
P
EX (crosslinked polyethylene) piping is becom-
ing increasingly accepted and specified on com-
mercial plumbing projects for its flexibility, 
physical properties, and ability to retain the 
most preferential aspects of metallic piping 
while improving upon them. 

Still, many engineers are hesitant to specify 
PEX simply because metallic systems have been 

the norm for so long and are often the default option. Playing 
it safe is rarely the ideal option, however, and a greater under-
standing of how best to design and size a PEX installation can do 
much to overcome this hesitation.

PEX DESIGN
The design benefits of PEX begin at the overhead stage. When 
compared with metallic piping, PEX pipe’s greater flexibility 
requires fewer fittings, and the coils themselves have a signifi-
cantly lighter weight. For comparative purposes, a 300-ft coil of 
.5-in PEX weighs 18 pounds; the same amount of copper pip-
ing weighs 85.5 pounds. Lighter weight means easier transport. 
These benefits reduce material and labor costs, as well as liability.

Applying the PEX Logic design style, which utilizes the 
aforementioned qualities of PEX, the specifier combines the 
best attributes of trunk-and-branch and home-run piping sys-
tems, while improving on both. Logic utilizes multiport tees, 
which reduce the overall number of fittings when compared 
to a trunk-and-branch system and use less overall pipe than a 
home-run system.

Logic’s benefits extend to operation. When comparing the 
“critical path” of pipe from a water heater to a bath tub between 
trunk-and-branch, home-run, and Logic systems, delivery times 
and pressure loss are the least for a Logic system. It is therefore 
the preferred system to install from an operational standpoint. 

Commercial applications can benefit significantly from the 
Logic design methodology. Figure A displays Logic in a hospital-
ity application. Multiport tees allow for the joining of back-to-
back bathroom groups, reducing the overall number of required 
risers, penetrations, and access boxes for valves.

Public fixtures, or those utilizing fast-acting valves or flush 
valve fixtures, are another ideal application. PEX’s elasticity 
allows it to absorb 18% to 40% greater surge pressures than 
metallic piping. Polymers also absorb significantly more sound 
decibels than metallic pipes, which can be eight times louder. 
See Figure B for an example of Logic being used to supply public 
fixtures.

PEX also offers substantial benefits over metallic piping for 
in-slab applications. It requires significantly fewer fittings, can 
avoid obstructions with its flexibility, and reduces necessary 
labor for hangers. Bare PEX is listed for use in concrete as well 
as below-grade and water service applications.

THERMAL EXPANSION AND CONTRACTION
PEX pipe expands and contracts at a rate of 1.1 in per 100 ft per 
10°F ∆T. Utilizing PEX-a Pipe Support in suspended-piping appli-
cations in conjunction with fixed anchor points can reduce this 
expansion and contraction rate to a more-than-acceptable level. 

Learn the cost-saving benefits of PEX Logic design, as well as expansion/
contraction control and sizing tips for this innovative piping option.
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Designing And Sizing With PEX Pipe

When using PEX-a Pipe Support, be sure to use a minimum 
300-pound, tensile-rated, stainless-steel strap to secure the sup-
port to the pipe. Place fixed anchor points at 65 ft for domestic 
hot water and 150 ft for domestic cold water. 
•  With a loop or clevis system, using PEX-a Pipe Support and 

fixed anchor points reduces the expansion-contraction rate to 
0.12 in per 100 ft per 10˚F ∆T, or by 89% . 

•  In a strut system, the same procedure reduces the expansion-
contraction rate to 0.08 in per 100 ft per 10˚F ∆T, a 93%  reduc-
tion. This rate is actually less than that for copper, which is 0.11 
in per 100 ft per 10˚F ∆T.

For risers, use a copper tube size (CTS) riser clamp on the 
base of each floor to control for expansion and contraction. In 
hot-water applications, add an extra clamp at the top of every 
other floor; for cold water, add one at the top of every fourth 
floor. Mid-story guides are also required by most code bodies 
and should consist of an iron pipe size support and are meant to 
guide the pipe and maintain direction.

PIPE SIZING 
PEX pipe is manufactured with a CTS outside diameter and a 
standard dimension ratio (SDR) of nine . The SDR is a corre-
lation between the pipe’s outside diameter and wall thickness. 
This allows PEX to use the same hangers and supports used 

with copper, as well as any CTS insulation. PEX-a pipe is burst 
tested at an elevated pressure, and all pipe sizes will burst in 
the 800 psi (pounds per square inch) range, nearly double the 
minimum requirement of ASTM F876 Standard Specification 
for Crosslinked Polyethylene (PEX) Tubing. Figure C shows the 
temperature and pressure ratings.

For design purposes, it is important to understand the various 
types of fitting connections available for PEX pipe:

•  ASTM F1807 Standard Specification for Metal Insert Fittings 
Utilizing a Copper Crimp Ring for SDR9 Cross-linked Polyeth-
ylene (PEX) Tubing and SDR9 Polyethylene of Raised Tempera-
ture (PE-RT) Tubing

•  ASTM F2159 Standard Specification for Plastic Insert Fittings 
Utilizing a Copper Crimp Ring for SDR9 Cross-linked Polyeth-
ylene (PEX) Tubing and SDR9 Polyethylene of Raised Tempera-
ture (PE-RT) Tubing
•  ASTM F2098 Standard Specification for Stainless Steel Clamps 

for Securing SDR9 Cross-linked Polyethylene (PEX) Tubing to 
Metal Insert and Plastic Insert Fittings

•  ASTM F877 Standard Specification for Crosslinked Polyethyl-
ene (PEX) Plastic Hot- and Cold-Water Distribution Systems

•  ASTM F1960 (ProPEX) Standard Specification for Cold 
Expansion Fittings with PEX Reinforcing Rings for Use with 
Cross-linked Polyethylene (PEX) Tubing

When specifying fittings, one must design with the same 
system intended to be used in the application. If an engineer 
specifies a PEX system with F1960 fittings, but the contractor 
installs any of the alternatives, system velocity — and therefore 
performance — will be significantly impacted.

ASTM F1960 fittings are, in many cases, preferred over alter-
nate fitting connections. In an F1960 connection, the installer 
simply uses an expansion tool to expand the PEX-a pipe and 
PEX-reinforcing ring before inserting a fitting. As the ring and 
pipe shrink back down to their original size, it creates a strong, 
durable connection that holds tight with up to 1,500 psi of radial 
force. A 1-in F1960 engineered polymer (EP) fitting has a 67%  
greater flow rate, at 8-ft per second, than a F2159 plastic fitting 
and 22% greater flow rate than an F1807 brass fitting.  

When it comes to compiling friction loss data, using the 
Darcy-Weisbach formula is much more accurate and does not 
employ correction factors for different water temperatures like 
Hazen Williams. Friction loss data compiled by Uponor utilizes 
this method and has been backed by empirical NSF laboratory 
test data, making it an excellent free resource for maximizing 
system sizing and efficiency.

FIGURE 1. PEX Logic for hospitality applications.

FIGURE 2. PEX Logic for public fixtures.

TABLE 1. ASTM F876 Temperature & Pressure Ratings for SDR 
9 PEX.

Rated
Temperature ˚F

Hydrostatic
Design Stress 

(HDS) psi

Pressure Rating 
for Water psi

73.4 630 160

180 400 100

200 315 80



There are three ways to size a PEX piping system with ASTM 
F1960 (ProPEX) fittings. The first is to use model code fixture 
unit tables (Figure D). Of course, this method applies only to 
systems whose scopes fall within the table. 

IAPMO and ICC have confirmed compliance with using fix-
ture unit tables to determine pipe size for systems utilizing the 
ProPEX fitting system, which complies with ASTM F1960. 

A second method involves residual pressure, which deter-
mines the critical path by the most remote or demanding fix-
ture. Utilize friction-loss data and calculate system loss from the 
fixture to the source, ensuring that a PEX replacement would 
provide sufficient pressure. The result may require up-sizing 
high-loss cold-water pipe segments. However, it may be possible 
to downsize some hot-water pipe segments due to the difference 
between the design velocities of copper and PEX.

Finally, a third method of sizing pipe is the uniform friction 
loss method. This method utilizes the physical layout of the 
structure to determine pipe sizes. Information like available stat-
ic pressure, building height, and distance to the farthest fixture 
are required to complete this calculation. Once this data is com-
piled, the designer will determine a pressure loss per 100 ft (or 
per foot) number by dividing the total developed length by the 
pressure available for loss (Figure E). This number is then used 
to create water supply fixture unit (WSFU) tables for each pipe 
material and water temperature (Figure F). Some manufactur-
ers offer a free pipe sizing calculator for designers and installers 
which can be found here. Friction loss tables are also available in 
digital format and in design manuals. 

Admittedly, many contractors may feel that switching to PEX 
constitutes a great risk. After all, traditional piping materials 

TABLE 2. Model Code WSFU Table (Image taken from ICC-ES-PMG 1006).

Meter and Service
Pipe (inches)

Distribution Pipe
(inches)

Maximum Development Length (feet)

Pressure Range 50 to 60 psi 40 60 80 100 150 200 250 300 400 500

3/4 1/2 3 3 2.5 2 1.5 1 1 1 0.5 0.5

3/4 3/4 9.5 9.5 9.5 8.5 6.5 5 4.5 4 3 2.5

3/4 1 32 32 32 32 25 18.5 14.5 12 9.5 8

1 1 32 32 32 32 30 22 16.5 13 10 8

3/4 1 1/4 32 32 32 32 32 32 32 32 29 24

1 1 1/4 80 80 80 80 80 68 57 48 35 28

1 1/2 1 1/4 80 80 80 80 80 75 63 53 39 29

1 1 1/2 87 87 87 87 87 87 87 87 82 70

1 1/2 1 1/2 151 151 151 151 151 151 139 120 94 79

2 1 1/2 151 151 151 151 151 151 146 126 97 81

1 2 87 87 87 87 87 87 87 87 87 87

1 1/2 2 275 275 275 275 275 275 275 275 247 213

2 2 365 365 365 365 365 365 365 329 272 232

2 2 1/2 533 533 533 533 533 533 533 533 533 486

TABLE 3. Figure E - Uniform Friction Loss Calculations (Image taken from the Uponor Pipe Sizing Calculator).

Enter your domestic water supply parameters: Calculation:

60 Pressure available at building + 60.00 PSI

15 Min. fixture working pressure - 15.00 PSI

25 Static loss - system height (ft.) 25.00 x 0.433 - 10.83 PSI

5 Additional component loss - 5.00 PSI

Available pressure for friction loss = 29.18 PSI

Enter your piping supply information: Calculation:

250 Longest run to fixture (tf.) + 250.00 FT

25 Fitting allowance (% of number above + 62.50 FT

Total developed length = 312.50 FT

Friction loss rate per foot (Friction loss / TDL) = 0.093 PSI/FT

Friction loss rate per 100 feet (Friction loss / TDL *100) = 9.335 PSI/100FT



work just fine, and most professionals are accustomed to design-
ing and sizing a project with them. Sometimes great risks lead 
to even greater rewards, however, and PEX pipe’s qualities and 
design aspects might be beneficial enough to one day become 
the new norm. ES
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TABLE 4. WSFU Table for Uniform Friction Loss (Image taken from the Uponor Pipe Sizing Calculator).

Uponor AquaPEX Water Size Table
2012 UPC - Flush Tank

100% Water @ 60˚F
9.335 PSI/100ft.

Max. Velocity = 10 ft./sec.

Pipe
Size

WSFU
Range

Velocity
(ft./sec.)

GPM

3/8” 0-0 3.50 1.05

1/2” 1-1 4.40 2.43

3/4” 2-7 5.60 6.17

1” 8-16 6.70 12.19

1 1/4” 17-31 7.70 20.94

1 1/2” 32-59 8.60 32.58

2” 60-199 10.00 64.97

2 1/2” 200-375 10.00 99.01

3” 376-589 10.00 140.79

Uponor AquaPEX Water Size Table
2012 UPC - Flush Tank

100% Water @ 120˚F
9.335 PSI/100ft.

Max. Velocity = 8 ft./sec.

Pipe
Size

WSFU
Range

Velocity
(ft./sec.)

GPM

3/8” 0-0 3.90 1.17

1/2” 1-2 4.80 2.65

3/4” 3-7 6.20 6.83

1” 8-18 7.30 13.28

1 1/4” 19-33 8.00 21.76

1 1/2” 34-54 8.00 30.31

2” 55-134 8.00 51.97

2 1/2” 135-270 8.00 79.21

3” 271-443 8.00 112.63

Uponor AquaPEX Water Size Table
2012 UPC - Flush Tank

100% Water @ 110˚F
9.335 PSI/100ft.

Max. Velocity = 2 ft./sec.

Pipe
Size

WSFU
Range

Velocity
(ft./sec.)

GPM

3/8” 0-0 2.00 0.60

1/2” 0-0 2.00 1.10

3/4” 1-1 2.00 2.20

1” 2-3 2.00 3.64

1 1/4” 4-6 2.00 5.44

1 1/2” 7-9 2.00 7.58

2” 10-17 2.00 12.99

2 1/2” 18-29 2.00 19.80

3” 30-49 2.00 28.16
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