DESIGN GUIDE

Residential PEX Water
Supply Plumbing Systems

Second Edition

Applications
Advantages

Material Properties
Joining Methods

Code Acceptance
System Design
Installation

and more

ICC &‘

PPFA @?m; @ PLASTICS-PIPE-INSTITUTE s lisniviation

Plastic Pipe and Fittings Association RESEARCH L A&B:S:






DESIGN GUIDE

Residential PEX Water
Supply Plumbing Systems

Second Edition

Prepared for
@ PLASTICS-PIPE-INSTITUTE

Plastics Pipe Institute, Inc (PPI)
105 Decker Court
Suite 825
Irving, TX 75062
www.plasticpipe.org

and
Plastic Pipe and Fittings Association
Plastic Pipe and Fittings Association (PPFA)
800 Roosevelt Road, Bldg. C, Ste. 312
Glen Ellyn, IL 60137
www.ppfahome.org

Prepared by

| an ‘Homelnnovation
RESEARCH LABS

Home Innovation Research Labs
(formerly the NAHB Research Center, Inc.)
400 Prince George’s Boulevard
Upper Marlboro, MD 20774
www.Homelnnovation.com

November 2013
This document was developed as the result of a consensus process involving the Plastic Pipe Institute, the Plastic and Plastic

Pipe and Fitting Association, and representatives from numerous piping and fitting manufacturers. It was prepared by the Home
Innovation Research Labs.



Acknowledgements

We would like to thank the following principal

contributors to this Guide:

NIBCO, Inc.
Elkhart, Indiana

Tom Coe

Plastic Pipe and Fittings Association

Glen Ellyn, lllinois
Richard Church, Mike Cudahy

Plastics Pipe Institute
Irving, Texas

Randy Knapp

REHAU, Inc.
Leesburg, Virginia

Lance MacNevin

Uponor
Apple Valley, Minnesota

Kate Olinger, Mike Rivers
Viega, LLC

Wichita, Kansas

Gary Morgan, Christina Smith

Woatts
Springfield, Missouri
Chris Haldiman

Zurn Plumbing Products Group
Commerce, Texas

Gary Runyan

ICC-ES
Whittier, California

Maribel Campos

NSF International
Ann Arbor, Michigan

Nasrin Kashefi

Home Innovation Research Labs
Upper Marlboro, Maryland

Joseph Wiehagen

Copyright

Copyright © 2006, revised 2013 Home
Innovation Research Labs, Inc., Plastics
Pipe Institute, Plastic Pipe and Fittings

Association. All rights reserved.

Disclaimer

Neither the Home Innovation Research
Labs, Inc., the Plastics Pipe Institute, the
Plastic Pipe and Fitting Association, the
U.S. Department of Housing and Urban
Development, nor any person acting in

its behalf, makes any warranty, express

or implied, with respect to the use of any
information, apparatus, method, or process
disclosed in this publication or that such use
may not infringe privately owned rights, or
assumes any liabilities with respect to the
use of, or for damages resulting from the
use of, any information, apparatus, method,
or process disclosed in this publication,

or is responsible for statements made or
opinions expressed by individual authors.

For Further Information:

Please consult the following websites for
the latest version of this publication. Print
on demand version available through ICC
ES only.

Plastics Pipe Institute
http://www.plasticpipe.org/

Plastic Pipe and Fittings Association
http://www.ppfahome.org/

Home Innovation Research Labs
http://www.Homelnnovation.com

ICC Evaluation Service, LLC
www.icc-es.org


http://www.plasticpipe.org/
http://www.ppfahome.org/
http://www.HomeInnovation.com

Table of Contents

Chapter | = INTRODUCTION.......cccceeveeerrrerreenes |

The Second Edition ........cciciciiceesenessesenesens I
ODbJECLIVE ...ttt sseessesessssenssseaes N
Background ...ttt 2
APPHICALIONS. ...t ssesssaessens 3
How to Use the Design Guide.........ccvrvcnirricicrncnennecnenn. 4
Chapter 2 - ADVANTAGES...........ccceevveeciirrnnncccee 7
Ease of Installation............iinicicesesesssaenne 7
DUFADIlILY ..ceceeceeeirecrrctcctecrec ettt s esessesessesenes 7
CoSt EffeCtiVENEss ........ciuiciiniiicciciiiiicicsesessssssssessessssans 7
ENergy EffICiEnCY ... ccceeeceecreirececerenseeicineisescssesseseetsesseaeescssesseasenees 8
NOise ReUCLION ...t sasssaeaee 8
Water CONSErVatioN..........iieiiimeieseiisstsssssssssssssessssssssssssens 8
Environmentally SoUNd........ccocireveivcneneeicinereeeeenensescesesseeesessesseaeenees 8
VEISALIlILY ...occouirinieiiiiccicis s sasssssesssssssasaes 9
Chapter 3 - MATERIAL PROPERTIES.............. 11
Temperature and Pressure Capabilities .....c.c.ccocreeereneenencurcncunenccanen. 12
Corrosion RESISTANCE .....cccuecrurecurineurireciseetseeisteastseease ettt eaeenes 12
ErOSION ..ttt et 13
TUDEICUIALION ...ceceeieer ettt eeees 13
Lower Thermal Conductivity/Lower Specific Heat ..........cccoeuecunce. 13
FIEXIDITTY ..ttt 13
Noise and Water Hammer Resistance.........c.cccoeverinenenensenencencvcunenenne 14
Resistance to Freeze Damage.........ccocoeuveveureneuneneeenencenecnsenenenenes 14
PEX Material Designation Code.......cccoeveveureneurencnenccencncenenennen. 14
Resistance to Chlorine and Chloramines.........ccocoevcveerevcurcvcurencnenenne 15
Ultraviolet (UV) ReSiStance.........cocoeeeveureneureneuneneeeneeeneesenesesenees 6
Safe for Drinking Water........c.ccveenencnencinineneneeeseeseeeeseessesesseseaes 17
Chapter 4 - CODE ACCEPTANCE.................... 19
International Residential Code (IRC-2012) .......ccccccoeueucnee. .19
International Plumbing Code (IPC 2012) .......ccovvervemerrencerescrreccnnenenee 21
International Mechanical Code (IMC 2012) .........cccceceeunee. .22
International Energy Conservation Code (IECC 2012)................... 22
Uniform Plumbing Code (UPC-2012).......cccoeuvuvvrerrercrcrnnnn. 23
Green Plumbing & Mechanical Code Supplement (IAPMO 2010) 24
National Standard Plumbing Code (NSPC 2009)......ccccccovueeeueecunce. 25
National Plumbing Code of Canada (NPCC 2010) ......cccceeereueemnnee. 25
Chapter 5 - JOINING METHODS. ..................... 27
Cold Expansion Fittings with PEX Reinforced Rings ...................... 28
Cold Expansion Fittings with Metal Compression Sleeves ........... 28
Metal or Plastic Insert Fittings......c..coccoeeeeeneercererneeencencrscncseesennes 29
Copper CrimMP RiNG.....ccocreeeereereereeeeeneeseseeesessessesessesseeesessessessences 29
Stainless Steel CIamPp ....c.ccveevcevcneneeecreeeeeeeieeeeeeseeeeasesseseeaenne 30
Stainless Steel Press Sleeve.............iciccncincincininnn. 30

PUSh TYP@ Fittings ..cevueuecieerenrecireeneinecicesensesseeiesseseeseeessessemsssessesseases 31




Standard Specifications for Fittings .........cccceceeeeevenencrencunencnnen. 32

ASTM F877: Standard Specification for Cross-Linked

Polyethylene (PEX) Hot- and Cold-Water Distribution

SYSEEIMS .ottt ettt sttt 32
ASTM FI807: Standard Specification for Metal Insert Fittings

Utilizing a Copper Crimp Ring for SDR9 Cross-Linked

Polyethylene (PEX) Tubing and SDR 9 Polyethylene of

Raised Temperature (PE-RT) Tubing.......cccoeeereneeurencuncncunenccenee. 32
ASTM F1960: Standard Specification for Cold Expansion

Fittings with PEX Reinforcing Rings for Use with Cross-

Linked Polyethylene (PEX) Tubing .....c.ccccecoeeeeenencunencuncncunencnnane. 32
ASTM F2080: Standard Specification for Cold Expansion

Fittings with Metal Compression Sleeves for Use with

PEX PP ...eriieieiuiuererereeeiaeuesessessessessessesssssessesssssesassssessescsnens 32
ASTM F2098: Standard Specification for Stainless Steel

Clamps for Securing SDR9 Cross-Linked Polyethylene

(PEX) Tubing to Metal Insert and Plastic Insert Fittings ........ 33
ASTM F2159: Standard Specification for Plastic Insert

Fittings Utilizing a Copper Crimp Ring for SDR9

Cross-Linked Polyethylene (PEX) Tubing and SDR9

Polyethylene of Raised Temperature (PE-RT) Tubing.............. 33
ASTM F2434: Standard Specification for Metal Insert Fittings

Utilizing a Copper Crimp Ring for SDR9 PEX Tubing and

SDR9 PEX-AL-PEX TUDING......ccosuuerrirrmemrerrerererenmeemessescsenne 33

ASSE Standard 061 ........cocererencreirceeeereiersessensessesenseessesecssens 34

Chapter 6 - TYPES OF PEX PLUMBING

Trunk and Branch ... 36
Parallel ... s 37
Zone (Zone and Multi-port TEe).......cccucveureveureremrereeerencrnencrneremeesencenes 38
Chapter 7 —= DESIGN...........ccuuuuuuueiiieireeennnnnnecceees 39
Consult Local Codes........iiiciciciiiieiciciisnssssesessesnns 39
Optimize Home DeSigNS .....cceeveuveurenencererneseeeseesesseeesessesseseessessenees 40
Select Piping System Design.......ccoreeevceneererencencrnemnecenersesseessesseseeens 41
General Rankings of the Systems for Key Factors........c.cccooeuuunence. 42
EXAMPIE LAYOULS ...uceuereeeececrenenceeereneeaeecesessesseeeessesseacesessessensesessessenne 43
ColoNial LAYOUL ....cceceeremiceerrenreeeeerenseaceessessesessessesessessessessessssessensenees 44
RANCH LAYOUL ... reieeeceesseseeetsessessese s ssessessesseseens 47
TOWNNOUSE LAYOUL ...cuceurneneciirinreceerreneciessesneseeesseseseescssessessesessesens 50
Condominium LayOuUt ........c.ceeeeveuncenerencerernemseeesessessesessessessesessessesessees 53
Performance Verification Laboratory Testing..........ccecoeeeceecereureneenee 56
Industry Technical SUPPOIt .......ccoeeeevceneererecercerenreeeeesenseseeeseiseaeenee 56

Plan Pipe Routing, Manifold/Multi-port Tee, and Valve Locations 56

Chapter 8 - PERFORMANCE DATA.................. 61

System Performance CompariSoN...........ccceeeeerecenencuneneunencsesecesencenes 6l
Test System Design and Set-UpP .....c.ccocevecurevcurencnenecenecneeneseeereeene 62
Plumbing System Pressure and Flow Test Results........cccceeeveueennce. 65



Test SUMMArY ..o ettt 73
PEX Pipe Response to Surge Pressure (Water Hammer)............... 74
PEX and Copper Pipe Flow Rates........ccccooveureverererenencnencnencnrencnnenes 75
Chapter 9 — INSTALLATION ......cccccceervveeecennnnees 77
Cross-Linked Polyethylene (PEX) Hot- and Cold-Water

Distribution Systems and Service Lines ......cccccoeeeverevcrercmeencncnne. 77
IMPOrtant NOLICE. ..ottt eseneseene 77
REVISION POLICY ...ttt sseseseeseneanene 78
Manual Content & USe........ciicicinininiienieicseesiesensisines 79
Other Uses of Cross-Linked Polyethylene (PEX) Tubing............... 79
Tubing 1dentiflaction.......ccceceueeeeereecereccnercereereereeerreeieeeeesecaeaenees 80
Fitting 1dentification ...t 8l
Applicable Standards...........cvercnencnencneeee s 8l
Limitations on PEX USe. ... 8l
Designation Codes of ASTM F876 ........ccemvervecncncrecrecnreseneenene 82
TUBING INSTALLATION PRACTICES.......ccorriirerreneeenerrenseneene 83
General Installation ... 83
Bending the TUDING ..ottt sseaesnenens 84
Handling and Storing Tubing and Fittings.......ccccccecveeevcunencurencucercncunce 84
TUBING SUPPORTS......coiiiicieiessssesstsesssssessesssssssassasessesaes 85
Selection and INSPECLION ......ccuueueeeecereceneennieeeeeeeeerseeseeseseeseaesseaenne 85
Support Spacing and LOCAtion ..........cccceveeerrcenencenencrnescnseneceneennenenne 85
Horizontal Tubing SUPPOrt SPacing.......c.c..cecreeeurevemcercncerencrrencmsescucenene 85
Expansion/Contraction of TUDING.........ccccreeureeemrercrercneenencrrencrrescneenene 86
Hydraulic Shock (Pressure SUurge) .........ccoocecreceencneenencrrencssescueeene 86
Parallel Water Distribution Manifold Plumbing (Parallel)

SYSERIMS ..cceeeeeetrectrecreene et seesese s taesseae s e as e s tacssaecssseassneacs 87
Retro-Fit INStallations ... 89
Thawing PEX Tubing Systems .......cc.ceceeevcrencrneecnenecerecnneenneseneesenennes 89
Pressure Testing and Inspection of the Completed System........... 90
Disinfection of Potable Water Systems ........cccooceevevencnencrncrcrreecucencee 90
Buried PEX Water Service LiNes.......vrecreecnencneneneereseerescnnenenne 91
MALErial ... as 91
FIEEINES ettt ss e sttt sseacssescnns 91
Trench Preparation ........eceecneecneneseneeenecesseesseessesesesseesnens 91
Laying the TUDING .....cccu ettt seesseesseensenenes 91
Penetrating Foundation or Basement Walls ..........ccccccovecuruneeuncncnnce. 92
Slab-on-Grade Installation..........ciiicniicccieseneenes 92
Laying and Supporting Tubing under Slab.........ccccocovcvenevcmrencrencncnnce. 92
Protection of Tubing and Fittings from UV Exposure

after the Pour ... 92
BaCKIING ..ottt ssesene 93
Technical Data ... ssssesessssssenas 93
Tubing Dimensions and Weights.........ccocvvereenenencencncrnencnnencncesecnne 93
Flow Rate and VelO ity .......cocoveurevcureecmrerereneeireerrecnseeneeseneesencsseessenens 94
FrICtion LOSSES.....ccimiuiiiciiiiiniiiicnciscseissssessssssssessesssssssssses 95

Pressure Loss and FIOW Rate.........c.ovieieiiiiercceeceeeteeerecveeenns 96



Connection (Transition) to Other Piping Materials .......ccccocecuuce. 97
Joining Procedures Utilizing Metallic or Polymer Insert Fittings .98
Insert Fitting with a Black Copper Crimp Ring

(ASTM FI807 or ASTM F2159).....crirerernereeeeeennennes 98
Making @ CONNECLION .....cueeuerecirecerecereeesee ettt sene 98
Incorrect ConNections...........ccvcueuecesceserseneecnnens ... 98
TOOIS ANA RINGS ..euiiiicerieireerect ettt sseeasenes 99
Joining Procedures Utilizing ASTM FI960 Fittings and

PEX RiNGS..ccuueeireerrenemneneneeseeeneeenenes ettt ettt 99
ASTM FI960 Connections, Helpful Hints........cccccccecvcunencenee. 100
TOOIS ettt s e nas 101
Joining Procedures Utilizing ASTM F2080 Fittings and

Compression Sleeves.........c.ovcreverenecenencurencnnen. . ... 101
SUMMANY ettt 101
ProCeduUre ...t ssessessassssessesees 101
Other Fitting SYStEMS......cccueureeereeerecereecneeneeireeiseessesesesseseaeaseesseesees 102

Chapter 10 - TESTIMONIALS. ......cccceeeeeeeeeeeeee. 103
Chapter 11 - OTHER APPLICATIONS........... 107

Radiant Heating and Cooling Systems.........ccocoeceeevcuremnenecnnee 107
Municipal Water Service Pipe........cnreveenernenecencrneseseseenennenes 108
Snow and Ice Melting Systems........c.ccceuceveurereneenernesescenenneseseesessenens 108
TUrf CoNditioNING.....ccocuveuemeercrrerreeecererremeeeesessessesesseseeessessesseessessessenes 109
Geothermal Earth Energy Systems.......c.ccocecvereeevcencnennencence 109
Fire SUPPIreSSION ...ceueuceceeenenececirenseeecssessemseessessessesseessessensesessssnens 1o
Water Reuse/Reclaim ... o

Appendix A - PERFORMANCE TEST SETUP
AND DATA ....ouuuiiiinnnnrnnnnnnnesccsssssssassssssssssssseses |

Appendix B —= INSTALLATION CHECKLIST. 121
Appendix C — RESOURCES...........cccccuuueeiieeneeee 123

Articles and REPOIES.......coceveevcrnemnecercenerneseeeerseseesessessessesessesseseenes 123
Manufacturers’ INformation........c..eeecrereeencenernessencescesesnesesesseeenens 128
Plastics Pipe Institute (PPI) Technical Publications.........ccccocueue..... 129

€] (o1 1 U I ] |



List of Figures

Figure 5.1 — Cold Expansion Polymer Fitting with PEX Reinforced Ring................. 28
Figure 5.2 — Cold Expansion Metal Fitting with PEX Reinforced Ring..........c.......... 28
Figure 5.3 — Cold Expansion Fitting with Metal Compression Sleeve...................... 28
Figure 5.4 — Metal Insert Fitting with Copper Crimp Ring ......cccocoerevcurevcnncrnencunenee 29
Figure 5.5 — Plastic Insert Fitting with Copper Crimp Ring......ccocecureecurevcnenesercncunenee 29
Figure 5.6 — Metal Insert Fitting with O-rings and Copper Crimp Ring................... 29
Figure 5.7 — Metal Insert Fitting with Stainless Steel Clamp Band........ccccccececuvueneenee 30
Figure 5.8 — Metal Insert Fitting with Stainless Steel Clamp Sleeve.........cccccovueueee. 30
Figure 5.9 — Metal Insert Fitting with Stainless Steel Press Sleeve..........cccccceeuvueueene. 30
Figure 5.10 — Plastic Insert Fitting with Stainless Steel Press Sleeve.............ccccc...... 30
Figure 5.11 — Plastic Push Type Fitting .......ccccceeverncrincnininireeesecenecnicseseeeseesseenneenes 31
Figure 5.12 — Metal Push Type Fitting .....ccccocoerereerincrencninererecestcestcaneseeeseeeseesseesnesenes 31
Figure 6.1 — PEX Pipes in a Trunk and Branch System Design.....c.ccccocoeeevenencurencnenee 36
Figure 6.2 — PEX Pipes in a Parallel Design ..o 37
Figure 6.3 — PEX Pipes in a Zone Design ......cccocoeuverenerereneirencenencnineeeneeenenes ..38
Figure 7.1 — Trunk and Branch Isometric Riser for the Colonial House................... 45
Figure 7.2 — Parallel Isometric Riser for the Colonial House.......ccccccocoevevcnencurencunene. 45
Figure 7.3 — Zone Isometric Riser for the Colonial House..........ccccveveurivcnnrnencnnenee 46
Figure 7.4 — Trunk and Branch Isometric Riser for the Ranch House....................... 48
Figure 7.5 — Parallel Isometric Riser for the Ranch House ..........ccccoevcurivcnncinencnnenee 48
Figure 7.6 — Zone Isometric Riser for the Ranch House........ccccocoveurivcunivcnncnncncnnenee 49
Figure 7.7 — Trunk and Branch Isometric Riser for the Townhouse.......................... 51
Figure 7.8 — Parallel Isometric Riser for the Townhouse..........cccoceeurevcurevcnincreneneunenee 51
Figure 7.9 — Zone Isometric Riser for the Townhouse .........ccocoeveveurevcureccurencreneneunenee 52
Figure 7.10 — Trunk and Branch Isometric Riser for the Condominium................... 54
Figure 7.11 — Parallel Isometric Riser for the Condominium ........ccceceeurevcnncenencunence 54
Figure 7.12 — Zone Isometric Riser for the Condominium ...........cccvcecurevcnnceencncunence 55
Figure 8.1 — Fixture Layout for Laboratory Testing.......c.c.ccceueerurereereneerencurescmsesesenenes 63
Figure 8.2 — Laboratory Test Set-up with Five Outlets, Hot Water Tank,

ANA TE&B SYSTEM .ttt sttt bttt aes 63
Figure 8.3 — The Test Fixture (Shower) with Flow and Pressure Sensors

INSEAE ettt s se st sen 64
Figure 8.4 — Pressure Drop Comparison, 100’ Distance to TF.......ccceoeevencncnencnenee 71
Figure 8.5 — Pressure Drop Comparison, 60’ Distance to TF .....ccccccocoeeevencncnencnenee 71
Figure 8.6 — Comparison of Hot Water Delivery Time .....cccococoevevervcnevcnencnencneenenee 72
Figure I1.1 — Radiant Floor Heating Piping in a Residential Application ................. 107
Figure 11.2 — Radiant Floor Heating Piping in a Commercial Application .............. 107
Figure 11.3 — PEX Water SErViCe..... st ssesesseesseseaseseassnen 108
Figure 11.4 — Snow and Ice Melt Piping for a Driveway........c.ccccocoeveurenecenescenencunencnne 108
Figure 1.5 — Snow and Ice Melting in a Commercial Application.........ccccecccovueunee. 109
Figure 1.6 — Turf Conditioning in @ Stadium........cccecvcurverenennnencnecreceeseceeeeeeeanes 109
Figure 1.7 — PEX Piping in a Geothermal Application..........ccecocvevcrerecenescenencunencnne 109
Figure 11.8 — Fire Sprinkler with PEX Piping.......cccoevveirneirencninereerecneceeseeesenenene 110
Figure 1.9 — Purple PEX for Water Reuse Applications..........ccceecureeeureeceenccunencunen. 110

Figure A.l — Water System Test Piping Layout — Trunk and Branch, 60’ to TF.... 111
Figure A.2 — Water System Test Piping Layout — Trunk and Branch, 100’ to TF..112

Figure A.3 — Water System Test Piping Layout — Parallel, 60’ to TF........ccccccceueeuce 112
Figure A.4 — Water System Test Piping Layout — Parallel, 100’ to TF..........ccceeec.ce 113
Figure A.5 — Water System Test Piping Layout — Zone, 60’ to TF......ccccccovvevrrenenne 113

Figure A.6 — Water System Test Piping Layout — Zone, 100’ to TF.....ccccoeveeunenene 114



List of Tables

TABLE R403.4.2 MAXIMUM RUN LENGTH (feet) .....ccoceeeueeuennee 23
Table 7.1 — General Rankings of the System Characteristics......... 42
Table 7.2 — Fixture Count for each House Type......ccoovevvnevcunennnee 43
Table 7.3 — Fixture Summary for the Colonial House..................... 44
Table 7.4 — Material Summary for the Colonial House.................... 44
Table 7.5 — Fixture Summary for the Ranch House......................... 47
Table 7.6 — Material Summary for the Ranch House........................ 47
Table 7.7 — Fixture Summary for the Townhouse ........cccccoeevcuencene. 50
Table 7.8 — Material Summary for the Townhouse...............cc......... 50
Table 7.9 — Fixture Summary for the Condominium..........cccceeuc.... 53
Table 7.10 — Material Summary for the Condominium.................... 53
Table 7.11 — PEX Pipe DIimensions .........ccceeeeeeurenecencneunenenneneeeneennes 55
Table 7.12 — FIOW VEIOCItY ....c.ocoeurieeurirenrineeireeineereeciseeeeceeseeaeeeaes 58
Table 7.13 — Pressure Loss.......ccenencenernecencererneneensessesseeesessesens 59
Table 8.1 — Plumbing Fixtures Installed in the Test Plumbing

SYSERIM ..ttt sttt ettt bttt sttt 64
Table 8.2 — Pressure and Flow Test Regime.........ccccoeveninenrencncuncncnnes 65
Table 8.3 — TF Flow and Pressure Data for Each System............... 66
Table 8.4 — Simultaneous Flow Performance Data —

100’ Maximum Length, 40 psi Source Pressure........cccccoeevcunencne. 67
Table 8.5 — Simultaneous Flow Performance Data —

60’ Maximum Length, 40 psi Source Pressure..........cccoeceerivenenene. 69

Table 8.6 — Performance Summary, 100’ Maximum Distance....... 73
Table 8.7 — First Peak Pressure for Each Piping Material and

Flow Rate (Cold Water)......crcerincninenineeereeisecssesesiseeeseesseenns 74
Table 8.8 — First Peak Pressure for Each Piping Material and

Flow Rate (Hot Water) ......cccceevevevcnencnenesenenee ettt 74
Table 8.9 — Flow Performance Data, PEX and Copper,

100’ Maximum Length, 40 psi Main Source Pressure.................. 76
Table A.l — Simultaneous Flow Performance Data —

100’ Maximum Length, 60 and 80 psi Source Pressure.............. 114

Table A.2 — Simultaneous Flow Performance Data —
60’ Maximum Length, 60 and 80 psi Source Pressure................ 17



Radiant Heating and Cooling Systems

Warm water or “hydronic” radiant heating
systems utilize PEX pipes embedded within
floors, walls or ceilings. Warm water is
circulated through the pipe, which conducts
heat to the panel, usually the floor. The
warm floor then radiates heat to the space
above it, warming the objects and people

R

Residential Application

in the room, while also allowing warm air

to gently rise from the floor. The resulting
comfort is unmatched with other forms

of heat delivery. The warm water may be
produced by a variety of heat sources such as

Figure 1.2 — Radiant Floor Heating Piping in a
Commercial Application

107




Figure 11.3 — PEX Water Se

108

high efficiency boilers, geothermal heat pumps and thermal solar collection systems. Benefits
of radiant heating include increased efficiency, more uniform heat distribution in the lower
portion of rooms, and easier zoning. Radiant heating systems are commonly found in all types
of construction and applications, from houses to schools to hotels.

Some radiant heating systems also operate as cooling systems, circulating chilled water
through floors, walls or ceilings in the cooling season to absorb heat energy from spaces.
Radiant cooling systems improve comfort and efficiency, as the reduced cooling load on the
traditional air-based system can be significantly reduced, lowering air movement, noise and
drafts. The reduction in size of the air handling equipment is often enough to offset the cost
of the PEX heating/cooling pipes. Radiant cooling systems are usually installed in commercial
spaces where the humidity can be controlled by computerized control systems to manage air
dehumidification and prevent condensation.

Municipal Water Service Pipe

In addition to supplying water within a home or building, PEX pipe

is also used to distribute water to buildings and entire communities
through municipal water service pipes in sizes up to 3 in. Unlike
buried metal pipes, PEX water service pipes will not corrode or
suffer mineral build-up. Because PEX pipe has higher resistance to
slow crack growth than other piping materials, it ensures high-impact
resistance with normal
backfill. PEX pipe is more
flexible and resistant to
freeze damage, lessening
the chance of splitting

or cracking. It provides
excellent resistance to
chlorine and chloramines,

: reducing risk of damage due
rvice to disinfectants. It connects
to standard compression
joint valves, and fittings, so it’s easy and convenient
to install. Finally, PEX water service pipes can save
up to half the cost of copper—a significant savings
for budget-constrained waterworks professionals.

o 5,

Snow and Ice Melting Systems

PEX pipes are often used in hydronic systems
designed to augment the removal of snow and ice
by circulating a heat transfer fluid (usuallyglycol

and water) through pipes installed within outdoor
surfaces. The durability and flexibility of PEX pipes
designed for these applications allows these systems

Figure 11.4 — Snow and Ice Melt Piping for a Driveway




to provide years of reliable service, with
no worries about pipe corrosion or
failing electrical connections. Common
applications of hydronic SIM systems
include driveways, steps, sidewalks,
hospital entrances, parking garage ramps,
wheelchair ramps, car washes, hot tub/
pool surrounds, and even helicopter
landing pads. Benefits include safety,
access, reduced maintenance costs, no
snow removal costs, reduced liability,
and obvious convenience.

Turf Conditioning

For outdoor playing surfaces like
football, baseball and soccer fields,
reliable PEX pipe is installed within
the soil layer of the natural turf. Fluid
is circulated at varying temperatures
to gently warm the grass roots to provide optimal root zone
temperature. These systems can extend the growing season of
natural grass surfaces for use in late autumn and even winter,
allowing the fields to recover faster after use. The systems

will also melt snow, keeping playing surfaces accessible. Turf
conditioning systems have been used for decades in European
soccer fields, and are widely used across North America in
playing fields used in the NFL and MLB, in golf courses and other
sports field surfaces. Similar systems are also used in greenhouse
applications with bedding plants and other foliage.

Apbplication

Figure 11.6 — Turf
Stadium

Conditioning in a

Most geothermal ground source, or
“earth energy”, systems utilize buried
pipes as the ground heat exchanger,
transferring heat to and from the earth

Figure [1.7 — PEX Piping in a Geothermal




during cooling and heating operation, respectively. Ground source geothermal systems
have the potential to reduce heating costs by 70% and cooling costs by 50%, or more,
as compared to other sources of heating and cooling energy. PEX pipes are ideally
suited for these applications, due to their flexibility, toughness and proven longevity.
The flexibility of PEX assists installation in curved trenches, its high resistance to

slow crack growth provides resistance to damage in both vertical and horizontal
applications, its smooth interior permits excellent flow of heat transfer fluids, and its
long-term history in pressurized applications ensures reliability, even when buried in
the ground.

Fire Suppression

UL-approved PEX piping and fitting systems
listed to UL Standards can be used to
supply water to fire suppression sprinklers
for residential applications. While many
sprinkler systems are largely independent
from the water distribution system, for
some building types they can be combined
with a building’s cold-water plumbing
system. This has the potential to reduce
installation costs and the total amount

of installed pipe and fittings. Sprinklers,
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Figure 11.8 — Fire Sprinkler with PEX Piping PEX piping, and fittings must comply with

10

National Fire Protection Association
(NFPA) requirements for residential fire sprinkler systems. Already, several PEX
systems meet the requirements of NFPA |3D for domestic applications. Local codes
must be consulted when implementing any fire suppression system to ensure that PEX
and/or combined systems are permitted for each building type.

Woater Reuse/Reclaim

Reclaim water systems reuse greywater, commonly

defined as wastewater from bathtubs, shower
drains, sinks, washing machines, and dishwashers.
Greywater accounts for 60% of the outflow
produced in homes. By designing plumbing systems
to separate it from blackwater, greywater can

be recycled for irrigation, toilets, and exterior
washing, resulting in water conservation. Certain
PEX pipe and fitting systems are intended for
reclaim water systems and may contain special color
codes or marking on the products to indicate this
application. Be sure to consult your local codes, the

Authority Having Jurisdiction and the pipe and fitting

manufacturer when selecting a PEX piping systems Figure 11.9 — Purple PEX for Water Reuse

for reclaimed water systems. Applications

" NAHB Research Center, Surge Pressure in Plumbing Pipe Materials, 2009, www.Homelnnovation.com


http://www.HomeInnovation.com

ASTM: American Society for Testing and Materials
Corrosion: deterioration in metals caused by oxidation or chemical action

Crosslinked polyethylene: a polyethylene material which has undergone a change in
molecular structure using a chemical or a physical process whereby the polymer chains

are chemically linked. Crosslinking of polyethylene into PEX for pipes results in improved
properties such as elevated temperature strength and performance, chemical resistance, and
resistance to slow crack growth.

Elasticity: a measure of material stiffness or the ability of the material to stretch or deform
temporarily under a load

Fitting: a device or connection that allows the PEX pipe to change direction or size, such as a
tee, elbow, or coupling

Fixture: a device or appliance at the end of a water supply distribution pipe line. Example:
lavatory, water closet, tub/shower, dishwasher

IAPMO: International Association of Plumbing and Mechanical Officials
ICC: International Code Council

IPC: International Plumbing Code

IRC: International Residential Code

Joint: the connection of the PEX pipe to a fitting, fixture, or manifold

Manifold: a device having a series of ports that are used to connect distribution lines for
several fixtures

NSPC: National Standard Plumbing Code
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Outlet: see fixture

Parallel: a plumbing design that utilizes a central manifold and distribution piping to each hot
and cold water fixture

pH: a scale ranging from 0 to 14 that ranks how acidic or alkaline a liquid is; water with a pH
below 7 is considered acidic and water with a pH above 7 is considered alkaline

PPFA: Plastic Pipe and Fittings Association
PPI: Plastics Pipe Institute
Scaling: process of mineral buildup on the interior of a pipe

Test fixture: the tub-shower unit farthest from the water source that was instrumented to
measure flow rate, flowing pressure, and mixed water temperature in the lab tests

Thermoplastic: having the property of becoming soft when heated and hard when cooled

Thermoset: having the property of becoming permanently hard and rigid when heated or
cured

Trunk and branch: a plumbing design that has a large main line that feeds smaller pipes to
each fixture

Ultraviolet: high energy light waves found in sunlight that lead to the degradation of many
plastics and materials (UV)

UPC: Uniform Plumbing Code
Wait time: the time it takes for hot water to be delivered to the Test Fixture; delivery time

Water hammer: a banging noise heard in a water pipe following an abrupt alteration of the
flow with resultant pressure surges

Zone: a plumbing system that uses trunk lines from the water source to small manifolds at
grouped fixtures, such as a bathroom; can be flow-through or closed end
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