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FOREWORD 
 
 
This Malaysian Standard was developed by the Technical Committee Plastics Tanks under 
the authority of the Industry Standards Committee on Plastics and Plastics Products. 
 
This Malaysian Standard is the first revision of MS 1390, Specification for glass-reinforced 
polyester panels and panel water tanks. 
 
Major modifications in this revision are as follows: 
 
a) the title has been changed to "Glass-fibre reinforced polyester panels and panel water 

tanks - Specification (First revision)"; 
 
b) incorporation of changes to the requirements to the accelerated weathering; 
 
c) incorporation of changes to the requirements of roof fastening; 
 
d) incorporation of changes to sealant performance requirements; 
 
e) replacement of all uPVC to ABS and stainless steel; 
 
f) incorporation of changes to the requirements to continuous external vertical bracing; and 
 
g) incorporation of inclusion of installation guidelines of GRP tank. 
 
This Malaysian Standard cancels and replaces MS 1390:1995. 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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GLASS-FIBRE REINFORCED POLYESTER PANELS AND PANEL 
WATER TANKS - SPECIFICATION 

(FIRST REVISION) 
 
 

1 Scope 
 
This Malaysian Standard specifies requirements for glass fibre reinforced polyester (also 
known as fibreglass reinforced polyester) panels used in the construction of panel water tank 
for the sanitary storage of potable water. It is called GRP panel water tanks hereafter. 
 
 

2 Normative references 
 
The following normative references are indispensable for the application of this standard.  For 
dated references, only the edition cited applies.  For undated references, the latest edition of 
the normative reference (including any amendments) applies. 
 
MS 672:1999, Specification of rubber seals in water supply, drainage and sewerage pipelines 
(first revision) 
 
MS 740, Specification for hot-dip galvanized coatings on iron and steel articles 
 
MS 1583: Part 1, Suitability of non-metallic products for use in contact with water intended for 
human consumption with regard to their effect on the quality of the water: Part 1: Specification 
 
MS 1583: Part 2: Section 2, Suitability of non-metallic products for use in contact with water 
intended for human consumption with regard to their effect on the quality of the water: Part 2: 
Methods of test: Section 2: Odour and flavour of water 
 
MS 1583: Part 3: Section 3, Suitability of non-metallic products for use in contact with water 
intended for human consumption with regard to their effect on the quality of the water: Part 2: 
Methods of test: Section 3: Appearance of water 
 
MS 1583: Part 4: Section 4, Suitability of non-metallic products for use in contact with water 
intended for human consumption with regard to their effect on the quality of the water: Part 2: 
Methods of test: Section 4: Growth of aquatic microorganisms test 
 
MS 1583: Part 5: Section 5, Suitability of non-metallic products for use in contact with water 
intended for human consumption with regard to their effect on the quality of the water: Part 2: 
Methods of test: Section 5: The extraction of substances that may be of concern to public 
health 
 
MS 1583: Part 6: Section 6, Suitability of non-metallic products for use in contact with water 
intended for human consumption with regard to their effect on the quality of the water: Part 2: 
Methods of test: Section 6: The extraction of inorganic constituents 
 
ISO 8605, Textile-glass-reinforced plastics - Sheet moulding compound (SMC) - Basis for a 
specification 
 
BS 2782-11, Plastics piping systems. Plastics pipes and fittings. Determination of the opacity 
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BS 3396-3, Woven glass fibre fabrics for plastics reinforcement. Specification for finished 
fabrics for use with polyester resin systems 
 
BS 3496, Specification for E glass fibre chopped strand mat for reinforcement of polyester 
and other liquid laminating systems 
 
BS 3532, Method of specifying unsaturated polyester resin systems 
 
BS 3691, Specification for E glass fibre rovings for reinforcement of polyester and epoxy resin 
systems 
 
BS 3749, Specification for E glass fibre woven roving fabrics for the reinforcement of 
polyester and epoxy resins systems 
 
BS 4504, Specification for flanges and bolting for pipes, valves and fittings. Metric series 
 
JIS K 6919, Liquid unsaturated polyester resin for reinforced plastics 
 
 

3 Definitions 
 
For the purposes of this standard, the following terms and definitions apply. 
 
3.1 Unsaturated polyester resin 
 
Thermo-setting resin obtained by dissolving unsaturated polyester resin which is produced by 
the reaction of polybasic acids and polyhydric alcohols in a polymerisable monomer. 
 
3.2 Panel 
 
A GRP composite produced by a suitable process into specified dimensions. 
 
3.3 Openings or nozzles for piping connections 
 
Flanged or threaded inlets, outlets, overflows and drains. 
 
3.4 GRP panel water tank 
 
A GRP panel water tank is a complete assembly of GRP panels, bolted together to form a 
water tight container with a base and a roof. 
 
3.5 Gel coat 
 
An isophathalic grade of unsaturated polyester gelcoat or flowcoat (gelcoat with wax) is to be 
applied on the external surface which expose direct to sunlight of GRP.  Gelcoat or flowcoat is 
to provide a durable and resistance to ultraviolet degradation external surface of the GRP 
panel. 
 
 

4 Capacity 
 
Capacity of a GRP panel water tank shall be within the range of 1 m

3
 to 500 m

3 
(500,000 l).  
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In the event of any larger capacity tank size is required (> 500 m

3
), the selection of the GRP 

tank size shall be subjected to the agreement between the purchaser and the tank 
manufacturer. 
 
NOTE.  1 m

3
 = 1000 litre = 220 gallons 

 

5 Materials 
 
5.1 Liquid unsaturated polyester resin 
 
The unsaturated resin used shall be the condensation product of one or more acids (including 
one or more unsaturated acids) with one or more polyols. The condensation product must be 
soluble in one or more monomers and can be co-polymerized with the use of organic 
peroxides. The resin selected shall be of suitable grade to meet the technical requirements for 
GRP water tanks on this standard or the minimum requirements in BS 3532 or JIS K 6919. 
 
5.2 Glass fibre reinforcement 
 
The glass fibre reinforcement used shall be manufactured from type ‘E’ glass. Typical 
examples of glass fibre reinforcing materials are: 
 
a) glass fibre rovings as specified in BS 3691; 
 
b) glass fibre chopped strand mat as specified in BS 3496; 
 
c) glass fibre woven fabrics as specified in Part 3 of BS 3396; 
 
d) glass fibre woven roving fabrics as specified in BS 3749; and 
 
e) continuous filament mat. 
 
All shall have a surface treatment compatible with the selected resin. Any construction of the 
reinforcement is acceptable, provided that the finished tank and tank panels comply with the 
requirements of this standard. 
 
5.3 Sheets moulding compound 
 
Sheet moulding compound (SMC) shall conform to the requirements of ISO 8605. 
 
5.4 Sealing materials 
 
The material used for sealing shall be non toxic materials and shall be tested to conform to 
the requirements of MS 1583 series and to comply with compression stress relaxation test as 
in clause 4.5 of MS 672:1999

1
. 

 
The width of the sealing material shall cover not less than 80 % of the panel flange width.  
The thickness of the sealing material shall not be less than 4.5 mm. 
 
 
 
 

                                                      
1
 The standard refers to BS EN 681: Part 1 Elastomeric seals - Materials requirements for pipe joint seals used in 

water and drainage applications 
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In the event of more than one suitable materials conformed to above requirement, the 
selection of the type of sealing materials should be subjected to the agreement between the 
purchaser and the manufacturer. 
 
5.5 Internal support 
 
The internal support members for side walls should be chemically resistant to the quality of 
water stored.  They shall be made of stainless steel of minimum grade SUS304 or GRP 
coated mild steel. 
 
5.6 Bolts, nuts and washers 
 
All internal bolts, nuts and washers shall be of stainless steel to minimum Grade SUS304.  All 
external bolts, nuts and washers shall be hot dipped high tensile galvanised in accordance to 
MS 740 or better grade material. 
 
5.7 Internal vertical support 
 
The internal vertical support (roof panel support) shall be made of ABS or SUS316 stainless 
steel. 
 
5.8 Bracing 
 
Elements of external bracing supports shall be hot-dip galvanised to MS 740 and the internal 
bracing shall be of stainless steel to minimum Grade SUS304. 
 
 

6 Construction 
 

6.1 GRP panel water tanks shall be designed to have sufficient strength to withstand 
expected loads. Internal stay bolts and/or external braces for reinforcement shall be used. 
 
6.2 Panels for GRP panel water tanks shall be bolted. Proper sealing materials shall be 
used for water tightness at bolted joint. 
 
6.3 A GRP panel water tank shall be provided with at least one manhole with a locking 
device of not less than 0.6 m inside diameter and having an easily open cover to prevent rain 
water entering into the tanks. 
 
6.4 All finished panels may be applied with UV stabilized resin or gel coat on the outer 
surface of the panels. 
 
6.5 Divisions 
 
If required panel tanks shall be subdivided into two or more compartments by the inclusion of 
divisions. Such divisions shall be constructed from GRP panels and shall be able to support 
water on either side from time to time for a period not exceeding 7 days on each occasion. 
 
6.5.1 Any single GRP panel water tank or compartments there of (whether structurally 
independent or connected) shall not exceed 500 m

3
 (500,000 l) capacity. 
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6.5.2 A GRP panel water tank shall be provided with inlets, outlets, overflows, drains and 
air vents. Any balancing pipes and fitting between compartments shall be connected 
externally with isolating valve. Care should be taken in placing these pipes and fittings in 
ensuring proper water circulation for all the compartments.  
 
 

7 Dimensions 
 

Table 1.  Dimensions 
 

Length Breadth Depth  
7.1 

 
Dimension of Panels 
(external measurement) 
 

 
0.5 m, 1.0 m, 
1.5 m, 2.0 m 

 

 
0.5 m, 1.0 m 

 
According to manufacturer’s 
design 
 

 
(i) Tolerance in nominal 

dimensions 
 

± 0.3 % ± 0.3 % ± 0.3 % 
 

 
(ii) Tolerance in angle 

between adjacent 
flanges 

 

 
±  1 degree 

 
 

Length Breadth Depth  
7.2 

 
Dimension of GRP Panel 
Tank 

 
Multiples of nominal 
dimension 0.5 m 
 

 
Multiples of nominal 
dimension 0.5 m 
 

 
From 1.0 m to .4.0 m at the 
increment of 0.5 m. 
 

 
 

8 Service requirements 
 
8.1 A GRP panel water tank shall be designed for a temperature of the stored water not 
exceeding 40 °C. 
 
8.2 A GRP panel water tank shall be designed to protect the penetration of sunlight into the 
tank which could promote the growth of algae and other micro-organisms. 
 
8.3 The working pressure shall not be greater than the static head corresponding to the 
depth of the tank. 
 
8.4 A GRP panel water tank should be designed for ease of maintenance and shall provide 
for the complete drainage of water. 
 
 

9 Fabrication 
 
To ensure product quality, the manufacturing facilities should have a quality assurance 
system in place. 
 
9.1 Flanges of panels 
 
9.1.1 Panels shall be manufactured with a combined double flange at an angle of 45º and 
90º to the face of the panel on all four sides or a single flange at an angle of 90° to the face of 
the panel on each of the two, three or four sides.  
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The flanges should be drilled with equidistant holes according to the respective position of the 
panel in the tank and free from irregularities. 
 
9.1.2 The width of the flanges shall not be less than 45 mm. 
 
9.1.3 The holes for bolts shall have a clearance up to a maximum of 2.0 mm in diameter 
and shall be cut by means of drilling process only. Cutting the holes by means of punching, or 
punching followed by reaming is strictly prohibited. 
 
9.1.4 Details are illustrated in Figures 1, 2, 3 and 4. 
 

 
 

Figure 1.  Flange joints. Type 1 tank 
 
 

 
Figure 2.  Flange joints. Type 2 tank 
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Figure 3.  Flange joints. Type 3 tank 
 

 
 

 
 

Figure 4.  Flange joints. Type 4 tank 
 
9.2 Support for side panels 
 
9.2.1 The panels shall be supported externally or internally or combination of both as 
agreed by both parties as shown in Figures 5 a), 5 b) and 5 c). 
 
9.2.2 Elements of external supports shall be hot-dip galvanised to MS 740 and the external 
support system shall be continuous vertical bracing which can be either of RHS or others from 
top tier to the bottom tier (in one single member). Refer Figure 5 c). 
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Figure 5a.  Layout of stay bar system for supporting panels 
 
 
 
 
 
 

 
 

Figure 5b.  Layout of stays for supporting panels 
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Figure 5c.  Continuous external vertical bracing 

 
NOTE.  Figure 5a), 5b) and 5c) are diagrammatic and illustrative only and do not purport to represent any particular 
design. 

 
9.3 Support for roof panels 
 
9.3.1 The material used for the construction of roof panel shall be of same material as used 
for the construction of side and base panels. 
 
9.3.2 The roof panel shall be bolted together like the side and base panels and shall allow 
for the installation of air vents.  Similar sealant used for side and base panels shall be used 
for roof panel to exclude light, ingress of particles, insects or rainwater. 
 
9.3.3 The bolted roof panels shall be supported internally at every intersection of the 
panels.  The support for the roof panel shall be of DN 75 mm (3 in) diameter ABS pipe or 
SUS316. 
 
9.3.4 These roof panels shall be securely fastened to the side panels to avoid uplifting of 
roof.  The elements of the tie bars shall be of SUS316. 
 
 

10 Tank components and accessories 
 
The GRP panel water tanks shall be provided with the following components and accessories. 
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10.1 Openings for piping connections 
 
Openings located at appropriate positions shall be provided for inlet, outlet, overflow and 
drainage pipe connections. 
 
The dimensions of these openings shall comply with the requirements of BS 4504 for flanges. 
In case the positions of the openings cannot be confirmed at time of manufacture, the 
openings shall be cut and drilled on site during installation. GRP panels offered shall have this 
flexibility. 
 
10.2 Access manhole hatch 
 
The materials used for the construction of the covers shall meet the same requirements as 
those required for the construction of the tanks (see Clause 6). 
 
10.3 Air vents 
 
Air vents shall be made of synthetic resin(s). These shall be designed and constructed to 
adequately inhibit entry of insects and other foreign materials into the water tanks. The insect-
proof screens shall be corrosion resistant to chlorine vapour. 
 
10.4 Internal and external ladders 
 
A GRP panel water tank of 2 m depth or more shall be provided with an internal ladder and an 
external ladder. The internal ladder shall be made out of stainless steel SUS316, or, GRP. 
The external ladder shall be made up of aluminium or hot dip galvanised mild steel in 
accordance to MS 740. Ladder width shall not be less than 300 mm with length suitable for 
the tank specified. 
 
10.5 Water level indicators 
 
A GRP panel water tank shall be provided with a suitable type water level indicator and scale 
graduated in meters to suit the depth of tank. 
 
 

11 Light transmission 
 
All panels exposed to the sun shall be protected against the penetrations of sunlight which 
could promote microbiological growth. The total light transmittance through the panels shall 
be less than 0.1 % when tested in accordance with BS 2782-11: Method 1104 A. 
 
 

12 Test requirements 
 
12.1 Type test 
It is recommended that the proposed tests as indicated below are agreeable and that these 
tests are to be carried out once every 5 years. 
 
12.1.1 Panel appearance 
 
The internal surfaces of one-piece cisterns and sectional tanks and their covers shall be free 
from such imperfections that may inhibit the cleaning of these internal surfaces. 
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12.1.2 Performance of panels 
 
Mechanical and physical tests shall be conducted on specimens cut from waste area or from 
fiat laminates prepared in the same construction and by the same technique as the process 
equipment. In all cases, the average value of the indicated number of the specimens shall be 
used to determine conformance with the detailed requirements as specified in Table 2. 
 

Table 2.  Mechanical and physical properties of GRP panel 
 

Mechanical/physical properties Acceptance criteria Test method 

Tensile strength (N/mm
2
 ) 70 (min.) Annex A 

Bending strength (N/mm
2
 ) 100 (min.) Annex B 

Elastic modulus in bend (N/mm
2
 ) 6 000 (min.) Annex C 

Glass content (%) 25 (min.) Annex D 

Barcol hardness 30 % or 90 % of the resin 
manufacturer specification 
which ever is higher 

Annex E 

Water absorption (%) 1.0 (max.) Annex F 

 
 
12.1.3 Accelerated weathering test 
 
The accelerated weathering test shall be required for every new formulations of the GRP 
composite. The test shall be performed on GRP panels under the exposure of Ultraviolet light 
using the QUV Weathering Test Machine or equivalent.  The test shall be conducted using 
UVB-313 lamp in cycle 3 of Table K1 for duration of 3000 h with the addition of 2 min of water 
spray during the 8 h UV exposure. 
 
12.1.4 Hydrostatic test 
 
Each panel, when fixed to a hydrostatic tester as described in Annex G, shall withstand 6 
times the hydrostatic pressure corresponding to the depth of the tank without bursting, 
cracking or leakage. 
 
12.1.5 Test for effects on water quality 
 
When used under conditions for which they are designed, the GRP tanks intended for the 
conveyance of water for human consumption shall comply with MS 1583 series. 
 
12.1.6 Deflection test 
 
Water tanks shall be installed on the foundation, filled with water to overflow level and 
maintained for not less than 2 h for this test. After conditioning, the deflection of sides and 
ends of the tanks shall not exceed 1.0 % of the depth of the tank and the deflection of the 
bottom shall not exceed 10 mm. A dial gauge with an accuracy of at least ± 0.01 mm shall be 
used. This test is described in Annex J. 
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12.2 Routine test 
 
The routine test shall be carried out as specified below.  Unless specified otherwise, the test 
shall be carried out once per month. 
 
12.2.1 Panel 
 
12.2.1.1 Dimensional measurements - a minimum of 3 pieces per day 
 
12.2.1.2 Appearance of panel, 100 % inception 
 
12.2.1.3 Tensile strength,  
 
12.2.1.4 Bending strength  
 
12.2.1.5 Elastic modulus in bend 
 
12.2.1.6 Glass Content - a minimum of one test per year 
 
12.2.1.7 Barcol hardness  
 
12.2.1.8 Hydrostatic test for base and lowest side panels 
 
The tests for tensile strength, bending strength, elastic modulus in bend and Barcol hardness 
(12.2.1.3 to 12.2.1.7) are restricted to:  
 
a) floor panel; and 
 
b) lowest side wall panel. 
 
The test shall be carried out once per design per year. 
 
12.2.2 Sectional tank 
 
12.2.2.1 Water leakage test 
The test shall be carried out once for every project. 
 
 

13 Installation procedures 
 
The installation guidelines listed in Annex L should be referred to as a general guide for 
proper installation and maintenance. In ensuring the life span of the panel tanks this guideline 
should be strictly adhered to. 
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14 Marking 
 
14.1 Panel marking 
 
Every GRP panel conforming to this standard shall be permanently and legibly marked as 
follows: 
 
a) the manufacturer’s identification; 
 
b) the manufacturer’s serial number; 
 
c) the date of manufacture; and 
 
d) the panel type. 
 
14.2 Tank marking 
 
Every GRP tank conforming to this standard shall be permanently and legibly marked as 
follows: 
 
a) the name of the manufacturer; 
 
b) the number of this Malaysian Standard, MS 1390; 
 
c) the approval of third party certification body's number; 
 
d) the tank size; and 
 
e) the date of installation. 
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Annex A 
(normative) 

 
 

Tensile strength 
 
 

A1 Apparatus 
 
A testing machine that can be operated at constant rates crosshead motion. 
 
 

A2 Test specimen 
 
Five specimens shall be used for this test. 
 
The test specimen shall be a rectangular strip not less than 230 mm long and (25 ± 0.5) mm 
wide with four rectangular end pieces, as shown in Figure A1, bonded to it with a cold-
hardening epoxide resin (see Note 1). The thickness of the rectangular strip shall be that of 
the sheet under test except that where this exceeds 10 mm, thickness of the strip shall be 
reduced to (10 ± 0.4) mm, one face being left intact. The faces shall be parallel to within 
0.15 mm. 
 
The four end pieces of any one test specimen shall be of the same thickness, which shall be 
not less than 3 mm. They shall be prepared from material similar to that under test (see Note 
2). 
 
 

A3 Procedure 
 
The test shall be carried out at 27 °C ± 2 °C unless otherwise specified in the relevant British 
Standard for the material. Any conditioning that may be required shall be in accordance with 
the relevant British Standard for the material and shall be applied to the finished test 
specimen. 
 
The mean width and mean thickness of the specimen between the end pieces shall be 
measured to the nearest 0.05 mm. 
 
The specimen shall be clamped in the serrated jaws of a tensile machine. The jaws shall grip 
the entire faces of the end pieces and the specimen shall be in axial alignment with the 
direction of pull. The specimen shall be loaded by separating the grips at a substantially 
constant rate such that fracture occurs in 1/2 to 1 1/2 mm. The maximum load shall be noted 
and shall not differ from the true load by more than 2 %. 
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A4 Calculation 
 

Tensile strength (TS) =  
A

LB
 

 
where, 
 
TS  is the tensile strength, N/mm

2
 

 
LB  is the load at break, N; and 
 
A  is the original cross-sectional area, mm

2
. 

 
Results obtained on specimens that break within the area of the end pieces shall be 
disregarded and additional specimens tested in their place. The tensile strength of the 
material under test shall be reported as the arithmetic mean of the tensile strengths of the test 
specimens.  
 

 
 

Figure A1.  Test specimen 
 
NOTES: 

 
1. For materials reinforced with glass mat the end pieces may be omitted, except in cases of dispute. 
 
2. A suitable method of preparing the test specimens with end pieces attached is to machine from the moulding or 
sheet under test a sheet 230 mm (9 in) long and 150 mm (6 in) wide and to attach strips to it to form the end pieces 
as shown in Figure A1 it is convenient to use a cold-setting epoxide adhesive as the bonding agent provided that 
care is taken to follow the instructions of the manufacturer about the relative proportions of the resin and hardener 
and other conditions use. 
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Before the adhesive is applied the surfaces to be bonded should be slightly roughened with a 
fine grade of abrasive paper and thoroughly cleaned with solvent. It is recommended that the 
assembly should be allowed to stand overnight while under pressure. 
 
Test specimens can then be sawn from the blank by means of a carbide-tipped fine toothed 
circular saw or a nylon-bonded carborundum wheel. The sawing operation must not overheat 
the specimen and the sawn edges must be free from imperfections. It is essential that the 
edges of the specimen are not finished by hand. 
 

 
 

Figure A2.  Method of preparing specimens with attached end 
piece from test blank 
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Annex B 
(normative) 

 
 

Bending strength 
 
 

B1 Apparatus 
 
A testing machine that can be operated at constant rates of crosshead motion and in which 
the error in the load measuring system shall not exceed ± 1 % of the maximum load expected 
to be measured. The radius of the loading blocks and supports shall be at least 3.0 mm. 
 
 

B2 Test specimen 
 
Five test specimens shall be used for this test. Each specimen shall be a rectangular bar 
12.71 mm ± 0.50 mm wide and of length 24 to 30 times its thickness. The thickness of the 
specimen shall be the thickness of the panel under test except where this exceeds 10 mm, 
thickness of the specimen shall be reduced to 10 mm on face of the specimen being left 
intact. 
 
 

B3 Procedure 
 
The test shall be carried out at a temperature of (27 ± 2) °C. 
 
The breadth (b) and thickness (d) of the specimen shall be measured to the nearest 0.03 mm. 
 
The specimen shall be placed symmetrically across two parallel V-shaped supports, the 
distance (L) between the supporting edges being 16 times the measured thickness of the 
specimen, to the nearest 1 mm. 
 
A load shall be applied squarely across the breadth of the specimen by means of a third V-
shaped block parallel to and midway between the supporting blocks. The contact edges of the 
supporting blocks and the block applying the load shall have a radius of at least 3.0 mm. The 
cross-head speed shall be set to 5.0 mm/minute. The load of fracture (P) shall be noted. 
 
 

B4 Calculation 
 
The bending strength of the test specimen shall be computed as follows: 
 

  
�

��

��
��

�

�
  

 
where, 
 
S is the bending strength, N/mm

2
; 

 
P is the load at fracture, N; 
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L is the support span, mm; 
 
b is the breadth of specimen, mm; and  
 
d is the thickness of specimen, mm. 
 
The bending strength of the material under test shall be reported as the arithmetic average of 
the bending strength of the test specimens. 
 
NOTE.  The above calculation is not valid if the specimen is slipping excessively between the supports.  Care should 
be taken to ensure that there is no slippage. 
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Annex C 
(normative) 

 
 

Elastic modulus in bend 
 
 

C1 Apparatus 
 
A testing machine that can be operated at constant rates of cross-head motion. 
 
 

C2 Test specimen 
 
Two specimens shall be used for this test. Each specimen shall be a rectangular bar. The 
length of the specimen shall be not less than 24 times its thickness and breadth shall be 10 
mm to 25 mm. The thickness of the specimen shall be the thickness of the panel under test 
except where this exceeds 10 mm, thickness of the specimen shall be reduced to 10 mm, on 
face of the specimen being left intact. 
 
 

C3 Procedure 
 
The test shall be carried out at a temperature of (27 ± 2) °C. 
 
The breadth (b) and thickness (d) of the specimen shall be measured to the nearest 0.01 mm. 
 
The specimen shall be placed symmetrically across two parallel V-shaped supports, the 
edges that makes contact across the specimen having radii of 1.5 mm to 3.5 mm. The 
distance (L) between the lines of contact of the supports with the specimen shall be 16 times 
the measured thickness of the specimen, to the nearest 1 mm. 
 
A load shall be applied squarely across the breadth of the specimen by means of a loading 
nose of radius 5 mm and parallel with and midway between the two supports.  
 
The rate at which the specimen shall be deflected i.e., the rate of travel of the loading nose 
relative to the supports on which the specimen rests shall be 5 mm/mm. For a series of 
values of force the corresponding deflections shall be noted and from there a load- deflection 
curve shall be drawn. 
 
 

C4 Calculation 
 
The bending strength of the test specimen shall be computed as follows: 
 

  
Dbd

PL
3

3

MOD
4

  )(E  bend in modulusElastic   

 
where, 
 
EMOD is the elastic modulus in bending, N/mm

2
; 
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P is the load selected from the straight part of the curve, N; 
 
L is the distance between supports, mm; 
 
b is the breadth of specimen, mm; 
 
d is the thickness of specimen, mm; and  
 
D is the deflection corresponding to the load, mm. 
 
The elastic modulus of the material under test shall be reported as the arithmetic average of 
the elastic modulus of the test specimens. 
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Annex D 
(normative) 

 
 

Glass content of fibre glass reinforced laminates 
 
 

D1 Apparatus 
 
D1.1 a weighing balance with an accuracy of ± 10 mg 
 
D1.2 a muffle furnace 
 
D1.3 a crucible of appropriate dimensions 
 
D1.4 a desiccator 
 
 

D2 Test specimen 
 
The specimens shall be tested for sample containing no filler and colouring agent according 
to D3(a). Three specimens shall be tested for sample containing filler and/or colouring agent 
according to D3(b). It may be of any convenient shape provided that it is representative of the 
material under test and that its mass not less than 5 g. A rectangular specimen, with a face of 
area not less than 400 mm and whose shorter edges are not less than 12 mm long, is usually 
suitable. 
 
 

D3 Procedure 
 
A crucible of appropriate dimensions shall be heated in a muffle furnace at (575 ± 25) °C for 
15 minutes, cooled in a desiccator and weighed (W1). The test specimens shall be placed in 
the crucible and the crucible and contents heated in an oven at 105 °C to 110 °C for 2 hours. 
The crucible and contents shall then be cooled in a desiccator, weighed and returned to the 
oven for a further 30 mm, cooled and reweighed. The procedure shall be repeated until the 
mass (W2) of crucible and specimen becomes constant to within 0.01 g. 
 
a) Sample containing no filler and colouring agent. The crucible and contents shall be 

heated in a ventilated muffle fumace at a temperature of 575 °C ± 25 °C until the 
residue of glass fibre is white in colour (approximately 30 mm). The crucible and 
contents shall then be removed from the furnace, allowed to cool ion a desiccator and 
weighted. This process of heating, cooling and weighing shall be repeated until the 
mass (W3) becomes constant to within 0.01 g. 

 
b) Sample containing filler and/or colouring agent. The crucible and contents shall be 

heated in a ventilated muffle furnace at a temperature of 575° ± 25 °C to burn out the 
resin completely (by repeating the process of heating and weighing as above) leaving 
behind the glass, filler and colouring agent. Water shall then be added to the residue 
and the mixture shall be filtered through a fared standard sieve of 200 mesh size. Wash 
the residue with water at (105 - 110) °C for 3 hours or more until the mass of the glass 
residue (W4) becomes constant to within 0.01g. 
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D4 Calculation 
 
D4.1 For samples determined according to D3(a) 
 

  
)(

)( 100
  content glass Percentage

��

��

��

��




  

 
where, 
 
W1 is the Mass of crucible; 
 
W2 is the Mass of sample + crucible; 
 
W3 is the Mass of glass residue + crucible. 
 
D4.2 For samples determined according to D3(b) 
 

  

��
�� 

 4W 100
  content glass Percentage  

 
where, 
 
W1 is the Mass of crucible; 
 
W2 is the Mass of sample + crucible; and  
 
W4 is the Mass of glass residue. 
 
The glass content of the material under test shall be reported as the arithmetic mean of the 
results obtained on the test specimens. 
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Annex E 
(normative) 

 
 

Barcol hardness 
 

 

E1 Apparatus 
 
E1.1 Indentor 
 
The indentor shall consist of a hardened steel truncated cone having an angle of 26 degree 
with a flat tip of 0.157 mm in diameter. It shall fit into a hollow spindle and be held down by a 
spring loaded plunger. 
 
E1.2 Indicating device 
 
The indicating dial shall have 100 divisions, each representing a depth of 0.0076 mm 
penetration. The higher the reading, the harder the material. 
 
 

 
 
 

Figure E1.  Diagram of barcol impressor 
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E2 Test specimens 
 
The testing area shall be smooth and free from mechanical damage. 
 
Test specimens shall be at least 1.5 thick and large enough to ensure a minimum distance of 
3 mm in any direction from the indentor point to the edge of the specimen. 
 
 

E3 Procedure 
 
The test shall be carried out at a temperature of (27 ± 2) °C and (75 ± 5) % relative humidity. 
 
Place the impressor and the material to be tested (or the calibration disk) on a solidly 
supported, flat, hard, firm surface such as stone, metal or ceramic. If softer supporting 
surfaces are used, a falsely low instrument reading may occur. 
 
Set the point sleeve on the surface to be tested. Set the legs on the same surface oron solid 
material of the same thickness, so that the indentor is perpendicular to the surface being 
tested. Grasp the instrument firmly between the legs and point sleeve. Apply quickly, by hand, 
uniformly increasing force on the case until the dial indication reaches a maximum. Record 
the maximum reading obtained. 
 
 

E4 Conditioning 
 
Test specimens shall be conditioned at (27 ± 2) ºC and (75 ± 5) % relative humidity for at 
least 40 hours prior to test. 
 
 

E5 Report 
 
Barcol hardness = Maximum reading registered on the dial of a Barcol impressor. 
 
 

E6 Number of readings 
 
This is governed by the variance-of-average at a specific Barcol hardness. A guide is given in 
Table E1. 
 

Table E1.  Variance-of-average at a specific Barcol hardness 
 

 
Hardness M-

934 scale 
 

 
Reading 
variance 

 
Coefficient or 

variation percent 

 
Variance of 

average 

 
Minimum no. of 

readings 

 
30 
40 
50 
60 
70 
 

 
22.4 
17.2 
12.0 
7.8 
3.6 

 
2.9 
2.2 
1.7 
1.5 
1.2 

 
0.77 
0.78 
0.75 
0.78 
0.75 

 
29 
22 
16 
10 
5 
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Annex F 
(normative) 

 
 

Water absorption 
 
 

F1 Apparatus 
 
A weighing balance with an accuracy of ± 10 mg. 
 
 

F2 Test specimen 
 
Two specimens shall be used for this test. 
 

The specimen shall be 38.10 
0.51mm

0mm


 square and shall have smooth edges. The thickness of 

the specimen shall be the thickness of the sheet under test except that where the nominal 
sheet thickness exceeds 25.4 mm, the thickness of the specimen shall be reduced to (25.40 ± 
0.25) mm by machining one face smoothly, the other face being left intact. 
 
The surfaces of all specimens shall be free from dust, oil or other matter that might interfere 
with the absorption of water. 
 
 

F3 Procedure 
 
The thickness of the test specimen shall be measured to the nearest 0.025 mm. The 
specimen shall then be weighed (W1) and immersed for (24 ± 1) hour in distilled water at (27 
± 2)°C. Precautions shall be taken to prevent specimens from making contact over any 
substantial area with one another or with the container. The specimen shall be dried with a 
clean cloth or filter-paper and, not more than 2 mm after removal from the water, shall be 
reweighed (W2). 
 
 

F4 Calculation 
 

Water absorption = % 100  X  

1W

��
�� 

 

where, 
 
W2 is the weight of specimen after immersion in water, mg; 
 
W1 is the weight of specimen before immersion in water, mg. 
 
The water absorption of the material under test shall be reported as the average other water 
absorption of the test specimens. 
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Annex G 
(normative) 

 
 

Hydrostatic test 
 
 

G1 Equipment 
 
G1.1 A hydrostatic tester with a minimum pressure of 200 kN/m

2
 for the panel. 

 
G1.2 A pressure gauge with a graduation of 10 kN/m

2
 with an accuracy of± 1 % full range. 

 
 

G2 Test specimen 
 
One GRP panel. 
 
 

G3 Temperature of test 
 
Test can be carried out indoors or outdoors provided that the temperature does not exceed 

40 C. 
 
 

G4 Calculation 
 
Pressure for test shall be calculated as shown below: 
 

  ����������   

 
where, 
 
P is the denotes the pressure for test (N/m

2
); 

 
h is the denotes height of sectional GRP water tank 300 mm from the top edge of the tank; 
 
ρ is the denotes density of fluid in tank, in kg/m

3
 (For water, ρ = 1 000 kg/m

3
); 

 
S is the denotes safety factor (S = 6); 
 
g is the denotes gravitational constant, taken as 9.81 m/s

2
. 

 
 

G5 Procedures 
 
The panel shall be fixed to the hydrostatic tester as shown in Figure G1. The hydrostatic 
tester shall be filled with water and the chamber shall be completely evacuated of air. 
Pressure shall be increased at regular intervals of 5 kN/m

2
 per minute until the pressure (P) is 

achieved. If no bursting, cracking or leakage is observed, the panel shall be deemed to have 
passed this test. 
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(a) 
 
 
 

 
 

(b) 
 
 

Figure G1.  The hydrostatic tester 
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Annex H 
(normative) 

 
 

Leakage test 
 
 
The water tanks shall be installed and on completion, it shall be filled with tap water up to 
overflow level. After standing for 48 hours at environmental temperature (not exceeding 
40 °C), there shall be no visible sign of leakage. 
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Annex J 
(normative) 

 
 

Deflection test 
 
 

J1 Equipment 
 
J1.1 Steel foundation with a height of more than 450 mm. 
 
J1.2 Dial gauges with a graduation of 0.01 mm and a minimum range of 20 mm. 
 
 

J2 Test sample 
 
One GRP sectional water tank. 
 
 

J3 Procedure 
 
A GRP sectional water tank shall be installed on the foundation as shown in Figure J1. Dial 
gauges shall be set up at the side panel and at the centre of the bottom panel where 
maximum deflection occurs, as shown in Figure J2. The pointer of dial gauge shall be 
adjusted to read zero. The water tank shall then be filled to overflow with water and the 
maximum defection shall be noted immediately. After 2 h the deflection at the same position 
shall again be taken. 
 
 

 
 

Figure J1.  Foundation for deflection test 
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Figure J2.  Deflection test 
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Annex K 
(normative) 

 
 

Accelerated weathering test 
 
 

K1 General 
 
The effects of ultraviolet light is used in this accelerated weathering test to determine the 
ability of the GRP composite to withstand long term use in an exposed tropical. 
environment. 
 
 

K2 Procedure 
 
The test shall be performed on the test specimens under the exposure of Ultraviolet light 
using the with UVB 313 fluorence of 1KW for a duration of 3000 h. The test conditions shall 
be as follows: 
 
Light sources : UVB-313 
 
Water spray : Distilled water 
 

Exposure cycle: 8 h UV at 70 (± 3) C black panel temperature and 4 h condensation at 50 (± 

3) C at black panel temperature and 2 min of water spray during UV exposure. 
 
Type of samples : 150 mm x 70 mm x 40 pieces  
 
Exposure period: Minimum of 3000 hours. 
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Table K1.  Common exposure conditions 
 

Cycle Lamp Typical irradiance Approximate 
wavelength 

Exposure cycle a 

 
1 
 

 
UVA-340 

 
0.89 W/m

2
/nm 

 
340 nm 

8 h UV at 60 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
2 
 

 
UVB-313 

 
0.71 W/m

2
/nm 

 
310 nm 

4 h UV at 60 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
3 
 

 
UVB-313 

 
0.49 W/m

2
/nm 

 
310 nm 

8 h UV at 70 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
4 
 

 
UVA-340 

 
1.55 W/m

2
/nm 

 
340 nm 

8 h UV at 70 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
5 
 

 
UVB-313 

 
0.62 W/m

2
/nm 

 
310 nm 

20 h UV at 80 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
6 
 

 
UVA-340 

 
1.55 W/m

2
/nm 

 
340 nm 

8 h UV at 60 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
7 
 

 
UVA-340 

 
1.55 W/m

2
/nm 

 
340 nm 

8 h UV at 60 (± 3)°C 
Black Panel 
Temperature; 0.25 h 
water spray (no light), 
temperature not 
controlled; 3.75 h 
condensation at 50 (± 
3)°C Black Panel 
Temperature 

 
8 
 

 
UVB-313 

 
28 W/m

2
 

 
270 to 700 nm 

8 h UV at 70 (± 3)°C 
Black Panel 
Temperature; 4 h 
Condensation at 50 (± 
3)°C Black Panel 
Temperature 

a 
Sourced from ASTM G154:2005 Table X2.1 
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K3 Test results 
 
The test results shall be tabulated as follows: 
 

Table K2.  Tabulated test results 
 

 
Properties/Test method Acceptance 

 

 
Acceptance 

Criteria 

 
Unexposed 

Samples 

 
Exposed 
sample 

1. Tensile strength/Annex A (MN/m
2
 ) 70 (min)   

2. Bending strength/Annex B (MN/m
2
 ) 100 (min)   

3. Elastic modulus in bend/Annex C (MN/m
2
 ) 6000 (min)   

4. Water absorption/Annex F (%/24 hrs) 1.0 (max)   

5. Glass content/Annex D (%W/W) 25 (min)   

6. Barcol hardness/Annex E  30 (min)   

 
All samples shall remain within the acceptance criteria after an exposure of 3000 h. 
 
The following should also be observed and noted at the end of the test: 
 
a) Discolouration to the test samples. 
 
b) Exposed glass fibre on the test samples. 
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Annex L 
(normative) 

 
 

Installation guideline for GRP tank 
 
 

L1 Tank installer 
 
The tank shall be installed by experienced and skilled workers employed by the tank 
manufacturer. 
 
 

L2 Reinforced concrete (RC) plinth 
 
First and foremost, the RC plinth shall be constructed before the commencement of GRP tank 
installation. The RC plinth shall be constructed as follow: 
 

 The spacing between them shall be 1 m centre to centre. 
 

 The height and width shall be of 500 mm and 250 mm respectively. 
 

 The top of concrete plinths shall be as level as possible. The tolerance in level between 
the plinths shall be within 5 mm. 

 
 

L3 Skid base 
 
After the completion of R.C. plinth, skid base shall be provided on top of the plinth. The main 
beams shall be either I-beam or C-Channel whereas the sub-beam shall be M.S Equal Angle 
or C-Channel. 
 
The main beams shall be placed across the top of the plinths at 1.002 m centre to centre and 
the sub-beams shall be placed across and bolted to the main beams at 1.002 m centre to 
centre. The top surfaces of both mains and sub-beams shall flush against each other. The 
skid base not be twisted and the diagonals deviation shall be as small as possible. 
 
The skid base shall be secured to the R.C. plinths by using appropriate diameter HDG bolts & 
nuts. 
 
The skid base shall be as leveled as possible. If there are gaps between the plinth and the 
skid base, they shall be grouted with non-shrink grout or inserted with sufficient pieces of M.S. 
plate. 
 
 

L4 Assembling of base panels 
 
The base panel shall be arranged in accordance to the layout drawing provided by the 
manufacturer. Approved corner patch (foam sealant) shall first be placed at all four corners of 
each panel followed by a strip of synthetic rubber/foam sealant between the panels. Care 
shall be taken to ensure that the holes on the panel and the sealant matched each other. The 
panels are jointed together by using appropriate diameter HDG bolts & nuts fitted on to the 
holes. 
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L5 Assembling of wall panels 
 
The wall panel shall be arranged in accordance to the layout drawing. Corner patches are 
placed at all angles of each panel followed by a strip of synthetic rubber/foam sealant 
between the panels. The horizontal flanges of the panels shall be jointed by appropriate 
diameter HDG bolts & nuts and Fame Angle, whereas the vertical flanges shall be jointed 
together with a continuous 25 x 50 mm RHS; which act as external bracing from the first to 
the third tier of the tank (see Appendix A). The top ends of these external bracing shall be 
secured to the RHS placed on top of the roof panels using HDG brackets, bolts & nuts. 
 
In order to prevent damages to other panels while erecting the tank, one column of the wall 
panels shall be left open for access purposes to facilitate the installation of other accessories, 
roof supports and roof panels. 
 
 

L6 Assembling of roof panels 
 
The roof panel and manhole cover shall be arranged in accordance to the layout drawing. A 
strip of foam sealant is placed between the roof panels before they are jointed to the top 
flange of the wall panel using appropriate diameter HDG bolts & nuts. 
 
 

L7 Roof support 
 
The roof panels shall be supported by using DN 75 mm (3 in) diameter ABS pipes or SUS316 
at every intersection of the panels and shall be secured firmly to the roof panels by stainless 
steel brackets, bolts and nuts. 
 
These roof panels shall be securely fastened to the side panels to avoid uplifting of roof.  The 
elements of the tie bars shall be of SUS316. 
 

L8 Installation of various accessories 
 
Before closing up the access column, the stainless steel tie-rod shall be installed in 
accordance to the Tie-Rod Arrangements Drawing. Long-nut shall be used to connect the tie-
rods to achieve the required length. The tie-rod shall also be supported intermittently with 
suitable supporters mounted on DN 75 mm (3 in) diameter ABS pipes or SUS316 to prevent 
sagging. 
 
Water Level Indicator shall be bolted on the top and bottom tier of the wall panel. A hole of 
suitable diameter shall be drilled on the wall panel for a nylon string to pass through. One end 
of the string shall be tied with a float ball and an indicator point on the other end. 
 
The internal ladder shall be of stainless steel SUS316, or GRP material and installed at the 
access manhole, with its top and bottom secured to the roof and side panel respectively with 
stainless steel brackets, bolts and nuts. The external hot dipped galvanised (HDG) mild steel 
or aluminium ladder shall be aligned with the access manhole and secured to the wall panels 
using HDG brackets, bolt and nuts. 
 
The hole for any pipe connection to the tank shall be marked and drilled by using Hand Drill or 
Hole Saw for small diameter and Jig Saw for big diameter pipe. To ensure smooth edges, the 
hole shall be drilled from both sides of the panel. 
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L9 Tank label 
 
Indelible label with the following information shall be affixed to the tank at suitable location: 
 
a) the name of manufacturer; 
 
b) the number of this Malaysian Standard MS 1390; 
 
c) the approval of third party certification body’s number; 
 
d) the tank size; and 
 
e) the date of installation. 
 
 

L10 Water tightness test 
 
The completed tank shall be filled with potable water up to overflow level. There shall be no 
visible leak detected after 48 hours under the environment temperature of 40 °C or lower. If 
any leak is detected, the tank shall be emptied completely before remedial work is being 
carrying out. The test shall be repeated until no leak is detected. 
 
 

L11 Sterilization and flushing 
 
After the tank has passed the Water Tightness Test, it shall be sterilized with necessary 
concentration of chlorine. The whole tank shall then be flushed clean and ready for 
commissioning. 
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Annex M 
(informative) 

 
 

Foundation 
 
 

M1 Foundations 
 
Foundations shall provide continuous support to all base panel joints in one direction at 1000 
mm nominal centers according to panel size. Along these lines of support the foundation shall 
not show any deviation from flatness greater than 6 mm in any 3 m length. In addition for any 
point on the supported joint and the two corresponding points on the two adjacent joints the 
deviation from flatness shall not exceed 3 mm.  
 
If continuous foundations are used, dwarf walls or steel beams shall be placed between the 
tank and the ground level to allow a minimum clearance of 450 mm to enable ease of tank 
installation and subsequent bolts tightening and adjustments after installation. The 
construction of such dwarf walls or steel beams shall be in accordance to the criterion stated 
in the aforementioned paragraph. 
 
Foundations provided by dwarf walls, steel beams, structural steel tower or concrete tower 
supports shall be constructed so that when the tank is full the deflections of the unsupported 
span shall not exceed 1/500th of the span. 
 
 

M2 Steel skid 
 
Steel skid supports shall be used on top of dwarf wall foundations and concrete structural 
towers or incorporated into steel beam structural towers and the construction of such steel 
skid supports shall comply with flatness and deflection criteria stated in Annex J. 
 
 

M3 Additional manufacturers' requirements 
 
Foundations shall comply with any additional requirements provided by the manufacturer due 
to the design of the tank. 
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