aachen
www.epa-aachen.de
Aachen, 14. Februar 2006 e
hY
VAR e
- Y () =
Dr.-Ing. H.J. Réttger Dr.rer: -ﬂét.-'dnachim Pieler
(Prufstellenleiter) . (SV PAIlll beim DIBt)
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PALRAM

PALSUNG®

Flat Solid Polycarbonate Sheet

Main Features

Applied thickness 8-12mm

Main advantage - Virtually unbreakable
Easy to mount and install

Flexible, Formable, Machinable

Good fire resistance

Transparent as glass

Abrasion resistant coating - Optional

Standards Compliance
ASTM-V638 Test method for tensile properties of plastics.
ASTM-D-790 Test method for flexural properties of plastics.
ASTM-1-648 Test method for deflection temperature of plastics under flexural load.
ASTM-792 Test method for specific gravity (Relative density) and density of plastics by displacement.
ISO 6603/1 Determination of multi-axial impact behavior of rigid planes - Falling dart method.
ASTM-D-1003 Test method for haze and luminous transmittance of transparent plastics.
ASTM-D-1925 Test method for yellowness index of plastics.

ASTM-G-53 Recommended practice for operating light and water exposure apparatus (fluorescent |-v-condensation type) for exposure
of nonmetallic materials.

ISO 140-6 & DIN 52210 Test Method for measurement of acoustic insulation (Pages 27-28).
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PALSUN® Acoustic Insulation Properties (ISO 140-6 & DIN 52210)

‘i“-"ﬁ?ﬁf’fﬁ 0102
Yuly Keller, D.Sc. 10 -ni- 1509

s o

ACOUSTIC and ELECTRO-ACOUSTIC DESIGN

NOISE & VIBRATION CONTROL
SAVION STREET 18 C, P.0.BOX 5030, QIRYAT YAM, 29500, ISRAEL

TEL: 972-4-8759875 FAX: 972-4-87600079

To:

Mr. Amir Sade

Paltough - Palram Ltd.
Kibutz Ramat-Yohanan 30035

Dear sir,

Subject: Acoustic insulation properties of Palsun sheets

Due to your crder, measurements of acoustic insulation

properties of the Palsun sheets manufactured by the Paltough
Palram factory have been carried out.

The acoustic measurements have been conducted in accordance with

the Israeli standard 1034 part 6 (compatible to IS0 140 part 6,
DIN.52210).

The calculation of the insulation index Ia has been carried out

in accordance to the Israeli standard 985 part 1 (compatible to
IS0 717 part 1, DIN 4109). :

The noise insulation values as a function of 1/3 octave band
frequencies and the values of the insulation indexes for
Palsun sheets of several thickness are presented in the table.
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Table - Insulation Values of Palsun Sheets.

12 @m thickness |10 omm thickness (8 mm thickness :Fuq;_a_n‘:y..
i e
21 19 17 100
20 20 17 125
22 20 18 160
24 23 20 200
24 22 21 250
26 24 22 315
26 25 23 400
28 27 24 500
30 28 25 630
32 31 27 800
32 31 28 1000
34 33 ag 1250
34 33 30 14600
s 33 31 2000
33 33 31 2500
35 34 33 3150

s o -

==

Dus to the results of the sassurements and calculation of
Acountic indaxes, the followving conslusion can be schiaved:

The acoustic insulacion index of ths cransparsnt “Palsun”
shests rises % di par doobling of the thickneas

An equetion Mor avaiuation of fnsulation ipdesses of Faloun

sheets has bean developed on the basis of the maasurements:

R @ 13 + 0.723%R + 0.3 48

h - thickesss of tha shset, m=.

Br. Yuly Kellar

PALRAM
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PALGLAS® Typical Details - RHS Closed Profiles

Transparent Acoustic Barrier

Concrete Foundation & Parapet
Galvanized Steel Supporting Structure
Heavy Duty High-gauge Acrylic Glazing

A A

Top / Side / Bottom Detail A 1:1

/ Vertical Mid-Field Post &
Clamping-Profile Detail B 1:1

Yff@ffff

WE ZO50 mwm
3_5- SO900wm

{1} Concrete Foundation
& Parapet

(2) Supporting Vertical Post
(3] Road Side

{4) Pavement Side
(§) Stesd Top Horlzontal Beam
& Clamping Profile

(B) Slael Bottom Horizontal
Beam & Clamping Profile

PALSUN/
(7} PALGLAS 15/ 20mm

Acoustical Glazing

(B) PALRAM Special EFDM
Glazing Seal

(8) Concealed Fastening Screw
Al Cloze intervals

(10) EPDM (or ather meterial)
15 20mm Spacer

(11) Plastic Cap ! Stopper
for Fastanar Hobe

Typical Front Elevation (sector) 1:50 {12) Indicated Socket Entry
for Fastener Tightening

Typical Cross-Section 1:50
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PALGLAS® Typical Details - RHS Closed Profiles Alt. Il: Open C, L & | Profiles PALRAM

Transparent Acoustic Barrier

Concrete Foundation & Parapet
Galvanized Steel Supporting Structure
Heavy Duty High-gauge Acrylic Glazing

@ ol

mmmama L asLLER .
AR == o AL t
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Ly

——
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. )ik .

— Vertical Mid-Field Post & .._".::-.d.'\ NV
Clamping-Profile Detail B 1:1 AR | s B
gt === | K
—h U_bl (_'_] {) 1 DA " !

1 | | (= a

(% ‘
Typical Front Elevation (sector) 1:50 @ 1-"'1 N, @ 4

@ I ’@ @ Top / Side / Bottom Detail A 1:1

(1) Concrete Foundation

/ / @ & Parapet
f . /o
' {2) Supporting Vertical
# / [ 2 /{:/ 1 @ @ Gutto;;?-udmedPuﬁ‘t
7

(4} Pavement Side
(5) Steal Top Hortzontal

i6) L Clamping Frofile
(7)  ACRYL-XT 15/ 20mm

Acoustical Glazing

(8] PALRAM Special EPDM
Glazing Seal

(8] Fastening Bolt & Nut
Al Fixed Intervals

{10} Baottom Exterior Bent
Steel Sill Profile

{11} EPDM (or other material)

20 x 10mm Spacer
{12) Eteal Inserts in Concrete
4 Parapet for Posts & Other
Supporting parts Connection

Typical Cross-Section 1:50 W =< 2050mm
h2 =< 5000mm
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