Bondstrand”
2000M/7000M,
2400 and 2400-C

Pipe Installation Handbook

Marine Products
Fiber Glass Systems

N&®Y it serutions nov.com/fgs




Bondstrand pipefor Marine Market

Thisinstallation manualis to provide installers acomprehensive
overview forinstallation of NOV fiberglass pipe systems, on
marine projects, such as, ships, FPSO's, Drilling Units, Etc.

Characteristics for marineinstallations are, pipingisarranged in
confined space; and theinstallation work is significantly affected
by hull structure design, fabrication and erection. Therefore it

is necessary to take special precaution and follow the included
recommendations for installation.

This manual contains material on receiving and handling, piping
layoutand support principles. The manual also covers various
typesofjoint assembly, followed by hydro test and conductivity
test procedures.

In case any site modification is required, or any damage on
fiberglass piping system occurs, modification and repair
recommendation are provided.

General health and safety recommendations are given in the last
chapterofthemanual.

Reference

AME/INS-004  Hydro-testing procedureforBondstrand GRE/GRV pipe
AME/INS-003  Procedureforconductivityand grounding of GRE pip
MODO01,02,03  Modificationand repairrecommendation
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Pipe Arrangement

Layout

« Fiberglass pipingshall be routedin such away that:
« Itisin accordance with specification and piping diagram;

The number of direction changes are minimized to reduce the
surge effect on the piping system;

It allows sufficient expansionjointsin appropriate locations
forshipsagging and hogging effect, and also be ableto
accommodate minimal fabrication, erection and installation

(
deviation of hull structure and piping work;
« Itallows sufficient expansion jointsin appropriate locations
forship saggingand hogging effect, and also be able to

accommodate minimal fabrication, erection and installation
deviation of hull structure and piping work;

It provides for ease of installation;
« Easeof supporting. Supports can beeasily located and

Pl pe fabricated;

« Certainflexibility is provided in the system to enable joint
A J[ assembled to the correctdimensions without the need to pull/
rra nge| | |e n push aspoolinto position.

Spool Breaking

The use of prefabricated spools shall be maximized to minimize
the amount of site adhesive jointing work. Fiberglass piping shall
be broken for spoolingin such a way:

« To avoid /minimize site adhesive bondingjoint;

« Tonotexceed handling capacity of installation and
transportation equipment or facilities;

« To makeiffeasibleto bring the spoolinto position after hull-
block erection;

« Thatnospoolwill protrude through the hull-block after
installation inthe block;

« Thatthe breaking pointshall be located at accessible location.

Layout
Spool Breaking

Conductivity and Grounding (2\




Conductivity and Grounding
(Applicable on Conductive System Only)

NOV Fiber Glass Systems conductive fiberglass pipe, fittings and
flangesincorporate high strength conductive filamentsto prevent
accumulation of potentially dangerous levels of static electrical
charges by the flow of liquids or otherenvironmental causes.

Accumulated charges are harmlessly drained from the fiberglass
pipe systeminto the metallic hull structure by means of:

« Flange connectionto metallic flange of metallic piping,
equipment, tanks, bulkhead penetration, etc.;

« Flange frame support atfiberglassflange. The flange frameis
bolted atthe back of fiberglass flange, and the base of flange
frame will be connected to steel structure;

« Grounding saddle withembedded stainless steel cable, one
endisbonded onto pipe surface, and the otherendis bolted to
steelstructure.

Sufficient electrical drainage points shall be installed to enable a
completely conductive system.

Grounding saddles shall be mounted on the pipe section that
isisolated from other means of electrical drainage. Mechanical
couplingjoints and double o-ringjoints are considered as
isolating points or conductivity breaking points.

In general, the grounding saddle shall be positioned near a
support, so that the extension cable of the grounding saddle
canbefixed onthesupportstructure, avoiding disruption to the
primary hull structure.

Section

supports

General Guidance

Support Spans

Axial Load on Anchor Support

Support Type and Detail/Guide Supports



Introduction

Piping supportsshallbearranged in such away that:

« Supportsshall be arranged to avoid sag and/or excessive
vibration;

Valves and otherheavyin lineitems shall be independently
supported;

Hose connections, utility orloading stations shall be
supported to avoid excessive bending stress;

Fiberglass pipe shall not be used to support other piping;

Enough spaceis provided between support and fittings to
ensure that pipe movementis not obstructed either axially or
laterally;

Supportsshallbe located at convenientand accessible
location;

Supports shallbe preferably located on plain-pipe sections
ratherthan atfittings orjoints;

Afixed support must be located along the length of the straight
pipe/spoolifitsboth ends are connected with unrestrained
mechanicaljoints;

Ananchorsupportshall beinstalled between an unrestrained
mechanical jointand an elbow, atee orareducer.

SupportSpan

Maximum Support Span

Recommended maximum support spans for NOV Fiber Glass
Systems pipe at operating temperatures of 66°C and below are
listedin Table 1. These spans are intended for normal horizontal
piping arrangements. The tabularvalues are for partial span that
representacompromise between continuous and simple spans.

NOTE:

Consult NOV Fiber Glass Systems for product series other than 2000M and
7000M.

©0)
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Table 1

Maximum Support Spacing
in mm | Span in mm | Span in mm | Span
1 25 3.0 12 300 6.0 30 750 6.0
1% 40 3.5 14 350 6.0 32 800 6.0
2 50 3.8 16 400 6.0 36 900 6.0
3 80 4.3 18 450 6.0 40 1000 |6.0
4 100 4.9 20 500 6.0 48 1200 | 6.0
5 125 5.2 22 550 6.0 52 1300 |6.0
6 150 5.5 24 600 6.0 60 1500 |6.0
8 200 6.0 26 650 6.0
10 250 6.0 28 700 6.0

Support Span at Double O-ring Expansion Joint

Supportsshallbe arranged at both sides of Double O-Ring
Expansion Joint. The support shall be positioned in such away
thatit will not cause obstruction to dismantling/assembly of the
joint, and it provides good supportforthe weight effect of the
jointassembly.
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Figure2.1
SupportSpanatDouble O-ring Expansion Joint
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Support Span at Mechanical Expansion Joint

Supportsshallbe arranged at both sides of Mechanical
Expansion Joint. The supportshall be positioned in such away
thatitwill not cause obstruction to dismantling/assembly of the
mechanical expansion coupling, and it provides good support for
the weight effect of the jointassembly.
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SupportSpanatMechanical Expansion Joint

Table 2

2000M & 7000M Double O-ring Expansion Chart (only applicable for up to 40")
in mm A Min. (m) A&B Max. (m) C Min. (m)
2 50 0.23 1.0 0.30
3 80 0.23 1.0 0.30
4 100 0.23 1.0 0.30
5 125 0.25 1.0 0.36
6 150 0.25 1.5 0.36
8 125 0.30 1.5 0.44
10 250 0.33 1.5 0.46
12 300 0.38 1.5 0.53
14 350 0.40 1.5 0.55
16 400 0.43 1.5 0.58
18 450 0.45 2.0 0.54
20 500 0.49 2.0 0.56
22 550 0.53 2.0 0.62
24 600 0.55 2.0 0.62
26 650 0.60 2.0 0.70
28 700 0.63 2.0 0.72
30 750 0.63 2.0 0.73
32 800 0.68 2.0 0.82
36 900 0.68 2.0 0.95
40 1000 1.00 2.0 0.95
NOTE:

AMin. denotes the recommended minimum distance for double O-ring male
(DOM) end to avoid interference between clamp and fiberglass component.

A&B Max. denotes the recommended maximum distance of the support.

CMin. denotesthe minimum clearance forassembly/dismantling of double
O-ring expansion coupling.

Table 3
2000M & 7000M Mechanical Expansion Joint Support (only applicable for up to 40")
in | mm A Min. B Max. in | mm A Min. B Max.
(m) (m) (m) (m)

2 50 0.35 1.0 18 450 |0.39 2.0

3 80 0.35 1.0 20 500 |0.42 2.0

4 100 |0.35 1.0 22 550 |0.42 2.0

5 125 |0.36 1.0 24 600 |0.42 2.0

6 150 |0.36 1.0 26 650 |0.42 2.0

8 200 |0.37 1.5 28 700 |0.42 2.0

10 250 |0.38 1.5 30 750 |0.42 2.0

12 300 |0.38 1.5 32 800 |- 2.0

14 350 |0.38 1.5 36 900 |- 2.0

16 400 |0.38 1.5 40 1000 | - 2.0
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Axial Load on Anchor Support

When a mechanical jointand/or double o-ringjointisin place

togetherwith a bend, the strength of the steel structure of axial
stop type supportisthe essential to the reliability of the piping
system. The steel supportshall be designed, fabricated and

Faxial

installed to withstand the full axial force (thrust) with minimal

deflection.

Anchor Support

Double O-ring Expansion Joint

or Mechanical Expansion Joint

AxialLoad onAnchorSupport

Figure2.3
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Support Type and Detail
v The following supporttypes are mostcommonly used for
=1 . o . .
2 fiberglass piping system on the shipboard and offshore projects:
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Guide Supports-FrontView Guide Supports-SideView
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NOTE:

Wherethe supportis exposed to strong lateral force, the U-Bolt/Clamp type
guide supportwill NOT be recommended. Insuch circumstance, the two-half
clampsshallbeinstalled.

Clamp
L
0~3mm |
Gap Spacer. O H O
If required
- Lining ( )
Clamp
z - L \
Lining Pipe
) A
Figure2.5a Figure2.5b

Guide Supports-Half Clam, FrontView Guide Supports-HalfClam, Side View

Fixed Support (Light Anchor)

Generally, fixed supports areinstalled on straight fiberglass
pipe where both ends are connected to mechanical expansion
jointsuch as Mechanical Expansion Coupling, Mechanical Flange
Adapter, Double O-Ring Expansion Coupling, Double O-Ring
Flange Adapter, etc. Thefixed support provides restrain to both
lateral movement and axial movement. Fiberglass saddles are
fixed onto fiberglass pipe asastopper collar. The fixed support
shall be designed, fabricated andinstalled that:

« Nodirectcontact between fiberglass pipe and steel
supportclamp occurs. Protective material such as rubber,
orpolyethylene, or PVC, orfiberglass blank saddles shall be
installed permanently;

« Double nuts shall beinstalled for clamp bots to prevent
excessive clamping force on pipe;

- Axial gap between blank saddle and steel clamp shall not be
greaterthan 3mm.

©)
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Pipe —--|-—/— Clamp

Clamp C/W Lining

(
N

5
-

S £moim =1
] Blank —/ Support
Saddle \ Bracing
A A
Figure2.6a Figure2.6b

Fixed Supports-HalfClam, FrontView Fixed Supports-Half Clam, Side View

Anchor Supports

Generally,anchorsupports areinstalled to provide restrain to
both lateral movement and axial movement. Fiberglasssaddles
are fixed onto fiberglass pipe as stopper collars. Strong force s
expected on an anchorsupport. The anchorsupportshall be
designed, fabricated andinstalled in such away that:

« Nodirectcontact between fiberglass pipe and steel support
clamp, protection material such asrubber, or polyethylene, or
PVC, orfiberglass blank saddles shall be installed permanently;

« Double nuts shall beinstalled forclamp bolts to prevent
excessive clamping force on pipe;

« Axial gap between blank saddle and steel clamp shall not be
greaterthan 3mm;

« Supportstructure shall be strongenough to stand force caused
byinternal pressure, separation force generated by free joint
such as Double O-Ring Joint and Mechanical Expansion Joint,
calculated surge and soon.



0~3mm Gap -t Clamp

Clamp C/W Lining

E ===+
Blank —/ Support
Saddle \ Bracing
a— AN
Figure2.7a X Figure2.7b
Anchor Supports-Half Clam, Front View Anchor Supports-HalfClam, Side View
Flange Frame

Flange frames are used for supporting flanged valves and flanged
heavyinlineitemsindependently. Flange frames can also be
installed to pipe flange for other supporting purpose. The flange
frame can befully welded to structure, thus being a fixed type
oranchortype support; also the flange frame cansitlooseon a
support base with guide bars, thus being a guide type support.

Theflange frameis connected to piping with bolts, and it might be
exposed to high axial force, thusitshall be designed, fabricated
andinstalled that:

« Itmust provide clearance with pipe body;

« Itisofthe correctsize and covers appropriate number of bolt
holes;

« Theplate shallnot be too high, thus to minimize bending stress
onsteel;

« Itisinstalled with reinforcement wedge plate if necessary;

« Itshall be bolted to flange priorto being fully secured to
structure.

©)
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Figure2.8
Flange Frame-FrontView
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Figure2.9
Flange Frame-Side View



Section 3

Recelving, Handling,
Storage

Receiving
Handling
Transportation
Lifting

Storage

Receiving,Handling, Storage

Receiving

Inspect all shipments of fiberglass materials and accessories and
dothefollowing:

« Verify packing listand material
« Check material forany damage

Fiberglass pipe, fittings, fabricated spools, tools, accessories
shall beinspected immediately upon receiving and shipping
agentistobeinformed of any deficiency. In the event of damage
ormissingitems, relevant parties shall be informed immediately.

Handling

Thefollowing recommendations are made to protectthe
fiberglass pipe, fittings and fabricated spools against damage:

« End protection shall remainin place duringhandling and
transportation. End protection can be removed for receiving
inspection, butis shall be put backimmediately.

- Fiberglasscomponents shall be handled with care and
protected fromimpact. Throwing, dropping, bumping or
hitting the fiberglass componentis prohibited. Fiberglass
componentshall not be dragged or pushed over sharp objects.

The use of a forklift truck is tolerated, provided that the forks are
padded with carpeting or some other suitable soft material.

Transportation

Itisrecommended to transport fiberglass materials in their
original containerand original packing. In case the contents of
the containerswould be altered, attention shall be paid to the
following:

« Donotletthefiberglass pipe and spools rest on the floor of
the containerwhere nails, studs or other sharp objects might
damage them,

)

) g




—

« Thefiberglass pipe and spools shall be securely fastened
directly over the timbers with tie-downs such as nylon straps
orropes. Do not use steel wire ropes or other sharp material,
which might cause damage;

« Noother materials shall be loaded on top of the fiberglass
components;

« Donotdropthefiberglass products, walk orstand on them;

+ When stacking 12m lengths, a minimum of 4 wooden supports
must be used to separate each length;

« Donotallow thefiberglass pipeto extend more than 2 meters
beyond thetruck or trailer bed to prevent excessive bowing.

Lifting
When the pipe and spool have to be lifted, the following has to be
takenintoaccount:

« When mechanicalliftingis required, canvas or nylon slings are
to be used. No steel chains, wireropes or clamps shall be used
forlifting fiberglass pipe components;

« Pipe/spoolsupto3minlength may belifted with acrane using
atleastonesling. Longersections, upto 6min length, may be
lifted with a 3m spreader barand two slings. Twelve-meter long
sections may be lifted with a6m spreaderbarand two slings;

« Cartons can belifted by hand or, in case of pallet cartons, by
using aforklift truck. Do not throw or drop the cartons.

Storage

Storage of piping components may be required priorto
installation. Special precautions shall be taken to avoid damage.

Pipe

Fiberglass pipe may be safely stored outside for extended
periods provided the following recommended storage
procedures be observed.

®

« Supportsshall be spaced at 3-meterintervals and
approximately notmore than 12 meterfrom eachend. The
supports should have a minimum 100mm (4-inches) wide
bearingsurface. The supports (timbers) used inthe NOV-FGS
containerscan be used forthis purpose at the storage area.

« The pipe stack should not exceed 3min height and should
have side supports orblocks to preventrolling or slippingin the
stack.

« Itisnotrecommended to stack pipes directly on the ground.

« Protective end coverings must be leftintact until the time of
installation.

Fittings

Fittings shall be keptin cartons, stored on shelves, preferably
inside awarehouse.

Fabricated Spools

Pipe spools are packed by NOV Fiber Glass Systems to avoid
damage during transportation. Spools shall be stored with
temporary protectionin place. If possible, spools shall be stored
inthe original packing and shipping skid. When spools are
stacked after receivinginspection, sufficientwood spacers shall
be placedin between layers

Adhesives

Adhesives shall be storedindoors at temperatures between
5°Cand 35°C (40°F and 95°F) . Extended storage at higher
temperatures will degrade the catalyst and the resin, and

reduce adhesive strength. Avoid storage of the adhesive in direct
sunlight.

Adhesive shall be keptin original packing; it shall not be stored
upside down. Each adhesive kitis stamped with an expiration
date. FIFO (FirstIn, First Out) is recommended for adhesive usage.
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Accessories

Accessories such O-rings and nylon keys shall be stored away
from direct sunlight and rain. The minimum storage temperature
for O-ringand nylon key is 10°C (50°F).

Tools

Pipe shavers, arbors and power drive shall be keptin original
toolbox after use. These tools shall be keptin dry location.

Heating blankets shall be rolled up when notin used. Heating
blankets shallbe keptin box or on arackto avoid damage from
any heavy objects. The storage shall be away from direct sunlight
andrain.

Section

Installation of
Fiberglass Pipe

Adhesive Bonding Joint

Flange Assembly

Double O-ring Joint Assembly
Mechanical Coupling Joint Assembly
Connection to Other Materials
Testing of Fiberglass Pipe System



Installation of Fiberglass Pipe

Adhesive Bonding Joint (only applicable forup to 40")

Site adhesive bondingjoint shall be minimized so that to facilitate
an efficientinstallation. In the situation that adhesive bonding
jointisinevitable, the adhesive bondingjointshall be carried out
by well-trained and qualified bonderin accordance with NOV
Fiber Glass Systems adhesive bondingjoint procedure.

Insert Insert
Length Depth

b s o ﬁt\:\\\\\“

Figure4.1a Figure4.1b
QLJoint TaperJoint

Special Tools for Adhesive Bonding Joint

Pipe shavers -to machined pipe end to required dimensions:
« BlFfor1”~6" Quick-Lock Male (QLM);

« M74for2”~16” Quick-Lock Male (QLM) & Machined End (ME);
« M86for2”~6" Taper Male (TM);

« M87for6”~16” QLM, TM & ME;

« M87XL for 16"~24” QLM, TM & ME;

+ M88for26™~40” QLM, TM & ME

Power Drive - isthe power unitto drive M74, M86, M87, M8TXL &
M88 shavers;

PipeArbor-isrequired to fix shaver (M74, M86, M87, M8TXL &
M88) onto pipe;

Heating Blanket - to heat cured adhesive bondingjoint.

NOTE:
Refertorelevant productliterature for safety and proper use of tools.

®

Bonding Procedure

Brief adhesive bondingjoint procedureis as follows:
« Cutthepipetorequired length;

« Shavethe pipe endtorequired dimensions (Diameterand length
for QLM; Nose thickness, Taper angle and length for TM)

« Bondingsurface preparation to ensure allbonding surfaces
are clean, non-glossy, fresh finish without oil and water
contamination;

« Dryfitand mark alignmentand reference;

« Selectand mix adhesive;

« Apply adhesive to allbonding surfaces;

+ Assemble thejointand remove excessive adhesive,
« Heatcurewith heating blanket;

« Complete necessary documentation

Adhesive joints shall be bonded by qualified bonders only. For
bonderQualification - please refers to Project Specification.

NOTE:

Refertorelevantbonding procedure, or adhesive product literature for detail
guidanceforadhesive bonding process and concerns, measures and precautions
formaking quality bondingjoint.

References:
PF-01-Assembly procedure of Quick lock joints-1-16inch, 18-40inch
PF-02A Assembly procedure of Taper joints 8-40inch-S2000M-7000M series

Lamination procedure for LD pipes (48”,52” and 60”)

Briefbonding procedureis as below:

« surface preparation for lamination as per required laminated
length

« prepare the materials andtools

« makesurethe safeworking place (ifstagingis required, to be
prepared)

« prepare the Putty,Hand lay up lamination resin and UV Top
Coatingresin as performulation

®
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« Mixtheresin with correctratios

« Apply layers of Chopped Strand Mat (CSM) and Woven Roving
(WR) externally and internally.

« Ambient cure foroneday
« Must protect the curing of lamination joint from rain

References:
LAM-52IN- Lamination procedure(B&W) with vinylester resin

Photo4.1
Lamination procedure

Photo 4.2
Lamination procedure

9

Figure4.2
Marking, Grinding, Ready to Joint
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Figure4.3
Internal/External Overlay

Flange Assembly
Gaskets

Use full-face gaskets of an elastomeric (Shore AHardness 55-65)
orothercompatible material, suitable for the service pressure,
temperature andfluids in the system. Gaskets shall be at least 3
mm thick.

Bolts

Well-lubricated new bolts shall be used. Bolt material and
treatmentshall bein accordance with project technical
specification. Plain washers shall beinstalled on all fiberglass
flangesto preventdamage. Spring washer shall not have direct
contactwithfiberglass flange.

In general, stud bolts shall be used. Bolts shall be placed only when
they arereadytotighten theflange joint. Inthesituation whereitis
difficultto place bolt after spool/flange placement, the bolts shall
be presetin theflange.

Assembly

Mount lubricated washers under both nuts and bolt heads to avoid
damage of the flange back-face. Tighten all nuts following the
sequences given in "Tightening sequence”.

Do not exceed the torque increments given in "Recommended
Bolt Torques".

©)
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After all bolts have beentightened to the recommended torque,
recheckthetorqueoneach boltinthe same sequence, since
previously tightened bolts may have relaxed

Excesstorque can damagetheflange.

Flange Mounting Misalignment Tolerances

Thealignment ofthe flangesis veryimportant. Forcing the bolts
toalign a mismatch flange pair will resultin damage on fiberglass
componentsand/orleaking atthe bonded joint. When aflange
jointis assembled, the maximum misalignmentshall not exceed
the recommendation shown below. Otherwise, the pipe work
must be rectified to correct the alignment.

—

Figure4.5 ¢

Flange pair offset Offset

Table 6

Maximum Offset Allowance (mm)
Size JIS5K JIS10K DIN1O CL150
2"-22" 3.0 3.0 2.0 3.0
24" - 40" 3.0 3.0 3.0 3.0
42" -60" 4.0 4.0 4.0 4.0

Table 5
Maximum Misalignment Allowance
Size A B
Up to 16" 1/16" 1.6 mm 1/8" 3.2mm
18"-40" 3/32" 2.4mm 3/16" 4.8 mm
42" -60" 3/32" 2.4mm 3/16" 4.8 mm
A B
Flanged : |Flanged rT

Fitting | Fitting
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Figure4.4
Maximum MisalignmentAllowance

Flange pair offsetresultsin difficulty of bolt installation. The
maximum offsets are givenin Table 6.

® -

Recommended Bolt Torque

To achieve full pressure seal, bolt tightening shall achieve
“Recommended Torque” as minimum. To preventdamage, the
bolttorque for Heavy Duty type flange shall not be more than
maximum torque showninthe Table 7.

Table 7

Recommended Bolt Torque

Heavy Duty Flanges

Flange Size Torque Recommended | Maximum
Increments | Torque Torque

in mm Nm Nm Nm
1-4 25-100 7 27 56

6-8 150-200 14 41 82
10-14 250 -350 14 68 150

16 400 14 68 250
18-20 450-500 27 81 400
22-30 550-750 34 102 500
32-40 800 - 1000 45 210 500

42 -60 1200-1500 45 400 875




Tightening Sequence

Figure4.6
Torque Sequence

Remark: Tightening sequence for other no. of holes to be followed as same
bolting method mentioned above

Double O-ring Joint Assembly (only applicable forup to40")

Preparation and Pre-Set

Inspectall connecting surfaces of fiberglass double O-ring to
ensuretherearenoscratches and damage ondouble O-ring Male
(DOM) end, double O-ring male key (DOMK) end, and innersurface
of double O-ring female (DOF). Clean all connecting surfaces so
thatthere arefree of oil, dirt, loose scale, and so on.

Thedouble O-ringexpansion couplingshall be preset onto DOMK
end. The preset work shall be done during blockinstallation stage
and/or priorto placement of connection spools.

Thedouble O-ringexpansion coupling shall be presetin right
direction, i.e. the key-hole side of the double O-ring expansion
couplingshallbe atthefarside of thejoint.
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Thedouble O-ringexpansion coupling shall be secured onto pipe
anditwrapped togetherwith DOM end to preventto prevent weld
slagand sparksfromtorches.

-

S ¥ DOMKEnd Double O-ring
% /_ ’/ Expansion Coupling
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Figure4.7
Double O-ring Expansion Coupling

Insertion Depth and Accessories

Referto Table 8 forstandardinsertion depth, O-ring size and Nylon-
Keysize.

Nylon Key 0O-rings

R R R

S NN e 1..

Figure4.8
Double O-ring Expansion Coupling - Nylon Key and O-rings



Table 8
Insertion Depth/O-ring Size

size DOM DOMK

Insertion Insertion | O-ring Nylon Key
in mm (0s) mm (0s) mm
2 50 81 91 7x59.7 6 x 305
3 80 81 91 7x88.3 6 x400
4 100 81 91 7x113.7 6 x483
5 125 102 112 9x135 8x580
6 150 105 115 10x161.3 8x660
8 200 138 149 10x 225 10 x 840
10 250 148 158 12.5x 302 12x1270
12 300 175 185 12.5x342.3 15x 1270
14 350 185 195 12.5x342.3 15x 1360
16 400 195 205 12.5x393.1 18 x 1585
18 450 178 188 15x 445 15x 1750
20 500 186 197 15x490 15x 1930
22 550 210 220 18 x 556 18 x 2100
24 600 210 220 18x 580 18 x 2240
26 650 247 257 18x622.3 18 x 2510
28 700 250 260 20 x 685 20 x 2700
30 750 257 267 20 x 740 20 x 2700
32 800 292 302 20x 790 20 x 3065
36 900 347 357 20 x 890 25x 3175
40 1000 340 350 20x987 25x 3500

Inspection Prior to Assembly

Toeaseinstallation, to obtain proper assembly, and to avoid
unnecessary stressto double O-ringjoint and its components,
thefollowing dimensional criteria shall be inspected priortofinal
assembly:

5010 (For 2"-6")

50+ 20 (For 8"-40")
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Figure4.8
Double O-ring Joint Coupling

Before Installation

« Gap between connecting pipes (For Double O-ring Coupling
joint), the gap shallbe 50mm for standard design, the toleranceis
+10 mm for pipesize 6” (150 mm) and below, and +20 mm for pipe
size8” (200 mm) and above;

« Offset between connecting pipes shall be within allowable
tolerance specified in table below;

« Allconnecting surfaces arein good condition without scratches
and/orstructuraldamage.

Table 9

DOR Joint-Allowable Offset
Pipe Size Range Offset
in mm in mm
2-5 50-125 3.0 0.12
6-8 150-200 4.0 0.16
10-12 250-300 5.0 0.20
14-16 350-400 4.0 0.16
18-20 450-500 6.0 0.24
22-40 550-1000 5.0 0.20
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Assembly Integral DOF - DOM Joint

Whenreadyto join the pipe, remove the dirt and debris from o-ring
grooves using compressed air, a clean ragor a paintbrush;

Brush orrubalayerofvynoleo greaseinto o-ring grooves, pipe
end, and male end surface, and all inside surfaces of the female
end. (Apply lubricantonly whenyou areready to assemblethe
joint) Keep lubricated surfaces clean and free of sand and dirt.

Lubricate entiresurface of o-ring and slip theminto both grooves
onthemaleend, distribute each o-ringevenlyin the groove by
slipping a screwdriver underthem and sliding the screwdriver
aroundthejoint;

Mount band clamps (with D-rings) a convenient distance on each
side of the joint, hook up band clamps with come-a-longs or lever
hoists;

Tightenthe come-a-longs or lever hoists to pull mating pipeto
join together until the centerscribelineis aligned with the leading
edge ofthefemaleend.

After Installation

Leading Edge
C

Min. Insert

Target Max. Insert

Figure4.9
DOF-DOM Joint
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Assembly Double O-ring Expansion Coupling

Brushorrub alayerofvynoleo grease into o-ring grooves, key
groove, pipeend, and male ends surface, and innersurface of the
Double o-ringexpansion coupling. (Apply lubricantonly whenyou
arereadyto assemble thejoint) Keep lubricated surfaces clean
andfreeof sand and dirt.

Lubricateentire surface of o-ringand slip them into grooves onthe
male ends. Distribute each o-ringevenly inthe groove by slipping
ascrewdriverunderthem andsliding the screwdriveraround the
joint;

Using band-clamps (with D-rings) and come-a-longs/lever hoists
topull Double O-ring Expansion Coupling to the DOM end till the
leading edge of Double O-ring Expansion Couplingis aligned with
scribe lineonthe DOMK end;

Lubricatethe nylon-key and insertitinto keyholetill the leading
end of nylon-key can be seen from keyhole. (Note: Overinsertion
will result in difficulty of key extraction);

Afterinstallation, inspect theinsertion depth; the edge of Double
O-Ring Expansion Couplingshall fallin between maximum and
minimum insertion scribe lines. Check angular deflection to
ensure alignmentiswithin tolerance.

Angular Deflection

;\\\\\\\\\\\\\“\\\\\\\

Figure4.10
Angular Deflection
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Table 10

DOR Joint Allowable Angular Deflection
in mm a
2-16 50-400 0.5°
18-28 450-700 0.7°
30-36 750-900 0.5°
40 1000 0.7°

AllO-rings and nylon keys for the GRE expansion couplings are
tobekeptinacooldry place, awayfrom heatordirect sunlightto
prevent deterioration of the materials.

Mechanical Coupling Joint Assembly (onlyapplicableforupto40")

Mechanical couplingcan be used tojoin fiberglass pipe to
fiberglass pipe, and also fiberglass pipe to metallic pipe. For
mechanical expansion couplinginstallation and joint assembly,
andits requirementon pipe outside diameter, insertion length,
alignmenttolerance and so on, referto specification and
recommendation from product manufacturer.

i
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Preparation and Pre-Set

Inspect machined fiberglass pipe endsto ensure there are no
scratchesordamage. Clean pipe-ends sothat pipe ends are free of
oil, dirt, loose scaleand rust.

The preset work shall be carried out during block installation
stage, and/or priorto placement of connection spools.
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Mechanical Coupling JointAssembly

Detailed steps are as follows:

« Sliponefollowerringover pipe end;

+ Wipe one gasket clean andimmerse in soapy water (Glycerine
may be added in freezing weather) and slide the rubber gasket
overthe pipeend;

« Loosen (screw out) the stop bolt of middle ring;

« Clean couplingmiddlering, paying attention to flares on ends
where gaskets will seat, then slip the middle ring over one pipe-
end;

+ Wipetheother gasket clean and immersein soapy water, and
slideitoverthe pipeend;

« Slipthe otherfollower ring over pipe end;

- Iffinaljointassemblyis not carried outimmediately, slide
gaskets and followers together with middle ring; insert bolts and
temporary assemble the expansion coupling.

Inspection

When connecting pipes are placed. The following shall be
inspected priortofinaljointassembly:

®



« Gap between connecting pipes, the gap shall be 70+30 mm for
“Long” type expansion joint;

« Angular deflection and offset between connecting pipes shall
bewithin allowable tolerance specified by manufacturer.

« Connecting pipe ends arein good condition without scratches
and/orstructuraldamage.

Figure4.12
Mechanical Coupling JointInspection

Assembly

« Dismantle all bolts of preset mechanical coupling;

« Clean pipe-endsso that pipe ends are free of oil, dirt, loose scale
andrust;

« Sliponefollowerringoverthe other pipeend,

+ Wipeone gasket clean andimmerse in soapy water again if
necessary, andslide the rubber gasket overthe other pipeend;

« Slipthe middlering overthejointand centerit;

« Sliprubbergaskets and followersinto place, making sure
gaskets are pushed under middlering flare all the way round;

« Insertbolts and tighten bolts to uniform bolt torque specified
by manufacturer. Tightening sequence shall follow flange-
tightening sequence.

« Screwinthestop bolt of middlering.

Figure4.13
Mechanical CouplingAssembly

Connection to Other Materials

Where possible, connect fiberglass piping to either metallic or
thermoplastic piping using flanges. Fiberglass flanges may be
bolted directly against raised-face steel flanges. Fiberglass flanges
alsosealwell againstlined steel configurations.

Flanged valves and otherequipment are frequently supplied with
differentflange facings. The configuration of these facings may
varywidely. Unlessithas been demonstrated that these facings
are compatible with the face of fiberglass flanges, consult NOV
Fiber Glass Systems Engineering.

Wherefiberglass pipingis connected to metallic pipe, securely
anchorthe metallic pipe at the point of connection so that
expansion and contraction or weight of the metal lineis not
transferred to thefiberglass line.

Allweldingwork on metallic piping thatis adjacent to fiberglass
pipingshallbe completed priortojoining to fiberglass piping;
otherwise, cooling devices
shall beinplaceto prevent heat
transfer.

Wheninstrumentation and
metallic pipingis threaded
onfiberglass component, the
fiberglass component must
be properly held with spanner
topreventdamage caused by
torqueforce.

Connectionsto Equipment, Tanks, Pressure Vessels

Bondstrand pipe will safely absorb vibration from pumping or
other conditionsif stresses are controlled within reasonable limits.
In general, pipelinevibrationis severe only when the generating
frequencyis at, or near, the natural resonance frequency of the
pipeline. This frequencyis afunction of the support system, layout
geometry,temperature, mass, and pipe stiffness, and is often
difficultto predict.

To control stress caused by vibration, itis typical to observe the
stability of the system duringinitial operation and add restraints or
supports asrequired to reduce effects of equipment vibration. In
special cases where source vibration is excessive, an elastomeric
expansion jointorothervibration absorber should be considered.
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Thewallflexure of atank/pressure vessel, asitisfilled and
emptied, produces movements at nozzles that must be
accommodated in the design. These movements can be absorbed
byalooporturn, orbyanexpansion joint. Avoid direct, straight-
line connections between tanks.

Maximum Allowable Misalignment Tolerances

Forcefittingmisaligned fiberglass piping will resultin damage
onfiberglasscomponents and/orleaking at bondingjoint. When
fiberglass pipeisjoined, the misalignment shall not exceed
maximum allowable tolerances shown below.

Figure4.14
Misalignment Tolerances
Table 11
Maximum Allowable Misalignment Tolerances
" . Maximum Tolerance
Pipe Size Range h,, (C=6m)
in mm in mm
upto4 100 1.00 25.0
6-12 150-300 0.75 19.0
14-20 350-500 0.50 12.5
24-40 600-1000 0.40 10.0
42-60 1200-1500 0.25 6.5

Maximum tolerance for supportspacing (C) can be computedin
thefollowing formula:

h=h, xC*/36

Where:

h=maximum allowable misalignment
C=supportspaninmeter

h,,,=maximum allowable misalignmentin supportspan of 6m

©)

Installationin Hull Block

Fiberglassfabricated spools shall be placed into hull blocks

in blockstage. Thefiberglass spools shall beinstalled into hull
blocks after block paintingand blasting. Iffiberglass spools have
tobeinstalledinto hullblocks priorto blasting and painting, the
fiberglass spools shall be wrapped with protection canvas or
equivalent protection materials.

When thefiberglass pipingis exposed to the possibility of damage
byfallingobjects, the fiberglass piping shall be protected by
wooden planksontop. The protection wooden plank shallbe
secured.

Duringinstallation in hull block, fiberglass pipe/spoolshall be
handled with care, surrounding hazards shall be observed all the
time, thusto prevent:

« Impactdamage dueto droppingto hull structure or collision
with hullstructure;

« Scratch damage when pipe/spool passing through a manhole
and/oropening on non-watertight bulkhead.

Duringblockinstallation stage, itis recommended to:

« Notfully weld the bulkhead penetration piece so that
adjustment at steel canbe done at later stage to accommodate
minor piping misalignment;

« Not fullyweld the supportstructure so that piping alignment can
be easily adjusted after block joint;

« InstallMechanical Expansion Couplingonthe pipeendin
accordance with predetermined location shown on layout, or,

Install Double O-Ring Expansion Coupling at pipe end with Key-
Groove,

The Mechanical Expansion Coupling or Double O-Ring
Expansion Couplingshall be secured on the pipe during block
transportation;

« All pipe/spoolsinstalled shall be secured during block
transportation.
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Figure4.15
Installationin Hull Block

Testing of Fiberglass Pipe System
Hydro Test

Thehydrotestis considered to provide the best assurance of a GRP
pipesystem’sintegrity’ (ISO14692:4, Annex-E). Installed fiberglass
pipingshall be hydro tested to ensure successful installation. Refer
to AME/INS-004, ‘Hydro-Testing Procedure for Bondstrand GRE/GRV
Pipe’for comprehensive recommendations and guides.

Test General Recommendations

Every partthat hasto be tested shall be vented until free of air.
Beawarethatthereis always a possibility of the presence of
entrapped airin asystem.

Beforetesting, all lines or systems shall be inspected to ensure that
allconnected partsto be excluded from the test are removed and/
orisolated.

The piping system must be completed with supportinstallation.

During pressure testing the fiberglass pipe system shall be
continuously monitored in orderto prevent damages, especially
atbranches and elbows, due to snaking and expansion of the
fiberglass pipe.

Pressure gauges and instrument must be calibrated and within

6 months period. Appropriate pressure gauge shall be used, the
test pressure shall be between 30% to 75% of the reading range. If
possible, pressure recorder shall be used.
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Test Medium and Test Pressure

The system shall be hydrostatically tested with fresh industrial
water; water used for testing shall be clean and free from filth or
un-dissolved solids of any description.

Thetest pressure shall be 1.5 times of the system design pressure,
thetest pressure shall be held for one hour minimum or sufficient
timeto carryoutline check, whicheveris longer.

Thetest pressure shall be brought up slowly and gradually to

allow forequalizing for strain during the test, and in stages to allow
checkingforleaks and inspection of the system. Indoing so, no fast
closingvalves and booster pumps shall be used. In any case, the
test pressure shall be raised over a period of 30 minutes or longer.

Inspection, Acceptance Criteria,and Approval

Inspection shall be carried out by means of instrument readingand
visual linechecktoensurethe systemis:

« Nosign of leaking orweeping;

« Nosign of significant pressure lost. The pressure lost during
hydro-testing must be accountable;

« Nodeflection /damage due to hydro-test pressure on any
supportstructure.

Thehydro-test report shall be endorsed by all relevant parties after
successful completion of hydro-test.

Effect of Temperature

Thetest pressure gauge/recorder has to be kept under observation
sothatanychangein pressure can be controlled and compensated
immediately. Anincrease of pressure could cause damage to the
fiberglass system.

Itshould be noted that variation of water-temperaturein the
system, could affect the pressure significantly.

When ambienttemperature falls below 0°C (32°F), glycol antifreeze
shallbe added into test medium.

Reinstatement

After system hydro testing, all items that were removed before
hydro testing shall be reinstated.
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Safety

Asinany system, where pressureisemployed, adequate safety
precautions shall be exercised. The following safety precautions
are recommended as minimum, but not limited to:

« Thepipingsystemis free from air;
« Safetydevices areinstalledin test system;

« Qualified and experienced personnel shall operate pressurizing
equipment. Untrained and unauthorized personnel shall not be
nearthetestequipmentandtestarea.

« Necessarysigns, notice boards and barricade shall bein place.
Conductivity Test (For Conductive System Only)

Forinstalled piping, conductivity test shall be carried out to verify
the conductivity between fiberglass piping and earth points.

Ohmmeter (0~20 M-Ohm) shall be used for conductivity test. The
end of probe of Ohmmeter shall be wrapped with wet sponge. This
increases the “footprint” of the probe and gives betterindication of
suitability.

Test Methods

When conductivity ofinstalled pipingis checked, apply one probe
with wetted spongeto the pipe surface asindicated on sketch
below. The pipe surface must be sanded to expose the carbon fiber
priorto checking. The sanded surface shall be painted after testing.
GRE Piping
|

L0 ( Q
L)OrJ:I )

e

Metallic Piping, or Sponge and
Equipment, or Independent Probe
Supported Online Item

Figure4.16

TestMethods

To avoid additional work on sanding and painting the pipe
surface, alternatively, the back of a fiberglass flange or adhesive
fillet between pipe and fitting could be used as a testing point.
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Figure4.17
Testing Points
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Apply the other probe directly onto metallic structure thatis near
toearth point, and record thereading.

Acceptance Criteria

Forinstalled piping, the resistance reading must notexceed 1.0
Mega Ohm between two sides of site bondingjoints, and also
between piping and earth point.
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Field
Modification
and Repair

Modification and Repair Procedure
Modification and Repair General Concerns
Common Modification and Repair Methods
Overwrap

Surface Repair

Temporary Repair

Other Methods and Solutions

Field Modification and Repair

Recommendations are based on the philosophy thatthe
modification/repair should be permanent. It is recommended that
alldamaged, impacted orsheared areas be cut out and replaced
with new pipe/fitting.

Modification and Repair Procedure

When field modification is required, orwhen damage, impact and
leaking are observed and necessary site repairis required, itis
recommended to carry out following processes:

« Siteinspection, collecting necessary information/document
(such asdrawings, reports, safety requirement, etc);

« Ifapplicable, study the cause of defect/failure and work out
corrective action plan to prevent re-occurrence;

« Prepare modification/repair proposal and submit to relevant
parties forapproval, the proposal shall contain, but not limited
to:

- Modification/Repair method;
-Work description;

-Material requirement;
-Tools/Equipment requirement;

« Carry out modification/repairwork in accordance with relevant
procedures;

« Reportand/or Record modification/repair work.

Modification and Repair General Concerns

The modification/Repairwork shall be carried out by qualified
fiberglass pipe bonder/fitter;

The modification/repair piping must be depressurized and
emptied priorto modification/repairwork;

Itis recommended to preheat existing pipe ifthe piping has been
filled with water;

After modification orrepair, the piping section containing the
modification and repair shall be re-certified by performinga
pressuretest.
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Common Modification and Repair Methods

Partial Replacement

Partial replacementisto replace pipe and fitting (Including
flange) which has problem on the body and/or at the bonding
joint. The new pipe andfitting shall be jointed with existing
pipingin accordance with appropriate jointing procedure. Itis
recommended to assemble the existing pipe and new pipe with
coupling. Alternatively, “Lamination (Butt&Wrap)”is commonly
used jointing method for pipe-to-pipejoint.

When partial replacementis applicable:

« Carefulinspection should be made to ensure that all
imperfections/leaks etc. areidentified;

« Cutoutdamaged section with consideration of extension
ofthe damage, sufficient left-over pipe length for shaving or
lamination, sufficient length to accommodate new pipe and
fitting;

« Assemble new pipe, and/or new fitting, and/or new spoolwith
existing piping in accordance with appropriate jointassembly
procedures.

Alternative: Lamination
(Butt & Wrap) Joint

Adhesive
Bonded
Coupling

Figure5.1
Partial Replacement

Overwrap

Over-wrap can be applied to minordamage pipe and fitting, and
minor leaking adhesive bondingjoint. The Over-wrapis good
tousein placeswhereitis not practical to partial renew due to
space constraint, insufficient time schedule, lack of replacement
pipe/fittings, and so on.

When overwrapis applicable:

« Thesharp cornerof bell of pipe or bell of fitting shall be
chamfered to obtain asmooth transition area;

@

+ Allloose fiber must be removed, and the damage part must be
coated with adhesive orresin prior to lamination;

« Following over-wrapping procedure for surface preparation,
building structural laminates, curing, and post workfinishing,
andsoon.

« Lamination length and number of layers depends on system
design pressure.

Chamfer .
Adhesive Fillet Bell of Pipe
Laminate or Fitting

Figure5.2
Overwrap

Surface Repair

The method can be used minor defects that pipe/fitting structure

isnotdamaged and thereis nosign of leaking, such as minor

scratch; surface crack; adhesive fillet crack; minor surface

burning; andsoon.

Therepairwork shall be carried out in following sequence:

« Lightlysand down the affected area (Such as minor scratch,
surface crack);

« Apply athin coat of adhesive, orspray paint, the adhesive and
paintshall be compatible with product material;

« Leavethecoatingforself-curingatambienttemperature.

Temporary Repair

Atemporary repair should only be utilized when itis unfeasible
toshutdownthe pipe systemtoinstall a permanentrepair.
Temporary repair may be carried out as agreed by owner, repair
kit manufacturerand NOV Fiber Glass Systems.
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Arange of techniques are available which include, but are not
limited to, overwrap with water activated resin-glass tape, self-
sealing clamps.

[tmust be recognized that NOV Fiber Glass Systems does not
endorsethe long-term performance of the temporary repair,
anditisrecommended toinstall a permanent repair as soon as
circumstances permit.

Other Methods and Solutions

When above methods are not appropriate for the defect and
failure, when itis difficulty and limitation to adopt above

([ J
methods, consult NOV Fiber Glass Systems engineering for other
modification/repair method and case-to-case solution. e‘ I O | l
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Safety Recommendations

Always refer to the Safety Data Sheet (SDS) prior to working with
unfamiliar materials orifthere are questions concerning the
contents of thefiberglass product and materials.

Dust Hazards

When machining fiberglass pipe, worker may be exposed to

dust. Thisdustis considered as non-hazardous, however, in high
concentrations it may cause atemporary irritation of the skin.
This exposure can be minimized by following the guidelines. Keep
the dust concentration below the MAC value (10 mg/m?).

« Keepworking area properly ventilated to maintain low dust
concentration;

+ Wearlong-sleeved shirts along with long trousers;

« Wearsafety glasses, goggles or aface shield to protect eyes
from dust. Adisposable dust mask shall be used when grinding
orsandingthe material;

« Showerin cool water with mild soap to reduceirritation;

« Donotruborscratchirritated skin;

« Wash work clothes separately;

« Follow below mentioned proceduresifirritationis caused by
contactwith glassfibers:

- Skin-Wash with cool water.

- Eyes-Flush with running water for at least 15 minutes and
seek medical attention ifirritation does not stop at the
completion of the flushing.

Chemical Hazards

The adhesiveis compound of resin and hardener. The hardener
isirritating to skin, eyes and respiratory tract. Itis toxic orally and
may cause sensitization. The resin may be mildly irritating to
skin, eyes and respiratory tract. Avoid contact with eyes, skin or
clothing, and avoid breathing vapor.

Disposable polyethylene gloves orequivalent shall be used to
avoid contact of adhesive with the skin. Wear safety glass to avoid
contact of adhesive with eyes.

®

In case of contact:

« Eyes:Immediately flush eyes with plenty of water for at least 15
minutes, then call a physician;

« Skin: Wash skin with soap and water;

« Clothing: Remove contaminated clothing and wash before
reuse;

« Inhalation: Removeto fresh air. Give oxygen or artificial
respiration if necessary.

Spilland Disposal

When handling resin and/or adhesive, the surrounding area shall
be covered with paper carton to avoid spill.

Forsmallspills, apply sand or other absorbent material onto
the resin and shovel the mixture into a container. Large spills
should be contained with a dike and the excess resin collected
in container. Any residue resin should be removed from the floor
with hot, soapy water.

CAUTION:
Theuse of solventsin thefinal cleanup can pose unnecessary hazards from
breathingvapors and possibleignition.

Disposal practice shall bein compliance with local laws and
regulations, and other regulations applicable. The preferred
waste management option for unused, uncontaminated,
unformulated, unaltered resinsisto send themto alicensed
or permitted recycler, reclaimer, orincinerator. The same
waste management options are recommended for used or
contaminated materials.
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