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FOREWORD

Construction Industry Development Board (CIDB Malaysia) is a statutory body enacted under the Act 520 in 1994. lis
mission is to develop Malaysian Construction Industry towards global competlitiveness. To support that mission, a number of
functions were formulated and one of them is to encourage the improvement of construction techniques and materials.
Under that function, CIDB is to carry out assessment and appraisal of innovations of any kind of product and technology

related to construction and to publish its finding, in the form of Technical Opinion.

This Technical Opinion will provide a reference to the relevant/interested parties in the construction industry. CIDB assess
innovalion based on application and evaluation by ils Technical Opinion. Applicants may use it as a supporting document for

regulatory and approving authorities, architects, engineers and others in dealing with the new products and technologies.

This Technical Opinion was prepared on behalf of CIDB by The Technical Expert Panel on construction products,
construction materials and technologies in Construction Industry. The Technical Expert Panel was set-up by CIDB and its

members were drawn from experts that represent relevant sectors in the construction industry.

This Technical Opinion has been modeled based on international recommended practice.,
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GENERAL PROVISIONS

The purposes of this report is to assist respective parties concerned both applicant and granting approval authority, includes

specification and also use of the subject. This report shall not be considered as approval.

Special note should be taken of the provisions and limitations set out and the period of validity of the Technical Opinion.

Technical Opinion is initially given a term of validity of three years from the date of issue in the expectation that, after that
period, the subject will no longer be an innovation. They can be reviewed within the first twelve months and again as
necessary during the life of the products or system described in the document. The limitation on the validity of the opinions
should not be interpreted as implying a similarly limited life expectancy of the products or system described in the Technical
Opinion. However, if experience shows poor overall standard of quality or performance, the Technical Opinion will be

withdrawn.

The legitimacy and validity of the Technical Opinion can be verified at the office of CIDB Head Office.

CIDB and the Technical Expert Panels shall accept no responsibility for the quality and performance of the products.

This document must not be duplicated in any form without permission from CIDB.

Disclaimer
While every effort is made to ensure accuracy of the information presented in this report, neither the Technical Expert
Panels nor its Secretariats or CIDB can accept responsibility for any loss or damage incurred in connection with the use of

the contents.



Definition

Technical Opinion Programme  : A programme that iniliated by CIDB with the aim to evaluale products, materials,

components or system with regard to, but not limited to IBS. It normally covers wide

range of innovative products to be used in local construction industry

Technical Expert Panel S Individual selected based on their expertise.

HFW-H Section

A system which is made of lightweight steel structure frame and infilled with

lightweight concrete.

ALCP A lightweight precasl building material that simultaneously provides structure,
insulation as well as resistance to mold and fire.

Besta Board Panel : A newly developed and upcoming green material to be used for dry construction as

interior and exterior and sheathing application in construction.

Abbreviation

ALCP
AS
ASTM
BS

Cc

CIDB
Cr

Cu
CREAM
DIN

GB
HFW
IBS
ISO
JIS
JKR
MGBC
Mn

Nb
NF
Ni

QA/QC
RC

Si

SS

Ti
UiTM
UPM

WASB

Autoclaved Lightweight Concrete Panel
Australian Standard

American Standard
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Construction Industrial Development Board Malaysia
Chromium

Copper

Construction Research Institute of Malaysia
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High Frequency Welded

Industrialised Building System
International Slandards Organisation
Japanese Standard

Jabatan Kerja Raya Malaysia

Malaysia Green Building Confederation
Manganese

Molybdenum

Nitrogen
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France Standard

Nickel

Phosphorus

Quality Assurance / Quality Control
Reinforced Concrete

Sulphur

Silicon

Singapore Standard

Titanium

Universiti Teknologi MARA

Universiti Putra Malaysia

Vanadium

Well & Able (M) Sdn Bhd
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Symbols

cm
dB

mm

kg
kN

%
°C

centimeter
decibel
gram

joule
meter
millimeter
kilogram
kiloNewton
Newlon
percent
degree celcius
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IDENTIFICATION

1.1 Title
A. High Frequency Welded Light Gauge Steel Structure — H Section (HFW H
Section)
B. Autoclaved Lightweight Concrete Panel (ALCP)
C. Besta Board Panel

1.2 Date of Evaluation
4™ January 2012, 26" April 2012 and 14" June 2012

1.3 Applicant and Address
Well & Able (M) Sdn Bhd (WASB)
Box 215, Lot 3.14, 2™ Floor
Wisma Central Jalan Ampang,
50450 Kuala Lumpur, MALAYSIA

Tel : 03 2162 4623
Fax : 03 2162 4634
Email : wnamsb@gmail.com

Contact person: Mr. Wan Noordin b. Ariffin and Mr. Wong Weng Wah

Address of Factories and Warehouse:

1. High Frequency Welded Light Gauge Steel Structure
Well & Able International Pte Ltd
Room 202, No. 1 Building, No 427, Jumen Road
Shanghai 200023, PEOPLE’s REPUBLIC OF CHINA
Tel :(86-21) 6146326/85/25
Fax :(86-21) 61416386

Email : wck.raymond@gmail.com

Contact person: Mr. Raymond Wong

2. Autoclaved Lightweight Concrete Panel
Well & Able International Pte Ltd
Room 202, No. 1 Building, No 427, Jumen Road
Shanghai 200023, PEOPLE's REPUBLIC OF CHINA
Tel :(86-21) 6146326/85/25
Fax :(86-21) 61416386

Email : wek.raymond@amail.com

Contact person: Mr. Raymond Wong



3. Besta Wall & Floor Board & Panel
Well & Able International Pte Ltd
Room 202, No. 1 Building, No 427, Jumen Road
Shanghai 200023, PEOPLE's REPUBLIC OF CHINA
Tel :(86-21) 6146326/85/25
Fax :(86-21) 61416386
Email : wek.raymond@gmail.com

Contact person: Mr. Raymond Wong

4. Warehouse in Malaysia
Well & Able (M) Sdn Bhd
Clo Distrepark Logistic Sdn. Bhd
Corporate Office : B-8-2, Tower B,
BBT One, Lebuh Batu Nilam 1.
Bandar Bukit Tinggi, 41200 Kiang, Selangor.
MALAYSIA
Tel : (603) 3167 9331
Fax: (603) 3168 4886
Contact person: Mr. How Kok

Note:

This Technical Opinion report is issued based on application and documents provided by Well &
Able (M) Sdn Bhd (WASB) and only valid for the product specification rendered during submission.
It is the responsibility of the applicant to notify CIDB of any change in the product specification and

supplier mentioned in this report.

2.0 PRODUCT

2.1 Product Evaluation
The applicant had submitted three (3) products to be evaluated. The products are :
i. High Frequency Welded Light Gauge Steel Structure — H Section (HFW H
Section)
ii. Autoclaved Lightweight Concrete Panel (ALCP)

iii. Besta Board Panel

The evaluations for each product are reported in these parts which are Part A, Part
B and Part C that represent HFW H Section, ALCP and Besta Board Panel

respectively. The following sections will entail each part.



3.0 PART A

HIGH FREQUENCY WELDED LIGHT
GAUGE STEEL STRUCTURE -
H SECTION (HFW H SECTION)



3.1

DESCRIPTION

3.1.2

3.1.3

3.1.4

General Description of the Product

HFW H Section is a system which is made of lightweight steel structure frame and
infilled with lightweight concrete. The lightweight steel structure constitutes a
framing member and it is made from a steel sheet that applied with a layer of zinc
coating. The sections of the system are welded using high frequency welding i.e
electron beam welding. HFW H Section is a system that is innovated to facilitate

the construction of buildings.

High Frequency Welding is a part of group process in the Fusion Welding which it
bonds metal together by heating a portion of each piece above their melting
temperature causing them to fuse together. For this HFW H section, the light
gauge steel is used and electron beam fuses the light gauge steel. This process
uses high-velocity electrons that are targeted to the weld joints. Upon impact of the

electron to the materials, it generates the required heat input to create a fuse weld.

All materials that constitute the in HFW H Section are imported from China

Usage and Application of the Product
HFW H Section can be used as main structural columns and beams (e.g: for
residential houses) or as the secondary structural members for the large building.

The product usage for this product is shown in Appendix A1.

Due to the method of production, the H-beam is fully customizable and can be
tailored made to fit any type of construction project. Engineer will be able to design
according to their specific requirement and not limited by the standard hot roll H
beam sizes. It is claimed that as such it enhances efficiency and reduces cost

significantly.

Element of the Product
The sections to form HFW H Section are made of silted steel. The disintegral parts
that constitute the H-Section are welded together using high frequency welding as

explained in Section 3.1.1

Usage Limitation
The main column that made of HFW H Section can only be erected up to twenty

(20) storeys only.



3.2

3.3

3.1.5 Manufacturing Process
High frequency welding is a technique or technology where three strips of hot or
cold roll steel are continuously welded together using high frequency welding
technique. It is a part of the group of process in the Fusion Welding, in which it
bonds metal together by heating a portion of each piece above their melting point
causing them to fuse together. The details of the manufacturing process of the
HFW H Section are shown in Appendix A2.

3.1.6 Equipment and Skill Required
For site installation, only simple hand tools, minimum lightweight hoisting
equipments and semi- skilled workers are required. For the connection, the full bolt

and nuts are the steel connectors.

BASIS OF APPRAISAL

3.2.1 Document Received from Well & Able (M) Sdn Bhd (WASB)
The following documents were received to support the appraisal of the product.
i. Documents on the details and description of the product.

ii. Test report on the material and product

3.2.2 Technical Visit to Site

No technical visit to site has been made.

MATERIAL: SPECIFICATIONS AND TESTS

3.3.1 Specifications
i Product range
HFW H Section can be customized with minimum cross section 50mm x
50mm up to maximum section of 500 mm x 300 mm. The thickness also
can be customized from a minimum of 2.0 mm to 10 mm. The product
range of HFW H Section and manufacturing tolerance are attached in
Appendix A3.

ii. Chemical composition
The chemical composition of the silted steel used for HFW H Section is
shown in Table 1.



3.3.2

Table 1: Chemical composition of the silted steel

iii. Mechanical properties

Chemical C iti
Standard Serial No. N
C Si Mn P S
Q345 0.12- 0.20- 0.2 -
<0.045
(16 Mn) 0.02 0.55 01.60
GB/T1591
SM490YA
JISG3106 <0.20 <0.55 <1.60 | <0.035 | £0.035
SM490YB

The mechanical properties of the silted steel used for HFW H Section are

shown in Table 2.

Table 2: Mechanical properties of the silted steel

Bending
V-Impact Testing
: test 180
Tensile Mim. Bendi
Serial Thickness ot i Yield Elongation & T .
No. (mm) reng2 Strength % iameter, d Testing s
(N/fmm°) . Testing temperature
(N/mm°) )
thickness, (°c)
a
<16 510-660 > 345 =22 d=2a - 2
348 16~25 490-640 32 21
> 16~ - = 325 > d=3a 20
(16 Mn) > 27
>25~36 470-620 > 315 d=3a 0
SM490
<16 490-610 365 219 - & =
YA
SM490 16~40 355
=16~ 2 0] 27
YB

Types of Testing

The following tests have been done on the product in accordance with acceptable

International Standards.

i. Test on material (steel plate )

a.
b.

C.

Reduced Section Tensile Test

‘V'-Notch Charpy Impact Test

Chemical Compaosition

ii. Test on product (HFW H section)

a.
b.

C.

Reduced Section Tensile Test

‘V’-Notch Charpy Impact Test

Chemical Composition




3.3.3

3.34

However, these tests were not carried out by the request of the Applicant, instead
they were requested by other parties related to the Applicant (please refer Section
10.1).

Additional Tests Required
The Applicant is to notify to the Technical Expert Panel on any additional test
required (if any) by the fabricator or client.

Check on Test Report Provided by WASB
i. Test on material

The tests that have been performed on the material of the product are as

follows:

a. Reduced Section Tensile Test
b. ‘V'-Notch Charpy Impact Test
(e Chemical Composition

The summary of the tests done, the specifications and results are shown in
Table 3. The official test reports are attached in Appendix A4:a.

Table 3 : The summary of the tests done, the specification for material and results

Type of test Result

Structural Steel Test (Steel Plate)
(Dated : 23" December 2011)
(for official test report, please refer to Appendix A4 : a ( page 19- page 33)

Reduced Section Tensile Test
The tested samples shall met the | Please refer to official test report for detail
requirements of Grade Q345B GB/T | results (Appendix A: page 21 — 24)
1591:2008 specification. (Method of Test : GB/T 228:2002)

‘V’-Notch Charpy Impact Test
The tested samples shall met the | Please refer to official test report for detail
requirements of Grade Q345B GB/T | results (Appendix A ; page 25 — 28)
1591:2008 specification. (Method of Test : GB/T 229:2007)

Chemical Composition
The tested samples shall met the | Please refer to official test report for detail
requirements of Grade Q345B GB/T | results (Appendix A : page 29 — 33)
1591:2008 specification. (Method of Test : ASTM E 415:2008)
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ii. Test on product

The tests that have been performed on this product are as follows :

a. Reduced Section Tensile Test
b. ‘V'-Notch Charpy Impact Test
(o3 Chemical Composition

The summary of the tests done, the specifications and the results are

shown in Table 4. The official test reports are attached in Appendix A4:b.

Table 4 : The summary of the tests done, the specifications for material and resuits

Type of test

Result

Structural Steel Test (H Beam)
(Dated : 23" December 2011)

(for official test report, please refer to Appendix A4 : b ( page 34- page - 43)

Reduced Section Tensile Test

The tested samples shall met the
requirements of Grade Q345B GB/T
1591:2008 specification.

Please refer to official test report for detail
results (Appendix A : page 36 — 37)
(Method of Test : GB/T 228:2002)

‘V’-Notch Charpy Impact Test

The tested samples shall met the
requirements of Grade Q345B GB/T
1591:2008 specification.

Please refer to official test report for detail
results (Appendix A : page 38 — 40)
(Method of Test : GB/T 229:2007)

Chemical Composition
The tested samples shall met the
requirements of Grade Q345B GB/T
1591:2008 specification.

Please refer to official test report for detail
results (Appendix A : page 41 — 43)
(Method of Test : ASTM E 415:2008)

Raw material

COMPLIANCE TO INTERNATIONAL STANDARDS OR EQUIVALENT

The material used for manufacturing the HFW H Section is silted steel and it is in

accordance with some International Standard from various countries. The

equivalent International Standards of steel for various countries are listed in Table

5.




Table 5 : Equivalent standards of silted steel in various countries

Other Equivalent and Resemblance
Standards'?
(See Note 1 and 2)

Silted steel

Standard for Hot Rolled

Carbon Structural Steel

Plate

Standard Specifications for Carbon

ASTM A572/A572M - 00
Standard Specifications for High
Strength Low-Alloy Columbium-
Vanadium Structural Steel

Standard
Raw Material (Reference provided by
WASBE)
ASTM A36/A36M — 00
Structural Steel
JIS G3101:2004
GB Q235B

Rolled Steels for General Structure

JIS G3106:2008
Rolled Steels for Welded Structure

DIN 17100 Rst37-2
Steels for General Purposes

(Resemblance standard)

DIN St52-3

Note :The Secretariat cannot establish

the name of the standard

NF E24-2NE
Note :The Secretariat cannot establish
the name of the standard

"Note 1 : The equivalent and resemblance standards are based from infernet search and book references by the

Secretariat.

*Note 2 . The Technical Expert Panels cannot established acceptable range specify in other equivalent and
resemblance standards as this was not part of the ferms of reference required




ii. HFW H Section test
For the test report, the test done adopted only a few equivalent and resemblance
standards. The standards used for test on material and test on product are the
same. The standards adopted are shown in Table 6.

Table 6 : Type of tests and standards adopted

Standard Other Equivalent and
Type of Test (Reference provided by Resemblance Standards'?
WASB) (See Note 1 and 2)

‘V'-Notch Charpy
Impact Test

GB/T 229:2007
Charpy Notch Impact Test
Method for Metal Material

[SO 148-1:2009
Metallic materials - Charpy

pendulum impact test - Part 1: Test
method

ASTM E23

Standard Test Methods for Notched
Bar Impact Testing of Metallic
Materials

Reduced Section

GB/T228:2002
Method for Tensile Test of

ISO 6892-1-2009

Metallic materials-Tensile testing -

Spectrometric Analysis of

Carbon and Low-Alloy Steel

Tensile Test
Metallic Materials at Room | Part 1: Method of test at room
Temperature temperature
ASTM E415:2008
Chemical Standard Test Method for
Composition Atomic Emission Vacuum

"Note 1 : The equivalent and resemblance standards are based from internet search by the Secretariat.

*Note 2 : The Technical Expert Panels cannot established acceptable range specify in other equivalent and
resemblance standards as this was not part of the terms of reference required

10




3.5 APPENDIX A
A1 : HFW H SECTION PRODUCT USAGE

Figure 2 : HFW H Sections are widely used as main columns and beams for residential building

11
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Figure 3 : HFW H Section used as main columns and beams for residential building and other
application
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A2 : MANUFACTURING PROCESS OF HFW H SECTION

Figure 4: Special silted steel coil designed to the required thickness and width before being fed
into the production line
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Figure 5 :The uncoiled steel rolls are processed into three pre —straightened steel strips before
entered into “Patented” welded hea for high frequency welding
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Figure 6 : Three steel strips welded by our high frequency welding process
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Figure 7 : After the stress relieve and strengthening of the welded H section, it will be cut to the
desired length

Figure 8 : Quality inspection are conducted onsite
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Figure 9 : Every batches that are produced will go through the pull-up test onsite
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A3: PRODUCT RANGE OF HFW H SECTION AND MANUFACTURING

TOLERANCE

a) Product Range of HFW H Section
Un-Equal Flange cross section

H—#& 3
Helight

B1- ER&RERE

O e am— Width of Upper Flange
= i
= i B2-TF 34 95 5L
L - Wwidth of Lower Flange
{1 tw— BB 5
e Thickness of Web
g [ B2 J

1 — = 3R ok & i
Thickness of Upper Flange

tf2—"F 3 & & 3ir

Thickness of Lower Flange

Equal Flange cross section

B _ H—&5 &
'I';”._..Z R _:[L__ "':;1 F Height
: =, wWidth
- : tw— BECET J5L 3
7= ¢ f o Thickness of Web
E=t
tf— 3R &5 Ry
Thickness of Lower Flange
H | &F Height Min 60mm Max | 500mm
B | &% Width Min 50mm Max | 250mm
iiE 74 Thickness -
tw R ST Web Min 2.2mm Max | 8.0mm
Hox Thickness ¢
tf B o] (e Min 2.3mm Max | 10.0mm
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b)

Manufacturing Tolerance

Dimension, Shapes & Tolerances
ME foiFRE Bx
ltem Allowable Tolerance Legend
BB L E(S) —
S=1b,-b,|/2 2.0mm )
Eccentricity of Web ===
YR DI BE(e) H>200mm 5.0mm Q
Shearing slant of ends H=200mm 3.0mm el
BAEE (c) H<300mm 1x0.20%
Bending H>300mm 1x0.10%
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A4 : TEST REPORT ON HFW H SECTION PRODUCT

a) Test report on Steel Plate Test (Material)

) SETSCO SERVICES PTE LTD

SETSCQO 18 Teban Gardens Crescent
Singapore 608925
Tel : (65) 6568 7777
Fax: (65) 6566 7718
Website: www.setsco,.com
Business Reg. No. 196800269D

TEST REPORT

(This Reporl is issued subject to lhe terms & conditions set out below)

Your Ref: - Our Ref: MM-25054/1-12/YPS Date: 28 December 2011

Page 1 of 14

Subject : Testing of structural steel submitted by Greenfab Pte Ltd
on 22 December 2011,

Tested For : KOON SENG CONSTRUCTION PTE LTD
Fu Lu Shou Complex,
148 Rochor Road,
#05-02 Singapore 188425

Attn: Mr. Albert Goh
Consultant i LSW CONSULTING ENGINEERS PTE LTD
Blk 261 Waterloo St #04-08
Singapore 180261
Attn: Ms. Shirley Tan / Ms. Jacelyn Lim
Subcontractor : 1) GREENFAB PTE LTD
Blk 8 Jalan Kukch
#01-33
Singapore 162008
Attn: Mr. Patrick Woo
2) WELL & ABLE INTERNATIONAL PTE LTD
103 Defu Lane 10
#02-03 BTH Building
Singapore 539223
Attn: Mr. Raymond Wong

Project H Proposed Erection of a 4-Storey Factory Comprises of 3-Storey
Production Areas and 1-Storey of Ancillary Dormitory on Lot 0853W,

MK11 at 2 Sungei Kadut Loop, Singapore 7294489.

ReporisOtners2011/stphy

Tetms & conditions:

(1) The Repot is prepared for the solo use of the Client and is prepared based upor the Hem submitted, the services fequired by the Client and the condilions under which the Services are periormed by SETSCO. The
Report s rot inlended ta b representative of similar or equivalent Services on similar o equivalent lioms. The Report €oes ot constitutz an endorsenment by SETSCO of the tem

(2) SETSCO aqrees to uss ressonable difigence In the performance of the Services but no varranties are given and none may be implied ditectly or indirently felaling lo *he Scrvices, the Report or the faalities of SETSCO.

(3) The Repu~t may not be used It any publicity matenal withoart the witlen consent of SETSGO.

4) The Report may not be reproduced in pert or In full unless approval In weiling has been given by SETSCO.

5) SETSCO shall under no citcumslances be Fable lo the Client or its agents, servants of represenlatives, in contraci, forl {includuig nagligence or broach of statutory duty) ot atherwiss for any direct or indirect loss or
damage: sufered by the Client, its agents. servants o representative howsoever arising or whether connetted with the Services provided by SETSCO herein
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7,

SETSCC

MM-25054/1-12/YPS Page 2 of 14

Date and Place
of Test : 23 December 2011 at Setsco Laboratory

Method of Test : GB/T 1591 : 2008 - Reduced Section Tensile Test (GB/T 228 2002)
- 'V'-Notch Charpy Impact Test (GB/T 22g: 2007)
- Chemical Composition (ASTM E 415: 2008)
Description of
Sample : Eleven (11) pieces of structural steel said to be Grade Q3458 material
were received. The specimens submitted were sampled at Shanghai
Xiazhou Marine Machinery Equipment Co. Ltd.

S/No. Sample Ref. Sample Marking !‘ Heat No. Qty
1 Steel Plate 8mm thk S1 1034768 01
2 Steel Plate 10mm thk s2 91132007 01
3 Steel Plate 12mm thk s3 1023924 01
4 Steel Plate 14mm thk S4-1 91128946 01
5 | Steel Plate 14mm thk S4-2 91128944 01
6 Steel Plate 16mm thk S5-1 1031335 01
7 Steel Plate 16mm thk S5-2 1031331 01
8 Steel Plate 18mm thk S6 1033192141092933 01
9 Steel Plate 20mm thk s7 0903252 01
10 Steel Plate 25mm thk s8 1109-6113 01
11 Steel Plate 40mm thk S9 w? 01

Results : 1) Reduced Section Tensile Test

The tested samples met the requirements of Grade Q3458
GB/T 1591: 2008 specification. Refer to Table 1 attached.

2) V'-Notch Charpy Impact Test
The tested samples met the requirements of Grade Q3458

GB/T 1591: 2008 specification. Refer to Table 2 attached.

3) Chemical Composition
The tested samples met the requirements of Grade Q3458
£ GB/T 1581; 2008 specification. Refer to Table 3 attached.

YAH'PA SUN CHEN NG MENG
Tekting Officer Manager (Mechanical Testing)
/ Mechanical Technology Division
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MM-25054/1-12/YPS

Appendix:

Photographs show samples submitted.
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b)

Test report on structural steel

) SETSCQO SERVICES PTE LTD

SETSCQO 18 Teban Gardens Grescent

Singapore 608925
Tel : (65) 6566 7777
Fax: (65) 6566 7718

Wabsite: www.setsco.com

Business Reg. No. 1869002690

Your Ref: -

Subject

Tested For

Consultant

Subcontractor

Project

RepgftsOlners201 1/stphy

TEST REPORT

(This Report Is issued subject to the terms & conditions set out below)

Our Ref: MM-25064/1-13/YPS Date: 28 December 2011

Testing of structural steel submitted by Greenfab Pte Ltd
on 22 December 2011,

KOON SENG CONSTRUCTION PTE LTD
Fu Lu Shou Complex,

149 Rochor Road,

#05-02 Singapore 188425

Attn: Mr. Albert Goh

LSW CONSULTING ENGINEERS PTE LTD
Blk 261 Waterloo St #04-08
Singapore 180261

Attn: Ms. Shirley Tan / Ms. Jacelyn Lim

1) GREENFAB PTELTD
Bik 8 Jalan Kukoh
#01-33
Singapore 162008

Attn: Mr. Patrick Woo
2) WELL & ABLE INTERNATIONAL PTE LTD
103 Defu Lane 10
#02-03 BTH Building
Singapore 539223

Attn: Mr. Raymond Wong

Proposed Erection of a 4-Storey Factory Comprises of 3-Storey
Production Areas and 1-Storey of Ancillary Dormitory on Lot 0853W,

N

MK11 at 2 Sungei Kadut Loop, Singapore 729449,

Terms & conditions:

(1) The Report Is prepared ‘or the sole use of the Client and is prepared based upon the fiem submilled, the services Tequl
Report is nal intended fo be representative o similar o equivalent Services on similar or &quivalent ltems,
(2) SETSCO aqrees lo use reasonable diligence in the performiznca of Ine Servicas bul o warranties are given

{3) The Reporl imay not be used in any publicily material withoul the written consenl of SETSCO.
{4) The Report may nm be repreduced in part o In full unless approval In writing has been given by SETSCO.

(5) SETSCO shall unde no circumstanses be lizble to the Client or its agents, servants o reprasentalives, in contiac

damage suftered Ly the Glignt. Its agents, servants or representative howsoaver arising cr whelher connecied witn the Services provided by SETSCO hersin,

ircd by the Clieal and the conditions under which the Services are pertormed by SETSCO. The
The Report does not constitute an endatserment by SETSCO of the ilem

and nens iy be implled directly or Indirectly relating to the Services. the Reaoi or the facilities of SETSCO.

1, tort (inciuding negligence or breach of slatutory duty) o otherwise for any direct or indirect Joss o
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MM-25054/1-13/YPS

Date and Place
of Test H

Method of Test :

Description of

7,

SETSCO

Page 2 of 9

23 December 2011 at Setsco Lahoratory

GB/T 1581: 2008 - Reduced Section Tensile Test (GB/T 228: 2002)
- V'-Notch Charpy Impact Test (GB/T 229: 2007)
- Chemical Composition (ASTM E 415: 2008)

Sample Eight (08) pieces of structural steel said to be Grade Q3458 material
were received. The specimens submitted were sampled at Shanghai
Xiazhou Marine Machinery Equipment Co. Ltd.
S/No. Sample Ref. Samplt-a Marking Heat IGE) —C!“t; B
1 H Beam 300 x 150 x 6.5 x 9 H1 JH11100470 | 01
2 H Beam 600 x 200 x 11x 17 H2-1 JF11112481 01
3 H Bearn 600 x 200 x 11 x 17 H2-2 JF11112482 01
4 H Beam 700 x 300 x 13 x 24 H3 JH11111468 01
5 H Beam 350 x 350 H4 JH11102363 01
B H Beam 400 x 200 HS 09203012 01
7 H Beam 400 x 400 H6-1 JH11111187 01
8 H Beam 400 x 400 H6-2 JH11120081 01
Results 1) Reduced Section Tensile Test
The tested samples met the requirements of Grade Q3458
GB/T 1591: 2008 specification. (Refer to Table 1 attached)
2} M'-Notch Charpy Impagt Test
The tested samples met the requirements of Grade Q3458
GB/T 1591: 2008 specification. (Refer to Table 2 attached)
3) Chemical Composition
Refer to Table 3 attached.
YA -SUN w ANG MENG
Tesfing Officer Manager (Mechanical Testing)

Mechanical Technology Division
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Photographs show samples submitted,

SETSCO
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4.0 PARTB

AUTOCLAVED LIGHTWEIGHT
CONCRETE PANEL (ALCP)
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4.1 DESCRIPTION

411

4.1.2

4.1.4

4.1.5

4.1.6

General Description of the Product
ALCP is a lightweight pre-cast building material that simultaneously provides
structure, insulation, as well as resistance to mold and fire.

Usage and Application of the Product

ALCP panels can be used as external and internal construction product. This
product has been used in various kinds of buildings such as external, internal
and partition panels for airport, school, houses and others.

Element of the Product
Raw materials which includes silicon silica sand, cement, calcium lime,

gypsum and small quantity of aluminum

Usage Limitation

Under normal condition or environment, there is no limitation of using ALCP
as a partition.

Manufacturing Process J

The manufacturing process applies high-temperature and high-pressure
steam to create many air holes in the panel which also reinforced with anti-
corrosion processed steel bar. The complete production process, from mixing
raw material, anti-corrosion processing of steel bar, organizing into frame,
pouring of paste, cutting, steaming, pressing, to surface processing, etc, all
these process are managed, controlled accurately and consistently using
specialized computer software, and stringent quality control during process.
Only skim coats required for surface smoothness. The details of

manufacturing process for ALCP are described in Appendix B1.

Technology and Skilled Required
There is technology or skilled required in mix formulation of producing

lightweight concrete.

4.2. BASIS OF APPRAISAL

421

Document Received from Well & Able (M) Sdn Bhd (WASB)
The following documents were received to support the appraisal of the

product,
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4.3

Documents on the details and description of the product

Test report on the product testing

4.2.2 Technical Visit

No technical visit to site has been made.

MATERIAL: SPECIFICATIONS AND TESTS

4.3.1

Specifications

Table of properties, size and dimension

The ALCP comes in typical size of 100 mm thick x 600 mm wide with
various lengths. The details of ALCP typical panel dimensions are
attached in Appendix B2.

4.3.2 Types of Testing

4.3.3

A series of test has been to determine the performance of the product. The

types of test are listed below :

Test on material

Test on material is not needed.

Test on product

The tests that have been performed on this product are as follows:

a. Fire Resistant Test

b. Thermal Resistance Test

c. Sound Insulation Test

d. Airborne Sound Insulation Test
e. Partition Performance Test

Additional Test Required
The Applicant is to notify to the Technical Expert Panel on any additional test

required (if any) by fabricator or client.

4.3.4 Check on Test Report Provided by WASB

Test on product

The summary of the tests done and the description of the test are as
shown in Table 7. The official test reports are attached in Appendix
B3.
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Table 7 : The summary of the description of the test and the test results.

Type of test

Result

Fire Resistance Test
(Dated : 26" November 2007)

(for official test report, please refer to Appendix B3 : a ( page 53 - page 67)

i. Structural adequacy
Failure shall be deemed to have occurred when
either

e Collapse occurs or;

e Deflection or rate of deflection occurs in

excess of that specified in the relevant

the Standard that s
the element of

construction under test.

Section of

applicable to

No collapse of any part of
the

occurred throughout the

specimen wall
heating period of 260

minutes.

The specimen satisfied
the requirements of the
AS 1530.4-1997.

ii. Insulation
Failure shall be deemed to have occurred when
one of the following occurs :

o If the

temperature rises by more than 140°C

mean  unexposed face
above its initial value

e If the temperature recorded of at any
position on the unexposed face rises by
more than 180°C above the initial

temperature.

At 240 minutes of test,

the  maximum mean
temperature rise and
maximum temperature
rise above initial
temperature on the
unexposed face of

specimen were 57.4°C
and 64.9°C respectively.
Therefore, the insulation
of the wall partition meets
the Standard for 240
minutes.

The specimen satisfied
the requirements of the
AS 1530.4-1997.

iii. Loss of Integrity
Failure shall be deemed to have occurred when
either :

Cracks, fissures or other opening
developed and through which flames or
hot gases can pass on the unexposed
face or upon other occurrences as set

out in the relevant Section of the

At 241
clearance of 3mm wide
by 700mm
developed

minutes, a

long
beneath
mortar infill along the joint
line between panel B and
C approximately 1000mm
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Standard.

from the wall base.
Therefore, the integrity of
the wall partition meets
the Standard for 240

minutes.

The specimen satisfied
the requirements of the
AS 1530.4-1997.

Thermal Resistance Test
(Dated : 20" August 2007)
(for official test report, please refer to Appendix
B3: b ( page 68- page 71)

Please refer to official
test report for detail

results

Sound Insulation Test
(Dated : 26" October 2007)
(for official test report, please refer to Appendix

B3 : ¢ ( page 72- page 79)

The tested ALC floor
panel system achieved a
weighed normalised
impact sound pressure

level, L ,,, = 92dB.

Impact sound insulation
rating is computed
according to ISO 717-

2:1996 (E).

Airbone Sound Insulation Test

(Dated : 16" October 2007)

(for official test report, please refer to Appendix
B3 : d ( page 80 - page 87)

The tested sample has a
weighted sound reduction
index, Ry, (C, Cy) =38 (-1.-
3).

Sound insulation rating is
computed according to
ISO 717-1:1996.

Partition Performance Test
(Dated : 31% December 2007)

(for official test report, please refer to Appendix B3 : e ( page 88 - page 105)

i. Partition stiffness

The test is to establish the ability of the partition
to withstand people or ladder learning against
the partition wall without causing unacceptable

cracking or movement.

No

observed

damaged was
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ii. Small hard body impact
This test is to simulate impact caused by sharp
or pointed object such as trolleys and
wheelchairs.
i. Surface damage
This test is to determine the resistance of
the partition to damage from impacts by
small, hardy body objects
ii. Perforation
This test is to determine the resistance of
the partition to perforation from impacts by

small, hard objects.

No damage or
dislodgement of partition

was observed

No

dislodgement of partition

damage or

was observed

iii. Large soft body impact

This test is to simulate impact caused by people
falling against or any large soft body object such
as a ball hitting the partition wall.

i. Resistance to surface damage

ii. Resistance to structural damage

No damage observed
No damage observed

iv. Door slam

The test simulates a door being forcefully
slammed by a person, wind or tensioned door
closer.

No damage observed

v. Crowd Pressure
The test simulates a uniform band load such as

a crowd leaning against the wall.

No crack line or damage

was observed

49




4.4

COMPLIANCE TO INTERNATIONAL STANDARDS OR EQUIVALENT

The tests on product were performed by other parties that have related product with

WASB (Please refer Section 10.1). The test procedures adopted the international

standards or equivalent. The standards adopted are shown in Table 8:

Table 8: Type of tests and standards adopted

Type of Test

Standard

Fire Resistance Test

AS 1530.4-1997

Methods for fire tests on building
materials, components and structure.
Part 4. Fire resistance tests of

element of building construction

Thermal Resistance Test

ASTM C518-04

Standard test method for steady-state
heat flux measurements and thermal
transmission properties by means of

the heat flow meter apparatus

Sound Insulation Test

ISO 140-6:1998
Acoustics — Measurements of sound
insulation in buildings and building
Part 6:

measurements of impact sound

elements - laboratory

insulation of floors

Airborne Sound Insulation Test

1ISO 140-3:1995
Laboratory measurements of airborne

sound insulation of building elements

Partition Performance Test

SS 492:2001 & BS 5234 Part 2:1992
Partition (including matching linings)
Part 2: Specification for performance
requirements  for  strength  and

robustness including methods of test
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4.5

APPENDIX B
B1: MANUFACTURING PROCESS OF ALCP

Silica sand, cement, calcium lime and gypsum are mixed. Small
quantity of aluminum powder is then added to the slurry

The anti-rust treated steel bars are assembled into mesh frames,
and then put into the mould, where the material slurry is poured

Chemical reactions begin after the pouring of the slurry. Bubbles
appear evenly in the mould structure. The bubbles emerging at
this time will determine the performance of the ALCP

After the structure gains its early strength through foaming and
waiting, the ALCP will be cut using piano wires to the desired
length, width and thickness of the panels.

The autoclave process is used to treat the panels, hardening
them at high temperature and high pressure steams

The autoclave process is used to treat the panels, hardening
them at high temperature and high pressure steams

Decorative patterns may be made on the surfaces of the ALCP
that have been treated in autoclaves, according to the
customers’ reauirements

All panels are subject to strict quality inspection to ensure the
products that are delivered to customers are of the highest
possible quality

Figure 10 : Flow chart to show the manufacturing process of ALCP product
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B2 : PRODUCT DIMENSION OF ALCP

: I
. T
s I
e
Rl o 3

H |

I o ) Y]

Viall Panel cross section dimensions
2]

4 549

+ =
g +5 P =5

E\ A.;Ft

. Floor Panelcross section dimensions JuTL

Width
Panel Cread) Length (mm)
Wall Panel . . .
toomm — | s00 | #CE . ®
thick a
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100mm 600 custom length
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B3 : TEST REPORT OF ALCP PRODUCT

a) Fire Resistance Test Report

Test Report No. SO7TMEC0023/IHN
dated 31 Dec 2007

Note: This reporl is issued subject lo TOV SUD PSB's "Terms and Conditions Governing Technical Services®, The terms ) S B

and condilions governing the issue of this report are set out as attached within this repor.

SUBJECT:

Fire resistance test on “Godiniland” wall parfition system with asymmetrical joints
constructed using Autoclave Lightweight Concrete (ALC) submitted by Godiniland.
TESTED FOR:

GISS Pty Ltd

Ground Floor, 2 Mill Street

PO Box 343

Perth WA 6000

Australia

Attn: Mr. Dave Teh

DATE SUBMITTED:

26 Nov 2007

DATE OF TEST:

07 Dec 2007

PURPOSE OF TEST:

1 To determine the fire resistance of the specimen when tested in accordance with
AS 1530.4-1997 "Methods for fire tests on building materials, components and
structures. Part 4: Fire resistance tests of elements of building construction”. The
test was performed in accordance with Section 2 (General Requirements) and
Section 3 (Walls and Partitions) of the standard mentioned.

A i

S, Ao aioAs e e e
B ¥,  accodance igboratory's temms of accrm
SS=ry e inder U Singepore Accredtaton Councd - Sngzpore
M ACCAEQITED  LA2001-03B3G mewmﬁmuﬂmm
Gt LEEIEY  (AooTomig Mot SACSINGUAS Accrected i this Report e not
. TNS  SAC-SINGLAS LAzwromse incuted inthe SAC SNGLAS Abretatin Schedue
EEJEEI ol LA207OIC O laberetory
Laboratory: Phone : +65-6885 1333 Regional Head Office:
TUV SUD PSB Pte. Ltd, Fax: +85-6776 8670 TOV SOD Asia Pacific Pte. Ltd.
Testing Group E-mail: lesting@tuv-sud-psb.sg 3 Science Park Drive
No.1 Science Park Drive www.tuv-sud-psb.sg #04-01/05 The Franklin
Singapore 118221 Co. Reg : 199002667R Singapore 118223 Page 1 of 15
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Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007

TEST PROCEDURE:

2

Before the commencement of test, the ambient temperature in the general
vicinity of the test specimen construction was ensured to be not exceeding 35°C.
The datum values for each individual temperature and deflection measurements
were recorded not more than 15 minutes before the commencement of test,

During the test, with commencement of heating of the specimen, the furnace
temperature and pressure were controlled to comply with the requirements
specified in AS 1530.4-1997 Section 2 Clause 2.9.1, 2.9.2 and 2.9.3. The
pressure was controlled such that a linear pressure gradient of 8.5+2 Pa per
1000mm height exist above a neutral pressure axis at a height of approximately
500mm above the notional floor level. However, the maximum pressure at the
top of a vertical test construction shall not exceed 20Pa.

Throughout the course of the test, observation was made of the behaviour of the
specimen for compliance with the relevant performance criteria stated in Clause
211 (Criteria of Failure) of AS 1530.4-1997 with emphasis on structural
adequacy, integrity and insulation.

Mean temperature on the unexposed face of insulated specimen were measured
by five number of surface mounted thermocouples, with one positioned
approximately at the centre area and one approximately at centre of each
quadrant.

Maximum temperatures on the unexposed face of insulated specimen were
measured by two additional surface mounted thermocouples positioned at
locations deemed to be hotter than those specified to be the average on the
surface.

Observations, on the behaviour of the test specimen throughout the heating
period, were made and recorded. As appropriate, cotton pads, gap gauges and
roving thermocouple were used to establish the occurrence of failure.

The test was terminated when one or more failures as stated in the performance
criteria occurred, or otherwise at a time agreed between the sponsor of test and

the test laboratory.

JPB

= (orporation

Page 20f 15
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Test Report No. SO7TMEC00023/IHN ‘ 3
dated 31 Dec 2007 | ( |

PERFORMANCE CRITERIA:

@ The specimen is assessed against the following test criteria:
9.1 Structural adequacy

Failure shall be deemed to have occurred when either:

- Collapse occurs or

- Deflection or rate of deflection occurs is in excess of that specified in the
relevant Section of the Standard that is applicable to the element of
construction under test.

9.2  Loss of Integrity

Failure shall be deemed to have occurred when either:

- Cracks, fissures or other openings developed and through which flames or
hot gases can pass on the unexposed face or upon other occurrences as set
out in the relevant Section of the Standard.

9.3 Insulation

Failure shall be deemed to have occurred when ane of the following occurs:-

- If the mean unexposed face temperature rises by more than 140°C above its
initial value.

- If the temperature recorded of at any position on the unexposed face rises by

more than 180°C above the initial temperature,

Page 3 of 15
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Test Report No. SOTMEC00023/IHN
dated 31 Dec 2007

DESCRIPTION OF TEST SPECIMEN:

10

11

12

13

The test specimen consisted of a non load bearing 3000mm (wide) x 3000mm
(high) “Godiniland” wall partition system constructed with Autoclaved Lightweight
Concrete (ALC) partition wall of 100mm nominal thickness. The wall with
asymmetrical joints was vertically constructed within a test frame with ordinary
bricks of size 215mm x 90mm x 75mm placed along the base as lateral support and
along two vertical sides of the wall. A thermal expansion gap of approximately
20mm wide filled with ceramic wool was provided along one vertical edge of the
constructed wall. The test frame was mounted onto the test furnace (PSB Asset No:
20009077) and the test was conducted at TUV SUD PSB Pte Ltd. fire test
laboratory located at No. 10 Tuas Ave 10, Singapore 639134,

Five panels of Autoclaved Lightweight Concrete (ALC), with the word “Siporex”
stamped on the base, were vertically erected and interlocked with a tongue and
groove jointing along the longitudinal edge. Each panel was reinforced with
diameter 6mm steel rods embedded within the core. The nominal dimensions of
each "Siporex™ Autoclaved Lightweight Concrete (ALC) panel was 600mm (wide) x
3000mm (high) x 100mm (thick) and the bulk density was found to be 662kg/m® .
Interfacing vertical joints between each panel and along the wall perimeter were
grouted with ordinary cement mixture on the exposed and unexposed faces.

An inspection on the specimen was conducted during the construction stages by a
TUV SUD PSB staff to verify on its material used, dimensions and designs. Details
of the partition wall are as shown in Figure 2 to 4.

Installation of the test specimen onto the test furnace was arranged and carried out

by TOV SUD PSB Pte Ltd.

JPSB

< (omporetion

Page 4 of 15
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Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007

TEST RESULTS:

14 Table 1 shows the temperature rise for the furnace and the standard curve. In
addition, the table shows the percentage difference between the area under the
standard curve and the area under the furnace curve compared with the
percentage tolerance allowable within the standards.

15 Table 2 and 3 show the mean and maximum unexposed face temperature above
the initial temperature.

16 Table 4 shows the deflection measurement of the drywall partition towards the
furnace along its mid-height.

17 Figure 1 shows the actual time-temperature curve of furnace in relation to the
specified time-temperature curve.

18 Photographs of the test are shown in Plates 1 to 4.

19 Observations were made during the test on the unexposed face of the test
specimen and these are given in Appendix 1 of this report.

20 The results of this fire test may be used to directly assess fire hazard, but it should
be recognised that a single test method will not provide a full assessment of fire
hazard under all fire conditions.

CONCLUSION:

21 The specimen satisfied the requirements of the AS 1530.4-1997 for the periods
stated below:

Structural adequacy i 260 minutes
Integrity : 240 minutes
Insulation ; 240 minutes

Ao i

JPIB
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Test Report No, SO7TMEC00023/IHN
dated 31 Dec 2007

REMARKS:
22 Structural adequacy

No collapse of any part of the specimen wall occurred throughout the heating
period of 260 minutes.

23 Integrity

At 241 minutes, a clearance of 3mm wide by 700mm long developed beneath
mortar infill along the joint line between panels B and C approximately 1000mm
from the wall base. Therefore, the integrity of the wall partition meets the standard
for 240 minutes.

24 Insulation
At 240 minutes of test, the maximum mean temperature rise and maximum
temperature rise above initial temperature on the unexposed face of specimen were

57.4°C and 64.9°C respectively. Therefore, the insulation of the wall partition meets
the standard for 240 minutes.

AL

Ismail'Bin Hassan Chan Lufg Toa

Associate Engineer Product Manager
(Fire Safety & Security Products)
Mechanical

&

JPB

T (orporation

Page 6 of 15

58



Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007

JP3B
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Table 1: Compatison of area under the curve

Temperature rise Area under curve Percentage Standard
Time (°C) (°C min) difference tolerance
(min) | Standard | Furnace | Standard | Furnace (%) +9%
5.0 556.4 563.7 2038.1 2043.1 0.2
10.0 658.4 655.4 5102.7 5094.2 -0.2 15.0
15.0 718.6 720.6 8554.8 8550.3 -0.1
30.0 821.8 822.6 20195.3 201941 0.0 10.0
60.0 925.3 9249 46579.6 46576.7 0.0
120.0 1029.0 1029.2 105566.9 | 105558.2 0.0 5.0
180.0 1088.7 1090.1 169252.9 | 169247 .1 0.0
240.0 1132.8 1134.1 235091.4 | 235986.6 0.0
260.0 1144.8 1143.4 | 258769.2 | 258764.4 0.0

Table 2: Unexposed face temperature of the Wall Partition

Above initial
Time Thermocouple no. mean temp
Mean (°C)
(min) Temp | Mean | Max.
100 101 102 104 105 C) temp | temp
0.0 26.8 27.8 275 275 27.0 27.3 - -

15.0 27.3 27.8 27.8 28.0 27.5 27.7 0.4 0.6

30.0 33.6 34.7 34.5 334 33.2 33.9 6.6 7.0
60.0 72.5 73.9 76.0 734 75.4 74.2 46.9 | 48.5
120.0 78.9 80.4 82.7 80.7 81.5 80.8 53.5 55.3
180.0 81.8 83.0 85.2 84.9 83.9 83.8 56.4 57.7
240.0 82.6 835 86.2 86.0 85.1 84.7 57.4 58.7

Note: The mean temperatures were derived from thermocouple points 100 to 102 and 104 to 105.

A e
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Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007

Table 3: Additional unexposed face temperature of the Wall Partition

Time Thermocouple no. Mean Max. temp above initial
(min) 106 108 Temp temp (°C)
(°C)
0.0 27.4 27.2 27.3 -

15.0 28.0 27.5 27.8 0.6

30.0 347 33.9 34.3 7.3

60.0 747 73.3 74.0 47.3

120.0 83.4 81.9 82.6 56.0

180.0 87.0 84 .4 85.7 59.6
240.0 92.3 84.8 88.68 64.9

Table 4 ; Deflection of the Wall Partition towards the furnace

Time Measurement of deflection (mm)
(min.) A B C D E
10.0 4 8 3 1 3
20.0 4 8 5 3 3
30.0 9 10 11 9 3
45.0 11 14 14 11 3
60.0 9 14 12 10 3
90.0 6 9 8 6 3
120.0 4 5 7 2 3
150.0 4 2 0 0 1
180.0 3 2 0 0 3
210.0 4 3 2 0 0
240.0 12 26 33 14 3
Note: The measuring points at mid-height of the wall are indicated in Figure 2.
Page 8 of 15
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Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007
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a FURNACE AYG TEMP ol
- u \CE AYG TERM SOTMECDD023

STD CURVE

1560

iR G

Time tmung

FIGURE 1 FURNACE AVERAGE TEMPERATURE

A b
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Test Report No. SOTMEC00023/IHN
dated 31 Dec 2007

Plate 1: The unexposed face of specimen before test.

Plate 2: At about 60 minutes of test,

E Page 10 of 15
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Test Report No. SO7TMEC00023/IHN
dated 31 Dec 2007

Plate 3: At about 241 minutes of test.

Plate 4: At about 260 minutes of test.

Ao
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Test Report No. SOTMEC00023/IHN :
dated 31 Dec 2007 @

APPENDIX 1
(mT:_T;zC) Observation on the unexposed face

00:00 Test commenced.

18:00 Small volume of smoke released from panels longitudinal joints.

30:00 Integrity of wall remained intact. Slight inward deflection was recorded across
) wall mid-height.

40:00 Slight clearance developed beneath mortar infill between vertical joint of panel
: D and E at wall mid-height.

60:00 Integrity was observed to remain intact and increased inward deflection across

wall mid-height was recorded.

120:00 Integrity remained intact.

180:00 No significance occurrence was observed.

Increased inward deflection along the wall mid-height was recorded and the

240:00 integrity of wall was intact.

A radiating hot opening of approximately 3mm wide by 700mm long developed
241:00 beneath mortar infill along the joint line between panel B and C approximately
1000mm from wall base. Integrity of the wall was deemed to have failed.

A digital roving thermocouple was placed about 50mm from the radiating hot

250:00 opening mentioned at 241 minutes on the unexposed face and a temperature
of 225°C was recorded.
254:00 Hairline cracks begun to emerge on of all panels surface,

260:00 Test was terminated.

A bz
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Test Report No. SO0O7MEC00023/IHN
dated 31 Dec 2007

P

= (orporation

This Report is issued under the following canditions:

1.

Resulls of the testing/calibration in the form of a report will be issued immedialely after lhe service has been completed or terminaled.

2. Unless olhenwise requested, a report shall conlain only technical results. Analysis and interprelation of the resulls and professional opinion
and recommendations expressed thereupon, if required, shall be clearly indicated and additional fee paid for, by the Client.

3. This report applies to the sample of the specific product/eguipment given al the time of its lesling/calibration. The results are not used to
indicale or imply that they are applicable lo other similar items. In addilion, such results must nol be used to indicale or imply that TUV SUD
PSB approves, recommends or endorses the manufactures, supplier or user of such product/equipment, or thal TUV SUD PSB in any way
“guarantees” the later performance of the product/equipment.

4. The sample/s mentioned in this report is/are submitted/supplied/manufactured by the Client. TUV SUD PSB therefore assumes no
responsibility for the accuracy of information on the brand name, model number, origin of manufaciure, consignmenl or any information
supplied.

5. Additional copies of the repori are available {o the Client al an addilional fee. No third party can obtain a copy of this repart through TUV SOD
PSB, unless the Client has authorised TUV SUD PSB in writing lo do so.

6. TUv SUD PSB may at its sole discretion add ta or amend the condilions of the report al the time of issue of the report and such repor and
such additions or amendments shall be binding on Lhe Client.

7. All copyright in the report shall remain wilh TUV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the carrying oul of
the teslsfcalibrations, be granted a license to use or publish the report to the third parties subject o the terms and conditions herein, provided
always thal TUV SUD PSB may at its absolute discretion be enlilled 1o impose such conditions on the license as it sees fil.

8. Nothing in Ihis reporl shall be interpreted to mean that TUV SUD PSB has verified or ascertained any endorsement or marks frem any olher
testing authority or bodies that may be found on that sample.

8. This report shall nol be reproduced wholly or in parls and no reference shall be made by the Client to TUV SUD PSB of lo the report or results
furnished by TUV SUD PSB in any advertisemenis or sales promolion.

10. Unless othenwise stated, the lesls are carmied outin TUV SUD PSB Pte Ltd, No.1 Science Park Drive Singapore 118221.

May 2007
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b) Thermal Resistance Test Report

BRANZ

EC1392/1

Thermal Resistance of a lightweight
concrete panel

Author: lan Cox-Smith //[ 4"4(/"{\

Building Physicist
IANZ Approved Signatory

U
E,\H

o

2

Reviewer:  Sheng-Huei Huang

Technician
IANZ Approved Signatory

All tests reported herein have been undertaken at the BRANZ Lid laboratories
located in Judgeford, Porirua, New Zealand, unless stated otherwise.

. BRANZ PTY Ltd
Blllllael. Unit 3/20 Wesl Street

Brookvale

NSW 2100

Australia

Tel: +61 2 9938 6011
Fax; +61 2 9938 6911
www.branz.com.ay

International Accreditation New Zealand (IANZ) has a Mutual Recognition Agreement
(MRA,) with the Natlonal Association of Testing Aulhorities, Ausiralia (NATA). Users of test

ofF reports are recommended to accep! lest reports in the name of either accrediting bady. NATA
" i-l;.-‘u:iug_:t
;;" Projecl Number: EC1392 Date of Issue: 29 August 2007 Page 1 of 4 Pages
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BRANZ's agreement with ils Client in relation to this report contains the following terms and conditions
in relation to Liability and Indemnification

a.

Limitation and Liability

i BRANZ undertakes to exercise due care and skill in the performance of the Services and
accepts liability to the Client only in cases of proven negligence.

ii. Nothing in this Agreement shall exclude or limit BRANZ's liability to & Client for death or
personal injury or for fraud or any other matter resulting from BRANZ's negligence for
which it would be illegal to exclude or limit its liability.

il.  BRANZ is neither an insurer nor a guarantor and disclaims all liability in such capacity.
Clients seeking a guarantee against loss or damage should obtain appropriate insurance.

iv.  Neither BRANZ nor any of its officers, employees, agents or subcontractors shall be
liable to the Client nor any third party for any actions taken or not taken on the basis of
any Output nor for any incorrect results arising from unclear, erroneous, incomplete,
misleading or false information provided to BRANZ.

V. BRANZ shall not be liable for any delayed, partial or total non-performance of the
Services arising directly or indirectly from any event outside BRANZ's control including
failure by the Client to comply with any of its obligations hereunder.

vi. The liability of BRANZ in respect of any claim for loss, damage or expense of any nature
and howsoever arising shall in no circumstances exceed a tolal aggregate sum equal to
10 times the amount of the fee paid in respect of the specific service which gives rise to
such claim or NZD3$50,000 (or its equivalent in iocal currency), whichever is the lesser.

vii.  BRANZ shall have no liability for any indirect or consequential loss (including loss of
profits).
viii.  In the event of any claim the Client must give written notice to BRANZ within 30 days of

discovery of the facts alleged to justify such claim and, in any case, BRANZ shall be

discharged from all liability for all claims for loss, damage or expense unless legal

proceedings are commenced in respect of the claim within one year from:

. The date of performance by BRANZ of the service which gives rise to the claim;
or

J The dale when the service should have been completed in the event of any alleged
non-performance.
Indemnification: The Client shall guarantee, hold harmiess and indemnify BRANZ and its
officers, employees, agents or subcontractors against all claims (actual or threatened) by any
third party for loss, damage or expense of whatsoever nature including all legal expenses and
related cosls and howsoever arising relating to the performance, purported performance or non-
performance, of any Services.
Without limiting clause b above, the Client shall guarantee, hold harmless and indemnify
BRANZ and its officers, employees, agents or subcontractors against all claims (actual or
threatened) by any party for loss, damage or expense of whatsoever nature including all legal
expenses and related costs arising out of:
i any failure by the Client to provide accurate and sufficient information {o BRANZ to
perform the Services:
ii. any misstatement or misrepresentation of the Qutputs, including Public Qutputs;
Tii. any defecls in the Products the subject of the Services; or
iv. any changes, modifications or alterations to the Products the subject of the Services.

Report Number: EC1392/1 Date of Issue: 29 August 2007 Page 2 of 4 Pages
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Thermal Resistance of a liphtweight concrete panel

GLIENT

GISS PTYLTD

Ground Floor, 2 Mill Street
Perth WA 6000
AUSTRALIA

DESCRIPTION OF TEST EQUIPMENT

The test equipment used was a LaserComp Fox 600 heat flow meter. The specimen
for testing is placed horizontally in the apparatus, with upwards heat flows. The hot
and cold plates each have a 250 mm x 250 mm heat flux transducer embedded in their
surface. The edges of the specimen are insulated from the room ambient temperature.
The uncertainty in individual thermal conductivity and thermal resistance
measurements is estimated to be 5%.

The sample supplied by the client consisted of a section of lightweight concrete panel
with dimensions 480 mm x 450 mm by approximately 100 mm thickness. The sample
weight was 15.4 kg, giving an apparent sample density of approximately 720 kg/m®.

Figure 1. Apparatus

Insulation Test specimen

) ] \ Upper plate, 610 x 610mm, 13 °C /
v

*. =y { m— = 3 = - - - = ,‘
e e ey ———r
5 RN |
/ Lower plate, 610 x 610mm, 33 °C \

-

Heal flux
6mm foam sheets as contact transducers
medium & heat-flux limiting 250 x 250 mm
Cay SHH
ICS SHH
Em Report Number: £EC1392/1 Dale of Issue: 29 August 2007 Page 3 of 4 Pages
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PROCEDURE

The test setup (figure 1) consisted of the test specimen sandwiched between sheets of
6 mm compressible foam plastic. The foam sheets act as contact media between the
apparatus plates and the sample, minimising contact thermal resistance. Since the
foam sheets add additional insulation they also serve the purpose of limiting the heat-
flux to values that can be measured accurately by the apparatus.

The sample was made up to the test specimen size of 610 mm x 610 mm by the
inclusion of pieces of insulation the same thickness and tested to the requirements of
ASTM C518-04.

The thermal resistance of the sample is determined by subtracting the thermal
resistances of the foam sheets (previously measured) from the total measured thermal
resistance of the test specimen (sample plus two foam sheets).

Although a thermal conductivity has been calculated for the sample, it is the thermal
resistance that is measured, and it is an apparent thermal conductivity that has been
calculated.

The HFM calibration was checked immediately after completing the test using the two
foam sheets, BRANZ secondary reference sample 2xfoam’.

RESULTS

Sample reference D4003
HFM plate spacing (mm) 111.6
Thickness of foam sheets  (mm) 13.0
Mean temperature  (°C) 23.0
Temperature difference (K) 20.0
Heat flux (W/m?) 28.8
Difference between heat-flux transducers (%) 5.0
Total thermal resistance (M2 K/MW + 4%) 0.693
Thermal resistance of foam sheets (M2 K/MW % 3%) 0.376
Therefore:
Sample thickness (mm) 98.6
Apparent sample density (kg/m®) 720
Thermal resistance of sample (M?.K/W + 5%) 0.317
Apparent thermal conductivity of sample  (W/mK + 5%) 0.311
9. REFERENCES
ASTM C518-04. Standard Test Method for Steady-State Heat Flux Measurements and
Thermal Transmission Properties by Means of the Heat Flow Meter
Apparatus.
American Society for Testing and Materials, Philadelphia, PA, 2002.
s SHH
Ics SHH
[_\ a Report Numbar: EC1382/1 Date of issue: 29 Augusl 2007 Page 4 of 4 Pages
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c) Sound Insulation Test Report

Test Report No. 545076035/B/EMK
dated 30 Oct 2007

Note: This report is issued subject to TUV SOD PSB Corporalion's "Terms and Conditions Goveming Technical Services". PSB
The terms and condilions governing the issue of this reporl are set oul as attached within this report. = (orporation

SUBJECT:
Laboratory measurement of impact sound insulation on “GISS" autoclaved lightweight concrete
{ALC) floor panel was submitted by Godiniland on 19 Sep 2007.

TESTED FOR:

Godiniland

Ground Floor, 2 Mill Street,

Perth Wesl Australia 6000

Attn: Mr David Teh

DATE OF TEST:
26 Oct 2007

DESCRIPTION OF SAMPLE:

A "GISS" autoclaved lightweight concrete (ALC) floor panel system was installed on the horizontal
opening of the reverberation room for impact sound insulation test by Tarlic Engineering
Construction.

Dimension Quantity
a) 2.00m (length) x 0.60m (width) x 100mm (thick) 5 pieces
b) 2.00m (length) x 0.39m (width) x 100mm (thick) 1 piece
c) 1.39m (length) x 0.60m (width) x 100mm (thick) 5 pieces
d) 1.39m (length) x 0.39m (width) x 100mm (thick) 1 piece

The density of the ALC floor panel is said to be 750kg/m®.

The exposed area of the ALC floor panel system for testing was 3400mm (length) x 3400mm
(width). Sealant was used to seal all the boundaries of the floor panel system.

Ad

PSB TEST "

Your Peace of Mind

Laboratory: Phone ; +65-6885 1333
TUv'SUD PSB Corporation Pte. Lid, Fax: +65-6776 8670
Testing Group E-mail; testing@psbcorp.com
Ne.1 Science Park Drive www.psbearp.com

Singapore 118221 Co. Reg : 198002667R

WY—dpt-

Regional Head Office:

TUV SUD Asia Pacific Pte, Ltd.
3 Sclence Park Drive

#04-01/05 The Franklin

Singapore 118223 Page 1 of 10
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Test Report No. 54S076035/B/EMK
dated 30 Oct 2007

JPB

< (oporotion

METHOD OF TEST:

The test was conducted to [SO 140-6 : 1998 “Acoustics — Measurement of sound insulation in
buildings and of building elements — Part 6 : Laboratory measurements of impact sound
insulation of floors”

Area of test specimen: 11.56m?>

Air temperature in reverberation room: 26°C

Relative air humidity in reverberation room: 70%

Reverberation room valume: 86m> o
Location of the test: Acoustics Lab of TUV SUD PSB Pte Ltd

TEST EQUIPMENT:

The following instruments were used for the test.

1) A dual-channel real-time frequency analyser (B&K Type 2133)
2) A tapping machine (B&K Type 3207)

3) A" condenser microphone with preamplifers (B&K Type 4180)
4) A sound pressure level calibrator (Norsonic Type 1251)

5) A set of rotating microphone booms (B&K Type 3923)

-4t

Page 2 of 10
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Test Report No. 54S5076035/B/EMK
dated 30 Oct 2007

TEST PROCEDURES:

1) Instrumentation was set up according to ISO 140-6.

2) Measurement system was calibrated using a sound leve! calibrator Norsonic Type 1251.

3) Background hoise level for reverberation room was measured.

4) Tapping machine was switched on and placed on the top surface of the roof system at 45° to
the direction of the beams and maintained at constant noise level. The sound pressure level

in the reverberation room was ensured to be 15dB higher than the background noise level.

5) Recording time for both rotating microphone booms was set to 64s which equals to the time
taken by the booms to complete two revolutions.

6) Impact sound pressure level in the reverberation room was measured with a dual — channel
acoustic analyser (B&K 2133), and the measurement was repeated twice.

7) Step 4 was repeated thrice at 3 different tapping positions.

8) Reverberation time (RT) of the reverberation room was measured from two different
loudspeaker positions.

9) The mean values of the four readings for impact sound pressure level and four readings for
RT values were calculated.

10) Values of normalised impact sound pressure level and sound absorption area were
determined for each 1/3 octave frequency band from 100Hz to 5kHz based on the mean
values of step 9.

11) Weighted normalised impact sound pressure level was calculated based on the values of
step 10.

J0sB

(orporation

-4t
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RESULTS:

Test Report No. 545076035/B/EMK
dated 30 Oct 2007

OB

(orporation

Values of normalised impact sound pressure level (L,) of the roof system were tabulated in Table 1. Impact
Sound Insulation Rating is computed according to [SO 717 - 2 : 1996(E) “Acoustics - Rating of sound
insulation in buildings and of building elements — Part 1: Airborne sound insulation”.

Table 1 : Measured values of R and values of the shifted reference curve for L, - 92dB

e by Shified Reterence .
Frequency (Hz) Pressure Level, Ly =92 (;lB) eficiency
L, (dB) .
100 67 o4 0
125 70 94 0
160 71 o4 0
200 73 94 5
250 76 94 0
315 78 o4 0
400 82 93 0
500 85 92 0
630 87 91 0
800 88 90 0
1000 88 89 W
1250 88 86 2
1600 87 83 4
2000 87 80 7
2500 85 77 8
3160 82 74 8
4000 77 71 -
5000 70 68 o
Total deficiency (100Hz — 3150Hz) : 29

Note: The values in Table 1 were plotted as shown in Figure 1.

Remarks:

The tested ALC floor panel system achieved a weighted normalised impact sound pressure level, Lyw=92

Ee Min Kuen
Testing Officer

Lo O AP

Dr Sun Qiging

Assistant Vice President
Acoustics & Packaging
Testing Group

Page 4 of 10
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Test Report No. 54S076035/B/EMK
dated 30 Oct 2007

RESULTS: {cont'd)

Figure 1 : Impact sound insulation performance of on “GISS” autoclaved lightweight
concrete (ALC) floor panel
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Test Report No. 545076035/B/EMK
dated 30 Oct 2007

Figure 3 : Test setup of floor panel system installed on top of the reverberation room

Page 6 of 10
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Test Report No. 54S076035/B/EMK

dated 30 Oct 2007
; o e e . Jointdesign
100mm | | Ve @loorPanel  © e ! s
-- e e S
6mmdia Fill up with concrete
Steel rod P
.

Figure 4 : Joint Detail and Cross Section of ALG floor panel
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Test Report No. 545076035/B/EMK
dated 30 Oct 2007

JPB

T (orpoation

This Reportis issued under the following conditions:

1. Results of the testing/calibration in the form of a report will be issued immediately after the service has been completed or terminated.

2, Unless otherwise requested, a report shall conlain only technical results. Analysis and interpretation of the resulls and professional opinion
and recommendations expressed thereupon, if required, shall be clearly indicated and additional fee paid for, by the Client.

3. This report applies to the sample of the specific product/equipment given at the time of its testing/calibration. The results are nol used to
indicate or imply that they are applicable to other similar tems. In addition, such resulls must nol be used to indicate or imply that TUV SUD
PSB approves, recommends or endorses the manufacturer, supplier or user of such product/equipment, or that TOV SUD PSB in any way
*guarantees” the later performance of the product/equipment.

4. The sample/s menlioned in this report isare submitted/supplied/manufactured by the Client. TUV SUD PSB therefore assumes no
responsibility for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information
supplied.

5. Additional copies of the report are available o the Client at an additional fee. No third party can obtain a copy of this report through TUV SUD
PSB, unless the Client has authorised TUV SUD PSB in writing to do s0.

6. TUv SUD PSB may at its sole discretion add to or amend the canditions of the report at the time of issue of the report and such report and
such additions or amendments shall be binding on the Client.

7. All copyright in the report shall remain with TUV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the camying out of
the tests/calibrations, be granted a license to use or publish the report to the third parfies subject to the terms and conditions herein, provided
always that TUV SUD PSB may at ts absolute discretion be entilled to impose such conditions on the license as it sees fit.

8. Nothing in this report shall be interpreted to mean that TOV SUD PSB has verified or ascertained any endorsement or marks from any other
testing authority or bodies that may be found on that sample.

8. This repori shall nat be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUD PSB or Lo the report or resus
furnished by TUV SUD PSB in any advertisements or sales promolion.

10 Unless otherwise stated, the tests are camied out in TUV SUD PSB Pte Ltd, No.1 Science Park Drive Singapare 118221,

May 2007
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d) Airborne Sound Insulation Test Report

Test Report No. 54S076035/A/LCM
dated 22 Oct 2007

Note: This repor is issued subject lo TUV SUD PSB's "Terms and Condilions Governing Technical Services”. The terms ) S
and condilions governing Lhe issue of this report are set out as attached wilhin this report. = (orpor

SUBJECT:

Laboratory measurement of airborne sound insulation of “GISS” autoclaved lightweight concrete
(ALC) wall panel submitted by Godiniland on 19 Sep 2007.

TESTED FOR:

Godiniland

Ground Floor, 2 Mill Street,

Perth West Australia 6000

Attn; Mr David Teh

DATE OF TEST:

16 Oct 2007

DESCRIPTION OF SAMPLE:

A “GISS" autoclaved lightweight concrete (ALC) wall panel system of dimension of 3.18m (width) x
3.16m (height) x 100mm (thick) was installed onto the sample carrier by Tarlic Engineering
Construction.

Dimension Quantity
a) 3.19m (length) x 0.6m (width) x 100mm (thick) 5 pieces

b) 3.18m (length) x 0.19m (width) x 100mm (thick) 1 piece
The density of the ALC wall panel is said to be 750kg/m®.

ALC grout and sealant was used to seal the joint of the external side of the wall. Normal concrete

was used to seal the joint of the internal side of the wall.

LA-2007-0380-A 2
LA-zml-ngwM The results reported herein have been pedformed in

acoordance with the laboratory's terms of accreditation

L,
S
S 3_%;3;3;;; under the Singapore Accrediation Council - Singapore
ﬂﬁﬁﬁ ACCREDITED LA-2007-0383G  L2bordtory & Scheme Tesis/C aked
— Not SAC-SINGLAS Accredied” in this Reporl are not

2,
2,

PN LABORATORY  LA-2007-0384-G 4 ;

CA NS y 2007.03 included in the SAC-SINGLAS Actreditation Schedue for
PSB TEST » i SAC-SINGLAS namasse (bt o
Laboratory: Phene : +65-6885 1333 Regional Head Office:
;Uv sug PSB Pee. LLd. Ea;au l;ggn-ggf ﬂsﬁaﬁm TOV SUD Asia Pacific Pre, Lid.

‘esting Group -mail: -5 3 Science Park Drive

No,1 Science Park Drive www. tuv-sud-psb.sg #04-01/05 The Frankliin
Singapore 118221 Co.Reg : 199002667R Singapore 118223 Page 1 of 8
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METHOD OF TEST:

The test was conducted in accordance with ISO 140 ~ 3 : 1995 “Laboratory measurements of airborne
sound insulation of building elements”.

Area of test specimen : 3.185m x 3,160m = 10.07m?

Air temperature in both source room and receiving room : 26°C

Relative air humidity in both source room and receiving room : 59%

Source room volume : 73m®

Receiving room volume : 86m?
Location of the test : Acoustics Lab of TUV SUD PSB Pte Ltd

TEST EQUIPMENT:

The following instruments were used for the test.

1) A dual-channel real-time frequency analyser (B&K Type 2133)
2) An Omni-loudspeaker (B&K Type 4296)

3) Two sets of 14" condenser microphones (B&K Type 4190)

4) Two sets of microphone preamplifers (B&K Type 2669)

5) A sound pressure level calibrator (Norsonic Type 1251)

6) A sound source amplifier (Crown mode! CE 1000)

7) Two sets of rotating microphone booms (B&K Type 3923)

Page 2 of 8
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TEST PROCEDURES:

1) Instrumentation was set up according to 1ISO 140 - 3.
2) Measurement system was calibrated using a sound level calibrator Norsonic Type 1251.
3) Background noise level for both source room and receiving room were measured.

4) Sound source system was switched on and maintained at constant level. The sound pressure level in
the receiving room was ensured to be 15dB higher than the background noise level.

5) Recording time for both rotating microphone booms was set to 64s which equals to the time taken by
the booms to complete two revolutions.

6) Sound pressure level difference between the source room and the receiving room was measured
with a dual — channel acoustic analyser (B&K 2133}, and the measurement was repeated 3 times.

7) Step 6 was repeated after the loudspeaker was moved to new position.

8) Reverberation time (RT) of the receiving room was measured from two different loudspeaker
positions. Each loudspeaker position was measured 2 times.

8) The mean values of the six readings for sound pressure level difference and four readings for RT
values were calculated.

10) Values of sound reduction index were determined for each 1/3 octave frequency band from 100Hz
to 5kHz based on the mean values of step 9.

11) Weighted sound reduction index (Ry) (single number for rating sound insulation of the sample) and
its adaptation terms (C, Cy) according to ISO 717-1 was determined at the frequency of 500Hz of
the shifted reference curve (see figure 1).

bt
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RESULTS:
Values of sound reduction index (R) of the tested sample were tabulated in Table 1. Sound

Insulation Rating is computed according to ISO 717 - 1 : 1996 “Acoustics - Rating of sound
insulation in buildings and of building elements — Part 1: Airborne sound insulation”.

Table 1 : Measured values of the test sample and values of the shifted reference curve

forR, =38
IECea by | Reseeeed [ A ener [ e
requency (Hz) R (dB) R, = 38 (dB)

100 32.1 19.0 0.0
125 34.7 22.0 0.0
160 33.4 25.0 0.0
200 30.8 28.0 0.0
250 296 31.0 1.4
315 29.7 34.0 4.3
400 30.0 37.0 79
500 30.8 38.0 b2
630 33.6 30.0 5.4
800 37.8 40.0 22
1000 40.9 41.0 0.1
1250 43.1 42.0 0.0
1600 45.9 42.0 i
2000 47.8 42.0 s
2500 49.9 42.0 0.0
3150 619 42.0 5.0
4000 53.9 420 0.0
5000 56.1 42.0 0.0
Total deficiency (125Hz - 4000Hz) : 28

The values in Table 1 were plotted as shown in Figure 1.

Remark: The tested sample has a weighted sound reduction index, Rw(C, Cy) = 38 (-1, -3).

% 5!2 A/ {i ! é?flv
Lem Chee Meng Dr Sun Qiging

Testing Officer Assistant Vice President
Acoustics & Packaging
Testing Group
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Figure 1 : Sound insulation performance of “GISS” autoclaved lightweight concrete wall panel
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Figure 2 : Test setup in Source Room

Figure 3 : Test setup in Receiving Room W
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Wall Joint Detail
\’_‘h
* B 7_— o o i:b’ fongueand
t » . - e © groove joint
100mm | e
[ ° e ° ° 'y
Wl Panel 3500mm length - g
Steel rods 6mm dia

Figure 4 : Joint Detail and Cross Section of ALC wall panel
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This Report is issued under the following conditions:

1.

Results of the testing/calibration in the form of a report will be issued immediately after the service has been completed or terminated.

2. Unless otherwise requested, a report shall contain only technical resufts. Analysis and interpretation of the results and professional opinion
and recommendations expressed thereupon, if required, shal be clearly indicated and additional fee paid for, by the Client.

3. This report applies to the sample of the spesific productequipment given at the time of its lesting/calibration. The results are not used to
indicate or imply that they are applicable to other similar tlems. In addition, such results must not be used to indicate or imply that TUV SUD
PSB approves, recommends or endorses the manufacturer, supplier or user of such product/equipment, or that TUV SUD PSB in any way
“guarantees” the later performance of the product/equipment,

4. The samplefs mentioned in fhis report is/are submitted/suppliedimanufactured by the Client. TOV SUD PSB therefore assumes no
responsibility for the accuracy of information on the brand name, mode! number, origin of manufacture, consignment or any information
supplied.

5. Additional copies of the report are avaitable to the Client at an additional fee. No third party can obtain a copy of this report through TUV SUD
PSB, unless the Client has authorised TUV SUD PSB in writing to do so.

6. TOVSUDPSB may at its sole discretion add to or amend the conditions of the report at the time of issue of the report and such report and
such additions or amendments shall be binding on the Client.

7. Allcopyright in the report shall remain with TUV SUD PSB and the Client shall, upon payment of TV SUD PSB's fees for the camying out of
the tests/calibrations, be granted a license fo use or publish the report to the third parties subject to the terms and conditions herein, provided
always that TUV SUD PSB may at its absolude discretion be entitled fo impose such conditions on the license as it sees fit,

8. Nothing in this report shall be interpreted to mean that TUV SUD PSB has verified of ascertained any endorsement or marks from any other
testing authority or bodies that may be found on that sample.

9. This report shall nol be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUD PSB or to the report or results
fumnished by TUV SUD PSR in any advertisements or sales promotion.

10. Unless otherwise stated, the tests are carried out in TUV SUD PSB Pte Lid, No.1 Science Park Drive Singapore 118221.

May 2007
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e) Partition Performance Test Report

Test Report No, SO8MEC00402/TWL
dated 31 Dec 2007

)

S
Note: This repor is issued subject to TUV S(D PSB's "Terms and Condltions Gaveming Technical Services”. The terms PSB
and condifions governing the issue of this report are set out as atfached within this repori. = (oporation

PARTITION PERFORMANCE
OF
AUTOCLAVED LIGHTWEIGHT CONCRETE (ALC)
WALL PANEL

TESTED FOR: GISS Pty Ltd (ACN 125 794 649)
Gr Fir, 2 Mill Street
Perth, WA 6000
Australia

PREPARED BY: Tay Wei Liang
Associate Engineer

APPROVED BY:  Raymond Tan %N
Senior Engineer

Building & Industrial Products,
Testing Group

Vi

PSB TEST*

Yout Pence of Mind

l-aboratory: Phone : +65-6885 1333 Regional Head Office;

TUV SDD PSB Pre. Lid, Fax: +B5-67768670 T0v SUD Asia Pacific Pte. Ltd.

Testing Group E-mait testing@tuv-sud-psbsg 3 Science Park Drive

No.1 Science Park Drive www.tuv-sud-psb.sg #04-01/05 The Frankin

Singapore 116221 Co. Rep : 199002667R Singapore 118223 Page 10f 19
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Test Report No. S08MEC00402/TWL

SUMMARY
TESTED FOR

TEST SAMPLE PANEL

TEST DATE
TEST METHOD
TEST DESCRIPTION

Tests for grade compliance:

a. Stiffness

b. Small hard body impact

i. Surface damage
ii. Perforation

c. Large soft body impact

i. Resistance to damage

ii. Resistance to
struclural damage

d. Door slam

Other tests:

a. Crowd pressure

dated 31 Dec 2007

GISS Pty Ltd

Autoclaved Lightweight Concrete (ALC) Wall Panel with thickness of
100mm

10 Dec 2007 to 31 Dec 2007
S$S 492 : 2001 & BS 5234 Parl 2 : 1992

The purpose of the test is to determine the resistance to damage of
partition system for use as internal walls of buildings,

Load of 500N applied through an area of 150 mm diameter plate
perpendicular {o the partition surface. 10 mm maximum deflection
allowable.

Impact by a 50 mm diameter / 3 kg steel ball with a swinging arm of
600 mm long swung perpendicularly against the wall. Test on 11
pasitions (includes a comer). Criteria: no significant damage.
Impact energy of 10 Nm (swing angle of 63.6 degree)

Impact energy of 30 Nm (swing angle of 131.8 degree)

Impact by a 50 kg spheroconical bag of 600 mm X 400 mm diameter
filled with hardened glass beads. Test on 3 positions (includes a
corner). Criteria: no significant damage.

Impact energy of 100 Nm (drop height of 204 mm). Single impact at two
selected positions and one on corner.

Impact energy of 120 Nm (drop height of 245 mm). Three impacts at
two selected positions.

Partition wall is being slammed a hundred times with a 60 kg door leaf
by a force of 15 kg. Door frame shall not be permanently displaced by
1mm.

A load of 3.0 kN/m is applied through a 2.5 m wooden beam at a height
of 1.2 m. No damage or collapse that would render the partition

dangerous be allowed.

Page 2 of 19
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SUMMARY OF TEST RESULTS:
Summary of strength and robustness tests fo 55492 :2001 & BS 5234 : Part 2 : 1992
Details of partition specimen and test report are attached)
Tests for grade compliance
Requirements tesled Grade performance achieved Pass/Fail
LD MD HD sD

Stiffness - - - Passed

Surface damage by small hard body impact : '

Straight partition - - - Tested

Right angle partition - - - Tested

Surface damage by large soft body impact:

Straight parlition - - - Passed

Right angle partition - 2 - Passed

Perforation by small hard body impact: '

Straight partition - = - Passed
| Right angle partition - - - Passed

Resistance to structural damage by large soft bod

impact getiiacg y - - - Passed

Door slamming - - Passed

Summary of other tests on partition specimen

Requirement lesled Performance achieved

Crowd pressure 3.0 kN/m

Page 3 of 19
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Test Report No. SOBMEC00402/TWL
dated 31 Dec 2007

TABLE OF CONTENTS

SUMMARY

1. Introduction

2. Description of sample
3. Test standard

4. Test setup

5. Description of tests

5.1 Partition stiffness
52 Small hard body impact
521 Surface damage
5.22 Perforation
5.3 Large soft body impact
5.3.1 Resistance to surface damage
5.3.2 Resistance {o struciural damage
54 Door slam
55 Crowd pressure

6. Test resuits
6.1 Partition stiffness
6.2 Small hard body impact
6.2.1 Surface damage
6.2.2 Perforation
6.3 Large soft body impact
6.3.1 Resistance to surface damage
6.3.2 Resistance to structural damage
6.4 Door slam
6.5 Crowd pressure

7. Conclusion

(o
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Test Report No. SOBMEC00402/TWL
dated 31 Dec 2007

1. INTRODUCTION

This document describes the test procedures and reports the performance of partition system.

2. DESCRIPTION OF SAMPLE

The following components information were supplied by GISS Pty Ltd.

Project Name: GISS
Panel Name: Autaclaved Lightweight Concrete (ALC) Wall Panel (without finishing)
Components:
1) Screw used in mock-up of pariition wall system : M12 Grad 4.6 bolt
2) Jointing compound (wall) : - ALC Grout
- AC-810 Sealant

- construction concrete mix

Page 5 of 19
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3. TEST STANDARD
BS 5234: 1992 “Partitions (including matching linings)

Part 2: Specification for performance requirements for strength and robustness including
methods of test”

4, TEST SETUP

A mock-up test specimen 4.8 m length X 3.0 m height and a partition junction assembly of a right-angle
corner with a return of 1.2 m were installed onto the test rig for the performance test.

A total of 2 sheet of attached company's drawings contain the details of the mock-up specimen.

The test specimen includes a doorset 0.84 m width X 2.16 m height and a 0.59 m run of partition flanking at
one side of the doorset.

Figure 1: Full Test specimen mock-up

Page 6 of 19
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5. DESCRIPTION OF TESTS
The following tests were conducted:
i, Partition stiffness
ii. Small hard body impact
a. Surface damage
b. Perforation
iii. Large soft body impact
a. Resistance to surface damage
b. Resistance to structural damage
iv. Door slam

V. Crowd pressure

5.1 Partition stiffness

This test is to establish the ability of the pariition to withstand people or ladder leaning against the partition
wall without causing unacceptable cracking or movement.

A static horizontal load of 500 N was applied through a 150 mm diameter steel plate with a contact rubber
pad of 6 mm thick. The load was applied to the partition at a height of 1500 mm from the bottom of the setup.
Deflection was taken on the load side at 125 mm above the centre point of load application. A pretest load of
100 N was applied and stabilised for 1 min before unloading. The load was then applied in steps of 100 N
until 500 N before unloading. Each loading was maintained for about 2 minutes for stabilisation.

Defleclion was laken at the end of the 2 minules interval. The residual deflection was taken 1 hour after
unloading.

5.2 Small hard body impact

The test is to simulate impact caused by sharp or pointed objects such as tralleys and wheelchairs. A 3 kg /
50 mm diameter steel sphere impactor was used to simulate a hard body object. It was attached to a 600
mm [ong swinging arm.

5.21 Surface damage

This test is to delermine the resistance of the partition to damage from impacts by small, hard body objects.

Ten positions on the main wall of the test setup were chosen for the test. Each position was subject to a 10
Nm impact energy. The swinging arm was raised by 0.33 m or an angle of 63.6 degree and released. The

rebounce of the steel arm was withheld to prevent it from making a second impact.

Page 7 of 19

The depth of indentation was taken after each impact for a position.

The test was repeated at a corner position 75 mm away from the comner edge.
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5.2.2 Perforation

This test is to determine the resistance of the partition to perforation from impacts by small, hard objects.
Ten positions on the main wall of the test setup were chosen for the test. Each position was subject to a 30
Nm impact energy. The swinging arm was raised by 1 m or 131.8 degree and released. The rebounce of the
steel arm was wilhheld to prevent it from making a second impact. The partition was inspected for any
damage or perforation.

The test was repeated at a corner pasition 75 mm away from the corner edge.

53 Large soft body impact

The test is to simulate impact caused by people falling against or any large soft body object such as a ball
hitting the partition wall. The impactor is a spheroconical bag of 600 mm X 400 mm filled wilh hardened glass
beads. It has a total weight of 50 kg.

5.3.1 Resistance to surface damage

Two positions on the parititon wall were selected for the test. Each location was subject to a single swinging
impact. A linear gauge was placed behind the impacted panel to measure the permanent deformation. |

The impact energy was 100 Nm. The impactor was raised by 204 mm before releasing. Permanent
deformation was taken after 5 minutes from the impact.

The lest was repeated at a corner position 200 mm away from the corner edge.

5.3.2 Resistance to structural damage

Two positions on the partition wall were selected for the test. Each location was subject to three swinging
impacits.

The impact energy was 120 Nm. The impactor was raised by 245 mm before releasing. The partition was
inspected for any surface or structural damage. .

5.4 Door slam

The test simulates a door being forcefully slammed by a person, wind or tensioned door closer.

A 60 kg door leaf was slammed through an opening angle of 60 degrees with a force of 15 kg for 100 limes.
Residual deflection was taken on the door frame at 1 m above the bottom of ihe door leaf after 5 minutes
from the last slamming.

5.5 Crowd pressure

This test simulates a uniform band load such as a crowd leaning against the wall,

A test load of 3.0 kN/m was applied through a 2.5 m long wooden beam placed at a height of 1.2 m above
the bottom of the wall. Deflection was taken at 125 mm above the beam. Residual deflection was taken after

5 minutes upon released of the load.

Page 8 of 19
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6. TEST RESULTS

6.1 Partition stiffness

Date of test: 28 Dec 2007
Lab temperature; 28.0°C
; . Residual
Lz Durgllon Deflection Defection Condition of the specimen tested
(N) (min) (mm) (mm)
Pretest
load of 1 -0.11 -0.01
100 N
100 2 -0.10 -
200 3 019 - No damage was observed.
300 2 -0.30 -
400 2 -0.41 -
500 2 -0.52 -0.07
e
Transducer position
S}
—-l— 125 mm
/ -
Test load position
@]
1500 mm
A
) 3150mm |
1

Figure 2: Location of applied load for partition stiffness test

F-
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6.2  Small hard body impact
6.2.1 Surface damage

Date of test : 27 Dec 2007
Lab iemperature: 20.0°C
Impact Energy : 10 Nm
Impact Y X Depth of indentation - :
Position (mm) T e Condition of the specimen tested
1 430 2.5
2 750 2.7
3 1050 #120 33
4 1250 3.5
g 1723500 2630 gg No damage or dislodgement of
> 1840 35 partition was observed.
8 520
9 980 4320
10 1380
=19 1000 75

**Note: Corner junclion

F— x
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6.2.2 Perforation

Date of test: 27 Dec 2007
Lab temperature: 29.0°C
Impact energy : 30Nm
Impact Y X Depth of indentation - 7
Position (mm) (mm) (mm) Condition of the specimen tested
1 610 4.1
2 1030 5.6
3 1350 2220 71
4 1550 7.9
g 1%2;0 2570 gg No dam_a.ge or dislodgement of
7 1710 77 partition was observed.
8 620 5.4
9 1180 4360 7.1
10 1630 6.8
**q1 1370 75 6.2

**Note: Corner junction

Y 7 10
3

g O
o 2

i 5 8

——— x

Figure 4: Locations of small hard body impact for surface damage

(H
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6.3 Large soft body impact

6.3.1 Resistance to damage

Date of test : 27 Dec 2007
Lab temperature; 285°C
Impact Energy: 100 Nm
llr:gtaigtn (rr\:’m) (ni(m) Resndu?rLcr:%ﬂectzon Condition of the specimen tested
1 1500 2600 0.1
2 1570 3930 0.1 No damage observed.
**3 1245 200 0.0

**Note: Corner junction

_I__\.
__I_M

ki

A

Figure 5: Locations of large soft body impact for resistance to damage

%
A
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6.4 Door Slaming

Date of lest :
Lab temperature:

26 Dec 2007
29.0°C

Open door to 60° + 1°

Residual deflection

Condition of the specimen tested

(Number of slam) (mm)
Pret:.génf 2 _g?g No damage was observed
6.5 Crowd Pressure
Date of test : 28 Dec 2007
Lab temperature: 29.5°C
Duration | Deflection Residual
Load (min) (mm) Deflection Condition of the specimen tested
(mm)
Prelest
;;?J?)d(;; 1 -0.11 .02 No crackline or damage was observed.
3.0 KN/M 2 -4.87 -0.12
Timber o
(225mm X 100mm X 2500+10mm) Transducer position
250 h 125 mm
\ Test load
g position
1200 mm
v
M 3400 mm

Figure 7: Locations of applied load for crowd pressure

(Y
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7. CONCLUSION

The partition system meets the severe duty grade requirements of SS492 :2001 & BS 5234 Part 2: 1992,
The pariition system has also achieved the following performance:

Crowd pressure : 3.0 kN/m

A

Tay Wei Liang Raymond Tan
Assaciate Engineer Senior Engineer

Building & Industrial Products
Testing Group
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APPENDIX: TEST SET-UP

Large Soft Body Impact —
Resistance to Damage

Crowd Pressure Test J

% Page 16 of 19
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The following drawing informations were supplied by
GISS Pty Ltd
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The following drawing informations were supplied by

GISS Pty Ltd.
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This Report i issued under the following conditions:

1.

Results of the testing/calibration in the form of a report will be issued immedialsly after the service has been completed or terminated.

2. Uniess otherwise requesled, a reporl shall contain only technical results. Analysis and interpretation of the resulls and professional opinion
and recommendations expressed thereupon, if required, shall be clearly indicated and additional fee paid for, by the Clienl.

3. This raport applies to the sample of the specific product/equipment given at the time of its testing/calibration. The results are not used lo
indicate or imply that they are applicable to other similar items. In addtion, such resulis must not be used lo indicate or imply that TUV SUD
PSB approves, recommends or endorses the manufaclurer, supplier or user of such product/equipment, or that TOV SUD PSB in any way
"guarantees” the later performance of the produci/equipment

4. The samplels mentioned in this report is/are submittedisupplied/manufactured by the Client TUV SUD PSB therefore assumes no
responsiblity for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information
supplied.

5. Additional copies of the reporl are available to the Client at an additional fee. No third party can abtain a copy of this report through TOV SUD
PSB, unless the Clienl has authorised TUV SUD PSB in writing to do so.

6. TUV SUD PSB may al s sole discretion add to or amend the conditions of the report al the tme of issue of the report and such report end
such additions or amendments shall be binding on the Clent.

7. All copyright in the report shall remain with TOV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the camying out of
the tests/calibrations, be granted a license lo use or publish the report fo the third parties subject to the terms and conditions herein, provided
always that TOV SOD PSB may at its absolute discrelion be enitied to impose such condilions on fhe license as il sees fil.

8. Nothing in this report shall be interpreted to mean that TUV SUD PSB has verified or ascerained any endorsement or marks from any other
testing authority or bodies that may be found on thal sample.

9. This report shall not be raproduced wholly or in paris and no reference shall be made by the Client 1o TOV SUD PSB of lo the report or results
furnished by TUV SUD PSB in any adverlisements or seles promotion.

10 Unless othemwise stated, the tests are caried outin TUV SUD PSB Pte Ltd, No.1 Science Park Drive Singapore 118221.

May 2007
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5.0 PART C

BESTA BOARD PANEL



5.1

DESCRIPTION

5.11

General Description of the Product

Besta Board Panel is a newly developed and upcoming green material to be
used for dry construction. This product has special characteristics which include
fire, water and mold resistant as well as having high impact strength. Therefore, it

is suitable for interior, exterior and sheathing applications in construction.

Usage and Application of the Product

Besta Board Panel has been used as finishing materials to walls and ceiling in
offices, shopping centres, private apartments, condominiums, airport, hotels,
schools, hospitals, etc. Some patterned products have been selected and used

as decorative boards.

Element of the Product
Magnesium Oxide (MgO,) which is new inorganic — bonded composite.

Usage Limitation
Under normal condition or environment, there is no limitation. The panel is for
non load bearing application. The limitation of the storey of the building that can

be constructed using this Besta Board Panel was not shown.

Manufacturing Process

This product is a factory made product. This board is produced with alkali-
resistant fiberglass mesh as strengthened material. MgO, with melting point of
2800°C is often used as a basic refractory material for lining crucibles and
furnaces. During the manufacturing process, no energy is consumed since the
entire process is completed at room temperature. All manufacturing excess may
be reground and reused for subsequent production.

Technology and Skilled Required

Based on the documents received, the technology of this product relies on the
raw materials and the manufacturing process. Special technology and skilled are
not required. The design and manufacturing are supervised by the experienced

labour to ensure the straightness, flatness and water tightness.
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5.2

53

BASIS OF APPRAISAL

5.21 Document Received from Well & Able (M) Sdn Bhd (WASB)
The following documents were received to support the appraisal of the product.

Documents on the details and description of the product

Test report on the material, product and performance

5.2.2 Technical Visit

No technical visit has been made.

MATERIAL: SPECIFICATIONS AND TESTS

5.3.1 Specifications

Product Range
Besta Board Panel comes as standard white colour. Standard production

material is very smooth on one side and sand texture on the other.

Besta Board Panel complements all paints types, and may be

wallpapered or tile with ease.

Standard edges are squared or tapered. Special edges and sizes can be
specified at the manufacturing process. It may be cut trimmed or shaped
using basic power or hand tools. The detail about Besta board prduct

range is shown in Appendix C1.

5.3.2 Types of Testing

A series of test has been carried out by other parties that have related product

with WASB (Please refer Section 10.1). These tests are performed to determine

the performance of the product. The types of test are listed below :

Test on material
For the material, the physical and mechanical properties tests have been

done. The test results were obtained and the official report is attached in

Appendix C2.

a. Density

b. Bending strength (dry & saturated)
¢ Linear thermal shrinkage
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Moisture movement
Water absorption

Moisture content

@ - o o

Water tightness

ii. Test on product

The test that have been performed on this product are as below :

a. Fire resistance test
e Fire resistance test on a Non Load Bearing Besta Board
Panel
o Fire resistance test on a Non-Load Bearing Besta Board
Panel
o Non-combustibility test on Besta Fire Resistant Board
material
b. Thermal conductivity test
c. Sound insulation test
o Measurement of airborne sound transmission loss of

Besta Board Panel system
° Measurement of airborne sound insulation of Besta
Board Panel system
. Measurement of impact sound insulation of Besta Board
Panel system
d. Performance test (strength & robustness) on Besta Board Panel
system

5.3.3 Additional Tests Required
The Applicant is to notify to the Technical Expert Panel on any additional test
required (if any) by fabricator or client.

5.3.4 Check on Test Report Provided by WASB
i. Test on material

The summary of the tests done and the results are shown in Table 9.
The details of the test report are attached in Appendix C2.
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Table 9 : The summary of the tests results

Type of test

Result

Physical and Mechanical Properties Test Report
(Dated : 19" September 2008)
(for official test report, please refer to Appendix C2 : a ( page 122- page 142)

I.

Besta Board Panel with thickness of 16 mm
(page 122- page 132)

(cut to the required size)

a. Density

b. Bending strength {Dry and saturated)

c. Linear thermal shrinkage
Moisture movement

Water absorption

Moisture content

@ = o o

Water tightness

1030 kg/m®

10.1 N/mm? (Dry) ;

9.5 N/mm? (Saturated)
-2.2%. -0.1%,0.5%, 1.7%
and 2.3%

0.211%

21.6 %

7.5%

No sign of water droplet or
dampness formed on the
bottom surface of all test
specimens was observed
after 24 hours

Besta Board Panel with thickness of 10 mm
(page 133- page 142)

(cut to the required size)

a. Density

b. Bending strength (Dry and saturated)

c. Linear thermal shrinkage

d. Moisture movement
e. Water absorption

f. Moisture content

g. Watertightness

1060 kg/m®

5.1 N/mm? (Dry) ;

6.2 N/mm? (Saturated)
Samples  softened &
crumpled after subjected
to 950 °C for 4 hours
0.076%

22.0%

9.6 %

Dampness appeared after

5 hours
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ii.

Test on product

The summary of the tests done and the results are shown in Table 10.

The official test reports are attached in Appendix C2.

Table 10 ;: The test summary of tests result

Type of test

Result

Fire Resistance Test

(for official test report, please refer to Appendix C2 : b ( page 143- page 142)

i. Fire resistance test on a non load

bearing
(Dated : 15" September 2008)
{page 143- page 159)

a. Loss of Integrity

Failure shall be deemed to have occurred

when one of the following occurs :

When collapse or sustained flaming

for more than 10 seconds on the

unexposed face.
When the cotton pad test is
conducted, flames and/or hot gas

causing flaming or glowing of the
cotton pad

Where the cotton pad test cannot be
conducted because of the level of
radiation from the specimen, a through
gap into furnace exceeding 6mm in
width by 150 mm in length exist or
develops in the specimen.

When a through gap into furnace
exceeding 25mm diameter exists or

develops in the specimen.

b. Insulation

Failure shall be deemed to have occurred

when one of the following occurs :

If the face

temperature increases by more than

mean  unexposed

The specimen satisfied the
requirements of the BS 476 :
Part 22 : 1987 for period stated

below :
Integrity : 199 minutes
At 200 minutes of heating, a

gap
employed at

6mm gauge  was
through gap
between panel C and D and
was able to traverse vertically
the

integrity of the Besta board

for 200mm. Therefore,
panel meets the standard for
199 minutes.

Insulation : 164 minutes

At 165 minutes of test, the
maximum mean temperature
maximum

rise and

temperature rise above initial
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140 °C above its initial value.

If the temperature recorded at of any
position on the unexposed face is in
excess of 180 °C above the initial
mean unexposed face temperature.

When integrity failure occur.

temperature on the unexposed
face of specimen were 95.3 °C
190.2 °C
Therefore, the insulation of the

and respectively.

Besta board panel meets the
standard for 164 minutes.

Fire resistance test on a non

load

bearing 75mm thick Besta board panel

drywall partition system
(Dated : 14™ June 2010)
(page 160- page 180)

Loss of Integrity

Failure shall be deemed to have occurred

when one of the following occurs :

When collapse or sustained flaming
for more than 10 seconds on the
unexposed face.

When the
conducted, flames andfor hot gas

cotton pad test s
causing flaming or glowing of the
cotton pad

Where the cotton pad test cannot be
conducted because of the level of
radiation from the specimen, a through
gap into furnace exceeding 6mm in
width by 150 mm in length exist or
develops in the specimen.

When a through gap into furnace
exceeding 25mm diameter exists or
develops in the specimen.

Insulation

Failure shall be deemed to have occurred

when one of the following occurs :

If the face

temperature increases by more than

mean  unexposed

The specimen satisfied the
requirements of the BS 476 :
Part 22 : 1987 for the periods
stated below :

Integrity : 128 minutes

128
minutes 09 seconds of test

Integrity  failures at
where continuous flaming for
more than 10 seconds at
clearance between board butt
joint about 150 mm above mid
height, 560 mm from the fixed
edge was seen. Therefore, the
integrity of the drywall partition
meets the standard for 128

minutes.

Insulation : 97 minutes

the
maximum mean temperature

At 97 minutes of test,

rise and maximum
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140 °C above its initial value.

e |f the temperature recorded at of any
position on the unexposed face is in
excess of 180 °C above the initial
mean unexposed face temperature.

+ When integrity failure occur.

temperature rise above initial
temperature on the unexposed
face of specimen were 74.8 °C
and 177.1 °C respectively. At
98 the
maximum rise

minutes of test,
temperature
above initial temperature was

182.1 °C, which exceeded the

maximum permissible
temperature of 180 °C.
Therefore, the insulation of the

drywall partition meets the

standard for 97 minutes.

Non-combustibility test on Besta board
panel — Fire resistance board material
(Dated : 30" September 2008)

(page 181- page 183)

To determine whether the material is non-
combustible when it exposed to the conditions
of the test specified in BS 476 : Part 4 : 1970 "
Fire Test on Building Materials and Structures
— Non-combustibility Test for Materials”.

The classification of the

material is non-combustible.

Thermal Conductivity Test

(for official test report, please refer to
Appendix C2 : ¢ ( page 185- page185)

(Dated : 19" September 2008)

Please refer to official test

report for detail results

Sound Insulation Test

(for official test report, please refer to Appendix C2 : d ( page 187- page 218)

i. Laboratory measurement of airborne
sound transmission loss of Besta board
panel system
(Dated : 8" August 2008)

(page 187- page 193)

The tested Besta board panel
achieved sample has a sound
transmission class, STC = 36.

Sound Insulation rating was
computed according to ASTM
E413-04

rating sound insulation”.

“Classification  of
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ii. Laboratory measurement of airborne
sound insulation of Besta board panel
system
(Dated : 8" August 2008)

(page 194- page 201)

The tested Besta composite
mineral board achieved a
weighted sound reduction
index, Ry (C,Ctr) = 36 (0,-2).

Sound Insulation rating was
computed according to ISO
717-1:1996 “Acoustics-Rating
of sound insulation in building
and of building elements-Part

1: Airborne sound insulation

iii. Laboratory measurement of impact
sound insulation of Besta board panel
system
(Dated : 12" August 2008)

(page 202- page 217)

The tested Besta board panel
system achieved a Weighted
Normalised Impact Sound
Pressure Level, L,w= 86 (Ci=-
9)

Performance Test ( Strength and robustness)

(for official test report, please refer fo Appendix C2 : e ( page 218- page 239)

(Dated : 19" September 2008)

i. Determination of partition wall stiffness

— Annex A

No damage occurred to other
parts of the surface during and
after the test.

ji. Surface damage by small hard body

impact — Annex B

No damage occurred to the
other parts of the surface
during and after the test.

lii. Resistance to damage by impact from a

large soft body — Annex C

No damage occurred during
and after the test. Criteria of
SS 492 : 2001 : 2mm

maximum deformation.

iv. Resistance to perforation by small hard

body impact — Annex D

No damage occurred to the
other parts of the surface
during and after the test.
Criteria of SS 492 : 2001 : No
perforation of facing.

v. Resistance to structural damage by

impact from a large soft body — Annex E

No damage, collapse or

dislocation occurred during
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and after the test. Criteria SS
492 : 2001 : No collapse or
dislocation.

vi. Effect of door slamming — Annex F

No durface or structural
damage, detachment,
loosening or dislodgement of
any parts of fittings or trims
during and after the test.
Criteria of SS 492 : 2001 : No
damage and 1mm maximum
displacement.

vii. Resistance to crowd pressure—Annex G

No collapse or damage
occurred during and after the
fest. Criteria of SS 492 : 2001 :
No collapse or dangerous.

viii. Lightweight anchorage pull-out

- Annex H

No damage occurred during
and after the test. Pull-up
shims plate was not released
throughout the test. Criteria of
SS 492: 2001: Shin retained.

ix. Lightweight anchorage pull-down

- Annex J

The pull-up shim plate retained
and maximum displacement
less than 2mm (0.26mm) at
the load of 250 N. Criteria of
SS 492: 2001: Shim retained
and 2mm maximum

displacement

x. Heavyweight anchorage (wash basin)

eccentric downward loading — Annex K

Shim plate intact but gaps
between bracket and wall were
noted, a fine crack also found
the top left anchorage point
after the test/ dislodgement of
its parts or fixing after the test.

xi. Heavyweight anchorage (high level wall
cupboard) eccentric downward loading

—Annex L

Criteria of S8 492: 2001:
15mm  maximum deflection

and 1mm maximum residual.
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iii. Test on performance of the product
The summary of test results on strength and robustness according to SS
492 : 2001/ BS 5234 : Part 2: 1992 and its results are shown in Table 11
below :

Table 11 : The summary of test results on strength and robustness

BESTA MgO board sandwich wall panel
Test For Grade Compliance (¥omm:5oard + SUmgyagrite+19 mm
Requirement tested baard) sEem
Grade Performance Achieved : Pass/Fail
LD MD HD SD

Stiffness (Annex A) - - - Pass
Surface Damage by Small Hard - - -
Body Impact (Annex B) : - - - Tested”
Straight Partition - - - Tested*
Right-angle Junction
Resistance to Damage by Large - - -
Soft Body Impact (Annex C) : - - - Pass
Straight Partition - - - Pass
Right-angle Junction
Perforation by Small Hard Body - - -
Impact (Annex D) : - - = Pass
Straight Partition - - - Pass
Right-angle Junction
Resistance to Structural Damage by - s - Pass
Large Soft Impact (Annex E)
Docr slamming - c : Pass
Grade Achieved Passed SD
Other Test Performed
Resistance to Crowd Pressure | Up to 3kKN/m
(Annex G)
Lightweight Anchorage- Pull-out | Pass
{Annex H)
Lightweight Anchorage- Pull-down | Pass
(Annex J)
Heavyweight Anchorage- Wash | Up fo 1000N
Basin (Annex K)
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cupboard (Annex L)

Heavyweight Anchorage- Wash | 2000N

According to SS 492: 2001/ BS 5234: Part 2: 1992, the categorisation of

performance are mentioned in Table 12 :

Table 12 : The categorisation of performance according to SS 492: 2001/ BS
5234: Part 2: 1992

Grade Category of duty Examples
Light duty (LD) Small chance of impact Domestic
accommodation

Medium duty (MD)

Some chance of accident | Office accommodation

oceuring

Heavy duty (HD)

Chances of impact load

Public circulation area’

Sever Duty (SD)

Prone to vandalism and | Major circulation area”

abnormally rouge use

Note ' : Industrial area

“: Heavy industrial area

5.4 COMPLIANCE TO INTERNATIONAL STANDARDS OR EQUIVALENT

For the tests on material, the test done was adopted with international standards or

equivalent. The standards adopted are shown in Table 13 below:

i Test on material

Table 13 shows the test conducted and the standards adopted.

Table 13 : Type of tests and standards adopted

Type of Test

Standard

Physical and Mechanical Properties Test

Density

Fire Protection

Technical Report :

ISO TR 1896 : 1991- Clause 6.3

Products in Fibre-reinforced-

Cement-Non Combustible Fibre-reinforced boards
of Calsium Silicate or Cement for Insulation and

Bending Strength
(Dry & Saturated)

Technical Report :

ISO TR 1896 : 1991~ Clause 6.4

Products in Fibre-reinforced-

Cement-Non Combustible Fibre-reinforced boards
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of Calsium Silicate or Cement for Insulation and

Fire Protection

Linear Thermal Shrinkage

ISO TR 1896 : 1991- Clause 6.7

Technical Report : Products in Fibre-reinforced-
Cement-Non Combustible Fibre-reinforced boards
of Calsium Silicate or Cement for Insulation and

Fire Protection

Moisture Movement

Cl.8 ASTM C 1185

Standard Test Methods for Sampling and Testing
Non-Asbestos Fiber-Cement Flat Sheet, Roofing
and Siding Shingles, and Clapboards

Water Absorption

Cl.9 ASTM C 1185

Standard Test Methods for Sampling and Testing
Non-Asbestos Fiber-Cement Flat Sheet, Roofing
and Siding Shingles, and Clapboards

Moisture Content

Cl. 10 ASTM C 1185

Standard Test Methods for Sampling and Testing
Non-Asbestos Fiber-Cement Flat Sheet, Roofing
and Siding Shingles, and Clapboards

Water Tightness

Cl. 11 ASTM C 1185

Standard Test Methods for Sampling and Testing
Non-Asbestos Fiber-Cement Flat Sheet, Roofing
and Siding Shingles, and Clapboards

Test on product

Table 14 depicts the types of test conducted and standards adopted.

Table 14 : Type of test and standards adopted

Fire Resistance Test Report

Fire Resistance Test on

BS 476 Part 22:1987

a Non-Load | Method for Determination of th Fire

Bearing Besta Wall Panel (submitted by | Resistance of Non-loadbearing

Best Rock Building Systems Pte. Ltd. Element of Construction-

Determination of the Fire Resistance
of Partition

Fire Resistance Test on a Non-Load | BS 476 Part 22:1987
Bearing 75mm thick Besta Wall Panel | "Method for Determination of th Fire

Drywall Partition System

(submitted by | Resistance of Non-loadbearing
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i,

Well & Able international Pte. Ltd. )

Element of Construction-
Determination of the Fire Resistance

of Partition”

Non-combustibility test on “BESTA” Fire
Resistant Board Material submitted by
Best Rock Building System Pte Ltd

BS 476 : Part 4 : 1970

“ Fire Test on Building Materials and
Structures — Non-combustibility Test
Materials

Thermal Conductivity Test Report

Thermal Conductivity Test

ASTM C 518-05

Sound Insulation Test

Sound Insulation Test : Measurement of
Airborne Sound Transmission Loss of
Besta Composite Mineral Board System.

ASTM E90 - 04
Standard Test  Method  for
Laboratory Measurement or

Airborne Sound Transmission Loss

of Building Partitions and Elements

ASTM E413 - 04

Classification for Rating Sound

Insulation
Sound Insulation Test : 1SO 140-3:1995
Measurement of  Airborne  Sound | Labaratory Measurements of
Insulation of Besta Composite Mineral | Airborne  Sound Insulation  of

Board System .

Building Elements

Sound Insulation Test :
Measurement of Impact Sound Insulation

of Besta Board Panel System

ISO 140-6:1998
Labaratory Measurement of Impact
Sound Insulation of Floors

Test on performance

Table 15 depicts the performance test on Besta Board Panel.

Table 15 : Type of tests and standards adopted

Performance Test (Strength &
Robustness) :Performance testing
(Strength & Robustness) on BESTA
magnesium oxide (MgO) sandwich panel
system, submitted by Best Rock Building

Systems Pte Ltd

S5 492/ BS 5234 : Part 2: 1992
Specification for  Performance
Requirements for Strength and
Robustness (Including Method of

Test for Partition Walls”
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5.5 APPENDIXC
C1 BESTA BOARD PANEL PRODUCT RANGE
a) Product Range

Besta board comes as standard
white colour. Standard
production material is very
smooth on one side and sand
textured on the other.

Besta Board complements all
paint types, and may be wall—-
papered or tiled with ease.

Standard edges are squared or
tapered. Special edges and sizes
can be specified at the
manufacturing process.

Besta Board may be cut,

trimmed or shaped usinag basic
power or hand tools.

Figure 11 : Besta board product range with difference finish and colour
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Figure 13 : Besta sandwich panel joint
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TEST REPORT OF BESTA BOARD PANEL PRODUCT

a)

c2

Physical and Mechanical Properties Test Report
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SP-2(2)/THC

Page ] of 3

One box of "BESTA" Magnesium
Oxide (MgO) boards sample submitted
by Best Rock Building Systems Pte Ltd
on 03/11 /2008.

"BESTA" Magnesium Oxide (MgO)
boards of thickness 16mm, cut to the
required size were received on
03/11/2008.

Physical and Mechanical Properties -
Water-tightness test in progress:

MgO boards of 16mm thick cut
specimens - 22 inch x 18 inch (559mm
x 457mm). Water height of 2 in
(50mm) maintained above the top
surfaces at 23 = 2°C and 50 + 5%
relative humidity for the 24 hours test.
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SP-2(2)/THC

Page 2 of 5

Photo | 4.

Photo | 8.
ey

Ban

Physical and Mechanical Properties -
Water-tightness test.

Test in progress: After 24 hours, no
sign of water droplet or dampness on
the underside of test specimens was
observed,

Physical and Mechanical Properties in
the lab for water tightness test.

Photo shows the underside of the
specimens No apparent defect was
observed of all the three test specimens
at the conclusion of water-tightness test
after 24 hours.

Physical and Mechanical Properties —
Moisture Movement test.

Cut test specimens of 305 x 76mm x
16mm MgO board.

~N 5 2
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SP-2(2)/THC

Page3of 5

Physical and Mechanical Properties —
Moisture Content test.

Cut test specimens of 152 x 76mm x
16mm MgO board.

Physical and Mechanical Properties —
‘Water Absorption test.

Cut test specimens of 100 x 100 x
16mm MgO board.

Physical and Mechanical Properties —
Density.

Cut test specimens of 60 x 40mm x
I6mm MgO.

Q#’_Dhnc-:(,}.,_
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SP-2(2)/ THC

Pagedof 5

Physical and Mechanical Properties -
Bending Strength test.

Photo shows the cut test specimen
after conditioning and subjected to
bending load supported at a span of
215mm.

Physical and Mechanical Properties —
Bending Strength test.

After 1* break, the fractured test
specimens were assembled for a second
bending test along an axis
perpendicular to that used in the 1st
test.

Physical and Mechanical Properties —
Linear Thermal shrinkage test.

Cut test specitnens of 35 x 35mm x 16mm
MgO.
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SP-2(2)/THC

Page5of 5

Physical and Mechanical Properties —
Linear Thermal shrinkage test .

Photo shows cracks on the tested
specimens of 35 x 35mm x 16mm MgO
after 4 hours in furnace at 950 °C,

/-_‘) —
19 R YR —

b4

SETSCO

132



) SETSCO SERVICES PTE LTD

SETSCO 18 Teban Gardens Crescent

Singapore 6068925
Tel : (65) 6566 7777
Fax. {65) 6566 7718

Website' v.vau.5e15¢0 com

TEST REPORT

(This Report is issucd subject 1o the lerms & conditions set out below)

Your Ref: - Quotation SPD/ the2008/ dw003R dd 17th April 2008

Qur Ref: 8P- 2 (10) /THC Date: 19/09/2008
Page 1 of 7
Subject Determination of Physical and Mechanical Properties of “BESTA™ Mangnesium Oxide

Method of Test ¢

Specification
adopted

Description of
Sample

Test Results

(MgO) board, submitted by Best Rock Building Systems Pte Lid on | 1/07 /2008.

: M/s Best Rock Building Systems PTE LTD

14 Zion Road
Singapore 247732
Attn: Mr. Daniel Wong

Physical and Mechanical Properties :

1) Density : ISO TR 1896 : 1991 - clause 6.3

2) Bending Strength (Dry and Saturated) : ISO TR 1896 : 1991 - clause 6.4

3) Linear Thermal Shrinkage (drving shrinkage) : [ISO TR 1896 : 1991 - clause 6.7
4) Moisture Movement Test : ASTM C 1185 - Clause 8

5) Moisture Content : ASTM C 1185 - clause 10

6) Water Absorption: ASTM C 1185 - clause 9

7) Water Tightness Test : ASTM C 1185 - clause 11

1ISO TR 1896 : 1991 Technical Report : Products in Fibre-reinforced Cement - Non-
combustible Fibre-reinforced boards of Calcium Silicate or cement for Insulation and
Fire Protection.

"BESTA" Magnesiwn Oxide (MgO) boards of thickness }0mm, cut to the required size
were reeeived (Sce photos attached).

Table 1: Test Summary
Table 2 10 8 - Individual Test Result,

< T )lf'rra.g) 9.
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SP-2(10)/THC

Page 1 of 3

Photo | 1.

Physical and Mechanical Properties
- Water-tightness test.

Test in progress : MgO boards of
10mm thick cut into test specimens
of dimension 22 inch x 18 inch
(559mm x 457mm) with Water
height of 2 in (50mm) been
maintained above the top surfaces
at 23 + 2°C and 50 % 5% relative
humidity for the 24 hours test,

Physical and Mechanical Properties
- Water-tightness test.

Test in progress: After about 5
hours, sign of water dampness
started to appear on the underside
of test specimens.

Physical and Mechanical Properties
in the lab for water tightness test.

Photo shows the appearance of
dampness on the underside of all
the three (03) test specimens at the
conclusion of water-tightness test
after 24 hours.

/n?\/ e
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SP-2(10)/THC

Page 2 of 3

Photo | 4.

'SP-2/THC

Photo | 5.

-
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SP-2/THC

Photo | 6.

Physical and Mechanical Properties
— Moisture Movement test.

Cut test specimens of 305 x 76mm
X 10mm MgO board.

Physical and Mechanical Properties
— Moisture Content test.

Cut test specimens of 152 x 76mm
x 10mm MgO board.

SP-2/THC

Physical and Mechanical Properties
~ Water Absorption test.

Cut test specimens of 100 x 100 x
10mm MgO board.

/2}/ o i

4

SETSCO

141



SP-2(10)/THC

Page3of 3

Photo | 7.

] 7

SP-2/THC
Photo | 8.
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-

Photo | 9.

Physical and Mechanical Properties
— Density.

Cut test specimens of 60 x 40mm x
10mm MgO.

Physical and Mechanical Properties
- Bending Strength test.

Photo shows the cut test specimens
after conditioning and subjected to
bending load supported at a span of
215mm.

Physical and Mechanical Properties
- Bending Strength test.

After 1% break, the fractured test
specimens were assembled for a
second bending test along an axis
perpendicular to that used in the 1st
test.

S (D SR . WO
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b) Fire Resistance Test Report
b1) Fire Resistance Test On A Non Load Bearing Besta Wall Panel

Test Report No. SO8MEC05565/IHN
dated 26 Sep 2008

; . ; ingapol
Note: This repont is issued subjoct to TUV SUD PSBE's "Terms and Conditons Governing Technical Services™ PSB Singapore
The terms and conditions governing the issue of 1is repon are set oul as attached within this report

Choose certainty.
Add value.

SUBJECT:

Fire resistance test on a non load-bearing BESTA Wall panel submitted by Best
Rock Building Systems Pte Ltd.

TESTED FOR:

Best Rock Building Systems Pte Ltd

14 Zion Road

Singapore 247732

Attn: Mr. Daniel Wong

DATE SUBMITTED:

10 Sep 2008

DATE OF TEST:

15 Sep 2008

PURPOSE OF TEST:

1 To determine the fire resistance of the specimen when tested in accordance
with BS 476 Part 22: 1987 “Methods for Determination of the Fire
Resistance of Non-loadbearing Elements of Construction - Determination of

the Fire Resistance of Partition.”

LA-2007-0380-A
L, s 4 The resus reponed heren have teer perfommed o
‘.‘-“&'/“‘:‘5 ﬁggﬁﬁ";‘ aczrdance wih the aboraiony’s teoms of accedmies
S LA-2007.0382.8 S5 Te Sngapore Aeereciaon Coured - Segipere
eRA ACCREQTEp LAIUTOIN.G Loy dcandiacon Scheme TesCabrasons maned
P9 loomarory LG R e annos Soseton
. NG o £
PSB TEST Al SAC-SINGLAS LBNME i
Laboratory: Pnone ' +65-6885 1333 Regional Head Office:
;‘Uv‘ s[;sr;Je PSB Pic. Lid, Ear:w ) ;255[’-:;7@6 n.?vszod-psh - TOV SO Asia Pacific Pte. Lid.
esting Services M3l -8l - 3 Science Park Drive, #04-01/08
Na 1 Sdence Park Dive waow tuv-Sud-psb.sy Tre Franklin. Singapore 118223
Singapare 116221 Co Reg  193002867R TOV® Page 1 of 17
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Test Report No. SO8MEC05565/IHN
dated 26 Sep 2008

PSB Singapore

TEST PROCEDURE:

2

Before the commencement of test, the ambient temperature in the general
vicinity of the test specimen construction was ensured to be not exceeding
35°C. The datum values for each individual temperature and deflection
measurements were also taken not more than 15 minutes before the
commencement of test.

During the test, with commencement of heating of the specimen, the furnace
temperature and pressure were controlled to comply with the requirements
specified in BS 476: Part 20: 1987: clause 3.1 and 3.2 respectively. The
pressure was controlled such that a linear pressure gradient of 8.5+2 Pa per
1000mm height exist above a neutral pressure axis at a height of
approximately 1000mm above the notional floor level. However, the
maximum pressure at the top of a vertical test construction shall not exceed
20Pa.

Throughout the heating period, the behaviour of the specimen was observed
and monitored for compliance with the relevant performance criteria stated
in clause 10 of BS 476: Part 20: 1987 (A summary is given in clause 9 of this
report.) and the appropriate clause of BS 476: Part 22: 1987.

For insulated specimen, the mean temperature on the unexposed face were
measured by five number of surface mounted thermocouples, with one
placed approximately at the centre of each quadrant. In the presence of
stiffener, through member or jointing, the thermocouples were located at
least 50mm away.

For insulated specimen, the maximum temperature on the unexposed face
were measured by thermocouples placed on locations on one vertical
jointing and one at stiffeners which may be hotter than the average on the
face. The thermocouples were placed at least 50mm away from edge of
stiffeners or any jointing.

Observations, on the behaviour of the test specimen throughout the heating

period, were made and recorded. As appropriate, cotton pads, gap gauges
and roving thermocouple were used to establish the occurrence of failure.

The test was terminated when one or more failures as stated in the
performance criteria occurred, or otherwise at a time agreed between the

sponsor of test and the test laboratory.

Page 2 0of 17
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Test Report No. SO8MEC05565/IHN
dated 26 Sep 2008

PSB Singapore

PERFORMANCE CRITERIA:

8 The specimen is assessed against the following test criteria:

9.1

9.2

Loss of Integrity
Failure shall be deemed to have occurred when one of the following occurs:-

- When collapse or sustained flaming for more than 10 seconds on
the unexposed face.

- When the cotton pad test is conducted, flames and/or hot gas causing
flaming or glowing of the cotton pad.

- Where the cotton pad test cannot be conducted because of the
level of radiation from the specimen, a through gap into furnace
exceeding 6mm in width by 150mm in length exists or develops in the
specimen.

- When a through gap into furnace exceeding 25mm diameter exists or
develops in the specimen.
Insulation
Failure shall be deemed to have occurred when one of the following occurs:-

- Ifthe mean unexposed face temperature increases by more than
140°C above its initial value,

- If the temperature recorded of at any position on the unexposed face is
in excess of 180°C above the initial mean unexposed face
temperature.

- When integrity failures occur.

e e

Page 3 of 17
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Test Report No. SO8MECO05565/IHN
dated 26 Sep 2008

PSB Singapore

DESCRIPTION OF TEST SPECIMEN:

10 The specimen consisted of a 3000mm (wide) x 3000mm (high) BESTA Wall

11

panel of 112mm nominal thickness. The wall was constructed within a test
frame with ordinary bricks of size 216mm x 80mm x 75mm laid along its base
as lateral support and on two vertical sides of the wall. An overhead concrete
lintel was constructed above the top perimeter of the panelled wall. A vertical
expansion gap of approximately 26mm filled with ceramic was provided on one
edge of the constructed wall. The test frame was mounted onto the furnace
(PSB Asset No: 20009077) and fire resistance test was conducted at TUV SUD
PSB Pte Ltd. laboratory located at No. 10 Tuas Avenue 10, Singapore 639134.

Five pieces of BESTA Wall panels were vertically erected and interlocked with
a tongue and groove jointing along the longitudinal edge. The nominal
dimensions of each panel was 600mm (wide) x 3000mm (high) x 112mm
(thick) and the average nominal weight of each panel was found to be 115.6kg.
Core material of each panel was said to be “Perlite” and encased within BESTA
fire resistance boards of 12mm thick with 88mm x 25mm and 88mm x 18mm
thick edge lips on each end.

12 Along the tongue and groove vertical joints connecting each panel, “Bostik

Fireban One” fire rated polyutherane sealant was applied. All exposed gaps
between panels and edge perimeter of wall were grouted with “Hilti CP606" fire
resistance acoustic mastic sealant. Steel angle 37mm x 37mm x 2.3mm thick
were placed along the base and top edge on both sides of the constructed wall.
The steel angles were fastened to lintel and wall floor with anchor bolts at
maximum distance of 1150mm apart.

13 An inspection on the specimen was conducted during the construction stages

by a TUV SUD PSB staff to verify on its material used, dimensions and
designs. Details of the partition wall are as shown in Figure 2 to 5.

14 Installation of the test specimen onto the test furnace was arranged and

carried out by Best Rock Building Systems Pte Ltd.

il
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Test Report No. SOBMEC05565/IHN
dated 26 Sep 2008

PSB Singapore

TEST RESULTS:

15 Table 1 shows the temperature rise for the furnace and the standard curve. In
addition, the table shows the percentage difference between the area under
the standard curve and the area under the furnace curve compared with the
percentage tolerance allowable within the standards.

16 Table 2 and 3 show the mean and maximum unexposed face temperature
above the initial temperature.

17 Table 4 shows the deflection measurement of the wall towards the furnace
along its mid-height,

18 Figure 1 shows the actual time-temperature curve of furnace in relation to the
specified time-temperature curve.

19 Photographs of the test are shown in Plates 1 to 6.

20 Observations were made during the test on the unexposed face of the test
specimen and these are given in Appendix 1 of this report.

21 The resuits only relate to the behaviour of the specimen of the element of
construction under the particular conditions of the test. They are not intended

to be the sole criteria for assessing the potential fire performance of the
element in use nor do they reflect the actual behaviour in fires.

CONCLUSION:

22 The specimen satisfied the requirements of the BS 476: Part 22: 1987 for
the periods stated below:

Integrity : 199 minutes

Insulation :z 164 minutes

o

Pace 5 of 17
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Test Report No. SOBMEC05565/IHN
dated 26 Sep 2008

PS8 Singapare

REMARKS:
23 Integrity
At 200 minutes of heating, a 6mm gap gauge was employed at through gap
between panel C and D and was able to traverse vertically for 200mm.
Therefore, the integrity of the BESTA Wall meets the standard for 199 minutes.
24 Insulation
At 165 minutes of test, the maximum mean temperature rise and maximum
temperature rise above initial temperature on the unexposed face of specimen

were 95.3°C and 190.2°C respectively. Therefore, the insulation of the BESTA
Wall meets the standard for 164 minutes.

WITNESSES
25 The test was witnessed by the following representative:

Best Rock Building Systems Pte Ltd : Mr. Daniel Wong

IsmaiBin Hassan Chan Lu% Toa

Assaciate Engineer Product Manager
(Fire Safety & Security Products)
Mechanical

Page 6 of 17
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Test Report No. S0O8MEC05565/IHN _\% 4

dated 26 Sep 2008
PS8 Singapore
Table 1: Comparison of area under the curve
| !
Temperature rise Area under curve Percentage Standard
| Time (°C) (°C min) difference tolerance
(min) | Standard | Furnace | Standard | Furnace (%) =%
5.0 566.4 547.8 2038.1 1920.6 -5.8
10.0 658.4 661.5 5102.7 4935.5 -3.3 15.0
15.0 718.6 684.3 8554.8 8237.9 -3.7
30.0 821.8 824.3 20195.3 | 19805.4 -1.9 10.0
60.0 925.3 929.3 46579.6 | 46353.1 -0.5
120.0 | 1029.0 1033.8 | 105566.9 | 105579.6 0.0
200.0 | 1105.5 1109.1 | 191208.2 | 191440.9 0.1 5.0
Table 2: Unexposed face temperature of the BESTA Wall
Above initial
Time Thermocouple no. mean temp
Mean (°C)
{min) Temp | Mean | Max.
100 101 102 104 105 (°C) | temp | temp
0.0 274 27.8 27.6 28.1 27.8 27.7 - -
30.0 28.8 30.3 35.8 354 67.3 385 | 118 | 39.6
60.0 45.1 46.8 52.0 50.2 58.8 506 | 228 | 31.0
90.0 63.2 63.4 80.5 66.9 77.3 70.3 | 425 | 52.8
120.0 77.1 80.4 89.5 81.9 84.0 826 | 548 | 61.7
150.0 99.3 87.0 112.7 854 88.8 94.6 | 66.9 | 84.9
164.0 113.7 98.6 196.5 86.4 96.2 118.3 | 90.5 | 168.7
165.0 114.4 99.6 217.9 86.6 96.9 123.1 | 95.3 | 190.2

Note: The mean temperatures were derived from thermocouple points 100 to 102 and 104 to 105.

o dain
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Table 3: Additional unexposed face temperature of the BESTA Wall

Time Thermocouple no. Mean Max. temp above initial

(min) 106 108 Temp temp (°C)
(°C)

0.0 27.7 27.8 27.7 -
30.0 31.1 77.2 54.1 494
60.0 53.3 82.6 67.9 54.9
80.0 71.6 85.3 78.4 57.5
120.0 80.3 86.9 83.6 59.1
150.0 91.0 89.4 90.2 63.2
164.0 108.3 89.4 98.8 80.5
165.0 108.0 89.1 99.1 81.2

" Table 4 : Deflection of the BESTA Wall towards the furnace

Time Measurement of deflection (mm)

{min.) A B C I D E
10.0 6 6 6 8 2
20.0 6 g 10 8 4
30.0 7 10 10 8 4
45.0 8 11 11 8 4
60.0 8 11 11 8 4
90.0 7 8 10 6 2

120.0 6 8 10 5 2
150.0 1 5 8 10 5 2

180.0 | 7 8 0 10 5

Note: The measuring points at mid-height are indicated in Figure 2.
Page B of 17
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Plate 2: At about 30 minutes of test.
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Plate 4: At about 120 minutes of test.
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Plate 6: At about 204 minutes of test,
I P
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APPENDIX 1
Time h
(min:sec) Observation on the unexposed face

00:00 Test commenced.
05:12 Intermittent audible ‘boom’ sound heard within the wall.
10:00 The wall partition began to deflect inward across its mid-height.
20:00 Increased inward deflections along its mid-height were measured.
30:00 Integrity of the wall observed to be intact.
60-00 No significance occurrence was observed. Integrity of wall remained

) intact.
90:00 No changes observed.
120:00 Integrity remained intact and no significance changes observed.
167:00 | A bulging light grey patch began to emerge on wall surface below

' thermocouple point 102.
180:00 Grey patch mentioned at 167 minutes increased in area.
181:00 Delamination of wall panel skin along left edge of panel D at mid-height

) approximately 200mm long vertically.

) A glow on panel C surface approximately 550mm below point 102 was
185:00

observed,

190:00 Clearance between panel C and D adjacent to point 102 was observed

) to be radiating hot
200:00 A Bmm gap gauge employed at through gap between panel C and D

) and was able to traverse vertically for 200mm in length,
202:00 A single ‘boom’ sound heard. Continuous flaming for more than 10

’ seconds was observed at gap mentioned at 200 minutes.
204:00 Test was terminated.

A dme
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This Report is issued under the following conditions:
1. Resulls of the testingicalibration in the form of a report will be issued immediately after the service has been completed or terminated.

2. Unless othenwise requesled, a report shall contain cnly technical resulls. Analysis and interpretation of the results and professional opinion
and recommendations expressed thergupon, if required, shall be clearly indicated and additional fee paid for, by the Client,

3. This report applies 1o the semple of the specific productiequipment given al the time of its testing/calibration. The results are not used 1o
indicate or imply that they are applicable lo other similar items. In addition, such results must not be used to indicate or imply that TOV SUD
PSB approves, reccmmends or endorses the manufaciurer, supplier or user of such productiequipment, or that TOV SUD PS8 in any way
“gquarantees” the later performance of the product/equipment,

4. The sample/s menlioned in this reporl isiare submitted/supplied/manufactured by the Client, TUV SUD PSB therelore assumes no
respansibility for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information
supplied.

5. Addlional copies of the report are available to the Client at 2n additional fee. No third party can oblain a copy of this report through TUV SUD
PSB, unless the Client has authorised TUV SUD PSB in wiling lo do so.

B  TUV SUD PSB may at its sole discretion add lo or amend the conditions of the report at Lhe time of issue of the report and such report and
such gddilions of amendments shall be birding on the Client.

7. All copyright in (he report shall remain wilh TUV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the carrying out of
the tesis/calibrations, be granted a license to use or publish the report to the third parties subject to the terms and conditions herein, provided
always thal TUV SUD PSB may at its absolute discretion be entitled lo impose such conditions on the license as it sees fit.

8. Nothing in this report shall be interpreted to mean thal TUV SUD PSB has verified or ascerizined any endorsement or marks from any other
lesting autherity or bodies that may be found on that sample.

9. This report shall not be reproduced wholly of in parts and no reference shall be made by the Client to TOV SUD PSB or (o the report or resuits
furnished by TUV SUD PSB in any advertisements or szles promotion.

10 Unless otherwise staled, the tests ate carried cut in TUV SUD PSB Ple Ltd, No.1 Sciance Park Drivé Singapore 118221.

January 2008
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Test Report No. 719178407-MEC10-MW
dated 22 Jun 2010

Noto: This report is issued subject to TUV SUD PSB's “Terms and Conditions Goverring Technical Services" PSB Singapore

The terms and cohdilions governing Lhe issue of this reporl are sel oul as atlached within this report.

Choose certainty.
Add value.

SUBJECT:

Fire resistance test on a non-loadbearing 75mm thick Besta Wall Panel drywall partition
system submitted by Well & Able International Pte Ltd.

TESTED FOR:

Well & Able International Pte Ltd

103 Defu Lane 10

#02-03, BTH Building

Singapore 539223

Attn: Mr. Ronald Cheong

DATE SUBMITTED:

07 Jun 2010

DATE OF TEST:

14 Jun 2010

PURPOSE OF TEST:

1 To determine the fire resistance of the specimen when tested in accordance with BS
476: Part 22: 1987 “Methods for Determination of the Fire Resistance of Non-
loadbearing Elements of Construction - Determination of the Fire Resistance of

Partition.” !

ol ﬂ:i::;‘_:g:gj:,‘ The resuls reported herein have boen perormed in
,\\“\_\://"?«; LAZ00.031.F  Accordance with the laborattry's terms of accredtation
= 3 - A =

o~ z LA-2007-0382-B under the‘ gLp0He Council -

LA00-0383.6  S3oorRloy Seheme, Teste!G marked
T ACCREDUED (3 onprgygeg Mol SACSINGLAS Aotredied” In ts Repor sre not

‘

LNy LABI included in the SAC-SINGLAS Accreditation Schedul for
TOv sUD P3B ‘(f:‘:‘ SAC-SINGLAS 3300t o borary.
Laboratery: Phone : +65-6885 1333 Reglonal Head Office:
10V 0D PSB Pte. Ltd. Fax: +65-6776 8670 10V SUD Asia Paclfic Pte. Ltd.
No.1 Science Park Drive E-mail: teskng@luv-sud-psb.sg 3 Science Park Drive, #04-01/05
Singapore 118221 www.luy-sud-psb.sg The Franklin, Singapore 118223
Co. Reg : 198002657R o° Page 1 0f21
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TEST PROCEDURE:

2 Before the commencement of test, the ambient temperature in the general vicinity of
the test specimen construction was ensured to be not exceeding 35°C. The datum
values for each individual temperature and deflection measurements were also taken
not more than 15 minutes before the commencement of test.

3 During the test, with commencement of heating of the specimen, the furnace
temperature and pressure were controlled to comply with the requirements specified in
BS 476: Part 20: 1987: clause 3.1 and 3.2 respectively. The pressure was controlled
such that a linear pressure gradient of 8.5+2 Pa per 1000mm height exist above a
neutral pressure axis at a height of approximately 1000mm above the notional floor
level. However, the maximum pressure at the top of a vertical test construction shall
not exceed 20 Pa.

4 Throughout the heating period, the behaviour of the specimen was observed and
monitored for compliance with the relevant performance criteria stated in clause 10 of
BS 476: Part 20: 1987 (A summary is given in clause 9 of this report) and the
appropriate clause of BS 476: Part 22: 1987.

5 For insulated specimen, the mean temperature on the unexposed face were measured
by five number of surface mounted thermocouples, with one placed approximately at
the centre of each quadrant. In the presence of stiffener, through member or jointing,
the thermocouples were located at least 50mm away.

6 For insulated specimen, the maximum temperature on the unexposed face were
measured by thermocouples placed on locations on one vertical jointing and one at
stiffeners which may be hotter than the average on the face. The thermocouples were
placed at least 50mm away from edge of stiffeners or any jointing.

7 Observations, on the behaviour of the test specimen throughout the heating period,
were made and recorded. As appropriate, cotton pads, gap gauges and roving
thermocouple were used to establish the occurrence of failure.

8 The test was terminated when one or more failures as stated in the performance
criteria occurred, or otherwise at a time agreed between the sponsor of test and the

test laboratory.

Page 2 of 21
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PERFORMANCE CRITERIA:

9 The specimen is assessed against the following test criteria:

9.1

9.2

Loss of integrity

Failure shall be deemed to have occurred when one of the following occurs:-

When collapse or sustained flaming for more than 10 seconds on the unexposed
face.

When the cotton pad test is conducted, flames and/or hot gas causing flaming or
glowing of the cotton pad.

Where the cotton pad test cannot be conducted because of the level of radiation
from the specimen, a through gap into furnace exceeding 6mm in width by
150mm in length exists or develops in the specimen.

When a through gap into furnace exceeding 25mm diameter exists or develops in
the specimen.

Insulation

Failure shall be deemed to have occurred when one of the following occurs:-

If the mean unexposed face temperature increases by more than 140°C above its
initial value.

If the temperature recorded of at any position on the unexposed face is in excess
of 180°C above the initial mean unexposed face temperature.

When integrity failures occur.

DESCRIPTION OF TEST SPECIMEN:

10 The test assembly consisted of a non-loadbearing 3000mm (wide) x 3000mm (high) x

75mm thick drywall partition. The nominally 75mm thick partition was constructed
vertically within a test frame with ordinary bricks bedded along the base as lateral
support, along two vertical sides of the wall and a concrete lintel at top of wall. A free
edge clearance of approximately 25mm wide filled with ceramic wool was provided
along at one vertical side of the constructed partition. The test frame was mounted onto
the furnace (PSB Asset No: 20009077). The fire resistance test was conducted at TUV
SUD PSB's laboratory located at No. 10 Tuas Avenue 10, Singapore 639134,

%: Page 3 of 21
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The partition was constructed with ‘Keel’ steel ‘U’ channels of size 40mm x 50mm X
40mm x 0.6mm thick. The channels were secured onto the top/bottom and one vertical
of the surrounding brickwall with 5.8mm@ x 38mm (L) self drilling screws spaced at
500mm apart except the free edge. 50mm thick ‘SFF’ rockwool of density found to be
37kg/m® was used to fill the voids between the channels and sandwiched by 12mm
nominal thick Besta boards of density found to be 1015kg/m®, secured with 3.5mm@ x
25mm(L) self drilling screws spaced at 400mm apart. Intermediate Besta board of size
200mm (wide) x 12mm nominal thick was placed along the butt jointing between
boards, bonded with GX-Adhesive 282 on the 200mm wide surface and reinforced with
screws along the butt joints at 400mm apart. Clearance between buitt joints were filled
with HC-119 Fire-retardant Silicone Sealant of 'HUA CHENG GUI’ and finished with a
layer of joint compound (mixture of GX-Cote 059w power and GX-Cote 059w liquid)
laid over it, inclusive of screw locations.

11 An inspection on the drywall partition was conducted during the construction stages by
a TUV SUD PSB officer to verify on its material used, dimensions and designs. Details
of the wall panels construction are as shown in DWG NO.: W&A/WPS-500/T1-1 to
WEA/WPS-500/T1-7 dated 14.06.10.

12 Installation of the test specimen onto the test furnace was arranged and carried out by
Well & Able International Pte Ltd.

TEST RESULTS:

13 Table 1 shows the temperature rise for the furnace and the standard curve. In addition,
the table shows the percentage difference between the area under the standard curve
and the area under the furnace curve compared with the percentage tolerance
allowable within the standards.

14 Figure 1 shows the actual time-temperature curve of furnace in reiétion to the specified
time-temperature curve.

15 Table 2 and 3 show the mean and maximum unexposed face temperature above the
initial temperature.

16 Table 4 shows the deflection measurement of the partition towards the furnace along
its mid-height.

17 Photographs of the test are shown in Plates 1 to 6.

18 Observations were made during the test on the unexposed face of the test specimen
and these are given in Appendix 1 of this report.

Page 4 of 21
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19 The results only relate to the behaviour of the specimen of the element of construction
under the particular conditions of the test. They are not intended to be the sole criteria

for assessing the potential fire performance of the element in use nor do they reflect
the actual behaviour in fires.

CONCLUSION:

20 The specimen satisfied the requirements of the BS 476: Part 22: 1987 for the periods
stated below:

Integrity i 128 minutes

Insulation g 97 minutes

REMARKS

21 Integrity
Integrity failures at 128 minutes 09 seconds of test where continuous flaming for more
than 10 seconds at clearance between board butt joint about 150mm above mid height,

560mm from the fixed edge was seen. Therefore, the integrity of the drywall partition
meets the standard for 128 minutes.

22 Insulation

At 97 minutes of test, the maximum mean temperature rise and maximum temperature
rise above initial temperature on the unexposed face of specimen were 74.8°C and
177.1°C respectively. At 98 minutes of test, the maximum temperature rise above initial
temperature was 182.1°C, which exceeded the maximum permissible temperature of
180°C. Therefore, the insulation of the drywall partition meets the standard for 97

minutes.

Page § of 21
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WITNESSES

23 The test was witnessed by the following representative:

Well & Able International Pte Ltd g Mr. Ronald Cheong
_’é/_)@._ .
kXVong Chan Lung Toa
ineer Product Manager

(Fire Safety & Security Products)
Mechanical Centre

Page 6 of 21
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Table 1 . Comparison of area under the curve

PSB Singapore

Time Tempe(l;a(‘:tl)ﬂ'e Hee Area(::gdn?irnc):urve Z?;;?g;acgee Standard tolerance
(min) Standard | Furnace | Standard | Furnace (%) %
5.0 556.4 577.2 2038.1 1925.0 -5.5
10.0 658.4 660.9 5102.7 4990.4 -2.2 15.0
15.0 718.6 726.3 8554.8 B8466.7 -1.0
30.0 821.8 821.56 20195.3 | 20110.6 -0.4 10.0
35.0 844.8 841.2 24363.2 | 24281.5 -0.3
65.0 937.3 935.6 51236.6 | 51176.3 -0.1
95.0 994.1 991.1 80261.0 | 80184.4 -0.1 5.0
130.0 | 1041.0 1047.3 | 115918.0 | 115832.6 -0.1
T REF 719178407
1000
s
g
§
= 600
a0 ;
i
o

Temg (min}

FIGURE 1 FURNACE AVERAGE TEMPERATURE

C@ Page 7 of 21
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Table 2 : Unexposed face temperature on drywall partition system

Time Thermocouple no. TM:;; fboyg |n|t1(a°lcr;1ean it
(min) 60 T 701 [ 702 | 704 | 105 | (C) [Wean temp | Max. temp
00 | 312 | 316 | 31.3 | 31.7 | 314 | 314 g :

120 | 422 | 474 | 41.0 | 42.4 | 432 | 432 11.8 15.9
240 | 721 | 716 | 625 | 734 | 721 | 703 38.9 41.9
360 | 776 | 777 | 757 | 779 | 783 | 774 46.0 46.9
480 | 80.9 | 895 | 794 | 79.9 | 822 | 824 50.9 58.1
60.0 | 825 | 97.8 | 82.3 | 828 | 91.7 | 87.4 56.0 66.4
72.0 | 842 | 1019 | 875 | 84.8 | 976 | 91.2 59.8 70.5
84.0 | 88.0 | 1061 | 93.7 | 90.6 | 104.7 | 96.6 65.2 74.7
97.0 | 93.8 | 118.0 | 102.7 | 94.9 | 122.0 | 106.3 74.8 90.6
98.0 | 941 | 118.6 | 103.3 | 951 | 123.4 | 106.9 75.5 91.9
108.0 | 99.3 | 129.3 | 113.0 | 99.8 | 139.8 | 116.2 84.8 1084
121.0 | 109.4 | 1365 | 131.5 | 106.6 | 2035 | 137.56 | 1061 172.1
122.0 | 113.2 | 137.8 | 134.8 | 110.6 | 2125 | 141.8 | 110.4 181.1
132.0 | 131.8 | 1554 | 198.5 | 130.3 | 329.6 | 189.1 157.7 298.2

Table 3 : Additional unexposed face temperature on drywall partition system

Time Thermocouple no. Mean temp Above initial mean temp (°C)
(min) 106 108 (°C) Max. temp
0.0 31.2 31.4 31.3 -
12.0 49.6 34.1 41.8 18.3
24.0 73.0 51.0 62.0 417
36.0 02.3 74.8 83.6 61.0
48.0 29.1 75.5 87.3 67.8
60.0 109.1 76.1 92.6 77.8
72.0 114.2 78.1 96.1 82.9
84.0 139.7 82.1 110.9 108.4
97.0 208.4 82.9 150.6 177.1
98.0 . 2134 93.2 153.3 182.1
108.0 276.3 96.0 186.1 2450
120.0 296.4 103.1 199.8 265.1
132.0 378.6 219.2 298.9 347.3

din
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Table 4 : Deflection of the drywall partition system measure at mid height

Time Measurement of deflection (mm)

(min.) A B C D E
10 9 12 12 13 10
20 20 22 24 23 17
30 41 53 57 54 36
45 63 85 90 80 60
60 68 89 97 81 63
90 53 65 70 57 47
120 63 78 73 70 55

Notes:

1) The deflection measuring points at mid-height are indicated in DWG NO.: W&A/MWPS-
500/T1-3.

2) A negative value indicates deflection away from the furnace.

sin
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Photographs of test

Plate 1 : The unexposed face of specimen before the test.

Plate 2 : At about 25 minutes of test. ! ﬁ

Page 10 of 21
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Test Report No. 719178407-MEC10-MW
dated 22 Jun 2010

Photographs of test (cont'd)

Plate 3 : At about 60 minutes of test.

Plate 4 : At about 91 minutes of test

i
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Photographs of test (cont'd)

Plate 5: At about 128 minutes 09 seconds of test, Continuous flaming for more than 10
seconds from the clearance developed from the crackline about 560mm from
fixed edge, 200mm above mid height was seen.

Plate 6 ; At about 132 minutes of test.

Page 12 of 21
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APPENDIX 1

Time (min:sec)

Observations on the unexposed face

00:00 Test commenced.

16:00 No significant changes.

30:00 A vertical crackline about 1220mm from free edge was seen.

40:00 Smoke emission was seen from all edges except free edge.

45:00 A vertical crackline was seen about 560mm from fixed edge at around
mid height.

60:00 Smoke can be seen emitting from crackline mentioned at 30 minutes.

75:00 Smoke can be seen emitting from crackline mentioned at 45 minutes.
Several black spots can be seen along the bottom edge. Glowing at mid
height on the fixed edge was seen.

105:00 Discolouration along the crackline about 560mm from fixed edge,
200mm above mid height was seen. Horizontal crackline about 600mm
from top edge was seen.

12000 Crackline mentioned at 105 minutes developed into clearance of about

] 10mm with glowing. But not a through gap.

123:00 Clearance mentioned at 120 minutes increased to about 20mm with
glowing.

128:09 Continuous flaming for more than 10 seconds from the clearance
mentioned at 120 minutes was seen. Integrity failure occurred.

132:00 Test was terminated upon requested by the sponsor of test. Flaming

mentioned at 128 minutes 09 seconds continued.

dsin
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L TEST FRAME

JOINT COMPOUND
(GX-COTC 059W)

(POWDER & LIQUID)

FIRC ~RCTARDANT
SILICONC SEALANT
(HC-119)

CONCRETE LINJEL

JOINT COMPOUND
(GX-COTE 059W)

~ (POWDER & LIQUID)

FIRE-~RETARDANT
SIICONE SEALANT
(HC-113)

JOINT COMPOUND
(GX—~COTE 050w)
(POWDER & LIQUID)

/]

GX-ADHESIVE 282

FIRE - RETARDANT
SILICONZ SEALANT (HC-119)

[NON_EXPGSED SIDE]

1

GX-ADHESIVE 282

/

FIRE-RETARDANT
SILICONE  SEALANT
(HC-119)

FIRE~RETARDANT
SILICONE SEALANT o
(HC-119) B¢

JOINT COMPOUND
(GX-COTE 059W)
(PONDIR & LIQuID)

|
N
S

| 2};00
NS
DR — L |32 /] 12X

\_
[FIRE_EXPOSED SIDE]

JOIN™ COMPOUND
(GX-COTE 059W)

(FOWDER & LIQUID)

50MM THK SFF ROCKWOLL
(40KG/M3)

12MM THK BESTA BOARD

FIRE~RETARDANT
SILICONE SEALANT (HC 119)

JOINT COMPOUND
(GX-COTE 059w)
{POWD=R & LIQUID)

==

N ORDINARY BRICKS

SECTICN A-A
SCALE 1:10

/NP5 -500/T1~4

owG M
W

1REVSIOh: RS

0

14,06.10

SATE:
SHECKED

ez (25) ST

T (53) 3TIMIT

Well & Ablo Internstional Pts L [2Rom:
S0 Dt L $4, 3L, AT D, Pl 13520

@

BESTA WALL PANEL SYSTEM
TES™ FRAME AND SECTION

DRAWNNG TILE:

PROJECT TITLE:

176



177

TUL L3308,

12 jo g} abed
S5 sosan| O s TUOKdaY;
ORI nizmo () = mszo (e =
g ; T T @ NOILJ3S CNv IAvdd 1S3:
mh e R el PV Rl O] T F [P, ) W3ISAS 13NV TIvM ¥1S38
oo 9&9&0.3 ava; WIS LSS T
01l IWIS
@_v 8-8 NCILO3S
[30IS_0350dX3 Jul4—NON
\ Z8C 3ASIHAV-XD /
Sek /
£
%S 4] \ oaﬂ
w‘\\ / g @ /L FAyi A uﬁ /L A\
a1 S P—A S S S
Ve 7/ 4 44
H
. / 0zél e 47 Ve
7 (611-0H) INVIVS INCONIS
{6L1=9H) INVIV3S INODIS INVORYL3Y—TuLd
INVOXY13d-341: \
(@ndn % ¥30M0d)
Ma_a: ® Em;%& Mamwm u%unxs \
MBED 300X NNOdWGD INIOP
QNnOdHOD NP OO 0 RoISNYAX3 Wz
as0debuis g4

0L0Z ung zZz pajep

MIN-0LDFIN-L0¥8LL61L "ON Hoday 3sa)



12 40 61 abed

aodebus gsd

s a..,s& CCFLnegl  iavosa 3015 CI50dx3 NON ONY
O R 301 03S0dx3 2l
L/ooe— o PP LA VRO (ST iR o NOILVAJ1] Qxv08
8- .1/00G-SdM/ATM sumeo| YT A [PUORSIIA] F(qY P TPM WILSAS 3NV Tlvm vIS38)
o tagf SV SOV 50 LSk FUSIS 3l e} TUL 130084
m M b Tws bEil 39S
3015 350d%3 383 39IS 350<X3 NON
NOTIVAT3 FIOT_vA313
al (25 T o
" ..—‘oem—v Yoo R qm oztt oZL Tz
h 1
| RIS Hiwer
ﬁml e D4 [ e | HM
X
W. dwﬂr . .ﬂ.lltinf. = , . m
(S Rl | g s B g
%ﬁ%\\ : ; g ; 3 m Givod ¥1538 MU MAZI N
A | B s N |
IO NOGHYIG NIeT g 111 ’ 2 QIO | NG dY2 NOBNYOXA hASZ
" { nee .ﬂ.wuum H:.L_ FAE 7 =
L . , g s
2/ ANCOTO | HAGZ r
RNGTH MIUX SHTNND JTES s ]
S L “oor
ﬂ, 055 07Z1 oz [534 [ T =4
& ST0E

0102 unf zz pejep

MIN-0LO3N-L0V8LL6LL "ON Hoday 3sa]

178



1Z Jo 0z sbed

SH ,__amsy._ O e WnOdagy
s | el s v V.30 WNCILDIS ANV
¥ 2 7 e L -0 T T @) AILSAS ONWYHL SANIS
L= 11/00G~SaM/ VM +wved| P¥T S [SUOTIWRNN] S1qV 5 T9M W3LSAS T3Nvd Tivk vIS28
o A oh.wo,:..ha ISTMTNS FOUSIS FUL SNuevE0 AU LT3N08d
0g' L IWIS

i

ONINVYS SANLS

Sgog

> " x

e

2/2 ANO0SE 1 WHET ] \\
HNE'SP MIYIS INMIEd 135

HWOLI08 ONY d01

HHL WHG'OXOPX0GX0F

& 0nis 1

009

2/2 WADOSE@ 7 WNEL \
WAB'Se MINIS ONTI¥O 13S

000t

3/2 HKODS © QNIS N
WHL WAZ 0X0GX0SX0S

M0LL03 ONY dOL @ dNIS N ™
HHL WG 0XO0¥X0SX0¥

Vi

3/0 NNCOS® 1 WABE
AHB'Se MI¥IS ONTTTING 138

1
*
b
s

’

005 005

0L0zZ unr zz pajep
MIN-0LO3IN-20¥8LL6LL "ON Hoday }s9)

179



Test Report No. 719178407-MEC10-MW
dated 22 Jun 2010

PSB Singapore

This Report is issued under the following conditions:

1.

2.

10.

Resulls of the lesting/calibration in the form of a repori will be issued immedialely after the service has been completed ar lerminated.

Unless otherwise requested, this report shall contain only technical resulls carried out by TUV SUD PSB. Analysis and interpretalion of the
results and professional opinion and recommendalions expressed lhereupan, if required, shall be clearly indicaled and additional fee paid for,
by the Client.

This report applies to the sample of the specific preduct/equipment given at the time of its lesting/calibration. The resulls are not used 1o
indicate or imply thal they are applicable to other similar items. In addition, such results must not be used to indicate or imply thal TUV SUD
PSB approves, recommends or endorses the manufacturer, supplier or user of such productfequipment, or that TUV SUD PSB in any way
“guaraniees" lhe laler performance of the product/equipmenl. Unless otherwise slated in this report, no tests were conducted lo determine
long term effects of using the specific product/equipment.

The sample/s mentioned in this report isfare submitled/supplied/manufactured by the Client, TOV SUD PSB therefore assumes no
responsiblity for the accuracy of information on the brand name, mode! number, origin of manufaciure, consignment or any information
supplied.

Additional copies of the report are available 1o the Client at an addilional fee. No third party can obtain a copy of this report through TOV SUD
PS8, unless the Clienl has aulhorised TUV SUD PSB in writing lo do so.

TUV SUD PSB may al its sole discretion add to or amend the conditions of the report at the time of issue of the report and such report and
such additions or amendmenls shall be binding on the Client.

All copyright in the report shall remain with TUV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the carrying out of
the tests/calibrations, be granled a license lo use or publish the report to the third parlies subject to the terms and condilions herein, provided
always that TUV SUD PSB may al its absolute discretion be entilled to impose such conditions on the license as it sees fil.

Nothing in this report shall be interpreted lo mean that TUV SUD PSB has verified or ascerlained any endorsement or marks from any other
testing authorily or bodies that may be found on that sample.

This report shall not be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUD PSB or to the repert or resulls
furnished by TUV SUD PSB in any adverlisements or sales promotion.

Unless othenwise stated, the tests were carried out in TUV SUD PSB Pie Ltd, No.1 Science Park Drive Singapore 118221,

March 2010

Page 21 of 21
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b2) Fire Resistance Test On A Non Load Bearing Besta Wall Panel

Test Report No, S0BMEC05926/LGJ

dated 04 Oct 2008

oy

Note: This report is issued subject to TUV SUD PSB's “Terms and Cendilions Governing Technical Services™. PSB Singapore
The terms and conditions governing the issue of 1his report aré sat oul as aflached within this teport.

SUBJECT:

Choose centainty.
Add value.

Non-combustibility test on “BESTA" Fire Resistant Board material submitted by Best
Rock Building Systems Pte Ltd on 17 Sep 2008.

TESTED FOR:

Best Rock Building Systems Pte Ltd

14 Zion Road

Singapore 247732

Attn: Mr Daniel Wong

DATE OF TEST:

30 Sep 2008

PURPOSE OF TEST:

To determine whether the material is non-combustible when it is exposed to the
conditions of the test specified in British Standard 476: Part 4: 1970 “Fire Test on
Building Materials and Structures - Non-combustibility Test for Materials”,

The test was conducted at TUV SUD PSB fire test laboratory located at No. 10 Tuas
Avenue 10, Singapore 639134,

PSB TEST *

Your Peats of Mg

Laboratory:

TOV SOD PSB Pte. Lid,
Testing Se:vicks

No 1 Seience Park Drive
Singapore 116221

%ﬂ/@

\\I'l

ACCAEQITED &immm_g
LABORATOAY ) doa7.0325-
SAC-SINGLAS S0t

4 The reso repored teten hroe been perormed o
accordace

wih the QAbwaorys wms of ccedssdd
undtr e Segazere Aserectzton Cooncd - Sogapore
Laberatary Acereaianen Scheme. TeowCalbeanens marked
*hat SACSINGLAS Accredies” o ths Repord are net
Euses in the SAC-SINGLAS Astrecaicn Schegiie fir
o lanorarry

Phone : -66-6885 1333

Fax = ~+65-6776 B670

E-mal testing@tuv-sud-psh $g
www tuv-5ud-psh.sg

Co.Reg : 198002667R

Regional Head Office:

TGV SOD Asia Paclfic Pte. Lid.
3 S&ience Park Drive, /040105
The Frankkn. Singapore 118223
TOV®

Page10of3
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Test Report No. SOBMEC05926/L.GJ
dated 04 Oct 2008

&

PSB Singapore

DESCRIPTION OF SAMPLES:

6 pieces of sample, said to be "“BESTA” Fire Resistant Board material comprising of
Magnesium Oxide composite mineral board, each of nominal size of 40mm x 40mm x
50mm thickness were received. The overall bulk density of the sample was found be
about 1253kg/m®.

TEST PROCEDURE:

Specimens were exposed to the specified heating conditions (750 + 10°C) in a
furnace conforming to Clause 6 and illustrated in Figure 1, 2 and 3 of the Standard.
The furnace was heated and its temperature stabilized at 750 £ 10°C for more than
10 minutes. One specimen was then inserted in the furnace, the whole operation
was performed in less than § seconds. The temperature of the specimens and the
furnace were measured by two separate Chromel/Alumel thermocouples
continuously for 20 minutes on the chart of a recorder. The flaming time of the
specimen was determined by a stop watch. The procedure was repeated twice for
two other specimens, one at each time.

RESULTS:
Specimen 1 | Specimen2 | Specimen 3 | Requirements
Description
Time of continuous flaming (sec.) 0 0 0 <10
| Temperature rise of furnace (°C) 0 5 6 <50

Temperature rise of sample (°C) 0 0 0 <50

Classification Non- Non- Non- -
combustible | combustible | combustible

CONCLUSION:

A non-combustibility test for materials in accordance with British Standard 476 Part
4 : 1970 has been performed on the material as described in this report and the
classification of the sample is non-combustible.

Ong Kiar\Huat
Assqgeciate|Engineer

Chanllung Toa

i

Product Manager
(Fire Safety & Security Products)
Mechanical

Page 2 of 3
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Test Report No. SO8MEC05926/L.GJ
dated 04 Oct 2008

PSB Singapore

Report is issued under the following conditions:

1

2.

>

Results of the testing/calibration in the form of a repont will be issued immedialely after the service has been compleled or terminated.

Unless othenwise requested, a report shall conlain only technical resuits. Analysis znd interpretation of the resuils and professicnal opinion
and recommendalions expressed thereupon, if required, shall be clearly indicaled and additional fee paid for, by the Client.

This report applies 1o the sample of the specific product/equipment given al the time of its testing/calibration. The resulls are not used lo
indicate or imply that they are applicable to other similar items. In addition, such results musl not be used to indicate or imply that 10V S0P
PSB approves, recommends or endorses the manufacturer, supglier or user of such productequipment, or that TUV SUD PSB in any way
‘guarantees’ the later pedformance of the productequipment.

The sample/s mentioned in this reporl isfare submitted/supplied/manufectured by the Client. TUV SUD PSB therefore assumes no
responsibilily for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information
supplied.

Additional copies of the repont are available to the Client at an addilicnal fee. No third party can oblain a copy of this report through TOV SUD
PSB, unless the Client has authorised TUV SUD PSB in wriling Lo do so.

TOV SUD PSB may 2! ils sole discretion add to or amend the conditions of the report at the time of issue of the report and such report and
such addilions or amendments shall be kinding on the Client.

All copyright in the report shail remain with TUV SUD PSB and the Client shall, upon payment of TOV SUD PSB's fees for the carrying out of
the lests/calibralions, be granted a license to use or publish the report to the third parties subject to the terms and conditions herein, provided
always that TOV SUD PSB may al its absolute discretion be entilled to impose such conditions on the license as it sees fil.

Nothing in this report shali be interpreted to mean that TUV SUD PSB has verified or ascertained any endorsement or marks from any other
lesling authority or bodies that may be found on that sample.

This report shall not be reproduced wholly or in paris and no reference shall be made by the Client to TUV SUD PSB or lo the report or resulls
furnished by TUV SUD PSB in any adverisements or sales promotion.

Unless olhenwise stated, the tests are camied out in TOV SUD PSB Pte Ltd, No.1 Science Park Drive Singapore 118221.

January 2008

Page 30f3
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c) Thermal Conductivity Test Report

) SETSCO SERVICES PTE LTD

SETSC(Q 18Teban Gardens Crescent

Singapore 608925

Tel : (65) 6566 7777

Fax: (B5) 8566 7718

Waebsite: www.selsco.com
Business Reg. No. 1969002690

TEST REPORT

{This Repor is issuad subject o the lerms & condilions sel out below)

Your Ref? - Quotation SPD/ 1the2008/ dw003R dd 17th April 2008
Our Ref: 8P- 2 (3) /THC Date: 19/09/2008

Page | of |

Subject ¢ Determination of Thermal Conductivity Value of “BESTA"™ Mangnesium Oxide (MgO) board
& sandwitch systems, submitled by Best Rock Building Systems Pre Lid on 11/07 /2008.

Tested For : M/s Best Rock Building Systems PTE LTD
14 Zion Road
Singapore 247732

Altin: Mr, Daniel Wong

Method of Test : Thermal.Conductivity : ASTM C 518-05

of Sample ¢ "BESTA" Magnesium Oxide (MgO) sandwich panels, consists of 2 nos each of : 1) 300 x 300 x

10mm MgO board; 2) 300 x 300 x 100mm sandwich perlite pancl; & 3) 600 x 600 x 128mm
sandwich perlite w/air channel panel system were received (see photographs 1 & 2).

Thermal Conductivity Test

"BESTA" MgO board / sandwich panel

128mm sandwich

100mm sandwich |(10mm+80mm

MgO board  [(10mm+80mm Perlite+10+18mm board
Perlite+10) panel  |w/partial air section+10mm)

Samples Reference

panel
Dimenston of test imens
e 300X 300x 10 | 300 x 300 x 100 600 x 600 x 128
Dale of test 20/08/08
Mean sample temperature ("C) 30
Thermal conductivity (W/m.k) 0.132 | 0.133 | 0.196
NS e
R O
Yip Poh Chuan Tan Hong Choon
Testing Officer Asst. Manager
Special Project Department Special Project Department

Terms & condillons:

(1) The Reportis prepared fo: the Sole use of the Cliant and is prepared Based upon the llem submited, Iha sevices tequired by the Clisat znd the conditions ndé: which the Services 2r perormed by SETSCO The
Reportis nl intended to b representzlive of similar or equivalent Services on similar ¢z equivalent liems. The Repon doss not conshiute n endersemient by SETSCO of the item.

(2) SETSCO aptees 1o use reasonabiz diligence intha performance of the Services bul fawatranties are qiven and nans may be implisd directly or indinectly telating fo the Services, the Repon o the facilibes of SETSCO

(3) The Report may not be used in.any publicty materiaf witheut the writlen consent of SETSCO.

{4) The Report may not be reproduced in part ¢ in full unless approval m wiiling has been gwven by SETSCO.

(5) SETSCO shall undet no circumstances be lizble 1o the Clent pr ifs 2gants, servants or representatives, in contract, tort (inciuding negligence or brezch of statutory duty) or otherwise for any difect o7 indhtect 1055 or
damage sufered by the Client, its agents, servarts ¢ representaive howsosver afising of whather connected with the Sérvices pravided by SETSCO herein
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SP-2(3)/THC

Page | of |

Physical and Mechanical Properties
—Thermal conductivity test
specimens :

[ 600 x 600 x 128 mm Sandwich

perlite w/air channel panel.

300 x 300 x 10 mm MgQ board.

300 x 300 x 100 mm Sandwich
perlite panel.

Physical and Mechanical Properties
—Thermal conductivity test
specimens :

600 x 600 x 128 mm Sandwich

perlite wfair channel panel.

(300 x 300 x 100 mm Sandwich

perlite panel.

300 x 300 x 10 mm MgO board.

~ < -Qnu‘.n-:)@v—-

&

SETSCO
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d) Sound Insulation Test Report
d1) Laboratory Measurement of Airborne Sound Transmission Loss

Test Report No. SO8MEC04781/A2/EMK
dated 18 Aug 2008

Note: This repor: is issued subject to TUV SUD PSB's "Terms and Conditions Gevarning Technical Services”™, PSB Singapore

The terms and condiions goveming the issue of this report are set aut as attached within this repost,

SUBJECT:

Choose certainty.
. o - - i Add value.
Laboratory measurement of airborne sound transmission loss of "Besta composite

mineral board system submitted by Best Rock Building Systems Pte Ltd on 4 Aug
2008.

TESTED FOR:

Best Rock Building Systems Pte Ltd
14 Zion Road
Singapore 247732

Attn : Mr Daniel Wong

DATE OF TEST:

8 Aug 2008

DESCRIPTION OF SAMPLES:

The “Besta” composite mineral board systemn of 3.20m (width) x 3.15m (length) x 100mm (thick) was
installed onlo the sample carrier by Best Rock Building Systems Pte Ltd.

The dimension of each composite mineral board was 3145mm (length) x 600mm (width) x 100mm
(thick). Each composite mineral board consisted of Perlite materials enclosed by 10mm thick “Besta™
board. The mass of each composite mineral board measured to be 93kg.

The joining of panel-to-panel and the perimeter seal of the composite mineral board system was
used by silicone sealant.

The drawing description of the composite mineral board system was shown in Figure 4.

(-4t

LA-200T-03804A
ST P . T rewls reponed herdn nawe een pefimad
R LATOTIMIEY sesoreany wir i beratrys W o scodtstes

53 2 = £
S > sx;ﬁg; wRer the Sagasere Accectilen Gouwd - Smgasors
m LATNTOIG Loy Arcresinon Smema. Tests Calratons —uned
TN PRy Sl oSS e e
x % S LAZRTONSE . hLA s B

YI:EE TE&Z ol SAC-SINGLAS [Joanec o bsomxy

Laboratory: Phane . #65-6885 1333 Regional Head Office:

T0v SUD PSB Ple, Ltd. Fax. +B5-6776 8670 TUV $OD Asia Pacific Pte. Ltd.

Tesing Services E-ran teshing @tuv-sudopsd sg 3 Scenge Park Drive, 7040105

No 1 Stience Pask Dnve Wik Luv-5ud-pSh Sg The Frank n, §.ngapore 118223

Sngapore 118221 Co Reg - 163002657R TOV® Page 1cf 8
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Test Report No. S08MEC04781/A2/EMK
dated 18 Aug 2008

PSB Singapore

METHOD OF TEST:

The test was conducted in accordance with ASTM ES0 - 04 “Standard test method for
laboratory measurement of airborne sound transmission loss of building partitions and
elements”

Measured area of panel opening: 3.20m (width) x 3.16m (height) = 10.06m?

Air temperature in both source room and receiving room : 26°C

Relative air humidity in both source room and receiving room : 65%

Source room voiume : 74m

Receiving room volume : 84m* L

Location of the test : Acoustics Lab of TUV SUD PSB Pte Ltd

TEST EQUIPMENT:

The following instruments were used for the test.

1) A dual-channel real-time frequency analyser (B&K Type 2133)

2) Two units of loudspeaker (JBL MPro MP415)

3) Two sets of %" condenser microphones (B&K Type 4190)

4) Two sets of microphone preamplifers (B&K Type 2663)

5) A sound pressure level calibrator (Norsonic Type 1251)

6) A sound source amplifier (Crown model CE 1000)

7) Two sets of rotating microphone booms (B&K Type 3923)

At

Page 2 of 8
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Test Report No. SOBMEC04781/A2/EMK
dated 18 Aug 2008

PSB Singapore

TEST PROCEDURES:

1) Instrumentation was set up according to ASTM ES0.

2) Measurement system was calibrated using a sound level calibrator Norsonic Type 1251,
3) Background noise level for both source room and receiving room were measured.

4) Sound source system was swilched on and maintained at constant level. The sound pressure
level in ihe receiving room was ensured to be 15dB higher than the background noise level.

5) Recording time for both rolating microphone booms was sel to 64s which equals to the time taken
by the booms to complete two revolutions.

6) Sound pressure level difference between the source room and the receiving room was measured
with a dual - channel acoustic analyser (B&K 2133), and the measurement was repeated thrice.

7) Step 6 was repeated after the loudspeaker was moved to new position.

8) Reverberation time (RT) of the receiving room was measured from two different loudspeaker
positions. Each loudspeaker position was measured twice.

9) The mean values of the six readings for sound pressure level difference and four readings for RT
values were calculated.

10) Values of sound reduclion index were determined for each 1/3 octave frequency band from
100Hz to 5kHz based on the mean values of step 9.

11) Sound transmission class was determined at the frequency of 500Hz of the shifted reference curve

Vs

according o ASTM E413

Page 3 of 8
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Test Report No. SOBMEC04781/A2/EMK

RESULTS:

dated 18 Aug 2008

PSB Singapore

Values of sound transmission loss (TL) of the tested sample were tabulated in Table 1. Sound
insulation rating was computed according to ASTM E413 - 04 *Classification for rating sound

insulation”.

Table 1 : Measured Sound Tranémlssion Loss, TL and values of the shifted reference curve

forSTC =36

Measured Sound :

1;?823?: :;%:2;‘ Transgris?;osr; Loss, Shlftesd_rléeie;grigea)c MR Deficiency
100 30.0 17.0 0.0
125 27.9 20.0 0.0
160 30.2 23.0 0.0
200 20.8 26.0 0.0
250 29.3 29.0 0.0
315 30.1 32.0 1.9
400 31.7 35.0 3.3
500 34.2 36.0 1.8
630 35.6 37.0 1.4
800 36.3 38.0 157
1000 36.6 39.0 2.4
1250 36.8 40.0 3.2
1600 37.3 40,0 2.7
2000 37.6 40.0 2.4
2500 37.4 40.0 2.6
3150 38.7 40.0 1.3
4000 41.4 40.0 0.0
5000 44.9 40.0 0.0

Total deficiency (125Hz — 4000Hz) : 25

The values in Table 1 were plotted as shown in Figure 1.

Remark:

The tested "Besta" composite mineral board system achieved sample has a sound transmission

class, STC =36

Francis Ee Min ;R_uen

Tesling Officer

.AAMQ\'W

Dr Sun Qiging i
Assistant Vice President
Acoustics & Vibration

Testing Services
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Sound Transmission Loss, TL (dB)

Test Report No. SO8MEC04781/A2/EMK SEERN

dated 18 Aug 2008 @ ]

PSB Singapore

RESULTS: {cont'd)
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Figure 1 : Sound transmission performance of “Besta” composite mineral board system
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Test Report No, SOBMEC04781/A2/EMK
dated 18 Aug 2008

Figure 2 : “Besta” composite mineral board system facing the source room

Figure 3 : “Besta” composite mineral board system facing the recelving room
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Test Report No. S08MEC04781/A2/EMK
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dated 18 Aug 2008

PSB Singapore
10mm thick “Besta” Board
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Figure 4 : “Besta” composite mineral board panel
Page 7 of 8

192



Test Report No. SOBMEC04781/A2/EMK
dated 18 Aug 2008

PSB Singapore

This Repor is issued under the following conditions:

T

Results of the testing’calibration in the form of a report will be issued immediately after the service has been completed or terminated.

2. Unless otherwise requested, a report shall contain only technical results. Analysis and interpretation of the results and professional opinion
and recommendations expressed thereupen, if required, shall be clearly indicated and additional fee paid for, by the Client.

3. This report applies to the sample of the specific product/equipment given al the time of ils lesting/calibration. The resulls are not used to
indicate or imply that they are applicable to other similar items. In addition, such results must not be used to indicate or imply that TUV SUD
PSB approves, recommends cr endorses the manulacturer, supplier or user of such product/equipment, or that TUV SUD PSB in any way
"guarantees” the later performance of the productiequipment.

4. The sample/s mentioned in 1hs reporl isfare submitted/supplied/manufactured by the Clienl. TUV SUD PSB therefore assumes no
respansibility for the accuracy of information on the brand name, model number, origin of manulacture, consignment or any information
supplied,

5. Addilional copies ¢f the repori are available to the Clignt at an additional fee. No third party can obtain 2 copy of this report through TV SUD
PSB, unless the Client has awhorised TUV SUD PSB in writing to do so.

8. TUv SUD PSB may at ils sole discretion add lo or amend the candilions of the report at the lime of issue of the report and such report and
such addilions or amendments shall be binding on the Client.

7. Al copyright in the report shall remain with TUV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the camrying out of
the tests/calibrations, be granted a license to use or publish the report to the third pariies subject to the terms and conditions herein, provided
aiways that TUV SUD PSB may gt its absolute ciscretion be entitied to impose such conditions on the license as it sees fit.

8. Nothing in this report shall be interpreted to mean that TUV SUD PSB has verified o ascertained any endorsement or marks from any other
lesting authority or bodies thal may be found on that sample.

9. This report shiall not be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUD PSB or fo the report of results
furnished by TUV SUD PSB in any adverisements or sales promotion.

10. Unless ctherwise stated, the tests are carried outin TUV SUD PSB Ple Lid, No.1 Science Park Drive Singapore 118221,

Janyary 2008
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d2) Laboratory Measurement of Airborne Sound Insulation

Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

- 5 i
Note: This report 1s issued subject 10 TUV SUD PSB's “Terms and Conditions Governing Technical Services™, PSB Singapore
The terms and conditions governing lhe issue ol this report are set out as attached within this report.

SUBJECT:
Choose certainty.

" ’ “ ; 5 Add value.
Laboratory measurement of airborne sound insulation of “Besta” composite mineral

board system submitted by Best Rock Building Systems Pte Ltd on 4 Aug 2008.

TESTED FOR:

Best Rock Building Systems Pte Ltd
14 Zion Road

Singapore 247732

Attn : Mr Daniel Wong

DATE OF TEST:
8 Aug 2008

DESCRIPTION OF SAMPLES:

The “Besta" composite mineral board system of 3.20m (width) x 3.15m (length) x 100mm (thick) was
installed onto the sample carrier by Best Rock Building Systems Pte Ltd.

The dimension of each composite mineral board was 3145mm (length) x 800mm (width) x 100mm
(thick). Each composite mineral board consisted of Perlite materials enclosed by 10mm thick “Besta"
board. The mass of each composite mineral board measured to be 93kg. i

The joining of pahel-lo-panel and the perimeler seal of the composite mineral board system was
used by silicone sealant.

The drawing description of the composite mineral board systern was shown in Figure 4.
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e, ﬂﬁiﬁ;ﬁ; The Wl rexes feED v e Dtrmes
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Z e %3 Accnfbrge LAIOTG38G X SAL-SAGIAS Amzecies’ - 1hi Repot ae ot
x NS E 704080 A the SAC-SAGLAS Azgeailes Sthedde o
PSB TEST T SAC-SINGLAS Bt
Labaratery: Phone +85-6885 1333 Regional Head Office:
TUVSUD PSB Pte. Lid. Fax  +85-6776 6670 TOV SOD Asia Pacific Pte. Ltd.
Testng Services E-mas tesung@iuv-s.gpsdsg 3 Scence Park Dave, %04.01:05
No 18¢ience Park Dnve W luv-sud-psti 59 Tne Frank'n Singapere 118223
S ngapare 118221 Co Reg 165002867R TOVE Page 1 0of 8
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Test Report No. SOBMEC04781/A1/EMK
dated 18 Aug 2008

2/

PSB Singapore

METHOD OF TEST:

The test was conducted in accordance with 1ISO 140 — 3 : 1995 “Laboratory measurements of airbome
sound insulation of building elements”.

Measured area of panel opening: 3.20m (width) x 3.15m {height) = 10.06m?
Air temperature in both source room and receiving room : 26°C

Relative air humidity in both source room and receiving room : 65%

Source room volume : 74m®

Receiving room volume : 84m? }
Location of the test : Acoustics Lab of TUV SUD PSB Pte Ltd

TEST EQUIPMENT:

The following instruments were used for the test.

1) A dual-channel real-time frequency analyser (B&K Type 2133)
2) Two units of loudspeaker (JBL MPro MP415)

3) Two sets of %" condenser microphones (B&K Type 4190)

4) Two sets of microphone preamplifers (B&K Type 2669)

5) A sound pressure level calibrator (Norsonic Type 1251)

6) A sound source amplifier (Crown maodel CE 1000)

7) Two sets of rotaling microphone booms (B&K Type 3923)

Page2of 8
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Test Report No. SO08MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapere

TEST PROCEDURES:

1) Instrumentation was set up according to 1ISO 140 - 3.
2) Measurement system was calibrated using a sound level calibrator Norsonic Type 1251,
3) Background noise leve! for both source room and receiving room were measured,

4) Sound source system was switched on and maintained at constant level. The sound pressure level in
ihe receiving room was ensured to be 15dB higher than the background noise level.

5) Recording time for both rotating microphone booms was set to 64s which equals to the time taken by
the booms to complete two revolutions.

6) Sound pressure level difference between the source room and the receiving room was measured
with a dual — channel acoustic analyser (B&K 2133), and the measurement was repeated 3 times.

7) Step 6 was repeated after the loudspeaker was moved to new position.

8) Reverberation time (RT) of the receiving room was measured from two different loudspeaker
positions. Each loudspeaker position was measured 2 times.

9) The mean values of the six readings for sound pressure level difference and four readings for RT
values were calculated. :

10) Values of sound reduction index were determined for each 1/3 octave frequency band from 100Hz
to 5kHz based on the mean values of step 9.

11) Weighted sound reduction index (R.,) (single number for rating sound insulation of the sample)
and its adaptation terms (C, C) according to 1SO 717-1 was determined at the frequency of
500Hz of the shifted reference curve (see figure 1)

At
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

RESULTS:
Values of sound reduction index (R) of the tested sample were tabulated in Table 1. Sound

Insulation Raling is computed according to 1SO 717 - 1 : 1896 “Acoustics - Rating of sound
insulation in buildings and of building elements — Part 1: Airborne sound insulation”.

Table 1 : Measured values of the test sample and values of the shifted reference curve

for R, =36

1/3 Octave Band Measured Sound Sheten Referance oy

Frequency (Hz) | Reduction Index, R (dB) Ru = 36 (dB) iEiency
100 30.0 17.0 0.0
125 27.9 29 -~ 20.0 0.0
160 30.2 23.0 0.0
200 298 26.0 0.0
250 29.3 30 29.0 0.0
315 30.1 32.0 1.9
400 31.7 35.0 33
500 34.2 34 36.0 1.8
630 35,6 37.0 14
800 36.3 38.0 1.7
1000 36.6 37 39.0 24
1250 36.8 40.0 32
1600 37.3 40.0 2.7
2000 37.6 37 40.0 2.4
2500 37.4 40.0 26
3150 38.7 40.0 1.3
4000 41.4 41 40.0 0.0
5000 44.9 40.0 0.0
Total deficiency (100Hz — 3150Hz) : 25

The values in Table 1 were piotted as shown in Figure 1.

Remark:

The tested “Besta" compaosile mineral board system achieved a weighted sound reduction index,
Rw(C, Clr) =36 (0, -2).

Francis Ee Min Ruen Dr Sun Qiging =
Testing Officer Assistant Vice President
Acoustics & Vibration
Testing Services
Page4 of 8
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Sound Reduction Index R (dB)

Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

RESULTS:! (cont'd)

Figure 1 : Sound insulation performance of “Besta” composite mineral board system
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PSB S:ngapore

Figure 2 : “Besta” composite mineral board system facing the source room

Figure 3 : “Besta” composite mineral board system facing the receiving rcom

At
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore
10mm thick “Besta” Board
~ =
T o o © 00
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B
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Figure 4 : “Besta” composite mineral board panel
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Test Report No. S08MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

This Report is issued under the following conditions:

1.

Results of the testing/calibration in the form of a reper} will be issued immediately after the service has been completed or terminated.

2. Unless otherwise requested, a report shall contain only technical results. Analysis and interpretation of the results and professional opinion
and recommendations expressed thereupon. if required, shall be clearly indicated and additional fee paid for, by the Client.

3. This report applies 1o the sample of the specific product/equipment given at the time of its testing/calibration, The results are not used to
indicate or imply that they are applicable to other similar items. In addition, such results must not be used to indicate or imply that TUV SUD
PSB approves, recommends or endorses the manufacturer, supplier or user of such productequipment, or that TUV SUD PSB in any way

“guarantees” the later performance of the produclequipment.

4. The samplels menlioned in this repont is/are submitted/supplied/manulactured by the Client. TOV SUD PSB Inerefore assumes no
responsibility for the accuracy of information on the brand name, mode! number, origin of manufaclure, consignment or any information
supplied.

5. Additional copies of the report are available to the Ciient at an additiona! fee. No third party can obtain a copy of Lhis report through TOV SUD
PSB, unless the Client has authorised TUV SUD PSB in wriing lo do so.

6. TUV SUD PSB may at its sole discretion add to or amend the condilions of the report at the time of issue of the report and such report and
such additions or amendmants shall be binding on the Client.

7. Al copyright in the repart shall remain with TUV SUD PS8 and the Client shall, upon payment of TOV SUD PSB's fees for the carrying out of
the tests/calibrations, be granted a license to use or publish the report to the third parties subject to the terms and conditions herein, provided

always that TUV SUD PSB may at iis abso!ute discretion be entilled to impose such conditions on the license as it sees fit.

8. Nothing in this report shall be interpreted to mean that TUV SUD PSB has verified or ascertained any endarsement or marks from any other
testing authority or bodies that may be found on that sample.

8. This report shall not be reproducad wholly or in parts and no reference shall be made by the Client to TOv SUD PSB or to the report or results
fumished by TUV SUD PSB in any adverfisements or sa'es promotion.

10.  Unless otherwise stated, the tests are carried out in TUY SUD PSB Pie Ld, No.1 Science Park Drive Singapore 118221.

January 2008

Page 8 of 8

201



d3) Laboratory Measurement of Impact Sound Insulation

Test Report No. S08MEC04781/B/EMK
dated 18 Aug 2008

PSB Singapore

Note: This tepont is issued subject to TOV SUD PSB's “Torms and Conditions Governing Technica! Services™,
The terms and condilions goveming the issJe of this report are se: ou! &5 attached within this repon,

SUBJECT:
Choose certainty.

" 5 ; Add value.
Laboratory measurement of impact sound insulation of "Besta” board pane| system

submitted by Best Rock Building Systems Pte Ltd on 4 Aug 2008.
TESTED FOR:

Best Rock Building Systems Pte Ltd

14 Zion Road

Singapore 247732

Aftn : Mr Daniel Wong

DATE OF TEST:

12 Aug 2008

DESCRIPTION OF SAMPLES:

The “Besta” board panel system was installed on the horizontal opening of the receiving room for
impact sound transmission test by Best Rock Building Systems Pte Ltd.

The “Besta" board panel system was consisted of 6 pieces of board panel. Each board panel
comprised of 1 piece of 12mm thick *Besta" board and 1 piece 18mm thick “Besta” board bonded
together with contact adhesive (dunlop glue).

The joining of panel-to-panel and the perimeter seal of the composite mineral board system was
used by silicone sealant.

The technical drawing of the board panel system was shown in Figure 4.

At
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SB TEST

# Peacw of Mind

soratory: Phone - +65-6885 1333 Regional Head Office:

vS0D PSB Pre. Ltd. Fax  +B5-5776 8670 TOV SUD Asia Pacific Pte. Ltd.

7ung Services E-mari: testng@tuv-sud-psh sg 3 Scenca Park Drve. =04-01/05

1 Science Park Dave watw tuv-sud-psb.sg The Frankiin, Smgapare 118223
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

METHOD OF TEST:

The test was conducted in accordance with 1ISO 140 — 3 : 1995 “Laboratory measurements of airborne
sound insulation of building elements”.

Measured area of panel opening: 3.20m (width) x 3.15m (height) = 10.06m?

Air temperature in both source room and receiving room : 26°C
Relative air humidity in both source room and receiving room : 65%
Source room volume : 74m°

Receiving room volume : 84m*

Location of the test : Acoustics Lab of TUV SUD PSB Pte Ltd

TEST EQUIPMENT:

The following instruments were used for the test.

1)
2)
3)
4)
5)
6)

7)

A dual-channel real-time frequency analyser (B&K Type 2133)
Two units of loudspeaker (JBL MPro MP415)

Two sets of ¥2" condenser microphones (B&K Type 4190)
Two sets of microphone preamplifers (B&K Type 2669)

A sound pressure level calibrator (Norsonic Type 1251)

A sound source amplifier (Crown model CE 1000)

Two sets of rotating microphone booms (B&K Type 3923)

At
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PS8 Singapore

TEST PROCEDURES:

1} Instrumentation was set up according to ISO 140 - 3.

2) Measurement system was calibrated using a sound level calibrator Norsonic Type 1251,
3) Background noise level for botﬁ source room and receiving room were measured.

4) Sound source system was switched on and maintained at constant level, The sound pressure level in
the receiving room was ensured to be 15dB higher than the background noise level.

5) Recording time for both rotating microphone booms was set to 64s which equals to the time taken by
the booms to complete two revolutions.

6) Sound pressure level difference between the source room and the receiving room was measured
wilh a dual — channel acoustic analyser (B&K 2133), and the measurement was repeated 3 times.

7) Step 6 was repeated after he loudspeaker was moved to new position.

8) Reverberation time (RT) of the receiving room was measured from two different loudspeaker
positions. Each loudspeaker position was measured 2 times.

9) The mean values of the six readings for sound pressure level difference and four readings for RT
values were calculated.

10) Values of sound reduction index were determined for each 1/3 octave frequency band from 100Hz
to S5kHz based on the mean values of step 9.

11) Weighted sound reduction index (Ry) (single number for rating sound insulation of the sample)

and ils adaptation terms (C, Cy) according to 1SO 717-1 was determined at the frequency of
500Hz of the shifted reference curve (see figure 1)

Lt
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Test Report No, S08MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

RESULTS:
Values of sound reduction index (R) of the tested sample were tabulated in Table 1. Sound

Insulation Rating is computed agcording to 1SO 717 - 1 : 1996 “Acoustics - Rating of sound
insulation in buildings and of building elements — Part 1: Airborne sound insulation”.

Table 1 : Measured values of the test sample and values of the shifted reference curve

forR,, =36
1/3 Octave Band Measured Sound Shiftegll?:frence Deficiency
Frequency (Hz) Reduction Index, R (dB) R. = 36 (dB)

100 30.0 17.0 0.0
125 27.9 29 - 20.0 0.0
160 30.2 23.0 0.0
200 29.8 26.0 0.0
250 29.3 30 29.0 0.0
315 30.1 32.0 1.9
400 3.7 35.0 33
500 34,2 34 36.0 1.8
630 35.6 37.0 14
800 36.3 38.0 1.7
1000 36.6 37 39.0 2.4
1250 36.8 40.0 3.2
1600 37.3 40.0 2,7
2000 37.6 a7 40.0 2.4
2500 374 40.0 2.6
3150 38.7 i 40.0 1.3
4000 41.4 41 40.0 0.0
5000 44.9 40.0 0.0
Total deficiency (100Hz — 3150Hz) : 25

The values in Table 1 were plotted as shown in Figure 1.

Remark:

The tested “Besta” composite mineral board system achieved a weighted sound reduction index,
Ru (C, Cy) =36 (0, -2).

Francis Ee Min Ruen Dr Sun Qiqing N
Testing Officer Assistant Vice President
Acoustics & Vibration
Testing Services
Page 4 of 8
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Sound Reduction Index R, (dB)

Test Report No. SOBMEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

RESULTS: (cont'd)

Figure 1: Sound insulation performance of “Besta” composite mineral board system
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

Figure 2 : “Besta” composite mineral board system facing the source room

Figure 3 : “Besta” composite mineral board system facing the receiving room
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Test Report No. SO8MEC04781/A1/EMK

dated 18 Aug 2008

PSB Singapore
10mm thick “Besta” Board
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Figure 4 : “Besta” composite mineral board panel
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Test Report No. SO8MEC04781/A1/EMK
dated 18 Aug 2008

PSB Singapore

This Repor is issued under the following conditions:

1.

Results of the testing/calibration in the form of a repori will be issued immediately after the service has been completed or terminated.

2. Unless otherwise fequested, a repor shall contain only technical resulis. Analysis and interprelation of the results and profess:onal opinion
and recommendations expressed theteupon, if required, shal! be clearly indicated and addiional fee paid for, by the Client.

3. This report applies to the sample of the specific product/equipment given at the time of its testing/calibration. The results are not used to
indicate or imply that they are applicable lo other similar items. In addition, such results must not be used to indicate or imply that Tlv sUD
PSB approves, recommends or endarses the manufacturer, supplier or user of such produclequipment, or that TUV SUD PSB in any way

“guarantees” the later performance of the producl/equipment.

4, The sample/s menlioned in this report is/are submitiet/Supplied/manufactured by the Clienl. TOV SUD PSB therefore assumes no
responsibility for the accuracy of information on the brand name, model number, origin of manufacture, corsignment or any information
supplied.

5. Additional copies of the report are available to the Client at an additional fee. No thixd party can obtain a copy of this report through TUV SUD
PSB. uniess the Client has authorised TOV SUD PSB in writing to do so.

6. TOV SUD PSB may at its sole discretion add to or amend the conditions of the report at the lime of issue of the report and such repori and
such additions or amendments shall be binding on the Client,

7. All copynrightin tha report shall remain with TOV SUD PSB and the Client shall, upon payment of TUV SUD PSB's fees for the carrying out of
the tests/calibrations, be granted a license to use or publish the report to the third parties subject to the terms and conditions herein, provided
ahways that TUV SUD PSB may at its absolule discretion be entitled to impose such conditions on the license as it sees fit,

8. Nothing in his report shall be interpreted to mean that TUV SUD PSB has verified or ascertained any endorsement or marks from any other
testing authonity or bodies that may be found on that sample.

8.  This report shall no! be reproduced wholly or in parts and no reference shall be made by the Client to TUV SUD PSB or to the report or results
fumished by TUV SUD PSB in any advertisements of sales promotion.,

0. Unless othenvise staled, the tests are carried outin TUV SUD PSB Pte Lid, No.1 Science Park Drive Singapore 118221.

January 2008
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d4) Laboratory Measurement of Impact Sound Insulation
Test Report No. SO8MEC04781/B/EMK

dated 18 Aug 2008 @

Note: This ropon is 1ssued subject o TOV SUD PSB's “Terms and Conditions Goverming Technica! Services™. PSB Singapare

Tha terms and ¢onditons Goveming the issJe of this reporLare set out as aitached within this report.

SUBJECT:
Choose certainty.

; i Add value.
Laboratory measurement of impact sound insulation of “Besta” board panel system 5

submitted by Best Rock Building Systems Pte Ltd on 4 Aug 2008.
TESTED FOR:

Best Rock Building Systems Pte Ltd

14 Zion Road

Singapore 247732

Attn : Mr Daniel Wong

DATE OF TEST:
12 Aug 2008

DESCRIPTION OF SAMPLES:

The “Besta” board panel system was installed on the horizontal opening of the receiving room for
impact sound transmission test by Best Rock Building Systems Pte Ltd.

The “Besta” board panel system was consisted of 6 pieces of board panel. Each board panel
comprised of 1 piece of 12mm thick “Besta” board and 1 piece 18mm thick “Besta” board bonded
together with contact adhesive (dunlop glue).

The joining of panel-to-panel and the perimeter seal of the composite mineral board system was
used by silicone sealant,

The technical drawing of the board panel system was shown in Figure 4.
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Test Report No. SO8MEC04781/B/EMK
dated 18 Aug 2008

PSB Singapore

METHOD OF TEST:

The test was conducled in accordance with ISO 140 — 6 : 1998 “Laboratory measurements of Impact Sound
insulation of floors”,

Area of tes! specimen: 10.24m?
Air temperature in receiving room: 26°C
Relative air humidity in receiving room: 68%

Receiving room velume: 84m? o
Location of the test : Acoustics Lab of TUV SUD PSB Pte Lid

TEST EQUIPMENT:

The following instruments were used for the lest.

1) A dual-channel real-time frequency analyser (B&K Type 2133)
2) A tapping machine (B&K Type 3207)

3) A %" condenser microphone with preamplifers (B&K Type 4180)
4) A sound pressure level calibrator (Norsonic Type 1251)

5) A set of rotaling microphone booms (B&K Type 3823)

At
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Test Report No. SOBMEC04781/B/EMK
dated 18 Aug 2008

PSB Singapore

TEST PROCEDURES:

1) Instrumentation was set up according to 1SO 140 —~ 6 : 1998,

2) Measurement system was Iif:rated using a sound level calibrator Norsonic Type 1251.

3) Background noise level for receiving room was measured.

4) Tapping machine was switched on and placed on the top surface of the roof system at 45° 10 the direction
of the beams and maintained al constant noise level. The sound pressure level in the receiving room was

ensured to be 15dB higher than the background noise level.

5) Recording time for both rotating microphone booms was sel to 64s which equals to the time taken by the
booms to complete two revolutions.

6) Impact sound pressure level in the receiving room was measured with a dual — channel acoustic analyser
(B&K 2133), and the measurement was repeated twice.

7) Step 4 was repeated thrice at 3 different tapping positions. The 2 others position is taken from the centre
location.

8) Reverberation time (RT) of the receiving room was measured from two different loudspeaker positions.

9) The mean values of the four readings for impact sound pressure level and four readings for RT values
were calculated.

10) Values of normalised impact sound pressure level and sound absorption area were determined for each
1/3 octave frequency band from 100Hz to 5kHz based on the mean values of step 9.

11) Weighted normalised impact sound pressure level was calculated based on the values of step 10.
The shifted reference curve, L, ,is shown figure 1.

At
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Test Report No. SOBMEC04781/B/EMK
dated 18 Aug 2008

PSB Singapore

RESULTS:
Values of normalised impact sound pressure level (L,) of the tested sample were tabulated in Table 1.

Table 1 : Measured values of R and values of the shifted reference curve for L ... - B6dB

W3 ot ooy | VoTalihd g | Woghod Nomatest | 0
Level, L, (dB) Level, L, = 86(dB)

100 78 88 0
125 77 88 0
160 78 88 0
200 79 88 0
250 80 88 0
315 81 88 0
400 83 87 0
500 82 86 0
630 81 85 0
800 81 84 0
1000 79 83 0
1250 79 80 0
1600 80 77 3
2000 81 74 7
2500 81 71 10
3150 79 68 11
4000 75 65 10
5000 70 62 8

Total deficiency (100Hz — 3150Hz) : 31

Note: The values in Table 1 were plotted as shown in Figure 1.

Remarks:

The tested “Besta” board panel system achieved a Weighted Normalised Impact Sound Pressure Level,
Low= 86 (C:=-9)

M@\’H‘f

Francis Ee Min'Kuen Dr Sun Qiging i
Testing Officer Assistant Vice President
Acoustics & Vibration
Testing Services
Page 4 of 8
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Test Report No. SOSMEC04781/B/EMK
dated 18 Aug 2008

PS8 Singapore

RESULTS: (cont'd

Normalised impact sound pressure level , L,,(dB)

100
95
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

5
0

Figure 1 : Impact Sound Insulation Performance of “Besta” board panel system

[ — w# = e~

100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000

1/3 Octave Frequency (Hz)

——®————  Measured normalised impact sound pressure level, L.

W41t

Shifted reference curve, L, = 86dB
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Test Report No. SO8MEC04781/B/EMK
dated 18 Aug 2008

PSB Sngapore

- - e et L oA
$ 3. ¥ v Ay 1
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» . t ]

Figure 2 : Tapping machine on the “Besta” board panel system

Figure 3 : Test setup of the “Besta” board panel system (underside) facing the receiving room

T
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Test Report No. S08MEC04781/B/IEMK
dated 18 Aug 2008

PSB Sngapore
; 1200mm i 1200mm i
™ y i
==
¢ 12mm thick
Y .
18mm thick
g “Besta” board “Besta” board -~
12mm thick 18 thick
E mm thie The “Besta" board panel comprised of 12mm
thick “Besta" board and 18mm thick “Besta"
board bonded together by contact adhesive
{Dunlop Glue).
. A
| 3.4m
iy >
3 i 5
:
3.4m
................................. P S P e
: Y

Figure 4 ; Technical Drawing
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Test Report No. S08MEC04781/B/IEMK
dated 18 Aug 2008

PSB Singapore

This Report is issued under the following conditions:

1

Resulls of the testing/calibration in the form ¢f a report will be issued immediately after the service has been completed or terminaled.

2. Unless othenvise requested, a report shall contain only technical results. Analysis and interpretation of the results and professional opinion
and recommendations expressed thereupon, if required, shall be cleary indicaled and additional fee paid for, by the Client.

3. This report applies to the sample of the specfic productequipment given al the time of its testing/calibration. The resulls are not used to
indicate or imply that they are applicable to other similar items. [n addtion, such results must not be used to indicate o imply that TGV SUD
PSB approves, recommends or endorses the manufacturer, supplier or user of such product/equipment, or that TUV SUD PSE in any way
“guaraniees” the later performance of the product/equipment.

4. The sampleis mentioned in this report is/are submitled/supplied/manufactured by the Client. TUV SUD PSB therefore assumes no
responsibility for the accuracy of information on the brand name, model number, origin of manufacture, consignment or any information
supplied.

5. Additional copies of the repor are available to the Client at an addilional fee. No third party can obtain a copy of this report through TUV SUD
PSB, unless the Client has authorised TUV SUD PSB in writing to do so.

6. TUV SUD PSB may at its sole discretion add to o amend the conditions of the report at the time of issue of the repont and such report and
such addtions or amendments shall be binding on the Cfent.

7. All copyright in the repont shall remain with TUV SUD PSB and the Client shall, upor payment of TUV SUD PSE’s fees for the carrying out of
Lhe tests/calibrations, be granted a license ta use or publish the report to the third parties subject to the terms and conditions herein, provided
aiways that TUV SUD PSB may at its absolute discretion be entilled to impase such conditions on the license as il sees fit.

8. Nething in this report shall be interpreted to mean that TUV SUD PSB has verified or asceriained any endorsement or marks from any other
testing authority or bodies that may be found on that sample.

9. This report shall not be reproduced wholly or in parts and no reference shall be made by the Client lo TUV SUD PSB or to the report or results
fumished by TUV SUD PSB in any advertisements or sales promotion.

10. Unless othenwise slated, the lesls are carried out in TOV SUD PSE Pte Ltd, No.1 Science Park Drive Singapore 118221,

January 2008

Page 8 of 8
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e) Performance Testing Test Report

) SETSCO SERVICES PTE LTD

SETSC(O 18 Teban Gardens Crescent

Singapore 608925

Tel : {65) 6566 7777
Fax: {65) 6566 7718
Wabsite: www.selsco.com

Business Reg. No. 186900268D

TEST REPORT

(This Reportis Issued subject 1o the terms & condilions set cul below)

Your Ref: -Quotation SPD/ the2008/ dw003R dd 17th April 2008

Our Ref: SP- 2 (13 /THC Date: 19/09/2008
Page 1 of 8
Subject Performance Testing (Strength and Robustness) on “BESTA™ Magnesium Oxide (MgO)

Tested For

sandwich wall panel system, submitted by Best Rock Building Systems Pie Ltd on
11/07/2008.

M/s Best Rock Building Systems PTE LTD
14 Zion Road

Singapore 247732

Aun: Mr, Daniel Wong

Strength and Robustness to S8 492: 2001 / BS 5234 : Part 2 : 1992

Method of Test

Specification

Description
of Sample

1) Determination of partition wall stiffness - Annex A

2) Surface damage by small hard body impact - Annex B

3) Resistance to damage by impact from a large soft body - Annex C

4) Resistance to perforation by small hard body impact - Annex D

5) Resistance to structural damage by impact from a large soft body - Annex E
6) Effects of door slamming - Annex F

7) Resistance to crowd pressure - Annex G

8) Lighnweight anchorage pull-out - Annex H

9 Ligweight anchorage pull-down - Annex J

10) Heavyweight anchorage (wash basin) eccentric downward loading - Anmex K
11) Heavyweight anchorage (high level wall cupboard) eccentric downward
loading - Annex L

S5 492: 2001 / BS 5234 : Part 2: 1992 "Specification for Performance Requirements for
Strength and Robustness {Including Methods of Tests for Partition Walls)".

"BESTA" Magnesium Oxide (MgO) sandwich panels, consists of 10mm board+80mm
perlite inill+10mm board drywall partition system were received (see photograph 1 of
Appendix C).

- )
NP reA L —

Terms & condilions:

(1) The Report s prepared fer Ihe so)s use of the Client and is prepared based upen the llem submitied, tne services Tequired by ih Clien! and he corgtions yndet whigh the Services are perlarmed by SETSCO The
Reportis not interided Lo be répresentative of similar or equivalent Services on $Tmilar of equivdlent llems Tha Repont doss not constitute 3n endorsement by SETSCO of the item

{2) SETSCOzees to use reasenzhle diligance in the pergrmance of Ihe Services but £a wenanties are given and nane mey be impleed directly of indirectiy retating ta the Services, the Report or the facitities of SETSCO

{3) The Report may not be used in 2y publicity material withau! the wrilten consent of SETSCO

{4} Tha Repot may not be tegroduced in part o7 in Tull unless approval in writiog has been grven by SETSCO

(5) SETSCO shall under no cueumstances bz lizble to tha Clisnt ot i's 2gents, servants of representatives. 1 contiact, tor (inciuding neghoance o7 breach ¢ statolory dity) or ethérwise for 2ny durect of inditect Ioss of
demaga suffeced by the Client, its 292nis. €2tvanis o reprecentatrs howso2ver ansing cf whether connscted wih the Senvices provided by SETSCO berein
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Job No:SP-2 (1) /THC Page 6 of 8

Performance Test on "BESTA" MgO sandwich wall panel system to SS
492 /| BS 5234 : Part 2

Results: 7) Resistance to Crowd Pressure - Annex G

Sample Reference 100mm sandwich MgO + Perlite + MgO wall panel
Date of test 15/07/2008

Temperature / R.H at test 33°C /60 %

Load (KN) per metre length of 0.75 15 3
beam

Deflection (mm) 1.66 4.17 9.38
Residual deform_anon after 0.14 0.55 118
released for 5 min (mm)

Remark : No collapse or damage occurred during and after the test. Criteria of SS
492 : 2001: No collapse or dangerous damage.

Results: 8) Lightweight Anchorage Pull-Out Test - Annex H
Sample Reference 100mm sandwich MgO + Perlite + MgO wall panel
Date of test 16/07/2008
Temperature / R.H at test 33°C /54 %
Hilti HLC Sleeve anchor (see photo 35 in Appendix C
Type of Anchor attached)
Size of Anchor @PM6 x 60 mm long
Load (N) 100
Observations Pull-up shim plgtg intact during the test. No reduction
in its 20N upward force.

Remark : No damage occurred during and after the test. Pull-up shim plate was not
released throughout the test. Criteria of SS 492 : 2001; Shim retained.

f}/ I s TONIE 5. S
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SETSCO

Job No: 8P -2 (1) /THC Page 7 of 8

Performance Test on "BESTA" MgO sandwich wall panel system to SS 492 / BS 5234
tPart2

Results; 9) Lightweight Anchorage Pull-down Test - Annex J
Sample Reference 100mm sandwich MgO + Perlite + MgO wall panel
Date of test 16/07/2008
Temperature / R.H at test 33°C /54 %
Type of Anchor Hilti HLC sleeve anchor (see phote 35 in Appendix C attached)
Size of Anchor @ M6 x 60 mm long
Load (N) 250
Pull-up shim plate intact during the test. No reduction in its 20N
Observations upward force. Maximum displacement of pull-down test bracket is
0.26 mm.

Remark : The pull-up shim plate retained and maximum displacement less than 2mm (0.26mm) at
the load of 250N. Criteria of SS 492 : 2001: Shim retained and 2 mm maximum displacement.

Results: 10) Heavyweight Anchorage (Wash Basin) Eccentric Downward Loading-Annex K

‘Sample Reference 100mm sandwich MgO + Perlite + MgO SPSe:}gfn;fnoc?
wall panel =
: : Requirements
Hilti HLC Sleeve Anchor (see photo 35 in

Type of Bnchor Appendix C attached) i
Size of Anchor (mm) M6 x 60 mm =
Date of test 18/08/2008 -
Temperature / R.H at test 34°C /1 64% -
Deflection measuring points : Front Back -
Pt.1at 1.20m; Pt.2 at 1.75m 1 2 1 2 -
Maximum deflection [500 N 0.04 0.27 0.38 0.23 5 mm max.
(mm) at : 1000 N 0.09 0.54 0.69 0.44 20 mm max.
Residual 500 N 0.02 0.16 0.15 0.10 1 mm max.
deformation (mm) {1000 N 0.11 0.08 0.01 0.01 1 mm max.
Highest load sustained (N) up to 1000 -

Remark : Shim plate intact but gaps between bracket and wall were noted, (see photo 25), a fine
crack also found the top left anchorage point ( see photo 28) after the 1est./dislodgment of its parts
or fixings after the test.

S
b ;/l 4'._)\7“.1."(\"'/‘-'4-"‘
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Job No: SP-2 (1) /THC

Performance Test on "BESTA" MgO sandwich wall panel system to SS 492/ BS 5234

:Part2

Results: 11) Heavyweight Anchorage Eccentric Downward Loading Test (High level wall
Cupboard)-Annex L

Page 8 of 8

Sample Reference

400mm sandwich MgO + Perlite + MgO
wall panel

SS5492 : 2001
Performance
Reguirements

Hilti HLC Sleeve Anchor (see photo 35 in

Type-atAnchor Appendix C attached) £

Size of Anchor (mm) @M6 x 80 mm -

Date of test 17107/2008 -
Temperature / R.H at test 29°C/52% -
Deflection measuring points : Front Back -
Pt.1at 1.20m; Pt.2 at 1.75m 1 2 1 2 -
?f:n’:')m”m deflection | So00n | 010 0.58 0.13 0.07 15 mm max.
Residual

deformation (mm) 2000 N 0.10 0.56 0.05 0.04 1 mm max.
Highest load sustained (N) Up to 2000 -

Remark : Criteria of SS 492 : 2001: 15 mm maximum deflection and 1 mm maximum residual

deformation.

ﬂ/
Yip Poh Chuan

Testing Officer

Special Project Department

4
<< 1-—.'} Qe d b
Tan Hong Choon

Asst. Manager

Special Project Department
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Job No: SP-2 (1) /THC
Appendix A

Results:

&

SETSCO

Page 1 of 1

Summary of Test on Strength & Robustness to SS 492 : 2001 / BS 5234 : Part 2 : 1992

Details of partition wall specimen and test reports are attached

TESTS FOR GRADE COMPLIANCE

"BESTA" MgO board sandwich wall panel (10mm
board + 80mm perlite + 10mm board) system

Grade Performance Achieved : Pass / Fail

Requirement tested

LD MD HD SD
StitTness (Annex A) & - - Pass
Surface Damage by Small Hard Body Impact (Annex B) J )
Straight Partition - - - Tested*
Right-angle Junction - 5 - Tested*
Resistance 10 Damage by Large Soft Body Impact ) i
(Annex C) :- i
Straight Partition - - - Pass
Right-angle Juniction - - - Pass
Perforation by Small Hard Body lmpact {(Annex D) :- - - -
Straight Partition - - - Pass
Right-angle Junction - - - Pass
Resistance to Structural Damage by Large Soft Body P

- - - ass

Impact (Annex E)
Door Slamumning, - = - Pass
Grade Achieved Passed SD

Other Tests Performed

Resistance to Crowd Pressure {Annex G)

Up t0 3.0 KN /m

Lightweight Anchorage - Pull-out (Annex H) Pass
Lightweight Anchorage - Pull-down (Annex J) Pass
Heavyweight Anchorage - Wash Basin (Annex K) Up to 1000N
Heavyweight Anchorage - Wall Cupboard (Annex L) 2000N

Note : * See test report to ascertain if surface damage is acceptable,

o L
Q“VL&L»’“'J
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SP-2(1)/ THC

Page 1 of 12

Appendix C

i | Typical sample of “BESTA" MgO
= | sandwich perlite wall panels of

100mm overall thickness, were

™ | received on 11/07/2008.

Installation of the first piece "Besta”
MgO sandwich perlite wall panel
onto the impact and robustness test
frame on 30/07/2008.

“Bostik” fireban polyurethane
sealant / Construction Adhesive
(320g) applied as jointing material
between panels. See photo 34 in
Appendix C.

The junction wall section, made up
of two (02) panels of width 600mm
sandwich panels erected side-by-
side.

—
@mﬂvh e

SETSCO
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SP-2(1)/THC

Page20of12

Appendix C

The installation of the main wall
section — in progress.

Photo | 6. :

General view of the completed
“Besta” MgO sandwich perlite wall
panel system under curing and
before the application of emulsion
paint coating.

The second layer of off white
emulsion paint coating been
applied.

Test locations on the surfaces of
both the main and junction wall
sections to undergo stiffness,
surface and perforation by small
hard body impact were marked.

N

e T, T

9

SETSCO
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SP-2(1)/THC Page3of 12 )

SETSCO
Appendix C

Performance testing:

Annex A: Stiffness Test on 11" July
2008.

Performance testing :

Annex A: Stiffness Test - Photo
shows maximum deflection reading
of 1.761 mm under 500N load after
2 minutes.

Performance testing :

Annex A: Stiffness Test - Photo
shows no visible crack or other
damage to the wall during and after
the test.

= Qﬁp’h ur‘:—:ﬁ-——--.__.
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SP-2(1)/THC Page dof |2 )

SETSCO
Appendix C

Performance testing — Surface
Damage (Annex B) and Perforation
Test (Annex D) :

Locations marked and ready for
impact.

Performance testing — Surface
Damage (Annex B) :

811 - for surface damage test at
6Nm.

Performance testing — Surface
Damage (Annex B) :

S11 - after impact test at 6Nm.

~n mn q'\-no““:!**«.——-
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Performance testing — Perforation
|| Test (Annex D) :

P21 - for perforation test at 30 Nm.

Performance testing - Perforalion
Test (Annex D} :

< | P21 — after perforation test at 30
| Nm,

Performance testing — Perforation
Test {(Annex D) :

Photo shows the indentation at
points P18, P25 & P26 after
impacts.

@ @\huf:\-iﬂ“‘--“
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P28

—

Performance testing — Surface
Damage (Annex B} and Perforation
Test (Annex D) :

Instrument for depth of indentation
measurement.

Photo | 17. =

Performance testing — Surface
Damage (Annex B) and Perforation
Test (Annex D) :

Measuring the depth of Indentation
at point P28.

Performance testing — Resistance
to damage by impact from a large
soft body (Annex C):

Photo shows the setup of large soft
body impact test.

" "I,D.w\ a..,.,\_n.‘_........—‘

)

SETSCC
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Performance testing — Resistance
to structural damage by multiple
impacts from a large soft body
(Annex E) :

No visible crack or other damage
occurred to the wall during and after
the test.

Performance testing — Effect of
door slamming (Annex F) :

Photo shows the setup of door leaf
(60Kg) to be opened to 60° angle
and slam onto the door frame by a
15Kg weight.

to crowd pressure (Annex G) :

Performance Testing — Resistance

Residual deformation of -1.87 mm
after the 3.0 KN per meter run
horizontal load was released for 5
minutes. No damage occurred.

\—ﬂ (’a.‘ 'WO:'”"‘-';
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Performance Testing — Lightweight
anchorage pull-out test (Annex H) :

Photo shows the setup of pull-out
test in progress.

Performance Testing — Lightweight
anchorage pull-down test (Annex J)

Displacement of 0.270 mm after
subjected to a pull-down load of
250N. The pull-up shim is intact. No
damage occurred.

Performance Testing —
Heavyweight anchorage (wash
basin) eccentric downward loading
test:

Annex K: Photo shows heavyweight
downward loading (wash basin) test
in progress.
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Photo | 25.

Performance Testing —
Heavyweight anchorage (wash
basin) eccentric downward loading
test:

Annex K: Shim plate intact, gaps
observed around the upper
anchorage bracket and wall. A fine
crack was also visible on the wall
besides the upper top left end of the
bracket.

Performance Testing —
Heavyweight anchorage (wash
basin) eccentric downward loading
test:

Annex K: Gauge reading at front
wall shows deflection at 1.2m
height as - 0.11mm after 5 minutes.

Performance Testing —
Heavyweight anchorage (wash
basin) eccentric downward loading
test:

Annex K: Gauge reading at front
wall shows deflection at 1.75m
height as - 0.077mm after 6
minutes.

& /’_:_;Mu:_\yu«_..-

4
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Photo | 28.

| i 1

Performance Testing —
Heavyweight anchorage (wash
basin) eccentric downward loading
test:

Annex K: Photo shows a fine crack
on the wall around the anchorage
point (top left) after test.

Performance Testing —
Heavyweight anchorage (high level
wall cupboard) eccentric downward
loading test:

Annex L: Photo shows heavyweight
downward loading (high level wall
cupboard) test in progress.

Performance Testing —
Heavyweight anchorage (high level
wall cupboard) eccentric downward
loading test:

Annex L: Gauge reading at front
wall shows deflection at 1.2m
height as 0.119 mm at a load of
2000N.

L& < _’gh\. oh::{Ju-._.-

@
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Photo | 31.

ho,
&
t 3.4
32|

Performance Testing:

Annex C - Resistance to damage
by impact from a large soft body.

No damage occurred at the junction
wall.

Photo | 32

£ o
i t !
£

Performance testing — Surface
Damage (Annex B) and Perforation
Test (Annex D) :

Instrument for depth of indentation
measurement at the junction wall.

Performance festing ~ Surface
Damage (Annex B) and Perforation
Test (Annex D) :

Photo shows the locations marked
for small hard body impacts, i.e.
surface damage and perforation at
the junction wall.

!/Q*“__: .‘:J(l--._.--""
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Photo | 34,
Bostik fireban polyurethane sealant
/ Construction Adhesive (320g)
used as jointing material between
- 1 MOF ; panels.
( § '
2§
7
Photo | 35,

Type of anchorage used: Hilti HLC
sleeve anchor.

s Size of anchors: @ 6mm x 60 mm
long used in conjunction with wash
basin and high level wall cupboard

SP-2/THC |~

s QA%:M
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6.0 CASE STUDY.

Proposed Erection of 1 Block of 5-Storey Residential Apartment
(Total 24 Units) with Attic, Roof Terrace, Swimming Pool and
Communal Facilities on Lot/s 06199V, 06951X, 06952L and 06200T
MK 26 at Rambutan Road (Geylang Planning Area), Singapore
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6.0

CASE STUDY

6.1

6.2

6.3

Introduction

This case study presents the example of the application of HFW H Section product
in the project. This design involves erection of one five (5) storey residential
apartment at Rambutan Road (Geylang Planning Area), Singapore. The project
was completed and is shown in Figure 29 and Figure 30,

Proposed Building Structural System

The structural system for this building is steel frame supported by transfered RC
structure. Floor system is cast-in-site reinforced concrete flioor with metal deck.
External wall is Autoclave Lightweight Concrete Panel (ALCP). All partitions are
light-weight partition.

The steel frame is pin-supported on RC transfer beam. Beam to column is rigid
connection. All connections are using bolts connection including splice joint. Beam

to house shelter is also pinned connection.

Design Criteria

The design criteria adopted are as follows:

i Building regulation and design codes
The following codes were used for the purpose of design:
a. Building Control Regulation (1989)

b. BS 6399: Part 1: 1996 Design Loading for Buildings

C. SS CP65: Part 1: 1999 Structural Use of Concrete

d. BS 5950: Part 1: 2000 Structural Use of Steelwork in Buildings
e. CP3 : 1972 Basic Data for the Design of Building

f. CP3 : Part 2: 1972 Wind Loads

g. BS 8110: Structural use of concrete

i, Design loading
The following superimposed loads obtained from the Fourth Schedule: The
Building Control Regulation: 1989.

a. Living room/bed room
150mm Deck Floor self weight : 3.00 kN/m?
Finish/partitions :1.50 kN/m2

M&E . 0.35kN/m?*
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Ceiling . 0.25 kN/m?
SDL : 5.10 kN/m?
Live Load : 1.50 kN/m?
b. Toilet/kitchen
SDL : 5.10 kN/m*
Live Load : 2.00 kN/m?
c. Balcony
SDL : 4,00 kN/m?
Live Load :1.50 kN/m®
d. RC Flat Roof/Canopy
1560mm Deck Floor self weight ~ : 3.00 kN/m?
Water proof : 2.50 kN/m?
M&E : 0.35kN/m’
Ceiling . 0.25 kN/m?
SDL : 6.10 kN/m?
Live Load : 1.50 kN/m?

Material standard and specifications

The material standards and specifications for HFW H Section product are

sectioned as follows:

a. Steel reinforcement

Minimum vyield strength of steel reinforcement shall be as follows:

° High tensile deformed bar
° Mild steel plain bar
o Welded steel fabric
b. Structural steel
o Q345B (GB code)

f, = 460 N/mm?
f, = 250 N/mm®

f, = 485 N/mm?
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(o Bolts
All bolts shall be Grade 10.9 high strength black bolts, unless
otherwise stated.

d. Weld
Grade E50 electrodes fillet weld with design strength = 315 N/mm?
and full penetration butt weld with design strength same as that of

parent metal.

Analytical Softwares

a. Excel Spreadsheet Calculations
b. Prokon
c. Staad Pro

The results of frame analysis using StaadPro are potrayed in Figure 31 -
Figure 36 and discussed in Section 6.4.

Drawings
For this project, WASB has submitted a few drawings on architectural and

structural drawing. The lists of drawings are as below:

a. Architectural drawing

. 1% Storey Plan

o 2" to 4" Storey Plan

. 5" Storey Pland

° Attic Plan

° Roof Plan

° Elevation 1 & Elevation 3

o Elevation 2

° Elevation 4

° Section A-A

° Section B-B and Section C-C
b. Structural drawing

° Column Layout

. 3" and 4" Storey Plan
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° 5" Storey Plan

° Attic Terrace Level

° Roof Plan

° Section a-a

) Section b-b

. Cutting at 3 and 4" Storey

. Reinforcement at 3™ and 4™ Storey
o Cutting at 5" Storey

. Reinforcement at 5" Storey

° Cutting at Attic Terrace Level

° Reinforcement at Attic Terrace Level
o Detail

° Section B-B

All the drawings presented in this report are structural drawing as shown
in Figure 14 - Figure 28. The used of HFW H Section are shown clearly
in the drawing Beam layout at 3" and 4" storey plan (Figure 15), Beam
layout at 5" storey plan (Figure 16), Beam layout at attic storey level
(Figure 17) and Beam layout at roof level (Figure 18). However, the
applications of the products (i.e. ALCP and Besta Board Panel) are not

indicated in the drawings.
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Figure 29 : Side view of finished project five (5) storey residential apartment at

Rambutan Road, Singapore.

g o

Figure 30 : Finished project of five (5) storey residential apartment at Rambutan

6.4

Road, Singapore.

Frame Analysis and Design

STAAD Pro Analysis Software was used for the frame analysis. The frame
analysis report using StaadPro is shown in the following Figure 30 - Figure
35. Prokon Design Software is used for connection design. In Singapore, the
structural component design is based on design codes as mentioned in
Section 6.3. The design for connections is found to be satisfactory. The
recommendation given for this technical report is based on the design
submitted by WASB. For further details on other design calculations, need to
refer WASB.
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STAAD.Pro Report

To: From:

Cepy to: Date: 05/07. /2009 Ref:
21:42:00

b T

Figure 31 : 3D view of modelling structure
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Figure 32 : Design result
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Figure 33 ; Dead load (DL)
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Figure 34 : Live load (LL)

The frame analysis shows the stress distribution and intensity due to dead load and

live loads imposed to the structure.

262



Load 3

Figure 35 : WLX

Load4

Figure 36 : WLZ

Frame analysis using StaadPro shows that the design for the section used for this

building is satisfactory.
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House Shelter and Loading Calculation

6.5

The following table tabulates the house shelter and the loading calculation as

provided by WASB.
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Loading for each floor

Weight SDL LL
Floor .
KN/m? kKN/m® | KN/m?

120mm Slab self weight 3.00
Steel structure 0.50

3rd floor  [Finish/partitions 1.50 5.6 1.5
M&E 0.35
Ceiling 025
120mm Slab sclf weight 3.00
Steel structure 0.50

4th floor  |Finish/partitions 1.50 5.6 1.5
M&E 0.35
Ceiling 0.25
120rm Slab self weight 3.00
Steel structure 0.50

Sthfloor  |Finish/partitions 1.50 5.6 1.5
M&E 0.35
Ceiling 0.25
120mm Slab self weight 3.00
Steel structure 0.50

Roof Water Proof 2.50 6.6 1.5
M&E 0.35
Ceiling 0.25

Summary 234 6
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6.6 Connection Calculation

WASB also provides the details of the connection calculation. The details are

tabulated as follows:

0 Borts a. End Pla!e
|

Tension 8. Bendlng COMBINE(

110 End Plale B COMBINEC(
11 Bolls Shear COMBINE[
12 Bolls Shear & Tens;on COMBINEI K.
13 Bolts Sllp COMBINE[ 95| 4234 |kN 224| OK
Input

PROKO V]
Job Tille
Software Consultants (Ph) Lid  [Fanr
Intemmet: hitp:/Mww, prokon.com
E-Mail : mail@prokon.com Calcs by |Cbe=*€d by Date
) 512
Beam - Column Connection - Ver W2.1.01 - 28 Sep 2004 @?
Title : B1TO C1 CONNECTION
Code of Practice : BS5950 - 2000
Created : 2009-7-3 13:45:17
Notes and Assumptions
1 All bolt holes are assumed to be normal clearance holes,
2 All bolts are assumed to have threads in their shear planes.
3 It is assumed that the connection is deep enough for the flanges
to resist the compressive and tensile forces in them.
4 It is assumed that compressive forces in flanges and stiffeners
are conveyed through welds and not through bearing.
5 Axdal force in the column is not considered in the design.
5 HSFG bolts are designed for non-slip under factored loads.
Summary
Summary of Forces and Capacities for Demgn to BS5950 - 2000
Check Member Type LC Applied | Capacity Unlls % o;Cap. ?
1 Weld Flange COMBINI‘:‘E 2826 293.1 [kN 86.4 DK
2 Weld Weh COMBINE[ 85 5?4 2 kN ;165 OK.
3 Column Web Tensmn Yleldmg COMBINEE 2826 1?33 8 kN i 16 3 : OK
4 Co[umn Web Compresslon Cnpphng COMBINE[ 2278 700 B kN ; :-52_5 OK
5 Column Weh Cnmpresstnn Buckling COMBINE[ 2276 QBE‘S kN : 2345 g OK ]
] Column Weh Shaar CDMBINEI: 2826 604.8
b Bc!ts & Flange Tension & Bendlng COMBINEE X X
8 Culumn Flmge Beanng CDMBINEE

267




PROKON |

Sheet

Software Consultants (Ply) Lid Cient
intemet: hifp:/Awww. prokon.com

E-Mall : mali@prokon.com Cales by

Checked by

End Plate

Column Sliffeners

Web Plales
':I‘r.ip' Efackjnh ‘Pl‘a‘te‘; )
late

J— Ultimate Limit Slate Loads in Beam
) SLS Factor
Load Case Shear Axial Moment
COMBINED| 85 -55 75 1
Widih 250

Extent Above Beam Fiange (mm)70” " |

Shesr Stiffener

Rows of Bolts lange
Below Bottom Flange
Bolt Offsets
Bea .
Welds Top Stiffener

Botiom Sliffener ()

)

minia

Capacity of the Stiffeners

The capacity of the applicable stiffener is the lesser of the
capacity of the plate and the capacity of the stiffener welds.

Date
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Software Consuliants (Pty) Lid Crent
Intemet: hitp:/Awww prokon.com

E-Mail - maii@prokon.com Calcs by Cheched by

Top Stiffener : Weld
The Capacity of weld is the lesser of :

0.5+ Ay Ue
py=—
: 1000

_0.5x2 036.16 x470
1000

=478.498 kN

p, 2055 Aw Ug
: 1000

_ 0.55»2 036.16 x470
1000

= 526.347 kN

Top Stiffener : Tension
Fis 2-rb py
1000
2x%8x%120%315
T 1000
= 604.800 kN

Top Stiffener : Compression
2t b py
1000
2x8x120%315
1000
= (604.800 kN

Ps=

Bottom Stiffener : weld
The Capacity of weld is the lesser of ;
0.5- Ay Us
1000

P 0.5 %2 036.16 470
1000

=478.498 kN

Ps=

Date

4.54

4.5.2/3

6.8.5
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Date

P - 055 = A‘l" Uc
g 1000

_0.55x2 036.16 %470
1000
= 526.347 kN

Bottom Stiffener : Tension

Py = 2:1 b py
1000
2x8%120%315
T 1000
= 604,800 kN

Bottom Stiffener : Compression
_ 2 b pe
1000
_ 248120315
1000
= 604.800 kN

Ps

Check 1 : Capacity of the Beam Flange Welds

The worst load is encountered for Load Case : COMBINED
Bmax = 282.602 kN

The Capacity of the weld is the lesser of :
p 05 A Ue
" 1000

_D.5x] 247.336 %470
1000

=293.124 kN

b, 055 Aw Us
W 1000

_0.55x1247.336 x470
1000

=322.436 kN

Beam Flange Weld is safe

Check 2 : Capacity of the Beam Web Welds

6.85
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The worst load is encountered for Load Case : COMBINED
Bmax= 95 kN

The Capacity of the weld is the lesser of :

Py 0.5- Ay Ue
1000

_ 0.5x1 247,148 x470
1000

=1293.080 kN

0.55- Ay Us
1000

_ 0.55 %1 247.148 »470
1000

=322.388 kN

Py =

Beam Web Weld is safe

Check 3 : Capacity of the Column web in tension
Opposite Top flange of the beam :

The worst load is encountered for Load Case : COMBINED
when Tmax =282.602 kN

The Capacity of the web is :

1000
8x500%315
T 1000
=1 260.000 kN

But due to the stiffeners the resistance is :

Prefr = Pt + Ps
=1260.000 +473.76
=1 733.760 kN

No tensile forces in the beam bottom flange

Column web is safe in tension

No compressive forces in the beam top flange

Opposite Bottom flange of the beam :

|Dafe

Check 4 : Crippling Capacity of the Column web in Compression

4.54
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The worst load is encountered for Load Case : COMBINED
when Fxp.x =227.602 kN

The Capacity of the web is :
(b7 +n- k)t phy
1000

_ (30 +5x12)x8x3[5
1000

=226.800 kN

Po =

But due 1o the stiffeners the resistance js :

Pefr= Phw + Ps
=226.800 +473.76
= 700.560 kN

Column web s safe in compression for crippling

Check 5 : Buckling Capacity of the Column web in Compression

No compressive forces in the top beam flange
Opposite Bottom flange of the beam :

The worst load is encountered for Load Case : COMBINED
when FXnax =227.602 kN

Assumptions : 1) Bearing flange is restrained against rotation relative to the web
2) Bearing flange is restreined against lateral movement relative to

the outer flange

|Da!e

4.52

4.5.3.3
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kel
S

_0.7x376
56.678
=4.644

0 5
ﬂo-o.z-lﬂ]

2200000 |*
N

315

=15.832

7=0.001" o (4- Zg)
0.001 x5.5 x(4.644 - 15.832)
=.0.062

But #h>=0
n=0

7 E
32
_ 7x200000
4.6442
=91.53x10°

_ (1) pe
¢ 2

315 +(0,000x10" + 1)x91.53x10*
2

PE=

= 45,92x10°

pc= P [';:'2 . p'r]n,s

~ 91.83x10°x315
45.92510° +[45.02x10%2 - 91,53x10°»315
= 315.000

]0.5

_perd
1000

315.000 #2880
1000

907.200 kN

Pe

Date
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Column web is safe in compression for buckling

Check 6 : Shear Capacity of the Column Web

The worst load is encountered for Load Case : COMBINED
when F, =282.602 kN

PR X 13
¥ 1000

_ 0.6x315 %3200
1000

= 604.800 kN
Column web shear is safe

Check 7 : Bolt tension and Column Flange Bending
The worst load is encountered for Load Case : COMBINED

Frmax= 156.788 kN
The resistance is the smaller of the 3 possible failure modes :

Mode 1 : Complete yielding of the flange
s Ml +2- Mpy
R.r=4 A :; - 1000
1

=4>«'2.835 + 240
50

=226.800 kN

=1000

Mode 2 : Bolt Failure with yielding of the flange

2 Mp- 1000 + - 2- By

R2=
m+n

_ 2x2,835=1000 + 62.5x2x137.2
50 +62.5

=202.844 kN
Mode 3 : Bolt Failure only

Ri=2-Br
=2x137.2
=274.400 kN

Therefore R = R2 = 202.844

Bolt tension and Column Flange bending is safe

456
4.2.3
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Date

Check 8 : Bearing on the Column Flange

The warst load is encountered for Load Case : COMBINED
with Fb = 11.876 kN

The Bearing Capacity of the Flange at any Bolt is the lesser of :
d- ip: pbh
1000

_ 20x12%1008
1000

=241.920 kN

Py =

And

_d ity p
Pt =" 000

_20x12x525.95
1000

=126.228 kN

And

5= 1000
ix20x12x525,95

1000
=63.114 kN

Column flange bearing is safe
Check 9 : Bolt tension and End Plate Bending

The worst load is encountered for Load Case : COMBINED
Fmax = 156.788 kN

6.3.32

6333

6.3.3.3
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The resistance is the smaller of the 3 possible failure modes :

Mode 1 : Complete yielding of the End Plate
Ri =M° 1000
m

4%2.61954
= x 1000
62

=226.800 kN
Mode 2 : Bolt Failure with yielding of the End Plate
2 Mp 1000 + - 2- By
mtn

_2x%2.61954 x1000 + 57.75x2x%131.2
46.2 +57.75

=202.844 kN

R2

Mode 3 : Bolt Failure only

R3=12 B
=2%137.2
=274.400 kN

Therefore R = R2 = 202.844

Bolt tension and End Plate bending is safe

Check 10 : Bearing on the End Plate

The worst load is encountered for Load Case : COMBINED
with Fb = 11.875 kN

The Bearing Capacity of the Flange at any Bolt is the lesser of :

d o ot
Pr =" 000
_ 20121008
1000
= 241,920 KN

And

].Dale

6332

6.33.3
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—[Da!e

_ 20x12x525.95
1000

=126.228 kN

And

i
, _; e ip' Phs
= 1000

%'XZO #12x525.95

1000
=63.114 kN

End plate bearing is safe

Check 11 : Shear Capacity of the Bolts

The worst load is encountered for Load Case : COMBINED
when FSmax =11.875 kN

The resistance of any bolt is :
_bsAs
1000

_375x243
1000

=91.875 kN

Ps

Bolt shear is safe

Check 12 : Shear and Tension Capacity of the Bolts

The worst load is encountered for Load Case : COMBINED

The factor must be |ess than or equal to 1.4 :
s &t
+
Ps .P!
_11.875  78.394
91.875 1372

= 0.701

Faaor =

6333

6344
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jm-

Bolf shear and tension is safe

Check 13 : Slip Capacity of the Bolts

The worst [oad is encountered for Load Case : COMBINED

Fsrnax =95 kN

where the resistance of any bolt is :

PsL=0.9- K5 pi- Po

=0.9%1.0%0.40
=352.920 kN

Bolt slip is safe

x147

64.2

278




PROKON]| &S

JSheel

Software Consulfants (Pty) Lid Thent
Internet: hitp/Avwvy, prokon.com
E-Mail : mail@prokon.com Cales by

Checked by

Bolt Forces

—ll—)ate

Bolt Forces for Load Case : COMBINED

-f| ===+ 78.39 kN

= 57.6kN

17.27 kN

6.88 kN

Shear force per bolt : 11.88 kN
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7.0

8.0

9.0

GREEN PRODUCT

The products are yet to be certified as green product as no relevant document to

support the claim is presented to the Technical Expert Panel. It is recommended that

the WASB make an effort to confirm the product to be green through the authority in

Malaysia.

MODULAR INDUSTRIALISED PRODUCT
The products are yet to be certified as IBS product according to MS 1064 as no

relevant document to support the claim is presented to the Technical Expert Panel. It

is recommended that the WASB make an effort to confirm the products are IBS

components.

VALIDITY OF THE OPINION

9.1

9.2

9.3

Condition

The Technical Opinion Report given herein is based on the experiences of
the Technical Expert Panel. This report applies to the documents of the
specific product submitted. The reports are not used to indicate or imply that
they are applicable to other similar items. The recommendations are based
on and limited to the available information provided by Applicant including
documents on the product details and test reports from accredited
laboratories. The recommendations are also based on and limited to the
available information provided by Applicant and during the interview session

conducted between the Technical Expert Panel and representatives from the

ih
Applicant on 4 January 2012.

Withdrawal
In the event of non compliance to the international standard or any other
equivalent and resemblance standards, it will lead to withdrawal of this

opinion.

Term of Validity

The recommendations are valid for three (3) years from the date of issuance
of this Technical Opinion Report. This report is valid from July 2012 to June
2015,

280



10.0

11.0

12.0

RELEVANT DOCUMENTS

10.1  Standard and Test Report
The standard adopted for the tests were stated. However, the client name
and the product name in the report are different from the Applicant and
Adresses (refer Section 1.3). The year of report is more than five (5) years. It

is recommended to produce new test report.

Nevertheless, the letter that produced by dated 23" May 2012 verifies the
products that submitted by the Applicant for the tests are same as applied for

the evaluation (refer to Appendix D).

10.2 QA/QCPlan Document
QA/QC plan document for the purpose of purchasing parts, materials,
processing and assembling used in the installation system are provided in
this report. This document is important to ensure quality in prdduction is
observed at all time during process of making the components. The QA/ QC
Plan is attached in Appendix E.

APPROVED OPINION ABSTRACT

The Technical Expert Panel is in the opinion that products from WASB are in general
suitable to be used in Malaysia provided that it complies with the terms and condition
mentioned in this report. The products are recommended to be used as a complete
system and have to be in compliance with local Building By Law and the design shall

be in compliance with current relevant design codes and standards.

All components and materials test were performed in accordance with foreign
standards, however it is recommended that these tests to be conducted locally in
accordance with Malaysian Standard or any equivalent and accepted International

Standard to be done at accredited laboratories.
RECOMMENDATIONS

Recommendations by Technical Expert Panels are as follows :
a. The use of HFW H Section, ALCP and Besta Board Panel requires advice
and involvement from professional.
b. Any batch of the products traded by the Applicant shall be tested and

evaluated by relevant local authorities.
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c. The materials content of the product shall comply with Malaysian Standard

for testing of material. The test reports submitted indicated the standards

used for testing HFW H Section were based from Chinese Standard.

d. The Applicant is advised to consult local Accredited Testing Bodies prior to
using the HFW H Section, ALCP and Besta Board Panel.
e. The Applicant is advised to adhere to modular design rules (MS 1064) for

concrete component (i.e. ALCP) during design of the complete system, so it

can be considered as IBS product in Malaysia.

Gl

Ir. Dr Zuhairi Abd. Hamid
Technical Opinion Expert Panel

Ir. Looi HP Peu
Technical Opinion Expert Panel

Ir. Mohd Noor Azudin Mansor
Technical Opinion Expert Panel

Prof. Dr. Rahinah Ibrahim
Technical Opinion Expert Panel

Assoc. Prof. Dr. Hamidah Mohd. Saman

Technical Opinion Expert Panel
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14.0 APPENDIXD

Well & Able International Pte.Ltd.

) WEEREHRAA

Rm 202, Block 1, No 427, Jumen Road, shanghai 200023, PRC
Tel: (86)-21-61416325 Fax: (86)-21-61416386

23rd May 2012

To whomever it may concerned

This is to confirmed that the materials used by the following companies to perform
the tests are supplied by us

1. Product : High Frequency Welded Light Gauge Steel Structure
Tested For:
A) Koon Seng Construction Pte Ltd

Fu Lu Shou Complex, 149 Rochor Road ,

#05-02 Singapore 188425

2. Product : Autoclaved Light Weight Concrete Panel
Tested For:
A) GISS Pty Ltd

Ground Floor, 2 Mill Street .
P.0O. Box 343,
Perth , Western Australia 6000

Australia . Mr Dave Teh

B) Godiniland
Ground Floor, 2 Mill Street ,
P.O. Box 343,
Perth , Western Australia 6000

Australia . Mr. Dave Teh
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3. Product : BESTA Board Panel

Tested For :
A) Best Rock Building System Pte Ltd
14 Zion Road ,
Singapore 247732 Mr. Daniel Wong
B) Godiniland

Ground Floor, 2 Mill Street,

P.O. Box 343,
Perth , Western Australia 6000

Australia . Mr. Dave The

Q) Well & Able International Pte Ltd

103 Defu Lane 10
#02-03 BTH Building

Singapore 539223

We trust the above is in good order .

Thank you.

Well & Able Int
Signature
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15.0 APPENDIXE

QA/QC PLAN
Well & Able International Pte Ltd
Process Chart and Quality Control Plan
SECTION 4 Boards Components*
QC1

Storage Storage

Installation

*Components include C- Channels, Rockwool etc. May be supplied by sub-

contractors.

Figure 37 : QA /QC plan
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