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Characteristic | Baseline Composite ‘Conforming’ Composite ‘Radical’
steel solution. solution
structure.
Weight & Saving Weight & Saving
cost cost
Weight 187 t. 116 t. 38% 84 t. 55%
Cost £992,000 £920,000 7% £736,000 26%
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Fire protection Walkways and Lifeboats
tflooring
Blast protection Handrails Buoys and floats
Corrosion protection Sub sea anti-trawl ESDV protection
structures
Partition walls Casings Boxes, housings
and shelters
Aqueous pipe J-tubes Loading gantry
systems
Tanks and vessels Caissons Pipe refurbishment
Firewater systems Cable trays and Riser protection
ladders
Pipe liners Accumulator bottles Bend restrictors
Separator internals Well intervention Subsea instrument
housings

Rigid risers Coilable tubing Flexible risers
Tendons Primary structure Separators
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Option : Installed cost  Comments
' : + relativeto. : .
insulated _GRP'
Replace with insulated 10 Preferred option
GRP
Maintain steel with high 1.9 2 year retreatment rate.
pressure water flushing 1990 cost over field life.
Assumes no replacements.
inadequate reliability.
Maintain steel with acid 23 3 year retreatment rate,
cleaning and wax coating 1990 cost over field life.
Assumes no repiacements.
Inadequate reliability.
Replace with carbon steel 11 Inadequate reliability.
Maintenance not included.
Replace with cupronickel 16 May not last for field life.
Reliability unknown.
Replace with titanium 1.2 Optimistic estimate.
Reliability unknown.
Replace with 6% Mo 1.5
stainiess
Replace with super 1.7
duplex stainless
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Fllament Wound CentringaIly Cast Contact Molded
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Property with Epoxy or with or with Polyester
Polyester Resins Polyester Resin Resin

ﬁx‘}g}"{‘gngoﬂg‘c“ P osi 1.0-27x10° 1.3-15x 10° 0.8-1.8x10°
g{‘rg'l‘gtﬁ g‘%le,_l’fggi 8,000 - 10,000 25,000 9,000 - 18,000
Shonae Hoop J ensie 24,000 - 50,000 35,000 9,000 - 10,000
g‘ggr“n'ﬁgu'ff%"i}%";! o8l 1-2x10° 1.3-15x 10° 1.0-12x10°
Coefficient of Therm 6 &
Expansion, inchvinoh/°F 8.5-12.7x 10 13 x 10 15 x 10°
#gg‘;gg{ﬁfg‘g 264 ps, °F 200 - 300 200 - 300 200 - 250
Thermal Conductivity,
Eherrpal Gonductivity 13-2.0 0.9 15
Specific Gravity 18-1.9 1.58 13-1.7
Corrosive Resistance E E NR

E = excellent, will resist most corrosive chemicals
NR = not recommended for highly alkaline or solvent applications
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medium weak | medium strong
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Métpo Elaotikdtnrog (GPa) 180-230 350-420

Avtoym ot epelkvopd (MPa) 2500-3400 1900-2300

% meplekTIKOTTU AvBpuKd 95-98 99

[Tvkvomta (g/cm3 ) 1.8 1.9

Méyiomy Ogpuokpasia ypione (°C) 2000 2500
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IATIOTHTEX Kevlar 29 Kevlar 49
Métpo ehaoticémtag (GPa) 60 130
Avtoy oe epeikvopd (MPa) 2700 3600
Ernymrxoveon Opavong (%) 4.5 2
Hokvotnro (g/em’) 1.45 1.45
Méviot Oepuokposia yprione (°C) 200 200
Oepuoxpascio astoyiog (°C) 400 425
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2000
Aligned CFRP
Aramids
%n 1500
' Continuous GRP
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T 1000
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E 500
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1 Random GRP
C .
. . _ Metals eramics
olymers — | {3 =
0 50 100 150

Specific Modulus (MN.m/kg)
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Fiber Density Tensile Strength | Tensile Modulus | Ultimate
Ib/in® | gms/cm?® psi x 103 Mpa |psix10%| Gpa | Elongation
E-Glass .094 2.60 500 3450 10.5 72 4.8%
S-Glass .090 2.49 665 4590 12.6 87 5.7%
Aramid-Keviar® 49 .052 1.44 525 3620 18 124 2.9%
Polyester-COM PET® .049 1.36 150 1030 14 10 22.0%

Carbon-PAN | .062-.065 | 1.72-1.80 | 350-700 | 2400-4800 33-57 228-393 | 0.38-2.0%
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Spectra 150

Kevlar 250

Glass 800
SiC 1000

Alumina 1370

Carbon 2000*
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Fiber Fiber length Composite Normal Typical

Jormat (mm) materials types process routes applications

Milled <0.1 Molding compounds Injection molded Electrical

Automobile

Discontinuous- short <1 Molding compounds  Injection molded Electrical,

Automobile
Discontinuous- long  <7.5 Molding compounds  Injection molded Electrical,
Automobile

Chopped strand mat  7.5-50 CSM., Hand lay-up. Marine.

Dough molding Spray lay-up, Chemical tanks,
compounds (DMC), Compression molded General trade

Sheet molding moldings
compounds (SMC)

Swirled mat Continuous Glass mat Thermoformed, Automobile

thermoplastics (GMT), components,
Pultruded profiles. Pultrusion Access engineering,
Cable trays,
Stitched, All Any, Most All
pinned, needled where important
products to improve
through-thickness
properties
(see below)

Woven fabrics Continuous Lighter weight cloths  Resin injection, General engineering,
200-450 gm ™. Hand lay-up. pressure vessels,
Different styles Press molded Marine
(twill, balanced, (including autoclave)
satin)

Woven rovings Continuous Heavier weight cloths Hand and Heavy marine

machine lay-up,.
Pultrusion,
Knitted Continuous 2-D and 3-D fabrics Resin injection Construction,
randomes,
propellers

Noncrimp fabrics, Continuous Bi-, Tri- and Resin injection, Marine.

NCF Quad-axial (stitched) Hand lay-up, construction,
Press molded automobile.
(including autoclave)

Multidirectional Continuous Preimpregnates Press molded High performance
(automobile and (including autoclave). aerospace,
aerospace grades). Filament winding F1 racing,
Rovings Pipes. torque tubes,

rocket motor cases

Unidirectional Continuous Preimpregnates Press molded Wind turbine blades,
(automobile and (including autoclave),
aerospace grades), Pultruded strip/bar
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Deslignation Type of Flnish Resin System
114 Methacrylato chromic chloride Epoxy
161 Soft, clear with good wet-out Polyester
volan® Methacrylato chromic chloride Polyester or Epoxy
504 Volan® finish with .03%-.06% chrome Polyester or Epoxy
504A Volan® finish with .06%-.07% chrome Polyester or Epoxy
A-100 Amino silane Epoxy
538 A-1100 amino silane plus glycerine Epoxy
550 Modified Volan® Polyester
558 Epoxy-functional silane Epoxy .
627 Silane replacement for Volar;E Polyester or Epoxy
SP 550 Proprietary Polyester or Epoxy
Y-2967 Amino silane Epoxy
Y-4086/7 Epoxy-modified methoxy silane Epoxy
Z-6040 Epoxy-modified methoxy silane Epoxy
Z-6030 Methacrylate Silane Polyester
Garan Vinyl silane Epoxy
NOL-24 Halosilane (in xylene) Epoxy
S-653 Proprietary Epoxy
S5-920 Proprietary Epoxy
5-735 Propristary Epoxy
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c ©
ure Hardener| Flexural Flexural Tensile Tensile Sx
Schedule Used Strength Modulus Strength Modulus gg
om
ksi | Mpa | ksi | Mpa | ksi | Mpa | ksi | Mpa u—cj
Slow 234 | 161 | 046 3.17 | 113 78 | 045 | 3.10 | 6.4%
5 hours @ 50° C | 11 232 | 160 | 052 | 3.59 | 11.2 77 | 048 | 331 | 7.2%
Fast 231 | 159 | 052 | 3.59 | 10.7 74 | 048 | 331 | 7.0%
Slow 232 | 160 | 054 372 116 80 | 049 | 3.38 | 5.6%
1ot @4 1 228 | 157 | 055| 379 116 | 80 | 049 | 338 58%
Fast 271 | 187 | 054 | 372 126 87 | 049 | 338 | 55%
Slow 148 | 102 | 052 359 | 9.1 63 | 052 | 359 | 33%
dweeks @181 1 189 | 130 | 054 | 372|100 | 69 | 052| 359 | 3.4%
Fast 196 | 135 | 054 | 3.72 | 11.2 77 | 052 | 359 | 3.4%
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Type of Additive Purpose Benefit Additive Material
Antioxidants Inhibit or retard reactions promoted by Extends the polymer's useful temperature  Phenols
oxygen or peroxides range and service life Amines
Phosphites
Thioesters

Antistatic agents

Colorants

Inhibit and remove static electrical

Allows plastic to be ungrounded and

Ammonium compounds

charges of synthetic polymers carry flammable materials easily ignited  Amines
by a spark or electrical charge Esters
Alcohols

Pigments and dyes in encapsulated liquid
or concentrated form are used to
impart color to plastic resins

Color plastics any desired hue

Titanium dioxide
Carbon black
Inorganic oxides

Chromates
Cadmium
Iron
Molybdate
Coupling agents Improves bonding of organic and Upgrades mechanical and electrical Silane agents
inorganic materials properties of compounds; these Titanates
properties are retained even after
severe environmental aging; used in
glass-fiber-reinforced piping products
Fibrous reinforcements Added to a resin mixture to improve the Fibers improve strength-to-weight ratio of  Aramid
properties of the resin resins and a host of other physical, Carbon
chemical, and electrical properties. Glass
“E” and “C" glass are the most Hybrids
commonly used fibers for RTRP
systems
Nonfibrous property Used for same purpose as fibrous Same benefits as fibrous additives; it Short fibers
enhancers additives but for different endproducts improves mechanical, thermal, and Flakes
and manufacturing processes electrical properties of base resins Spheres

Fillers and extenders

Added to resins to improved physical
and electrical properties, as well as
reducing the cost of higher-priced

Allow products to be more economically
produced in the marketplace with no
loss of quality

Irregular shapes of glass

Carbon

Oxides

Epoxies

Polyesters

Talc

Calcium carbonate
Kaolinite

resins Feldspar
Silica
Alumina trihydrate
Flame retardants Added to resins to affect the burning rate  Used specifically for those plastics that Aluminum
of the resin in one or more of the support combustion, such as the Paraffins

following areas:
(1) interface with combustion reaction;
(2) make products of pyrolysis less
flammable;
(3) reduce combustion heat transfer;
(4) reduce defusion rate of pyrolysis
products

polyolefins, ABS, and RTRP resins. In
fact, one manufacturer advertises its
product as “flame retardant
polypropylene” (FRPP)

Antimony oxides
Zinc Borates
Miscellaneous Oxides
Glycols

Foaming agents Added to a polymer to form minute gas Foamed plastics are lighter in weight, Aliphatics
cells thoughout the product have improved electrical and thermal Alcohols
insulative properties, increased Ketones
strength-to-weight ratios, and minimal Aldehydes
shrinkage compared to nonfoamed ABFA
plastics
Heat stabilizers Added to prevent the degradation of Allows plastics, in particular, PVC Calcium
resins due to heat and light compounds, to be stable and retain Zinc
physical properties in excessive heat Cadmium
and light Lead
Phosphites
Organotins
Lubricants Improve the processing of resins by Improves processing time, allowing for Esters
lubricating the resin internally and quality products at reduced costs Fatty Acids
externally Glycerols
Polyesters
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Bondstrand® Industrial, Military and Environmental Systems

Rated Rated Nominal

Pressure Temperature Diameter Range
Series (psig) (bar) (°F) (°C) (in.) (mm) Specific Applications
2000 to 450 to 30 250 120 1-16 25-400 Chemicals, foodstuffs, jet fuel (MIL-P-29206A)
2000MP 125 8.5 250 120 2-10 50-250 Condensate return, district heating (MIL-P-28584B)
3000A to 450 to 30 210 99 2-16 50-400 Chilled water, drainage, hot water (AWWA C950)
3200 200 14 150 66 2-16 50-400 Class 200 fire protection (FM, UL)
3300 300 20 150 66 8-12 200-300 High-pressure general industrial service
4000 10 450 1o 30 250 120 2-16 50-400 Nonoxidizing acids, slurries, solvents
5000 to 450 to 30 200 93 2-16 50-400 Highly corrosive chemicals, oxidizing acids
7000 150 10 210 99 2-16 50-400 Antistatic piping for refined hydrocarbons
Bondstrand |l 150 10 200 93 2-12 50-300 Contained lines: pipe within a pipe
Bondstrand «CX (Physical properties based on piping series used) Integral coaxial containment system
Bondstrand LD to 150 | o 10 | to 250 | to 120 | 18-144 | 450-3600 | Large-diameter general industrial service

Bondstrand Il and Bondstrand+CX systems are designed to meel the requirements of governing regulations, such as CERCLA, 40 CFR 264/5 and 40 CFR 280 RCRA.

Dualoy® Fuel Handling Systems
Single wall or contained primary pipe

Dualoy 3000/L to 300 20 150 66 2-6 50-150
¥ 2 Petroleum, alcohol or blends (UL, ULC)

Dualoy 3000/L

secondary containment to 100 to 7 150 66 3-4 80-100 Containment system for Dualoy 3000/L - all fuels (UL, ULC)
Dualoy 3000/LCX to 300 to 20 150 66 2-4 50-100 Coanxial design - integral containment (UL, ULC)

Dualoy 3000/MCX to 300 to 20 150 66 2-4 50-100 Fuel piping at marina docks or above ground
StationWare™ 3000 Layout and costed materials software

Bondstrand Marine/Offshore Systems

2000M 160/225 10/15 200 93 1-40 25-1000 Ballast, potable, general marine service
2000M-FP 150/225 10/15 250 120 1-16 25-400 Intumescent coated for enhanced fire resistance
7000M 150/225 10/15 210 99 1-40 25-1000 Electrically conductive for hazardous locations
Bondstrand PSX+L3 (C) 10 225 15 250 120 1-16 25-400 Polysiloxane-phenolic piping for wet service
Bondstrand PSXJF (C) 0 225 15 250 120 1-16 25-400 | Fobsiioxans-phenolc piping for normally dry (deluge)
1 line pipe 10 800 55 to 200 93 2-4 50-100 Low-to-medium-pressure line pipe service

SP o 3500 241 to 200 93 12-6 40-150 High-pressure line pipe applications

Tubing o 4000 276 to 200 93 1z2-4% 40-114 Injection, production, disposal wells

Casing o 2500 172 o 200 93 41/2-95g 114-246 Corrosion-resistant casing applications

Well screen - - - - 11/2-6 40-150 Qil, gas, water wells, cased or open hole
150/200/300 10 300 20 0210 99 8-16 200-400 Salt water transfer, gas gathering, trunk lines
2400 to 1100 075 200 93 2-40 50-1000 Potable water, crude oil, salt water service
3400 to 1100 to 75 200 93 2-40 50-1000 Fire protection, crude oil, salt water, pipelines
SSL (Steel Strip Laminate)* to 5769 397.9 to 200 93 8-40 200-1000 | All of the above applications

* Available for onshore and/or subsea applications

Ece 8IUE ¥ ad3 FRADs &U U d o0y Uy &, AMER®ON CORROSIONRESISTANT
FIBERGLASS PIPING SYSTEMS
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Material Typical Temperature Limits

FRP Most common applications are 150+ F and below.
Some applications up to 250« F with a few special
cases up to 300+ F.

Most resins will begin to degrade above 150+F at a
rate of anywhere from 5% to less than 1% per

10+ F rise. Some high temperature application
resins will maintain 90% of their ambient
temperature properties up to 250« F

ASTM A106 Grade B No reduction in properties: 400+ F
Seamless 10% reduction in properties: 500+ F
20% reduction in properties: 700+ F

ASTM A312 TP316L No reduction in properties: 300+ F
10% reduction in properties: 400+ F
20% reduction in properties: 600 F

Gr 2 Titanium No reduction in properties: 200+ F
10% reduction in properties: 200+ F
20% reduction in properties: Up to 200+ F

ASTM B466 90/10 Cu-Ni [ No reduction in properties: 100+ F
10% reduction in properties: 300+ F
20% reduction in properties: Up to 550+ F

ASTM B467 70/30 Cu-Ni | No reduction in properties: Up to 100« F
10% reduction in properties: Up to 300+ F
20% reduction in properties: Up to 600+ F

Source: FRP data i1s from numerous fiberglass manufacturers. All other data is from ASME
B31.3
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q/L=(Truidi Tambieny* IN(ro/ri)/(2* " *k)+1/(ho*A 0)=(Tpipeop - Tambien)/(1/(ho *A o)) (3.1
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Material Thermal Conductivity
FRP 0.1 - 0.24 Btu-ft/hr-ft*-+ F
Carbon Steels 25 - 30 Btu-ft/hr-ft’-=F
Stainless Steels 9 Btu-ft/hr-ft*-+ F
Gr 2 Titanium 9 - 11.5 Btu-ft/hr-ft*-+ F
90/10 Cu-Ni 29 Btu-ft/hr-ft*-+ F
70/30 Cu-Ni 17 Btu-ft/hr-ft*-+ F
Fiberglass / Mineral wool 0.024 - 0.033 Btu-ft/hr-ft*-+ F
Polystyrene foam 0.019 Btu-ft/hr-ft*>-= F

Source: FRP data is from numerous fiberglass manufacturers. 90/10 Cu-Ni source is
unknown. All other data is from Nayyar, Piping Handbook, 6th Edition

3.22d¥ 4 6 d

Bs (rvoads FRPE&d aB Ul caeggBaddgias UUY e90) RUUL 6 bBYy
eUOUUaa8p¥d Uc oUos3fhd AHUs U FERPRUDGIWsi UUJes GGY
Graesrddd) o25U 30 U sUUgredgUh 36 68adddlisdedda
UsggosBUdlp vd GUmxsWBBse gi Usiedo Ua oaUs GUsd gyd
edqeUsos01 3 osddeyYddryradoledgs g easoslg3Ichnliicg bY)
1998) a3 UUUs U Uds@B.2:U3 UayUxy Uszalxvild

PipeWeightperfoot = " /4 * (OD?ID?) *} * 12in/1ft (3.2

0 49,C

gy e@d UavyUU); see UsYe UUipdgd Ultgy 0 eseaser GidedY dll
Greesvinddy) 0 ~geshUdbkuinUeg geoesoasi GU

y v d U0y ) UNhaiibaal Qliviell Varco Fiber GlassSystemg2012, e9sU (¥ ae3 ¥l

FRPcgoasUs “~Uja eg Us 16 % cUcp of ¥lly g cbsyl g do Uee
ahoed 299U Uess 6 8as UU yBERPUOG3Uso Uy WBUB Y
(oU3%0 % Gi ¢ Matiandl Oilwell Varco Fiber GlassSystems2 012) U" f U~x
cUeai bUoss¥ys Gradst GUxrs.
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Material Density
FRP 0.06 - 0.065 1b/cu 1n.
Carbon Steels 0.28 - 0.29 Ib/cu 1n.
Stainless Steels 0.29 Ib/cu in.
Gr 2 Titanium 0.163 Ib/cu in.
90/10 Cu-Ni 0.32 Ib/cu .
70/30 Cu-Ni 0.32 Ib/cu in.

Source: FRP data is from numerous fiberglass manufacturers. All other data 1s from Nayyar,
Piping Handbook, 6th Edition
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Hi = 1046 * Q/ (C*ID26?) )L1852 (34)

e 0U ex3vyuld
Hi = 1068 * (Q/ (C*ID253) )1852 (35)
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v, _ 4T on .0 77590
1 . R 120
B>"hnA_ " _ " " >waA_ 7 140
[ <h ™ _ ' <HDP&)t +/ 150

GioU Ues g 6acosleh Udd U 1aUaldg) qGoddgedld!
d 0 e(MafiohalOilwell VarcoFiberGlassSystem<2012 Darcy-Weisbach3.6):
Ho=f* ((L*V?) ] ID*2*Q)) (36)
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FiberGlassSystem=012 Moody (3.7):
f = 0.0055 * (1+ (20000 &/ ID + 1C°%/R)Y3) (3.7)

GoaU GU; vyUe J eely sidBbfidldstla B U3 o280y G @3 GUa UG Ue d
Uy sPaay(f)e "6} Ua 3U g ea8os50UU0a osfuieer@¥s hog

tyUssald (1984)

e

b

f=64 /R (38)
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NationalOilwell VarcoFiberGlassSystems012

Line Kinematic Head Losg/100 Ft of Pipe

Temperature Speclfic Viscosity Pounds/

Fe Gravlty ft?/sec Ft of Fluld sq. in,
Avlation Gasoline, T0° API 60 0.78 . 0000072 1.17 8.36
Gasoline, 60° API 60 0.74 . 0000086 1.21 9.39
JP-4 Fuel, 45° API 60 0.80 . 000013 1.30 0.45
JP-7 Fuel, 45° AP1 60 0.80 . pooo2s 1.51 0.52
Kerosene, 42° Baumé 60 0.81 . 000027 1.49 .53
Water 60 1.0 200012 1.28 0.55
Water 140 p.98 . 000051 1.11 .47
Brine, 20% NaCL 60 1.14 . Q00016 1.35 0.67
Hydrochloric Acid, 31.5% a8 1.15 . 000016 1.35 0.67
Sulfuric Acid, 69% 60 1.5@ . 000050 1.7@ 1.1¢
Fuel 0il, No. 5, 30° Baumé 140 @.875 .00@51 3.0 1.15
Crude 0il, 24.4° Baumé 140 0.91 00012 2.07 9.81
Crude 0il, 15.2° Baumé 140 0.96 00113 3.64 1.6@

o o
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GlassSystem2012

Description [ 26
45° Elbow Standard 0.3
45 Elbow Single WMiter 0.5
90° Elbowvw Standard oO.5
90° Elbow Single Miter 1.4
90° Elbow Double Miter 0.8
90° Elbow Triple NMiter 0.6
1380 Returm Bend 1.3
Teaes =T 0.4
=T 1.4
=T 1.7
Gate Valve Open oO.17
3/4 Open 0.9
1/2 Open 4.5
1744 Open 24.0
Diaphragm Valve Open 2.3
3544 Open 2.6
1/2 Open 4.3
174 Open 21.0
Globe Valve Bevelseal, Open 6.0
1/2 Open 9.5
Check Valve Swing 2.0
Disk 10.0
Ball 70.0
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Material Modulus Value (In Tension)

FRP 1-3x10°psi, 70 - 250+ F

Carbon Steels 27-30x 10°psi, 70 - 200 F
Stainless Steels 26-29 x 10° psi, 70 - 200+ F
Gr 2 Titanium 15-16x 10° psi, 70 - 200+ F
90/10 Cu-N1 17 - 18 x 10° psi, 70 - 200+ F
70/30 Cu-N1 20 - 22 x 10° psi, 70 - 200=F

Source: FRP data 1s from numerous fiberglass manufacturers. All other data 1s from ASME
313
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a3 U3%#g soeyd Useyd ey Uy ag RRBUBLIW N dell gU disy altjsa
d U} ¢ 6 o 3y Natiomaldivell VarcoFiber GlassSystems2012

Temperature E;

100°F (38°C) 1,500,000 psi (105,500 kg/cm2)
160°F (66°C) 1,200,000 psi ( 84,400 kg/cm2)
200°F (93°C) 200,000 psi ( 63,300 kg/cm2)

Ya s U%]L(Il@ ey diU) Opetyalgicg UaUlUso hERPUSY dbtodaoaO0ds
U d Uy e NatiopaQilwell VarcoFiber GlassSystems2012

Temperature _ E_. I I,
°F °C psi kg/cm?

70 21 3.15 x 106 2.21 x 10° 0.56 0.37
100 38 3.06 x 106 2.15 x 10° 0.57 0.38
150 66 2.90 x 106 2.04 x 10° 0.60 0.39
200 93 2.20 x i06 1.55 x 10° 0.70 0.41
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HDB Stress [Note (1)] at
73°F [Notes (2), (3)]

ASTM Material Cyclic, Static,
Spec. No. and Designation ksi ksi
Type Grade Class ASTM D 2310  [Note (4)] [Note (5)]
Glass fiber No liner RTRP-11AD 5.0 e
D 2517 filament wound reinforced epoxy RTRP-11AW .. 16.0
resin
No liner % RTRP-11AD 5.0 .
RTRP-11AW A 16.0
]’ Glass fiber Epoxy resin liner, [ RTRP-11FE 6.3
| reinforced epoxy reinforced | RIRP-11FD 5.0
D 2996 filament wound ) resin .
i Glas's fiber PoEygsfter ri]sin liner, { RTRP-12EC 40
| reinforced polyester reinforce ] RTRP-12ED 5.0 .
i resin l RTRP-12EU o 12.5
. RTRP-12AD 5.0 -
No liner [
ne 1 RTRP-12AU . 125
D 2997 centrifugally cast Glass fiber Polyester resin liner, { RTRP-22BT RN 10.0
reinforced polyester nonreinforced 1 RTRP-22BU Ce. 12.5
resin
Epoxy resin liner, { RTRP-21CT . 10.0
nonreinforced RTRP-21CU Cee 125

NOTES:

(1) A service (design) factor must be applied to these HDB values to obtain the HDS.
(2) These HDB values apply only at 73°F.
(3) Recommended temperature limits for these materials are shown in Table 111-4.2.2.
(4) When using the cyclic design basis, the service factor shall not exceed 1.C.
(5) When using the static design basis, the service factor shall not exceed 0.5.
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fb = 0.5%5* (yn (3.14)

= 2" & (3.15)

Ogs=f 1*PLrrp* DI(2%tr) (3.16)
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Material Typical Design Pressures
FRP Up to 12mn. diameter, most chemical plant
applications are 150psig or lower. Applications at
higher pressures, however, are not uncommon.
ASTM A106 Grade B 2" SCH 40 (0.154" wall): Up to 1,400 psig
Seamless 12" SCH 40 (0.406" wall): Up to 900 psig

2" SCH 160 (0.344" wall): Up to 4,600 psig

ASTM A312 TP316L 2" SCH 108 (0.109" wall): Up to 1,600 psig
6" SCH 108 (0.134" wall): Up to 700 psig

2" SCH 408 (0.154" wall): Up to 2,500 psig
6" SCH 408 (0.280" wall): Up to 1,500 psig

Gr 2 Titanium 2" SCH 10 (0.109" wall): Up to 1,500 psig
14" SCH 10 (0.25" wall): Up to 600 psig

ASTM B466 90/10 Cu-N1 | 2" Wgt Class 200 (0.083" wall): Up to 600 psig
12" Wat Class 200 (0.25" wall): Up to 300 psig

ASTM B467 70/30 Cu-N1 | 2" Wgt Class 200 (0.083" wall): Up to 500 psig
12" Wat Class 200 (0.25" wall): Up to 300 psig
Source: Data is from various users of these products.

Based on ASME B31.3, P = 2SE(t-A)/(D-2¥(t-A)), v = 0.4, E= 1.0, A= 0.0, and S =
20,000psi at ambient for carbon steel, 16,700psi at ambient for stainless, 16,700psi at ambient
for titanium, 8,700psi at ambient for 90/10 Cu-Ni, and 10,000psi at ambient for 70/30 Cu-Ni.
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Pi= 2*s*t / (OD-t) (3.18
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Material Thermal Expansion Coefficient
FRP 0.9-15x10%in/in/*F
Carbon Steels 0.6-0.65x 107 in/in./*F

Austenitic Stainless Steels 0.9-0.95x 107 in./in./* F

Gr 2 Titanium 0.48 x 107 in./in./*F
90/10 Cu-N1 0.9-095x 107 in./in./*F
70/30 Cu-N1 0.8-0.85x10° in/in./*F

Source: Gr 2 Titanium data is from Nayyar, Piping Handbook, 6th Edition. 90/10 Cu-Ni
source is unknown. All other data is from ASME B31.3.
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Material

Magnitude of
Pressure
Expansion

Comparison to
Carbon Steel

FRP (1.4 x 10° 2.3 x 10°,0.5)

20x 10"

25x greater

Carbon / Stainless Steels (30 x 10°, 0.3)

0.08 x 10™

Gr 2 Titanium (15.5 x 10°, 0.3)

0.15x 10

2x greater

90/10 Cu-Ni (18 x 10°, 0.3)

0.13x 10"

1.6x greater

70/

30 Cu-Ni (20 x 10°,

0.3)

0.12x 10"

1.5x greater

Values in parenthesis are axial tensile modulus, hoop tensile modulus (if different from axial),
and minor poisson’s ratio.
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(NationalOilwell Varco FiberGlassSystems2012).

Size Length Increase
(in.) (mMmm.) (in.) (mm)
2 50 0.2 5.0
3 80 0.3 7.8
4 100 0.3 7.6
6 150 0.4 10.2
36 900 0.4 10.2

Fces8UA UUsoalUseayd Useyd Uiadidd ¢eoalajonalQiwett 3 vidd
VarcoFiberGlassSystems2012

3.2.7 138390 UiasaUed U’ Usd UooeagyrvyeysUd aU(

Fgsedyd aU0UUY Uds dGsdeaviddUghy) 6veUipighaUy(
Usg, uUdaUle d Gvyeoesrld agchosepodd sgy yxaed 3dId W Ugy
d o2a3did (FPg3 Uayd deddh esU0d UsaUdwdpggeaesgddl
G0d; e®@8®sg0U000Pys s Uillithrudhd)d ¢ “ s a (k Ub tBasiUVJ} e G d e |
99U Uds (& edd aRRB@ationalOilwell VarcoFiber GlassSystems2012).

Fcee3dB)joagy veysd GUeypssd Gryaesvyldd

FUsd GvoduwOUpdbidd oaUs d dU;Exsezidadald §c gy o e
g Yjcegstuo®es UsU; UeeUU0U aW@OBybbmsexdgqoeagi 3 Ug
h vd bUabaulUd, o¥3aUd, UuUsUesaUuit GUsd, eUsyxUe
"1 eboayy Blfrsl bl 3 U U c@idlgs ¢ s U e disddsa e

“dy) U¥sdlo Uooagy) vyeyszdd UUgdpuabggl oWWUHGU UgB
s 0Udy et dgd0 UvU U0 ‘as U4 Ui Ul 30 WewswBds UxaqUes qUs
U0 Gyztfodds UOGroesybdasdgeod " 6g Udesdsadifdellgs (
dUjeego) UdaU UasUs| Ul @3 eltirsd W shllisUrUdiods gg 8 g siv 3

Co C¢ Co

68

Ba_ " ¢h_ A b h< 4 ARRE JheS>A. T platT T >



’

GU0d) aB88®ya1.UdyaslUsd "eg U sUyy 6g3s Uzxezsse ol
Us edUUei 3UUs GUsd UgdUaUd usUljeeyd Udd Gve
U AUOGBe e OUU Udd Gyeesrldd.

g8 ¢yo Ulfsseds slbdedd” aig swWdeaaeg) oUalUUs U Uds U
eeadggedy UUas3Us 30U " jeeUaydlidisad U8dpPoeU8dd UdY}y
UzaU; UFUMs U3 Gg3UUaUGUe dUjzsawdlUésedUdagd
Ussct e UUc d Gdlfs tUmearessy Uy ¢. Up Ul Yo o faibe Ui @l adU a C
U Uds UesaUoe dUjeccoibgldgedFdlaslisd repeasadea
Ud 3 B@3(NatonalOilwell VarcoFiberGlassSystem®2012) U3 « U3 t(Jeosdy o y d
Gtasea3UUs GUe3 “"as3UaU 3.15.

P=Ct*  fEE * (3.23

y eRiqU3ze 390k (blkikgh,lct g Gg3 UUaU00Ued dbjnEeaed U:-
mm/mm/C) , ¢ d UsUle F¥C) AW earalydU o Uegi ¥imgos U YssdWda
UsosctL 9 di vomn3dctm), . U@ 36 3soyolh)y 6 UaUGUqgahUOgoBde
d Uy e @ a psiebgictf). (

a3 Ua1Gg 36390eafsslUdd)eccgoy UlslUosed clddhppeoegs Ud
g Ud ) dNatibnal@ilwell VarcoFiberGlassSystem<012

Nominal For For
Pipe Size 0T = 100°F 0T = 100°C
(in) (mm) (1bf) (kg)

2 50 1,810 1,400

3 75 2,720 2,250

4 100 4,370 3,600

6 150 6,770 5,580

8 200 11,220 9,230
10 250 17,280 14,260
12 300 24,160 19,500
14 350 27,840 22,500
18 400 36,000 29,600
18 450 44,960 37,200
20 500 55,200 45,800
24 600 78,560 64,800
28 700 113,900 94,000
30 750 130,200 187,200
36 900 184,000 152,000
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Nominal For Internal For Internal
Pipe Size Pressure = 100 psi Pressure = 1@kg/cm?
(in) (mm) (1bf) (kg)

2 50 182 118

3 75 423 273

4 100 700 451

6 150 1,580 1,020

8 200 2,710 1,750
10 250 4,300 2,780
12 300 6,120 35,850
14 350 7,080 4,870
16 400 9,280 5,980
18 450 11,700 7.560
20 500 14,500 9,330
24 600 20,800 13,400
28 700 30,500 19,700
30 750 35,000 22,600
35 o000 50,000 32,300
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Nominal For Internal For Internal
Pipe Size Pressure = 100 psi Pressure = 10kg/cm2
(in) (mm) (1bf) (kg)

2 50 343 221

3 75 B14 525

4 100 1,350 869

6 180 3,080 : 1,900

8 200 5,310 3,420
10 250 8,410 5,430
12 300 12,000 7,730
14 350 13,900 8,950
16 400 18,100 11,700
18 450 22,000 14,8020
20 500 28,300 18,300
24 600 40,800 26,300
28 700 58,700 38,500
30 750 68,400 44,200
36 000 97,0800 63,200
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